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technol ogy. The invention further relates to the production of proteins.
More particularly the present invention relates to the production of

reconbi nant WOovwsWE for use as a therapeutically acti 9eT/NER4EBG¢ uent of a
pharmaceutical preparation. The invention also relates to mamalian cell
lines, identified, selected and/or created for the reconbi nant production of
proteins. The invention further relates to the use of proteins so produced.
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as a therapeutically active constituent of a pharmaceutical
preparation. The invention also relates to mammalian cell
lines, ide%tified, selected and/or created for the
recombinant production of proteins. The invention further

relates to the use of proteins so produced.
BACKGROUND OF THE INVENTION

Recombinant cellular expression systems for the
production of proteins are known. These systems range from
bacteria, yeast and fungi to plant cells, and from insect
cells to mammalian cells. The choice for the production
host and expression system generally depends on
considerations such as the ease of use, cost of culturing,
growth characteristics, production levels and the ability
to grow on serum-free medium. It is known that the cellular
expression systems mentioned above also differ in the
capacity to exert co- and post-translation modifications
such as folding, phosphorylation, y-carboxylation, and y-
hydroxylation. Despite the recognition that the choice of
the.  recombinant .expression .system may.-have dramatic
consequences on the ultimate structure of the expressed

proteins, post-translational modifications have in general



not played a decisive role in selecting a suitable expressygnpp006for a
given protein. In the |ast nunber of years, studies have revealed nore
about the conplexities of differential post- translational nodifications of
human proteins and the potential inplications on functions in the human
body. For exanple, relatively recent findings suggest that differenti al

gl ycosyl ati o9 PBWOns of human proteins that occur i nPEHELEOMSEE (so-cal | ed
serumtype' nodifications) are different fromthe ones that occur in the

cerebrospinal fluid in the brain ('brain-type' nodifications). This

di fference may be a key issue that is of paranDunt i nportance for the

design of effe ﬁg&glea[ gggygi&sroig l%\?vﬁ?{: tin u%rasr&lg%eal gl ycoproteins are

characterized ir glycosylation ' referred to in
literature asexﬂﬁeélshm? ysp’é"'te’gl §y$3a‘te|“oﬁr°f(%r golis and Margolis 1989;
I(ﬂoffmann Iet al . 1984ne |lréstflﬂﬂrtkfe&5&f ty‘éa}:§}3r§t|ﬁhlé/sgﬂlav€|y&fé%‘ﬂ:§|t ed prlot ei 38
i.e., glycoproteins circulating in't rain-type glycosylate
protei ns char 3¢%%APeLt 8 GOPRIELES éescé’gpfheéferf b INPPPked sugars that are
nodi fi ed_ W t htfdns3ak iokad moflifiocseiaid mheﬂnmphbmﬂtsyhncglumeosam ne in

|act osam ne. | ¥RGn:301 SNAASCLRELEON | AL 06 -SW 02 rBhafliAldY - bEW © X

structures (FI Qg Lew s ruc ures One with a
termi nal gal aetamrdey es¢ldfdvahy @ﬁent vﬁlﬁlﬁlw& @ramm%n tNa’acet yl - gal act osam ne

(Gal Nac) resi dy@fer%tlslh%&?c&wmtmaﬁ AteURss denbddikedotH@ Eh@l i Cc acid, the
Lewis x structure is called a sia Lewis x structure. Another dlfference

bet ween ser unfPESife l&nﬁh%rb&f’ﬁdtSFp?ecgb]ﬁdgog%l’eﬁ‘héi???feé“.°9éfl.ﬁaﬁé9nf)ne latter.
of t en cont ai naf@rdﬂfmafenﬁ\l-fasﬂtwe ghw&&am’ se-uaniid athet eérévrabpg@diact ose, and

may include %lt cITnnéhe bragre\t y‘lbrg?‘nac %sarmﬁ%lgggfgnls?at‘thg’ 2
difference ' may be a key issue that is of paramount
importance for the design of effective therapeutics.

In general, human neural glycoproteins are
characterized by their glycosylation, which has been
referred to in literature as ‘brain-type’ glycosylation
(Margolis and Margolis 1989; Hoffmann et al. 1994). In
contrast to ‘serum-type’ glycosylated proteins (i.e.,
glycoproteins circulating in the blood) brain-type
glycosylated proteins characteristically possess complex-
type N-linked sugars that are modified with «l,3~linked
fucose attached to N-acetyl-glucosamine in lactosamine-type
antennae thereby forming Lewis x or sialyl-Lewis x
structures (Fig. 5). There are two types of Lewis x
structures: One with a terminal galactose residue and one
with a terminal N-acetyl-galactosamine (GalNac) residue. If
these terminal groups are linked to a sialic acid, the
Lewis x structure is called a sialyl Lewis x structure.
Another difference between serum-type and brain-type
oligosaccharides is..that the latter often.contain terminal
N-acetyl-glucosamine and/or terminal galactose, and may

include a terminal N-acetyl-galactosamine modification,



26 APRIL 2006 WD 031038100 PCT/ NLO2100686 whereas serumtype

ol i gosaccharides usually contain only |ow anounts of such st2aAPRIER2006

A i gosaccharides that are generally found on proteins <circulating in the
serum often contain heavily galactosylated structures. This neans that a
gal actose is |inked to a peripheral N-acetyl-glucosam ne thereby formng a
| aCt osami ne MO3@BiM0e. The gl ycoprotein is in this way BSTOLEX0Sd from
endocytosis by the N-acetyl-glucosam ne receptors (i.e., receptors that
recogni ze termnal N acetyl-glucosam ne) present in hepatic

reticul oendothelial cells and nacrophages (Anchor et al. 1978; Stahl et
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sialic acids ‘(a §$87oft en rgé)erre t o as neuram ni r¥%h protect the

gl ycopr ot ei n iewrmehets @fceaugthiséygetunelie asi al ogl ycoprotein receptor. These

cl earance nMecHAYosHBchaxl@ek 1Al hye ajaplyally Gb¥EORIObEHSInGi rculating in the
bl ood and are probably |l acking in the human central _nervous system (CNS)

G ,
(Hof f mann et &Htcv188¥)9 1ReEBHHISTHNt O ehr XA RSAe¥s for the production of
prot ei NS conpgasichgsykatedns t sype'urewdiThi e atéamastibate a gubadwbkeids n the art, as

exenplified by, Chinese - g—@_ | s. and Baby _Hanst er Ki dney
(BHK) cells. ])éor? edt ﬁ% apH%gﬁéﬁrgr%%?g%rtgte ﬁlscggm!alfuhneott 8¥gbr%5f)wlcn§ti ons, such
as " brain-type' laghdpiniget sbriactiverevie shpcenrohetoriviean etitis wgwst ens have been

described. HepL&ectber & onSeRddt8REsiP by EXPNESSEOM SMabeiBihRat take into
account the different post-translational nodifications on therapeutic

proteins. | nTPEEPEPER| Hr- 8- a TRESHTERS Shett57°ognies riecPemr! &&pression system
for proteins sespyi-giungpsahtaénprgpent dashepdtiansdtgtduasehddmdifdicat i ons.

Proteins that cgflvsea%g'q?aecr%gﬁgéefsi CEAH&%CJ:% &?‘yall?elgﬁ";efsitgtilf‘let al.
1978) . Serfim-type oligosaccharides usually also contain
terminal sialic acids (also often referred to as neuraminic
acid) which protect the glycoprotein from clearance through
the asialoglycoprotein receptor. These clearance mechanisms
specifically apply to glycoproteins circulating in the
blood and are probably lacking in the human central nervous
system (CNS) (Hoffmann et al. 1994).

Recombinant expression systems for the production of
proteins comprising ‘serum-type’ modifications are
available in the art, as exemplified by Chinese Hamster
Ovary (CHO) cells and Baby Hamster Kidney (BHK) cells. For
the production of proteins with other modifications, such
as ‘brain-type’ modifications however, no such convenient
systems have been described. Hence, there is a need for
expression systems that take into account the different
post-translational modifications on therapeutic proteins.
In particular, a need exists for an efficient expression
system for proteins comprising ‘brain-type’ post-

. translational modifications.
Proteins that have these specific needs may be beneficial

in the treatment of all sorts of disorders, among which are



WO 031038100 PCT/ NLO2 /00686 the diseases reI ated to the CNS her al
nervous systemand heart tissue. Disorders affecting the CNS enconpass
different kinds of afflictions such as acute brain damage,

neur odegener seases and other dysfunctions such sy,

schi zophr eni gldaﬁ 8?rd000d di sorders. Qher pathol ogi cal dlpgg@qg@foé& hat m ght
afflict neural cells and tissues are due to injuries that mght be a
result of hypoxia, seizure disorders, neurotoxin poisoning, nultiple
sclerosi s, hypotension, cardiac arrest, radiation or hypoglycem a. Neural
injuries m ghthealds ge H2GUEelakad ng wghs,althprpm@meeau sieeho@s aneurysm
repair or tunpr_, resection, +. of rotein ing different
rol es which e at arfdgté‘se rf ntlssu |2Pd % afP CPCTl e%cegﬁlgn post -

transl ati onal empaazs:aitiiféﬁsenﬁ gladﬂmfnﬁﬁ@ﬂcnmw ascheag/talgnbpoi etin (EPO) .

EPG, a proteigd; %nwgéa néﬁﬁod@agﬁeﬂa&vglémesm i3 Hghdiemat opoi etic stem
cells into red bloo , has several other functions, including

functions in dlf?efﬂﬂs'fl‘t"iss%‘é% aspeppiePsyf THOZPPRESNd 2dRREMRent of the CNS
has been suggesddefdanenet ﬂthoz&&k)al a‘ﬂaraéﬂs aenmathasgrtl ser1figen det ect ed
in the cerebros |naI fl UI d (CSFQ ar cogonat.es ncic adul{g (Juul et al.
1997; Bueni et Espréasen? n 1P hE TESF A B4R 5 be produced
locally in t herdondt rpfagyp@xmesemrecdmdlehe, imeugotodinood- br ain barrier

(I\/Bl‘ti et al. &%%KLn?u%HHt%l@lsclg&QQ% fﬂi}%teﬁ% at:&ﬂﬁagf aEPtheXpr ession is
ti ssue- speci f| further streng thens t he. hypot hesi s that EPO has

ti ssue- speci ﬁi‘lafb%tqroﬁgp?‘?rﬁeiflce%ae' B’PF‘F%]r éﬁf‘u’F’r?st ﬁ‘églbtr Ao a?RFEhe  bone.
mar r ow ( MasudausingadurgitQ9 9 rddeblit sath -4l ane@H0M repair or tumor

resection. ¢

in the treatnent of all sorts of disorders, anong which are %6%% AP?PhBZOOG

An example of a protein having different roles which
are at least in part related to differences in post-
translational modifications, is a hormone known as
erythropoietin (EPO). EPO, a protein famous for its role in
differentiating hematopoietic stem cells into red blood
cells, has several other functions, including functions in
neural tissues. A role of EPO in the development of the CNS
has been suggested (Dame et al. 2001). EPO protein has also
been detected in the cerebrospinal fluid (CSF) of human
neonates and adults (Juul et al. 1997; Buemi et al. 2000).
EPO as present in the CSF appears to be produced locally in
the brain as it does not cross the intact blood-brain
barrier (Marti et al. 1997; Buemi et al. 2000). The
regulation of EPO expression is tissue-specific, which
further strengthens the hypothesis that EPO has tissue-
specific funétions that are different in the brain and the
bone. marrow (Masuda et.al.. 1999; Chikuma et .al. 2000; .
Sasaki et al. 2001). It has therefore been postulated that

EPO, in addition to its heamatopoietic function, may have a



Sasaki et al. 2001). It has therefore been postul ated that gg%%%@oﬁﬂ)-ti on
to its heamatopoietic function, nmay have a 26 APRIL 2006 WD

PCTI NLO2 /00686 neurotrophic role. Neurotrophic factors are defined as
hunor al nol ecul es acting on neurons to influence their devel opnent,

di fferenti at ixgusniERdont enance, and regeneration (Koni shipcqini@diooess?93) . The
results of several studies have now denonstrated that EPO can act as a
neurotrophic factor (e.g. Sadanoto et al. 1998; Brines et al. 2000). In
addition to the nmentioned effects of EPO on erythropoiesis and

neur opr ot ecti on, other roles of EPO have been described, e.g. in

endot hel i al ceddrstasghirusele. (Nehtestrolphlc hexs-tbeenmmelde fosddalaki shed in the art

that the eff aticoly dneearbl ARk, EROLSRSNTSCNERMNotdhe ol ycosyl ation

pattern offthe0|gosacc on the pro el n NI i nked
ol i gosacchar |<t%'§lepm¢nrnaﬁlemeaﬁea¢ﬁ0@hl painkgopnegt anfloregeanseraieidn known

bi ol ogi cal actgonlibyi émlstim)atr&n rRbul &S Behsopaiastsudik’kaedi and Kobata
1991; Wasley et al. 1991; Tsuda et al. 1990; Morinoto et al. 1996; Takeuchi

et al. 1989:1 SER9RStFAtEE. t@QQBEO PR 2 328N HTEBLPI YhE2EEIF al so ref er
to a ser umtypagEP&da(ncutoaet ranahotg;p@rindy e@ alr izv@oy:txpe' EPO for the

protein that roduced,in t ekl and th C|rcul |nthe bl ood, as
conpared to EaF% Qﬁa‘i’ut C{ geIFlenpro ?éﬁcps ootfhg%otl 5SU ghsﬁjclﬂll as” the brain

(brain-type).amt @ducwm‘tecamrpelthﬂ (,ra?tlﬁﬁrpfsﬁgﬂelm;'ef beemerumtype EPO are

vel | establighediblqfhegarin e?&Qth'ié"lQLQ’ifbé@lal@t wdnm@qeeéeﬁ%r upg type EPO is
routinely and successfully used patients suffering froma

| ow red bl cod*tePEeP A, eF‘Eal?ls"Shﬁ%Hn ég? aﬁﬂtl §H%Ei the ehterPfthat this
reconmbi nant EPfadeatindr:)f abdiddpealls heaeily e:mienhs gifycasglatiiloa protein that

could circulatg i p (ASH QPARILERM 1AL s Forudbhk Cof Hne 2P 0T the
N-linked oligosaccharides of human EPO are highly important
for its well-known biological activity: the stimulation of
erythropoiesis (Takeuchi and Kobata 1991; Wasley et al.
1991; Tsuda et al. 1990; Morimoto et al. 1996; Takeuchi et
al. 1989; Misaizu et al. 1995). .
In the case of EPO, one can also refer to a serum—-type EPO
(or a ‘renal-type’, or a ‘urinary-type’ EPO) for the
protein that is produced in the kidney and that circulates
in the blood, as compared to EPO that is been produced by
other tissues such as the brain (brain-type). Production
and purification systems for serum-type EPO are well
established in the art, and recombinantly produced serum-
type EPO is routinely and successfully used for instance in
patients suffering from a low red blood cell level. It is
well established in the art that this recombinant EPO had
to fulfill all requirements of a stable protein that could
circulate in the bloodstream for a sufficient amount of

- time to enable-the induction-of erythropoiesis. Usually a

CHO or BHK based cell system is used for the production of

EPO with these characteristics. However, the serum-type EPO



- time to enable the induction-of erythropoiesis. Usually a or
based cell systemis used for the production of EPO wth t@%‘l@RILZW

characteristics. However, the serumtype EPO5 26 APRIL 2006 WD 0 310 381 0
0 PCT/ NLA2 /00686 resulting fromthis production and purification systemis
relatively useless in the treatnment of disorders related to the Central- or
Peri pheral N&¥PYH8108ystem as well as in the treatnment BET/HERNGEE | ons
related to ischem a/reperfusion induced disorders. This is because of its
gl ycosylation pattern that is not suited for the treatnent of these

di sorders, and al so because it leads to an increase in the nunber of red

bl ood cells (erythropoiesis) due to its strong henatopoietic activity,
which is to F&sgbiEmer feem &8s PRASKFFEMN @ndj i dAFREIQD BHSEe i8ont ext of
these non- heRBLEOPAIS LSe1lsSOLAladhe (WRRSAEIofldiabrded@01p1atdanee, a need

exists for n producti on stens for proteins such a EPQ at have the
characteri st i%gefé%'{qlﬁagé Kol %ﬁléﬁéﬁnﬁ%@ﬂ?eq%ﬁfn 72 "Heri 9@ ]inhttFﬁe brain or
in tissues thatatmentob¥eaSdliecions baterkd tansyheniafrdparfetiong. Furt her nore,
a need exi St%nEQEecP@%HF&e‘%!ét.i eRld Xsa&?&%é%ﬁ imseg?}'}%:{s}y?9§ion0f proteins such

as EPO, with post-translational nodifications th er fromthe serum

type gl ycosyHaate®h thatetemabl §utted fier &bBr Bfantgpe ofgitheesyl ati on, and

efficient profldetdasrs,andd pifsbf béauisenit Ipstento e picvdade forenkhese. Anot her

exanpl e of a pr tei n trggt? has di fferent cosyhafgh%o patterns in separate
[

ti ssues, sugdestfhda kesPeRt A (?B‘ftéug%gjt%sels i Tferent 3l ycosyl ati on
patterns, i strpagndfematppriathccactgydty s vihackiimitbi bamuadmbied 9sas
asi al ot ransf efk0; #4b16N8; fSle tBULL NN Lk BAEAOLH L EREA
hematopoietic disorders (Wiessner et al, 2001). Hence, a
need existéffor new production systems for proteins such as
EPO, that have the characteristic features of an EPO
molecule that is active in the brain or in tissues that
involve selectin-based transport or targeting. Furthermore,
a need exists for pharmaceutically acceptable preparations
of proteins such as -EPO, with post-translational
modifications that differ from the serum type
glycosylation, preferably having a brain-type
glycosylation, and efficient production and purification
systems to provide for these.
Another example of a protein that has different
glycosylation patterns in separate tissues, suggesting a
differential role of the different glycosylation patterns,
is transferrin, which occurs in significant amounts as
asialotransferrin in the CSF but not in that form in serum

(Van Eijk et al. 1983; Hoffmann et al. 1995).

A certain family of glycoproteins, named selectins,
play -an -important role-in the -initial- steps-of-adhesion- of
leukocytes to the endothelium in ischemia/reperfusion

injury. There are three members in the selectin family: P-



(Van Eijk et al. 1983; Hoffmann et al. 1995). A certain famly of

gl ycoproteins, nanmed selectins, play an inportant role in th& ARRIL 2006t eps
of - adhesi on-of | eukocytes to the endotheliumin ischem a/reperfusion
injury. There are three nmenbers in the selectin famly: P 6 26 APRIL 2006 .
WO 031038100 PCT/ NLO2100686 selectin, E-selectin and L-selectin. Selectins
have a |ectYROUBRE n that recogni zes the sugar struct uPEENHR/HE

gl ycoprotein ligands binding to them There is a possible role for the
sialyl Lewis x nodifications in oligosaccharides in binding to selectins

(Foxal | et al. 1992). Several studies have indicated the inportance of
sel ectins andesd&liyl, k—eé’!l%c¥1§tafn'dciuéél%cﬁ:9ﬁ tsfa@ee@lﬂessm@ecg | eukocytes in
nodel s of ischem a/ reperfusion. The sialyl Lewis x oligosaccharide Sle"-0S

was for inst&REEISAGRALR FPBE TREAIATEYT SPECEIIAE PREFHERF RE HhH8el of

i schen a/ r epgljesprofeidyl ivaddsivigding diagharcrragrs iy a8pdsdiBuer ke et al .

1994). Furt he 6, at.ent a]E)eDI i_cati on £V V\D 02/ 38168 describes the wuse of
ﬁgpth$ sialyl wis mo

sel ectin bi néf’ ns cSnprl Si n’é Sl alf FAY&8Ms™ structures for use as

anti-infl ammﬂmqsaagent'edeisn ltlhleindtmeaitqmnﬂ-emln‘aat(F@uaéldiesﬁlses However ,

sui tabl e expr1§§§f Oevs¥al %@ﬁdi&r htab@ RLRAE A 't‘ﬂ@ Bfpd¥ghel s conpri sing
(sialyl) Lews x glycans have not been described. Hence, a need exists for

a reconbi nantsee?(‘btrlé@s?% SV LrhedP Proterheresn foRede aAhetiodePEr mi ned

gl ycosyl at i onetkédigledr €5, mo‘iilé(lb 1S 13(:5¢nalayl YepeBuSidn Strhyciiigs. More in

general , there ls a _.need g f__f&(é)l‘?S,Sl g/sftoerrs for Legonbi gaqot producti on
e

ligosacc 1 ance own
of prote|ns IH %ee& pre erm ned pOS trans I ona |f|cat|ons 7

26 APRI L 200@ardioprotective in a feline model of 1schem1a/reperfusion
by reducing cardiac necrosis by 83% (Buerke et al. 1994).
Furthermord, patent application WO 02/38168 describes the
use of selectin binding proteins comprising sialyl Lewis x
structures for use as anti-inflammatory agents in the
treatment of various diseases. However, suitable expression
systems for the preparation of proteins comprising (sialyl)
Lewis x glycans have not been described. Hence, a need
exists for a recombinant expression system for proteins in
need of predetermined glycosylation structures, such as
{sialyl) Lewis x structures. More in general, there is a
need for expression systems for recombinant production of
proteins in need of predetermined post-translational

modifications.
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|. Overview of the marker proteins that can be used to characterl ze cells.
Table Il. Positive control tissues that can be used for sone of the marker
proteins depicted in Table |I. Table Ill1. Detailed information (Supplier and
Cat al ogue of antibodies directed to marker praqt that were
used to char %@fo?gzl?a the PER C6TM cell line. Table IV. C%ngzé‘}“afhe presence
of the marker proteins on PER C6T". Table V. Mnosaccharide conposition of
the N-linked sugars of PER C6TM EPO and Eprex. Table VI. Assignnents of M
peaks observed for the nolecular ions of desialylated N-glycans rel eased by
N- gl ycanase ngfogh%?ﬁﬁ.&ggu&@qmbm%m PYcuRES produci ng  PER C6TM cl one
P7. Peaks w th nass z) values that are also found in Eprex are
underlined and indicated in bold. Table VII. Assignnents of M5 peaks
observed for tiie M0l Gfdtvaewi nshefndesiapydratied gl ¥eans webeased by N

gl ycanase F from EPO Qroduced%]lhn DMVEM by EPO producing PER C6TM cl one P8.

Peaks with ma&$ 5 S/4%GeS®tHat are also found in Eprex are underlined
and indicated in bold. Table VIII. FUT activities in CHO and PER C6T" cells.
8 26 APRIL 2006, 0:03/ 938190, RCTKM02/Q0686 «Tabl cad X Asal gpgent of M5 peaks
observed for ecular 1ons of desialylated N-glycans rel eased by

N- gl ycanase Fsong ¢h EPOTREXEE i Rivdeds seraptedainchri®nIto sel ect for high
and | ow fucose content. TabI e X. Relative E1A expression and nor phol ogy of
EPO produci ngabEllA EPO %166\ El B. EPQ HT?, 80 cl ones

e ITI. tal information upplier and Catéiogue
numbers) of antibodies directed to marker proteins that

were used to characterize the PER.C6™ cell line.

Table IV. Score of the presence of the marker proteins on
PER.C6™,

Table V. Monosaccharide composition of the N-linked sugars
of PER.C6™-EPO and Eprex.

Table VI. Assignments of MS peaks observed for the
molecular ions of desialylated N-glycans released by N-
glycanase F from EPO produced in DMEM by EPO producing
PER.C6™ clone P7. Peaks with mass (m/z) values that are

also found in Eprex are underlined and indicated in bold.

Table VII. Assignments of MS peaks observed for the
molecular ions of desialylated N-glycans released by N-
glycanase F from EPO produced in DMEM by EPO producing
PER.C6™ clone P8. Peaks with mass (m/z) values that are

also found in Eprex are underlined and indicated in bold.

Table VIII. FUT activities in CHO and PER.C6™ cells.



quantity of E1A expression was assessed by Western blot analysis. C ones
marked with * were selected for the EPO production assay. Také APRIL 2006

Rel ative presence of mass profiles of the NN linked sugars of EPO obtai ned
fromthe HT1080/ Epo clone 033, the HT1080/ El A- EPO cl one 008, and the
HT1080/ E1A. E1B- EPO cl one 072. The ExPAsy's conputer programwas used to
predi ct the ¥0OdapP38t¥npositi on. The nunber of the hexosXETNEe/00§¢&x0ses and
deoxyhexoses present in the antennae of the glycans and the proposed
structures are shown in the table. Figure 1. Mass spectra of the N-1linked
sugars of Eprex, P7- EPO (pool s A B, and O, and P8- EPO (pools A B, and
©. (A Eprex; (B) P7, pool &C& pool ﬁﬁgeg P7, pool C(E) P8,
pool A (F) PBablsodK- B*sséﬁﬁm?@) 8 Sp?@éf‘s@bsleir@ oy thy Molecwkdrd cont ent of
PER, C6TM EPO a&kk GHCQi&RQ1yEhged &i-31yda@di Se Ddeagky CHy bﬁbﬂ.jﬁ@éd&l’sQSF present on
PER: C6TM EPO. _9 2 p APRI L 2006 0310%%00 PCTI L02/ 0068 kg%e 4. Lewi s X
structures expt@EFInT AT k| foLulh FR S Schemati ¢
representati oamd)flouefwcsose andtéhtal yI Levvl S X structures. Fl gure 6. Effect
of PER C6TM EPO and Eprex on erythropoiesis in vivo. Figure 7. Infarct
volunes in untreated rats (control) and Eprex and PER C6TM EPO treated rats
based on the ASdem¥psRefFtiiye FiA) experIHen ThRPEPHFHIOgY TBfEP§enerated at 24 h

after the onﬁﬁéd&fmgemrfmm&m eusi g . WBb . nitiogor €Lches CofEENt rati on of Eprex
at the indicated t| ne- quLA nts af t%nawasél Qgsesse.d by We]ggctl %quf 150 eU of

Eprex in thr 88*Hditaps B1A express ern

analysis. Clones marked with * were selected for the EPO

production assay.

Table XI. ﬁelative presence of mass profiles of the N-
linked sugars of EPO obtained from the HT1080/Epo clone
033, the HT1080/E1A-EPO clone 008, and the HT1080/E1A.E1B-
EPO clone 072. The ExPAsy’s computer program was used to
predict the sugar composition., The number of the
hexosamines, hexoses and deoxyhexoses present in the
antennae of the glycans and the proposed structures are

shown in the table.

Figure 1. Mass spectra of the N-linked sugars of Eprex, P7-
EPO (pools A, B, and C), and PB~EPO (pools A, B, and C).

(A) Eprex; (B) P7, pool A; (C) P7, pool B; (D) P7, pool C;
(E) P8, pool A; (F) P8, pool B; and (G) P8, pool C.

Figure 2. Sialic acid content of PER.C6™-EPO and CHO-EPO,

‘Figure 3. -Lewis- x glycan- structures present on PER.C6™-EPO.



Figure 9. Chromatogram of PER C6TM EPO fracti onated on an %‘L col u o]
select for high and | ow fucose content. Figure 10A. Mass sp ABRY
N-Iinked sugars of fraction 1 - 4 fromthe AAL colum. B. Mass spectrum of
the N-linked sugars of fraction 4 fromthe AAL colum in an independent
experinment. Figure 11. Pictures of the HT1080/ EPO cl one 033 (A) and of the
HT1080/ E1A. EIVE? €983180 one 058 (B) and 026 (C). Their expcIgdomeessf ELA is
shown by Western blot analysis (D). The--ElA expressi-ag-clones - have a
-flat norphology. 10 26 APRIL 2006 WO 03/038100 PCT/ NLO2/ 00686 Fi gure 12.
HPAEC- PAD profile of N-glycans released from EPO produced by the HT10BOQ EPO
clone 033 and_the HT1080/ ELA.E1B clone 072. Lines at the bgttomindicate
the el ution ofi94ffcharkrytis( 8) StiRshvEatacgREESSdoB e EBaFHede t FEPt e char ged
and tetra chaggeghdel - 4, resp.) glycans. Note the shift to |ess |oaded
N-1inked glycans of clone 072. Figure 13. Ml di-M anal yses of EPO produced
by 3 different clones W The HT1080/ EPO cl one 033, the HT1080/ E1A- EPO
cl one 008 andridereH5108cHembhAL EldpEREemtladhen @F2LewWire x| abd e31alPl cl ones show a
nore conpl ex Bh‘g{' I eBtE&%t&rr?SM. Profil es obtained from nonosacchari de

e y

analysis of t " Prike cans of HT1080/ EPO cl one 033, HT1080/ El A- EPO

cl one 008 and HT10SO El A. E1B- EPO cl one 072. The ratio of the indicated

nonosacchari desgdfel® . s 140561 PERAGNM LY as@tAPregabRErgsArdgiRes3 CNac =
N-acetyl - glugosam ne, Gal = Gal actose, Man = Mannose) was nornalized to

mannose. Fig. *157*%4l di - M5 anal yses of EPO produced by the HT10B0/ EPO cl one
033 (A, B) and the HT1080/ E1A E1B-EPO clone 072 (C,D) treated with (B, D) or

wi t hout (A, C) F’f‘él.flzlécgs.l Pr?fsa%ct volumes in untreated rats (control) and
Eprex and PER.C6™-EPO treated rats based on the ADC maps
£7
(Fig. 7A) and the T2 maps (Fig. 7B) generated at 24 h after

the onset of reperfusion, using MRI.

Figure 8. Concentration of Eprex at the indicated time- .
points after a single i.v. injection of 150 eU of Eprex in

three animals.

Figure 9. Chromatogram of PER.C6™ EPO fractionated on an .

AAL column to select for high and low fucose content.

Figure 10A. Mass spectra of the N-linked sugars of fraction
1 - 4 from the AAL column. B. Mass spectrum of the N-linked
sugars of fraction 4 from the AAL column in an independent

experiment.

Figure 11. Pictures of the HT1080/EPO clone 033 (A) and of
the HT1080/E1A.E1B.EPO clone 058 (B) and 026 (C). Their
expression of El1A is shown by Western blot analysis (D).

The~E1A expressing clones have a-flat morphology.

10



Only differences were observed in the glycan profiles of EPQ derived from
clone 072. A clear change of peaks with mz values of - 203%6APBHg2004,q -
1892 is found (C and D), which nost likely represent the decrease of
proposed structures containing antennary deoxyhexoses. Figure 16. Various
isofornms of-the-different EPO preparations separated by |EF. EPO i sof orns
contain 0 - YP%438% ApPRI L 2006 WD 03/038100 PCT/ NL02/ 0CSEB Y%A ¢ aci ds per
nol ecul e. The foll ow ng sanples were applied (2000 eU per strip): Eprex
(A); neuram nodase- treated Eprex (B); CHO EPO, total production (O;

PER C6Th- EPO, clone 022 (D); frCHO EPO (E) Figure 17. Heamatocrit (HCR

vol une percentage L ect 00_elU k %?3(} EPO,
PER. C6~- EPO, %rgq}l) ?% Ira n%mogf?girjle( (C:%E?r% can&]’h eqﬁf’%e?rea rats
reveal ed a sipwaducednty Hihghd?1080RERS .clonat ¢33 anﬁrmqoﬂEP@W@ﬁd FER. C6TM EPO

(p<0.001). Figisfe $92. RﬁLrnQQ”&@Q;%erﬁéﬂt%W ORYi s el E‘h@e(iggl&f Jeats injected
with 5000 eU kg Eprex, frCHO EPQ, T" - EPO, wi.th diluent buffer

(control). Th%n‘EP@g??ehq)ede’é?@ar?%‘il/'eéPBBl%l Céﬁ"@ﬁ?‘i"l EZhPLeigREFeDer cent age
reticul ocyt esang.tetg@nétatlgedp0.-001)resphe figicaant agakeethe€ Whaeytws of both

Eprex and fr EPO g s.was significantly higher conpared to
PER. C6TM EPO @186%;%{:?[1&%%& f@)yc@ercenf%ogne :a?r%rat ure reticul ocytes (IFR)

of the total reticul ocyte popul ation four days after injection wth 5000

eU kg Eprex, FighQ EEOMJREB«@E%E?QS Qf h‘.\td *broéhééhe'% Hulifgerépontrol ). The

Epr ex treated rats rreveal ed a significant gher % i mmature reticul ocytes
vs. control, cteredoiEbo e BERES/ %f—"?)‘(lﬁEB WI) theRF1088/EXA-ERQage site of

PNGase F (mar kesheMobB dr)d @RE HT1080/E1A.E1B-EPO clone 072. The latter
2 clones spow a more complex profile.
Figure 14. Profiles obtained from monosaccharide analysis
of the N-linked glycans of HT1080/EPO clone 033,
HT1080/E1A-EPO clone 008 and HT1080/E1lA.E1B-EPQO clone 072.
The ratio of the indicated monosaccharides (Fuc = Fucose,
GalN = N-acetyl-galactosamine, GlcNac = N-acetyl- .
glucosamine, Gal = Galactose, Man = Mannose) was normalized

to mannose.

Fig. 15. Maldi-MS analyses of EPO produced by the
HT1080/EPO clone 033 (A,B) and the HT1080/E1A.E1B-EPO clone
072 (C,D) treated with (B,D) or without (A,C) a-fucosidase.
Only differences were observed in the glycan profiles of
EPO derived from clone 072. A clear change of peaks with
m/z values of ~ 2039, ~ 2185 and ~ 1892 is found (C and D),
which most likely represent the decrease of proposed

structures containing antennary deoxyhexoses.

Figure 16. Various isoforms of the "different EPO

preparations separated by IEF. EPO-isoforms contain 0 - 14
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endogl ycosi dase F2 (marked with F2). -Fig. 21. MALDI "spectrug% f-

PER. C6Th- EPO gl ycans-rel eased wth PNGase F (A) and with en &Pﬂbgpggse F2
(6). The x- axis of the | ower spectrumis aligned in such a way that 12 26
APRI L 2006 WO 03/038100 PCTI NLO2/ 00686 the correspondi ng peaks in both
spectra are directly above each other (349 Da differencg see text). Fig.
22. Sone rmnﬁ’%l?f@ﬁ%fﬁi de linkages of N-terminal glycans?CEY*%%  The upper
part of the schene gives the desialylated glycans released from

PER C6T"-EPG, the values in the |lower part are detected in the spectrum
after gal actosidase treatnent. Between brackets the total percentage of

t he spectrum r.efll.ect ed in the QE:&’ 2N Lol T rlured. %Q}eatra in Fig. 26. Fig.

24. The uppers‘l[‘)"‘arl a(‘)‘fldtshgersc"f?elne gi'ves the °des & e egrﬁ ycans rel eased

from PER. C6TMHEROegh{ Z00nel eoeri senipat ebpngixt HAQalregrawingdsee- t he val ues in

the mddle pa{ﬂeat@&%;ﬁi"e&e%ﬁdch&éﬂ%ﬁ speat E:HH&@Jtti%B P@)V;i @@R.‘@sﬂﬂley fUC_OSi dase
treatnent and the | ower val ues are obtai ned after GLcNAc- ase incubation.

Bet ween bracki% £here 823l (Der EEHUEECOfE) t he spectrumreflected in the
given structures. Spectra in Fig. 26. Fig. 25. The upper part of the schene
gi ves the degj al ?él?.{eqlegrlngé:o%r}s r&[ asgec ufmreom ]I_?cEeI%.tC6'I')MO PQ ,é/\éhi ch were

i ncubated wt lgélé: actosi dase; the VA &3S PRE-SHEAETe par? are detected in
t he spectrum afiested| witidS0eh el ke Fpirdas  rCHPeBRve RER £1fd"ERE, |awer val ues

are obtained afiren; AGNAGurASE (LHEURAY L Oy BRPYEGRPEAGKEES the total

percentage of the spectrumyreflected in the given structures. Spectra in
Fig. 29-7 revealed a significant higher HCR vs. control, frCHO-EPO

and PER.C6™-EPO (p<0.001).

Figure 18.£Percentage reticulocytes in blood of rats
injected with 5000 eU/kg Eprex, frCHO-EPO, PER.C6™-EPO, or
with diluent buffer (control). The EPO treated rats
revealed a significant higher percentage reticulocytes vs.
control (p<0.001). The percentage reticulocytes of both
Eprex and frCHO-EPO -treated rats was significantly higher
compared to PER.C6™-EPO (p<0.001).

Figure 19. Percentage immature reticulocytes (IFR) of the
total reticulocyte population four days after injection
with 5000 eU/kg Eprex, frCHO-EPO, PER.C6™-EPO, or with
diluent buffer (control). The Eprex treated rats revealed
a significant higher % immature reticulocytes vs. control,

frCHO-EPO or PERC6-EPO (p<0.001).

Fig. 20. Cleavage site of PNGase F (marked with F) and
endoglycosidase F2 (marked with F2).

Fig. 21. MALDI- spectrum of PER.C6™-EPO-glycans  released
with PNGase F (A) and with endoglycosidase F2 (B). The x-

axis of the lower spectrum is aligned in such a way that

12



13 26 APRIL 2006 WO 07/078100 PCTI NLO2/ 00686 Fig. 26. MALDI igg@%éfzﬁb
exogl ycosi dase treatnents of the N-Iinked glycans of PER C67T" * ) ?

PER. C6T"- EPO i ncubated with PNGase F and neuram nidase. B.) PER C6T"-EPO

i ncubated with PNGase F, neuram nidase and gal actosidase. C.) PER C6TM EPO

i ncubated wi %@\@g@e F and neuram ni dase, and subsequept. h&ated with
R Prakph

gal act osi dase an vine kidney fucosidase. D.) PER C6 I'ncubated with
PNGase F and neuram ni dase, and subsequently treated w th gal act osi dase,
bovi ne kidney fucosidase and A cNAc-ase. E.) PER Ce"-EPO incubated with
PNGase F and neuram ni dase, and subsequently treated w th gal act osi dase and

al mond neal EH&}?&QE%%:SM%); ;%Dé'ﬁ Co] "soERQ pduiybal £ i L8 RNGRSE F and

neur am ni dase, equen I_y'st reated wth %al act osi dase, al nond neal
fucosi dase an82€qtheratH> Pa PEFTAPRIqS/ 2085 SATD3/ 038100 PCTf NL02100686
SUMMARY COF THE | NVENTI ON The present invention provides nethods for

identifying, selecting and obtainin mal i an |.s that, are capabl e of
produci ng pro?é?‘n%%eo %merrﬁ'log?:iuafcézgfirg%egﬁqg%“&Bfie%_etserﬁhﬁalprot ei ns conprising
post -transl at gbyadnsnodi fi cati ons, wherein said post-translational

nodi fications are predeterm ned and brought about by the nmammalian cell in
whi ch the proteinaceous nolecule is expressed. The invention further

provi des net hEds- % TodtUPPRF RRTENEE priedaehreRy giverith&ceous nol ecul es, such

as desialylated glycans released from PER.C6™-EPO; the values
in the lower part are detected in the spectrum after
galactosidase treatment. Between brackets the total
percentage of the spectrum reflected in the given

structured:. Spectra in Fig. 26.

Fig. 24. The upper part of the scheme gives the
desialylated glycans released from PER.C6™-EPO which were
incubated with galactosidase; the values in the middle part
are detected in the spectrum after bovine kidney fucosidase
treatment and the lower values are obtained after GlcNAc-
ase incubation. Between brackets the total percentage of
the spectrum reflected in the given structures. Spectra in
Fig. 26.

Fig. 25. The upper part of the scheme gives the
desialylated glycans released from PER.C6™-EPO which were
incubated with galactosidase; the values in the middle part
are detected in the spectrum after almond meal fucosidase
treatment and the lower values are obtained after GlcNAc-
ase incubation. Between brackets the total percentage of
the spectrum reflected in the given structures. Spectra in
Fig. 27
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erythropoietin (EPOQ, using mammalian cells obtainable accgy dipRe 200eet hods
of the present invention and on nmanmmalian cells that have been obtai ned on
the basis of their ability to produce proteins and/ or post-translational
nodi fications that are indicative for the predeterm ned post-translational
nodi fication that is desired. The present invention provides a nethod for
produci ng a8 Waceous nol ecul e conprising a predet ECHNEEP0EHST -

transl ational nodification, conprising the steps of: providing a mammali an
cel |l obtainable by nmethods according to the invention, with a nucleic acid
encodi ng said proteinaceous nol ecul e in such a way that said manmal i an

cell harbors aid aC| Aan_ ex ressible for culturing said
manmal i an cel njgxgcrqgl con&t’fc?@é °t56da??1etr6?gg&‘?§ i 8k %‘F sai d

pr ot ei naceoustmedlgal.ychnsmlﬁaPéh‘rﬂﬂi'ﬂwm of the invention, the invention
provides a dﬁh;o%EEOéGTpr U‘Eh&ﬂaa@eﬁ” tt‘ﬁ' PR&ERYE 5@?& %%Hkﬁnm‘ltﬁ {ising a

predeterm ned post-trapslational nnd I cation, onprisin e steps of:

i dent i fying aBnarfFRFEN BRSO EnCYharef githe PNERSS Fy %@rﬂf“b% et prd

pr ot ei naceousg afgytggiﬁg%e\m th sai d predeterm ned post-translational

nmodi fication;  provid ai.d mammalian cell with a nucleic acid encoding 15
26 APRI L 20060vbP6§/%% PESYNIEES/ ‘Dot BNy Fp? Rt SieHEeR e/ ecul e i n
such a way t hatd sabsdequantmgl tmte@MlthagdﬂmcsoSﬂﬂihenHﬁdietcﬁrlﬂél din an
expressible chn L GulLLtyring said mamalian cell under conditions
conduci ve to rr];yro uctlon of said proteinaceous nol ecul e. In another

enbodi ment, tRe) iBEReRET TP DLDGIRIESd Wity F¥eRsef 8r apt ogucimigiidape ot ei naceous

nol ecul e cormshéIgagsaqua@lrt@gleﬁ@éarﬁbae»ﬁtlao§£rytag§&aagé op&id¥di digkat i on, said

met hod conprising the steps of: identi ylngarrammllan cell
fucosidase and GlcNAc-ase.

