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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



expression systemfor a given protein. In the [ast nunber of years, studies
have reveal ed nore about the conplexities of differential post-

transl at iwoaB/ossde fi cati ons of human proteins and the potP€miNIak/00686
inplications on functions in the human body. For exanple, relatively
recent findings suggest that differential glycosylation patterns of human
proteins that occur in the blood (so-called "serumtype' nodifications)
are different fromthe ones that occur in the cerebrospinal fluid in the

brai n (" braim-gyRelq UJdicaticons) o Thi se1diifgsence My he a key issue
that is of paranbunt inportance for the design of effective therapeutics.
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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 «ol,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,



WO 03/ 038100 PCT/ NLO2/ 00686 whereas serumtype oligosaccharides usually
contain only |ow anmobunts of such structures. Adigosaccharides that are
gener al | ywboafsBiom proteins circulating in the serum of t @Toan/adas6 heavi |l y
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peri pheral N-acetyl-glucosam ne thereby formng a |actosam ne structure.
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benefICIaI1978). Serum—-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



in the treatnment of all sorts of disorders, anong which are 3 WO 03/038100
PCT/ NLO2/ 00686 the diseases related to the CNS, the peripheral nervous
syst em amaolvamsgloa i ssue. Disorders affecting the CNS encecpadd2/didé er ent
kinds of afflictions such as acute brain danage, neurodegenerative

di seases and ot her dysfunctions such as epil epsy, schizophrenia and nood
di sorders. O her pathol ogical disorders that mght afflict neural cells
and tissues are due to injuries that mght be a result of hypoxia, seizure

di sorders,tREWiQk@skd rBIL$ERI BY, tHYI EAP) Erise| ROy pRireRsison, cardiac
arrest, radiation or hypo%Lycenla..hbural infuries mght al so occur
duri ng surgisdsn pnecagarss tdgencasPaneiissma Gingr Y S resection. An
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related to erences in post- translational nodifications, is a hornone
known as leraitrhkapeicet,i ne(EBQpgekPOrt Bverdt stasdaarmus dtdred ts role in

differentiati hemat opoi etic stemcells_i.nto red bload . cells, has several
e bReSTh
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t he devel euneiideefs .t e heNSpahas1bgeta s ugpestdas- Darer eti @lt a2@0lixt EPO
protein has also been detected in the cerebrospinal fluid 9@ F) . of human
neonat es AIfFHduIced LEIanr L5515 1959; diRiert B HILeDdeHE ™ R& present

in the CSK appeaks oo g oRiadused-hssall ¥oiderd hendr@ivb:as it does not
cross the intact blood-brain barrier (Marti et al. 1997; Buem et al.
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different n e brain one- narrow (Masuda et. alL. 1999; Chi kuma
et _ al . d@00®; surgical procedures such as aneurysm repair or tumor

resection.

An example of a protein having different roles which
are at least in part related to differences in post-
translational modifications, 1s 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 postulated that EPO in
addition to its heamatopoietic function, my have a 4 WO 03/038100

PCT/ NLO2/wW083®8381neur ot r ophi ¢ rol e. Neurotrophic factors areToafeneds as
hunor al nol ecul es acting on neurons to influence their devel opnent,
differentiation, maintenance, and regeneration (Konishi et al. 1993). 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
addi tion 1.0 ef r d
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wel | - known bi ol ogi cal activit the stimulation of t hr.o 0|eS|s
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et al. 199§ Takeuchibtet etaki. 1989;; Msalad &t al . ARRY).. 1 the case of
EPO one can aI so refer to a serumtype EPO (or a "renal-type', or a
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reqUIrenEQESt%Enao%t%%Leogggggggcﬁggidégngézsent on the protein. 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



circulate in the bloodstreamfor a sufficient amount of tinme to enable-the
i nduction-of erythropoiesis. Usually a CHO or BHK based cell systemis
used for wbhe3fpssiducti on of EPO with these characteristiceCTHawevess the
serumtype EPO 5 WD 03/038100 PCT/ NLO2/ 00686 resulting fromthis
production and purification systemis relatively useless in the treatnent
of disorders related to the Central- or Peripheral Nervous systemas well
as in the treatnent of afflictions related to ischem a/reperfusion
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need exists for 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, naned selectins, play an -inportant role-in the -initial-
st eps - ofwoadiesbon- of | eukocytes to the endot hel i um i n PCT/NL02/00686

i schem a/reperfusion injury. There are three nmenbers in the selectin
famly: P 6 WO 03/038100 PCT/ NLO2/ 00686 selectin, E-selectin and
L-selectin. Selectins have a |ectin donmain that recogni zes the sugar
structures of the glycoprotein ligands binding to them There is a

possible seoketfinl Ehgesbadyh 465 semdiifi catiiersing nhakkggsaccharides in
binding to selectins (Foxall et al. 1992). Several studies have indicated
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of leuko hem g ¢ SitAR-The $i ab¥kiphewW s X
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feline rmate[Leoffoi:stherrisiaalEbeIsé\msas on mctnylﬁledumqn@ dar di ac necrosis by 83%
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by reducing cardiac necrosis by 83% (Buerke et al. 1994).
Furthermore, 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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Table XI. Relative 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/ElA.E1BR-
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 PB8~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.



AAL columm to select for high and | ow fucose content. Figure 10A. Mass
spectra of the N-linked sugars of fraction 1 - 4 fromthe AAL colum. B.
Mass specwowaiosf10t he N-|inked sugars of fraction 4 from Pog/NARO@Ss UM in
an i ndependent experinent. Figure 11. Pictures of the HT1080/ EPO cl one 033
(A) and of the HT1080/ E1lA. EI B. EPO cl one 058 (B) and 026 (C). Their
expression of El1A is shown by Western blot analysis (D). The--ElA
expressing -clones have a -flat norphol ogy. 10 WD 03/ 038100 PCT/ NLO2/ 00686

Fi gure 12. HPAEC—PA rof i | e, of | ycans rel.eased fromfRO. piodyced
the HT1080/EPO%%on&<H33 %8#%”%%%33%’?%%%% & oie 675 nec%’ a the

bott om i ngivgataet.he el uti on of uncharged (0), m)nochar ged, doubl e charged,
triple charged and tetra charged (1 - 4, resp.) glycans. Note the shift to
| ess | oaded N-|inked glycans of clone 072. Figure 13. Ml di-M anal yses of

FPO produged iy 3 diskhenentc ckopesedle; Jie+TARBN EPQrel 011933, 1 he
HT1080/ ElA- PO clone 008 and the HT1080/ E1A. E1B- EPO cl one 072. The latter

2 cl ones Steowsa xneteucdmpleéx profile. Figure 14. Profiles obtained from
nonosacchari de analysis of the N-linked gl ycans of HT1080/ EPO cl one 033,
HT1080/ E1A- EPO cl one 008 and HT1080/ E1A. E1B- EPO cl one 072. The ratio of

t he i ndi catiephmoréos &ddharti dEs PERUC6Y-EROOsBY EGadf en erythropoiesis
N-acetyl - gal act osam ne, GlcNac = N-acetyl- glucosam ne, Gal = Gl act ose,
Man = Manndseé)*Wks nornalized to mannose. Fig. 15. Mal di-Ms anal yses of
EPO produced by the HT1080/ EPO cl one 033 (A B) and the HT1080/ E1A. E1B- EPO
clone 072 (C, D) treated with_ (B, D), or without (A C afucos_lease Only
di f f er enc&s-INECe TobdEHPEF i ﬁotlH@eﬁl {RamrreRteberagys (contr and

Eprex and PER.C6™-EPO treated rats based on the ADC maps
(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 E1A is shown by Western blot analysis (D).

The~E1A expressing -clones have a-flat morphology.
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EPO derived fromclone 072. A clear change of peaks with mz values of -
2039, - 2185 and - 1892 is found (C and D), which nost |ikely represent

t he decr eaoa30881p6 oposed structures contai ni ng ant ennary PEEFOMYkeNsS6 es.
Figure 16. Various isofornms of the different EPO preparations separated by
| EF. EPO-isoforns contain O - 14 11 WO 03/038100 PCT/ NLO2/ 00686 sialic
aci ds per nolecule. The follow ng sanples were applied (2000 eU per
strip): Eprex (A); neuram nodase- treated Eprex (B); CHO EPO, total

production..(C); PER _ERO,__clone 022 (D); frCHO EPQ (F): Fi 17.
ot s 1 TSR 12 e BB RE S0 S P Nt T et an 1 08 HEY i
Eprex, frG@HOERGA PERGETHTERG)/8P0 wilbhe do S Biemtd bett eiT (@RI JE1EThe EPO

treated rats revealed a significant, higher, HCR vs. control, frCHO EPO and
PR CoTM BRI L0 00 88 Gir EneaDo bEPEaNEaYE o1 F i Sy ! (97 bl ooa of

rats injegi@thdd @00 ok aEgEa), AbuSHD ERD g FER GBTMERBa@fed Wi th
di luent buffer (control). The EPO treated rats reveal ed a significant

hi gher perd¢htiefe s ethiaggescyittes Gs. regbnt r 81 YEpRd: 00Ae B FeriderdtCage

reticul ocytes; of htdh v ERrex e ELCHOLEPO treapes rats was significantly
hi gher conpar edQ to PER. CoTM E Oy p<0.001). Figure 19. Percentage i mmture

reticulocytes (IFR) of the total reticulocyte popul ation four days after

injection _wth 00 kg.Eprex, frCHO: PER, C6TM.EP - WMt di | uent
buf f er (can Lloﬁe) .ﬁ%Thg3 f)jrleﬁt raélgggae%?glz‘rgg@/e% %%uc%d s}?%% f(lﬁ)lcfayngtr%qlltgher %
i mmat ur e refdroad o@yt.eghes HTaoBoryabPo cf ofEO ERPO otiie PEROGS EAQ A4BED 001) . Fi g.

20. O eavage of 15T PGS o UBVSH MANG) 20 29999l ygos! dags 2

2 clones show 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/E1A.E1B-EPO 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-EPQO 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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-Fig. 21. - MALDI - spectrum of PER C6TM EPO - glycans - released wth
PNGase F (A) and with endogl ycosidase F2 (B). The x- axis of the | ower
spect rumwe oalosggped i n such a way that 12 WO 03/038100 PETTMIO20@B8686 the
correspondi ng peaks in both spectra are directly above each other (349 Da
difference, see text). Fig. 22. Sone nonosaccharide |inkages of N-term nal
glycans. Fig. 23. The upper part of the schene gives the desialylated

gl ycans rel eased from PER. C6TM EPO, the values in the |ower part are

detected in t-he spectrumafter al osidase treatnent. Between brackets
the total Sqﬁel:}ccen “age &'t 8?[59,6161%?', ﬁ?e#?gi?‘%ﬂl? nsatIﬁLPer}Legsl VEN © structures.
Spectra i nddlgied26.200i0g e2berTheruppereEpast ) { heesehemdgisees t he

desi al yl at ed gcle%/jﬁans rel eased from PER C6TM EPO whj ch were _incubated with

gal act osi dd<$E CEhERFEFUES )i n CPREERP ddF8ERhrR T O & 1rft eltled BER % spect rum

after bovimme kidrey fweosindaserchbeabgent) and the | ower val ues are obtai ned
after GLcNAc- ase incubation. Between brackets the total percentage of the
spectrumreflected in the given structures. Spectra in Fig. 26. Fig. 25.

The upper of; 4 h RY he i y r.el eased from
PER C6TM g%g'&mrhel (:1 r?t'mglre%m:%%ggggt ggcé\l{ tﬁog‘grﬁ%?é%%?édﬁ%e% )t E%n\s):aalt%es in the

m ddl e parinjemnteddetigdt &@0i0n eUEgsPecerunf afi@rERO MOPRR Al -EReosimase
t r eat ment t | ower_ val ues are_obt ai ned r.de - _ase incubation.
B o B BT 2 e RS e ord

Bet ween bracket’s the total per F%cted in the
gi ven strusiwsedsd Spedignd fiikanki §igRér. HAB 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



WO 03/038100 PCT/ NLO2/ 00686 Fig. 26. MALD spectra of exogl ycosi dase
treatnents of the N-linked glycans of PER C6TM EPO. A.) PER C6TM EPO

i ncubat edwaioBio3fdiGase F and neuram ni dase. B.) PER C6TM BPONLoeadxated wi t h
PNGase F, neuram ni dase and gal actosidase. C.) PER C6TM EPO i ncubated with
PNGase F and neuram ni dase, and subsequently treated wth gal act osi dase
and bovine kidney fucosidase. D.) PER C6TM EPO i ncubated with PNGase F and
neur am ni dase, and subsequently treated wi th gal act osi dase, bovi ne ki dney
fucosi dase and d . cNAC ). PER C6TM EPO | cubat ed, w se F and
neur ani ni dase, “CEnd R sﬁ]bds ugnt IV treated WTh ]é%l AT o%‘“:aeacrs}celyaﬁ1 “d*rond neal
fucosi dasezadh )otPEER G8EM EROdJdiMcebahed, weéld BNGase F and neur am ni dase,

and subsequently treated with gal act osi dase, al nond neal fucosidase and

A cNAc-ase. 14 WD 03/038100 PCT/ NLO2/ 00686 SUMVARY OF THE | NVENTI ON The

present invention po @Rnoxickadsiber 1:hdegts fyF ng-tseleedi ng and
obtaining manmalian cells that are capable of producing proteinaceous

mol ecul es, 9k %s peptides and proteins conprising post-translational
nodi fications, wherein said post-translational nodifications are
predet erm ned and brought about by the manmalian cell in which the
pr ot ei naceois. i .ecliiiee uppereppréssédihFhechenengives fihrd her provi des
met hods fo(5

o1yt hr opoi ST (P (B AP T ARECOF T8 Bt el PabPEs: abiorEt Nt o

nmet hods ofid heheriesent pamtelatrleoaleaadtea in the spectrum after
galactosidase treatment. Between brackets the total
percentage of the spectrum reflected in the given

structures. 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

Flg . 295
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manmal i an cells that have been obtained on the basis of their ability to
produce proteins and/or post-translational nodifications that are

i ndi cat i vwofoaf3gihe predeterm ned post-translational nodi Pcaatioanodshat i s
desired. The present invention provides a nmethod for producing a

pr ot ei naceous nol ecul e conprising a predeterm ned post- translational

nodi fication, conprising the steps of: providing a manmalian cell

obt ai nabl e by net hods according to the invention, with a nucleic acid
encodi ng %*’i'gd ol 0&%&}3&‘?@888&9! gf:uéfo%;( é&gci*}hase""%eta*%%ng%' demapual i an
cell harbors 'said nucleic acid in an e essi bl'e form an cul turing said
mammal i an Nedlinkeddgil ycendi bifoBBR cOfiduEP®e to the production of said

protei nacgoys nol ecul e, I n _on odi.oent of the inyention, the invention
provi des 'SretPﬁg{d%%or %ﬁ)roodﬁlcqug’é‘%ggp%ggi Eggﬁﬁﬁsﬁnﬁl‘gc@?%a %ing a
pr edet er nipned ppes teft-ang atiamalcaodithcalcepe FLomPht &g ddee streps of .
identifying a manmmalian cell having the ability to-provide-the
pr ot ei nac&dsCreSéeare. with said predeterm ned post-transl ational
nodi fi cation; ppRr eyindi idpmmanelban epkLswith I@dQIIIlg!IP'rﬁ:i j.d.encodi ng
15 WO 03/ 0331&% PCT/ NLO2/ %8{688 saih pr ot e{:’n%ceouas no ecugfe rl?lﬁdagsuedh a way
t hat sai d antamuiisieanenéllly haebbed waild galkd @iasiazE sk iamdamosdipeessi bl e
form and clul teurifn% sai,d mammal i an cel |l under conditions conducive to the
product i o 6F¥ait 4 8P6f8F Raceous nol ecul e. In anot her embodi nent, the
i nvent i on manovEge s 68t dthcuarcfr @duti PYGAsHI Pt £hdaceOttsn 1Tl Bl e
conprising a predeterm ned post-translational nodification, said nethod
conpri si nGh&UBseaE ey §EREFEYI HHtR FRaRIGSHTaSs 1 Povarengitheyability
to provi deg3ajsd aat ehnaeeenacoplecule with sai d predeterm ned
post-transl ati onal nodification;

E.) PER.C6™M-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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providing said mammalian cell with a nucleic acid encoding said
prot ei naceous nol ecule in such a way that said mamrmalian cell harbors said
nucl ei c awDd3jioss1an expressible form culturing sai d nanmelCravLoeeddss under
conditions 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 ning whether said post-translational

nodi fication present on said pr ot ei naceous nol ecul e conprises said

pr edet er m N%Q nndification. In one preferred

enbodi nment”’, e pr |nvent|on provi des manmal i an cells that have

neur al charactGMk§anésenandnp@nmébhipxosﬂdhstMchs&gnfdfcant anount s of

r econbi nant roteins ca b rodu hat , har bor eur al type
pr operti'esl efﬁél Pl ctSS lgef?B ﬁ%nb?%t%?%afl?rf k%ejb]rsaltﬁléia%/pe EPO,

carrying speciddgadireedst @’r@d&%@n@oﬁﬁfotbﬂﬂaéé@usQﬂ@ie@@liésf} catdiongs 1S now
feasi bl e by using the nmethods and neans of the present invention. The

i nvent i on RARTESAS G0 PTRES RSt KOBBTESL B BAGET RERN & pF R haceous nol ecul e
conpri si ng, lpfl%%ectl%rﬂ‘g n%te%s_fn shranghatiepals ipdi bigation, said method

conprising t steps of: providing a manmalian cell obtalnable by a net hod
16 WO 03/OQBIOHIEGmKKEDZﬂﬁoaeedeaeamndedgaﬂd bheuphesamut nvertheon, with a

nucleic acid ncodln sald Fe%g%c§o§§eggggggug ﬁglgag?equay that said

mammal i an Cer ors sald nuc eic a n-an ~expressi orm culturing
sai d wamm%xgmesyad underi nveondiohi dosthendpeoviedes mémhqmﬁdmmﬁlon of said
pr ot ei nacequs ol ecul e and purlf r8ﬁﬁsaid ﬁrotei ace nol.ecul e fromthe

manmal i an CHFIERG G ALY WTIHe SBPHERYS ThRe°pY %%hts?ﬂ%éﬁilon

provi des 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 proteinaceous 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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met hods for producing a proteinaceous nol ecul e conprising a predeterm ned
post-transl ational nodification, said nmethod conprising the steps of:
provi di ngwe og@sstad i an cel | obtai nabl e by a nmet hod accor di RgTINLORN@&SPr esent
invention, wth a nucleic acid encoding said proteinaceous nolecule in
such a way that said manmalian cell harbors said nucleic acid in an

expressible form culturing said mammalian cell under conditions conducive
to the production of said proteinaceous nol ecul e; anal yzi ng said
post-trans] atiqnal icati on said oteinac nol ecul e so