E.) PER.C6™-EPO incubated with PNGase F and neuraminidase,
and subsequently treated with galactosidase and almond meal
fucosidase.

F.) PER.C6™-EPO incubated with PNGase F and neuraminidase,
and subsequently treated with galactosidase, almond meal

fucosidase and GlcNAc-ase.
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having the ability to provide said proteinaceous nolecule wth said
predet erm ned post-translational nodification; providing saigg hbﬁ@
cell with a nucleic acid encoding said protd naceous nDIecuIe In such a way
that said manmmalian cell harbors said nucleic acid in an expressible form
culturing said mammal i an cell under conditions conducive to the production
of said protwonaeemus nol ecul e; anal yzing sai d post -t r aosNed2roasel

nodi fications on said proteinaceous nol ecul e so produced; and deternlnlng
whet her said post-translational nodification present on said proteinaceous
nol ecul e conprises said predeterm ned post translational nodification. In
one preferred enbodi nent, the present invention provides mammalian cells

t hat have neustMMABhapEAGHEr INYENFEONand properties such that significant

amounts of reconbhﬂ@fgreseﬁetﬁlv@ﬁtwm phzsvpaé%dus@ﬁo&sh%rhar bor “neural - or
brain- type' properties. production of reconbinant proteins, |ike

br ai n-type EPdengafyingg Sgb%cctilflpca‘ﬁjr QRER PO BANILED $91d%s EARE onal
nodi fi cati onsard sapyid @@spdduchiig YhiotgitdRousthdiadaland sweanss of the

present inventi The nventJon nor egver vi des t hods for producing a
pr ot ej naceousp‘??gllg‘aﬁlaé’ c BRRYT EPng° rlséa%tﬂ%s% Iﬁ]é%fmlggf' o qr ansl at i onal

nodi fi cati on, mgHifdcasitdnsd mlqmnsswgi Phet- ts:aepsatnfonaprow di ng a mammal i an
cel | obtai nabfhidmcgtmhgge 1328 AR 2006, Y0, 03/ 438104, PCIL N-C2/ 00686

according to t resent rnvention, with a nucleic acid éncoding said
pr ot ei naceoustIFERAEI olh suomighyile PrateinaspaundiokaFikm i8el | harbors sai d

nucl ei ¢ aci d éfpraBse®X@hesshdrt i6Qr Mirtaet tpHoviige S aiednb@sM@i an cel | under

conditions c %Lq Give to the roductl Qn of said r ot ei nacegus nol ecul e, and

puri fying sai BfﬂﬁrﬁfgeBﬁ% ucing proteinaceous molecules, suc
erythropoietin (EPO), using mammalian cells obtainable
;-

according to methods of the present invention and on
mammalian cells that have been obtained on the basis of
their ability to produce proteins and/or post-translational
modifications that are indicative for the predetermined
post-translational modification that is desired.

The present invention provides a method for producing
a proteinaceous molecule comprising a predetermined post~
translational modification, comprising the steps of:
providing a mammalian cell obtainable by methods according
to the invention, with a nucleic acid encoding said
proteinaceous molecule in such a way that said mammalian
cell harbors said nucleic acid in an expressible form; and
culturing said mammalian cell under conditions conducive to
the production of said proteinaceous molecule.

In one embodiment of the invention, the invention
provides a method for producing a proteinaceocus molecule
comprising a predetermined post~translational modification,
comprising the steps of: identifying a mammalian cell
having the ability to provide-the proteinaceous-molecule
with said predetermined post-translational modification;

providing said mammalian cell with a nucleic acid encoding
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nol ecul e fromthe manmalian cell culture. In another enbodl rrent tt}% gr esent
i nvention provides nethods for producing a protelnaceous 0
conprising a predeterm ned post-translational nodification, sal d met hod
conprising the steps of: providing a mamrali an cell obtainable 4 by a nethod
according to the present invention, wth a nucleic acid encoding said

pr ot ei naceousvomiogmael e in  such a way that said mamral | aacTo@biooésar bor s sai d
nucleic acid in an expressible form culturing said nmanmalian cell under
condi tions conducive to the production of said proteinaceous nol ecul e;

anal yzing said post-translational nodifications on said proteinaceous

nol ecul e so produced; and determ ni ng whet her said post-transl ati onal

modi fi cati on prédanotennaeiaysprotesihdcieogschl eetll thatcgapdi ses sai d

predet er i nedma&ﬁérlta&laeéiﬁtﬂa%@fs sao4lifiqatd %mpmfa%r @RbYess3Bid methods for
produci ng prot ei naceous _nol ecul es conprise the extra step of purifying said
pr ot ei naceous AP EARde CEFURIEBes eI A 2R 79 Lo UPYRF £°ndNDBSpref erred are
nmet hods for preedagdivg 8o prHat ﬁtﬂdiﬁftﬁ’ﬂﬁ omﬁhﬁ@lﬂrﬁtbﬂna’ﬂcdﬁﬁmﬂe@ﬁléell of the

i nvention, wherei sa| d, . manmal |§ g rtal [ zeg and/ QL EXpresses Et A
adenoviral sequenc®s 2"PHEr CEPPLHIS 6h e ‘”ﬁ‘froduct Ponof° @ me

El - A- adenovi raflorsmﬂi@nd:e«s -a @antemeephsamlwuler cpuptitdngi@enti fication of
the obtai ned 4 s@lplostbuiaﬂsllgbionlal %@dﬁF’BLh&QO@aY@nQ%Q%lOO

PCT/ NLO2/ 0068 SO taE | ace after the cell is identified, selected
and/ or obt ai né?GmPIHfFénﬁr E%%r?ttePﬁv%fnt FG‘PP‘?H?H%%P’@’“‘?JPWl 8% net hods for

purifying prothaiviagaddsapiliegute provhidd elalid Sedte i pd@dcRisnAcR@u3e N0l ecul es are
purified fromwﬁ%'sa%%' tur

preé%é%@mined post-translational modification;

providing said mammalian cell with a nucleic acid encoding
said protdinaceous molecule in such a way that said
mammalian cell harbors said nucleic acid in an expressible
form; culturing said mammalian cell under conditions
conducive to the production of said proteinaceous molecule;
analyzing said post-translational modifications on said
proteinaceous molecule so produced; and determining whether
said post-translational modification present on said
proteinaceous molecule comprises said predetermined post- .
translational modification.

In one preferred embodiment, the present invention
provides mammalian cells that have neural characteristics
and properties such that significant amounts of recombinant
proteins can be produced that harbor ‘neural-~ or brain-
type’ properties. The production of recombinant proteins,
like brain-type EPO, carrying specific predetermined post-
translational modifications, is now feasible by using the
methods and means of the present invention.

The invention moreover provides methods for producing
a proteinaceous ‘molecule comprising a -predetermined post-
translational modification, said method comprising the

steps of: providing a mammalian cell obtainable by a method
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the basis of the predeterm ned post-translational nodification present on
the nol ecul e, said predeternined post-translational nodifica6 ARRHe20@p
brought about by the mammalian cell on which the nol ecul e was produced. The
present invention furthernore provides for use of a conposition of

erythropoietjn-like nolecules selected fromthe group nsjsting of
eryt hr opoi et VAP or nore nuteins of eryt hropoi etin, %gﬁgmaioos re

derivatives of erythropoietin, or a collection of one or nore fractions of
erythropoietin nolecules sialylated to a varying degree, for the
preparation of a nmedicanment for the treatnent of a disorder selected from

the group congiothad. of LRENATLgn: A0 LEPELTUSEAD d RLUTY. 3 Dypoxi a- i nduced
di sorder, an i P& ory di'séase,” a neurddegeéneratrve disorder, and acute
damage to t heenmodinglsaidr ppetdipheeis peteale systumm a wihketbah said

CONMposi tion 0f,iQf YhiARAhELENY hbKSorPLeLd |88 1e1@% Q0 & ROt €i N content basi s
a |lower erythropoietic act|V|t¥aln Vi vo than erythr0£0|et|n-llke nol ecul es

currently use¥FGesihafRERt FLTAREE §2id FeRratiahGett Prd98Ffa and epoetin

beta. The preséidithove iohatciateS @o piHRY bdeductpbarsmeauti cal conpositions
conpri sing such & t hr opoi e é n-lel i kn% WQJI:P Ines. TJ‘erLQé’ien%t Lg&s al so provides
nmet hods for fear <f]°(ﬁjrm‘f)rec\}lenfiaon ar o di"Sotder §; corrprcl Si ng

adm ni st er i ngnslEcdleofposihé orgmal inn gehk)xcudsprects, the present invention-

provi des--a -net hogy JQfinf Qo) BndByFERLI AN nGBhLi Y ?Eg‘i,ir@geous
nol ecules in need of a glycosylation structure selected Tromthe 18 26

APRI L 2006 WOMOEPISsieyn PReFININT22 / RIFESEN TS ROYRGUSE| FRIPSESEY & al vl ) Lewi s
X and/ or LacdpiNaeteemitiedl pbég-tN¥ahs eadngl Woah £ Séddiohyr €6.d abeiact eri zed in

that said cel] eXDLE3Sa3e"YELE G269 £R00MLNL. A bhoman
obtainable;by a method according to the present invention,
with a nucleic acid encoding said proteinaceous molecule in
such a way that said mammalian cell harbors said nucleic
acidlin an expressible form; culturing said mammalian cell
under conditions conducive to the production of said
proteinaceous molecule; analyzing said post-translational
modifications on said proteinaceous molecule so produced;
and determining whether said post-translational
modification present on said proteinaceous molecule
comprises said predetermined post-translational
modification.

Preferably, said methods for producing proteinaceous
molecules comprise the extra step of purifying said
proteinaceous molecule from the mammalian cell culture.
More preferred are methods for producing a proteinaceous
molecule in a mammalian cell of the invention, wherein said
mammalian cell is immortalized and/or expresses ElA
adenoviral sequences. Immortalization or introduction of
-ElXA-adenoviral-sequences-—can take ‘place prior-to- the -

identification of the obtained mammalian cell, but might
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adenovirus, with the proviso that when said proteinaceous nol ecul ;d&%

erythropoietin said mammalian cell is not a PER C6T" cell,

prot ei naceous nolecule is glycodelin or protein C or tissue factor pathway
inhibitor said mammalian cell is not a HEK293 cell and when said

prot ei naceous nolecule is matrix nmetal |l oprotease 1 said mamualian cell is

not a HT1080 webiw3sibé i s anot her aspect of the inventi onpdmuNipra@éssde a net hod
for producing a fraction enriched in a proteinaceous nolecule having
N-1inked glycans conprising (sialyl)Lewis X and/or Lacdi Nac structures,
conprising the steps of: a) reconbinantly expressing said proteinaceous

nol ecule in a cell that expresses nucleic acid encoding E1A from an

adenovi rus; aabsd)ake aehacenattery thhecqgloteildgobblied, moerateds so produced,

t her eby obt aj BhdbraohtAGled@n wWhich is enriched in nolecules having said
N-1inked glycans conprising, (sialyl)Lews X and/or LacdiNac structures. In
anot her aspect théthnR’/‘é‘?ﬁel“Bn”b‘?eé‘\H‘éésf“étﬂ%‘f‘WGH PEIVides JREhGAat$g a mi xture
conpri si ng prgﬁﬂﬁyaﬁgmtl@mhe@adu%moldwue@,ormrersfn lsewus X structures, said

ot hod el oy ng.< L0003l A 0Pl 5L E5d 0:00 b LeR ol of her

enbodi ments, fractions so obtained ar rovid s Enothe?” aspect of the
present i nvenlth@nbatse')smﬁwhéepr%tpqudon@sﬁr@wpwbamgnel yt hropoi etin-1ike

mol ecul es - sehggiQdatiNdASH QUPcROBRISLINY Qhi&TpLBEORIRE4N, One o
nore nmuteins of erythropoietin, and one or nore derivatives.-of

eryt hropoi et i ROStaAPaER Hon2 L R EL Faftiophe ingy Br yEh thaher Dt t*&ﬁ | ewi s- X
struct ures onmbhhdlikadcelly eanshidpethe mptll bewiRoiwak i predduked nol ecul e i s at | east

chout, 2.2 11,19, 2 L0080 SAAOR HETLONAL00REP kP
a comp051tlon of erythropoietin-like molecules selected
from the gfoup consisting of erythropoietin, one or more
muteins of erythropoietin, one or more derivatives of
erythropoietin, or a collection of one or more fractions of
erythropoietin molecules sialylated to a varying degree,
for the preparation of a medicament for the treatment of a
disorder selected from the group consisting of ischemia, a
reperfusion injury, a hypoxia-induced disorder, an
inflammatory disease, a neurodegenerative disorder, and
acute damage to the central- or peripheral nervous system,
wherein said composition of erythropoietin-like molecules
has on a protein content basis a lower erythropoietic
activity in vivo than erythropoietin-like molecules
currently used for treatment of anemia, such as epoetin
alfa and epoetin beta. The present invention also provides
pharmaceutical compositions comprising such erythropoietin-
like molecules. The invention also provides methods for
treatment or prevention said disorders, comprising
administering said compositions.
_In other aspects, the present .invention provides--a -method
for producing in a mammalian cell proteinaceous molecules

in need of a glycosylation structure selected from the
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2.6, 2.7, 3.6, 4.1 or 5.7. In another aspect, the conpositions or fractions
according to the invention are used for the preparation of 20ABRHa2@0i. |n
anot her aspect the invention provides for the use of erythropoietin

reconbi nantly producible in a mammalian cell which expresses nucleic acid
encodi ng E1A froman adenovirus, for the preparation of a nedicanment for
the treat nEWO O8O di sorder sel ected fromthe group coRSTREYS6 of

i schem a, a reperfusion injury, a hypoxia-induced disorder, an inflamrmatory
di sease, a neurodegenerative disorder, 4 and acute damage to the central -
or peripheral nervous system In another enbodinent the invention

provides a nethod for .t reven i nd/o J & ut i treatnent of a
di sorder sel etteq ??%Snl]stq 8gr%upt(%%n % Wls |s°rﬁgﬁf%ﬁqa§ reper f usi on

injury, a hypoxitaiphoudedinkéd glgean Sé;muqztmﬂeammlnma\,ctartwsen a

neur odegener at me s, i wﬁeéxp@é}@eécwc‘ieﬂé‘r@ﬁ% Ief?cé&l%gcﬁl{ﬁ rirbm & Pperipheral
nervous system said nethod conprising the step of admnistering to a human

or ani mal = subfeRACVATEHNPESH t Fsh PEPVLSSy FAE G{6PeB il IPFRESHIACEEET es sel ect ed

fromthe gr 0U@ole@:@!ﬂ§| B4 le&gt@fogﬁmtm GROH Ghdnhal D8E H11NDE endtubei ns of
eryt hropoi eti

nor e derivatives of rqQpoi etin, wherein said
conposi tion O?E%Fg FSﬁJm R- SH% B AT BaGres |m§? ?\;'é?a&tserl zed inthat it is
reconbi nant | yglymoddutm birepmt@mﬁmlmaaue:eﬂalctoormmrumamgimubhmm acid

encodi ng E1A £IOm,afins %oxuysls L& Cae'hhﬁié"b raeeiegrroe%eﬁr@qq' ments, said
cell is a PER CoT" cell. LED DESCRI P he nmerit of the pr esent

i nvention to B?‘bt\ﬁlaéce?‘é‘b@ﬁ*b?ﬁ&ﬁt 1f)r’¥if6&{‘|%ﬂ¥a§9§?’é??5§a§al }a31€ for the
producti on 20mZnaAPR Lc2Q06s \WMt03/ BBRIBA0CLAT/ NL0O2/ 00686

It is another aspect of the invention to provide a method
for producihg a fraction enriched in a proteinaceous
molecule having N-linked glycans comprising (sialyl)Lewis X
and/or LacdiNac structures, comprising the steps of: a)
recombinantly expressing said proteinaceous molecule in a
cell that expresses nucleic acid encoding E1A from an
adenovirus; and b) fractionating the proteinaceous
molecules so produced, thereby obtaining a fraction which
is enriched in molecules having said N-linked glycans
comprising (sialyl)Lewis X and/or LacdiNac structures.

In another aspect the invention provides a method for
fractionating a mixture comprising proteinaceous molecules
that comprise Lewis X structures, said method employing
binding of said molecules to an AAL lectin. In other
embodiments, fractions so obtained are provided.

It is another aspect of the present invention to provide
compositions comprising erythropoietin~like molecules
selected from the group consisting of erythropoietin, one
or more muteins of erythropoietin, and one or more
derivatives.of erythropoietin,--characterized--in -that the
average number of of lewis-X structures on N-linked glycans

per erythropoietin-like molecule is at least about 2.2. In
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of proteins in need of a predeterm ned post-translational nodificatian.
a first aspect such recombinant systems can be provided us?ﬁ@*ﬂﬁ%ﬁ(gg
according to the invention for identifying expression systens capabl e of
applying the post-translational nodification needed for the protein in
guestion or the intended use of the protein in question. In a second
aspect, the wo@nisi@n provides a nethod of making expreesiNnoeosesst ens havi ng
the ability to apply a desired post-translational nodification of a protein
in need thereof. Further aspects of the invention conprise isolated

protei ns having predeterm ned post-translational nodifications so produced,
nmet hods of use, and pharmaceutical conpositions conprising the sane. The
present i nventotber tavpodprentisdesaid peerrad homber demty flgpay abostinmal i an cel |

capabl e of prodgcing as, prqt gi Q@Cseeusm‘r%eemzeagegaw $hBg a predeterm ned
post- translational nodification, said method conprisi ng the steps of: a)

anal yzi ng t he 99BBe3¥%iQRS| 2k |f6ﬁ‘é¥l°r‘i‘\§df‘$‘i°63ﬁ\"%rrt° Hea“HFB & 35Poduced by said
manmal i an cel |u,sean£bzb);heCkeﬁe©hlﬂhﬂldﬁgof\/ﬂ£&n|&6icéiﬁnd protein conprises said

pr edet er m ned Ipost tthr ans| at |to 1nv Jo%at kg‘pldesnfancghher enhodi ment the
i nvention provid&d®a et Hod or $e iTanmal | an cell “capabl e of

producing a mmtb:crmebus mb@@ma@ttbmﬂoiistmeaipr@d@mealnamedebbst-

transl ational mdhfd.eaksady n%ewla\aab@%%eamd 1RYeidpe anSt eps of 1 a)
anal yzing the presence or absence of a tissue specific marker or a

conbi nati on ofRIEPLEHFISs e e PREPREREION AT shMEIAEFRANt SAF d¥.1 or on the
cell surface afresthe¢ht Bunar&iusandaelsblemchrdsmrthergﬂfupceai’cum‘&h@n of said
markers is i n |cat| ve for the n%fr sal cgl{léto ag c;y--the

pr edet er ni ned PostHFRRsI A58 “sma. 1 ca Thaceous nol ecul e
i n need ther esfisoydsm pnodededmwpmldlsease, a neurodegeneratlve

disorder,iénd acute damage to the central- or peripheral
nervous system. In another embodiment, the invention
provides a method for the preventative and/or therapeutic
treatment of a disorder selected from the group consisting
of ischemia, a reperfusion injury, a hypoxia-induced
disorder, an inflammatory disease, a neurodegenerative
disorder, and acute damage to the central- or peripheral
nervous system, said method comprising the step of
administering to a human or animal subject a composition of
erythropoietin-like molecules selected from the group
consisting of erythropoietin, one or more muteins of
erythropoietin, and one or more derivatives of
erythropoietin, wherein said composition of erythropoietin-
like molecules is characterized in that it is recombinantly
producible in a mammalian cell comprising nucleic acid
encoding ElA from an adenovirus. In certain preferred

embodiments, said cell is a PER.C6™ cell.

DETAILED-DESCRIPTION
It is the merit of the present invention to provide

recombinant production systems suitable for the production
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26 APRIL 2006 WO 03/038100 PCTI NLO2 /00686 said cell using techniques of
reconbi nant DNA and cell culture otherwise well known to t hodeA8RIsRI06 n
the art; and b) selecting said nmanmalian cell on the basis of the presence
or absence of said tissue specific markers. In yet another enbodi nent, the
invention provides a nethod for obtaining a mammalian cell froma

het er ogeneou¥0 BBBI®hopul ati on, said mammal i an cel | bei RGTARFMBE of

produci ng a protei naceous nol ecul e conprising a predeterm ned
post-translational nodification, said nethod conprising the steps of: a)
sorting cells on the basis of the post-translational nodifications on
proteins produced by said cells in said heterogeneous cell popul ation; and
b) sel ecting®t mEoteins i@apatf €fof RGBT HG P rRAEi hE2nYGHPIRY ng sai d
predet er m nednfiFicht oIl ahi OrEkst dupdict | ahi seconbialns Myisitags may be
acconpl i shed usi rretira%gs known

n i.,n the art.. including but.not limted to
the sorting 91" (?gl PEOUSH ngu?lint?orrn%éshcoéir?t ff/cqrg%g?gt ggfi %(‘)V '65°" r ecogni zi ng

t he predet er nforeddposi ftimgnskpreisobert syabehs icentlhlon of| apmlndnberheenbodi nent ,

the invention,proyides) A i0RE DQbas EAatii RN di¥lNEL A LHBNPRILAR £F! | capable of
produci ng a protelnaceous nolecule conprising a predetermned post-

transl ati onal I¥HLPR c2X ithS, 1Rtandedetfodt cipPrSINg tReTeasEd8n ofln provi di ng
said mammal i an £RiohdWidgecd, Ntied @nGerdtdiod pAivaads g metpbOtEH Makingieed of and
capabl e of receivi ngot h ost-translatio rrggli;pi gati oci‘éssirjag such a way

e I
: 3 k. (
that said maRfaITa %eﬁ’ﬁ“%ﬁ? bors Sai d nuclrerc aci@ ¥n®alt 8kpressible form

cul turing sai postarrrahskatioshl maddéicatdndi ¢f enprotsmddeineedt o t he production

of said protepju Rp2l ¥ziddrt BpeROSds thanlRht 052l cHBEl §d 43I Ay
on-sai d-protein-produced by said mammalian cell; and verifying the presence

of said proteins hﬁylng predetermined post-translational
modificati;hs so produced, methods of use, and
pharmaceutical compositions comprising the same.
The present invention thus provides a method for
identifying a mammalian cell capable of producing a
proteinaceous molecule comprising a predetermined post-
translational modification, said method comprising the
steps of: a) analyzing the post-translational modification
on a protein produced by said mammalian cell; and b)
determining whether said protein comprises said
predetermined post-translational modification.

In another embodiment the invention provides a method

for selecting a mammalian cell capable of producing a
proteinaceous molecule comprising a predetermined post-
translational modification, said method comprising the
steps of: a) analyzing the presence or absence of a tissue
specific marker or a combination of tissue specific markers
in said mammalian cell or on the cell surface of said
mammalian cell, which marker or combination of said markers
is indicative for the ability of said cell-to apply—the -
predetermined post-translational modification on a

proteinaceous molecule in need thereof, when produced in
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post-translational nodification on said protein. According 22 26 AP, 2006
WO 03/ 038100 PCT/ NLO2/ 00686 to another enbodinent, the i nv SRR des a
method for identifying a nmanmalian cell capabl e of producing a
pr ot ei naceous nol ecul e conprising a predeterm ned post- translational
nodi fication, said nethod conprising the steps of: providing said mammualian
cell with a murds@ssieeaci d encodi ng sai d protei naceous necesulmosapabl e of
conprising post-translational nodifications, in such a way that said
mammal i an cell harbors said nucleic acid in an expressible forn culturing
said mammal i an cell under conditions conducive to the production of said
pr ot ei naceous nol ecul e; anal yzing the post-translational nodification on
said protei nggedu=100hey ee@t[rﬁ.(d{UQQCbﬂ)ye661iMnﬁﬁﬂTm¢Pj and cadlh; and
det erm ni ng whet her Sghenﬁ%St trarp(sl ati Mely:1} nodi.f i .c. tll on 1,{)r esent on sai d

t

. C ure e. . well d1 e of. sKi
pr ot el naceous ecu conpri ses sal pre e erm ne pOS rans1at|onal

nmodi fi cati on. aAd griotel eciciegusairbimenrd ldaascekle@nhbheibasi efeft $¢heo, but is not

limted to, L@&éﬂc%sofétmeaéewggﬁ@&,lsggéysggeargésnarm proteins, as well
as to rrutants of peptides pol ypepti des and protejns (no] ecul es conprising

del etions, point Iﬁ‘uﬁ’ﬁ’f|§5W§he§v€é‘18§dla‘F‘FdYtor“&?1e‘ﬁV8&H%P PREiCEd 2al terati ons),
as long as theytikde reapeitadndhg raeaem/amgnt&lﬂl grefel aefen@@neous
post-translati gg@lp modi fication, i

opulation d mammal a V(E:,‘ E 1{1e ul rgge arP no acid
residue(s) in PRt - cont 8%t° "anenabl e ¥ CR&"fodPrP cation (e.g. they

shoul d conpri 9e°<an:in9\5ﬂ -DeoSeinadrous erplenube iqempaseinghe addition of an

N-1inked gl YSs?Qdeﬁ;e&H%éH Sok - %%'s&%on‘é@'rﬁéhﬁ%a@fonap%i@q\emo& he Asn
residue in this context It also refers to peptides pol ypepti des and

proteins carr FPRRFI5459 FEEPHIHér 2! pﬁoéttéﬁ‘%ef@ééﬁsmhﬁaen‘?ﬁ?lﬁr 8f ei naceous
| abel s (e.g., thatdbdst- translatlonal modifications on proteins produced

by said cells in said heterogeneous cell population; and b)
selecting the cells capable of producing proteins
comprising said predetermined post-translational.
modification. Such sorting may be accomplished using
methods known in the art, including but not limited to the
sorting of cells using fluorescently labeled antibodies
recognizing the ‘predetermined post-translational
modification.

In another embodiment, the invention provides a method
for identifying a mammalian cell capable of producing a
proteinaceous molecule comprising a predetermined post-
translational modification, said method comprising the
steps of: providing said mammalian cell with a nucleic acid
encoding a protein in need of and capable of receiving the
post-translational modifications, in such a way that said
mammalian cell harbors said nucleic acid in an expressible
form; culturing said mammalian cell under conditions
conducive to.the production of said protein; analyzing the
‘post-translational modification on-said ‘protein-produced by
said mammalian cell; and verifying the presence of said

post-translational modification on said protein. According

22



active-conmpounds). An exanple of such a protein is human--- 5PO whi ch has
besi des the renal - or serumtype form other phenotypes suc L 2006
brain-type form Qher, non-limting 23 26 APRIL 2006 WO 031038100

PCT/ NLO2100686 exanpl es of classes of proteins that have certain
characteristics that possibly play an inportant role in the functionality
of the proteM®omst®rtain tissues and that should (wheRCTALGMBhant |y
expressed) harbor the predeterm ned post-translational nodifications for a
proper function include nonoclonal antibodies, neurotrophins, cytokines,
insulin-like growh factors, TG~ (i |like growmh factors, fibroblast growh

factors, epidermal growh factor hepar{n bi ndin rowh factors, tyrosine
ki nase recepf%rarﬁtgﬁﬁa"smba?ﬁam%‘f%eﬁhfr ﬁf‘tl‘?’h@t‘:f??”s.e%ﬁs’f‘e%\@dt P%%rse factors

are associ at eddevtilfydhg easemsyhidnones], capebld lvdr pfategingost of the proteins
m ght be usedphgt{)%gggﬁsgﬁ%gec‘hcg 1N &fﬂﬁg%%ﬁ%ﬁ?{'&mﬁfmeg UHRRS, provi ded t hat
ar t o

the proteins e post trans ati onal I cations necessary to be
active in vivéramiaséoprlomephiicidand sierv¢tdod peRHigdnEdde on expressi on

Syztfems t hat @E@psﬁ%@?bﬂ)ﬁnﬂ.ﬁiﬁé%l@ Agnridlean dagir Qﬂtrp%shuéieﬁl:&Slaaid gnal
nmodi fi cations npl es, roteins are not linmted to,
transferrin, e@??/gﬁ‘aels?ﬁjo 9%“56%89\)? m@gsﬁﬁ c(aﬂ@b—lje ‘%r SPPRTdErM MY ed

neur ot r ophi ¢ past-arranblkatrichedpiwdif3catidn’s, aird sueh ziWayatlyat meddot r ophi c

fact or, Leuke%h@ghb&@ ¥1a§ﬁ<|9£so sfl cqligé r%glal _gn(]ﬁ %359 %w M several

| nt erl euki ns rlved
neur ot r ophi ¢ EPERt GHltngina sAif maP@F%JéﬁhFﬁll W’G‘@Fa‘??fﬁiltF?Ib‘-'r obl ast Growth
Factor-1, -2 aeﬂduciweAH@mHeeg%ddhtleﬁ&wIssb@lpﬁaeeimahgrmoueady@; ng

aOgH VIFta)é{ O:,\IeE rg'@%};}z:.%gr }:lhe peggu{rea%%ll!apiona? modlf':LcaEI oenI %Exrs PH n, Mdkine, Stem
proteinaceous molecule produced by said mammalian cell; and
determining whether said post-translational modification
present on said proteinaceous molecule comprises said
predetermined post-translational modification.

A proteinaceous molecule as used herein refers to, but
is not limited to, molecules such as peptides, polypepti@es
and proteins, as well as to mutants of peptides,
polypeptides and proteins {molecules comprising deletions,
point mutations, swaps and/or chemically induced
alterations), as long as they are capable of receiving the
predetermined post-translational modification, i.e. have
the required amino acid residue(s) in the right context
amenable to the modification (e.g. they should comprise an
Asn-X-Ser/Thr sequence in case the addition of an N-linked
glycan structure is desired, which can be applied to the
Asn residue in this context). It also refers to peptides,
polypeptides and proteins carrying tags and/or other
proteinaceous and non-proteinaceous labels (e.g., radio-
active. compounds). An example of such a protein -is human--

EPO, which has besides the renal- or serum~type form, other

phenotypes such as a brain-type form. Other, non-limiting

23



1, PDGF and Saposin C. Mnocl onal antibodies as used herein refer to human
and humani zed antibodies, to parts thereof, and-to equival @ftAP

as-single chain Fv -(scFv) fragnments, Fab fragments, CDR regions, variable
regions, light chains and heavy chains, or any other format suitable 24 26
APRI L 2006 WD 03/038100 PCT/ NLO2/ 00686 for use as a specific |igand.
Accor di ng t owonsosspeci fi c enbodi nent producti on syst ensPer/®Lo2pi8s/i ded t hat
are capable of applying lewis X structures and/or Lacdi NAc on proteins
capable of receiving N-linked glycan structures. In accordance with the

i nvention such expression systens can be identified, selected or
specifically designed. An exanple of such purposive design is the

i ntroducti on exdmplasnafmrdksass od| prafeinactieitchave ccertairpri si ng an E1A

sequence of af}haag%@gi‘ﬁﬂ%ss’c'ﬁi’c bhali g 91 F]aA WQHE 1 eexprggsed in said

mamral i an cel such cel I's rea i n exi stence are HEK293 ,
PER. CB6T" , QEHHCtAPFﬁbic@h of hiehee PERTSiN |1ﬁe%er§|aé“ Krigaepeinds&hathd have been
used for protehdulpr QEkEH ireBoddaanden dﬁpeamahOﬁaﬁiorahne 2000; WO 00/ 63403;

Ginnell et al 94), the decisiv A on the ability to apply
lewis X and/ onecﬁgc@ﬁ%'?\WcJ]gf’rsﬁcﬁrﬁpgg ‘il°n6$or?° lﬁéca]pt GGt PhBFESH has
hitherto not besstigppiecivdeetonotlpost ankdpsiiati onadrotpepifineat i on as used
herein referg.{ 1%@?6”%55&934 kQ”?Ml% !E? R ES Sftr-@N1 Pfe igRond] d

pr ot ei naceous rm ecu refers ications that are introduced
during or sub$aefirnfr fHProhdast HTSKER iTGFLOFs s &PdIeHHILe8EPEDN rom RNA in vivo

or in vitro. 8hl@¢bﬁ§l)dhépa&ﬂhl snmml;n@ﬂmﬁ fdutlora| ery1@kihd Mihgsle t O,

Oy oL GBI SRALEC By - £LOOIRLL ok Ly oyt on
factors are associated with disease syndromes, and
therefore fmost of the proteins might be used in recombinant
form in the treatment of humans, provided that the proteins
harbor the post-translational modifications necessary to be
active in vivo. These proteins should therefore be produced
on expression systems that are capable of providing the
desired post~translational modifications. Examples of such
proteins are, but are not limited to, transferrin,
glycodelin, Nerve Growth Factor (NGF), Brain-derived
neurotrophic factor, Neurotrophin-3, -4/5 and -6, Ciliary
neurotrophic factor, Leukemia inhibitory factor,
Cardiotrophin-1, Oncostatin-M, several Interleukins, GM-
CSF, G-CS8F, IGF-1 and -2, TGF-B, Glial-derived neurotrophic
factor, Neurturin, Persephin, Myostatin, Fibroblast Growth
Factor-1, -2 and -5, Bmphiregulin, Acetylcholine receptor
inducing activity, Netrin-1 and -2, Neuregulin-2 and -3,
Pleiotrophin, Midkine, Stem Cell Factor (SCF), Agrin, CSF-
1, EDGF and Saposin C. Monoclonal antibodies as used herein
refer to human and humanized antibodies, to parts thereof,
and -to equivalents such as-single chain Fv-{scFv)
fragments, Fab fragments, CDR regions, variable regions,

light chains and heavy chains, or any other format suitable
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processi ng events such as the clipping-off or the addition %f one OE
am no acids. A predeterm ned post- translational nodificatio re| n
refers to any post-translational nodification that is useful for t he

sel ected-treatnent. According toa pref-erred enbodi ment, predeterm ned

post-transl a dification refers to a formof nodpf, I t hat mekes
the nodifi ed&B%%%&OEDZS 26 APRI L 2006 WD 03/ 038100 PCTf %k@gﬁ%g‘g‘ge
particularly useful to treat disorders of specific tissues, organs,

conpartments and/or cells of a human or aninmal body. The protei naceous
nmol ecul e carrying such predeterm ned post-translational nodifications could

as a result pg deyoid 0 gémlfipgaar;,td effect (such as detrirrental or other
undesi red si de- egsects her than on the tissue, org conpartnment and/ or

cell that is 2¢sogéing rtQaPé%l sP&G&BHiﬁWQ“PH“@ﬁeP’é?Pd’G&F%rﬁYStFﬂ% 3Feedet er ni ned
post - t r ansl at pvabedodhafti 684 i RPabbeIHES ap ey iRGOI@IIE XCOtRUCLEFEY t he

pr edet er m ned t-translational m)dlfl tion to he,cl redf om t he bl ood
nmore rapidly, ay@%ﬁ.#aﬁﬁﬁbgdﬂté’r ‘\a/lenrsseag‘_llg‘ ?f CtelVlr’f%}apr 8% er ni ned
post -t ransl at glyran stodictucesi dn segrrdenelWiyhurdeigvendidmnsucket ai | in

advance, but g L-f& gsgglgsercglnl Ye lQEREIADG Os &% ctQ§ &ﬁea desired state

that is requi r roper and wanted acfiVvit pr ot ei naceous
mol ecul e corrpw%qlrféca]s]dcﬁeﬁ%@t?élt ebivia¥sEPHO - F\‘%fhé’luaf’f’m dagtTf i cati on,

meani ng that ; $%edgt@dd@dtmdu&tsaet inARSa @S e8l1 & Hﬂ@leﬂ@:r gt a4 naceous

nol ecul e of interest gi necessarily have to be f L&é gnder tood and/ or
defined, as IS?fEfrégl?‘%ean R 3R Vi B aids?nf’}‘u’e"?‘bs SER n%ﬂ s°Hf desi red
gl ycosyl at i onErodhiefiuemtd dasexpreBsediniay eaidNnghpabies, cetlbpdxdmpleson t he

intended use, (ar& §t LUOIULESe SHC L ASils@®WA S are HEK293, PER.CE™,
911. Althoﬂ@h these cell lines are known per se and have
been used for protein production (Van den Nieuwenhof et al,
2000; WO 00/63403; Grinnell et al, 1994), the decisive
effect of E1A on the ability to apply lewis X and/or
LacdiNAc structures to proteins produced thereon has
hitherto not been appreciated.

A post-translational modification as used herein
refers to any modification that is present on or in said
proteinaceous molecule. It refers to modifications that are
introduced during or subsequent to the translation of said
molecule from RNA in vivo or in vitro. Such modifications
include, but are not limited to, glycosylation, folding,
phosphorylation, y-carboxylation, y-hydroxylation,
multimerization, sulphide bridging and for instance
processing events such as the clipping-off or the addition
of one or more amino acids. A predetermined post-
translational modification as used herein refers to any
post-translational modification that is useful for the
selected- treatment. According to a -preferred embodiment,
predetermined post-translational modification refers to a

form of modification that makes the modified protein
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X, sialyl Lewis x, GalNac, dcNac, Lacdi NAc, al, 3-1inked fucose agﬂﬁ%hed to
N-acetyl -glucosam ne, term nal N-acetyl- glucosam ne, ter i &

bi secting N-acetyl - glucosam ne, sul phate group and sialic aC| d The

manmal i an cells of the present invention are preferably human or of human
origin, for the production of human proteins to produce proteins that nost
i kely carrywognssembi an-, and preferably human, charactecwsioz/emss To produce
pr ot ei naceous nol ecul es that should have neural 26 26 APRI L 2006 WO

03/ 038100 PCT[ NLO2/ 00686 post-translational nodifications, it is preferred
to use cells that have neural characteristics, such as protein markers
that are indicative for neural cells. This does not exclude that a
non-neural ceddrtgighir lyeuesdulete| yreasedidoridars mfodpe¢fgcprbimiess conpri sing

neural -type pashs!rapghathanial .ned fhgﬁtg QRSa HumaHePERASnON the protein
activity that |snrseqU|reg to sg ectr rdentify oraobtal n Ig cell that is

capabl e of priersivei AP SFERSHRFGEOVS HdesEi o FRF T Y HgdiSPFRat i ons. Since it is

required to %M@esrdlafegep&m&bﬁsmleﬁal Rioal eidak ivhencduhesss wi | | be applied
in therapeutic ettin ‘1%2’8 gm%gr e{ erred he mammal i an cells of the

i nvention ar eF$¥Tor il CIt % oftﬁegan WEPLPBught about in many
ways. Exanpl eSeurfimamtahodsrtcnxr@bt andesiradroridel ¢ Hedteel dthear hactonvel y

transforming &,J ¢36Ld Gebhn, 'Bhainlnli dld)8: C4lh BYal NG ggdidion of nucleic

acids encodi ng transtorning imtmortal i zing proteins, or through
chemical treat¥astedt rﬁffGﬁgﬁJLWnt@hO%(fGﬁ@%H%?é‘t pFhst erRdetArgAredecome
transform ng, péyt-Byad AleitAgn£E Inodi £ 1M of WHUse SBERY babtei@ne preferred nethod

to imortali Zgorrﬂa(z):rj]._sirggu reoglillse e%lelr%ined ggst I?:rans a1|tt1|ognl of the El region of
modification to be cleared from the blood more rapidly,
e.g., to r&duce adverse side effects. The predetermined
post-translational modification can be fully understood in
detail in advance, but can also be generally referred to as
being a desired state that is required for a proper and
wanted activity of the proteinaceous molecule comprising
such predetermined post-translational modification, meaning
that the detailed modifications present on the
proteinaceous molecule of interest do not necessarily have
to be fully understood and/or defined, as long as the
desired activity is there. Examples of desired
glycosylation modifications in O~ and/or N-glycans,
depending on the intended use, are structures such as Lewis
x, sialyl Lewis x, GalNac, GlcNac, LacdiNAc, ol,3-linked
fucose attached to N-acetyl-glucosamine, terminal N-acetyl-
glucosamine, terminal galactose, bisecting N-acetyl-
glucosamine, sulphate group and sialic acid.