pr oduced; S%ﬁéﬂ%ﬁﬁ %%ﬂ%ﬁ?ﬂfs di Saﬁa 885 -trandla |oné?(§nnd|f|cat|on
present omamﬂwmt@memmlseeul eucceﬁmrhsm bl g psgohed i Ine d
post-trans atlonal nDdlflcatlon Prefera i d nethods, for producing

pr ot ei nac b GHE S TS SiPde fnﬁ@m@%ﬂﬁa g%iﬁ SRR PR Oggfi

prot ei nacegysu@l-eCW e fHOPAhR rasrebiran,cg! r@ﬂéiw@eouévt}ﬁ&lewﬁeerred are
met hods for producing a proteinaceous nolecule in a manmalian cell of the

i nvention, wher®El msainer wEweslimgnteethei énV@rﬁ*ﬁ%@%IP%@Yﬂl%/%rm@%mdesses
ELA adeno%g%{ rotR UG EsS . ﬂo@@iﬁ%@%bé@t inBTeQﬁl%”&é ir?cl? El-A
entificatio

adenovi r al ences can take plrace prior to the n of the
obt ai ned rmremdieamiceld pdsit-triagistlat7 oWl 080088108t RGT/ ORI 08686d al so
t ake place after 1t eII |s |d%nt|f|e sel ected__and/or obtained. The

h
present i nventior J‘gﬁﬁi TSRS 5 0v388§gﬁ£¥ﬁ%%s f%ﬁmm%u%aQy?ndﬁprotelnaceous

mol ecul es harvfnﬁrgﬁmhéwbillwyott@ paceods BBlecpleste afi€ceiiisd frheikdulam cel |
culture on , the basis of the predeterm ned Eost translational, nodification

pr esent o ite %ﬁﬂquﬁﬂqgegﬁﬁq}nﬁpeggﬁgrﬁfﬁ@a ational modification;

providing said mammalian cell with a nucleic acid encoding
said proteinaceous 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
protelnaceous 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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post-translational nodification being brought about by the manmalian cell
on which the nol ecul e was produced. The present invention furthernore
provi des Wworo3nssaoof a conposition of erythropoietin-|ikePooNaouhe&Ese
selected fromthe group consisting of erythropoietin, one or nore nuteins
of erythropoietin, one or nore derivatives of erythropoietin, or a
collection of one or nore fractions of erythropoietin nolecules sialylated
to a varying degree, for the preparation of a medicanment for the treatnent
of a di sorcdceorré.el eqctoe%hf romthe i schem a

a ny

. i sti f ! .
reper f usi on- 1 nj ury? Soﬁrg?ﬁﬁagigﬁgafggﬁhéﬁ,tq"gn"g Tt ealrﬁ*raa}dolrd;/1 di sease, a

neur odegenaradd ey diSier galotedndceanst Rollashpe 1 dineh centaalthaar peri pheral
nervous syste . wherein said copposition of erythropoietin-like nolecul es
[ I‘H@ﬁt

has on a ptot ieft Badi $25PPERer 2T yRHEbPbT A5 Hetdity in vivo

than eryt h.gpad £iig1-d ide@oleq¥lesngCya L gnhinmasesh fos 1 naatdsrent of anem a,
such as epoetin alfa and epoetin beta. The present invention also provides

phar maceut$ dergosianidnes veoirpr FBPnBredient BeytMF opdi®tin- |ike nol ecul es.
The i ”Ve”%H’t@:ﬂr?a%e@&v'm%ﬁ%cmtehogﬁdf gg}:ﬁ%%{?ﬁ%%d gﬁr@{ﬁeﬁﬁmé sai d

di sorders, conprising adm nistéring ositions. In. other aspects,
t he presentoldéquientimm mhevindesadiaet hedl ¢ortwreoducing in a mamalian cell

pr ot ei naceous ecul in need of, a glycosylation structure selected from
Phe. 16 0 037 038100 RCHPR 63PE00BR" o Hib Cotafly [Ty e S iR Eem s X
and/ or Laagbif¥agis ciait airdidugiNgl Bnkedt gl ysasoss el edelss odgrmictierg zed in
that said C%lﬁl expr.esses nucleic acid encoding E1A from an _adenovirus,

with the pr&ASE AR LS AFARBIBE PRAE BRI L Hot ekt e F3E B MAHCGpoi et i n

sai d mameddmit i68ldg itheN@lte®s of: providing a mammalian cell
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 saild 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.

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 EI1A
adenoviral sequences. Immortalization or introduction of

-EIA-adenoviral-sequences--can take place prior-to the -~

identification of the obtained mammalian cell, but might
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PER. C6TM cel |, when sai d proteinaceous nolecule is glycodelin or protein C

or tissue factor pathway inhibitor said manmalian cell is not a HEK293
cel | and wban/0ssad@ protei naceous nol ecule is matri x net alPiCapNiov/eease 1 sai d
mammal i an cell is not a HT1080 cell. It is another aspect of the invention

to provide a nethod for producing a fraction enriched in a proteinaceous
nol ecul e having N-|inked glycans conprising (sialyl)Lewis X and/or
Lacdi Nac structures, conprising the steps of: a) reconbinantly expressing

sai d pr ot giggeegus ARhecuberln dhe Gallh Lhat expiesses duskelgqaci d encodi ng

ElA froman adenovirus; and b) fractionating the proteinaceous nolecules
so producédd/pheplebyindtai ning a fraction which is enriched in nolecul es

havi ng sai d N-Ljink RIS sialyl)Lew.,s X and/qr Lacdi Nac
struct ures. In&g%o %géégggé eéﬁ%?ﬁrﬁ%ﬁ#ﬁéggoﬁFo i8¥%dssn%?ﬁgagFo%0r
fracti onabungfaingxpuoee Coapsdss Mp patleisnaceeusimolsacdl es that conprise

Lews X structures, said t hod enpl oying, binding of said nolecules to an
AAL | ectiR® ﬁlB?ﬁ%?useﬁﬁiE%$hﬁﬁ. i é@F&&ﬁ? $EOBpCEL heGIAFELBr 8Vi ded. It

i s anot hekhaspest s 0brt Bige P £S@M e iR i3 1@ AN@Yih8€ ong@NpPosi ti ons
conpri si ng et¥thropoietin-like mol ecul es selected fromthe group
consi sti ngCBFLeFFERPBPBTREFHE Phdhomakaceilrut Sieds eredefekmapefetin, and

one or NggstdethNalhVesas Of &l VAP e ny %Q%gﬁfte%ée@-iog-mét the
average nunber of of lew s-X structures on Nlinked glycans er
eryt hr opoineninal i akecadl eenl ehich dthd emstecaBeuta®. robdncaéd. WD 03/ 038100

L1 0270008510t ek LORL FBIL 3, 98 Averane e 230 yLgogf 00w

fracti onsaaconpdsngitvn dheeryweripairetame l1ike molecules selected
from the group 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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used for the preparation of a medicanment. In another aspect the invention
provides for the use of erythropoietin reconbinantly producible in a
manmal | arwoeBlo3s1ehi ch expresses nucl ei ¢ aci d encodi ng ELAPCTONDO200686
adenovirus, for the preparation of a medicament for the treatnent of a

di sorder selected fromthe group consisting of ischema, a reperfusion
injury, a hypoxia-induced disorder, an inflamuatory di sease, a .

neur odegenerative disorder, and acute damage to the central- or peripheral

nervous SysioRy dahanoliigy STHOdiIEAL.) LG Lnyelbhon, proyides a method for

the preventative and/or therapeutic “treatment a disorder Selected from
t he group eomsdsting Nofinlkssherivaanastepethiusspnchayacyer azéy poxi a- i nduced

di sorder, i ry disease, _a neurodegenerative | sorder, and acute
danage to ?ﬂ%ﬁg%% raI-fQHe eﬁ%ﬁaggrgPCﬁﬁéFv88§gs§§?8ﬂ%n%aﬁ%ﬁ Hod ™

conpri si ngaddmeosteps ofwitddrii preniisg thad WHEANsQIdapioBLissddecd a
conposi tion of erythropoietin-like nolecules selected fromthe group
consistindm%ég%ﬁ%ﬁfﬁﬁ) A EPP I FE 18r SAdFemAlRal hanofelbr i Mepot etin, and

one or nores@erdVateyes fhen €5 yiNORA SlidbeoMielLIR $akd;goMPOSi tion of
erythropoietin- Iike nolecules is characterized in that it is recombinantly
produci bl e9}¥Fereiired rdte&lin Cowpr tdisAgenbierept peflwagntodimgcELA from

an adenoviZlisy AdCeriAl nnelier hed eaRedbeEnLey said cell s a PER COTM
cell. DETAILED-DESCRIPTION It is the nmerit o %e present Tnvention to
provi de reeoiinEgroysr athictidudre systensisuntabl topostéhee prositicd i on 20 WO

post -t ansl SETORS ot fiecaldon. Ta080r FFat-aspeat such T ecombi nant

systens It is another aspect of the invention to provide a 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 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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can be provided using nmethods according to the invention for identifying
expressi on systens capabl e of applying the post-translational nodification
needed f owotohe3gin@tein in question or the intended use offCrhaopp@Bei n in
guestion. In a second aspect, the invention provides a nethod of making
expression systens having the ability to apply a desired

post-transl ational nodification of a protein in need thereof. Further
aspects of the invention conprise isolated proteins having predeterm ned

post-trans,af P”&kboﬁs‘?rﬁér‘iéscatéaofbs_a%%r%@;%ﬂHﬁﬁﬂer”%rhgfgslé%st'sa?bo@t“d

phar maceut 1 cal™ conpo i ons conprisin e sane. The present 1Tnvention thus
provi des a2net had7f oB.6i dent idying .a Imaamelhan eepkctaptlbée of producing a
pr ot ei naceous nol ecul e coqgrisén a pred%per 'neg ost - téanslational

modi fi cat i GATPLEH T PRE oY Hotpri BSh FEREIIEPeps P A VERAtS2i N t he

post -transhaédonet e ftesd 00 oron fa apmetecampheduced by sai d manmal i an
cell; and b) determ ning whether said protein conprises said

pr edet er ni ARA2POLREY r 2FRFG | Il L IWSHFPEaPFEN PR SAGt HBP B#BAF nent t he

i nvention previhHSSe e FBE hathorliOin 5818 Lirbgua 1 BRETRLI aMm&shh1 capakl g of
produci ng a ~ protei naceous nol ecule conprising a predeterm ned post-

transl at i ovial choekpreatevmusks i metilfognconprosEng fhem akeps of : a)
lozi i . A
anal yzing { e g\%§§@ggef(9£ w?rfl ‘é&ﬁegﬁ%atﬁoﬁ! DFUG. géﬁg%%ﬁt”%%ﬁhé;: gn  he

conbi nation o I'ssue specl ers in sai Ian ce
cel | surf atecatmsai dof nmnmbed doatecelelecnkidcliromr ke grogpnbomat stoimof sai d
markers is_indicative for the abilig¥.of said _cell .t

.to,apply. the
pr edet er mi REATPOREILF ark I8 THalS W0dif P LAY off B¥PR*1pr bE ?ﬂ%%eous nol ecul e
i n need theiedfdehein pIooGeth Hdty2 HiW0a03/, 0384680 BEI4ALO24 OOES6

disorder, and 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 E1A 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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said cell using techniques of reconbinant DNA and cell culture otherw se
well known to those of skill in the art; and b) selecting said manmal i an
cell on twe oassigo of the presence or absence of said tis®Paca/NpPOIRHC
markers. In yet another enbodi nent, the invention provides a nethod for
obtaining a mammal i an cell from a heterogeneous cell population, said
manmmal i an cel |l bei ng capabl e of producing a proteinaceous nol ecul e
conprising a predeterm ned post-translational nodification, said method
conprising the steps af: a) sorting cells on the basis of . _the
post -trans?%t‘? oo di’¥ ince)gtdi 8hs®o r%&%{%?rﬂjsnep‘?cpaou%eatr%fl?éﬁl(?n@él s in
sai d het empgeineidiss icel.l mopuUlfatsenasasdt byucts et @cdiiithdrite saldemscapabl e of
produci ng proteins conprising said predeternjneqﬁgost-translational,

S

modi fi cat iGH! BSudH WeAShgsiay BetheddnpPreftRUst ng-PsrettEa<ieown i n t he
art, incluging Qe M8 dd WxdedsE@ohheyseant i dgp a1 cedt sising o leyer escent |y

| abel ed antibodies recogni zing the-predetermned post-translational

nodi f i cat irgst1iraasdtatdonethoddvEhcatine Reeded i bor pilvyirkeded nmdthod  for
identifyin . gpql' cell bl.e_ of -p j ; ' ous nol ecul e
conprisindgggggg)eté#ﬁ?ﬁ%gngggggat?gﬁs gt?%%;§££%%ﬁ%f@gt1§%£§§§Fd%ﬁethod
conpri si ng tdec@tepspafct prodel dnagnsaod paovikdeare oadtthodd tdf anakiclgei ¢ aci d

encoding a protei,n in need of and capabl.e, of receivi the, .
post - t r ansi 5?ﬁﬁﬁoqnﬁ¥%“eg§t%8ﬁé?giﬁgguﬁﬂlg?ﬁﬁyt?rﬁﬁgﬁkﬂﬁid%ﬁ%ﬁ%ﬂ i an cel
harbors sgiskiucdeisl AatichdlNmddi€xpaesshbbe a frdtetul frurdgrgl sai d manmal i an
cell under conditions conducive to the production of said protein;

anal yzi ng threiodtuttingds BePrGhal CholRei tRATF BN Fh SHIRF piotieiH a%e6duced by

sai d mamalian Gl Ihaand WeliddbyePdihbe pessenten fasaighpost -transl ational
nodi fication on said protein. According

modifications 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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22 WD 03/ 038100 PCT/ NLO2/ 00686 to another enbodi nent, the invention
provides a nethod for identifying a mammalian cell capable of producing a
pr ot ei nacwous/osabecul e conprising a predeterm ned post- tParsNIaLH@sal

nodi fication, said nethod conprising the steps of: providing said
manmal i an cell with a nucleic acid encoding said proteinaceous nol ecul e
capabl e of conprising post-translational nodifications, in such a way that
said mammalian cell harbors said nucleic acid in an expressible form
culturing sai under canditions _con ive ,to .tthe production

| |
of said prfte ‘ig |an ce?lﬁhéllquﬁﬁaf’ zFﬁﬁOW%n%%Et%a‘Wéﬁi &3 onal

nodi fi cat l@ml@rresajtdueﬂwl@teelmqewswﬁot@cuh@s@r@ﬂugleﬂlbylrsaumb rmrmal i an
cell; and determ ni ng whet her said EOSt transl ati onal nodification

present orfRAIR POt e @ InBRBEBAL 63RofBH SRR BB P2Hre Rl éMf ned
post-translatignal JPdiddLld - sAiRr e&gsa@cgg@élﬁ%%]@e@é used herein

refers to, but 1s not limted to, nolecules such as peptldes pol ypepti des
and proteins, d§1WéﬂIaayﬂhﬁrn@méﬁﬁsméﬂtpebhﬁde&venbb¢wp@ﬁﬁr and proteins

(ol eoul o3, S0 | 81918l SLions, 1 RALDS JULEL | OB apS: AN Ehem cal |y

i nduced rations), ey are capa
predetern1¢&ﬂﬂ[pnguﬂatmmﬂ abmddahammdlihnatébh,béing ¢E@&blétni'reqU|red

am no aC|d re |due the ri t co t ex amenable to the nodification
(e.g. they &L§ﬁ9$§%%?ce ROSEPFThHr SRR i case the addition

of an NI Ip‘ﬂ@%téﬂn}iﬁ@&i %idsttctt%ﬁsugtﬁjeﬁaleﬁody\m@@tg@m hes appldedbd o the
Asn residue in this context). It also refers to ﬁeptldes polypﬁﬁtldes and

protei ns CEANRAiTINAGhasdeRE 6Eher) pPEELNAaERbLE AMd-HORPTG &ifhaceous
labels (e.he JAH QrAGHIMECAARNOHRESY i AP EXENPH €p Pl SULD G- JY LRI N-1 s

human- -
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 tovthe 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
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EPO, whi ch has besides the renal- or serumtype form other phenotypes

such as a

PCT/ NLO2/WO®8@381exanpl es of cl asses of proteins that havePCEMNLARN686
stics that possibly play an inportant role in the functionality
shoul d (when reconbi nantly

characteri

of the protein in certain tissues and that
expressed) harbor the predeterm ned post-translational nodifications for
proper function include nonoclonal antibodies, neurotrophins, cytokines,

brain-type form Oher, non-limting 23 WO 03/038100

a

nsulin- 11 ke o dy (a1 rSentCrt3 'msngaggﬁgaomégfgwrﬂepgo bpgst groweh

factors, epider
tyrosi ne ki¢ﬁmﬁﬂfyxngﬂﬁ(maMmqimmasca&d oapebIEroﬁhpcodacimgSa Mbst of these
ciated w t-h di.sease _syndrones t herefore nost of the
pr ot ei ns H?E%?§(%9%Eﬁ¥ m0189§&§bFﬁgﬁfgsﬁ89nﬁlRr?ﬁgt?F%b? MODt~ humans,
provi ded ttednd her inrotleintsii fiarahdont he apashet haastahp onad ngroghd i cati ons

factors ar

necessary
pr oduced

growt actors eparin ¢

to be ctive in vivo. These proteins_should therefore be

BERX Hes H W Syt id ithaprErd 1gapasl & B thravi e Ri ¢ Reidesired

post -transé@idonal JHid fpx%aetéﬂra%eoﬁéam@hégu@é éggabwrgfeé&r?p@{ﬁ Ggut are
not limted to, transferrin, glycodelin, Nerve

Br ai n- der i R~ et Btatophiad mectidr cakeanst r 6phENch, a- Ui iratk iﬁld]ll ary

owt h Fact or

neUfOtrOphﬁénﬁéﬁgéH’céfﬂnﬂﬁyﬂ%fsn@%

Oncostatin-M several Interleuklnsga ﬁx&éggt%é%gFggr%Q-%geuu#%%g&eTGF-R,

di al - der i@ narldtywptl caiffackeomaliear tatl nunder sephd iy, iddost ati n,

Flbroblast

r ecept or

Pl eiotr OpI’Hma,l}Mldig e Jloem-Calahskaet ohal Sebdir Agst Non (BF-saliqa PDGF and
Saposin C

ulin, Acetylcholine

Q%ﬁﬁgng ngfv|t€F°ﬁ§F$E%9ig£n§gEgtgR&E?%@%???P%zQﬂﬁ? Qe
pggggﬁﬁggg%uéag&hggghgsp?gdgggg Qgrgégd 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, polypeptides
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



refer to human and humani zed anti bodies, to parts thereof,

-and--to

equi val ents such as- single chain Fv (scFv) fragments, Fab fragments, CDR
regi ons, waroabiieo regi ons, |ight chains and heavy chai nsPCaNIanyo@s her
format suitable 24 WO 03/038100 PCT/NLO2/00686 for use as a specific

| i gand. According to one specific enbodi nent production systens are

provi ded that are capable of applying lewis X structures and/or Lacdi NAc

on proteins capable of receiving N-linked glycan structures.