The mammalian cells of the present invention are
preferably human or of human origin, for the production of
human proteins to produce preoteins that most likely carry
mammalian-, and preferably human, characteristics. To

produce proteinaceous molecules that should have neural
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adenovirus as was shown for cell lines such as 911 and PER C6T". O her

nmet hods of immortalizing cells are known, such as transforrra%'ﬁﬁl‘llsiﬂm%6
certain Human Papillomavirus (HPV) protein encodi ng sequences (e.g. HelLa
cells). The addition of certain viral proteins, such as El from adenovirus
m ght be beneficial for the production of reconbinant proteins, since many
of such prot ¥PA¥*¥¥®de transcription-activating featureg,CT’H% as anti -
apoptotic effects. It has now-surprisingly been found that expression of
E1A of adenovirus in the host cell used as expression systemaccording to
t he invention, changes the 27 26 APRIL 2006 WO 03/ 038100 PCT/ NL02100686
characterlstlcs of the. expressio t.em sugh .t hat |resthe ability
to apply N-IiRRETSGPIHETIE |§on dlf?%/%tc%urés hatgreferrrleggt? érs X and/ or
Lacdi NAc. A suellaﬁblteatdialvel neerflocharacteet s, f@lﬁclpraedgmhvgn pr ot ei naceous

mol ecul es i n pead. Qf oM 5eX; aa&i/aeivé%ql NAEra 10081 Ad NipRYs Nidelsnk&d gl ycans i's
PER. C6TM deposited under No. 96022940 at the European Collection of Ani mal

Cel | Cul t ur esexgtudehhdert 8PTRAVIADPFS ™R 8561 eXUreadRé8éatth. O her
suitabl e cell Fkbd\ﬁﬁnécﬁﬂ{t@lﬂl &&\p&hsﬁlgaap@ﬁut@ﬁé LgstﬁstHEK293 911 and ot her

manmal i an cel iLntr ductl n into .one or nore of
said cells or A %@%69%3/1 f"ﬁggglcﬁatl%s tﬁl deren |8nttf%§t PESYH ns EI A
sequences of antiwidgnthat us reqwbredess] bbéecwor Afdentigvt ponelitajip &l s sequences

i n expressiblg.forimt Af &apl6lddedy Yty Cﬁf&hb? o#cManhapaqus,pecause of the
anti-apoptotic effects exerted by Els, t0 counteract the potential

apopt oti c ef f Be¢kEigRtign% expressi on. The net hods for pr oduci ng
pr ot ei naceous nol efiukesit acCcoegliingdt o phedidw eariongiantibnds @@y conpri se the

extra. proteins when these will be applied in therapeutic
settings,4it is preferred that the mammalian cells of the
invention are immortalized. Immortalization can be brought
about in many ways. Examples of methods to obtain
immortalized cells are actively transforming a resting cell
into a dividing cell by the addition of nucleic acids
encoding transforming and/or immortalizing proteins, or
through chemical treatment through which endogenous
proteins might become transforming, or by taking cells from
tumor material. One preferred method to immortalize non-
tumorous cells is by the addition of the El region of
adenovirus as was shown for cell lines such as 911 and
PER.C6™. Other methods of immortalizing cells are known,
such as transformation using certain Human Papillomavirus
(HPV) protein encoding sequences (e.g. HelLa cells). The
addition of certain viral proteins, such as El1 from
adenovirus might be beneficial for the production of
recombinant proteins, since many of such proteins have
transcription-activating features, as well as anti-
apoptotic effects. It has now-surprisingly -been found that
expression of E1A of adenovirus in the host cell used as

expression system according to the invention, changes the
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step of purifying said proteinaceous nol ecule fromthe
culture. Purification as used herein mght be perforned by uéﬁﬂﬂuﬁ?hb6
conventional nethods that have been described in the art, homever it is
preferred to use purification nethods that conprise a step in mhich t he
post -t ransl atj,qn ﬁ4‘ﬁnd|f|cat|ons present in and/or on saifhiRhRkEl naceous
nol ecul es are enployed. Even nore preferred are purlflcatlon net hods t hat
conprise a step in which the predeterm ned post-translational nodifications
present in- and/or on said proteinaceous nol ecul es are enpl oyed. Wen
affinity purification nmethods are applied; it is preferred to use

anti bodi es or S h if parti cul ar
car bohydrat e nlg%%?:éggi% s I%%Stlﬁgr%@ggggédA%EStégg%gBV\%a{)tg}BSS100

PCT/ NLO2/ 0068834inesctlsl a&gémstt%@mlér N-tipked otvgesytaticans| ati onal
nmodi fi cati onsstcRaptescHak Sotgriaatlidnadi esnayer aniddanad es directed agai nst

(sialyl) Lewis x structures, lacdj Na st.ruct c.Lewis x
structures. Non-li M‘f%@gﬁ‘éx%‘ﬂ% gjs“e %°Fe‘8k &ocgsf gPrePcrcgacd’W?g to this
aspect of theprotnieatears aptediesaird nsed extt |lm§;s suehdbsr Eas@éiNecti n, P-
selectin, L Sebmtlibiing Whifod Gy BLNISE St RBMeSa gl 10 BMEL Yo £ he

(reconbi nant) protelns suc at " a percenta e of the purified protein
carries the dééqzrzédo ?)t'réd’ét Brrfipgad G86: ?C'€#°&1n§FaMl@ﬁél CefddCRrieseBon. Even

more preferrgd tﬂ{eecéfﬁiélo@Srlzﬁdeé@fMﬁ:BSbﬁlQb?lM@@Héarfﬂh' estted is purified

to honogeneity., Ex | e f _nmethods, .for r|f|cat|on of proteins from
manmal i gn cel g“’ctlﬂbﬁgir)‘éelir giniﬁ STFaEH gy e hgnﬁr%%peerﬁ i ?/]é‘r‘iigl on and enconpass

for instanceHBkZ93ni 8yl cndontiicagnapial inetdedds tlort whe bepumofficat i on of
brai n-type gl X?%&Q&@&J@R 1%/0 %ﬁ!arkgr more of said cells or ancestors

thereof, of nucleic acid that contains E1A sequences of an
adenovirus in expressible format. Optionally, E1B sequences
in expressible format are included, which can be
advantageous because of the anti-apoptotic effects exerted
by E1B, to counteract the potential apoptotic effects of
ElA expression.

The methods for producing proteinaceous molecules
according to the invention further may comprise the extra .
step of purifying said proteinaceous molecule from the
mammalian cell culture. Purification as used herein might
be performed by using conventional methods that have been
described in the art, however, it is preferred to use
purification methods that comprise a step in which the
post-translational modifications present in and/or on said
proteinaceous molecules are employed. Even more preferred
are purification methods that comprise a step in which the
predetermined post-translational modifications present in
and/or on said proteinaceous molecules are employed. When
affinity purification methods are applied, it is preferred
to use antibodies or other binders, such as lectins

specific for particular carbohydrate moieties and that are
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anti bodi es or lectins recognizing Lewis x structures reseng _in th

N- gl ycans of the reconbinagtly p?oduced product. The Bresen&6fﬂvghﬁp8ﬁ
provi des a pharmaceutically acceptable conposition conprising a

pr ot ei naceous nol ecul e having a predeterm ned post-transl ati onal

nodi fication, obtainable according to nethods of the pé?f ﬂﬁ/&ﬂyention,
and a phar ne¥@8YP8YUY |y acceptable carrier. Pharmaceutic ’6 A&t abl e
carriers are known to those having ordinary skill in the art. In a
preferred enbodi nent said proteinaceous nolecule in said pharmaceutically
acceptable conposition is erythropoietin. According to the invention,

eryt hropoi et i&r%E?géjced n cells.with peur al prot el 0 S8 Ir<Lers acquires a

a st certain types ©o o trans ionha B
post-translatlona nﬁﬁ?Plcéilon ?h IS 5bflve In neural tissue or on

neural cel | s.mdddf@oztionsheExampdes tafaguttandhbpdimpdinff cattiitbadiesr e not
conpar abl e t 044kt &P fiﬁ‘?Bl (512906 %@w@%&é%%%@%fx@y, N2 89686

post-translational nodificatlons seen on that circulates in the bl ood.
The eryt hr opottétuctuess &&t Sabfact heviEpoeprustyees eIt iEiRft h t he neural
prot ei n mar keggampses SdfYnett antukyrllowetordimgats amdanaspadtt betthe present

invention it js now stron suggested that this js due to  the absence of a
hi gh percent agfe 8+ 3} aa\riecg%%/ia Lsé g?iflecf%e}rr’s’t ¢ N p#rgggﬁcgtemofbrai n-type
f eat ures suchselscken d-selettrinct Usisw anch ttdmdenalenghlextapei tes. This is

advant ageous, o, Sie)CenS U cambinahls tpiee BROGER htugeidh rel atively high
dosages in the treatnment of disorders related to neural™ tissue or in the

treat ment of R§ISEREAIRPEgERe RpriftstbRrateinsGerrins AhA 4&imeti ¢ heart), while
at the sane tpreielidmhitgd ost-FrahsLanbhyl mRd€chtdbhectveanmeryt hr opoi esi s as
conpared to the BP0 priRaLall s SUHigR e 3Y8L Al Cous MB1ecule

is purifie#f to homogeneity. Examples of methods for

purification of proteins from mammalian cell culture are

provided by the present invention and encompass for

instance affinity chromatography methods for the

purification of brain-type glycosylated EPO by using

antibodies or lectins recognizing Lewis x structures

present in the N-glycans of the recombinantly produced

product.

The present invention provides a pharmaceutically
acceptable composition comprising a proteinaceous molecule
having a predetermined post-translational modification,
obtainable according to methods of the present invention,
and a pharmaceutically acceptable carrier. Pharmaceutically
acceptable carriers are known to those having ordinary
skill in the art. In a preferred embodiment said
proteinaceous molecule in said pharmaceutically acceptable
composition is erythropoietin. According to the invention,
erythropoietin produced in cells with neural protein
markers-acquires a post-translational modification that is

active in neural tissue or on neural cells. However, the

post-translational modifications are not comparable to the
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i nvention provides reconbi nant erythropoietin conprising at _|least qn
post-transl ati onal nodification selected fromthe group congﬁsﬁtmﬂb 6 a
sialyl Lewis X structure, a Lewis x structure, a al, 3-linked fucose
attached to N-acetyl - glucosam ne, a Lacdi NAc structure, a term nal
N-acetyl - glucosam ne group and a term nal gal actose group. Said

reconbi nant evo/dshssa@oi etin i s produci bl e on a manmal i an PCTaiLd2/00436 ai nabl e
according to the present invention, as well as on nmammalian cells

previ ously known, but not previously appreciated to be suitable for this
pur pose. One exanple is PER C6TM cells. The present invention in accordance
with one enbodinent further provides the use of PER C6TM cells for the
producti on of Pastrtaaeslatdenas TS ELeAtdorBngRENSPRERY thekdet er i ned

post -transl at toral1afedi fi eabi WbodWHLieRythropbse PILT@EESE: RAthsai d
pr ot ei naceous_nol ecule is rap dl Y.s cl)%%red fromthe blood and/or used in
hi gh dosage. FRC tHFE@IUEEE & of JE]F90, 1B} JdGc POt LoRTPERABTME™2 P gh dosage may

be wused to tseqiifdcaptieyéntencUIheadamagecasdobi shegrasétt 30 26 APRI L 2006

WO 03/ 038100 / 6 ' [ j 1y h verse side effects
of erythr opo?gér%% nPtg?i% gﬁ%%&é kr)rffté,\l%lt)y\,rc%J b?%geeeglr {égﬁtt%ﬁ%vgtdﬁgn;@o t he
pr ot ei naceous thelagghes ff at higlppesesntagavehtsiiehiaracidgyiangldbe $or t he

treatment of @nbyrmBefte dNYIRh-ROPY AVAtuSed QLK. ad HRWEPYx Or di agnosi s.
Preferably EPO-|like nolecul es, accordin i{g the invention are used for the

manuf act ur e oftENFRAIPE AhTCTBN A N8 13ERE ST SPLRyPoRA%2N53980%%d di sor ders,
neur odegener abinee afuthi £tdransstype BARUtcan Hanmage Lo idlatiesityr aigh or

peripheral nepyous SY3t &0 t&ﬁam?e’ﬁ t%?rdi@%%eelfsr %91?1!%%”&%’ pSai d

pr ot el naceous HDT cul'es such as EP are used ror e nanuPacture of a

nmedi cament tissue or in the treatment of tissue damaged by ischemia
(such as an ischemic heart), while at the same time having
a significantly reduced effect on erythropoiesis as
compared to the EPO preparations currently available. The
invention provides recombinant erythropoietin comprising at
least one post-translational modification selected from the
group consisting of: a sialyl Lewis x structure, a Lewis x
structure, a dl,3-linked fucose attached to N-acetyl-
glucosamine, a LacdiNAc structure, a terminal N-acetyl-
glucosamine group and a terminal galactose group. Said
recombinant erythropoietin is producible on a mammalian
cell obtainable according to the present invention, as well
as on mammalian cells previously known, but not previously
appreciated to be suitable for this purpose. One example is
PER.C6™ cells. The present invention in accordance with one
embodiment further provides the use of PER.C6™ cells for
the production of a proteinaceous molecule comprising a
predetermined post-translational modification, wherein it
is preferred that said proteinaceous molecule is rapidly
cleared. from the blood and/or used in-high dosage. In the
case of EPO, producible on PER.C6™, a high dosage may be

used to treat or prevent acute damage associated with

30



for the treatnment of ischem a and/or reperfusion injuries. et her
preferred enbodi nent, said proteinaceous nolecules such as Eg(g %‘F‘m

for the manufacture of a nedicament for the treatnment of inmune di sorder
and/or inflamuatory di sease. Methods and conpositions are disclosed herein
for the production and manufacturing of reconbi nant proteins. The

i nvention i sWB&YBRWYl arly useful for the production of PHFEHE0KNEE t hat
require co-translational and/or post- translational nodifications such as
gl ycosyl ation and proper folding and relates furthernore to the use of
human cells capabl e of producing brain-type co- and/or post- translational

nodi ficati Onﬁ}ﬁ? O‘:[lhez!l%a$§r9ﬁ'§.n§0£l$cgld$§rs ‘ggggee Ckg San for instance be

used for the deton o coproterns wth neural features that
m ght be thergpeapptedilsy benefi ci aI due to their neural features. The

present inventionigl §R REANEIRStLHE tlﬁgepggseathymtlggl ltHel Ne Wi th neural .
characteristics that nodifies reconbinantly expressed proteins with neural

properties BIRtPiaceqsapRleGHes of tht‘?eBF%ﬁe“ltybéve%QP #%&nsl ational 31 26
APRI L 2006 \V\Q8¢/{»38166r RGI/ DEHIMONO & Hodmiianca'i:l &)nﬁmsuCﬂSb@Sbgl ycosyl ati on,

phosphor yl at| on or oI di n exarrpl e | i ne, named PER C6TM
(U. S Pat. . l@)‘brg’)py %s 16 net at egr% % a’?}%’ortlﬁ?l zation of human

enbryoni ¢ retnpha:txlelsl ascaegidhgg o Gbﬂsntrrvaotlcharaberusmgi Adenths rus El genes.
Previously, BER.CEIM ol LSnd@ManbhOeR tRe %egéﬁédtﬁk&l‘faﬁ}ﬁ'oﬁg' table for the

producti on 011[l reconbi nant human proteins, since 1'el ds of proteins
such as the Hﬂﬂ%ﬁ?dEP@%‘?ﬁ?rPul‘F%}Jrﬁﬁmerﬁﬁh\fﬁzlaéﬁMCtaiﬂ‘Ponﬁ é§utan be obt ai ned

(described i aad¥e @0/ H2AQBhtrdine opl GABhetAV eREVORs diyseb®sas t hat

recombi nant another preferred embodiment, said proteinaceous molecules
such as EPO'are used for the manufacture of a medicament
for the treatment of ischemia and/or reperfusion injuries.
In yet another preferred embodiment, said proteinaceous
molecules such as EPO are used for the manufacture of a
medicament for the treatment of immune disorder and/or
inflammatory disease.

Methods and compositions are disclosed herein for the
production and manufacturing of recombinant proteins. The
invention is particularly useful for the production of
proteins that require co-translational and/or post-
translational modifications such as glycosylation and
proper folding and relates furthermore to the use of human
cells capable of producing brain-type co- and/or post-
translational modifications on proteinaceous molecules.
These cells can for instance be used for the production of
human glycoproteins with neural features that might be
therapeutically beneficial, due to their neural features.

The present invention also provides the use of a human
cell line with neural characteristics that modifies

recombinantly expressed proteins with neural properties

such as ‘brain-type'’ or ‘neural-type’ post-translational
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proteins produced by PER C6TM cells can acquire certain tis e C
features such as neural characteristics (e.g., post-transl ;qug B‘FL%&

nodi fications such as glycosylation). This is exenplified by the production
of a protein that harbors so-called brain-type oligosaccharides. It is
shown that human EPO produced by PER. C6TMcells is nodified with N-1inked
sugars that wsiogmodsiceantly differ fromthe N |inked sugetenicuwids i n human
urinary EPO or in reconbinant human EPO produced by Chi nese Hanster Ovary
(CHO cells or Baby Hanmster Kidney (BHK) cells. Human wurinary EPO and
reconbi nant human EPO produced in CHO and BHK cells contain glycosylation
structures that can be referred to as "renal -type' or "serumtype' oligo-
sacchari des. mypifdabtinnst heciNdsi akerbsylgliran, ophedpbosyBH@onand BHK- EPO

preparations ﬁsfdlhbgweasﬁaf&%@ siirghl xeugahagt QEykat Sk cgmd highly
si al yl at ed, whereas et%lpg 6 peri pheral al, 3-1inked fucose (Tsuda et al.
88«

1988° Takeuchi(U- %t Pat Oﬁ r?P%) retvag) JenegeBed \Ryt §b% et al . 1994: Rahbek-

Ni el sen et al muﬂ&QZ).lZd‘i@Jbﬁl 6f Hub@n NeMblHyen 0f r'ébﬂiaO'degD§a._f§ilﬁ§ré des linked to
human EPO produced o CGTM as been ﬁaum dat d and shown to be

signifantly dF‘P‘?séﬁIBH{; *faF RFEHE ASPRYGEAE hasehe: fe§6° FL 2006 WO
03/ 038100 PCTPiR.@B['DBE85s hagseprtovien tmrbanp@WUWaityrEP@ambheecfonbi nant human

EPO  produced,j 0 (HG, ANd,BEK &eéohginftrﬁa,&a\s pwgeui%égrgﬁ&n; aci d

content of theé ol gosaccharl des o O IS
si gni fi cant | yYiohdsr of Haretehes Spshatfe t§‘Fa1|“i"@n B8RP crrgloAtelit herahunan uri nary
EPO or reconbingadth ohalmedh tEB6d i sf a@:thHQamdleBeresc}'msed/qrnywbow sialic acid

comtent I P Sl P BY S MR R Mol LEE, el fgoence o
proteins produced by PER.C6™ cells can acquire certain
tissue spé%ific features such as neural characteristics
(e.g., post-translational modifications such as
glycosylation). This is exemplified by the production of a
protein that harbors so-called brain-type oligosaccharides.
It is shown that human EPO produced by PER.C6™ cells is
modified with N-linked sugars that significantly differ
from the N-linked sugars found in human urinary EPO or in
recombinant human EPO produced by Chinese Hamster Ovary
(CHO) cells or Baby Hamster Kidney (BHK) cells. Human
urinary EPO and recombinant human EPQ produced in CHO and
BHK cells contain glycosylation structures that can be
referred to as ‘renal-type’ or ‘serum—-type’ oligo-
saccharides. Typically, the N-linked sugars of these CHO-
and BHK-EPO preparations are highly branched, highly
galactosylated, and highly sialylated, whereas they lack
peripheral «l,3-linked fucose (Tsuda et al. 1988; Takeuchi
et al. 1988; Nimtz et al. 1993; Watson et al. 1994; Rahbek-
Nielsen et al. 1997).

- Herein, the nature of the -0ligosaccharides linked to
human EPO produced on PER.C6™ has been elucidated and shown

to be signifantly different from the oligosaccharides
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gal act ose and/or N-acetyl -gal actosam ne and/or N-acetyl- gl ucosani ne.
Secondly, N-acetyl-galactosamine is found in significant ancinAERIA2006
N-Iinked sugars of PER C6T"- produced human EPO whereas

N-acetyl -gal actosamine is not found in the N-linked sugars of human urinary
EPO and reconbi nant human EPO produced by CHO cells. Only trace anounts of
N- acet yl - gal WOyeEWP ne have been reported to occur in PARENMN2(P4&ked sugars
in a few batches of reconbi nant human EPO produced in BHK cells (Nintz et
al. 1993). Third, the NIlinked sugars of human EPO produced in PER C6T"
cells are found to contain a very high anount of fucose. A fraction of the

fucoses is al,3-linked to a peripheral l\l—ace'gggll -gl ucosam ne thereby form ng
a so-called E’Eﬁfﬁie§txl“stht‘1&€’f‘d+re‘“€l?¥g€?°5?ndL’@\FP nant, hupkn &8%have never  been

reported to Ogkdduckd {HIWRO add BARYcRO. OFidsgtlyf eamiawaﬁmje Buarit EPO pr oduced
in CHO and BHK cells. The & present. on EPO
accordi ng to H& °PR PSn&f?al?éY?Qrﬁ atchﬁf 6& FR ?ta FEYEP binding to
sel ecti ns andmanahuEpheirs apphiGiaenbly |1|cpweartd1aoptm evkerage isalénvi saged.

Because the pggaﬂcgnéér&k%@ ﬂ%ﬁa‘wﬁ?ﬁ&'}@f t?&%rhﬁé.l@on%m%@%ﬂaﬁpﬁfé on the

physi cochem cal properties i peptide such as tertiary
conf or mat i on, (BxsmuBHY jang BHI@KSG‘B&Y%FY Ad HiFdi e cIPEROTENt- pRoduced human

EPO has 33 ZﬁPﬁD?'G?f 396640 g&ﬂm&tﬁoﬁfeﬁhi\%&%@%&n@hpsséEi%%begi cal o
properties that differ. signific y..from huyman ur,inar and reconbi nant
human EPO pr ofuc@dedy° ]éﬁ@g ‘é‘?‘fﬁrgaﬁs R G Y %‘{mﬁg 1¥g2000) . dearly,

PER. C6T" - proghmdohelrmrd/EPO\l-tas:ethsgadlaatwlnhaamdmwan-aﬂeitmafy EPO and

recombinant NIRRT aduGRA PN GHR900, Sl BE st over sialic

aci d content
31gn1f1cant amounts in the N-linked sugars of PER.C6&™-

produced human EPO, whereas N-acetyl-galactosamine is not
found in the N-linked sugars of human urinary EPO and
recombinant human EPO produced by CHO cells. Only trace
amounts of N-acetyl-galactosamine have been reported to
occur in the N-linked sugars in a few batches of
recombinant human EPO produced in BHK cells (Nimtz et al.
1993). Third, the N-linked sugars of human EPO produced in
PER.C6™ cells are found to contain a very high amount of
fucose. A fraction of the fucoses is al,3-linked to a
peripheral N-acetyl-glucosamine thereby forming a so-called
Lewis x structure (Fig. 5). Lewis x structures have never
been reported to occur in human urinary EPO or in
recombinant human EPO produced in CHO and BHK cells. The
(sialyl) Lewis x structures present on EPO according to the
invention make that this EPO is suitable for binding to
selectins and a further application in cardioprotection is
envisaged.

Because the protein-linked oligosaccharides have a
great impact on -the physicochemical properties of the
polypeptide such as tertiary conformation, solubility,

viscosity, and charge, PER.C6™-produced human EPO has
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hydr ophobi ¢ due to the very high fucose content. resul% ?lﬁﬁm% age
pl of PER C6TM produced human EPO is significant I y h| gher %an

pl ' of human urinary EPO or
cells. Because the glycans of EPO

e aver age

reconbi nant human EPO produced by CHO and BHK
in particular the sialic acids, also

have 6 influence on the binding to the EPO receptor, it is expected that
PER. C6TM pr o¥W@d&®81%unan EPO has a different affinity PEFNMHRE
t han human urinary EPO and reconbi nant human EPO produced by CHO and BHK

O recept or

cells. Although production of EPO on PER C6 TM cells has been discl osed
previously (WD 00/63403), none of the structural det ai I's of the produced
EPO wer e di scl osed t.hen. nce t obt ai ne re| now justify the
concl usi on t HAYSISPRRIRER roqpeﬁ o) tg J‘E%Hég?x srm?l?e Cain %el'l ?’é% e for

entirely nevwappl uxatargngpo @sxpececadnbynmmgmem VEBGr ppudusedsby £HOO be seen
as an (unde5| g&pbﬁlgeq-lgf q@&;cdacgt caqur §@00)0t Bfg;ar]}}r ob@i Rgmcan benefit from

the new i nsights provided herein. Accord gBto oné ot her aspect

i nvention, a PEadyeedibumaprBRY dédleoy Cf‘ﬁégeﬁ’r

of the

B A ot T isesy Pr? in need of

lewis X and/ &Md kraeshBNAGn€ OfininNE PP pfoghaenBg, CHISiaﬂG BERcEHTs e any E1A

expressi ng manmal

1. .Ex | f
structures, -ard ahflljﬁ@eércgéﬁbs%iat%gal ??g’ﬁgnt

atf o

pr of ekns tP? may beneflt from such

®s™%f cells, are

eryt hropoi et i mydropaeisifee due nto &hegvemyotiegh rfusush amtghycaddehin A (PP14),

t ikn VLt f ,
5@5% /g@“@}gér%ﬁ{ I?g?hhngﬁr (;btet%h %&9 gg?o‘?&t Eeukem a 34 26
APRI L 2006 V\GW@B‘B%L‘UGYPWWOQPGDG 6 aYﬁﬂQBBlE%ﬂf hg@a{rbprlwym ot rophl n-1,
Oncost ati n- M ggn or|f€&'nﬁaﬁﬂgﬁ€1,hu@:ﬂl@5 pfaduckd ﬁﬁ?:ub ad BuR, cdiFE- P, Gial-

derived neur Oé%coggécg%ac gcéns o% éE%rl ih paerrtslgnrl)f| thel\é&a%.tl%t écpld I,:I

Nerve G owth
Neur ot r ophi n-

G owt h Fact or

also have &n influence on the binding to the EPO receptor,
it is expected that PER.C6™-produced human EPO has a
different affinity for the EPO receptor than human urinary
EPO and recombinant human EPO produced by CHO and BHK
cells. Although production of EPO on PER.C6™ cells has been
disclosed previously (WO 00/63403), none of the structural
details of the produced EPO were disclosed then. Hence the
insights obtained herein now justify the conclusion that
production of EPO on PER.C6™ makes it suitable for entirely
new applications, especially where erythropoiesis is to be
seen as an (undesired) side-effect. Of course, other
proteins can benefit from the new insights provided herein.
According to one other aspect of the invention, a method is
provided for the production of protein in need of lewis X

and/or LacdiNAc containing N-glycans, using PER.C6™

or any
ElA expressing mammalian cell. Examples of proteins that

may benefit from such structures, and hence can suitably be
produced on said cells, are erythropoietin, transferrin, a
glycodelin such as glycodelin A (PP14), Nerve Growth Factor
{NGF), Brain-derived neurotrophic factor, Neurotrophin-3, -

4/5 and -6, Ciliary neurotrophic factor, Leukemia
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Amphi regulin, Acetylcholine receptor inducing activity, Netrjn a% - 2,
Neuregulin-2 and -3, Pleiotrophin, Mdkine, Stem Cell Fact 036(%", A’&fi n,
CSF-1, PDG-, Saposin C, soluble conplenment receptor-1, alpha-1 acid

gl ycoprotein, acute-phase proteins, E-selectin ligand-I, LAMI,

Car ci noenbryoni ¢ antigen-|li ke CD66 antigens, peripheral | h node

Addr essi n, CHP93084%96  CD45RO, CD21, P-selectin r gl yeﬁﬁg@é’l’ﬁq‘sl i gand- 1,
G yCAM 1, Mucin-type glycoproteins, CD34, podocal yxin, al-antichynotrypsin,
al - protease inhibitor, a-anylase, salivary proline-rich glycoproteins,
SERP-1, interferon-13, O-trace protein, Protein C U okinase, Schistosone

gl ycoprotein,, G.ycodel i A tjssue factor. path i.nhi bi tor, a-fetoprotein,

hunan pregna %bg?)f}éi%ftgﬁ’chda§§l%ttﬁ?§gb?'r]dp|%8°¥l\%¥aﬁ‘6ﬁé *Sich as Follicle

Stinul ati ng Hortrewdeuk HFEHGM-CSE,eGACSH ,NGGFoY rmde-2 ( LIGF-B huGisial-

Chori ogonadot&&@v@d(gg@%rggﬁl{g Qgg? t,fSNQ{irtu‘é%i apl S.Bhi ANY of these that are
yla

capabl e of receiving sai yCoOS ion strucfures.” Fragnents as used
herein are pMyastagini Hdbppbiasth Gaenthc EactRrPept? dasl 0¥, several amino acids

long up to al gpsirther MoheePfiRhBlhe YREEHYLS i ARG a8 BItRs, fusion
proteins, proteins or?f{)eptl des coupled to, qQther non-protein noieties, and
the like. Suche¥rIghettts Gr NSAFEAUME 2adRordrnglePRB Hventi on shoul d be

capabl e of reioadiniengstdre CpOBtFadctans|saF) pradrinpdtsF-aat PDEK,. | n ot her aspects
of the inventj . ho | ded oducj a;f tion enriched in
5005 HEL] %gugﬁ.g_c Ea%ﬁb%ﬁkég&lﬁt%& gl 4135% 1'dAG

a proteinaceous nol ecu avin ycans c rising 35 26 APRI L
2006 WO 03/ 0384 0®PPET? N0 agp s¢ prpteinieRi-sedetia/ bkgandcdi Nac
structures, Ccppni,StafcidRmbsiRe oftigah-18&0aBsH AN YeRXPr €SSi ng sai d
prOteInaceousperipheral lymph node Addressin, CD75, CD76, CD45RO, CD21,
P—selectinkglycoprotein ligand-1, GlyCAM-1, Mucin-type
glycoproteins, CD34, podocalyxin, al-antichymotrypsin, al-
protease inhibitor, a-amylase, salivary proline-rich
glycoproteins, SERP-1, interferon-f, B-trace protein,
Protein C, Urokinase, Schistosome glycoprotein, Glycodelin
A, tissue factor pathway inhibitor,'a~fetoprotein, human
pregnancy proteins such as gonadotropic hormones such as
Follicle Stimulating Hormone (FSH), Luteinising Hormone
(LH) , human Choriogonadotropin (hCG), or fragments or
variants of any of these that are capable of receiving said
glycosylation structures. Fragments as used herein are
parts of the protein and can be peptides of several amino
acids long up to almost the whole protein. Variants can be
muteins, fusion proteins, proteins or peptides coupled to
other non-protein moieties, and the like. Such fragments or
variants according to the invention should be capable of
receiving the post-translational modifications.
In other aspects of the invention, methods are
Aproviaéa for produciﬁé a fractibn eﬂ;iched in a

proteinaceous molecule having N-linked glycans comprising
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nol ecul e in
adenovi r us;

a cell that expresses nucleic acid encoding E1A_ from
and b) fractionating the protei naceous mol ecul 8 ARR]
t hereby obtaining a fraction which

N-linked glycans conprising (sialyl)Lewis X and/or Lacdi Nac str

pr ot ei neceous nol ecul es nmenti oned above can benefit from
i nvention. Pwot&b3siwec produced on HEK293
has been described to have

Gal NAc - lewis X structures (Ginnell et al, 1994), but the pur
proteins was not purposefully enriched in this type of sugars,
del i berately choosing a production cell that expresses El1A It
of the preseﬂbialﬁmemw&mn(mmdfeadhcdﬁﬁm ranneiuras, "aebssExptissi ng

adenovi ral E]sf% ﬁg%fﬁ aS’IS % a(nQ:q datr%g PﬁgOtsgﬁg f’gttegn%eousnked gl ycans

conprising (sia

ew S

uct ures.

fied
and not

?‘@8& ed,

is enriched in nolecul es haV|ng sai d

The

this aspect of the

cell s and subgerNEbdeys puri fi ed
a particular glycosylation structure conprising

by

is the nerit

struct res purposefully, and

furthernore tIft<5’1éq?1l|‘tii@t:Wﬂf@jrceltlh‘élitft‘,t ﬁ&???%?ﬁlsaﬁucf]{eaét #okts enppifngr By, sai d

fractions arerogNid GhedoPia: r@tm@l Eﬁm&blsamgaeh@fﬁﬂo@ewad@%sfI cation
step that enploys the desi r ed 3 ycan structures, such as using binding to a

lectin or a r‘F’(?ﬁS‘&‘i‘]cﬁ‘?aP°aPﬁ°idb‘68

tHhaFePhcRE_I R 9 ai HrAgHLPR KE&E Yl ycans

conpri si ng (Sisakytjdhedi $n )ﬁolandiensr hband MACH at-lisked @dycahs i s shown herein

t hes th ain
%B&gwgmrﬁ 89§ l|ygu ar g ycosy%a ?%éé'i'r%c ?tﬁql%ltﬁrﬁ) qlgé an aspect of
t he inventi orrrogeprengiode tRigsosee imgntionednprevs ﬁgnéwxelfribp@oetu n-1ike

nol ecul es sel&%egsﬁer&rrb%h_&le RO 1 6R NS ENY Obr8&YddAr 8R0S,
erythro oietin, and one or nore derivatives of _erythropoietin,

t hat using
fractions of

nmut ei ns of

char act eri zedFSASt

O PCT/ NLO2/ 006@articular glycosylation structure comprising GalNAc-

lewis X stfuctures (Grinnell et al, 1994), but the purified
proteins was not purposefully enriched in this type of
sugars, and not by deliberately choosing a production cell
that expresses E1A. It is the merit of the present
invention to teach that mammalian 'cells expressing
adenoviral ElA can be used to produce the proteins with N-
linked glycans comprising (sialyl)lLewis X and/or LacdiNAc
structures purposefully, and furthermore to enrich for
these particular fractions. Preferably, said fractions are
enriched by a method comprising an affinity purification
step that employs the desired glycan structures, such as
using binding to a lectin or a monoclonal antibody that
binds to said N-linked glycans comprising (sialyl)Lewis X
and/or LacdiNAc structures. It is shown herein that using
these methods for EPO production one is able to obtain
fractions of EPO with particular glycosylatioﬁ profiles. It
is an aspect of the invention to provide compositions
comprising erythropoietin-like molecules selected from the
group consisting of erythropoietin, one or more muteins of
erythropoietin, and one or more derivatives of

erythropoietin, characterized in that the average number of
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of lew s-X structures on N-linked glycans per erythropoietin-Ilike nolecule
is at least about 2.2. In other enbodinents, said average nuA®&PRIL 2086 s- X
structures on N-linked glycans per erythropoietin-like nolecule is at |east
about 2.6, 2.7, 3.6, 4.1, or 5. 7. Such conpositions can be val uable for
medi ci nal purposes as disclosed herein. The present invention furthernore
di scl oses t h&OH¥EBWP  prain-type proteins produced in hTENLPPN8 cells for
the treatnent of ischem a/reperfusion injury in mamuals and especially in
humans. |schem a/reperfusion injury as used herein is-defined as the

cel lul ar damage that occurs after reperfusion of previously viable ischemc

tissues. | s%t}e?i ﬂs:?%psgflyc%ug s dl W_Xihseda? clat grvm' th, for exanple, but
not limited t00 tRrombo yf|c_ therapy, coron r‘g angiropl asty, aortic cross
cl anpi ng, caredivopxdnrdnaiy-liyksasalecude ghn agr led s @bout #hIpl Bmt ati on, traunm

and shock. ThgnhREessMkihEVat 5814 Rve¥heehuhber Uske 18f14-her apeutic  proteins,
produced in mamralian cells, with _brain-type ol |ogo_sac_char| des. These

S . s
brai n-type olStgBSHEEFaPr R InEBHFYERYT PSFafTY CHkPIt el <iXe st ruct ur es,
sialyl Lew s m¢lestiYdiGlsUAESLeaBt almdutvatéves7i heregolt.cordmisny nguiche (sial yl)

Lewis x structure,. for the trea o] i schem a/reperfusion injury in
manmal i an sutﬁ%‘ei’%ltsﬁj’é‘ﬁ B tbﬁu‘ﬁ%g%ga?héorpfn Sg%a%lcneaqof) u%)%cfséelsy?s)‘ Lew s X

structures omiscéesarbhraein.proteins targets these proteins to the injured

site of ischen a/fgpelEUshion n308: {ACEEPENREEL I NGADES the use of |
i schem a/reperfusion protective effect nore effectivel t han proteins

cont ai ni ng nPTEINTFKAS) PERYR NS PEIGEL Ut I man e Y3rd s 69T Bih&i n- t ype
ol i gosacchar itdest@éht bECosdlcnan! tape@ X £HS e Prytiai Rsmiadsexedapl ified in the
present i nve”ggpggia lyEEthﬁﬁg%g[eiééﬁe&?%??épe%@&é&%& ?n%ﬁgy as used

herein is-defined as the cellular damage that occurs after

reperfusion of previously viable ischemic tissues.

Ischemia/reperfusion injury is associated with( for

example, but not limited to thrombolytic therapy, coronary

angioplasty, aortic cross clamping, cardiopulmonary bypass,

organ or tissue transplantation, trauma and shock.

The present invention provides the use of therapeutic
proteins, produced in mammalian cells, with brain-type
oligosaccharides. These brain-type oligosaccharides
comprise in particular Lewis x structures, sialyl Lewis x
structures, or derivatives thereof containing the (sialyl)
Lewis x structure, for the treatment of
ischemia/reperfusion injury in mammalian subjects such as
humans. The presence of (sialyl) Lewis x structures on
recombinant proteins targets these proteins to the injured
site of ischemia/reperfusion and thereby exerting their
ischemia/reperfusion protective effect more effectively
than proteins containing no (sialyl) Lewis x structures.
The presence of brain-type oligosaccharides on

recombinantly expressed proteins is exemplified in the

present invention by Erythropoietin (EPO), which is
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26 APRIL 2006 WO 03/038100 PCT/ NLO2/ 00686 produced on PER zad\ﬂ cel IZ Th| s
particular type of EPO contains the Lews x as well as the ‘é %
structures. In the present invention experinents are described that show
the superiority of PER C6T"i brain-type (or neural-type) EPO conpared to
serumtype (or renal-type) EPOwth respect to the cardioprotective
function in woosnswo nodel s of cardiac i schem a/reperfuscoNLizngedsy and to
stroke. Another advantage presented by the present invention is that

PER. C6T" - produced human EPO has a neurotrophic activity. PER C6TM produced
EPO gi ves the EPO protein physicocheintical and/or pharnmacokinetic and/or
phar macodynam ¢ advantages in functioning as a neurotrophic and/or

neur o- pr ot ect bragluggentn PRRRCEE T ipsodildedrERQcudsr tipghef BHOf i ni ty for

neural cells @&@Lamg fihe 1ERG B Q8 whaukal nitekh $1§hangt he highly sial yl ated
serumtype glycosylated human recombi nant. EPO produced in CHO and BHK

cel|'s. Reconbf uReFaFPERCS ES8ERd PSR HIGR- RERFLIMEREF |3F (Goto et al .
1988) has a |@é’ﬁ:l’r13é<ﬁltﬂiatt)/sﬁw theesiR@iR- 1y oficpERIceBeblksid-fgpef or the EPO R

on erythroid %enlt]gt g,ﬁo% sad t al . 1993 a}nd 1994) | t}

neur opr ot ect | v%r 583 ot -YER ok a”:c?pe % $EW PSS BF 1 TT%Es YRS the use of
reconbi nant hermwiERPCrespechetw dpeotactiopeotdrsinpyfunctiesponge to t oxic
chem cal s thaf;,Jm¥q08 'o&dus@ailawlEMJﬂWPédeQ@ugforbxngupp&&.gr@&d/ or

i schem a, or In neurodegenerative disorders awback is that
when appl i ed asrokemeur opr ot ecti ve agent, recomnbi nant EPO present in the
bl ood circul ation Aﬂb{:lhela|a$10antgzlg\éepfé§e&1tbd) BN thecpaasat Oinddheised bl ood cells

mass or hemat ocr | A turn, | ead a higher blood viscosity,
whi ch may havésaté’t‘r' ngﬂtéﬁm é’ﬂ‘) s PR nrgzlpE)Oh Hetitot Zophic

activity. PER. CGm-produced EPO gives the EPO protein
physicocheﬁical and/or pharmacokinetic and/or
pharmacodynamic advantages in functioning as a neurotrophic
and/or neuro-protecting agent. PER.CGm—produced EPQO has
‘higher affinity for neural cells and for the EPO-R on
neural cells than the highly sialylated serum-type
glycosylated human recombinant EPO produced in CHO and BHK
cells. Recombinant human EPO produced on non-neural cells
(Goto et al. 1988) has a lower affinity for the EPO-R on
neural cells than for the EPO-R on erythroid progenitor
cells (Musada et al. 1993 and 1994).

The neuroprotective role of EPO clearly opens new
possibilities for the use of recombinant human EPO as
neuroprotective therapy in response to toxic chemicals that
may be induced by inflammation or by hypoxia and/or
ischemia, or in neurodegenerative disorders. Yet, a major
drawback is that when applied as a neuroprotective agent,
recombinant EPO present in the blood circulation will also
give rise to an increase of the red blood cells mass or
hematocrit. This, in turn, leads to-a higher blood
viscosity, which may have detrimental effects in brain

ischemia (Wiessner et al. 2001).
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ischema (Wessner et al. 2001). 38 26 APRIL 2006 WO 03/ 038102tO

PCT/ NLO2/ 90686 The present invention provides a solution for %PRHr%Q)QQEm

t hat reconbi nant hunman EPO t hat has been applied thus far as a )
neur oprotective agent has the undesired haenatotropic side effect (Wessner
et al. 2001) Thus is shown that PER C6Tx-produced brain-type

gl ycosyl at ed¥ r"?—!?:’BWBl nant human EPO has a hi gh potenti al"cﬁ@'“%?"’“%éurogenesi s
and/ or a neuroprotective agent whereas it has a |low potential in
stinmulating erythropoiesis. According to the invention, EPO produced on a
manmmal i an cell that expresses ELA such as PER C6TM produced EPO can be

adm ni stered syst cal l intra:venous Jtras Qs 110 eal intra-dermal) to
§F1 gn ?l 3: P
a

inhibit, to preven ¢ daror tlonvefuél%ﬂ tprﬂ"'le hedr alr?ﬁ eﬁhaf i s caused by,

for exarrpl e, pmb&bm ﬁeaetdrammbmanh Humpor §PQrthake uras- degrera@pétied/e di sorders.

The present ntLpn, Al Sﬁew&%bgg&mog@éhaswe aﬁ@emeused to nodul ate
the functi on of tissues t ht get heavi | 81)3 G_g hypoxi a, such as
S

the central - karnaperiqiier airdm@rfxﬁeﬁ% B ee AT Ie‘étiiln-al20 ugnditheart tissue

in mamals. SuchnbissuRs BRY. dw-gks&aﬁ@dbbﬁnwe FlyeesPeatrar mal and
heal thy. Disorders. that can be t eate PéﬁQr cts provi ded by the present
i nvention may*§eTgLRant thﬁ?réc’gtftoe ALy P IIB RSPt HdASr 2 hear t i njuries, neuro-

degenerative nht.&egemsslssendime adhewrapeptectiger agenti Rhepmiss oni g,
hypot ensi on, gardi BG 188t in rs%%@ialﬂ‘ﬁg gq.*cthlr%gl Sglerosis and/or from
e

injuries due to hypOX| a. poxi a ma e result of prenatal - or
post natal oxygen GEpRYAiAGi thesﬁ‘i“f%&f’l‘orﬁ”eﬁﬁ?@?@ﬁ‘aon Feptic shock, cardiac

arrest, chokhdiha 1082 Icedl OVRM t@xpBdSdelsCE LA Isuhi & PERACKMLprobgsa rat ory

di stress Syndr OOr,re carcliybs@_'r %Eixqmlgtereér Oy%%emlcally {intra-venous, intra-
per1toneal}>intra—dermal) to inhibit, to prevent and/or to
repair the neural damage that is caused by, for example,
acute head and brain injury or neuro-degenerative
disorders. The present invention also provides products
that can be used to modulate the function of tissues that
might get heavily damaged by hypoxia, such as the central-
and peripheral nervous system, retinal tissue and heart
tissue in mammals. Such tissues may be diseased but may
also be normal and healthy. Disorders that can be treated
by products provided by the present invention may result
from acute head-, brain- and/or heart injuries, neuro-
degenerative diseases, seizure disorders, neurotoxin
poisoning, hypotension, cardiac arrest, radiation, multiple
sclerosis and/or from injuries due to hypoxia. Hypoxia may
be the result of prenatal- or postnatal oxygen deprivation,
suffocation, emphysema, septic shock, cardiac arrest,
choking, near drowning, sickle cell crisis, adult
respiratory distress syndrome, dysrythmia, nitrogen
narcosis, post-surgical cognitive dysfunction,-carbon -
monoxide poisoning, smoke inhalation, chronic obstructive

pulmonary disease anaphylactic shock or insulin shock.
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narcosi s, post-surgical cognitive dysfunction,-carbon -- % Qbﬁ@”' ng,
snoke inhal ati on, chronic obstructive pulnonary di sease anar% | Cc shock
or insulin shock. 39 26 APRIL 2006 WD 03/ 038100 PCTI NLO2/ 00686 Sel zure
injuries include, but are not limted to, epilepsy, chronic seizure

di sorder or convulsions. In case the pathology is a result from

neur o- degeneVp381%8j seases the disorder may be due toPEIN28¥RENti a,

Al zhei ner' s di sease, Parkinson's disease, Creutzfeldt-Jakob disease,

stroke, cerebral palsy, spinal cord trauma, brain trauma, age- related |oss
of cognitive function, anyot rophi c | at eral sclerosis, alcoholism retinal

i schem a, gl aucoma, general ur.al .| oss, S. or ng. O her
exanpl es 019 B AL E e n:{"r’féfsn’E{V e Pyt 2P \ﬁlof'h{%‘fl&(? ct¥ 6?%%?%§d by the

present i nventhmmikcnséimbeeadissaer depressileipnanXinetyse dhgor ders,’ nood

di sorders, at tl i_C p Ve cognitive
dysfuncti on. é’%& éggyd]EJP E%?\ %agé(?r{g/ eyk%rdo ghé%tqb% Qgggr%lsn %barrl er in
case of bl ooddbiaxdar beay per dey SPURERS damentiag aBkzheaiperi dddedisain barrier is

intact, PER CoINHEBOhI$ dliBesadt cri@ Fe1861da%8hYaideaBEPOtirede pVer the _
bl ood- br ain barrier_ through the EPO=R Sone_ st udies sug%ested that EPO in
‘9

itself is abl °¥Pret RE S¥heSBGddSBrhitna YWY r PEF I AuTEA AT g9 doses of
reconbi nant EP&dtedatiossniost esgd t{ VO L6144 pmyotophherlareesdl ct ed route for

reconbi nant FB[%%L?, 3 ctoﬁ ﬁsrm?S?eél 810 90dbL al i QA0 ehehS M @ the

interaction o ycan striuctures présent on the
PER. C6TM pr oditikrsd EPD \MmFHOEsl desecey ﬁgmﬂe@@héé a¥e@tet o6n human brain

m crovessel epdatdagki @latcﬁlla}(sbe( lQHately @ken F298kcts pRLEIAGT bpnerHet ween

E-sel ectin and EPOma facilitate the  transport of EPO across t he cerebral
endot hel i al ljaf?q%ﬁt entlon include autism, depression, anxiety

dlsorders, mood disorders, attention deficit hyperactivity
disorder (ADHD) and cognitive dysfunction.

PER.C6™-EPO can passively cross the blood-brain
barrier in case of blood-brain barrier dysfunction. In case
the blood-brain barrier is intact, PER.C6™-EPO is thought
to be actively transported over the blood-~brain barrier
through the EPO-R. Some studies suggested that EPO in
itself is able to cross the blood-brain barrier when high
doses of recombinant EPO is administered (WO 00/61164).
Another predicted route for recombinant PER.C6™-EPO to
cross the blood-brain barrier is via the interaction of the
(sialyl-)Lewis x glycan structures present on the PER.C6™-
produced EPO with E-selectin molecules present on human
brain microvessel endothelial cells (Lou et al. 1996).
Interaction between E-selectin and EPO may facilitate the
transport of EPO across the cerebral endothelial barrier
since E-selectin also has been implicated in the migration
of T lymphocytes into the CNS (Wong et al. 1999). If
required for optimal neuro-protection, PER.C6™-produced EPO
can be administered at a significantly higher dose than

serum—-type EPO, because PER.C6™-EPO will induce
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since E-selectin also has been inplicated in the mgration f T | cytes
into the CNS (Wng et al. 1999). If required for optinal negpd“ﬂpi‘t%gi on,

- PER C6TM produced EPO can be admi nistered at a significantly higher dose
than serumtype EPO, because PER C6T"-EPO will induce 40 26 APRIL 2006 WD
03/ 038100 PCTI NLO2/ 00686 erythropoiesis nuch Iess efficientl| such that the
detrimental MFWEE0f the increase in hematocrit is rdGTCEYYeven
absent. In another aspect of the invention, EPO produced on a mammlian
cell that expresses EtA, such as PER C6TM EPO can be adm nistered
intrathecally by infusion, or through an indwelling ventricular catheter,

or through lunbar, injection, to in it or. prevent neural damage Agai n,
the advant agE BEFRPHES 5 BPAR tARSE E@%%S%’fl s'ersﬂﬁl?t%é B i that in the
event of | eakagerimehbal hefflekoadbicithe uirgirease iih héhetawase f bI ood- brain
barrier dysfunchion, due to for . instance stroke, no undesired side-effects
with respect o erytﬁropm es’'s vm ‘I'l occur. The present invention establishes
that indefinitely Ingrogkhey espensf of neltk davéntiohat ERR gwotecadop &i gh

densities U”QQ&mﬁ%H%éfﬁ%hﬁ@@ﬁer&@s and, tsh:%‘h BavierNey™akpo, can
characteristics, such are extremely useful to produce factors

that depend f8F IfMPisFeRfc LBREASIEGAHIY Bivh L%fé‘séﬁara‘?:"céF‘F%‘Eqrbén Thi s

i nherently al Sﬁd\{ih’l(l\ihdeﬁeritl’ltﬁcum}s&abhétldry b0 yhrodyic elulnBet or s t hat do not
have neural f.eatur.es of, l-rel at ed functl n t hat. neyert hel ess
benefi t fromtﬂ%epos trans a |onal prevcf'nftl |§n§ %aet a cllel ’b¥§%ght about by
such cel | s. Oadvamtagenef sisdngt hrtinsbyiee EIPQCQ‘@TS sareortypayERD gl e in

non- nggrggrtl $R4E BUEnE NentShE lleak8G4 i@ o HIEC BIRLALiQBL B¢ AL B €S T hat
| u

the case of blood-brain barrier dysfunction, due to for
instance s%foke, no undesired side-effects with respect to
erythropoiesis will occur.

The present invention establishes that indefinitely
growihg transformed cells that grow to very high densities
under serum-free conditions and that have neural
characteristics, such as PER.C6™, are extremely useful to
produce factors that depend for their functionality on
these characteristics. This inherently also provides the
possibility to produce factors that do not have neural
features or neural-related functions but that nevertheless
benefit from the post-translational modifications that are
brought about by such cells. One can envision that some
factors also play a role in non-neural tissue but that
still require glycosylation structures that include for
instance Lewis x structures or fucose residues as described
for EPO in the present invention and that can be provided
by the means and methods of the present invention. Examples
of factors that might be produced by PER.C6™ and that take
advantage of the neural characteristics of PER.C6™ cells
include, but are not limited to, brain-type erythropoietin,

transferrin and the different factors mentioned above. The
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instance Lewis x structures or fucose resi dues as descri bed ég?ﬁﬁ%m? t he
present invention and that can be provided by the means am} ods o

t he

present invention. Exanples of factors that m ght be produced by PER C6Tm
and that take advantage of the neural characteristics of PER C6T" cells
include, but are not limted to, brain-type erythropoietin transferrin and
the differenVOP¥B¥8ts nentioned above. The 41 26 APRIL 953/ 038100
PCTI NLO2/ 00686 i nvention shows that it is very likely that the production

of ot her reconbi nant neurotrophic glycoproteins wll

benefit fromthe

brain-type nodifications that take place in such cells. In accordance with

the present in ??iio%nsln})w;'%z?ts% RIS 5L '1¥k9ﬂ?'%h‘;9u'{hge Wgrwé’&ction

. .1n
eryt hr opoi et in- e nol ecul Vi ng on-average a

sitallTc acid residue

count per pradt eFrethaeckporicaat eneftriok Fortfifcegl ysrprrheitfe Wit bat nent  and/ or

prevention ofpebabi Ousofli S $2h8n-tReSmANGRSa BIbs Sh¥t tARW pays to use EPO
and EPO-|i ke nolecules hitherto believed tb of |less or no use, including
but not |imni t'¥dSEeR 9%Wesialyl EPO fractions of EPO batches produced on

fractionati on because of

reconbi nant manmal i an cell systens, discarded upon
their | ow average
n a d cel wl

activity. Thus, t e presen HVentio

presen

si al Xl tion .ggaq,_rhee and/ or, | ow, asso,
cCcor e 1% 1
nvention denonstrates that

ted erythropoietic
X gﬁ’Ow’th a |ow

sialic acid cowpebtingdyabernt faunpottbat enytheehmiiengn-iikeanclecgilee in an
exper i ment al !tYav‘iH?:J&Pqu:é kg h8ud@k3aPR aEDS MstiBu@ dYugPege,sialic acid

content. It is we established in the art that a

hi

gh sialic acid content

of EPO corr ¥%Rtesn (RackBrRR RTE Fitihilaf bFSFAER LN ithestzaFdmeher eased
eryt hr opoi et i sndpet efddvahtidh Gifveafibabdai seirdats. Th990speMer égiire1gt al . 1996) .

new ways to use EPO and EPO-like molecules hitherto

believed t& of less or no use, including but not limited to

low-sialyl EPO-fractions of EPO batches produced on

recombinant mammalian cell systems, discarded upon

fractionation because of their low average sialylation

degree and/or low associated erythropoietic activity.

Thus, the present invention demonstrates that EPO with a

low sialic acid content is about as potent in reducing

infarct size in an experimentally induced stroke in rats as

EPO with a higher sialic acid content. It is well

established in the art that a high sialic acid content of

EPO correlates to longer circulatory half-lifes and

increased erythropoietic potential in vivo (Tsuda et al.

1990; Morimoto et al. 1996).

Hence, in general terms, the invention provides the

use of a composition of erythropoietin-like molecules

selected from the group consisting of erythropoietin, one

or more muteins of erythropoietin, one or more derivatives

of erythropoietin, and a composition of one or more

fractions of erythropoietin molecules sialylated to a

varying degree, for the preparation of a medicament for the

treatment of a disorder selected from the group consisting
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Hence, in general terns, the invention provides the use of gsitjon of
erythropoietin-like nolecules selected fromthe group consig¥£$gggfiédé)
erythropoi etin, one or nore nmuteins of erythropoietin, one or nore
derivatives of erythropoietin, and a conposition of one or nore fractions
of erythropoietin nolecules sialylated to a varying degr for t

preparati on HO%Y¥Y8i canent for the treatnent of a di sg’rca@?“ozéog?sgct ed from
the group consisting 42 26 APRIL 2006 WD 03/038100 PCT/ NLO2/ 00686 of
ischem a, a reperfusion injury, a hypoxia-induced disorder, an inflamratory
di sease, a neurodegenerative disorder and acute danage to the central - or

peri pher al neL vy Sc%emyst e 1"?13ur orrpgsr ti.on.of eryt hropoi etin- |ike

nol ecul es has®on ™ pro 2i°n "¢ rt f‘grf)asr S I“oner & lP%lr%epor etic activity in
vivo t han epoéisardekrf aararidflapudaorn disease Erbodinedrgenefatiilve i nventi on

conpr i se cOMOSIiJansaANdlEe duifsedto Wheraifl-aal bopytngRgietic activity

in vivo is at | east , , , or 90% | ower than that
of epoetin al PEE{IESr EXJLH wbﬁ%ﬁé{“r ﬁa’cfetcampﬁi;ttlﬁr‘o%reéVFWQHORétrﬁﬂ ecul es are

meant to inchuge mbe@wﬁaaym ahpy&: eAnPeSiRing basibanecddrat is identical
to or simlar to resent EY"’E own for EPO mut ei ns, EPO

derivatives, Fy%p PREUIRE i f’ér‘fﬂ’@nglharble%%%ﬂ ﬁ?ﬁn % the protein

backbone in egpa¢tinabeve. Embdbdinepianty tthei ievenespectomphlisei ns as used
herein are Meaph,d:G8ASist Ale YLLOOORRLELLT sgeg SryiRkGescl hat have one

si
or nore nutations In ﬁ protein one eti"on 1 on,
substitution afEIGtY tlf’a‘h’s"[Ooéata}tor%eG‘Ft a‘rr?vn%ora@iods’“r'elf"ﬁt i % /8- the protein

backbone of epej edd Bodl {Sveandhshahht i dKclepderitatuEal (RpreRr@y ring allelic

variants as \M2L2e€§% gggtlé¥3£L¥ep01et1n -like molecules are meant to
include moiecules that have a protein backbone that is
identical to or similar to the presently known forms of
EPO, e.g. EPO muteins, EPO derivatives, or EPO molecules
differing in glycosylation of the protein backbone in
qualitative and/or quantitative respect. Muteins as used
herein are meant to consist of erythropoietin-like
molecules that have one or more mutations in the protein
backbone by deletion, addition, substitution and/or
translocation of amino acids relative to the protein
backbone of epoietin alfa and shall include naturally
occurring allelic variants as well as genetically and/or
chemically and/or enzymatically obtained variants. Such
molecules should still be able to confer a functional
activity of EPO. They are obtainable using standard
techniques of molecular biology, well known to those of
skill in the art. A derivative as used herein is an
erythropoietin-like molecule that is obtainable from
erythropoietin or epoietin alfa, or any other functional
-mutein- of epoietin alfa by- the chemical or enzymatic
modification thereof. Erythropoietic activity as meant

herein is the stimulatory effect of EPO on red blood cell
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chem cally and/or enzymatically obtained variants. Such rmlfﬁc S0y d

still be able to confer a functional activity of EPO They "are obtal nabl e
usi ng standard techni ques of nol ecul ar biol ogy, well known to those of
skill in the art. A derivative as used herein is an erythropoietin-Ilike

nol ecul e that is obtainable from erythropoietin or epoietin alfa, or any
ot her functi ®0PP038t0t ei n of epoietin alfa by-the chem cZFTNEO2E968¢ mat i c
nodi fication thereof. Erythropoietic activity as nmeant herein is the
stinmulatory effect of EPO on red blood cell 43 26 APRIL 2006 WD 03/ 038100
PCT/ NLO2/ 00686 production in a human or animal subject, as can be neasured
by the increase in hematocrit values, at. a §§rtai n_poi nh)rei time after

n
adni ni strat i AFEYCHRR ABNAMBP aT REFRLBRET ur 23eF3h REOPBIRERA- | i ke
nol ecul es (e.wy ske bxawrpbe ) hepatddrét vEasuratng thetdienpgimbiin

concent rati on INgee LA AL Lioith WA holilloWh LHORA Qliddld Lein the art.

Epoetin alfa 1s e reconbl nant_ human ormpresent in currently
mar ket ed Epr es&yFhropgigtin-Like mrakeydep dendi ea¢ alPhke r¥spettthet o amino acid

and car bohydrgd-8,6 04 st h&iDg1b8:i X WERBen @Y E b ORPk8t ik thsas aled from urine
of anem c patients,_  Treatnent redgi TﬁeI or _er thro%gé etic 1E)ur_poses are wel |

est abl i she6. 3 YBHeMIOEPHWEs 3G hithen* it FRPedmedthdti onal units),
referring to tHee racénbiinbyt HuraREPM foet \tidesopoiiesicarrditaly | U correl ate to

the protein con P b e, tio . defin nd hence the
correl ation n%af&\g/g%%%é:?geeh %-Ifdf ?(Eérsélg‘?'iégtécrhgg%%sc 3 é“&’?‘g* rg?petcﬁunb, one 1U
corresponds tie @migo rfidperd iqdrapivdrargreomppal tiipnpose hyfmadescri bi ng t he

invention the. 8yt hsNRAH AL i £o1a864 | MichYuPinet BE Afal Br 9RQiegts n-1i ke nol ecul es

is referred to on a protein content basjs, to get rid of the variable
Treatment regimes for erythropoietic purposes are well
established. In general EPO dosages are given in 10
(international units), referring to the activity of EPO in
erythropoiesis. Such IU correlate to the protein content of
EPO but are operationally defined, and hence the
correlation may vary between different batches. As a rule
of thumb, one IU corresponds to 8-10 ng epoetin alfa. For
the purpose of describing the invention the erythropoietic
activity of the erythropoietin-like molecules is referred
to on a protein content basis, to get rid of the variable
introduced by defining IU. It will be clear to the person
skilled in the art that although the IU are usually given
for commercial EPO preparations, the concentration of EPQO
molecules in such preparations can easily be defined
according to standard procedures. This will allow to
determine the relative specific activity e.g in IU/g (see
e.g. EP 0428267). Several in vivo and in vitro assays
useful for these purposes are also described by Storring et
al. (1992). Examples of other forms of EPO currently on the
market are Procrit or Epogen (both epoetin alfa) and
Aranesp {darbepoetin alfa, EPO with extra N-glycosylation

sites to increase circulatory half-life and erythropoietic
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i ntroduced by defining IU. It will be clear to the person skilled in the
art that although the IU are usually given for comercial ER% APBHa2896 ons,
the concentration of EPO nol ecules in such preparations can easily be
defined according to standard procedures. This will allow to determ ne the
relative specific activity e.g in lUg (see e.g. EP 0428267). Several in
vivo and in WOupesH8says useful for these purposes are PEFAB02988€ri bed by
Storring et al. (1992). Exanples of other forns of EPO currently on the
mar ket are Procrit or Epogen (both epoetin alfa) and Aranesp (darbepoetin
alfa, EPOw th extra N-glycosylation sites to increase circulatory

hal f-1ife and erythropaqietic 44 26 APRI L 2006 WO 03/ 038100 PCT/ NL02100686
activity). A3HIUIRYY hSIEROIHY &B6i TR RIS EyA ey LV UIRY IBREwhat bet ween

t he vari ous cesmeahet detaportiie ahfiowndomepnadal nedoetan pafaasadi ons on t he

mar ket, they are, gener.all opti.m. ze r high, erythropoieti ctivity. The
pr esent i nvet cie(t)-‘%ng? & %%%MF téorﬁ%eoq‘o?f?%ﬁ%lﬁfké txnﬁpegg? 5 S?a O forns
that have a | cptemikedfesi bijlt anythropdirbpoiastivitwucTheinnesenher eby

di m ni shing of,R%ei gk N sthEsSd dReeiJLCESEpd ikBCTEARLEHe £TH RpEPOI €SI S When
this is not desired. According to another enbodi nent of the invention, a

conposi ti on ofom@sythdohgivat # nlawiek chIRPPAE ST s oF seryikgPBet’tliczed by an average
number of siakdétivaeyd trReeHyesinipeshiRigy b RAHE Ry -thiek 81 ddlegestes t hat is at

| east 10% | ower ., than the aver a%eeniunb r oghisi alic tagi d, resi dues per

eryt hropoi et i it AOFERRIE PRYENSEPE RSS! 35" AdESr 47 A% 820t & enbodi ment s,

sai d aver age nunb@rcofdigigat$ carether reebodiesnt phythye iohestEiren; oa be at | east
20% 30% 40%o50% + 59%0570%:n30% Ain20% ] QUEL LN iLhe average number of

0,
sialic acid resi éues per EPO protein backbone in epoetin alfa. Said
characterized by an average number of sialic acid residues

per erytroébetin—like molecule that is at least 10% lower
than the average number of sialic acid residues per
erythropoietin molecule in epoetin alfa. According to other
embodiments, said average number of sialic acid residues
may be chosen to be at least 20%, 30%, 40%, 50%, 60%, 70%,
80% or 90% lower than the average number of sialic acid
residues per EPO protein backbone in epoetin alfa. Said
average number of sialic acid residues in the
erythropoietin-like molecule preferably lies between
between 0 and 90% of the average number of sialic acid
residues per EPO molecule in epoetin alfa, but the exact
percentage may depend from disorder to disorder, and -
sometimes - from patient to patient, as some patient -
disorder combinations are less vulnerable to high
hematocrit values than others. Alternatively, the number of
sialic acid residues could be described per EPO-like
molecule, e.g. 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3,
2, 1 or 0 sialic acid residues per EPO-like molecule. Since
the values are averages calculated for a composition that
consists of epo-like molecules of varying degree of

sialylation, non-integer values in between the mentioned
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average nunber of sialic acid residues in the erythropoiethg-Apgee 2006ecul e
preferably lies between between 0 and 90% of the average nunber of sialic
acid residues per EPO nolecule in epoetin alfa, but the exact percentage
may depend from di sorder to disorder, and - sonetinmes - frompatient to
patient, as sone patient - disorder conbi nations are | ess vul nerable to hi gh
hematocrit vXQMR&8N¥an ot hers. Al ternatively, the nunbePCHNLO29P68$ | c acid
resi dues could be described per EPO-1ike nolecule, e.g. 15, 14, 13, 12, 11,
10, 9, 8, 7, 6, 5 4, 3, 2, 1 or O sialic acid residues per EPOI|ike

nol ecul e. Since the values are averages cal culated for a conposition that
consi sts of epo-Ilike nol ecuyl es of varyl n ree. of sialylation,

non-i nt eger VvEFIRES PR RASRERES tHredpfeiitei Bﬁ“edm 5CBke SABRFPTHHFEND 03/ 038100
PCT/ NLO2/ 00686he ialveati@f.c ThOS&ithhel trangefdduadt be derkesidesls according to

the invention__The optinal range ,co | d .be de rm ned i |c IIy wi t hout
undue burden 5'§pltrnlcam sw6ﬁhg ndg Liaurdfe?ue attﬁ rgogv?agglle nﬁnber of sialic
acid resi duestperartno'l‘lea:wlverme tnhmbes ifi élaalm0daem1tr@ﬁtldleﬁfs EPO can be

determ ned acqpordifng L mbgiéﬁ%dapw%qy&aéofaﬂ@b g yel! known to persons
skilled in the art. One possible procedure is descri bed |n EP 0428267. In

brief, the si 8PFermBpY aGo@sPiRELoaPPIdSEEY RFOFPIaheaEPAIE| K@l ol ecul es by
hydrol ysi s w khokh 3% PésdtinkUskiilagi th ahe 8 .f Ohe Hbssibheltocedir@ t he

solutions are, netral zed m__h pr.i tQ anaIyS|s
Al ternatively;® crl § Wgél d@%ggﬂ B8 l\r{relrfenvegg%yslea(rilicflrra:a‘;[| c cl eavage

according to rs@i;lﬂardreprqised%# deonTie FhourikeofolEROles st i mat ed usi ng

wel | known prgce fésem&h BY33/94 leﬁ&'meééi'dalal:%@‘\ta'fl)@bjoe protein assay
kits (e.qg. Bradf ord assay, Biorad)
minutes, and "the solutlons are neutralized with sodium

hydrox1de’prior to analysis. Alternatively, the sialic
acids can be removed by enzymatic cleavage according to
standard procedures. The amount of EPO is estimated using
well known procedures e.g. by using commercially available
protein assay kits (e.g. Bradford assay, Biorad) and
standard curves using recombinant human EPQO as a standard,
absorbance at 280 nm, ELISA, RIA, and the like. Sialic acid
content can be analyzed by the procedure of Jourdian et al.
(1971). Alternatively, sialic acids can be analysed using
High Performance Anion-Exchange Chromatography, using
procedures well known to the skilled person (e.g. Analysis
of Sialic Acids using High-Performance Anion-Exchange
Chromatography, Application note number TN41l, Dionex). The
sialic acid content can be expressed as moles of sialic
acid per mole of EPO, or an average number of sialic acid
residues per EPO-like molecule. An indication for the
average number of sialic acid residues per EPO-like
molecule can.also be given by iso-electric focusing (see
~-example 4), which measures the pI.
Several ways can be envisaged to obtain

erythropoietin-like molecules with an average lower number
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standard curves using reconbi nant human EPO as a standard, absorbance at
280 nm ELISA, RIA and the like. Sialic acid content can be2@GARRJE200Gy
the procedure of Jourdian et al. (1971). Alternatively, sialic acids cadan be
anal ysed using Hi gh Performance Ani on- Exchange Chronmat ography, using
procedures well known to the skilled person (e.g. Analysis of Sialic Acids
usi ng Hi gh- PEPA¥PAYRce Ani on- Exchange Chromat ogr aphy, RPEFH24%f6n note-
nunber TN41, Dionex). The sialic acid content can be expressed as nol es of
sialic acid per nole of EPO, or an average nunber of sialic acid residues
per EPO-like nolecule. An indication for the average nunber of sialic acid

resi dues per EPO-I]j ke | ecul.e can al sq be (gjirvenwg i SO- e(lbtglctri ¢ focusing
(see exanpl &T4fialiG BRIFFESIFRE PRE THYhERRIIS N i}%e E2he B %envi saged to
obtain erytimepeiaidlnde] kemtnmetecuvlcesimiitiel &n taeerage: lodWePO-likber 46 26
APRI L 2006 /03810Q P of sialic i g .resi per

er yt hr opoi ey\gﬁggf‘%zesﬁngé%%%%gﬁgcgggl}%]lg’laﬁg%f lﬁlutaggr%ulﬁgﬁi?i%%éiced to

treat ment of RO linee uabieecnkerss shgt prledvueeeffr sbeondliaddntacidi anany suitable

host cell lifageidlsiady SHGYMBSndtahisl&ANE, 06 dnBomed dna€ &Gdadei N
particul ar, such as neuram ni dases, _.or, enzynes that cleave off nore

subst i t uent s CENBPIRIISHES §HSPES aGAGH UG K htS @549 A5 SRestruct ures, such
as e.g. N gl yagnasg dtiofir evmivesred)olseciN-agl ¥can)N-gepeagisgcpsi dase F2 (renoves

(i - ant ennarySEPHE YPEEY v-FHEH N EVAAE L RE FonM oA BT e ol ecul es
wi t h cheni calanteppatwiditngctinreshotendpphy¢asddase doi (isemovhatbi—esndits in
decrease of ti)g_aNEIRAQUSy MREL-&F),ShAditheacih @3l duasnpet PO |ike
nol ecule. In articular, a highly sialylated EPO fracti on coul d be thus

EPO-like molecules with ‘chemicdls, including but not

limited tofgcids, that results in decrease of the average

number of sialic acid residues per EPO-like molecule. In

particular, a highly sialylated EPO fraction could be thus

desidlylated and used in the present invention. In yet

another embodiment EPO-like molecules with an average lower

number of sialic acid molecules are obtained by purifying

or separating such forms from a mixture containing both'

higher and lower sialylated EPO. The currently used

production systems generally result in such mixtures, and

EPO that is intended for erythropoietic purposes is

prepared by purifying the forms with a high average number

of sialic acid residues. The present invention discloses

use of other fractions from this process, i.e. the EPO

forms with a lower number of sialic acid residues.

Purifying or separating such fractions can be done using

well-established techniques known to the skilled person,

such as ion-exchange, affinity purification, and the like.

The erythropoietin-like molecules of the invention are

preferably produced recombinantly. This can be done in any

suitable expression system, including but not limited to

Chinese Hamster Ovary cells, Baby Hamster Kidney cells,
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desialyl ated and used in the present invention. In yet anot éMTE
EPO | i ke nol ecul es with an average | ower nunber of sialic aci'd nol ecu

are obtained by purifying or separating such forns froma mxture

cont ai ning both higher and | ower sialylated EPO. The currently used
producti on sx%(%rggm&ener ally result in such mxtures, and EPO that is

i ntended for ery ropoi etic purposes is prepared by pur"lcfrﬁ"ﬁ’é“f”ﬁe forns
with a high average nunber of sialic acid residues. The present invention
di scl oses wuse of other fractions fromthis process, i.e. the EPO forns
with a |l ower nunber of sialic acid residues. Purifying or separating such

fractions canfg,dong USLih WehlreShakldsBedbdPelm dugs kooyn Lo the

skill ed person, I ONn- exc f|n|t puri f ion, and the |ike.
The erythr opoli%@irne‘ﬂtakféfohfm é@&ﬂ%ssué ?ﬁemlsﬁv"erﬁeiléﬁ F yeapE efser abl y produced

reconbi nant | ya1sEhpss Sidiehepdanetidh aBYEPSUlL kahd BYPEL TSRy Rt €M
including but not limted to. Chinese Hanster ovary cells, Baby Hanster

Ki dney cel | s, 347196 ASRFPISIGE ND 3R BBLEES R AREH}TI686 human cel s, such
as Hela, HEKmlaiexREReG:BT 'ystexpr egysiwan dha homeialelksk watic cel |l s such as

i nsect cells Jols st I 30 si_bl duc i_on _of EP I|ke nol ecul es
havi ng | ow SI &gatalcnlgd content 9‘%%1 g gertafl %eog(ar Ot‘sjicalll%yfqa?l Sh- defi ci ent

cell systens, bsbyluwgg/er@fﬂa cnatg@rlatiq a}eﬂli)tfcatwlalgfl hosty) oshesmise, such as

certain prokasybis crpyrédu&rng QYal']ﬂiE@Q@fH?c%\:élrg HE80EIdsC aR®didahgat i on of
hosts otherwi se capable of producing, sialylated protei ns Met hods and neans

to produce reE‘br?EPﬁ%l‘?ﬁ rﬁFB‘[‘%"%taRré’ Pe ad&cﬂ‘?ﬂelmd@ﬂu’%ﬁ{’t]‘ dii3Rfn to t he per son
skilled in thencantto aind pérsun lskbﬂedcheauhet art henskit lvadipes son that using a

di fferent SOULf& I:grthtehgkﬁl d pgfasow Qltlﬂ u51§g pao%ilfPéPenvtm ghlg)ycte departing

from
for the EP6-like protein is possible without departing from

the scope of the invention. In one aspect of the invention,
the EPO-like molecules are produced by methods according to
the invention, thereby producing molecules with a
predetermined post-translational modification.

In another aspect of the invention, the composition
comprising erythropoietin-like molecules is characterized
by the presence of erythropoietin-like molecules that once
administered parenterally to a human or an animal subject
are cleared from the bloodstream at a faster rate than
epoetin alfa and epoetin beta. Clearance from the
bloodstream can be measured by methods well known in the
art, e.g. by determining the half-life of a protein in
blood such as done in example 18. In healthy volunteers
epoetin alfa has a circulatory half-life of about 4 hours
after repeated intravenous injections. A half-life of about
5 hours in patients with chronic renal insufficiency, and
about 6 hours in children has been reported. Using the
method of example B, we measure a-half-life-of 180 min for
epoetin alfa (Eprex). It should be clear to the skilled

person that this method can be used to determine the half-
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the scope of the invention. In one aspect of the invention, the EPOIike
mol ecul es are produced by methods according to the inventi o6 ARRHe06
produci ng nol ecules with a predeterm ned post-translational nodification.
I n anot her aspect of the invention, the conposition conprising
erythropoietin-like nolecules is characterized by the presence of
eryt hr opoi et VRO¥3RWO np| ecul es that once adni ni stered pEFHH{“‘Bf”?ﬂs?y to a
human or an ani nmal subject are cleared fromthe bl oodstreamat a faster
rate than epoetin alfa and epoetin beta. C earance fromthe bl oodstream
can be measured by nethods well known in the art, e.g. by determning the

hal f-1ife of a protein in bl.ood su s done . in exanple 18. 1 n healthy
vol unt eer s e]p‘of'%t P%} Wi §° 033%18?? cul gﬁ%rﬁ}“’ﬁg T faélgg?"péfﬁ(gﬁtt}hlshour s after
repeat ed i nt risadgrdife iim botr0s. iM ehpkfcéntfageodf dipeubal 5 lidarst i n patients

wi th chronic n L sy Ebai a ; NOYLS [ has been
reported. Usi%hge tg%%Jl net gg 0 Qéﬁg'mﬁglggp\%(pgéasur% g{%%&%k%% of 180 mn
for epoetin ¥ hampEpriex petegnigpothe] hBéiclidgr ir huma@sskil | ed person that
this method cgw,theoptsad 1ho1diel abledf bRl fialaf 14% 2Ga0PRIds 2006, W0 03/ 038100
PCTI NLO2/ 00686 |ife of the co sitions of the_invention, and express this
hal f-1ife in HGPEDY sitﬁuﬁt‘b"ee:yégﬂt%émg?n?%é AEFYSHYEPE B #4%° st andard EPO
(Eprex). Simhare exgissiteenhsl falefé casipbagna i(Mibaimnett @l ,dabBesm ne t he

hal f-1ife Tn AyIasy G uoN"oRg), et blduc Ead:LENb O Well AdkQVBad all 0 of
tetra- antennary structures to bi-antennary structures wi T al'So  have a
shorter hal f ¢ivfeerise pgloaghah (MdwWsai zariee &3 fepgdsite, Pikeuchi et al, 1989).

Production of , EROnhfi Rl théteFothdtareJbV¥ei file8Cak4y THER dHRWEE EaL i 0S S

feasible, or alterpatively these forns are purified away fromthe forns
containing more’ tetra-antennary structures. Such
compositioﬂé comprising relatively more bi-antennary
structures are also useful according to the invention. It
will also be clear that one advantage of the current
invention is that higher maximal concentrations of
erythropoietin-like molecules in the circulation can be
reached as compared to the currently used EPO forms such as
Eprex, Procrit, NESP. If high concentrations of EPO-like
molecules would be desired for said treatment, this can be
done by administering high doses of the compositions of the
invention, e.g. in the form of pharmaceutical preparations
containing such high doses. Administering of similar doses
on a protein content basis of the currently used EPO-like
molecules would lead to higher erythropoiesis, which is an
undesired side-effect for said treatments.
The invention also provides pharmaceutical compositions
comprising said erythropoietin-like molecules,'and methods
for treatment or preventing disorders selected from said
groups, as wel as compositions of erythropoietin-like
molecules for the preventative and/or therapeutic treatment

of the human or animal body.
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containing nore tetra-antennary structures. Such conpositi %
relatively nore bi-antennary structures are also useful acc |ng 0 he
invention. It wll also be clear that one advantage of the current

invention is that higher maxi mal concentrations of erythropoietin-Ilike

nol ecules in the circulation can be reached as conpared to the currently
used EPO for WO WpBMWOas Eprex, Procrit, NESP. |f high cBAENHR2{¢8¢ ons of
EPO-1i ke nolecules would be desired for said treatnment, this can be done
by adm ni stering high doses of the conmpositions of the invention, e.g. in
the form of pharmaceutical preparations containing such high doses.

Adm ni stering of simlar doses on a protein content basis of the currently
used EPO- | i keEXA¥BLBZUl es woul d | ead to hi gher erythropoiesis, which is an
undesired side-effect for said treatnents. The invention al so provides

phar maceuti cal itio ri sing said erythropoietip-Ilike nolecules,
and net hods *’Eﬁmpggejz &eo’r n%f?err? % cﬁ’ifs'B‘?ﬂér’sp’s'%f BB f rom sai d
groups, as V\/erzms:sﬁ'om tions of eryt hrop0| etin-like nolecules for the
preventative and/ i f e n ijgal body. 49
A A S S e b ggg%%“%l\%égg@a Pe&g 3t udi ex on
expr essi on of hymank ddenavares fypPen® ERCESTMesw] ted Hlfh‘éhebé’IEBsCQ at were

transformed widh tm@e Elasr@g;bdyltea uda@mmeﬂgwgs@ez@mewér@nd that resulted
in the PER C6T"  cell line ‘%? OSI ted un A\CC no. 96022940) were

derived from SEHYFEN TRy yr?ﬁlcR'eeﬁlﬁﬁs 18P% 95T 2bbr i se a nunber
of different eaidriséypesmbat dfeasrfé:‘éntma‘lﬂer’emesneut dleastib$ypes), including
neural and different neural subtypes), including neural and
fibroblast-like cells (Masland 200l). In order to trace the

cellular o?igin of PER.C6™

; & study was performed to test
the expression of marker proteins in or on the cells. These
markers are known in the art to be characteristic for
certain cell types and/or tissues. The marker proteins are
given in Table I.

Marker protein expression was tested using antibodies
directed against the marker proteins. In each experiment, a
negative control (PER.C6™ cells not incubated with
antibody) and a positive control were taken along. These
positive controls are sections of human tissue known to
express the marker protein (Table II).

PER.C6™ cells were cultured on glass slides in a
medium chamber (Life Technologies, Nunc Lab-Tek, Chamber
Slide, radiation sterilized, 2 medium chambers, cat.no.
154464A). PER.C6™ cells were seeded at 65-70% confluency (2
wells per culturing chamber) and cultured for 24 h at 37°C
(10% CO,, 95% air). The medium was aspirated and the glass
slides with cells were washed with sterile PBS, removed
from the medium chamber and air-dried. Cells were fixed on

the glass slides by incubation in acetone for 2 min. After
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fibroblast-like cells (Masland 2001). In order to trace the gel | ul ﬁr 8ri gin
of PER C6T", a study was perfornmed to test the expression o0 AFRIL 006
proteins in or on the cells. These markers are known in the art to be
characteristic for certain cell types and/or tissues. The marker proteins
are given in Table |I. Marker protein expression was tested using antibodies
di rected agaWA$POBHR narker proteins. In each experi rreanFT’HL"z(?@‘dgti ve
control (PER C6T" cells not incubated with anti body) and a positive control
were taken along. These positive controls are sections of human tissue
known to express the marker protein (Table I1). PER C6TMcells were

cultured on gl ass, slides_in a_ nediumchanber (Life _Technol Qgi es, Nunc
Lab- Tek, ChanBtr drgF?%l’e,Slrlga? a"ﬁr(?nw%"ip&gpl Jr’k@&?’{”zmﬁ‘b(ff’bfn a(f}?a%g%?eé‘, cat . no.
154464A). PERa€GT'tempétatuner boweaetrzh atls85-una®%l covef.l uency (2 wells per

cul turing chanber ul %R 1 95% air) . The
medi um was aspi ranggpgin‘ge. c%ﬁglec& fggés‘?e;gl |?i§é o%zf%]négé%[{% vverntla(gwog hed with
sterile PBS, tiyweedlidesopreprradedPuificthinfhéiseaptd thier diyisdgn okl s were

fixed on the géraﬁ%gg,l i QSeRYc iHdePDall @RaikhsA0R1 Rk Q! (Rot¥ePdardf t€r 50 26
APRI L 2006 V\OpOSlOS 1 0 0 PCT/ NLO200686 air drying, slides were w apped
in al um num f &8¢ NefBeFtAeh . EOZ81t ¥fifePat (¥ege refaf? MP3CRthti | use.

Positive cont gdted iifSaestonel eaadatrdimpedof romihanksodfdurés ssue sl i des prepared

for routine use at,the divisi f.._ pa Acaden c_Hospital Erasnus
University (Rotte?raﬁnﬁ’rmlaﬁg f\@?ﬁgsfgﬁdtﬁ?@%’ég %c%lé'éat f“%rnkserwere prepared (5
pun) and fi xpdotieinacetieurntiansdirdy the ¢alogenybecedef e The primary

anti bodi es, thgiipdyespestd Yevamriketabi 9t £l Mhe 4NRtIURP! iLlss and the catal og

nunbers of the .
detailed in Table III, are made in Phosphate Buffered
Saline (PB%), 1% Bovine Serum Albumin. Incubations of the
slides with the primary antibody were done for 30 min at
room temperature, rinsed with PBS and incubated with the
secondary antibody. These secondary antibodies were either
goat anti rabbit (DAKO E0432; 1:50 dilution) or goat anti
mouse (DAKO E0433; 1:50 dilution), depending on the nature
of the primary antibody used. The second antibody was
conjugated with biotin. After rinsing with PBS, the slides
were incubated with streptavidin-avidin/biotin complex
conjugated with alkaline phosphatase (DAKO, K0376). After
30 min of incubation, the samples were rinsed with Tris/HC1l
pH 8.0, developed with fuchsin substrate chromagen (DAKO
K0624) in the dark room for 30 min. Subsequently, the
slides were rinsed with tap water for 2 min and
counterstained with hematoxylin according to routine
procedures well known to persons skilled in the art. Then,
the slides were examined microscopically and scored for
marker protein expression (negative or positive). The
results are presented in Table IV. For neurofilament
staining (positive) not all PER.C6™ cells did stain

positive as a result of a different cell cycle- or
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anti bodies are given in Table I1l. The dilutions, also detail gﬂ bl e
11, are made in Phosphate Buffered Saline (PBS), 1% Bovi n%béé’ um n.

| ncubations of the slides with the primary anti body were done for 30 mn at
roomtenperature, rinsed with PBS and i ncubated with the secondary

anti body. These secondary antibodies were either goat anti rabbit (DAKO
EO432; 1:50 dilution) or goat anti nouse (DAKO E0433; %ﬁ%‘q‘“% gtion),
dependi ng o¥e#@¥&Mture of the prinmary antibody used. The second anti body
was conjugated with biotin. After rinsing with PBS, the slides, were

i ncubated with streptavidin-avidin/biotin conplex conjugated Wi th al kal i ne
phosphat ase (DAKO, KO0376). After 30 min of incubation, the sanples were

rinsed with T ‘ e e [of sTY A chr omagen
(DAKO K0624) Alt%n{r % E)Hag? goomeﬁ%rééiQ gowlralgﬁ%gegﬁlel%t%%s%l%g&aelsl i des were

rinsed wth t@l‘iﬁ%ﬁ?"e*oﬁ dproneHmefakrrent odiiti®i89%i ned with hematoxylin

according to rout irRém meoa@wr&samdl 1kn@mcb@cnﬁreaoa§at§blshl@@"| n the art.
Then, the slides were exam ned mm crosc a and scored for, marker
protein expr e%“slllt?naf?\e‘bfaf’ﬁ\}’é&ororb%%’} tsll%%) t%f P §Fe0st BOptEYented in

Tabl e 1V: For farewiaéntianenynagiophpsing (posifiiilaedntnoGFAP |anBER-GHIM cel | s di d
stain positive as a result of a different cell cycle- or 51 26 APRIL 2006
WO 03/ 038100 PCTI NL0O2/ 00686 maturation phase of the cel| population. This is
a normal obsBramplpof- Monopacheriie merPostHioR ﬂ@sPERFFBm'%?Rs data obtained it

was concl udeddgfmdPE%l%IM &dtiphfedt® Shat@MI Bprdd.i gi N since the cells
stai ned positive

vi mentin, syna hysi n urofil ament, GFAP and

N CAM Exanpl e 2. ARGk OERRr [T EORSE Tt O tb BERIERT HEperures
produced by PER.C6™ is the measurement of the molar ratio
of the various monosaccharides. The monosaccharide analysis
was perfoéﬁed using high performance anion exchange
chromatography with pulsed amperometric detection (HPAEC-
PAD) . EPO samples, produced by PER.C6™-derived clones P7,
P8, and C25 (P7 and P8 are described in WO 00/63403, and
€25 was generated generally according to these methods,
using Neomycin resistance gene as a selection marker
[plasmid pEP0O2001/Neo]) in DMEM and/or JRH medium, were
selected for this analysis. Eprex (Jansen Cilag), which is
the commercially available recombinant CHO-derived
erythropoietin, was analyzed in parallel, and therefore
used as a reference.