| n accordance

with the i C ression,syste be identjfied, selected or
specifical€%%§%§%gﬁ%§CH'ﬁﬁéfho BSF énéhngﬁfaggvgecﬁﬁg? is the

i nt roduct | cima raxt toe i sweimel drart @@bblbﬂyanbgl@naﬂmﬁorﬁgmwrtéuéuhﬁﬂtﬂﬂ A
sequence of an adeQOV|rus sych that said E1A sequence is expressed in said

manmal i an o&FEt

oLt dRSPERTELR dnafPERAYR | h18XTes i@ WHE HEK293,

PER C6TM s©ddid Aldaugieddieseaselly bikpessaks) kn&%opeﬁhée and have = been
used for protein production (Van dgn N?eumenhof et al 2000; WD 00/ 63403;

Grinnel | ebrefetemuined mestyddasisde tieppdcmogt £ EIAt bpns heombi Iitapam appl y

ewis X anghet s dRCH WG SHdIRES 1t 9.R8681 B3, PROJVCEA LG

hitherto not been appreciated. A post-trans ati ona

£on has
|on as used

herein re¢efekineanyinemdiin-ddtkdieogrowat facporesenTGOAR oFike @aiwth

|f|cat|ons that are

i nt roduced

r ot ei nace e refers
gurlng or:§%%§g%%éﬁ¢“§%oqﬁ?s3 rﬁgFé i8 8FSSaF%ldﬁﬁT% WEYHbm RNA i n vi vo
or in vitroactSuch rogiddicatdiiondngi gebude, fhvtoasp BPtodima tiechds

| ycosyl ati on, foldij.ng, hos horylatlon y- car boxyl ati on, hydr oxyl at i on,
%urtin%rizﬁﬁ?%ﬁF ﬁiiﬁﬁ%Q§5pﬁV¥ GG ahdOoPBLici fstamER- %@%%é%gl Hgsavent s such

as the clipptgr HffroOradriaddit W9Bh disease syndromes, and

therefore most 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-CSF, IGF-1 and -2, TGF-B, Glial-derived neurotrophic

factor, Neurturin, 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 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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of one or nore am no acids. A predeterm ned post- translational

nodi fi cation as used herein refers to any post-translational nodification
that i s uwefoalosfior the selected-treatnment. Accordi ng t oaPeTNI@eH&E6

enbodi ment, predeterm ned post-translational nodification refers to a
formof nodification that makes the nodified protein 25 WD 03/038100

PCT/ NLO2/ 00686 particularly useful to treat disorders of specific tissues,
organs, conpartments and/or cells of a human or ani mal body. The

pr ot ei nac | & ¥i:ng predet er mi ned post-transl ati onal
nmodi f i catleigns 1{:‘%“' %u ;’ rleég tﬁggﬁaevoi d of significant effect (such as

detri nent alkccqrdJMghetro mme§p|eedf$cdemleb<ﬂ5em1$t) ot drbrctian sors tan®e atriessue,
organ, co art /or 0,be treate Accor di n% to one
a

embodi nentt &t erafﬁen 8pa%5;§t %r%ﬁ@r%ﬁ% T bdt 19 Rt O Causes t he

protein cazm)/rdxslmd1Mwmd@&at@ﬁgdc@p§blé renstadd Bnalg Nmdidfideeation to
be cleared fromthe bl ood nore rapidly e.g., to reduce adverse side
effects. THe GitedetdTHITES - 5BSFCFP§ﬂ§P%?|‘6H§P PRI F R g S3vbe fully

under st 000 idte A8IAT Isyist advaneepebuliefaNr Al 30 Loy ganeyally referred to as
being a desired state'that is required for a proper and wanted activity of

t he pr ot ei YRGS addlve d¢lsd Jaedpr ABi ﬂgamBh@hO%r%m eruripveive design
post - t rans] ati,onal, Jmdi figati 9f. MeahLig tcéﬂf gtet &g Jrodi.fj cations
ecul e O 0O Nno

present on the protelnaceous no ere necessarlly have
to be ful Iqommda:ls]tg)@ah aidy tsleqdehcaedf as é@etgomumesudesﬂraeﬁ sadid vity is
Lation. nodification |n0 a d/ or

t here. aﬂ%d of desi, re% geﬁcoa 5
N- gl ycans, - tependiiTg drf ERBTRRCERdeD t3kd Rt Gt SLewis X,
sialyl Lews stciGaldNae, aGrebag, ihaedi Nencalase |invkess, PER.CGTM,

911. Although 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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fucose attached to N-acetyl-glucosamne, term nal N acetyl- glucosam ne,
term nal gal actose, bisecting Nacetyl- glucosam ne, sul phate group and
sialic acwa.o3Mssaooramal i an cells of the present inventionPareNLopo@Ber abl y
human or of human origin, for the production of human proteins to produce
proteins that nost likely carry mammalian-, and preferably human,
characteristics. To produce proteinaceous nol ecul es that should have neural
26 WO 03/ 038100 PCT/ NLO2/ 00686 post-translational nodifications, it is

preferred S I t hat % r teristics,. such as protein
mar kers t aator%rcgﬂ'la%g'lﬁ)cgsie@ lf tgr% ﬁggfggl 8%:% P@é@%ﬁé %é)eecglfnlo & Tde that a
non- neur alomerds  mogirtp e mexttise ey ousetlll si of friodue g prroiinei NS conpri si ng

| -t -t | at i I dificati . Jt d d th tei
et vity R+ 3 FedUnSa oCo 58 BEECCRUBrET T3V B0 oBtal n a cell hat i

capabl e ofp HdiGinig sUeh spostrahtanst ahhDnabdi FOEh 1688 | @ASLd SINGe it is
required to produce |arge quantities of proteins when these will be
appl i ed i Feferapsudeyoigecdi Agenificprt ppéfest etFiHut2% he manmal i an cel |'s

of the inyantirhane iJAMethakl agdesh PERY & ahs zak 00 SAN Q& I ton @bout
in many ways. Exanples of methods to obtain imortalized cells are

activel y tt¥ensfigrsmieng ox geest icngreskment nend 4odi ¢ Ul nighatel4s byo tee addi ti on
of nucl ei %xaecét‘li%. encading ft%“%égr%iﬂgﬁﬁﬁg or M@T‘S)ﬂ}eaée' zl ng prpteins, or

t hrough chemcal treatmment “thro endogenou protei ns mght becone
t ransf or mpgg t-drrams taakiiong 1c elokds £iicami ob uoan s o@t Eié abrotanien preferred met hod

to imortalize .nan- tunorous cells is by the addjtion of the El region of
adenovi r ud HE S TEhdT POFOEEFE T P RRSPSTER 5e0 AL SR

modification to be cleared from the blood more rapidly,
e.g., to reduce 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 proteins that most likely carry
mammalian-, and preferably human, characteristics. To

produce proteinaceous molecules that should have neural
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PER. C6TM O her nethods of immortalizing cells are known, such as
transformati on using certain Human Papill omavirus (HPV) protein encoding
sequenceswQa39381beLa cells). The addition of certain vir&CTNOL/esss, such
as El from adenovirus m ght be beneficial for the production of

reconbi nant 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 El A of adenovirus in

t he host cel] . used e [ On-.Syst. acgar di.n i nyention

changes th§055 6&?%%f%%ﬁ?%%Fg%%%ﬁig%%ﬁgg§6 gghgfag{%?ﬁg ?gsg%fu%%e

expr essi oncsyss emhstuchatdateutal afuanaesetrietabtl i sychoaappkytdihi nked

gl ycosyl ation structures that, conprise |lew s and/ or cdi NAc. A suitable
cell 1ine FaFFeR ?%o%%ef%ﬁéﬁﬁ%ﬁﬁﬂﬁrﬁ;r BF&F@?nSSgéﬁs hﬁ?@cﬁ?%@ Bt need of
lewi s X angfi@rudacehdNAca £oitadiviag 1l mkedtgb¥cans reme PER1E6TM deposi t ed
under No. 96022940 at the European Collection of Animal Cell Cultures at
t he Cent er PFRRURHRY i REC 1 €7 D LT GHIGF 1avd "ReSéar EMPSOPREE~ sui tabl e cel

i nes accogdifg do; LB Aspeetcdidliude HEKRY3,a311na0ds0bbgE . AN i an

cells that may be nodified by introduction'into one or nore of said cells
or ancest oastivhey edfat ofs mrdwinedacite tskkdectontdiens iEYAosegheatesa of an

adenovirus_jn. e ssj b t ti |l I g i pressi bl e
Format ar e T hbI Eiod. Chnrar i e PNt 905560 BeaSusarne it ethsl
anti - apoptmdvdcfetdecdss exerted by ELIB, to counteract the potenti al

toti ffect f . E1A Sssion. Th t hods f d
pr ot ei naceous BFECTI BS LBoCORth i (8 ERELHTNEFER FHREher-fayoSonpri e

the extra.prstemhdf wipshi i §1yd 419 wsiai 1d Hor @ippilnacieous tABkagelieifromt he
settings, it 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. HeLa cells). The
addition of certain viral proteins, such as E1 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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manmal i an cell culture. Purification as used herein m ght be perforned by
usi ng conventional nethods that have been described in the art, however,
it is prevermsesib® use purification nmethods that conpri secanNgoepodsa whi ch
the post-translational nodifications present in and/or on said

pr ot ei naceous nol ecul es are enpl oyed. Even nore preferred are purification
nmet hods that conprise a step in which the predeterm ned post-translational
nodi fications present in and/or on said proteinaceous nol ecul es are

enpl oyed. When aff.inity purification nethods are applied, it is preferred
to use antiHOREET qﬂtdr\f?erotf[)it §eFEPT SRR A Y BT nss]P&épt}calitfilct f or
parti cul araqairtohheat imiitet ites applyt Ral iared 281 W H 31 L3800

PCT/ NLO2/ 00686 = directed agai nst certain type? of post-transl ational
modi f i cat | DC S| 1@ o fCOTRER SEnt PBOEI 23T €2 antF Hoties:  direct ed agai nst

(sialyl) Lew s % stfiuGiHiese1hacdhNagor sRdChiRsiPredRlINAG d8WgS X
structures. Non-limting exanples of lectins useful according to this
aspect of R¥fEeinp@aausomodicsVARE aRdnsef eef | hewis uehred/ & Jalsitide - P-

selectin, L- ecti N, Usi . pders ®S upr i t
(reconbi naérﬁl?&lpl(r?12)5Lttﬂeg|n Nsligtﬂlg%dtsﬁgpcghﬁi g% P%Eg?(g%nf aggs‘é%?%ﬁ‘g Lrl)lllljé%(lfll\&(;&% protein
carries thee@EXi4kedt phedéeopenedCpbddtetiamsd @t Amived 1 el f iGdtbuoes Even

nore preferred e .net hods _i n.whi,ch.the proteinac s nol ecul IS
1160t MO ERTy Lot A a8t ol e TRER e P P S B o S =pr ot e ns
P . ! . (

from mameddiaaiied lceQul tilume sakecoptongded biyis hespsesenticliyyeenti on and
enconpass for _instance affinity chromatography nmethods for the

puri fi cat ifGHot brdilnAfh O tGeyc BapRat g EFRL by thadhghaams sfiiddesr 1ectins

recogni zi ng, Lew &SI WRS onBr 88€Rbré Nof hea N A yLANS Ofaddtors

reconbi nantly produced
thereof, of nucleic acid that contains E1lA sequences of an
adenovirus in expressible format. Optionally, ELB 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
E1A 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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product. The present invention provides a pharmaceutically acceptable
conposition conprising a proteinaceous nol ecule having a predeterm ned
post - t rarwbagiossiad nodi fi cati on, obtainabl e accordi ng toPeEFNIOd806s6 t he
present invention, and a pharmaceutically acceptable carrier.
Pharmaceutically acceptable carriers are known to those having ordi nary
skill in the art. In a preferred enbodi nent said proteinaceous nolecule in
sai d pharmaceutically acceptable conposition is erythropoietin. According

to the inventd t hr,opQi eti. roduced in_cells wth neural protein

mar ker s- accgit}iI rée){séq a %ls G r%%ﬁgltaé?i §X§ “nd i??%gtjlc% 1A 19%&& active in

neur al ti seebl Drcaon aveur alxamgllles. offfovayer ant heod postatd ansl Aidona

nmodi fi cat i(?ns r e, not .corg)a('r ab o_the 29 WD 03/038100 PCT/ NL0O2/ 00686
itic

|
post -t rans lalfelcgtneaq NI RE atsilgr]rgflieéﬁwﬁﬁ EPTFFHAtUres r kst 8¥S n t he bl ood.

The eryt hropai@etire £fdredas mele thai sEROspradteesds Oonvgel 1 8, ity t he neural
protein markers is significantly |lower. In accordance with the present

i nvent i on $12NRSTow S ticsiding $§683t 8ECPRAENY hE] Rl %esnart tdfe thissence of

a high peraanlige:dla.sl abiic Al dsic8ndhor Locnlle PIESENGS Of Jrain-type
features such as Lewis x structures and term nal ‘galactosides. This is
advant ageoifslectsime &-sigdieca ibr-alainygpeuEP® tade be erssguldn ared atd vel y hi gh
dosages i r.eat t .di d elated to .neural . tissue or in the

t r eat ment rbol%ﬁlite%%stﬁlge c%&g%lg‘ﬁﬁﬂcﬁégntél}lf s%%(ﬁh a%hag% 3 bt ¢ heart), while
at the samendeargaymviafg tha sugniffedaptbyetedusect €f fieed dkiateyt hr opoi esi s
as conpar erdeof Q t he EPO prEQ rati Ens. currently avail able. The invention
provi des recSIDIHARCSEr POR OESPEF' ACEOHDT i BPHHE LFat tus E Vg more

post - t rangmificanald ned he¢ableniselrctRdcid O deinaceous molecule

is purified 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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group consisting of: a sialyl Lewis x structure, a Lewws x structure, a
al,3-1inked fucose attached to N-acetyl - glucosam ne, a Lacdi NAc structure,
a term nawoNs@asHaby| - gl ucosam ne group and a term nal gal roa®2/geseap. Sai d
reconbi nant erythropoietin is producible on a mammal i an cell obtainable
according to the present invention, as well as on manmmalian 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

accor da”Cgord’!g_ujcx%'?l%1a]‘;’c'11a85?1‘§i1”1%85i5%59§5n9rQé!é €Sn LMo U Of PER C6TM cell s

for the oduction o prot ei naceous nol ecul e conprising a predeterm ned
post - t r ansliatdwredle smodi theabilongd . wike eenythropsi ot of exFieatttshatft Jdied
pr ot ei nac nol ecul e is rapidl cleared fromithe blood.and/ar used in
b oh dosadl s RS g st ene! thr SRBCTERER DIP Biie Lo T~ & aF dosage. ey
be used t«L diefmicaortigr @vertr .acut ecdaragecassoch atied pdderdd® WO 03/ 038100
PCT/ NLO2/ 00686 . .hypaxia, while Iiniﬁgng%the aq¥erse side effects of

t

eryt hr opoi B4 dite *EnbOdi fERPRE IBFekeht HrAb ettt s (e to

prot ei nacegiss JPYRE @F of ntibe peesentabBvent s0Mm akeac Sl t able dored he
treatnment of a human or a hunman body by surgery, therapy or diagnosis.
Pr ef er abl y-IEP@US3e Cemsife OiRAS - 4F¥EOr EPAGUEDSt HleCh Ny NksWIS af e used for the

TaNT Aot Ur Ol AR L DE LEEALIBOL  ofy IyPOXI 24y

. &hs
di sorders, neuro enerative arflictions, or acute amage to e Central -
or periphevigicenenmus $ystiemtybr E&8Aotherberesedren exbodi et hisdi d
proteinac%Pus nnlecu%%% such_a Egg)gre uaed for,the manuf acture of a

nedicanentO%%%eﬁiﬁ?treaF§€ﬁFm8$tlscheﬁ?gra%57o?e %%%Qf%%i%ﬁpﬁajuries. In

yet anot herisgnef err édv effzodiregnhensabd pletesndsesdysd 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 recomblnant erythropoietin comprising at
least one post-translational modification selected from the
group consisting of: a sialyl Lewils x structure, a Lewis x
structure, a ol,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
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nol ecul es such as EPO are used for the manufacture of a nedicanent for the
treatnent of inmune disorder and/or inflammatory di sease. Mt hods and
conposi t iwoel3asaodi scl osed herein for the production andPcamifoaoe6ssi ng of
reconbi nant proteins. The invention is particularly useful for the
production of proteins that require co-translational and/or post-
transl ati onal nodifications such as glycosylation and proper folding and
relates furthernore to the use of human cells capabl e of producing

br ai n-t ypey§6x=i ANGH011 HOStmi dirRNThat meralk sBodi fik catEgpss 0fr pr ot ei naceous
nol ecul es. These cells can for instance be used for the production of

hunan_g!y%éb?%%%ﬁ?%ﬁ%ﬁih neural features that night be therapeutically
beneficial . duerd GidQdodeal Leathbes o Ibe. PLasents Laveatd on al so

provi des the use of a human i ne neural characteristics that
nmodi fi es preteid reotd ywebgressed prrbeepmssenthineanaiopraperti es such as
“brain-type..or. neural.-type' .post-translational 31 WO 03/038100
PCT/NLOZ/gﬁ%E%bl?n£ﬁ¥;%§ﬁié%%?%ﬁiﬁ% as SI 88§9I8Fi8n?u%%%§éﬂ%¥ Btion or

fol di ng. Aarexayplchafasucr aliceosliisne prageedbPEREE6TM kéU. S. Pat. No.
6,033,908%, was %gnerated,b the innortalization of human enbryonic retina
cel I's usiAgr&Cutonst TR Bt iHG AGEROVLPOs2ER GeResioPrEvs ously,

PER C6TM gghtl Sabiayee R OVLMdD Repar trogulakl ¥ ralthaht e Ofypd e, production
of reconbi nant human proteins, since high vyields of proteins such as the

human EPC-BRUCed 4y ordfns, msseidesaneantibedrESleanioes obeni aeetg descri bed
prot el ns. pradleed by PR LR coll & AR atan for sartarFe CE ass speci fic
f eat ur es suchhes el rahamdotdamesiti,csaid 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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(e.g., post-translational nodifications such as glycosylation). This is
exenplified by the production of a protein that harbors so-called

brai n-t yp&oaBioggasaccharides. It is shown that hunman EPO practiodocdsy

PER C6TM cells is nodified with N-linked sugars that significantly differ
fromthe N-Iinked sugars found in human urinary EPO or in reconbi nant
human EPO produced by Chi nese Hanster Ovary (CHO cells or Baby Hanster
Ki dney (BHK) cells. Human urinary EPO and reconbi nant hunman EPO produced
in CHO an ls C in.g | st that ¢ be
referred %O%%C%génla S %&té;% %rs b)é{ggéﬁk%%g&blé%%&{s@:lh%%e?} Typi cal |y,
the N-1i nkBoldiugar fArofextamede CHOsuahdaBEiKL EPOLpe e paaretd GTER 41" hi ghl y

branched, highly al act l.at and_highly_ sjalylated, whereas they |ack
peri pher al ma%B-Pﬁtﬁ’ké\g)'f 3@2@3 ’?gigﬂdaW%F g?pgﬁ@%%% bI%ké;nuéchi et al. 1988;
Nintz et almmdQ23;i 840N oft halhanl9R8ry&ahbeket N2l senl etusing E997) .