PER.C6™-EPO samples were purified by affinity
chromatography using a column packed with C4 sepharose
beads (bedvolume of 4 ml, Amersham Pharmacia Biotech)
coupled with mouse monoclonal anti-EPO (IgGl) antibodies.
Bound EPO molecules were eluted with 0.1 M glycine-HCl, pH
2.7, and resulting fractions were immediately neutralized
by adding sodium/potassium phosphate buffer pH 8.0.
Subsequently, the fractions containing EPO-were pooled and

the buffer was exchanged to 20 mM Tris-HCl, containing 0.1%
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derived N-glycans conpared to that of Eprex. Afirst step in characterizi ng
the N-glycan structures produced by PER C6T" is the neasurer?é:‘gPB*LfW )
nolar ratio of the various nonosaccharides. The nonosacchari de anal ysis
was perfornmed using high performance ani on exchange chromat ography wth

pul sed anperonetric detection (HPAEC- PAD). EPO sanples, produced by

PER. CGT" - der WoagoBidnes P7, P8, and C25 (P7 and PS ar e PEEAENPB6 | n WO
00/ 63403, and C25 was generated generally according to these nethods,

usi ng Neonycin resistance gene as a selection marker [plasmd

pEPC2001/ Neo]) in DMEM and/or JRH nedium were selected for this analysis.
Eprex (Jansen Cila which is the comercially avail abl e reconbi nant

CHO- deri ved éY'V*t)thﬁ%ﬁ‘ &0 nbY it 1Apin g, Héarem ZSAXQMeeﬂa,lta% AP ore used

as a ref erenceamd2ERakoFharmBE: $ aBRkesnwere purified by affinity

chr omat ogr aphy usin col um_packed w epharose beads (bedvol une of
4 m, Anersham Pthga%f%aﬁl 8?%@?’7‘)‘33’ c%‘ifﬁ%éﬁ%l% Bﬁ%‘{}sg Hohocl onal anti - EPO
(19gd) anti bodialyzed BounthigRO agriesul s 1nergracleutaitens thd Giried Gl yci ne- HCL,
pH 2.7, and pegils Ewg dv4 gs%gg%»s@wd eBRLlRhely (ki el d2 4y dy addi ng

sodi unt pot assi urm phosphat Subsegyent Yy, i ons
cont ai ni ng EP&ram8Pet ol Sestghrivpret ﬂbssm}f’ﬁérlf\/vaslc FHengewtfes 2b: InM Tri s- HCL,

contai ning 0. 4% 1324263 &Pﬂfhl@@?@u‘f\&93b@§%ﬁ30UB@I[N&%J:Q:QQ&G (v/v) Tween 20,

by utilizing Hi rep 26/ t| ng._col ums Aner sham Phar maci a Bi ot ech) .
For glycan an&f Bﬁ?plaég %ﬁﬂemeﬁ?%‘?tx?féﬁa'b‘{}eltﬂl ght agai nst
MI1iQ grade waiar coamhtdrajtednax i 6. Bpaedvaandy apd¥ atvarw) , Dri ed EPO sanpl es

E‘if‘i‘”“ ties rapged.s (Lo InbPed ORrOUentBl fedlisd30h ViR 4P iqyerbation buffer
Nonidet P-40 (BDH) was thereafter added to a final
concentratgon of 0.75% (v/v), and EPO was deglycosylated
overnight at 37°C, using N-glycanase F (mU, Glyko). Upon
deglycosylation, released N-glycans were separated from
proteins, salts, and detergents by using graphitized carbon
black (Carbograph) SPE columns (Alltech), according to
Packer et al. (1998}.

Purified N-glycan chains were subjected to hydrolysis
in 2 M trifluorocacetic acid (TFA)} at 100°C for 4 h. After
hydrolysis, monosaccharides were dried in a Speedvac
evaporator, washed with water, and again evaporated in a
Speedvac. Dried monosaccharides were dissolved in 26 pl
MilliQ-grade water. After addition of 6 pl deoxyglucose
(100 nmol/ml), which was used as internal standard, samples
(24.5 pl) were applied to an HPAEC-PAD BioLC system with a
2 mm—diameter CarboPac PAl column (Dionex). The column was
run isocratically in 16 mM NaOH (Baker) at a flow rate of
0.25 ml/min. The monosaccharide composition was calculated
by comparing the profile with that obtained with a mixture

of ‘monosaccharide standards that consisted of fucose,
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diluted C3 profiling buffer, Gyko). Upon addition of sodi E@Aqﬂﬁ?%m
sul fate (SDS) and bet a-nercaptoethanol to final concentrations of 0.1%
(wv) and 0.3% (v/v), respectively, sanples were denatured for 5 mn at

100' C. Nonidet P-40 (BDH) was thereafter added to a final concentration of
0.75% (v/v), and EPO was degl ycosyl ated overnight at 37C, using N glycanase
F (MJ, dykowo.33pen degl ycosyl ation, rel eased N gl ycaR€INER@8epar at ed
from proteins, salts, and detergents .by using graphitized carbon black
(Car bograph) SPE colums (Alltech), according to Packer et al. (1998).
Purified N-glycan chains were subjected to hydrolysis in 2 M
trifluoroacetic acid (TFA) at 100C for 4 h. After hydrolysis,

nonosacchar i FSO*KBIEEPer e 13785 BHEEIVH COBIRTB afBtactREEhe i t h wat er, and
agai n evapor atsdos&. a Speedvac. Dried nonosaccharides were dissolved in 26

pl MIliQ grade ter. After ifi Of ygal ucose (100 nnol/m),
whi ch was used as*Ai@em“‘é’r“ﬁa é%iaén%%raglfgg%lnsplsgg‘%c{ %EQE t?ﬂe) were applied to an
HPAEC- PAD Bi otl@ceygtadrioni statas Of rARRJFETERRSr icasismisc@Alycol um ( Di onex).

The col um wag rebUhd $O6h 4Gl (Yadie #6. HbNaQH o Bakald iakidtlkhow rate of
0.25 mM/mn. The nonosacchari de conposition was cal cul ated by conparing the

profile with RgreeaciesiiAed Wafh= amrREen &ucof nolrossc GpdfPae Srandar ds t hat
consi sted of {det9$egalatdbartiil Lc2MA6 YR-Q34038LHAQcHHakiNkD23010686

deonyal usose, 3L BEL SRl QPR E 02k 80y i TRNOSe. The
PER CBT" - EPO gizesi kgtiWeepaptdaketdi fTher BRR. JbI"oRPEprampleT attingal) . The rati o of
the indicat eds; JRROSAGCHRGEALS of MU NAC TBMA0SEs FUCN=L fike@SSugaRI NAC = N

of Eprex lack this residue. This suggests that PER.C6™-EPO

contains sb-called LacdiNAc (e.g., GalNAcB1l-4GlcNAc)

structures. Another feature of PER.C6™-EPO is the relative

abundance of fucose residues shown in Table V. This

strongly indicates the presence of Lewis structures in the

N—glycans‘of PER.C6™-EPO. In contrast, Eprex is known to be

devoid of Lewis structures. Consequently, the amount of

fucose found in Eprex can be solely attributed to N-glycan

core fucosylation. Notably, the data from the

monosaccharide analyses also demonstrated that culture

conditions affect the glycosylation status of EPO in

PER.C6™. It should not be concluded that the culture

conditions are solely responsible for the predetermined

post-translational modifications that are present on the

proteins produced. Of course the cell lines should be able

to modify the post-translational modifications of the

proteins produced on such cells through the presence of

certain specific glycosylation enzymes such as

transferases. The culture conditions can only exert

additive activities. For instance, when the EPO-producing

clones were cultured (in suspension) in. JRH Excell 525

medium, the N-linked glycans of EPO were found to contain
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acetyl -gal act osam ne, GLcNAc = N-acetyl -glucosani ne, al act os

normal i zed to 3 Man. The duplo values are given bet vveen bra&@@ERHT

PER C6T"- EPO sanpl es contain significant amounts of Gal NAc, whereas the
N-1inked sugars of Eprex lack this residue. This suggests that PER CBT"- EPO
contains so-called Lacdi NAc (e.g., GalNAc(3l-4G cNAc) structures. Another
feature of PFROZBFIWEPO is the relative abundance of f ®REHYE020868¢ dues shown
in Table V. This strongly indicates the presence of Lewis structures in the
N- gl ycans of PER. C6TMEPO In contrast, Eprex is known to be devoid of

Lew s structures. Consequently, t he amount of fucose found in Eprex can be
solely attributed to N-glycan core fucosylation. Notably, the data fromthe

nonosacchar i del 9284l Jy%‘&lsa%c?l&é'ﬁﬁnsqallg@‘éd Gepat aRd)|FuGr a8 OBRETY ons af f ect
the gl ycosyl aid @ResSt-atihke@f sugBOsi 6¥ EPBRISHIME Fhors Rautwkdaot be concl uded

that the cul tyr condi t i ons, ar ol e sible for the predeterm ned
post -t ransl at ra&ﬁ’afe@di‘:ﬁ?gﬁﬁ%ﬂ?@ﬂ@ Lg‘?e prgge%tef%ﬁc'f H&® protei ns produced.
O course thaamllbuliri@sestnnﬂtdlbetr@bbesetcrf rbokd P8t hthpedbvatregins! at i onal
modi £ cat i ons, ffeil BE cIRARE GHYS s &Q{C@Qamh%usgarp&hkg $OQUGR the presence

/
of certain specific g ycosy atl%n enzymes suc ransterases. The
cul ture condi¥inked segrronty ’é)@é??sedaéﬂii{?lvéha‘étﬁﬂ tN-éinkedopugaist ance, when

t he EPO prOdL@ddﬁﬂan{m&@iaMsﬁmﬁﬂé thepedt 4] RheHSRENS 9Ad dulcdRd Excel | 525
nmedi um the N-linked ?I% EPO wer e found to conta# n 54 26 APRI L 2006

WD 03/ 038100 PR 8 %ulzj‘ﬁ’é‘?aﬁee\%l% WL NESOSEINARE Bl , and Fuc as
conmpared to 4k iN- kW-rdeedy Stig aad acfosyPEx ter iivetufrr (gliwemlﬁiueedo a(nadherent)

cel |5 i n DVEM {Tabl.eq Vo IDi S GLLSH-o0B8 e HAGH LGN ALY P Y061 dg" the case

of clone P8.
an explanation for the increase of the Fuc content.

s
Example 3. Mass spectrometric analysis to reveal structural
differences between N-glycans of PER.C6™-EPO and Eprex.

To obtain more detailed information on the structure
of the N-glycans produced by PER.C6™, it was decided to
analyze the complete sugar chains of PER.C6™-EPO by MALDI-
MS. For this analysis, affinity-purified EPO samples, made
by PER.C6™~derived clones P7 and P8 in DMEM, which were
fractionated further by anion exchange chromatography (as
described below) were utilized. PER.C6™-EPO samples,
affinity-purified as described in example 2, of which the
buffer was thereafter exchanged to PBS, were subjected to
anion exchange chromatography using a HiTrap sepharose Q HP
column (Amersham Pharmacia Biotech). Three EPO subfractions
were obtained by applying a step gradient in 20 mM Tris-
HC1/20 pM CuSO,, beginning with 45 mM NaCl (fraction 1),
followed by 75 mM NaCl (fraction 2), and ending with 135 mM
NaCl (fraction 3). Each step of the gradient lasted 10 min
with-a flow rate of 1 ml/min:-Fractions-1l--of four runs--were
pooled into pool A, fractions 2 into pool B, and fractions

3 into pool C. The resulting pools A, B, and C were
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| evel of GLcNAC may suggest that the branching of the N- Iinked su 8 i's
i ncreased and/or that the N-linked sugars contain nore Iaciz@éé’l’ﬁlhg {’épeats,
when cells are cultured in JRH nmedium The increase in N-acetyl

gl ucosamnylation and in (N-acetyl-) galactosylation in turn gives rise to
an increased nunber of fucose-acceptor sites thereby providing an

expl anati on {@fhadafei Ncrease of the Fuc content. Exanpl ecBnrLobedss
spectronetric analysis to reveal structural differences between N glycans
of PER. C6~-EPO and Eprex. To obtain nore detailed information on the
structure of the N-glycans produced by PER C6T",, it was decided to

anal yze the conpl ete sugar chai ns of PER C6h- EPO by MALDI - Ms. For this

anal ysi s, affthudeyfpar idesett ddPOtshiingsHifmege26 /M0 BER GGV deri ved cl ones P7

and P8 in DVE LC L f i ona nt her: ' nge
chr omat ogr aph%\lél(ugﬁs?g gg‘gg?ﬁ%‘é(ﬁ%ﬁ%ﬁ% \%g?teefcﬁt) i P%eeylggﬁ?%gﬁ?%go sanpl es,
af finity-puriv¥éned rakeatedcfrPedhenERX anpl © by, Nolxdenade thérepimendr was

thereafter exghangetataPBS bMREEratibligLLd rbRena, Ofp R1Change _
chr omat ogr aphy usi %9 a H Trap sepharose Q HP _col um ( Aner sham Phar naci a

Bi ot ech). Thra&ipped stihPrERtiONES IdrESHHICE nREPIRPRPPI Y EnH23S st ep gr adi ent
in 20 MM Tri Sspdd@th 26 pe GiSidbusbERD BAMPDesMattl sHowiiVi NGy, (fx-axtion 1),

foll owed by 75 nmM Na fracti.on 2 nd_ endin it 5 NaCl (fraction
3). Each st epé%%ext i gtrhadfmélﬁltéﬁegét’}e]f C%bo?ﬁ 0 \ng?% = gi 1% g\gvylr%t e of 1 m/mn;
- -Fractions fhomfth¢ arionupschagge echnsmatearaphy ocplooh) A PER:-G6T'roRB 2 into

pool B, and fEagdieQ@NgeridelNfmPeRt fadilh€ed @3Uhdd RGPS 1A oy and C were
55 26 APRIL 2006 WO 031038100 PCT/ NL02100686 thereafter desalted utilizing

Hi Prep 26/ 10 U¥R&ILERMEEY WOFRMIY RS Shatd Praraditidapfot®eh). The N-1inked
gl ycans wer ethielcagsesr dnaoprédhdyERQQIedEs dynbbl gl ydepnasel Ent tieat nent

spectrum of Eprex) are: closed square is GlcNAc, open
circle is Man, closed circle is Gal, open triangle is Fuc.
The mass profile of the N-linked sugars of Eprex (Fig. 1A)
corresponds to previously published data and indicates that
tetra-antennary sugars with or without lactosamine repeats
predominate in this EPO preparation. Although Eprex and
PER.C6™~EPO contain sugar structures with a similar mass
(Fig. 1B-G), the profile of the sugar structures of the
latter is much more complex, suggesting that these sugars
display a large degree of heterogeneity. The ExPAsy’s
computer program was used to predict the sugar composition
on basis of the observed mass (Table VI and VII). The
relative abundance of the different oligo-saccharides in
each pool was also presented. The data demonstrated that
most N-linked oligosaccharides derived from PER.C6™-EPO
contain multiple fucose residues (Table VI and VII, see
level of dHex residues). Some glycans were even quadruple-
fucosylated. Consequently, these data are in line with our
-monosaccharide analyses--and strongly~suggest»that-PERzCGM—
EPO is hyperfucosylated, and, hence, most likely decorated

extensively with N-glycans having so-called Lewis
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and desi al yl ated by neuram ni dase treatnment. Eprex was analyzed in parall el
as a reference. Representative nass spectra of the various %%pf are
shown in Fig. IA~-G Eprex and the purified, fractionated (pools A B, and C
fromthe ani on exchange chromat ography columm). PER C6T"-EPO sanples
derived fromthe indicated clones cultured in DVEM ver & 4&{9&k%% W th

gl ycanase F A& ani ni dase, and thereafter analyzed'® -MB. Synbol s
(depicted in the spectrumof Eprex) are: closed square is G cNAc, open
circle is Man, closed circle is Gal, open triangle is Fuc. The mass profile
of the N-linked sugars of Eprex (Fig. 1A) corresponds to previously

publ i shed datg ape Il 68162t DRk gL F AL EINALL o3GRS,V L1 OF Wi DO

| act osam ne repeats predomnate in this E aration. Although Eprex and
PER. CBT" - EPO ePd6ARSH 8TSUKRAYNS BF Lﬂﬁserlésawrteﬁowsﬁlﬁm ggquenses forig. 1B-G), the

profile of thei18Ugfls,ShedtitdhgScafi-ther dadbbesnd SnNbth Nore conpl ex,
suggesting that these sugars display a Iar?e de%ree of heterogenel ty. The

ExPAsy's conmpitarmaiogyr vbé‘g‘u%éﬁs PtedVixt fE tgdP?2b@ssition” on
basi s of the azbsehyﬁitﬁasai(ciabyefo\lhdam b¥hin .gllkeprsadiaki ve abundance of

the differ ent sa a d The dat a
denonstr at ed 991 aﬁgﬁﬁ 9%2% 1(’;g|glg og*geé‘%%an%ﬁ%e ?Cl\y%(?s?rom E’ER Co6h- EPO
contain nul thaerYilw:G@eSF duoivdges tFabtrered havel bgen skawn tpehave of dHex

residues). SoifR rabNAARS pYEd R 18Y BHYy wa@smlne amcq%ﬂm%rwﬁequent ly,
these data are in line with our -nonosacchar-ide anal yses--and

st rongl y- suggd@unpspRprepeiye @sFivitgegy &t dypRetask be%t dthed, 2 435 hence, nost
| i kel y decor adifhal exdreiasi ¥Biays\bé fhnngigmﬂlB$yfh%Hi@ge<$(td:a| teftaiawi s 56 26
APRI L 2006 WO 03/038100 PCTI NL02/ 00%8@8 S]Flke PLGS: andlé%qﬁgg%arl des with

(S|alylated) iﬁgmfsstruc ure: . resi
the same miss. Because the monosaccharide analysis of
PER.C6™-EPO revealed the occurrence of GalNAc in the N-
linked sugars, it is expected that some of the peaks
represent N-glycans with so-called LacdiNAc (e.gq.,
GalNAcpl1-4GlcNAc) structures. For example, peaks with m/z
values of ~ 2038 and ~ 2185 (Table VI and VII) most likely
represent N-glyeans with LacdiNAc motifs. Otherwise, these
peaks would represent tetra-antennary structures, which
terminate in GlcNAc due to the absence of Gal or GalNAc.
Although such structures may be present due to incomplete
glycosylation, the presence of the proximal Fuc implies
that the sugar contained a Gal or GalNAc residue that is
necessary to form a motif that is recognized by the
fucosyltransferase (FUT) that catalyzes the formation of
the Lewis structure.

The relative occurrence of the different sugars varies
between the EPO preparations derived from two independent
PER.C6™ clones as judged by the difference in the relative
height of-certain peaks--In partieular; the putative bi-

antennary sugars with LacdiNAc motifs (Fig. 1; Table VI and

VII, signals with m/z values of ~ 2038 and ~ 2185) are the
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epi topes are known as essential recognition sequences for 2Iect|n§W
nmedi ating cell-cell adhesions in both inflamatory and i nmu ARRI Qgs
(Varki et al. 1999) and are characteristically found in brain glycoprotelns
(Margolis and Margolis 1989). Hence, numerous gl ycoproteins carrying t hese
Lewi s x strugtures have been shown to have therapeutic potential

exhi biting aﬁTVQTﬁFwannatory and i munosuppressi ve actFE’FPE@“”ﬁt is noted
here that a mass signal cannot al ways be unanbi guously assigned to a
certain sugar structure: e.g. residues |ike GILcNAc and Gal NAc have the
same mMAss. Because the nonosaccharide analysis of PER C6T"-EPO reveal ed the

occurrence of ,(RINaG, A{g tlnemws shipiad dayg%sfr&a éas ﬁm%%geﬁ tfyat sone of
t he peaks represent ycans with so-called Lacdi NAc

GalNAcpl - 4Glcmmle§tFm%Pé§uctP6FSe%€§nﬁ% lega apnfpnf: nIl“ztg?val ues of - 2038

and - 2185 (Tabl VE180d Vhé pdmmshidd kel ¥/z haPEEIRNL Nggl yeans with Lacdi NAc
notifs. Otherw se, these peaks woul d represent tetra- antennary structures,

whi ch  term naeatiNetd (GQAESERRIHAT e 2abebiyc gaLactearlatedcieiv® Al t hough

such structur eﬁtémxrpegwcesemasduﬁe @ sic NgINAk ot estrgbyensy raéson, the

presence of t r oxi mal_ Fuc that the sugar, contained a Gal or
GalNAc resi dug ‘i%é‘felﬁn aﬁ@g’é%asn?r%y %’ ornl?oé‘oﬁﬁf%? tR&t 314 YP&%0gni zed by the
fucosyl t ransf enaseaq.&ﬂ?:)y tthdicaga@tatyate swhére girowmeitni OMEN P8t he Lewi s

structure. E cSflaki %lleo” ggyﬂﬁngg}{ggnst ey fgg‘};@rntdeéygéar <§ varies between

t he EPO preparations fromtwo i ndependent PER C6TM cl ones as j udged
by the differBruchipgt Hhar hetq derivesefgem PST'EE%r(tT&Phe pBaks. --1n
partieular-f the putatlve bi - antennary sugars vvlth Lacdi NAc notifs (Fig. 1;

Tabl e VI and VL1 S10nal s 0 10 ks dAbHe8ed conO3P02 W, cHEgHo 27 © LhE 57

and CHO-EPO.

The sialic acid content of PER.C6™-EPO was analyzed
and compared with erythropoietin derived from Chinese
Hamstér Ovary cells (CHO-EPO) by iso-electric focusing
(IEF) using IPG strips (Amersham Pharmacia Biotech) that
have a linear pH gradient of 3-10. After the focusing, the
EPO isoforms were passively blotted onto nitrocellulose,
and visualized using an EPO-specific antibody and ECL (Fig.
2). EPO made by four different PER.C6™ clones (lanes C, D,
E, and F), and three different CHO clones stably expressing
EPO (lanes G, H, and I) were analyzed by iso-electric
focusing to determine the sialic acid content. The EPO
producing CHO and PER.C6™ cell lines were generated
generally according to methods described in WO 00/63403
using the Neomycine-resistance gene as a selection marker.
One thousand eU of PER.C6™-EPO and 500 eU of CHO-EPO were
loaded per strip. Five hundred IU of Eprex (lane A) and
neuraminidase-treated (partially desialylated) Eprex (lane
By-were used to identify the-various EPO-isoforms. After

focusing, EPO was blotted onto nitrocellulose filter and
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WO 0310 3 8 1 0 O PCT/NLO2100686 maj or sugars in EPO sanpl e I om
P8, whereas in P7 sanples these structures are far |ess ab%éi%%w]??oaé

| atter clone, the peak with an mlz value of - 2541, putatively
corresponding to a fully galactosylated tetra- antennary glycan, was the
nost abundant structure. These data are in accordance Wiﬁi(g our :
monosacchar i W8 '4P41%ses, which already indicated that, WHERH*GM8%n i n DVEM
PB produced EPO carrying glycans with a | ower degree of branching than

t hose derived from P7-EPO (Table V). Exanple 4. Conparison of sialic acid
content of PER C6''*-EPO and CHO EPb. The siali c acid content of

PER. C6TM EPO O Y8sd g@;%%&qpﬁ andy Cﬁg}q%g{ eldgmmdv 4V QROLEY IR0kl ved from

Chi nese ary ce Iso-electric focusing (I EF) using
| PG strips (A"F‘ﬂt-;f? sﬂﬁaﬁ#mm#ﬁm%ﬁﬂgeé?@@ﬁ‘)? Ph%ﬂmmeﬁawlé( PVWe]e‘f‘lblsl-ERﬁ adi ent of

3-10. After the f gedshngiohhontERRIAS GighIPp MBI Q1 PAwS i ¥l Sid ed onto
nitrocel lul ose, and visuali Eed using an EPO-specific antibody and ECL (Fig.

2). EPO made Y37 f*S6F #f & BPEFETPER C6TM cl ones (lanes C, D, E, and F), and
three different CHBectenAsssdeaimngtexyprdessatnTHOERE Id anesalde b and 1) were

anal yzed by i So’_ﬁilé%t%sl%@é&#&tggﬁ% :aﬁt ginine the ;s ?L'!‘ (‘ica(a:clzldscont ent. The

EPO produci ng es were genera generally
accordi ng to pet medeceesciliabes Gﬁ)mmﬁmdanglhigMphmoto et

Neonyci ne-resi 5! a16g6PENG @8neraik e&iﬂh%ngnegdmer isofdRst POYS@Ddy eU of
PER C6T"- EPO and 500 eU of CHO EPO wer e er strip. Five hundred IU

of Eprex (I andid)icaAgldhGranTRdiged -2y gﬁ?ectf ('szBFF%lI‘Te)fedem al yl at ed) Eprex
(I'ane B)- - wetRdeniepdesentiedeand fonly hieteatamies aEPe> izofiongwmi After focusing,

EPO was bl ot tgg OntQ bi 4k L ASfed 169! @deRferdy PR L2200
concluded #hat PER.C6™-EPO is considerably less sialylated
than CHO-EPO.

Example 5. al,3-, aol,6- and al,2-fucosyltransferase
activities on PER.C6™ cells.

The glycosylation potential of a cell is largely
determined by an extensive repertoire of glycosyl-
transferases involved in the step-wise biosynthesis of N;
and O-linked sugars. The activity of these glycosyl-
transferases varies between cell lines and, hence,
glycoproteins produced in different cell lines acquire
different glycans. In view of the data shown herein,
demonstrating that PER.C6™-EPO glycans are heavily
fucosylated, the activity of numerous fucosyltransferaées
(FUTs) involved in the synthesis of N-linked sugars was
analyzed using methods generally known to persons skilled
in the art (Van den Nieuwenhof et al. 2000). In this study,
we studied the activities of al, 6-FUT, which is involved in
coxre--fucosylation of N-glycans, ol,2-FUT-which mediates the
capping of terminal galactose residues, giving rise to so-

called Lewis y epitopes, and al,3-FUT, which generates
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WO 03/ 038100 PCTI NLO2/ 00686 vi sual i zed usi ng a nonocl onal anf%égd% aﬁﬂiég
EPO and ECL. The Eprex sanple, representing a comrercially

is a forrmulation containing highly sialylated isofornms and was used as a
marker. The results denonstrated that CHO cells are able to make EPO
isofornms containing up to at least 12 sialic acids per nolecule (Ianes

G 1), confi rrﬂvﬂ&”‘ﬁg‘f"h by Morinoto et al. (1996). |n cormRGTAY©2/00886t hough sone
isoforms with B-10 sialic acids were produced by PER C6TM these were
underrepresented and only detectable after prolonged exposure of the film
(lanes C-F). Consequently, it can be concluded that PER. C6TM EPO i s

consi derably I ess SI z%lryél 2l ed L.h]gn CHO- EP al, 6- and
ac

EX )
al , 2-fucosylt XA B rade S'vities on 8 C%el'a caI ?nalﬁﬁe gkf ycosyl ati on

pot enti al of eprecebporidingaf@Rlagtividtiesnpres@nbyimiFi@xeeisi-ve repertoire of

gl ycosyl - ”a”Sfefﬁé%%thW@le‘éegf'&et PRaRl2BaWPe Bhossnthesiseef N and
O-linked sugars. The activi t% of these glycosyl- transferases varies between

cell lines arff, Pﬁ%rﬁﬁa ang| GRO S TIRSUBPFONPEBA #n different cell |ines
acquire diff ryeaéygﬂr)écﬁaaéradena&tmwfast,sﬁg dedias SBoNy ne@kRids thdenonstrati ng

t hat PER C6T"- EPO cans_are heav osyl ate the activity of numerous
fucosyl t ransf%]‘ryﬁgégie/(aﬁt% 3rﬁsﬁv8$\§7é’a¥?% rteﬁgég%h’?gg?% 7 8f N-1inked sugars was
anal yzed usi ntpashéhiotés (gendrisl tyskfownsd)o apérs ongasksubdsadate nThee art (Van
den N euwenhchfal%t a@tl.lVl%PO‘QQS ahgotrﬁga§u§é&l%1 an Vﬁlt%&:hlgi Q:%n‘:b@l a‘i‘hé\“ ties of

al , 6- FUT, which is 1nvo in co-e-fucosylation of Ngl cans a-1, 2-- FUT
whi ch medi at e@1Re TPASHFMY tOF RRAMVALPe AR tT3e oXRRYIFGRES - dilding rise to

so- call ed Lexdisey, efid 9pgsartasdiad tBoddJbr PR Ut™Y@Bes af-as £584
lower in the second experiment. Notably, the activitiés
were expreééed per mg protein (present in the cell
extract). Because PER.C6™ cells are significantly bigger
than CHO cells, the differences between the FUT and GalT
activities of CHO and PER.C6™ cells may be bigger or
smaller tﬁan they appear. The results of the
glycosyltransferase activity assays are shown in Table VIII
and reveal that PER.C6™ as well as CHO possess significant
al, 6-FUT activity, which suggests that both cell lines can
produce core-fucosylated glycan chains. al,3-FUT activity

6™ cells while

was, however, only significant in PER.C
hardly detectable in CHO cells. None of the two cell lines
exhibited al,2-FUT activity. Taken together, these data
show a difference between the glycosylation potential of
CHO and PER.C6™, and explain why PER.C6™-EPO contains more

fucoses than CHO-produced EPO (Eprex).

Example 6. Glycans with Lewis x epitopes present on
PER.C6™-EPO.

Because PER.C6™ possesses.al,3~-,-but no «al,2-
fucosyltransferase activity, it is very .likely that PER.C6™

produced N-glycan chains which contain Lewis x instead of
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26 APRIL 2006 WO 03/038100 PCT/ NL0O2100686 Lewis x structures, For 6
conpari son, we also analyzed the corresponding FUT acti vi tl%gA%PéIS&R? in
CHO cells. The activities of the indicated FUTs in cell-extracts of

PER C6TM and CHO were neasured using a glycosyltransferase activity assay.
This assay neasures the glycosyltrans-ferase-catal yzed reaction between a
saccharide (™MP%PMB®case fucose) and a sugar substrate. PFRELOZEBG activity
was al so neasured as an internal control. The values represent the nean
values fromtwo experinents. Al values, and in particular those of

PER C6TM were 2-3 fold |ower in the second experinment. Notably, the

activities re, expressed pe otein, (present..in el extract).
Because PER. gwscéll PRILRS 3¢ %{L%irgélrﬁq flgb% S’Q’eﬁag‘flﬁﬁ C%el— E9 the

di fferences beiwveenmbuge Fighoahehalakiititadyi (drntiesewtfs GriChawma PER C6TM cel | s
may be bigger Fgfbio%ﬂglln{ %’hatthgﬂ'eéil}g)éafﬂp?@%% nEQ?ﬁr Ist 2 of the

gl ycosyltransferase activity assays are s able VIII and reveal that
PER C6TM as WEFFUHArepO yisgdedestergrbfatéang. Eamad-ygrnietefvity, which

suggest s that phRldE el |ddaTedatromPEOSHIC @7¢ K- UR@SMratiess gl ycan chains.
al, 3-FUT activjt owever, 0

was, h nly,significant in ,PER (6TMcells while
hardly detect £51 100 SpeySRTER) BitRgAES D7 her t%a%%‘h‘”ltgn %86 (E&hi bi t ed
al , 2- FUT act i vety .ruliakermn tsogepdieracrylmsdedgdla andholwtaedi ériter ence bet ween t he
gl ycosyl ati on ki n | abps iy PER C6TM EPO
cont ai ns nor enggﬁo?ééggi?%aﬁe%%r géﬁ‘@?&‘g&%@s %g?vé%%%a?rp e 6. dycans
with Lewis x éptilnsednphssént. dh moperRlongd Tap Y BetdoseueERIMGTM

possesses- ai taBvicdidh) NthPlEcE- (dndconan Phahsd Qa8 ol Vikdde ubéd i S
very.likely that PER C6TM

to detect the Lewis x epitope. As can be seen in Fig. 3,
only PER.C6™-EPO could be labeled with the antibody
specific for the Lewis x epitope. Location of the molecular
weight marker (52, 35 and 29 kDa) is indicated. Because the
al,3-fucose linkage is acid-labile, the signal was lost

after treatment with HCl.

Example 7. Lewis x structures expression at cell surface of
PER.C6™ cells.

To find out whether Lewis x structures generally occur
in PER.C6™ cells, we labeled the surface of CHO and normal
{i.e., not EPO producing) PER.C6™ cells with Lewis x
specific antibodies (Calbiochem). The cells were incubated
with the primary antibodies (mAb o Lewis x used at 0.16
pg/ml, and mAb o sialyl-Lewis x used at 5 pg/ml). FITC-
conjugated anti-IgM was used as a secondary antibody. The
labeled cells were analyzed by FACS. The dashed line
represents the signal of cells incubated with the secondary
antibody only (negative control). The results shown in Fig.
4 revealed that PER.C6™ cells were--strongly labeled with
the antibodies in contrast to CHO cells that are unable to

produce these structures. Notably, we repeatedly observed
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produced N-glycan chains which contain Lewis x instead of 60 é%ﬁﬁﬁgb 006
WO 03/038100 PCTI NLO2100686 Lewis y epitopes. W verified th? 8 i ng
PER C6T"-EPO with a nouse nonocl onal antibody (anti-Lewis x, human | gM

Cal bi ochen) that specifically recognizes Lewis x structures, using western
blotting. Equal anounts of PER C6T"-EPO (derived fromclone P7, here

i ndi cat ed aswop303d100) and Eprex, untreated (-) or treatR/NUP6RICL ( +),
were run on a SDS-pol yacryl am de gel and blotted onto a nitrocell ul ose
menbr ane usi ng net hods known to persons skilled in the art. A nonocl onal
anti body (anti-nouse 1gM Cal bi ochem) and ECL (Amersham Phdrmaci a Biotech)
were used to detect the Lewis x epitope. As can be seen in Fig. 3, only
PER. d6TM EPOtbetil RERy§6T"abel led dipIryeHea dretteboghnecspawititeenfafr the Lewi s X

epi tope. Locafkom &f wt.L*@r? 1Rl egwkH Ak aHﬁbQB&eJm&%ﬁéln(rQZM% @nd 29 kDa) is
i ndi cated. Because t ul , 3-fucose |inkage is acid-1abile, the signal was

| ost after taPéa‘E’?Pé’ntsPﬁHﬁcH@r HRA¥pIlewEs  SRrUCKILeSr uct ures expressi on at
cell surface (@EledﬂRe@Tgaﬁelahﬁode-thé Iﬁwiewe whehielonk @WitfenXaSt r uct ur es

generally occur_in PER C6 M abel ed t he surface of CHO and nor nal
(i.e., not EFE"BrivdicrRyse t%‘l"ofc‘\é% ngi}etf‘ﬁglg@\fs S¢dapeci fic anti bodi es

(Ca! bi ochem. The cells were incubated wth the primary anti bodies (mAb a
Lewi s x used 1 G Q(-.ﬂbig@@ﬁ mpapéeggwﬂy el ésﬂ-éb%eqba}i R pg/m). FITC

conjugated anti-TgM was used as a secon nt | body 2bel ed cell's
were anal yzed¥B§) FACS:t e ga¥FR Foli hieand B codhe sculfared gidProf cel | s
i ncubat ed W typbRec &Qﬁaﬂdﬂ{n)é anti body only (negative control). The results
shown in Fig. 4 peveghed Lhal, PRR.GRIVSS1 b3 M/ Sorl 900! ol 2Del ed wi th

are compargg in their in vitro activity to protect

rat-, mouséF and human cortical neural cells from cell

death under hypoxic conditions and with glucose

deprivation. For this, neural cell cultures are prepared

from rat embryos as described by others (Koretz et al.

1994; Nagayama et al. 1999; White et al. 1996). To evaluate

the effects of PER.C6™-produced brain-type EPO and serum-

type EPO, the cells are maintained in modular incubator

chambers in a water-jacketed incubator for up to 48 h at
37°C, in serum-free medium with 30 mM glucose and humidified
95% air/5% CO; (normoxia) or in serum-free medium without
glucose and humidified 95% N,/5% CO, (hypoxia and glucose
deprivation), in the absence or presence of 30 pM purified
PER.C6™-produced brain-type EPO or 30 pM Eprex. The cell
cultures are exposed to hypoxia and glucose deprivation for
less than 24 h and thereafter returned to normoxic
conditions for the remainder of 24 h. The cytotoxity is
analyzed by the fluorescence of Alamar blue, which reports
cells viability as a function of metabolic activity.

"In another method, the teéural cell "cultures are

exposed for 24 h to 1 mM r-glutamate or oa-amino-3-hydroxy-5-
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the antibodies in contrast to CHO cells that are unable to se
structures. Notably, we repeatedly observed 61 26 APRIL 200%9@768%\?00

PCT/ NLO2/ 00686 that PER C6Tti cells displayed a heterogeneous pattern of
staining with the Lewis x anti bodies. Labeling wth an antibody specific
for sialyl Lewis x structures (Cal biochem) gave a noderate positive signal
only when a waeyogsibi gh concentration of the antibody waBCTPNEYWExanpl e B.

I nhi bition of apoptosis by PER C6T4-EPO (brain- type) in vitro, in NI2 cells
and hNT cells cultured under hypoxic conditions. PER C6TM produced
(brain-type) EPO and serumtype EPO are conpared in their in vitro activity
to protect a rat-, nouse- and human cortical -neural cells fromcell death

under hypoxi @eEBKRH BRI SITPRPRIPIGF LIRDiSe (AR (MPAET AIPT™R¥IC t hi s, neur al
cel | cul turesocabetjunepaiecthel rlosancat oergregoscafdesciduzed by ot hers (Koretz

et al. 1994; Nagayana et .. -1999: itenet al. 1 ._Ta evaluate the
effects of PER" _apt)-‘%S El’JCOedpBFlaflqlr?-dt g%%’tCEPoijﬁﬁ cseéj?gg}% ?‘y%@rﬁgq the cells
are mai nt ai ndthei aytrdgulity isnendbtzed by Hdwebétworescgnemtadr Ajamket ed i ncubat or

for up to 48 i@l wdth régb38! L -Le8n MBALUM WY ten3P; JiMogl Uucose and
hum dified 95% air/5% (nornmoxia) or in_serumfree nmedium w t hout

gl ucose and MeFREP¥iedctbobie/ B P hyoRf £ddd Erertsseviteprivation), in

the absence aimrpte™erme ief e3cpbl piy bki ehi 1IBER £&he piasiuced &y ai n-type EPO
or 30 pM Eprex. lThe c%ll .q_;ll Lures are exposed to hypoxia and gl ucose
deprivation f&/LS| B PRM D4 R SHNd thereafter returned to normoxic
conditions for the remainder of 24 h. The cytotoxity is analyzed by the

fluorescence ﬂaméi@@r AQL:Uﬁ:tYV\bf %n[é@ﬂﬁﬁfo (brain-type) in
stimulating erythropoiesis in rats compared to serum-type
EPO.

The potential of recombinant human EPO to stimulate
the production of red blood cells can be monitored in a
rodent model that has been described by Barbone et al.
(1994). According to this model, the increase in the
reticulocyte counts is used as a measure for the biological
activity of the.recombinant human EPO preparation.
Reticulocytes are the precursors of red blood cells and
their production, in response to EPO, can be used as a
measure for the potential of EPO in stimulating the
production of red blood cells. An increased production of
red blood cells, in turn, leads to a higher hematocrit
value.