Herein, the nature of the oligosaccharides |inked to human EPO produced on

PER C6TM HAP Heeif e NFGpEed AAGSHOWHS b BRST gmiFSmt%s dif ferent from
the ol i gosggcheadm des: B2 MR O Q3R PEY %J'a@%&@@_@%%&@aﬁ@%lé Nedwiman

urinary EPO and reconbi nant human EPO produced in and BHK cel | s.
Firstly, tHe Rmadgsisinglofc regemgissptehtingt pPhetolnyosHdrtmrtiidds of

PER. C6TM pr.o EH_J@ ERO .S .sLgnific t rage sialic
acid cont %ﬁ 0 g)uf n u%llﬁéc’rf EBObgr‘C%%c%u 3%%a$1}?d\ﬁ%nn%2ﬂg&éﬁt‘%}ré§m CHO and
BHK) . The mmrgclanwlsiaaltiibodldied cent bat obhalRER C6IM priowiicied Wuman EPO i s

i ndi cative presence of N-linked oligosaccharides that  contain

Lorm nat| ) G od L R aPOF ™ ABUTY a1 AEToLant e A A e e

gl ucosani nerotzeaENHnsdUNeac ety Prgatatt esanisneahsatquindei Bertain

tissue specific 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 EPO 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 ol,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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significant amounts in the N-linked sugars of PER C6TM produced human EPO,
whereas N-acetyl -gal actosamne is not found in the N|inked sugars of
human ur iwarog/0BR® and reconbi nant hunman EPO produced by @a@Nekbessé Only
trace anounts of N-acetyl-gal act osam ne have been reported to occur in
the N-linked sugars in a few batches of reconbi nant human EPO produced in
BHK cells (NNnmz et al. 1993). Third, the N Ilinked sugars of human EPO
produced in PER C6TMcells are found to contain a very high anount of

fucose. A Liaelion Of i fu;ﬁggggﬁ ggoagné- LKL 4.0, £ BEL] ROSY @

N-acetyl - gl'ucosamne ‘thereb a so-ca ew's x structure (Fig.
5). Lew s pratuasst ireSHa\eadN®HEr cebeéen Fepstied tloe coeairadgan diidre uri nary

EPO or in _reconbinant n EPO produced,i.n cells. The

Coi ol yl ) S GRS il 4 PAQEHE GHAEPEaE GO dh My T TRECSFFRANL | on make
that this ERQM Swuitablignfig: Ainrdyngoter ﬁ@é@cm@sa@@@b@ﬁefwatﬂ%r _
application in cardioprotection is envisaged. Because the protein-Ilinked

ol i gosaccFiHELHARE #F HrEap HFpa_tYoRPPher phgSPvEkEH: duinasy dF& ti es- of

the polyp i rtipdy fo FON; - S idd vi.scosity, and
charge, PE .&@%ﬁ%@ﬁ?ﬁumT%%ES%QRasgggg%/\%ﬂ%%/%%fs{?o%éﬁp%% NG/ 00686

physi cochetBRdl6 Propedidesd human diHF ds singdickicésat b§ fhenprasemee wwf nary

EPO and r egomhi t r.adu b nd BHK .cells (Toyoda et al.
2000y 0l cart s e TR R T E Rk e et IS ERRG {nan hurmn

uri nary ERf1arichsee corhiorant-alcengi - RO pt odactte byndHRG: anca BHIK Icel | s due

to alower sialic .acid content and it y be nore hydrophobic due to the
very high gr]l.}bco%se@%'er‘f’te.coﬂéﬂ ' é@ﬁ?{:}%fﬁ%f%ﬁ%‘?%%}%l BERIETM pr oduced

human EPOdisynificant 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 «ol,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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significantly higher than the average prof human urinary EPO or

reconbi nant human EPO produced by CHO and BHK cells. Because the glycans
of EPO iwopanssioul ar the sialic acids, also have an i nf [Pa#mI®2/06%86 he
binding to the EPO receptor, it is expected that PER C6TM produced human
EPO has a different affinity for the EPO receptor than human urinary EPO
and reconbi nant human EPO produced by CHO and BHK cells. Although
production of EPO on PER C6TM cells has been disclosed previously (WO

00/63403) prfiane@hdile 1! Fuckuralesdehat | 31 fcd hey praducsd EPQue €

di scl osed then. Hence the  insights obtained herein now justify the
concl usi ourgat urgmedyc EPOn apfl EPCrohiPER: Q6T mekE Btoddadalbive CHOr

entirely | j Gat| pecially e ropolesishs to be seen
as an (uncfre@/vre éselc'L &- 3?%3&:%.% %ﬁ %%Ur%@@@{)t hﬁgg%ﬁt g%EﬁRSs'C(S:Gan benefit from
t he new i nmsicghtcsdpihomiatde @ Ploeriaei hessAckargédgtian dnenat hariraspe&@roof t he

i nventi on, net hod ,i s _ provide or the praduction o tei.n in need of
owi 5 X G G PABIFRRS CHER APRGERETITEarSY WAL iy ERFOSAHIGT Ay ELA
expr essi ngdrammehiean sGelllic Exaapkesteht pAed eithsndhale e benefit from such
structures, and _hence can suitably be produced on said cells, are

er yt hr opoiteld5PPhoRass Fder itR, the YRy¥olbyR nfEeRTe Lofisitodds @ A (PP14) -,

Nerve G oW fact @he GNGELGeBLA deﬁﬂaV@@mng%& EORM Gl RCEOS s
Neurotrophin-3, - 4/5 and -6, C liary neurotrophic factor, Leujkema 34 WO
03/ 038100 sPCWiNLE2100§86 igherki bhanr Yhé azveragdadi ol roplimulin@yyost at i n- M

o oot S SR Pl e A0Mhsday I, S B (Y

Factor- 1, Bezaarsed the gAyphinsegdl ERQ, ACet yd cthiodd Iner riecepticn iicndudidag

activity, all\ls%t rhial;]r_el a%nc{n_f ’ue'r\llggr Sguil:kiler]_kazir%"jfjné 3t’o P’t:lheei C])EtPrOO%heic%btor,
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
E1lA 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 (PPl4), Nerve Growth Factor

(NGF'), Brain-derived neurotrophic factor, Neurotrophin-3, -

4/5 and -6, Ciliary neurotrophic factor, Leukemia
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M dki ne, Stem Cell Factor (SCF), Agrin, CSF-1, PDGF, Saposin C, soluble
conpl enent receptor-1, alpha-1 acid glycoprotein, acute-phase proteins,
E- sel ectiwolo3gaside 1, LAM 1, Carci noenbryoni c antigen-|i keCTDad2/a0m86 gens,
peri pheral |ynmph node Addressin, CD75, CD76, CD45RO, CD21, P-selectin

gl ycoprotein ligand-1, dyCAM1, Micin-type glycoproteins, CD34,
podocal yxi n, al-antichynotrypsin, al- protease inhibitor, a-anylase,
salivary proline-rich glycoproteins, SERP-1, interferon-(3, (3-trace

protein, Probein,C Arakinase, Sepisipsome olycoprotein, dycodelin A
ti ssue factor pa y 1 nhi'bi tor, a-fe oproteéin, hunan pr'eghancy proteins
such as gohadeatroopiin h@aMarses soCBFas IGFell axde-5f | el ot | ngl iHAr-none (FSH),

Lut ei ni si ng Hor npne . human ori ggonadotropin (h , or fragnents or
vari ants of-an q%ﬁ“?hééﬁ?ﬁﬁ%ﬁgﬁiégggﬁpaHgBr ?r?%ce?%?éﬁP id glycosylation
st ruct ur esyyddagmeit sids-dised thereiihargctparis of fhe protein and can be
peptides of several amno acids long up to al nost the whol e protein.