The activities of PER.C6™-EPO and Eprex were compared
in six groups of three Wag/Rij rats. Various doses of
PER.C6™-EPO (P7-EPO), Eprex and diluent buffer as a
negative control were injected intravenously in the penile
vein at day 0, 1, and 2. PER.C6™-EPO was administered at a
dose of 5,.25,.0r 125 eU-{Elisa units) as determined by the
commercially available EPO-specific R&D Elisa Kit, whereas

Eprex was administered at a dose of 1 or 5 eU. All EPO
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cells viability as a function of netabolic activity. In another Q}%%
neural cell cultures are exposed for 24 h to 1 nM L-gl ut an&ﬁé\?ﬂmz

a- am no- 3- hydroxy-5 62 26 APRIL 2006 WO 03/ 038100 PCT/ NL02100686

met hyl i soxazol e-4-propionic acid (AVPA) under nornoxic conditions, in the
absence or presence of various concentrations of purified PER C6T"-produced

EPO or Eprex ytotoxity is analyzed by the fluore Al amar
bl ue, which reopg)ra s%cel | -viability as a function of ?Eﬁpﬂ;@&g%tl vity. The

viability of cells treated with PER C6T"-EPO is expected to be simlar to
the viability of cells treated with Eprex. Exanple 9. Activity of
PER. C6h- EPO (brain-type) in stinmulating erythropoiesis in rata conpared to

serumtypo EPQ. AL THes RRALEN1 1Rk e@ftd %emamt cdHme FHGnt @ Stimul ate the

producti on of red bl ood cells can be nonitored in a rodent nodel that has
been descri be§B$KP -Lak bbirenefldn 2 ratgdayolyeSEa? My Wo 2hid%eYnddel , the
increase in theo yiebkCLBOC Yok 1Bt Sanip etiSIBfl tasigle FRAGHES .f Oh fHee bi ol ogi cal

activity of the. reconhi nant i on, eticulocytes are the
precursors of SPBY dSP’og'g’ecé’leF%e’g{r?ae (t’EEerl lf)‘ﬁjflcf&' BF ot tIB?I °g°§‘|lt'30ﬁ%ge to EPO, can
be used as a bleasgeélfmpullhtigowentdeternindd?O i n stinul ating the
production of red Al 99% £8k| §1g Arg '(E‘a&rse%?fjc&r OgH&tdeQBeﬁ’@fa o 66 bl ood cells,

in turn, Ieadstoa hemat ocri t eaC|V|t|es of PER C6TM EPO
and Eprex wer éeE’fﬂﬁSFéﬁes |Pﬁe§?’kt drothss teFat medePlery RPf1rats. Various doses
of PER C6T"- EBsuladR1okPOtheEpa £y aashimiistuetiondutf Brevast @Eprex into

the rats, for a total period of three days, caused a
significant increase in the reticulocyte counts at the
fourth day compared to reticulocyte counts in rats that
received dlluent buffer only. The reticulocyte counts were
even more boosted by increasing the Eprex dose five-fold.
The reticulocyte counts were clearly less increased using
equivalent amounts of PER.C6™-EPO. A similar increase in
reticulocyte counts was observed when 1 eU of Eprex and 25
eU of PER.C6™-EPO was used indicating that PER.C6™-EPO is
at least 25 times less active in stimulating the red blood
cell production than Eprex. The difference between the

potential of Eprex and PER.C6™

-EPO in stimulating the red
blood cell production was even more pronounced at a higher

dose (i.e. 5 eU Eprex and 125 eU PER.C6™-EPO).

Example 10. Effect of PER.C6™-EPO on cerebral ischemia
following experiment subarachnoid hemorrhage.

To show that PER.C6™-EPO is more effective in neuro-
protection during cerebral ischemia than serum-type EPO, we
compare the effects of systemic adminstration of PER.C6™-
produced brain-type EPO and serum-type EPO in a rabbit
model of- subarachnoid hemorrhage-induced acute-cerebral
ischemia. Therefore, 32 animals that are divided into 4

groups (n=8) are studied.
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negative control were injected intravenously in the penile vein at daz 0,
1, and 2. PER C6TM EPO was adnministered at a -dose of 5, 25,26 &PRIR2006
eU- (Elisa units) as deternmined by the comrercially avail able EPO specific
R&D Elisa Kit, whereas Eprex was admi nistered at a dose of 1 or 5 eU. All
EPO 63 26 APRIL 2006 WD 031038100 PCT/ NLO2/ 00686 preparations were dil uted
to the propewoosesmsatrati on in PBS/ 0.05% Tween 80 in aprconNaé2/ooes ume of 500
pl. At day 3, 250 pl of EDTA bl ood was sanpl ed by tongue puncture. On the
sane day, the percentage of reticulocytes in the total red blood cell

popul ati on was determ ned. As shown in Fig. 6 (bars indicate the percentage
of reticulocytes present in the total red blood cell population), the
daily adm nistration of 1 eU of Eprex into the rats, for a total period of

three days, causegrdyp §i 95iddraditolldNRéfASBaLE; the reticul ocyte counts at the
fourth day conpared to reticul ocyte counts in rats that a received dil uent

buf fer only. The FERYPcEr o4RIE AERRMCS PR TEFhags - UTpPL2E BG4t ed by i ncr easi ng
t he Eprex dose fi@gdpol3¢l. subkiach®diidc Hémsnrhage Qilniss raedmdiabearly | ess

i ncreased using equival nt .amunt s_tof R '-CGJ EPO. A simlar increase in
reticul ocyte counts was o $EVEF" Whentd el of prex and 25 eU of

PER. C6TM EPO was @s®enp idndswmrangndigaheERh@gd "plEBOrfeomkdnaheast 25 ti nes

| ess active.in stinulati ngﬂﬁ_r&%m_?gogjcggdm&el | production than Eprex. The
di fference between the potential of Eprex and PER C6T"-EPO in stinulating
the red blood cell production was even nore pronounced at a higher dose
(i.e. 5 eU Eprex angl ekgorhedtGR ShEVLER)id F¥mdirhagdOis Brba@edecof

PER BT - EPO N OB SRl ahe bEF 15T & 1hOb Qo GARELL B YDA RS NO! @
cisterna migna after anesthesizing the animal. After the
injection, the rabbits are positioned in ventral recumbence
for 15 min to allow ventral blood-clot formation. Animals
of group 2, 3, and 4 are injected with diluent buffer,
Eprex, and purified PER.C6™-produced brain-type EPO,
respectively, at 5 min after the induction of subarachnoid
hemorrhage, and are continued at 8, 16, and 24 h
thereafter. All injections are administered intra-
peritoneally. The diluent buffer consists of serum albumin
(2.5 mg/ml), sodium chloride (5.84 mg/ml), anhydrous citric
acid (0.057 mg/ml, H,0). The animals are euthanized at 24 h
after the subarachnoid hemorrhage, and their brains are
removed. The brains are thereafter coronally sectioned at
10-25 pym in a freezing microtome, starting at the bregma
and continuing posteriorly to include the cerebellum
(Ireland and MacLeod 1983). To visualize and assess the
number of ischemia-induced damaged neurons, the slices are
stained with hematoxylin and eosin. The number of
eosinophilic neuronal profiles containing pyknotic nuclei,
per high~power microscopic field -(100x) is-determined in
five randomly selected sections of the lateral cortex

obtained at several coronal levels posterior to the bregma.
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To show that PER C6T"-EPO is nore effective in neuro- prot ec#&sxg*ﬁif; b@@
cerebral ischema than serumtype EPO, we conpare the effec 35 emc
adm nstration of PER C6T"- produced brain-type EPO and serumtype EPO in a
rabbit nodel of-subarachnoi d henorrhage-i nduced acute-cerebral ischem a.
Therefore, 32 animals that are divided into 4 groups (n=8) are studied. 64
26 APRIL 2006vV0Me@1®10 38 1 0 O PCT/ NLO2/ 00686 G oup 1, PEHivaez00é8m0i d
henorrhage; G oup 2, subarachnoi d henorrhage plus placebo; G oup 3,

subar achnoi d henorrhage plus reconbi nant human serumtype EPO, and G oup 4,
subar achnoi d henorrhage plus reconbi nant PER C6T"-produced EPO. The
experinental subarachnoid henorrhage is produced by a percutaneous

i njection of BRR-6PogBER 45e8bed iamiBthére cPesFAR trﬁléﬁ&eﬁ t'e€FeAnest hesi zi ng
the ani mal . Afdr®ert i dahabéd uréds thhe dArdbbi s sthateapoJicki orgtedn ventr al
recunbence for i’S mnto a{ldow.ventrill gJIood-cI ot formation. Animals of
group 2, 3, aid TAhHFS AFeRYEU Wt ¥ BIPC% buffer, Eprex, and purified
PER. C6T"- produced brain-type EPO  respectively, at 5 min after the

| nduction of gHRghaciNOedylidRILIA0CecaiMb LG ANLAGH AL 8, 16, and 24 N

thereafter. jectio adm ni stere ra- peritoneally. The dil uent
buf f er consi steengtakardignynmyitas follgwing hypoxialaparyeamesionte (5.84 ny/nl),

anhydrous citric paghdhy GuPBriredUbfnech2l1 ribecaRiiBR)scytes £44 hani zed at 24
h after the subara hpm d aem)rrha e, and their. pbrains are _renoved. The

brains are t herRAFERriRoBy RS ToP e PoRE 4Ry A1 B TS REUFY eezi ng

m crot one, staattd,ngs girevileudlegrecribed (Simpson and Savion 1982).
Hypoxia was created by incubating the cardiomyoctes in an
airtight Plexiglas chamber with < 1% O, and 5% CO,/95% N, at
37°C for 2'h using Gas Pak Plus (BBL). By replacing the
medium saturated with 95% air and 5% CO;, the cells were
exposed to normotoxic atmosphere (reoxygenation).

Cardiomyoctes are washed twice with ice-cold PBS and
total RNA is isolated using Trizol (QIBCO), extracted by
chloroform and precipitated by isopropyl alcohol. For
Northern analysis, 15 ug of total RNA is separated on a
1.5% formaldehyde/MOPS-agarose gel, blotted to
nitrocellulose, and hybridized with a 3?*P-labeled probe for
EPO receptor (+ 400 bp cDNA fragment). Hybridization takes
place overnight at 65°C in phosphate buffer, pH 7.2 and is
followed by 2 washes in 2xSSC at room temperature, 2 washes
in 0.2xSSC/0.1%SDS at 65°C and 2 washes in 2xSSC at room
temperature. Hybridization signals are visualized by
exposing the membrane to an X-ray film (Kodak). Expression

levels are corrected for GAPDH mRNA levels.
Example 12. The effect of brain-type PER.C6™-EPO and serum-

type EPO. (Eprex) on apoptosis-in rat-neonatal -
cardiomyocytes, cultured under hypoxic conditions.
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and continuing posteriorly to include the cerebellum (lrel and eod
1993). To visualize and assess the nunber of ischem a-i nduggﬂmg@@&
neurons, the slices are stained with hematoxylin and eosin. The nunber of
eosi nophilic neuronal profiles containing pyknotic nuclei, per high-power

m croscopic fied4d -(10Ux) is-determned in five randomy selected sections
of the | ateraboy@stoex obtained at several coronal | evePST/NEB{0M8¢ or to t he
bregma. 65 26 APRIL 2006 WO 03/038100 PCT/ NLA2/ 00686 PER. C6TM EPO treat ed
animal s are expected to have a | ower nunber of damaged neurons than ani mal s
that are not treated or that are treated wth a placebo. Exanple 11.

Eryt hropoi etin receptor expression in rat neonatal cardionyocytes follow ng
hypoxi a/ r eoxygenaPfamryPephaingscenttyres of naedrarlalkakat cardi omyocytes are

prepared fromdgonpstytes! 5 @redaslay robil thRr denta-ilbavk eye 1-akp. as

previ ously described (Si nPson and Savi on, 1982). I-Ly_Boxi was created by

i ncubati ng t RSP BIfySRTEYY FATARS BFFYTYRLY PREIGgPaS 8 with < 1% Oz
and 5% C02/ 958d\Baaton 3BE2f orHypohkiaidisngrésasedPak FlaubatBB) theBy repl aci ng t he

medi um sat ur al et thd QAR In 200 Al FPex i 18a Sl Oy frn XPRSR 1O -
nor not oxi ¢ at nosphet e (reoxygenat 1 oh). rdi onmyoctes are washed twice with
i ce-col d PBS ant 5%t eRAPSRNE % 37561 Eeed hsesigqaTeRe Rak &lBCOPBBLext r act ed by

chi or of or m angl, pepeh PidAkLRE RAiLACKBYEeRLERRObs B3k aMPIsaNEs)) anal ysis, 15
g of total RNA is separated on a 1.5% for nal deh%/Pde/ MOPS- agar ose gel ,

blotted to nFte 5LHP ATGsE*PARE RO UITBPL U WREROPSEP- | abel ed probe for EPO
receptor ( 400rduyxyg&iNA ifonagney expédimenti Zaldiendédkeso plaoapoverni ght at

65C in phosphat E) bUfrfd ro}ﬂ gc@tZszcﬁqqrgé unfdglrllsl)ovﬁl%xQX c,zon\gqjs.zk.]oeés i(BSgXSSC at
room t enperature, Va2 Washes

alr/5% COz):
B) cardfémyocytes cultured under hypoxia/reoxygenation
conditions in the presence of 30 pM purified PER.C6™-
produced EPO;
C) cardiomyocytes cultured under hypoxia/reoxygenation
conditions in the presence of 30 pM purified Eprex;
and
D) cardiomyocytes cultured under hypoxia/reoxygenation
conditions in the absence of EPO.
All experiments are performed in triplicate. Apoptosis is
quantified by morphological analysis, DNA laddering and by
terminal deoxyribonucleotide transferase-mediated dUTP nick
end labeling (TUNEL). For morphological analysis myocytes
monolayers are fixed and stained with Hoechst 33324. The
morphological features of apoptosis (cell shrinkage,
chromatin condensation, and fragmentation) are monitored by
fluorescence microscopy. At least 400 cells from 12
randomly selected fields per dish are counted.

For determining DNA laddering (characteristic for
apoptosis}, - cardiomyocytes- are- lysed-in lysis buffer and
electrophoresed on 2% agarose gel. The gel is stained with

ethidium bromide, and DNA fragments are visualized under
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in 0.2xSSC 0. 1%6DS at 65C and 2 washes in 2xSSC at room tespapkil2006

Hybri di zation signals are visualized by exposing the nenbrane to an X-ray
film(Kodak). Expression |levels are corrected for GAPDH nRNA | evel s.

Exanpl e 12. The effect of brain-type PER C6h-EPO and serum type EPO. ( Eprex)
on apoptosisin rat-neonatal cardionyocytes, cultured under hypoxic

condi tions. $602@SWPRI L 2006 WO 03/ 038100 PCT/ NLO2/ 0068BCYANLOXAM686 cul t ur es
cultures of neonatal rat cardionyocytes are prepared fromthe ventricles of
1-day- old Sprague-Dawl ey rats as previously described (Sinmpson and Savion
1982). Hypoxia is created by incubating the cardionyoctes in an airtight

Pl exi gl as chanber with < 1% 02 and 5% 02/ 95% N2 at 37C for 2 h using Gas
Pak Pl us (BBLYLtrBylekgh déphl tIResHBHdaRtEdnr of POREPFH D5% ai r and 5% C02,
the cells arec&yaompskit@snos Plr@XimedbyOsARGr SUNHY GOKY gaNahi St The

experinment is divided into 4. groups; car di cytes cul tured under
nor moxi ¢ cond?‘giloﬁgat(rgé%tte‘éﬁ%gé&%og‘ﬁbngfér%%%E‘gt es cul tured under
hypoxi a/ r eoxygenati on conditions in the presence of 30 pMpurified

PER GOTK- pr o) ok SEILODY UK 8l g{égdsﬂgﬁ%?\fﬁuﬁ?i ed Eprex;

hypoxi a/ reoxygendtion conditions 1n the prese

and D) cardi ofgfsrgtesiza inys srtunedal pf pedcardtdijgehemiadn conditions in
the absence ofeddZ@usféd. experinments are perfornmed in triplicate. Apoptosis
is quantified by mr$hol ogi cal anal ddering and b t erm nal

sis, DNA_ |la y
deoxyri bonucl eot i 38t é‘??%?e?%‘?@}‘ﬁé%"éf@dr%@% R 48R 38T ng ( TUNEL).
For nor phol ogasedthanbtess iws tiryaeitue spentobarbital (20 mg/kg IP) and

ketamine HCl1l (60 mg/kg IP). Jugqular vein and trachea are
cannulated, and ventilation is maintained with 100% oxygen
by a rodent ventilator adjusted to maintain exhaled CO,
between 3.5% and 5%. A left thoracotomy was performed and a
suture was placed 3 to 4 mm from the origin of the left
coronary artery. Five minutes before ischemia animals are
randomly given various concentrations of PER.C6™-EPO,
serum~-type EPO or saline (n=6 for each group). Ischemia (30
min) is initiated by tightening of the suture around the
coronary artery and is followed by 4 h of reperfusion.
Sham-operated rats are prepared identically, except that
the suture is not tightened (n=6).

After reperfusion, infarct size is determined by
differential staining with patent blue violet (5%) and
triphenyl tetrazolium chloride (TTC). The coronary ligature
is retightened, and an intravenous injection of patent blue
violet is given to stain the normally perfused regions of
the heart. The heart is then removed and bathed in ice-cold
saline before removal of the atria, great vessels and right
ventricle. The left wventricle is sliced into thin sections,
and -the unstained area -at risk (ABRR) is separated from the
normally perfused blue sections, cut into 1-2 mm® pieces,

and incubated with TTC. With a dissecting microscope, the
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nonol ayers are fixed and stained with Hoechst 33324. The |caol
features of apoptosis (cell shrinkage, chronmatin condensati (;ﬁA 20,
fragmentation) are nonitored by fluorescence mcroscopy. At |east 400 cells
from1l2 randomy selected fields per dish are counted. For determ ning DNA
| addering (characteristic for apoptosis) , - cardiomyocyt - s o €

| ysed--in | Y0838 er and el ectrophoresed on 2% agar ogé P/006%e gel is
stained with ethidiumbrom de, and DNA fragnents are vi sual i zed under 67 26
APRI L 2006 WO 03/038100 PCT/ NI A2/ 00686 ultraviolet light. In situ detection
of apoptotic cardiomocytes is perfornmed by using TUNEL with an in situ

cell death detection t%etéﬁ hr| er I\/athel gld rE>§)mrrprlle 'IJI% The effect of

PER. C6""' - EPO Mitd °s&F uit or tpﬁe TErZe ia rat nodel of myocardi al

i schem a/ repexiftdse ofbrlAélutetd-waa)eruSpﬁ angDaMJewneassoit 308 to 400 g) are
anest heti zed w&éaraﬁm %%pamrpu@médalm&mmiw IR aiehrckelayg ne HCL (60

ng/ kg I'P). Jugular vein and trachea are cannulated, and ventilation is
mai nt ai ned V\Hﬁh cpdovda®fgen by a rodent ventilator adjusted to maintain
exhal ed C02 bet vveen 3.5% and 5% A left thoracotony was performed and a

t I d.3 fr t f t G t
Five minut et et 1o tartarieh: o E=arkEidasien 1% SBRAS e ous
concentr at i onglyxof&ihs CohkhiiDg amt;@ﬂiaa@cﬁucsablmténtﬁ for each
group) . | SChefid e d0e [UpBhs £ lalbbiAt %qrp,y% bLen gl JaBeugy ure around

the coronary artery repert usion. am oper at ed
rats are prepk® é’def%i’é?ﬂtlléé]rﬁ' ypurdfy HER - FﬁarEPQ I‘iéYg‘Blﬁq}F“é Fithat h%‘i*ght ened

(n=6). After 18p8rkusidyRr si{13NclewisZ@ tontdaterBRo@dablmas
secreted into the culture medium by EPO-producing PER.C6™
cells was first cleared from cell debris and other
contaminants by affinity column chromatography using
monoclonal antibodies specific for human EPO (see example
2). Thereafter, about 270 pg (or 27,000 eU) of the purified
EPO was subjected to a second chromatography procedure in
which the EPO molecules were bound to a column containing
the immobilized AAL at 0.1 ml/min (AAL Hitrap column 1 ml,
Bio Med Labs). EPO glycoforms carrying fucose were eluted
from the column by using L-fucose (Sigma) as a competitor
for binding to AAL. Four EPO subfractions were obtained by
applying a step gradient in PBS (Gibco, containing 154 mM
NaCl, 1.05 mM KH;PO4 and 3.0 mM NapHPOs, pH = 7.4), beginning
with 60 uM fucose (fraction 1), followed by 200 uM fucose
(fraction 2), followed by 400 pM fucose (fraction 3), and

ending with 1000 pM fucose (fraction 4). The first step of

the gradient lasted 10 min and the other steps lasted 5 min
with a flow rate of 0.5 ml/min. The UV signal at 214 nm of

the chromatogram showed that material eluted from the

column in every fraction (see Fig. 9f .0 5 ml portlons were
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differential staining with patent blue violet (5% and tri
tetrazoliumchloride (TTC). The coronary ligature is reti gﬂ%%&l‘zg?}g an

i ntravenous injection of patent blue violet is given to stain the normally
perfused regions of the heart. The heart is then renoved and bathed in
ice-cold saline before renoval of the atria, great vessels and right
ventricle. TRGeyeklsoventricle is sliced into thin secti pafnLo2@dss t he
unstained area-at risk -(AAR) is separated fromthe normally perfused blue
sections, cut into 1-2 nmB pieces, and incubated with TTC. Wth a

di ssecting mcroscope, the 68 26 APRIL 2006 WO 03/ 038100 PCT/ NLO2/ 00686
necrotic areas (AN, pale) are separated fromthe TTC positive (brick

red- st ai ni ng) célR@sed Aldd aweas ehréd@eaRynGat dbremare fdaRdaWeidghed

i ndi vi dual 'y, and infarct size is calculated. Exanple 14. |sol ation and
fractionation® BER C6' - EPO gl ycof orns containing a high al, 3-1inked
fucose contenthe bllige f wcfosbesqxecticbms Abelexchangednsing | ®d0khba ( AAL) was used

to preferentigldyodBir hish ) PR For P uIbNERHQELan Lhe edliclond-ew s x and/or

sialyl-Lewis X conten t was secreted into the culture nmedi um by
EPO pr oduci ngwé&teRcO6déntragkd sonndgbe hiamet mtdrogpedtd r2dm-c#0 Ipldethd ¥-and ot her

contam nants by, aff %%;%chgmegggggatfggg QBQVEW'p%le el onal anti bodi es

specific for human ee exanple 2). Thereafter, about 270 g (or 27,000
el) of the pufiyqaegse EPOrRaTehpee tdedie byld ted con dieBRamtEEa8e aphy procedur e
in which thetER®Onant ECRQpQSSWaelb@UMDEQI'Cﬁ‘ gol sparteanéAitakng the

EPO

i rmobi | i zed AAL_ at ra oI u 1 , Bi Med Labs).

gl ycof orns cal#5iN§ 'F%%&?@ﬂ\%‘? é’rglfﬂoé'(? ‘Frd‘ﬁﬁt 'cggiﬁnﬁe Wri¥&i ng L-fucose
(Sigma) as a sourplhicé osf therdififiedemty dldgdsicchioidesERD sadhf pasl i ons wer e
obt ai ned by was also presented.(see Table IX). The data demonstrate
that the fractlons eluting later from the AAL column
contain relatively more fucose residues. For example, the
fractions eluting later from the column are enriched in
glycans giving rise to peaks at 2507.9 and 2978.1 Dalton,
which contain 3 or 4 fucose residues, while glycans with a
mass of 1891.7 and.2215.8, which contain only 1 fucose
residue, are relatively underrepresented in these
fractions. Therefore, these fractions are enriched with N-
glycans having so-called Lewis X structures. The average
number per EPO-molecule of Lewis X structures on N-linked
glycans that was released using PNGaseF and detected with
MALDI-TOF MS was for this experiment: 2.2 for fraction 1,
2.7 for fraction 2, 3.6 for fraction 3, 4.1 for fraction 4.
The starting material contained 2.6 Lewis X structures per
EPO molecule. In an independent experiment with clone €25,
a fraction 4 was obtained (spectrum in Fig. 10B) that was
even more enriched for Lewis X structures, having 5.7 lewis
X structures on N-linked glycans per EPO molecule. This
method endbles one to purify erythropoietin from the

culture medium by employing the specific characteristics of
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applying a step gradient in PBS (G bco, containing 154 nM

KH2PO4 and 3.0 mM Na2HP04, pH = 7.4), beginning wth 60 Mft?t%é%“{ﬁ?%| on
1), followed by 200 Mfucose (fraction 2), followed by 400 M fucose
(fraction 3), and ending with 1000 M fucose (fraction 4). The first step of
the gradient lasted 10 mn and the other steps lasted 5 mn wth a flow
rate of 0.5 wblsnasieo The UV signal at 214 nm of the chr eqeNbgoess showed t hat
material eluted fromthe colum in every fraction (see Fig. 9). 0.5 m
portions were 69 26 APRIL 2006 WO 03/ 038100 PCTf NL0O2100686 collected and
two or three peak fractions were pooled (see Fig. 9). The buffer of the
fractions was exchanged using a | CkDa mcrocon (MIlipore) to 20 nM
phosphat e andthé@obtattansistionalemedificat iensedsoeh tdse Lewi® xmi crocon to 20 -

30 I. The N- Ltﬂl&%@lr%Y&%ﬂﬁhﬂ\’?&b%u&%ﬁacﬁedcéﬂ%”hhhﬁn%ﬁou?&cih%t@i’nN‘ gl ycanase
F treatment and desial ylated by neuram nidase treatnent. Representative

MALDI - TOF M5 Speroraced- (Thas q0gsi Berevsdo RatnileLY AhetsABRGF in Fig. 10A. The
relative abunéaiee einx{&tebdlérﬁpabgea flri gﬁ@;mcbafiﬂe&tn&u egchhoool was al so

pr esent ed (see Table | X) ... Th trate t thefractlons el uting
later from t HBERA et tnthe g‘?ﬁ%ege?“e p?v%CTSt F’rﬁans 7¢8%%" r esi dues. For
exanpl e, the médidfdcabienssl uting later fromt he colum are enriched in

glyeans of vi ng st peakeedly200Aoan ART8sdnPhl Qe YL contain 3

or 4 fucose resi cans Wt 1891. 7 an 2215 8, which
contain only 9f fEROps bt ?%Pélﬁ% Pr&ﬁ‘@“’r‘l@l“ﬁf—l’\f@'llyinﬁﬁ%leﬂi’ééi*%s'éﬁpeﬁ in these
fractions. Thpief orer21dE%@af aQlchons WAkR &dHdeeposhidvtbha Nor@liygans havi ng

so-cal l ed Lew s X Strcty 65, NS aYeraoe o IWiRel RS LEEQ Ryl e of Lewi s
on both ag}ennae. Fraction 4 contained about 8% of the
total EPO that had been eluted in fraction 1-4. This
indicates that the novel form of EPO with predominantly bi-
antennary GalNAc-Lewis x structures represents a low
abundant form of EPO, which can be enriched using the above

described method.

Example 15. Isolation and fractionation of PER.C6™-EPO
glycoforms with a high LacdiNAc content.

PER.C6™-EPO glycoforms carrying so-called lacdiNAc
oligosaccharide structures are specifically isolated by the
use of monoclonal antibodies against these lacdiNAc
structures. Mouse monoclonal antibodies such as 99-2A5-B,
100-2H5-A, 114-2H12-C, 259-2Al1, and 273-3F2 (Van Remoortere
et al, 2000) specifically recognize lacdiNAc structures and
are purified and coupled to CNBr-activated Sepharose 4B
beads according to procedures commonly known by a person
skilled in the art. PER.C6™-EPO that is secreted into the
culture medium by human EPO-producing PER.C6™ cells is
first.roughly separated from cell -debris and -other
contaminants by affinity column chromatography using

monoclonal antibodies specific for human EPO. Thereafter,
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gl ycans that was rel eased usi ng PNGaseF and detected with MALDI - % k/B was
for this experinent: 2.2 for fraction 1, 2.7 for fraction 26 APRIL; 0
fraction 3, 4.1 for fraction 4. The starting material contained 2.6 Lewis X
structures per EPO nolecule. In an independent experinent with clone C25,

a fraction 4 was obtained (spectrumin Fig. 10B) that was even nore
enriched for Lewms X structures, having 5.7 lewws X St LUE /#lfb&f&ﬁ%sson N-1i nked
gl ycans per WESB1%cul e. This nmethod enabl es one to puri
erythYopoietin-fromthe culture nmediumby enploying the specific
characteristics of 70 26 APRIL 2006 WD 03/038100 PCT/ NLO2100686 the
post-transl ati onal nodifications, such as Lewis x structures brought about

oy the cells the WhirgPsld%e8 04 &JuB: sebePERGRAond Nk ofigES,gHPVEr . NOt 1 mply

t hat ot her S cannot be enp proper purification of the
protein with Pn@ce(%%d@t éﬁhﬁFhe’a)e BB tmolegpkdsacrBFEINT AdediNAEat i ons. The

mat eri al el ut gdrddtulbaCddeOBotnd @Br smmnacmu@hld@rtﬂb DimcBP 2dgt  cont ai ns
predom nantIy N-Ilnked gl.ycans wi ss of -2185 kDa, which in turn

corresponds t 62 %ﬁp?’é‘?@lfﬁf’ %?ﬂ%ﬁlﬁré?]y aRl-tft?‘?ﬂ%éa KRR P LHFEITBR INAC- Lewi s X
structures onhdotlacantiennaedifcaetiwitudesaitt abhasimboot t®%eliurnhe t ot al

EPO t hat had be n, eI g&ffject@. f{rgq__rhl oplolw_%hr@ &F%\ﬁ?lﬁggg tshat t he novel

form of EPO wrt pre om nan - antenna X structures
represents a Pev\rywlguhhi%ritaCﬂeFm Gtr\mrem% e¢ntehdrenrihehedlumi ng t he

above descri heds NRLNEE. o EXNPe gl Ba1nNAZObA Nﬁ@h@ﬂﬂ: finagidenat i on of
PER. C62t - EPO ?%coform; with a high Lacdi NAc content PER C6TM EPO

gl ycofornms caf ceBatiflePed® | B QMR T8 Yo LAR U T8t ruct ures are
specifically naediNaedspacitfie antibodies. EPO glycoforms carrying a

relativelX.high percentage of lacdiNAc structures are
separatel;ieluted from the column by increasing the GalNAc
or lacdiNAc concentration step-wise or gradually during the
elution. EPO glycoforms with a relatively high percentage
of lacdiNAc structures are eluted at a.higher concentration
of GalNAc or lacdiNAc than EPO glycoforms possessing a
relatively low percentage of lacdiNac structures. In
accordance with the method described above, also this
method enables one to purify erythropoietin from the
culture medium by employing the specific characteristics of
the post-translational modifications, such as Lewis x and
lacdiNac structures brought about by the cells in which the

protein is produced.

Example 16. Isolation and fractionation of PER.C6™-EPO
glycoforms with a high GalNAc-Lewis x content.

PER.C6™-EPO glycoforms carrying so-called GalNAc-Lewis
X oligosaccharide structures are specifically isolated by
the use of monoclonal antibodies against these GalNAc-Lewis
x--structures. Mouse monoclonal -antibodies such as 114-5Bl-
A, 176-3A7, 290-2D9-A, and 290-4A8 (Van Remoortere et al.

2000) specifically recognize GalMAc-Lewis x structures and
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use of nonocl onal antibodi es agai nst these | acdi NAc structurg

monocl onal anti bodi es such as 99-2A5-B, 100-2115-A, 114- 2H12 éP@béﬁﬁl
and 273-3F2 (Van Rerportere et al. 2000) specifically recognize |acdi NAc
structures and are purified and coupled to CNBr-activated Sepharose 4B
beads according to procedures comonly known by a person skilled in the
art. PER CoTWwbleb@3sidnat i s secreted into the culture nmedCUNLAR04s6 AN

EPO produci ng PER C6T" cells is first-.roughly separated fromcell debris
and -other contamnants by affinity colum chromatography using nonocl onal
anti bodi es specific for human EPO Thereafter, 71 26 APRIL 2006 . WD

03/ 038100 PCT/NLO2 /00686 the purified EPOis subjected to a second

chr omat ogr aphgre prusttirg anfpcupled théENBPGatvated Serharase AR | acdi NAc

structures argeu QQcéfhﬁgC{% Lﬂmcé&ﬁte%' Bbrﬂ&ntlbekﬂxdm)hy' b&R@ns
| acdi NAc-speci fic nonocl onal anti bodr gl ycoforns  that |ack the

| acdi NAc st r udkirles o 16t 2bF ndERCE heEP@oF}L’ﬁ‘ﬁ] 1Saﬁ8°%ﬁt€dcb‘i“i°e€f“éd in the
f1 owt hrough. IEFP_QrghyéHIfL@rBﬁ hnﬁﬁhrmmrbdﬁﬁ:ﬂngcdnmﬂstcémm wses are el uted

fromthe colu tatroggllllglw et tegyfy%gg(ljl(;ag clzsoa;]ndsgpt hetic | acdi NAc

ol i gosacchari as a’C or f Of acdi NAC specific
ant i bodi es. E@@t@mnmm rlmf céﬁhytmgcq}umn&mebg'rdnhghument age of

| acdi NAC struglil 83,21 GantIBBAIA ShycHlidt sk fhmghtm Coh & FoYy | ncreaSI ng the
Gal NAc  or lacdi NAc concentration step-wi se or gra dual Ié%gdurl ng

el ution. EPO EryadFofhed BFPhiy stuQP%&‘ie\fjeF? %lsﬁﬁ%‘ér%ﬁ’t“% raghy | acdl NAC
structures argrédddiued bi whibh giner EE@rilb&EbtliBatsl aarrﬁfngGath;—méwisacdl NAc t han

EPO gl ycof orms possessin relativel e ent a | acdi Nac
structures. |f gtaccglrlr an%erewb?%nd?%e nect% esggl%m&g%r’)ove also this
met hod enabl esmmbalt@eqbtﬁallﬂycmnrbmmeetfw fiopaeldral antibodies.

EPO glycoforms that lack the GalNAc-lLewis x structures do
not bind to the antibodies attached to the column and are
collected in the flow-through. Bound EPO glycoforms
carrying the GalNAc-Lewis x structures are eluted from the
column at low pH or by using synthetic GalNAc-Lewis x as a
competitor for binding to the GalNAc-Lewis x specific
antibodies. EPO.glycoforms carrying a high GalNAc-Lewis x
content can be separately eluted from the column by
increasing the concentration of GalNAc-Lewis x competitor
step-wise or gradually during the elution. EPO glycoforms
with a high GalNAc-Lewis X content aré eluted at a higher
concentration of GalNAc-Lewis x than EPO glycoforms
possessing a low GalNAc-Lewis x content. Again, in
accordance with the methods described above, also this
method enables one to purify EPO from the culture medium by
employing the specific characteristics of the post-
translational modifications, such as Lewis x, lacdiNac or
GalNac-Lewis x structures brought about by the cells in
-which the protein is produced.- This -does--however, not imply

that other modifications with the (predetermined) post-
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cul ture nedium by enpl oying the specific characteristics of 2¢tfiRiL 2006
post-translational nodifications, such as Lewis x and |acdi Nac structures
brought about by the cells in which the protein is produced. Exanple 16.

| sol ati on and fractionation of PER C6' -EPO glycofornms with a high

Gal Il Ac-Lewi s x content. PER C6T"-EPO gl ycoforns carrying so-called

Gal NAc- Lewi swows/adsiogosacchari de structures are specifi cECTHLR28WB@At ed by the
use of nonocl onal antibodi es agai nst these Gal NAc-Lewis Xx-structures. Muse
nonocl onal - anti bodi es such as 1-14--5B1- A, 176-3A7, 290-2D9-A, and 290-4A8
(Van Renoortere et al. 2000) specifically recognize Gal NAc-Lew s X
structures and 72 26, APRIL 2006 WO 03/038100 PCT/ NLO2/ 00686 are purified and
coupl ed to CNEFansdeFiRReddm e HARbEE B Iads SRR Nt 8TPRYcedur es
comonl y knowputifipetsamef shd ppiretkim the art. PER C6TMEPO that is
secreted into the culture nedium by human EPO produci ng PER C6TM cells is
first roughly separated fromcell debris and other contam nants by affinity
col um chr onat ogr 8phwilis bagunderabeddbipal theast cboskidd spettief retf or hunan EPO.

Thereafter, tha RYEASRdcFEQrvensitl GGk &Skdn01 f1.5RGQ0E GlAkgMAL Ogr aphy
procedure in which the 'EPO nol ecul es carrying GalNAc-Lew s x structures are

bound to a coftiftled X RIAY TFMECTHRATBFPi 788 PEAIRAE- LaXgrign sigeci fi c

nmonocl onal anhéthadmesed tbPRr@HurtOborame/dhaturi dcdatida EnE¥ACwliav S X
structures do, not . bind.,to_the .antibodies attached.to the colum and are
Sol ot ed in PR EdE (hraacrer BBieer Ep0 ary eofor e uRad) Ty Ut he

Gal NAc- Lewi s khestapgotin @gdédee dlhanestiftr pepttides sy pemteins,owhipl or by using

synthetic Gal NAC-d QUi $seX 13St PeatGRFRAILEQE, d OF DAY A9yt 4 Be Gal NAC- Lewi s X
specific antibodies. EPO glycoforns carrying a high GalNAc-Lew s x

parts of the centfal- and periphéral nervous system and/or

other isch%mic/reperfusion damaged tissues, can be produced

by means and methods of the present invention.

Example 17. EPO with a low sialic acid content has a
similar potency as EPO with a high sialic acid content in
reducing the infarct size after middle cerebral artery
occlusion in rats.

The effect of PER.CE™-EPO and Eprex on the size of a
brain infarct, which was experimentally induced by the
occlusion of the middle cerebral artery (MCA), was studied
in F344/Ico male rats weighing 200-250g, using a method
similar to the method published by Sirén et al., 2001. The
right carotid artery of the animals was permanently
occluded whereas the MCA was reversibly occluded for 60 min
using a metal clip. Purified PER.C6™-EPO with an average
sialic acid content of < 6 sialic acids per molecule or
Eprex (Jansen-Cilag; commercially available EPO) with an
average sialic acid content > 9 sialic acids per molecule)
.was applied intravenously-at 5.min before the onset of the
MCA occlusion at a dose of 5000 eU (ELISA units) per kg
body weight. Notably, the sialic acid content of the
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content can be separately eluted fromthe colum by increasing the
concentration of GalNAc-Lewis x conpetitor step-wise or gra PB‘Hd%HQ%g
the elution. EPO glycoforns w th a high Gal NAc-Lewis x content are el uted
at a higher concentration of Gal NAc-Lewis x than EPO gl ycof orns possessing
a low Gal NAc-Lewis x content. Again, in accordance with the nethods
descri bed alwoesosgilogo this nethod enabl es one to puri f PCEHD2P6EM t he
culture nedium by enploying the specific characteristics of the post-
transl ati onal nodifications, such as Lewis x, |acdi Nac or Gal Nac-Lewi s X
structures brought about by the cells in -which the protein is
produced. - Thi s- doeg; however, not inply that other npdifications with the
(pr edet er mi neBHR %8st EPS %PAPP#{‘“‘ZGB’B‘?%%S‘Fdé'&?lGBaFGTPRIEéPZIP&%SG
transl ati onal mMquéC@Her@S Wbomlearplmdtﬁﬁ Bp@ﬁ)@BIc apwasfication of
the protein. [t w [ stog ﬁ_ Y, Lhose of skill in the art, that

I

al t hough the PFvER e%‘%%a eent i PsfEF Wit °ccf WP Exanpl es
concer ni ng EP@rntilnetpql é&emhelm@mlmf ithe rrrlijltall fhn edrrourpiioduttid on and/ or

purification géa ERCLW £43ioRr @l oB¥PPvle‘ﬁE@PJs%‘bF§&élcl§ a¥edid W other (human)
t her apeutic an or dlagnostlc pepti des and ei ns, which find use in

treating di soFeRavalopf tthe BEiRn THRRE BIIREF hrpéﬁfgr dhlet HéaJéb“nPﬁa he and
peri pheral neu/\piu,@ sy8&d &J@rand:éa&flne@tdwngl BN GoCtévpRar theimpadamaged tissues,

can be produced t invention. Exanple 17.
EPO with a | oﬁf %fi”& fgcesfﬁ g?ﬂqe F (%as g Hs] mﬁBParﬁbSFe’ﬁ%%/s ¥§TBPO with a high
sialic acid cosdeend quantidguchendntéaect wbawmds SFigs.af/Beandn7ddl. e cerebral
artery occlusion in rats.

The results in Figs 7A and 7B show that rats treated
with the P%R.CGT*-EPO and Eprex preparations displayed a
similar reduction in the infarct size compared to the non-
treated animals. Since the PER.C6™-EPO preparation has a
much lower sialic acid content than the Eprex preparation
this result demonstrates that a high Sialic content is not

essential for the neuroprotective activity of EPO in vivo.

Example 18. Determination of half-life of EPO in rats.
To determine the half-life of Eprex in vivo, male Wag/Rij
rats have been injected intravenously with 150 eU Eprex

diluted in PBS/0.05% Tween-80 to a final volume of 500 ul.

Just before the administration of the substrate, 200. pl of
EDTA blood was sampled as negative control using the
technique described in Lab. Animals 34, 372. At t=5, 15,
30, 60, 120, 180, 240, 300, 360, 420, 480, and 540 min
after injection 200 pl EDTA blood was taken from the
animals using the same technique. After the 1last blood
sampling, thé ‘animals were sacrificed. The specimen was

centrifuged at 760 x g for 15 min at RT within 30 min of
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The effect of PER C6T"-EPO and Eprex on the size of a brain.i farci whi ch
was experinmentally induced by the occlusion of the mddle @ér‘g%‘?*]é‘l qi]rﬁtery
(MCA), was studied in F344/1co male rats wei ghing 200-250g, using a nethod
simlar to the nmethod published by Siren et al., 2001. The right carotid
artery of the animals was permanently occluded whereas the MCA was

reversi bly o edsibef or 60 min wusing a netal clip. PuriptyRtozighdgs CoT" - EPO
with an average sialic acid content of < 6 sialic acids per nolecule or
Eprex (Jansen-Ci|lag; comercially available EPO) with an average sialic
acid content > 9 sialic acids per nolecule) .was applied intravenously-at
5.-mn before the onset of the MCA occlusion at a dose of 5000 eU (ELI SA
uni ts) per kg cohoeytismi.ghthe Noladiay, sddydesi addre avdstedonirentnofisohe 74 26

APRI L 2006 W03.03p10Q. PCTI NGB/ 00656, BER, CORI ERO-Rranatali gn gnioed from

I
. . .8pe C a . .
0-9 sialic acigs per ec&ie wher éas Epréex contalned nore an 8 sialic

acids per noligcabeh sAfipde- a 60-nmin period, the occlusion was terminated by
the renoval of the netal clip surrounding the MCA. Reperfusion was observed
m croscopically after the renmoval of the clip. Twentg-four hr |ater the
brains of the?S|$RARGIR dtig-whr FhExaRiTrade vkt F§e MRt F2VERI °t he Appar ent

Di f fusi on Coekpi&dt dnt tfARIpsanNtiERlapPpa. bIHeme ioehasveerepredantid® quantify
the infarct val s.(Figs. 7A and.7B).,.The results in Figs 7A and 7B show
that rats. tr ot SHE Pt HeTh et e e e e R ed Bt 2 885 0 spl ayed a
simlar reducthese inesthes iiff aartbespyimabapaied Epraxhbadon-hailfeat ed ani nal s.

Since the PER;CBdMHERQ P aRa fid @dr the FGRhOMGhaSEaldhe ALIA content
t han the Eprex Ereparatl on, this result denonstrates that a high sialic

content is notifefeRERH6 &R0 bt MeaahEist 9pERe itPe 3318 PFPYPI-EPO i n vi vo.

Example 19" The effect of E1A expression on the
glycosylation of EPO in HT1080 cells

HT1080 cells were stably transfected with expression
vectors encoding the adenovirus type 5 E1A (pIg.ElA.neo) or
E1A + E1B (plg.El1A.E1B; both plasmids described in US
patent 5,994,128) genes to determine the effect of the
expression of the adenovirus type S5 ElA and/or E1A + E1B
genes on glycosylation. To follow the glycosylation of a
marker protein, the cells were co-transfected with an
expression vector coding for EPO (pEP02001/neo). Control
HT1080 cells were transfected with the EPO expression
vector only.

The transfection was performed with lipofectamine (Gibco)
when the cells reached 70-90% confluency using 1.0 pg
pElA.neo or pElA.E1B and 1.0 pg pEP0200l1.neo per 7,85 cm?
dish. Medium was replaced at day 2, 3, 7, 10 and 13 with

selection medium containing DMEM, 1% NEAA (non-essential

aminoacids, Invitrogen), 250 pg/ml Geneticin (Gibco) and 10%
FBS. Preliminary experiments with stable ElA-transfected

HT1080 cells revealed that E1lA expression causes an altered
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Exanpl e 18. Determ nation of half-life of EPOin rats. To determ ne e
hal f-1ife of Eprex in vivo, male Wag/Rij rats have been inj (t-?'gt"g']éml‘io%
intravenously with 150 eU Eprex diluted in PBS/ 0.05% Tween-80 to a final
volume of 500 |. Just before the adm nistration of the substrate, 200 | of
EDTA bl ood was sanpl ed as negative control using the technique described in
Lab. Ani mal sW@8303g9® At t=5, 15, 30, 60, 120, 180, 24BCTM@F068s0, 420,

480, and 540 mn after injection 200 | EDTA bl ood was taken fromthe

ani mal s using the sane technique. After the last blood sanpling, the
animals were sacrificed. The specinen was centrifuged at 760 x g for 15 mn
at RT within 30 mn of 75 26 AF{&Q@L 2036 WO 0%1038100 PCTI NLO2/ 00686

col l ection. THFPRPASHA °LaldF ELIRr 1t S4PR AR LB 1 YHecific Elisa (R&D)
to deterni ne demcrébet eyt Fatsam eof aEPQ1I9N emeholsapied. tht shown in Fig. 8,

the decrease i fie. cANCRULE Ald O Gin EBPAnb0c4N1G RhgsTa di splays a

bi - phasi ¢ curve representing Istribution p ase and a cl earance phase. On
basis of theserphesedy s Wiith c%msbén@@{eldﬁﬁt"@jmﬁﬁ‘ata Eorek frd@chiomlf- [ife of

about 180 m nf&BJmhﬂgeﬁﬂ}%ssL@garcqeﬁes Wﬁﬁckl-ﬁgefbﬁl feiohéd € @k PER C6TM EPO i s
measur ed usi ng the sanme protocol The effect of EL1A expression on

the glycosyl 8968 BFTEPECksH 1FF1680 14c(%1“|l <ulipyped igeffeisldfe stably

transfected iﬁe%xn{@:ﬁ%@Qectm%@aﬁmeaeoﬁragld%h@o@denow rus type 5 E1A
(plg. E1A neo) or E1A + EIB céeg EL1A. El B; both gl asm ds described in US
patent 5,994, 128) EERTRIOWGIRBIGEIIP MEehac Tt t ObPaehd O%kBPessi on of the

adenovi rus typeedenkd foaE@O0In BEhA medliB wigmese oteldlsyBas \deathem. To fol | ow

the gl ycosyl ali,0n0f: fenclRr K85 WALOEldreh B16§' 19 bRl Gpofrdianst ected with
ELISA (QuantlklneO IVD human EPO-ELISA, R & D systems). The
EPO- producing cultures were scaled-up and analyzed for El1A
expression. Therefore, the cells were lysed in lysis buffer
(1% NP40, 0.5% deoxycholic acid, 0.5 % SDS, 150 mM NaCl, 20
mM Tris-HCl, pH7.5) supplemented with 1 tablet Complete
Mini proteinase inhibitors (Roche Diagnostics) per 10 ml.
The lysates were cleared by centrifugation for 10 min at
14,000g. Equal amounts (based on protein content) of the
cleared cell lysates were electrophoresed under reducing
conditions through a 10% BisTris gel (NuPAGE, Invitrogen).
Proteins were thereafter transferred onto a PDVF membrane
{P-Immobilon) using the Trans-Blot system of NuPAGE
(Invitrogen). The blots were blocked for 1 hr or o/n at RT
with 5% Protifar (Nutricia) in TBST, followed by an
incubation with monoclonal mouse-anti-human E1A IgG2 (clone
M73, Santa Cruz), diluted 1:400 in 5% Protifar/TBST, for 1
hr at RT or o/n at 4°C. The blots were washed with TBST and
incubated with a peroxidase-conjugated goat anti-mouse IgG
(Biorad), diluted 1:1000 in 5% Protifar/TBST, for 45 min at
RT. After washing with TBST the Blaté were stained using
the ECL plus system (Amersham Pharmacia Biotech). 55% of

77



expression vector coding for EPO (pEP02001/ neo). Contr ol I-Eﬁéﬁqu e)ﬂ'ﬂ% wer e
transfected with the EPO expression vector only. The trans on ‘was -

performed wi-.th |ipofectam ne (G bco) when the cells reached 70-90%
confluency using 1.0 g pElA neo or pElA E1B and 1.0 g pEP02001. neo per 7,85
cn2 dish. Mediumwas replaced at day 2, 3, 7, 10 and 13 with selection
medi um cont awoiosigssOVEM 1% NEAA (non-essential am noacPOBNLWAdsEE r ogen), 250
g/m Geneticin (G bco) and 10% FBS. Prelimnary experinments with stable
ElA-transfected HT1080 cells reveal ed that E1A expression causes an altered
76 26 APRIL 2006 WO 0 310 3 81 0 O PCT/ NL4) 2/ 00686 norphol ogy of the cells.
In line with observations described by Frisch et al. (1991), we observed
that a stablte 5G9 @98iiveof 1R HopEA Eg’é’néa’r Rfukhe EPYF PasitiFsr phol ogy. Wt h
this know ed@QAV\ﬁmdsn@s rreughl siehecidanexf¥ssEdA exprasstapdecl ones by

pickingflat Ione [ at,.d 14 and cultured in

24-wel I's %%PR}EJ& @% i ?)n é%#&gkg%%a%%s t?'}E%O produci ng cells

wer e sel ect ecéxpneinsll Blofatt hehigir éseeiceliopldsRr@ anfldtemmeshalgwhen the cell s

had reached %ug rr%f I E@ncy EPO was neasured using an EPO-specific ELISA
Vo' h

(Quanti ki ne | O-ELISA, R & D systens). The EPO producing cul tures
wer e scal ed-up anEPOaiap ypradiured quATl%@MFB%slHé'ﬁloaqﬁéfﬁeﬁB‘Pe anghe cells were

:\ééed 12 8 |mﬂ§i‘rlb%{%%.Efi—;/@ngéﬁon&l B9 @qggy&mhnyswl d‘h;a@ec%roe/(l) StDS %/150 mv
ris : uppl epent e | e nmpl et e ni

prot ei nase | r’fﬁFbﬁ‘T]c?rsg/E%b'cEﬁg)b% 85?1 ¢ 'E)%lroa?éEM B1BTHRO |5}88% es were

cl eared by cexieraddigaki BTl 080V ERQ orrioneaa33 1791@0Y) “puakederbuant s (based on

protein cont gt) ,of (106 gheM LY GEe kYSRGS 7WBIR Sl SELLQPNQGsed under

reduci ng
cells reached a 60-80% confluency, selection medium was

replaced by production medium (DMEM, 1% NEAA). This medium
was harvested after 3 days and cells were lysed with lysis
buffer. EPO was purified from the media according to
example 2.

The N-linked glycans of the various EPO preparations were
released by N-glycanase F treatment and subsequently
analyzed by High Performance Anion Exchange Chromatography
with Pulsed Amperometric Detection (HPAEC-PAD; Dionex). In
this particular chromatography system the EPO derived
glycan chains are separated under alkaline conditions on
the basis of their charge. As demonstrated in Fig. 12, the
glycans of EPO produced by the HT1080/E1A-EPO cells are
less charged than those of EPO produced by the control
HT1080/EPO cells which indicates that EPO produced by the
latter cells is more extensively sialylated than EPO
produced by the ElA-expressing cells. More detailed
information on the structure of the N-glycans was obtained
by MALDI-MS analysis of the sugar chains of the EPO
preparations. The N-linked glycans were released from the -
EPO preparations by N-glycanase F treatment and

desialylated by neuraminidase treatment. The mass spectra
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conditions through a 10% Bi sTris gel (NuPAGE, Invitrogen). Proteins were
thereafter transferred onto a PDVF nenbrane (P-1muobilon) us2cn4PRie2006
Trans- Bl ot system of NuPAGE (Invitrogen). The blots were bl ocked for 1 hr
or o/n at RT with 5%Protifar (Nutricia) in TBST, followed by an

i ncubation with nonocl onal nouse-anti-human E1A 1g& (clone M3, Santa
Cruz), dilutwe@oyess®0 in 5% Protifar/ TBST, for 1 hr at RTCTYL2®046at 4C. The
bl ots were washed with TBST and incubated with a peroxi dase-conjugated goat
anti-nouse 1gG (Biorad), diluted 1:1000 in 5% Protifar/ TBST, for 45 mn at
RT. After washing with TBST the blots were stained using the ECL plus
system (Amer sham Pharmaci a Bi otech). 55%of 77 26 APRIL 2006 . WO 03/038100
PCT/ NLO2/ 0068%f VRELBFOL5BEF IS EN A EEPoReP2IAH ¥V RA5F HRTEPD positi ve

El A E1B cl onegig.evsalmeit glgtamd sxmiwazsi on of EL1A (Table X). HT1060/ El A- EPO

and HT1080/ El A. E1B- EPO ¢ es that expressed EIA at _a. hi | evel displ ayed

a flat norphot'BgyS*%e3g° 2?%5‘1’5{??3.(00@\9@5)%%5 BreAUed rS@“ﬂT%%O/ EPO,

HT1080/ E1A- ERQgaandompdEie $0r EhAPELR BRPCtitd obesr¥eyt mghy cétllabdaaXl)si s.

Therefore, t 8 he! RN Q08.+ Lhe o FThAR804 ELB. clone 072
g})&Q Q(o%lgggf’%a i X)B ot Lo Gh FddhsELB. 0

and t he HT1080/ EPO cl one b was seeded af " 1/5 cn® flasks at
passage numbeprqdyfyd RY AheeportzohKI108ALRPO cellsy digiene f ramebhBEY

&ERTA I) ue%y, S@fd egbi bedﬂéﬁhum w?sdnflﬁ?loazgﬂf@br afd oﬁuols?mmﬁﬁ?m (gNE!V{ h1%

. 'S nedl u wa arvesteqa arter \'/ n ell s, Wer ysed w

e h but ferSEOLhhe T, TS DAPPTEA FRESHSE Bhan P PR Bl e 2. The
N-1inked gl ycears letteheeldsimaseERO pedpurelyohssavbegoseelagdsed by .
N-gl ycanase Fréfa%%w%tmoqeddemt k¥mp 28l ¥& 8Py - shLqREy f Or mance Anion

Exchange Chronat ogra _
the control cells. In addition, glycan structures with a

relativelyéiow mass containing a relatively high amount of
hexosamines and deoxyhexoses were found in EPQO produced by
the HT1080/ElA-EPO and HT1080/E1A.E1B-EPO cells. Some of
these were absent in the EPO produced by the control cells.
The mass profiles of the glycans of EPO produced by the E1A
and E1A + E1B expressing HT1080 cells are similar to that
of the glycans of EPO produced in PER.C6™ cells (see
example 3) suggesfing that the glycans of EPO produced by
the former cells contain Lewis x and LacdiNAc structures,
and structures that lack terminal galactoses.

To confirm that EPO produced by the E1A and E1A + EIB
expressing HT1080 cells contains more fucoses and GalNAc
than the EPO produced by the control HT1080 cells a
monosaccharide analysis was performed. Therefore, the N-
linked glycans were released from the EPO preparations by
N-glycanase F neuraminidase treatment, and thereafter
hydrolyzed and analyzed by HPAEC-PAD. Fig. 14 shows the
monosaccharide profiles of the EPO glycans, normalized for
-the- amount of-mannose. The-data show-that the N-linked

glycans of EPO produced by the El1A and El1A + E1B expressing
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wi th Pul sed Anperonetric Detection (HPAEC-PAD;, Dionex). In 2B£}é@m ul ar
chromat ography systemthe EPO derived glycan chains are sep r-
al kaline conditions on the basis of their charge. As denonstrated in Fig.
12, the glycans of EPO produced by the HT1080/El A-EPO cells are |ess
charged than those of EPO produced by the control HT1080/EPO cells which

i ndi cat es t h¥O %% oduced by the Tatter cells is nor ECENLEAE el y
sialylated than EPO produced by the ELlA-expressing cells. Mre detailed
information on the structure of the N-glycans was obtained by MALDI - M5
anal ysis of the sugar chains of the EPO prepa-rations. The N I|inked

g-lycans were rel eased fromthe PQ _preparations by | ycanase F treatnent
and desi al yl cé?];tf E'J?g‘?ﬁe PEA? Ei'sderlgga 1rv2eg ﬁ’e’ﬂ? a’?%"éntr?aggiglp &Y raél%78 26 APRI L
2006 WO 03/ 03&10@cPCTI NLO2/ 00686 of various representative EPO preparations

are shoun 1N ofd tasd3pcbEs ke ABRML RELIAIL aaf YN BXPAS XuGhLd00! S/ ol yeomDd)
e sugar co b th

was used to predict t nposition on basis o e Observed nass
(Table XI). that 88O Pxiduged Hat thad¥aasd FPgéct il erriteigpyedds of EPO

produced by t b&htaoRt kol iBTd 0BQUERG &Aldbes dithf enspdritohdd0agta,0f EPO produced
by the HT1080/ E1A- EPO and HI1080/ E1A. E1B- . EPO ceJFf!&s?. The ,qass spectra
reveal ed t hat “EPEPRrBRPEEATHIPS FRES IHLRETY ol s G ENC Y Pt ati vel y | ess

hexoses and (&im®hiviedal)nol eaiagx ydeniasbsalphapar 2 tintoa @ produced by the
ontr ol o8 Spuddheaflidn, BLOLERR. S VEL WSS K LA oL gl el vl oW s

I
containing a relative I gh-anoun exosar ni nes anglygeox hexoses were
found i n EPO MalstuMecrrsy the heesytt o gGyrEl eiEROd Ndl YHT tD8 O7eBLAL£1B- EPO cel | s.

Some of thesg,:eE8 ARMEREOIfrebhBatERAsPFIRAUGEH: Mot Berf2RbE Ao Cel I's.  The

mass profiles of the gl ycans of EPO produced bg the ELA
the alpha-fucosidase treatment. Fig. 15 shows that after

the alpha—#fucosidase treatment peaks that represent N-
glycans with antennary fucoses decreased and peaks that are
derived from these structures increased. For example, peaks
with m/z values of ~ 2038 and ~ 2184 decreased, while the ~
1892 peak increased.

Collectively, the data show that the expression of
adenovirus E1A alone or together with E1B can change the
glycosylation profile of cells. The observation that the
expression of E1A alone is sufficient for this change
indicates that ElA is responsible for this change. The
changes in glycosylation typically include the formation of
Lewis x, LacdiNAc, and GalNAc-Lewis x structures. Many ElA
and El1A + E1B expressing HT1080 cells have been
characterized and the majority of these cells produced
glycans that possess these characteristic glycan
structures. Yet, the abundance of these structures,
compared to the glycan structures that are produced by the
HT1080 parental cells, varied (data not shown). The
-abundance of the glycan structures correlated largely to
the expression level of El1A. This indicates that the extent

to which the glycosylation profile is influenced by ElA is
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and El A + E1B expressing HT10BO cells are simlar to that of s of
EPO produced in PER C67' cells (see exanple 3) suggesting trﬁﬁxﬁﬁﬂ‘%@&gans

of EPO produced by the forner cells contain Lewis x and Lacdi NAc
structures, and structures that |lack term nal gal actoses. To confirmthat

EPO pr oduced El A and EtA + EI B expressing HT108 gnt ai ns nore
fucoses and @I%N&éﬁmt han t he EPO produced by the control C&@fﬁ%géel ls a

nonosacchari de anal ysis was perforned. Therefore, the N- |linked glycans were
rel eased fromthe EPO preparations by N-glycanase F neuram ni dase
treatment, and thereafter hydrolyzed and anal yzed by HPAEC- PAD. Fig. 14

amoUnt  of - mandage fr o Rt 2 S8 fvet Fr ot ME R SR O ErO
produced by teepTEsAednd El A + E1B expressing 79 26 APRIL 2006 WD 03/ 038100

PCT/ NLO2/ 00686 cel | s i ndeed possess relatively high amunts of fucose and

Gal NAC. The mass é]ra and nosgc hari de dat stronﬁ%g’r est that EPO
produced by t ° x'é’f'e §?“?1’d"°€8 fEic 8§ Iti pl e fucose
resi dues. To eeRus™t-EPbcaet daowpo akea BHAghpdegear at i ons were treated with

al pha-f ucosi d@ﬁe hf% L oo Ole@gl%t%eaw()qg%gggm% %b%e ang al pha 1-4

fucose resi dues. efe WEeT € ana M5 and t he
results were tomsdsedndvicompard rwe!-:bulli@ debivsidn&gort rthES’@!‘félrnepaJr atl ons that

were not subj g¢4.80 cb01s tBo2kIE)A- TS QGiodRsE ﬁr@ﬁ@fi@%s fige 15 shows that
after the al pha-, fucosi dase treatnent peak represent, N- glycans with

ant ennary fucﬁ’é%%e“deéjr)e%éaxahﬁ‘“ﬁéﬁl&lllaﬁét wyigh i3 GeE T It these
structures inagveasble feomPX@ar eHOfEFEKeitWad high zsiwalivesciaf - 2038 and -
2184 decreaseQOntenklgnétva) frCHO-EPQO, a CHO-EPO preparation with a
lower (similar to that of PER.C6™-EPO) sialic acid content
(see Fig. 16), which was obtained by producing EPO by CHO
cells and subsequent purification of these poorly
sialylated isoforms by chromatographic methods as described
in examples 2 and 3, and EP 0428267.

The study was performed with four groups of six WAG/Rij
rats. A single dose of 5000 eU (ELISA units, as determined
by the commercially available EPO-specific R&D Elisa Kit)
per kg body weight Eprex, frCHO-EPO, PERC6-EPO or diluent
buffer (as control) was injected intravenously in the
penile vein. A1l EPO preparations were diluted to the
proper concentration in diluent buffer (PBS, 0.03% Tween-

80, 0.5% Glycine) in a total volume of 500 pl. After four
days 250 pl EDTA blood was sampled by tongue puncture. At
the same day the blood samples were analyzed for the
heamatocrit and the percentage of reticulocytes in the
total red blood cell population using an automatic
heamatocytometer.

" ~The hematocrit levels werw determined and expressed as

a volume percentage of packed red cells, obtained by
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1892 peak increased. Collectively, the data show that the expressi f
adenovi rus E1A al one or together with E1B can change the gﬂﬁ@%§§péﬁﬂ5§»
profile of cells. The observation that the expression of ElA alone is
sufficient for this change indicates that ELIA is responsible for this
change. The changes in glycosylation typically include the formation of
Lew s X, Lacgbbidszsie@nd Gal NAc-Lewi s x structures. Many pEd¥wLoddeéslA + E1B
expressing HT1080 cells have been characterized and the majority of these
cells produced glycans that possess these characteristic glycan

structures. Yet, the abundance of these structures, conpared to the glycan
structures that are produced by the HT1080 parental cells, varied (data not
shown). The (dlabuntaniog of thHeebiibgaAFigt rivot uTles meeuies ated largely to the

expression |e FIA I Sopl AEMC h h .an t. ich the
gl ycosyl at i on‘YeS‘lr%??f e sfhi:[ﬂf%&éggﬂ;?%o;%&%fgc%‘bsgp §5li50het “S5HEL Vo 05 038100
PCT/ NLO2/ 00686'd depligrrdepenteenes dirreledidkvel at which the EtA gene is

expressed. ExadmheweOin $2§PaAIY,S0P0 Afndhibed Reangh oPRIagt i thdehbyify of
PER. C6TS- EPO and CHO EPO at a hi gh dose. The heanat opoi eti¢_activity of
PER. C6TM EPO Tis CHLR &YYhi ABYPES FOTRAEahy X&0ipairdld SRCEhv e8P attved from

Chi nese. hanstiguffeavadly.CBbtex (aCHCG H£ROFEPT Wi sEHy&P@ piefiarrat i ons were
chosen; (1) Epr. anse j | ich is_a co rchally. avail able

r econbi nant Ogb%éﬁg%m&t'h@%%is&%)“g}%og Vé%ﬁ'sc?lgg%)ﬁn%ﬁlt% ntlaigpﬁf frCHO EPO, a
CHO- EPO pr epafeil-8A1 Withlanain |BFREF-FRN irealredt gnimalts.of PER C6TM EPO) sialic

acid content g¢888tFbM-oflEhe RMAI EbntiRT PPl @eNSE: 110 1BEPERIC AR kRO by CHO

cell s and subsequent purification of these poorly i
us to determine their degree of maturity. The immature

reticulocyte fraction (IRF) is shown in Fig. 19. Eprex-
treated rats revealed significantly higher percentages of
immature reticulocytes compared to control rats. This
indicates that the formation of reticulocytés stimulated by
Eprex is still ongoing after four days of injection. This
effect is less pronounced or absent in the frCHO-EPO and
PER.C6™-EPO-treated rats, respectively (Fig. 19).
Collectively, the data show that all three EPO preparations
induce the formation of reticulocytes; yet, the duration of
the effect was the longest for Eprex and the shortest for
PER.C6™-EPO while frCHO-EPO displayed an intermediate
effect. This suggests that the low heamatopoietic effect of
PER.C6™-EPO is not only due to its low sialic acid content

but also due to other glycan features.

Example 21. Detailed structure analysis of the N-glycans of
PER.C6™-EPO

Mass signals, obtained by mass spectrometry, cannot always
be unambiguously assigned to a certain sugar st£ucture, due
to the-fact that. various isomeric structures may exist. To

obtain further information on the structure of the N-linked
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sialylated i soforms by chromat ographic nethods as described in exanples 2
and 3, and EP 0428267. The study was performed with four groudsABRIs2006
WAG Rij rats. A single dose of 5000 eU (ELI SA units, as determned by the
comrercially available EPO specific R& Elisa Kit) per kg body wei ght

Eprex, frCHO EPO PERC6- EPO or diluent buffer (as control) was injected

i ntravenouslwobwosesstee penile vein. Al EPO preparationspaeNeR26dat ed to t he
proper concentration in diluent buffer (PBS, 0.03% Tween- 80, 0.5% d yci ne)
in a total volume of 500 pl. After four days 250 | EDTA bl ood was sanpl ed
by tongue puncture. At the sane day the bl ood sanples were anal yzed for the
heamat ocrit and the percentage of reticulocytes in the total red blood cell
popul ati on usilygamn ofuPBREAE C-EPRe agratcoc ged rexbgl ycosidesecimeabmentts | evel s were

determ ned ang exPIARKSEE™ASpo haVe! M, gﬁlgfcg;;_h@ge of packed red cells,
obt ai ned by 81 26 APRIL 2006 . WO 03/038100 PCT/ NLO2/ 00686 centri fugi ng of

the bl ood (Fifgrsty)erdpgbyeideee Foeadnstacat Enih&nzPreR @63Y$S EPO and
f r CHO- EPO di Ghet@ben a4CE1cAe rEeIBI«RCHE ttheWheilamobPl ordi 8f HAghshown in

Fig. 18, EPO induced a significant increase in _ reticul ocyte counts conpared
to rats that PEERPYEF B?T%é naﬁﬁf@é‘PE%’hIWeElﬂ)—r]é‘)??‘ﬁﬂdglﬁfy i':%@'di spl ayed a
simlar stimo)atioronthast Mol ABGade BN evalogdygesifdasantd yoke giver  ( p<0. 001)

than in PERCR:BEGeY.0al 8 Al T8k ennda) UAYCORs Ofnd Uy Fﬂ}‘r%sCQQ.tfs{/éfu in the

reticulocytes allowed us to termne T degree of naturi The
i mmature retticdieesiminptadigtyaet IHF) and Whowke a2 -EREERREY EHHER- treat ed
rats reveal edstshgbhddscanhl widli gherhPORCONtspgesrHlarel prafautedr&t i cul ocytes

conpared to CPOErl}:[ngJ”—é% St'rel-@(iadS either with PNGase F or with
endoproteinase F2. When comparing these spectra, it should
be kept inghind that the glycans released by
endoglycosidase F2 are smaller than glycans released by
PNGase F. This is a difference of a GlcNAc and fucose
residue (349 Da) and is due to the different cleavage sites
of the enzymes (see Fig. 20).
All structures observed in a PNGase F digest at m/z > 2185
are tri- or tetra-antennary structures, since none of these
glycans is observed in the endoglycosidase F2 digest. Most
structures at lower masses, i.e. m/z 1485, 1648, 1689,
1835, 1851, 1997, 2038, and 2185 have a corresponding peak
in the endoglycosidase F2 digest and are bi-antennary. It
is possible that also some isomeric tri- or tetra-antennary
structures are present, but this is not much since peak
ratios in both spectra in Fig. 21 are largely comparable.
The spectrum of the endoglycosidase F2 digest lacks the
peaks corresponding to m/z 1892 and 2054 in the PNGase F
spectrum. This proves that these peaks represent glycans
that are not bi-antennary, but instead tetra-antennary
without or with one galactose residue, respectively. These
data confirm that PER.C6™-EPO contains glycans with

terminal GlcNAc.
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indicates that the formation of reticulocytes stinulated by)¢E0prit. 2006Sti | |
ongoi ng after four days of injection. This effect is |ess pronounced or
absent in the frCHO EPO and PER C6TM EPO treated rats, respectively (Fig.
19). Collectively, the data show that all three EPO preparations induce
the formation of reticul ocytes; yet, the duration of the effect was the

| ongest for WEOERSHWNd t he shortest for PER C6T"-EPO whPCENEREGES EPO

di spl ayed an internediate effect. This suggests that the | ow heamatopoietic
effect of PER C6TH EPOis not only due to its low sialic acid content but
al so due to other glycan features. Exanple 21. Detailed structure analysis
of the N-glycans of PER C6T" -EPO Mass signals, obtained by nass
spectronetry, cannot always be unanbi guously assigned to a certain sugar

structure, dugxt} Oeiddi@ytastdaskBateréatsaiitol smi.rclﬁerstmgw@&hgay exist. To
obtain further infor t| on on t structure e N-I| w2 26 Aran. 2006
ot S efPAeBnEr oL 36O

WO 03/ 038100 'PETYREDZ 66%%39’1 §“8fw‘?5|‘—3R nd-to
exogl ycosi dassy Preatergntsd dﬁ‘smhxelal%ER GERY- ERGahduiddzesen enpl oyed. First,

endogl ycosi d ;u Kogafe smbfese%wetr%@@y%athb&f 2nl he G cNAc

resi dues of t core I gh nmannose or bi-antennary conpl ex
type N-Ii nkedC@P%aW@n(sFPé thezé?lquﬁn@o?mgéS@O%léamse F, endogl ycosi dase

52 does not glgayegatllrglctogfd;tsetranm eélrb%ﬁr)ésghb!w&ilu@ﬂﬂg Carerniitg) be usled to
i scrimnate between bi t a-an y structures n
Fig. 21 the MALDI S3pct Féa\m {?P %3?1 d@d gf‘hﬁ}SE é(i% Eb%‘etrreeé‘tzé’aeeither With
PNGase F or with eatdepr cabpirdseiskhgedhen conparing these spectra, it should
s be kept in mé‘)dBS\hi.q{[e tkggncg} y&%ﬂéo!i%ﬂagé‘,s%i%}{ cleaves ol-2,3,4 and

6 linked fucose from N- and O-glycans. It cleaves al-6
linke§> fucose on the trimannosyl core of N-linked
glycans more efficiently than other «-fucose linkages.

3) Almond meal o~fucosidase, which cleaves non-reducing,
terminal al-3 or al-4 fucosidase residues.

4) R-N-Acetylglucosaminidase (GlcNAc-ase), which cleaves
non-reducing, terminal B1-2,3,4,6-1linked N-
acetylglucosamine from complex carbohydrates. It does
not cleave N-acetylgalactosamine residues.

The linkage-types expected on PER.C6™

-EPO glycans are shown
in Fig. 22. The galactosidase and fucosidase incubations
were performed simultaneocusly, i.e., during fucosidase
incubation still active galactosidase was present. Further
GlcNAc-ase treatments were performed when galactosidase and

fucosidase had lost their activity.

In Fig. 23 the results are presented for the galactosidase
treatment. In this figure the m/z values and relative

intensities are given of all peaks in the spectrum, which
have a relative intensity (i.e., height of peak divided by

the summarized heights of all peaks) of 5% or higher. The
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endogl ycosi dase F2 are snaller than glycans released by PNGase F. This is a
difference of a G cNAc and fucose residue (349 Da) and is du2e APRIN2006
different cleavage sites of the enzynes (see Fig. 20). Al structures
observed in a PNGase F digest at mz > 2185 are tri- or tetra-antennary
structures, since none of these glycans is observed in the endogl ycosi dase
F2 digest. Mpobswssfos UuCtures at | ower masses, i.e. Mz 148bnNLobdd8s 1689,
1835, 1851, 1997, 2038, and 2185 have a corresponding peak in the

endogl ycosi dase F2 digest and are bi-antennary. It 1is possible that also
sonme isoneric tri- or tetra-antennary structures are present, but this is
not much since peak ratios in both spectrain Fig. 21 are largely
conpar abl e. pkhgosgketlyoan cft ribeuresdegt vioas catasse aB2welilgeShe | padks t he peaks

corresponding e gl 1892, A 200 ool e RIS Eur spaS Wl Tl o Proves

that these peaks repr esent are not ant ennar but i nstead
t et r a- ant enna@fyervgallactesisiasg treatientaladbedsdqtesivans compprist-i vel y. These

data confirmghats RERGOIAERR CoNbak BSi dils¥Cadss Wothrellealisli nal GlcNAc. 83 26
APRI L 2006 WO 03/ 038100 PCT/ NLO2/ 00686 Next, exqglycosidases were used to

further invesPilgstess Heen R JPgesh 1St PERISRtesn "@eyéﬁh%‘:%r Elf¥%ased from

PER. C6TM EPO reléydllﬁNG&S)ﬁe R Ardntdesiazlyybnfets U§ééi(@adn euraifedir daster

Subsequent | Yor the wer. e treagzeglm)/vl 3}889 f Lent_ COfTbIgI%;[I ons of the
ac

ase treatm
f ol | owi ng exoé‘leygo& ases 1) a 0si dase, |ch ¢ 4VE%° dn- r educi ng,

term nal GalqoBktandiGadNAg QWC@#Q&I whEh MNas mnattrh’f-eghép azyne ratios

Gal (3l -3 |inkaggsae 1%) B0 ﬁ%clsbmﬁxe(gréptaeggicqa%emmt%dﬂ@aves al-2,3,4

and 6 linked fucose from glycans. It cleaves al-6
glycans (data not shown).

The galactosidase-treated glycans were then subjected to
fucosidase treatment (Fig. 24 and 26). In case of bovine
kidney fucosidase, this resulted in a 146 Da shift of all
peaks in the spectrum. This is the mass of a fucose
residue. Since this fucosidase preferably cleaves al-6
linked fucose residues, and since all peaks lose only one
146 Da-unit, this indicates that all glycans contained a

core fucose.

The galactosidase-treated glycan pool that was subsequently
incubated with almond meal fucosidase gave a relative
simple spectrum (Fig. 25 and 26). All fucose residues were
removed from the antennae, leaving only singly ({(core)
fucosylated glycans. The remaining terminal galactose
residues were also removed because the galactosidase was
still active during the fucosidase incubation. After
GlcNAc-ase treatment of the de-fucosylated glycans only
four peaks were left. The major peak was observed at m/z
-1079 and represents the fueosylated trimannosyl core. The
peaks at m/z 1485 and m/z 1891 confirm the presence of

GalNAc residues in the antenna, since this residue is not
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| i nked fucose on the trimannosyl core of N-linked glycans haaent |y
t han ot her a-fucose |inkages. 3) Al nond neal a-fucosidase, &ﬁf%ﬁﬁyiggggs
non-reducing, termnal al-3 or al-4 fucosidase residues. 4)

(i -N-Acetyl gl ucosam ni dase (GLcNAc-ase), which cleaves non-reducing,
termnal (il-2,3,4,6-1inked N- acetyl gl ucosam ne from conpl ex carbohydr at es.
It does notwolozesswo N- acet yl gal act osam ne resi dues. TherCT/Rigagesd ypes
expected on PER C6T"-EPO gl ycans are showmn in Fig. 22. The gal act osi dase
and fucosi dase incubations were perfornmed sinultaneously, i.e., during
fucosi dase incubation still active gal actosi dase was present. Further
GLcNAc-ase treatnents were perfornmed when gal act osi dase and fucosi dase had
| ost their ademeved byl BheiGcN2g-as¢e TR peal aly @/pr b&EnPEaveothehe

gal act osi dasgrebéQal BBNLacddahltes rbhoM L the JHiacvaldignsanchveel ative
intensities are given of all geaks In the sPectru whi ch have a rel ative

. m
intensity (i 280 HHirgAtd dtY gedk Moy AdE R pgaiadtesdtatmtireatreidi-ght s of all
peaks) of 5% or higher. The 84 26 APRIL 2006 WD 03/ 038100 PCTI NLO2/ 00686
proposed glycan structures are indicated as well. The peaks that were
assigned to gal actosyl ated structures had shifted after gal actosi dase
treatnent, albeit not always conplete. It was found that the gal act osi dase
does not rel ease gal actose when a fucose is present on the adjacent GLcNAc
residue. Some tri-antennary glycans seened to appear after the
gal act osi dase treatnent (nfz 1689). This was caused by contam nating
A cNAc-ase, which was denonstrated to be present in the gal actosi dase
preparation using standard glycans (data not shown). The
gal act osi dase-treated gl ycans were then subjected to
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fucosi dase treatnment (Fig. 24 and 26). In case of bovine kidney fucosidase,
this resulted in a 146 Da shift of all peaks in the spectrur2é APRH. 2606 he
mass of a fucose residue. Since this fucosidase preferably cleaves al-6

| i nked fucose residues, and since all peaks |ose only one 146 Da-unit, this
indicates that all glycans contained a core fucose. The

gal act osi dasge bym@dsibed gl ycan pool that was subsequent| ypci/Rcb@&ied W th

al rond nmeal fucosidase gave a relative sinple spectrum (Fig. 25 and 26).

Al'l fucose residues were renoved fromthe antennae, |eaving only singly
(core) fucosylated glycans. The remai ning term nal gal actose residues were
al so renoved because the gal actosi dase was still active during the

fucosi dase | rerHrNcesn. After G cNAc-ase treatnment of the de-fucosyl ated

gl ycans only four peaks were left. The major peak was observed at niz

. 1079 and represent st f ueps e tringﬂp yl e...The aks at mz
1485 and MZR 10 %ﬁ%ﬁgi?ﬁi Eg’.ﬁeﬁ%) gEa%ancglf n lff 0 gn heggt he ant enna,
Since this 185 Las Rl o, 2R AL docs 00" -0 FASy BTN A2y 00686
renoved by tpgGLCNAET aSE 26 fe peak” at z 1444 proves tJﬁe presence of
| act osam ne repeats: the gal actose nust have been shielded by a GLcNAc
during gal ackgsidirRsgc} rgalriené .B,8andérs0RRbk, 2388rNA0I 888100 PCT/ NLO2/ 00686
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protein).

Is a general marker of cells originating in the
mesenchyme.

) Expressed during skeletal muscle development.

Desmin ) Cytoskeletal intermediate filaments (= structural
protein).

Expressed during skeletal muscle development.

s.m. actin Smooth muscle cell actin.

Stains smooth muscle cells and myo-epithelial cells.
Synaptophysin Reacts with neuroendocrine cells.

Chromogranin Acidic glycoproteins that are widely expressed within
secretory granules of endocrine, neuroendocrine and
neural tissue.

ek H

—D

NSE Neuron specific enolase.
Labels cells of neural and neuroendocrine origin
Neurofilament Reacts with phosphorylated neurofilament protein and

Labels neural processes and pheripheral nerves as
well as symphataetic ganglion cells and adrenal
medulla.

GFAP (polycon) Glial Fibrillary Acidic Protein.

GFAP is specifically found in astroglia, which are
highly responsive to neurologic insults. Astrogliosis
is found to be a result of mechanical trauma, AIDS
dementia and prion infection and is accompanied by an
increase in GFAP expression. Immunohistochemical
marker for localizing benign astrocyte and neoplastic
cells of glial origin in the central nervous system.
CD31 Reacts with PECAM-1.

Present on platelets, monocytes, granulocytes,
lymphocytes, endothelial cells.

CD34 Recognizes O-glycosylated transmembrane glycoprotein.
Expressed on hemopoietic stem cells, vascular EC,
embryonic fibroblasts, some cells in fetal adult
nerve tissue.

N-CAM Neuronal cell adhesion molecules.

N~CAM is involved in cell-cell interactions during
growth.
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CD31 Colon
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N-CAM (CD56) Colon
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actin. Stains snmooth nuscle cells and mo-e ithelial cells. APRIB 2006

si nReacts with neuroendocrine cells. ChronograninAcidic glycoproteins that
are widely expressed within secretory granul es of endocrine, neuroendocrine
and neural tissue. NSENeuron pecific enol ase. Labels cells of neural and
neur oendocr iwxeodmssigt N Neur of i | ament Reacts wi t h phosphor PCENEZ/¢8wr of | | anent
protein and Label s neural processes and pheripheral nerves as well as
synphat aetic ganglion cells and adrenal nedulla. GFAP (polycon)dia
Fibrillary Acidic Protein. GFAP is specifically found in astroglia, which
are highly responsive to neurologic insults. Astrogliosis is found to be a
result of me&@akd® d&F traumm, AIDS denentia and prion infection and is
acconpani ed by an increase in GFAP expression. | munohi stochem cal marker
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Desmin Sanbio Mouse IgG MON 3001 1:50

s.m. actin Biogenex Mouse IgG2a MU128-UC 1:150

Synaptophysin Dako Mouse IgGl MO776 1:50

Chromogranin Biogenex Mouse IgGl MU126-UC 1:150

NSE §7 Dako Mouse IgGl M0873 1:250

Neurofilament Sanbio Mouse IgG MON3004 1:300

GFAP (polycon) Dako Mouse IgGl M0761 1:200

CD31 Dako Mouse IgGl M0823 1:60

CD34 Biogenex Mouse IgGl MU236-UC 1:20

N-CAM (CD56) Neomarkers Mouse IgGl MS.204.P 1:10
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WO 03/038100 Table Il Marker proteinControl til Se Pan-keratj n

carci noma EMACol on carci noma 5100Pancreas Vi nentinTonsi | Desifﬂn%%gﬂbﬁog m
actinTonsi| Synaptophysi nPancreas Chronograni nPancreas NSEPancr eas

Neur of i | anentt Col on GFAP (pol ycon)Brai n CD31Col on CD34Tonsi| N CAM

( CD56) Col on PCT/ NL0O2100686 94 26 APRIL 2006 WD 03/038100 Table I11

PCT/ NLO2/ 006®®obBiskd | P=?"toin .8uPPll' aT . .. Anti bodyi/NLEAbags | OC . .
aYAati bbdt . -..-dd.7utidtt Pan-keratinBi ogenexMuse | gGLMJ071-UCL: 200
EMADakoMbuse | g&2aM)6131: 50 5100DakoRabbi t Z03111: 3000 Vi nenti nBi ogenexMuse
| gd@ MJO74- UCL: 3200 Desm nSanbi oMbuse | gGVON 30011: 50 s. m acti nBi ogenexMyuse
| g&2aMJ128- UCL: 150

Table IV

‘Marker pfotein ' [8dore
ééﬁ;keratin' 4 - Neéalfilvel
EMA Negative
s100 Negative
Vimentin Positive
Desmin Negative
s.m. actin Negative
Synaptophysin Positive
Chromogranin Negative
NSE Negative
Neurofilamefit Positive
GFAP (polycon) Positive
CD31 Negative
CD34 Negative
N-CAM (CD56) Positive
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Synapt ophysi nDakoMouse | gGLM)7761: 50 Chr onpgr ani nBi ogenexMuse

| gG@ MJ126- UC1: 150 NSEDako.. =p then we wonder around... haah2& ARRIL 2046 S0
into bed haahaa... that he kept saying "why the bed al | seens Mouse

| gGLMD8731: 250 Neur of i | anent Sanbi oMouse | gGVMON30041: 300 GFAP

(pol ycon) DakoMouse |1 gGLM)7611: 200 0031DakoMouse |1 gGLMD8231: 60 CD34

- Bi ogenexMouwe o3/@€ibd1J236- UCL: 20 N- CAM ( CD56) Neonar ker s MposaL2@0s80/5. 204. 81: 10
95 26 APRIL 2006 WD 03/038100 Table IV Marker geoti G n9btl ;r

Pan- ker ati nNegati ve ENANegati ve S100Negative VinentinPositive Desm nNegative
a.m actinNegative SynaptophysinPositive Chronograni nNegative NSENegative
Neur of i | anef % Posi tive GFAP (pol ycon)Positive CD31Negati ve CD34Negati ve

N- CAN ( CD56) Paisid iWwe PCT/ NL0O2100686 96 26 APRIL 2006 WO 03/ 038100 Table V
PCT/ NLO2/ 00686

‘CIond and Molar rat::.o of: neutral monosacchar:.dea noznalﬂ.zed to
cultuze 4l ‘thred na.nnosa rdaiduss PR e e T

T8 - DMEM |3 05109 [0.4 (0.4 [2.2 (2o | 1.7 (1.3)
P8 - JRH 3 1.5 (1.4) 0.7 (0.8) 6.1 (6.4) 3.5 (3.9)
P7 - DMEM 3 1.5 (1.4) 0.4 (0.3) 5.5 (6.1) 2.3 (3.3)
P7 - JRH 3 1.8 (1.7) 0.4 (0.4) 6.1 (6.8) 3.6 (4.2)
C25 - DMEM 3 2.0 1.0 6.0 2.2
Eprex 3 0.7 - 5.4 4,1
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Mond and nmolar rati of;. nautral'45aosao’ . idea n einallseg 6

cul turet hree mannoae raS|due S .. - . . aoada:t30 aMan 6A 13»1228 P8 -
DMVEMBO.5 (0.9)0.4 (0.4)2.2 (2.7)1.7 (1 3) PB - JRH31.5 (1. 4)0 7 (0 8)6.1
(6.4)3.5 (3.9 P7 - DVMEMB1.5 (1.4)0.4 (0.3)5.5 (6.1)2.3 (3.3) P7 - MA31.8
(1.7)0.4 (0.4)6.1 (6.8)3.6 (4.2) C25 - DMEM32.01.06.02.2 Eprex30.7-5.44.1 97
26 APRI L 20Q@ odforsded/ 038100 Tabl e VI PCT/ NL0O2100686 P7Rermeomoaege of

total Rati o Mass (nfs)Pool APool BPool CHex: HexNAC. df ex

1809. 642. 342. 992. 445: 4: 1 1850. 672.575.312.494:5:1 1891. 695. 0610. 391. 313:6:1
1955. 70-1. 952. 165: 4: 2 1996. 726. 377. 966. 384: 5: 2 2037. 756. 335. 165. 393: 6: 2
2053. 743. 704. 111.985: 5: 1 2142.782.193.682.454:5:3 2174.776.533.638.046:5: 1
2183. 816. 695 T@p¥e FX3: 6: 3 2199. 803. 784. 651. 584: 6: 2 2215. 804. 134. 954. 155: 6: 1

2256.82-1.30-4:7:1 2320. 832. 342. 043. 296: 5: 2 2361. 864. 353. 303. 235:6: 2
2377.853. 773 192. 86661

7 .- Percentagse of total " |Ratio [ 4
Mass (m/z) Bool A Po‘ol‘B"l- Pool C Hezi'i:le"x"NAc':'dHex
1809.64 2.34 2.99 2.44 5:4:1
1850.67 2.57 5.31 2.49 4:5:1
1891.69 5.06 10.39 1.31 3:6:1
1955.70 - 1.95 2.16 5:4:2
1996.72 6.37 7.96 6.38 4:5:2
2037.75 6.33 5.16 5.39 3:6:2
2053.74 3.70 4.11 1.98 5:5:1
2142.78 2.19 3.68 2.45 4:5:3
2174.71 6.53 3.63 8.04 6:5:1
2183.81 6.69 5.02 7.57 3:6:3
2199.80 3.78 4.65 1.58 4:6:2
2215.80 4.13 4.95 4.15 5:6:1
2256.82 - 1.30 - 4:7:1
2320.83 2,34 2.04 3.28 6:5:2
2361.86 4.35 3.30 3.23 5:6:2
2377.85 3.77 3.79 2.86 6:6:1
2507.91 1.62 2.32 1.32 5:6:3
2523.91 2.09 2.60 1.61 6:6:2
2539.90 11.88 4.81 19.32 7:6:1
2580.93 3.32 1.53 1.69 6:7:1
2612.94 - - 1.78 6:5:3
2669.97 1.985 2.34 - 6:6:3
2685.96 6.21 3.11 5.81 7:6:2
2726.99 1.62 1.38 1.36 6:7:2
2832.02 3.64 1.55 3.08 7:6:3
2905.04 1.78 - 2.45 8:7:1
2978.08 2.23 1.65 - 7:6:4
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2507.911. 622. 321. 325: 6: 3 2523. 912. 092. 601. 616: 6: 2 2539.gOll.égﬁngﬁ}goég7:6:l
2580. 933. 321. 531.696: 7:1 2612.94--1.786:5:3 2669. 971. 952. 34-6. 6. .

2685. 966. 213. 115. 817: 6: 2 2726. 991. 621. 381. 366: 7: 2 2832. 023. 641. 553. 087: 6: 3
2905. 041. 79- 2. 458: 7: 1 2978.082.231.65-7:6:4 98 26 APRI L 2006 WD 03/ 038100
PCT/ NLO2/ 00686 Table VII P8Percentage of.total Ratio .. . Massoeéa/ z) .. Pool
APool H. Pool WOLH92830% x HAC: dHex 1809. 64- 1. 03-5:4:1 1850. 6VSTBEZ/0086 4. 5: 1
1891. 695. 112. 113. 043: 6: 1 1955. 701. 461. 221. 085: 4: 2 1996. 725. 054. 616. 544: 5: 2
2012. 721. 341. 381. 355: 5: 1 2037. 7514. 6214. 3412. 483: 6: 2

2053. 743. 732. 764. 294: 6: 1 2142.782.571. 972. 064: 5: 3 2158. 781. 431. 91-5:5: 2
2174'772'402"§§ié§8%:5:1 2183. 8116. 9115. 7914. 903: 6: 3

2199. 801. 743. *904: 6: 2 2215. 804. 234. 203. 085: 6: 1 2256. 822. 083. 042. 174:7: 1

P8 - - |Percentage of.total - - Ratio == .
Mass (;t/v'z),. [Pool A [Pool B |Pool C .- Hex:HexNAc:dHex -
1809. 64 - 1.03 - 5:4:1 '
1850.67 3.36 2.05 - 4:5:1
1891.69 5.11 2.11 3.04 3:6:1
1955.70 1.46 1.22 1.08 5:4:2
1996.72 5.05 1.61 6.54 4:5:2
2012.72 1.34 1.38 1.35 5:5:1
2037.15 14.62 14.34 12.48 3:6:2
2053.74 3.73 2.76 4.29 4:6:1
2142.78 2.57 1.97 2.06 4:5:3
2158.78 N EXE 1.91 - 5:5:2
2174.77 7740 2.53 5.58 6:5:1
2183.81 16.91 15.79 14.90 3:6:3
2199.80 T.74 3.18 1.90 4:6:2
2215.80 4.23 4.20 3.08 51611
2256.82 2.08 3.04 2.17 4:7:1
2320.83 1.67 1.88 2.23 6:5:2
2361.86 3.25 2.25 3.02 5:6:2
2377.85 1.50 1.84 2.73 6:6:1
2402.88 2.05 2.20 4.26 4:7:2
2418.88 0.97 1.54 = 5:7:1
2466.89 1.03 - - 6:5:3
2507.91 2.04 2.48 - 5:6:3
2523.91 1.58 1.73 1.47 6:6:2
2539.090 2.48 2.79 9.56 7:6:1
2548.94 1.26 T.14 0.66 4:7:3
2580.93 1.87 2.07 2.48 6:7:1
2685.96 2.74 3.39 .30 7:6:2
2726.99 2.55 3.12 = 6:7:2
2768.01 1.35 = - 5:8:2
2832.02 2.14 3.06 191 7:6:3
2873.05 1.70 1.81 1.63 6:7:3
2889.04 1.14 0.67 - 7:7:2
2978.08 0.89 0.99 2.39 7:6:4
3019.10 1.09 1.26 - 6:7:4
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2320. 831. 671. 882. 236: 5: 2 2361. 863. 252. 253. 025: 6: 2 2377-851-§g¥gﬁ§526%§:6:1
2402. 882. 052. 204. 264: 7: 2 2418.880. 971. 54-5:7: 1 2466. 891. 03- 65 :
2507.912. 042. 48-5: 6: 3 2523.911. 581. 731. 476: 6: 2 2539. 902. 484. 799. 567:6: 1
2548.941. 261. 140. 664: 7: 3 2580. 931. 872.072.486: 7:1 2665. 962. 743. 394. 307: 6: 2
2726.992. 553.12-6:7:2 2768. 011. 355: 8: 2 2832. 022. 143. 061.917:6: 3
2873. 051. 70Iw8 dsfasi86: 7: 3 2889. 041. 140. 67-7:7: 2 2978. 080rEIL0Y0E6397: 6: 4
3019.10 -1.091.26-6:7:4 99 26 APRIL 2006 WO 03/038100 PCT/ NLQZ/ 00686 Tabl e
VIl FT activities (nnmol/hr/ng protein) al,2 FT al,3 FT al,6 FT Gal T CHO<
0.01 0.03 4.31 125 PER C6< 0.01 0.65 3.62 3.41 100 26 APRIL 2006 WO
03/038100 PCT/NL0O2/ 00686 Table IX

Table VIII

FT activities
(nmol/hr/mg protein)

| oa1l2FT al 3FT al,6 FT GalT

CHO < 0.01 0.03 4.31 12.5

PER.C6 < 0.01 0.65 3.62 341
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massHexHexNAcdRexFracti onFracti 6ririction.' Fract oa 1631. 6342NDNDND1. 16

1688.
1834.
1955.
2037.
2142.
2183.
2215.
2320.
2377.
2523.
2580.
2686.
2832.
2978.

63513.
73521.
75420.
83624.
84531.
83638.
85615.
86521.
96615.
96623.
96712.
07626.
07632.
17641.

223.092. 222. 82
711.771.731. 41
863. 360. 871. 33
034. 864. 823. 65

1793. 74421. 291. 15ND0. 83 1809. 6541 N6 ARRALL2PH682

1891. 736110. 987. 965. 194. 31
1996. 74522. 402. 652. 472. 32

2053. 75516. 435. 393. 892. 65 2101. 85. 431. 291. 55NDDN

W0 05®B810862. 98 2174. 86511. 291. 951. 360. 00 PCT/NL02/00686

5711. 0516. 4422. 54 2199. 84624. 545. 044. 943. 81

664. 602. 842. 32 2256.84711.971.770.871. 33

031.270.871. 49 2361.95624. 464. 864. 393. 31

232.212.101. 66 2507.95631. 651. 683. 715. 47

438bYe IX551 82 2539. 976110. 726. 194. 944. 47

142.211.851.16 2670. 06630. 861. 682. 472. 82
6.905-933 .81 2727 08722 703 262 721 82

qoRERO T ATAF o [FORRS] 1073, [ BUlen isstagn Fractian Fraction
S2d ol E5a 2h anialiczanmnest a7l Bt S sl 1 7adarsdn o’ 4
63T 6] % T 4 o oy PR [ CUND - XD 1,16
1688.6 3 5 1 3.22 3.09 2.22 2.82
1793.7 4 4 2 1.29 1.15 ND 0.83
1809.6 5 4 1 ND 1.50 2.10 2.82
1834.7 3 5 2 1.71 1.77 1.73 1.41
1891.7 3 6 1 10.98 7.96 5.19 4,31
1955.7 5 4 2 0.86 3.36 0.87 1.33
1996.7 4 5 2 2.40 2.65 2.47 2.32
2037.8 3 6 2 4.03 4.86 4,82 3.65
2053.7 5 5 1 6.43 5.39 3.89 2.65
2101.8 5 4 3 1.29 1.55 ND DN
2142.8 4 5 3 1.71 2.03 1.36 2.98
2174.8 6 5 1 1.29 1.95 1.36 0.00
2183.8 3 6 3 8.57 11.05 16.44 22.54
2199.8 4 6 2 4.54 5.04 4,94 3.81
2215.8 5 6 1 5.66 4.60 2.84 2.32
2256.8 4 7 1 1.97 1,77 0.87 1.33
2320.8 6 5 2 1.03 1.27 0.87 1.49
2361.9 5 6 2 4.46 4.86 4,39 3.31
2377.9 6 6 1 5.23 2.21 2.10 1.66
2507.9 5 6 3 1.65 1.68 3.71 5.47
2523.9 6 6 2 3.43 2.21 2.22 1.82
2539.9 7 6 1 10.72 6.19 4,94 4.47
2580.9 6 7 1 2.14 2.21 1.85 1.16
2670.0 6 6 3 0.86 1.68 2.47 2.82
2686.0 7 6 2 6.69 6.90 5.93 3.81
2727.0 6 7 2 2.70 3.36 2.72 1.82
2832.0 7 6 3 2.83 4.60 6.43 3.81
2873.1 6 7 3 1.29 1.55 4,57 2.98
2978.1 7 6 4 1.03 1.55 3.58 3.73
3019.1 6 7 4 ND ND 2.47 2.90
3124.1 7 6 5 ND ND 0.62 2.49
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101 26 APRIL 2006 WD 031038100 PCTI NLO2/ 00686 Table X C ong [ J-gghgol '
Y;'"EIA 6Wession . O04Fl at++ 008*Fl at ++ 025F| at +++ 028Smal £0 AFRIL&096
034Fl att - O56Fl at + parental 062Fl at +++ 066F| at ++ 076Parent al - 002F| at ++
O03Fl at + parental ++ OO05F| at ++ 023FI at +++ 025F|l at + parental O026F| at +++
028Fl at + parental + 031Fl at + 033Fl at +++ V Parental - 035 049Fl| at ++ 051Fl at +

parent al + 05¢b5badssi0b ' r €gul ar+ 058F| at ++ 062F| at ++ 067F| pérhnL@deess! at ,
i rregul ar ++

Table X

‘Clone . .. |:-Mdrpholdgy.~ .~ | E1A éxpressien..
004 Flat ++
q 008* Flat ++
g | 025 Flat +++
< {028 Small needles -
8 034 Flat +—
ut | 056 Flat + parental -
< (062 Flat +++
w | 066 Flat ++
076 Parental -
002 _ | Flat ++
003 | Flat + parental ++
005 Flat ++
023 Flat +4++
025 Flat + parental -
@ 026 Flat +++
g 028 Flat + parental +
< | 031 Flat +
8 033 Flat +++
w | 035 Parental -
@ 049 Flat +
w | 051 Flat + parental +
< 057 Flat, irregular +
W 058 Flat ++
062 Flat ++
067 Flat ++
o72* Flat, irregular ++
Q76 Flat +4++
077 Flat +4+
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076F| at +++ 077Fl at +++ 102 26 APRIL 2006 WO 03/ 038100 Tabl e XX PCT/ NLO2
/00686 [ MrNa) +1647.61909. 61891. 11996. 72037. 82174. 82183. 8221@58’2‘3@14.2@06—
HexNAc224343444 Hex121322 dHex1121 ProposedP' P)1J.$~ ..~ "'"4kj o.d"'
structure C one 03311~ Clone 0082%2% %%1%8%1%3% Cl one 0721%6%2%0%198%2%R2%
O her. _ possible stucture [ M:Na]

+2377. 924(Q2. 9D93@80 2580: 92686. 02727. 02832. 02973. 12905. @cmxédhcssd 4 S 4 5 4
5 5 Hex 3?7434

Table XI

[M¥Na] + | 1647.6 | 1809.6 | 1891.7 | 1996.7 | 2037.5 | 2174.8 | 2183.8 | 2215.9 | 2361.9
HexNAC 2 2 4 3 4 3 4 4 4
Hex 1 2 1 3 2 2
dHex 1 1 2 1
proposed | “aveb | oo | Boet |oBnnns bhoca | Hat | ot | Bont | S
structure

Clone 033 11%

Clone 008 2% 2% 1% 4% 4% 8% 4% 3%
Clone 072 1% 6% 2% 9% 43 8% 2% 2%
Other £ '&.& ‘

possible oot e Sb"‘ :’:g“‘
stucture

[MtNa] + 2377.9 | 2402.9 | 2539.9 |, 2580.5 | 2686.0 | 2727.0 | 2832.0 | 2873.1. 7905.0
HexNAc 4 ? 4 S 4 5 4 5 5
Hex 3 4 3 4 3 4 3 5
dHex . 1 1 2 2
Proposed @'ﬁ %"‘ &" %" %"‘ %"‘ %’“%
structure

Clone 033 3% 78% 4% 4%
Clone 008 3% 28% 6% 14% 6% 8% 3% 3%
Clone 072 3% 26% 11% o% 7% 6% 3% 2%
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3 4 3 5 dHex1122 Proposed 4~ structure C one 0333%8%1%1% Cl Qne
008382886814%6%8%8%8% Cl one 0723826%1189%7%6%3%2% 103 26 APRPEDO AR 2808 N5
1. A conposition conprising erythropoietin-like nolecules selected fromthe
group consisting of erythropoietin, one or nore nuteins of erythropoietin,
and one or nore derivatives of erythropoietin, characterized in that the
average nunber of lewi s-X structures on N-Iinked glycans per
erythropoietin-like nolecule is at |east abgWis2.2. 2. A conposition
according to claim1, characterized in ttrat—the average nunber of |ew s-X
structures onl N Al cpkedsgtycansopprieipgheopbheopoiet ke-hbkecmbéersleat

| east about 2. 6. 3*%@%99q$0 ition according to claim characterized in

that the average AURBEF TSt 1t sEB€ FFUR 18 6949 19 hked gl ycans per
erythropoi etin-|i keryidespd fed s, and eastmaoOWutdihs of A conposition
according to claim1, characterized in that the average nunber of |ew s-X
structures on N |$HKEH RN pAnNE QRO TpdARLE f9rivatigiecfe is  at

| east about 3.6. erythropoietin, characterized in that the average

number of lewis-X structures on N-linked glycans per

erythropoietin-like molecule is at least about 2.2.

2. A composition according to claim 1, characterized in
that the average number of lewis-X structures on N-
linked glycans per erythropoietin-like molecule is

at least about 2.6.

3. A composition according to claim 1, characterized in
that the average number of lewis-X structures on N-
linked glycans per erythropoietin-like molecule is

at least about 2.7.

4. A composition according to claim 1, characterized in
that the average number of lewis-X structures on N-
linked glycans per erythropoietin-like molecule is

at least about 3.6.

5. A composition according to claim 1, characterized in
that the average number of lewis-X structures on N-
linked glycans per erythropoietin-like molecule is

at least about 4.1.
6. A composition according to claim 1, characterized in

that the average number of of lewis-X structures on

N-linked glycans per erythropoietin-like molecule is
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5. A conposition according to claim1l, characterized in that the a ge
nunber of |lew s-X structures on N- |inked glycans per erythrg§§W@?¥§8b$ke
nol ecule is at |east about 4.1. 6. A conposition according to claima1,
characterized in that the average nunber of of |ew s-X structures on
N-1inked glycans per erythropoietin-like nolecule is 104 26 APRIL 2006 at

| east about 5.7. 7. A conposition according to any one of clains 1-6,
wherein the N-linked . glycans on said erythropoietin- |ike nolecules are

mai nl y biantennarﬁ%sﬁgﬁégqu?ut8§'K'pharnaceutical preparation conprising a
conposition of erythropoietin-like nolecules selected fromthe group
consisting of erythropoietin, one or nore nuteins of erythropoietin, and
one or nore 7dergmmﬁ@%l@°@r%¢ﬁﬁﬁ)mgatﬁ%,afvmé?fé¢ kg Hrindnposditi on of

erythropoietin-Ii l.ec S \_S = r t.zed i .ha [ nunber
of lew s-X struc?&?gglgn%hgly%aéa%%?yggkgggérg&r%ﬁ%po%gie%ﬁn¥ﬁpi e "hol ecul e
is at |east about 12kx2. m8leAudenpasiet matndfy bighheapairst ist-rudie mad .ecul es
selected fromthe group consisting of erythropoietin, one or nore nuteins

of erythropoietin, and one or nore derivatives of erythropoietin, wherein
sai d conposi igi, 0 qfha M UORA Big Fegd bt i @GBS d S harashsss zedoan  that
the average nunber of |ew s-X structures on N- _I'inked gl ycans per
erythropoi etin-1iRE REVEBGPROESEIAr IikasModBEULes. selpatedsdram dhe
medi cament. 10. Use.g éoﬁ%%‘%ﬁhﬁ' g2 QL eh¥bBEeRRLRLI Brll ke mR!gcul es
sel ected fromthe“grotup consisting of
muteins of erythropoietin, and one or more
derivatives of erythropoietin, wherein said
composition of erythropoietin-like molecules is
characterized in that the average number of lewis-X
structures on N-linked glycans per erythropoietin-

like molecule is at least about 2.2.

9. A composition of erythropoietin-like molecules
selected from the group consisting of
erythropoietin, one or more muteins of
erythropoietin, and one or more derivatives of
erythropoietin, wherein said composition of
erythropoietin-like molecules is characterized in
that the average number of lewis-X structures on N-
linked glycans per erythropoietin-like molecule is

at least about 2.2, for use as a medicament.

10. Use of a composition of erythropoietin-like molecules
selected from the group consisting of
erythropoietin, one or more muteins of
erythropoietin, and one or more derivatives of
erythropoietin, wherein said composition of

erythropoietin-like molecules is characterized in
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erythropoietin, one or nore nuteins of erythropoietin, and or

de?/i vat Pves of erythropoietin, wherein saiyd coﬂposi tion of %]%PRIL%E)?’

eryt hropoi etin-like nolecules is characterized in 105 26 APRIL 2006 that the
average nunber of lew s-X structures on N |inked glycans per
erythropoietin-like nolecule is at |east about 2.2, for the preparation of
a nedi canent for the treatnent of a disorder selected fromthe group

consi sting of isc i.a, Si IR, poxi a-i nduced disorder,
an i nflamrat ory Eﬁg§a§€% a%%gupbdgéenerafgvééglsordgFrugﬁ& acuté’bﬁanage to

the central - or péariinyxeer alytamnsopersesi/emrobdiAtphanigkeenbilealulpy dpar ati on
according to claim@8, or a conpgsition according to ¢claim9, or a use
according to clalﬁﬁléeaﬁﬁeQQQHttHezavépégé ﬁuﬁﬁépaéﬁtleéwP§ R structures on

N linked gl yoans. pefy; ity R0l ehienthbkenmkest! ¢ b9 sakdbgaskiabady 2 6.

12. A pharnmceutical preparation according to claim8, or a conposition
according to cl ai Mrom dhea guoEp aoogudtmggtofchaphemma whemepnrﬁmglamerage

nunber of Iewﬁs-xnstruct%r S %Q.N:EI 5ed gc ger %hro |et|n li ke
mol ecul e is at |edd¥ dBeuf 2¥YPO*15. R BREAnHEEGE 8 SPe & tQ&¥or di ng

toclaim8, or ad@@@ﬂ@éitbOﬁe&Q@dédbﬁger1ebadﬁberdék aadgeacageording to
claim 10, wherein the avera%e nunber of |ew s-X structures on N |inked

gl ycans per eryt APBBGrettnthekEeRbradal i BeaEPREEEL BBBYPUS. 6YSIEMA
pharmaceutical preparation according to claim8, or a conposition according
to claim9, or a use according to claim 10, wherein the average nunber of

| ewi s- X st rudflurfeplroarmedeutikieet ylgrepeyr ggron according to claim 8, or

a composition according to claim 9, or a use
according to claim 10, wherein the average number of
lewis-X structures on N-linked glycans per

erythropoietin-like molecule is at least about 2.6.

12. A pharmaceutical preparation according to claim 8, or
a composition according to claim 9, or a use
according to claim 10, wherein the average number of
lewis-X structures on N-linked glycans per

erythropoietin-like molecule is at least about 2.7.

13. A pharmaceutical preparation according to claim 8, or
a composition according to claim 9, or a use
according to claim 10, wherein the average number of
lewis-X structures on N-linked glycans per

erythropoietin-like molecule is at least about 3.6.

14. A pharmaceutical preparation according to claim 8, or
a composition according to claim 9, or a use
according to claim 10, wherein the average number of

lewis-X structures on N-linked glycans per
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106 26 APRIL 2006 erythropoietin-like nolecule is at |east about 4.1. 15 A
phar maceuti cal preparation according to claim8, or a conpoZtARRILEZMGr di ng
to claim9, or a use according to claim 10, wherein the average nunber of

| ew s- X structures on N-linked glycans per erythropoietin-like nolecule is
at |least about 5.7. 16. A nethod for expressing and purifying erythropoietin,
or a nutein or a derivative thereof having at | east one N-|linked glycan

conprising a lew s_X.struct.ure, %ﬁ?(j t ho conprisin:%fﬂagg rqfﬁing

nucleic acid enco&Fﬁ& §§P&le§ﬁff ﬁbfgifﬁuoﬁ %ﬁt@ﬁnlo erivative thereof

in a manmalian cell which expresses nucleic acid encoding ELIA from an
adenovirus, and b) purifying the expressed erythropoietin or mutein

or
derivative tHherdbfPRIEFNCHUTTFI} R SRAR | 5P COBE BT of © bf hlitRg8 of OF he
expressed erythr opoi-ghildsqk i oMU @I rafi nde oV ahi M thergofy tea lectin or to
a nonocl onal antibody that binds to N-Ii nked glycans conprising lews X
structures. 17. A aercladiagedrodicdg itmo 18I, avinek® inc dimer iagiergoe stueppesf ofbi ndi ng
of the expressed r*&@g&p %%ﬂ%@u%%s”%%e.QlQBke erﬁvat%%e t hereof to an AAL
lectin. 18.A metho§ accor ing to clrai'm 16 ~or Slaidm? 7 Swherei n during the
purification saideefthitoppliedtin? ldke molleicnler idemitvatiast tabrifofs . i7s
fractionated based on the lews X content. 107 26 APRIL 2006 19. A nethod
according to any one of clainms 16-18, wherein said mammlian cell is

derived fromihe GRléhod for expressing and purifying erythropoietin,
or a mutein or a derivative thereof having at least
one N-linked glycan comprising a lewis X structure,
said method comprising:
a) expressing nucleic acid encoding said
erythropoietin or mutein or derivative thereof in a
mammalian cell which expresses nucleic acid encoding
E1lA from an adenovirus, and
b) purifying the expressed erythropoietin or mutein
or derivative thereof, said purifying comprising a
step'of binding of the expressed erythropoietin or
mutein or derivative thereof to a lectin or to a
monoclonal antibody that binds to N-linked glycans

comprising lewis X structures.

17. A method according to claim 16, comprising a step of
binding of the expressed erythropoietin or mutein or

derivative thereof to an AAL lectin.

18. A method according to claim 16 or claim 17, wherein
during the purification said erythropoietin or
mutein or derivative thereof is fractionated based

on the lewis X content.
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deposi ted under No. 96022940 at the European Collection of Aninal Eell
Cultures at the Center for Applied M crobiology and Resear cR6 ARRILRUQEt hod
for purifying erythropoietin, or a nmutein or a derivative thereof having at
| east one N-linked glycan conprising a lewis X structure, said nethod
conprising a step of binding of the erythropoietin or nutein or derivative
thereof to alectin or to a nonoclonal antibody that binds to N-|inked

gl ycans conPrising lewi s X structures. 21. A nethod according to claim 20,
conpri si ng al%t 8pMEthodi AFiCREENSt ke éryt RPEpBLefilalls Mbrdim sthexfdm vative

thereof to an MLséf(?t&&mggiag/E&?gg {9rqPF pusi HOR {ﬂ@cgé%p_ enriched in a

pr ot ei naceous nol ecul e having NI ed glycans conprising (sialyl)Lews X

and/ or Lacdi Nac depasttedsyndenpliosi 9g022i4Gtapstivd . E@jopexmnbi nant |y

expressing said pLofei naceous | ecul & j ell that expresses_nucleic
acid encoding El o#f% 190 2k I\I/Jrrpijt;g%dhg %f??%%?i% a@?%g&trh%er ESr
pr ot ei naceous nol gepll £8d SI0icPsOidTEegy dmerredyeobdmi ning a fraction of

pr ot ei naceous nol ecul es havi ng per proteinaceous nolecule a higher content
of (sialyl)Lewis X and/or Lacdi Nac structures in their N-glycans. 108 26

APRIL 2006 2§?]. %h@%ﬂoac%BEd'SGQitf‘}iﬁl;aie%%ﬁro%%%hﬂ,Sé'kda RLekgINaGeous
nol ecul e i s chosen fromthe group of ~ erythropoietin, transferrin, a
gl ycodel i n such as degtijcadeve ntiteXdPlA)aviNe et Geadth deetorl (INGY,
Brai n- der! ved, neu BlLOPNLSnl 8eL oLy NeHLOL QPN d] %A fenGy! T ary

comprising a step of binding of the erythropoietin
or mutein or derivative thereof to a lectin or to a
monoclonal antibody that binds to N-linked glycans

comprising lewis X structures.

21. A method according to claim 20, comprising a step of
binding of the erythropoietin or mutein or

derivative thereof to an AAL lectin.

22. Method for producing a fraction enriched in a
proteinaceous molecule having N-linked glycans
comprising (sialyl)Lewis X and/or LacdiNac
structures, comprising the steps of:

a) recombinantly expressing said proteinaceous
molecule in a cell that expresses nucleic acid
encoding El1A from an adenovirus; and

b) fractionating the proteinaceous molecules so
produced, thereby obtaining a fraction of
proteinaceous molecules having per proteinaceous
molecule a higher content of (sialyl)Lewis X and/or

LacdiNac structures in their N-glycans.
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inhibitory factor, Cardiotrophin-1, Oncostatin-M an Interleukin, GW CSF,

G CSF, IGF-1 and -2, TGF-R, dial-derived neurotrophic fact36ABRIUL2006i n,
Persephin, Myostatin, Fibroblast Gowmh Factor-1, -2 and -5, Anphiregulin,
Acetyl choline receptor inducing activity, Netrin-1 and -2, Neuregulin-2 and
-3, Pleiotrophin, Mdkine, Stem Cell Factor (SCF), Agrin, CSF-1, PDGF,
Saposin C, soluble conpl ement receptor-1, alpha-1 acid glycoprotein,

acut e- phase roteins, E- selectln | i gand- LAM 1, ci noenbryoni c
otT gen ke SR GEreToTi e AN Pa M W e, D7,

CD45RO,  CD21, FtﬁﬁéﬁélhﬂcngﬁoﬁbQééhMe|igaaﬂoéenGEY@ﬁNEEe ngﬁbnbEype
gl ycoproteins, CD34, podocal yxin, al- antlchynntrip5|n - pr ot ease

inhibitor, a- anyl%EEthr@EPieéiy p?éﬁnﬁéerréhrgﬁy@ Mﬁ@ﬂéﬂhg SSERPas,
terf 13 U
interferon-a, Ig@§dQIgﬁe%I§PEEQ e e fye k@ﬁs?aﬁtg 3§E920fetoprote|n

gl ycoprot ei n, sue 'factfor pathway In

human pregnancy @r@im+@3rsueh asugohadphi opf ecthorpoNesrosuophas-Bol Ficl e
Stimul ati ng Hor no (FSH), = Luteinising Hornone, (LH), human ,
Choriogonadotropi%fS(ﬁ%fa SorCt é@ﬁ%n?guﬁ?tEQP?é%tEQSFoﬁnyLGPkFHéQe t hat
are capabl e of recehbigosRl HagtyepSyhalii 8PrdPRiRO1APBLhEC3006 i ALMYCEHT es.
24. Method according to claim 23, wher ei n_sai d pr ot ei naceous nol ecul e is

eryt hropoi etin orl%ﬁﬁrb$9¥hﬁop§Me@$ﬁfIGk%SﬁD!é@ﬁfé apg. ~ket B6H-Becording to
any one of clai msg fgaf4de¥@§é8'Heu?@%g%%ﬂ?ﬁtfQ@tbfoeﬁéhgpggl Y a met hod

conprising a affrnity puriftrcatron st at e S sal
Persephin, Myostatin, Fibroblast Growth Factor 1 -2

and -5, Amphiregulin, Acetylcholine receptor
inducing activity, Netrin-1 and -2, Neuregulin-2 and
-3, Pleiotrophin, Midkine, Stem Cell Factor (SCF),
Agrin, CSF-1, PDGF, Saposin C, soluble complement
receptor-1, alpha-1 acid glycoprotein, acute-phase
proteins, E-selectin ligand-1, LAM-1,
Carcinoembryonic antigen-like CD66 antigens,
peripheral lymph node Addressin, CD75, CD76, CD45RO,
CD21, P-selectin glycoprotein ligand-1, GlyCAM-1,
Mucin-type glycoproteins, CD34, podocalyxin, al-
antichymotrypsin, al-protease inhibitor, a-amylase,
salivary proline-rich glycoproteins, SERP-1,
interferon-f3, B-trace protein, Protein C, Urokinase,
Schistosome glycoprotein, Glycodelin A, tissue
factor pathway inhibitor, a-fetoprotein, human
pregnancy proteins such as gonadotropic hormones
such as Follicle Stimulating Hormone (FSH),
Luteinising Hormone (LH), human Choriogonadotropin
(hCG), or fragments or variants of any of these that

are capable of receiving said glycosylation
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structures. 26. Method according to claim25, wherein said rificghbgn
step enploys binding of said nolecules to a lectin or to a ASRIL

anti body that binds to said N-linked glycans conprising (sialyl)Lewis X
and/ or Lacdi Nac structures. 27. Method according to claim26, wherein said
purification step enploys binding of said N-linked glycans conprising
(sialyl)Lewis X and/or Lacdi Nac structures to an AAL lectin. 28. Method
according to any QEF ok ,¢kai e 22-27, wherein said mammalian cell is
derived fromthe cell aeposited under No. 96022940 at the European

Coll ection of Animal Cell Cultures at the Center for Applied M crobiology
and Research, ,2 A nethod for sel ectin manmal i an cel.l . capabl e of

produci ng a Bﬁo?’&ﬁtﬁaogcﬁfsc%oq%é&&eo ccolrﬁ)l?'] ?iBrig WRe 1§ &% %hi ned

post-transl ati onapreedihheabuenmosatdlenes hedyeppppbseognt Be sheps of : 110
26 APRIL 2006 a) anal yzing the presence_or absence of a tissue specific

mar ker or a conbiﬁﬁYFgHOBPlﬁF§§Uélk§p@€ﬂ¢Félﬁarkers in said manmal i an cel

or on the cell surface of said manmalian cell, which marker or conbination
of said markers is indicative for said predeterm ned post-transl ational

nodi ficati on26e Meehpre serioraiirgpitd MYt @nekacdowd ainel @@ul2d;, amckd®insel ecti ng
said mamal i an cell.gn t he basi s _of the resence ggogbsence.of said tissue

specific markers°238. ATAEFASA A2cBPELRGEY ¥ AiTRE whaPBf h=58Fd?

affinity purification step that employs said glycan

structures.

26. Method according to claim 25, wherein said
purification step employs binding of said molecules
to a lectin or to a monoclonal antibody that binds
to said N-linked glycans comprising (sialyl)Lewis X

and/or LacdiNac structures.

27. Method according to claim 26, wherein said
purification step employs binding of said N-linked
glycans comprising (sialyl)Lewis X and/or LacdiNac

structures to an AAL lectin.

28. Method according to any one of claims 22-27, wherein
said mammalian cell is derived from the cell
deposited under No. 96022940 at the European
Collection of Animal Cell Cultures at the Center for

Applied Microbiology and Research.

29. A method for selecting a mammalian cell capable of
producing a proteinaceous molecule comprising a
predetermined post-translational modification, said

method comprising the steps of:
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predeterm ned post-translational nodification conprises glygQ Xl at i 31.A
nmet hod according to claim30, wherein said glycosylation CO%I ERU g‘?oq east
one nodification selected fromthe group consisting of a Lewis x, a sialyl
Lewis x, a Gal Nac structure, a @cNac structure, a Lacdi NAc structure, a
al, 3-linked fucose attached to N acetyl-glucosam ne, a term nal

N-acetyl -glucosam ne, a term nal gal actose, a bisecting

N-acet yl - gl ucosamane ana 1S\ iphatth 0 e ctitd & Sidldnteadifd.a 3A SHswet hod
according to claim 31, wherein said glycosylation conprises Lewis x and/or
sialyl Lewis x strudP@ediBTagkest 05d 3 SOMBIATHNg Of rFelrfifig an cel | from

a heterogeneous cell pgq)qlflizg @k oS d yrangy i %glilani 'éel%6.d°tP%Lr{- 1%%06

bei ng capabl e of prodacing a protel naceous nol ecu conprising Lew s X
and/or sialyl Lew s xedtlr sctnfrees, ofsaiad dnetamod ldempiciedilng whietstmegyskenf ©  a)
sorting cells on the basis,af the Levi\j S xdgnd/?(r si,al y,ILE@LeWi S. X structures
on proteins produced By “CTRIFAF s O S8diy "REEELSgerfe dTSLEA T Yo%t i on:
and b) sel ecting thesegld preapakiraiokdped¢citianRnakeionsl conprising said
Lewis x and/or sialyl Lewms x structures. 34. A nethod according to any one
of claims 29-33, whef&difigaitd oramenbica®resionti Mo adcuPFotGinfAiGRows. A
met hod according to any .eng af s¢lgai s 29-34, wherein said mammalian cell is

a human cell. 36. A nmethod according to any one of clainms 29-35, wherein
b) selecting said mammalian cell on the basis of the

presence or absence of said tissue specific

markers.

30. A method according to claim 29, wherein said
predetermined post-translational modification

comprises glycosylation.

31. A method according to claim 30, wherein said
glycosylation comprises at least one modification
selected from the group consisting of a Lewis x, a
sialyl Lewis x, a GalNac structure, a GlcNac
structure, a LacdiNAc structure, a ol,3-linked
fucose attached to N-acetyl-glucosamine, a terminal
N-acetyl-glucosamine, a terminal galactose, a
bisecting N-acetyl-glucosamine, a sulphate group and

a sialic acid.
32. A method according to claim 31, wherein said
glycosylation comprises Lewis x and/or sialyl Lewis

X structures.

33. A method for obtaining a mammalian cell from a

heterogeneous cell population, said mammalian cell
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said mammal i an cell has been provided with a nucleic acid encoding . the El
region, or a part thereof, from human adenovirus in such a &éyﬂtlﬂ 2089; ¢
manmal i an cell harbors the nucleic acid in an expressible form 37. A
met hod for producing a proteinaceous nol ecule conprising a predeterm ned
post-translational nodification in a manmalian cell, said method
conprising a step of identifying and/or selecting and/or obtaining said

manmal i an cel |l by a .net hod ccordin 0..any one qof .clains 29-36 nd
expressing said prots GRRERE r?ofldéjc‘gadtéjﬁwgié'i Erﬁ%ﬁﬂﬁcaer?‘bselr‘foiéﬁ 96 APRI L
2006 38. A et hod acaidithd Q.Gtiad M Jhd Wieria ySairgwimmaldtauctigtds i S a

cell as deposited under No. 96022940 at the European Collection of Aninal
Cell Cultures at 3¢ @maihad feampagsined thaec sdsiP§l &fif and Research. 39. A

met hod according t Wy e rj.si : r t f rifyj sai d
pr ot ei naceous nol ea?ufgeoqut?&? t%lg@ngn%q%atﬁggéﬁrtocfﬁltth%r 21%@05 %Jréer{%)od&g
according to claim 3%iathdr giewisaixd s tpuratirest ioon pooteriirse pravodtay that

enpl oys said predetermped . post-trans|ational nodification. 41. A nethod
according to claim 4062 é:ree}]Hr‘F 4 F2 ﬁeftiefzftgieé’r?o&’&nﬁﬁlsle§of % 9% whi ch
an antibody is enpleyed that is specific for an epitope present in said
predeterm ned post-translational nodification. 42. A nethod according to
clai m 41, wherei nHais®lesning s &F lddnsaPsed e ofe HORUSI G By otedfs 43. A
met hod according to anyaNgi0fy Gaaldetls?% AMATLE 1145310 RLAleinaceous

nol ecul e is erythropol etin.
Structures.

34. A method according to any one of claims 29-33, wherein

said mammalian cell is of neural origin.

35. A method according to any one of claims 29-34, wherein

said mammalian cell is a human cell.

36. A method according to any one of claims 29-35, wherein
said mammalian cell has been provided with a nucleic
acid encoding the El region, or a part thereof, from
human adenovirus in such a way that said mammalian
cell harbors the nucleic acid in an expressible

form.

37. A method for producing a proteinaceous molecule
comprising a predetermined post-translational
modification in a mammalian cell, said method
comprising a step of identifying and/or selecting
and/or obtaining said mammalian cell by a method
according to any one of claims 29-36, and expressing

said proteinaceous molecule in said mammalian cell.
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. A method according to claim 37, wherein said mammalian
cell is a cell as deposited under No. 96022940 at
the European Collection of Animal Cell Cultures at

the Center for Applied Microbiology and Research.

. A method according to claim 38, comprising the extra
step of purifying said proteinaceous molecule from

the mammalian cell culture.

. A method according to claim 39, wherein said
purification comprises a step that employs said

predetermined post-translational modification.

. A method according to claim 40, wherein said
purification comprises a step in which an antibody
is employed that is specific for an epitope present
in said predetermined post-translational

modification.

. A method according to claim 41, wherein said

purification comprises a lectin-binding step.

. A method according to any one of claims 40-42, wherein

said proteinaceous molecule is erythropoietin.
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