Vari ants cHPIHe eIt ndCHydiche lpR6t ERASPLPE ot Biwsing eptVides coupl ed to

ot her non-grol gl LIRS A oAenlbkenaSUSh f1agseRbs of, variants
according to the invention shoul’d be capable of receiving the

post - t r anSMedigrtal St fGeddt iFawesor] iS6Fher Aaspect §SBf 1t RDGRwent i on,
met hods ar qvide r [ f ' enriched in a . proteinaceous
ol coul e HaR Oﬁ%%ﬁdri %<°fe18{bg]1 y%;%ﬁ@l%%ﬁ%ﬁ %ug%fgggrv% SR D AEe Moo oo6ss
(sialyl) Lephwscopranddior, leandieNataser pebueess, chApelscingh thiegarsi-€ps of :  a)
reconbi na expressin ai d proteinaceous. nplecule jn a cell that
expressesq%g¥r%i2£§§F6K%W%ngﬁdCEFﬁtlgﬁaﬁgéheaﬁ%ﬁgv??EﬁﬁeQﬁﬂj b) _
; racti ona;[,\%d;hgihpmua:aw atyeig GRS AdAREEEUH PSCEP5 Presug et p4 s elypoaht ai ning a
raction iC
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-B, PB-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

»providéa for produciﬂg a fraction eﬁ£icﬁed in a

proteinaceous molecule having N-linked glycans comprising
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is enriched in nol ecules having said N-|inked glycans conprising
(sialyl)Lewis X and/or Lacdi Nac structures. The proteineceous nol ecul es
ment i onedwalwowssican benefit from this aspect of the inveRCIroNLo2M¥@6ei n C
produced on HEK293 cells and subsequently purified has been described to
have a particular glycosylation structure conprising Gal NAc- lewis X
structures (Ginnell et al, 1994), but the purified proteins was not
purposefully enriched in this type of sugars, and not by deliberately
choosi ng rod ion_cell hat. expresses E1A. It is the . nmerit _of the

pr esent ?ﬁv%g #2%6W6st a%%d%%%HRﬁh Ci§%I@§FV§65XpFQQEFﬁalnng?%viraI E1A
can be usedeps prodarerébempiwdeins asdhe MNirlg rked ghyeansacespsi sing
(sialyl)Lewis X and/or Lacdi NAc structures purposefully, and furthernore
to enrichm$%?cu%ﬁe§% BaFEttut2it (FERIS RS BCeréraByd 8AF@YiRacEidns are

enriched byoa BBt BAEn6PIPLL $i N A affdHilhRUKIf kedt beBreSheRLhat enpl oys
the desired glycan structures, such as wusing bilnding to a lectin or a
nmonocl onalCaREHbeaySPhaFrodieeds e rediv dRbdinked gl feansieonphishng

(sialyl)Lew en¥s cAOG/ of hAEALINGS SEIWGIHIRS o Wo1hduahoyn, epeln that using

t hese net hods for EPO production one i arn racti ons of EPO
wi t h partcombaisghycodsyahyl pheyprofi leesl/d?t LacslidiacaspeattatesheThaventi on

to provide_c ositions 0 i sing.erythropoietin-Iike ecul es sel ected
from the E5eoaEEheRer PRt arLes ISR PR o e e PROPE it b of
eryt hr opoicetisnaspadtoae dhe Nhiverterdrvatingsiof ¢ pryblicepobat HAK293

characterizig in that the average nunber of 36 WO 03/038100 PCT/ NLO2/ 00686
of |ew s- XCstPutbdr BEPBRIRENFhk &P g icsh §185ePecsr PeRFEpBREL FA- Fak® nol ecul e

is at |eaﬁthQQﬂEuZag-giﬁc@sylation structure comprising GalNAc-
lewis X structures (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)Lewis 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 glycosylation 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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ot her enbodi nents, said average nunber of Lewi s-X structures on N I|inked
gl ycans per erythropoietin-like nolecule is at |east about 2.6, 2.7, 3.6,
4.1, or 5w0.03888100 conpositions can be val uabl e for nedi ciPcaliNIpao@EBees as
di scl osed herein. The present invention furthernore discloses the use of
brain-type proteins produced in human neural cells for the treatnent of

i schem a/reperfusion injury in mamuals and especially in humans.

| schem a/reperfusion injury as used herein is-defined as the cellular

damage that QeguLsyabt ef +f LPErSHSION e PIAYQYS Yovi abl e ischem c

tissues. schem a/reperfusion injury iIs associated with, for exanple, but
not I|nltedytbrbhomab@hylibetmmﬁgque(ﬂﬂ(ﬂﬁﬂ%@a3§n@k@m¢a§t9 abrtic cross

cl anpi ng, rdio nary_bypas |s splantation, trauma
and shock?® %ﬁé SggggnPengvén ?%% prov esq{ e ugggé %?%e%apeutlc pr ot ei ns,

produced erﬁ&ﬂuabbaanCELksnkamt&uﬁm&ns1ﬁamxeryﬁhnymnﬂatbaﬁﬂdee These

brai n-type ollgosaccharldes rlse tic ew s tr res
sialyl Lefirdegul §tﬁ§c?5ré§asBr i vat wé£ t’h g%f % nt&Fnlng HEC%5|aIyI)

Lewi s X StbHy %b@&%loﬁgrcEHebér@@Iﬁ%ﬁEe(ﬁor|ﬁ€5¥ﬂﬂﬁﬂﬂ*§%ﬁﬁa#ﬁsoﬁslnlury in
mammal i an subj ects such as humans. The presence of (sialyl) Lewis Xx

struct ur estigglosedohBrAaRt proteins targets these proteins to the injured
site of 'SChe?Fﬂ/rgESEEH§'99y@ﬂ91%$“¥6¥ﬁhé?ﬁﬂﬁé'&ié&ﬁ@ses the use of

i schem a/reperfusion protective effect nore effectively than proteins
containin@radn6$yabypyoteihs rreduced urrediundfherquusdeved lof florakhet ype

ol i gosacchari reco |nantl ressed prot%]n i §X%e l.ified in the
pr esent ﬁ&gﬁtPSH b?fE%yfﬂb (%?g%r% R e R @%ﬁ 63%§§8100
PCT/NL02/@%@&@1ally in humans Ischemla/reperfu51on injury 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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produced on PER C6TM cells. This particular type of EPO contains the Lew s
x as well as the sialyl Lewis x structures. In the present invention
experi merwe oansslodescri bed that show the superiority of PERTGADIME@SaI n-type
(or neural -type) EPO conpared to serumtype (or renal-type) EPO wth
respect to the cardioprotective function in in vivo nodels of cardi ac

i schem a/reperfusion injury and to stroke. Another advantage presented by
the present invention is that PER C6TM produced human EPO has a

neur ot r ophji ctivit B T o] d_EPO.qgi E tein
physi cochggrﬁc%%lfceéind?no%%ﬁ?; rrac%%lggét ic'}glcign F\ S?lggggintﬁggﬁyﬁgmgéé)advant ages
in functi avmpiass aheraotisophiae wahd/ es hear oi pi pi eGewiyg :agent .

PER C6TM pr.oduced EPO hi gher affinity.f | _cell d for th
EPO R on  HEUFH 611 St (A1 FHE-ATGnTJ ST Al §T af BbF SUPERF1 yBE gl ycosyl at ed

human r ec oy dédiide FRA 4T aguced hien sGHOrandi BYKo £ ceEk sc 6 Repeabh nafpbe human EPO
produced on non-neural cells (Goto et al. 1988) has a |lower affinity for
the EPO-R OF I3~ t089)s BEERaROFBR T EAe L EPEE RIBRL ¥P§t hPBi ER I g or

cell's (Misgsla giciflre I3 and 1294+ TRE-HEUEOPLOt EGhEYVE K O, Of EPO
clearly opens new possibilities for the use of reconbi nant human EPO as

neur opr ot eciveanadwrpmE iqrnddggonsehenindxepethenical sniway anmy-de i nduced
by infl an‘rga#’ or by hypoxia and/or ischenmia, or in neurodegenerative
di sorders.” Yet, a major drawback is that when applied as a neuroprotective
agent, reconbimarnthdEPQdeesente pmethetbtobd thecptasewmn imvdntalaeo give

rise to an,irﬁlr(-;ca?ﬁ of 6&@? r(géiubl d cel IE% Bss or ehe tocrit. This, in

turn, |eads®to'® %gph'ecr bTRo qﬁoggﬁ.grfaﬂ, whi'éf AajSHay ragg‘ﬂcmantal

effects | nnddarity ) sEremad"'{pPHessiel MmO @lived0@hk. EPO protein
physicochemical and/or pharmacokinetic and/or
pharmacodynamic advantages in functioning as a neurotrophic
and/or neuro-protecting agent. PER.C6™-produced EPO 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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38 WD 03/ 038100 PCT/ NLO2/ 00686 The present invention provides a solution
for the problemthat reconbi nant hunman EPO that has been applied thus far
as a neurwprooissibé ve agent has the undesired haenat ot ropPCTNIO20@86 ect
(Wessner et al. 2001). Thus, it 1is shown that PER C6TM produced
brain-type glycosylated reconbinant human EPO has a high potential as a
neur ogenesi s and/ or a neuroprotective agent whereas it has a | ow potenti al
in stimulating erythropoiesis According to the invention, EPO produced on

a, mammalian oebl WAL RPLesass FAA shehas, . PER GBTM prqdyged  EPO, can

be adm ni stere em cal I'ntra-venous, intra- peritoneal,
intra-derrpﬂdbﬂam|ﬂMutbm@combipaeVehumandmbm EMEtrkﬁﬁuheQHNappi;edl damage

that is c f or exanpl e, ute head rain_i

neur o- dege %?%aa%maSS?&éPQro?ﬁg bV%s%%?n?ﬂQ%ﬁé%QﬁlQﬂ%§§16¥5bldes product s
that can %éﬁrﬁﬁﬂ)t&%ﬁl@d%h@beeﬁftﬂécﬁumﬁiéﬁﬁn@f &t ssues2adigt, Hught iget
heavi |l y damaged by hypoxia, spch as the central - and peripheral nervous

system retg fdiowr $hae HRR-RéartrodussderalramBpsIlBoehy+itdies may be
di seased bl B nilis O e N9EARhaaNg Neghthye ol 801 dey 5 thal can be treat od

by products provi by the present invention may result from acute head-,
brai n- andieorrdysars iisnjamdi/es, anearsopdeyentiae i veei sdusEns Séi hase

dlsorders egro%&gﬂ%aﬁ OH%OQEQQUlQ¥P8%eQ§%Qﬁ%d&ﬁg a¢ arrest, radi ati on,

mul tiple Bc1Erosi's frominjuri poxi a. FNpOXIa may be
the result of enatdEng ao past havahtdaygebPdegprodatédmn assuf focati on,

CIP eI SR 20, IR AL et S, AT sroing,c 5l okt e

narcosi s, Mot -& WLaldneagricbirke gdystemctsony - caihet-venous, 1ntra—
peritoneal, 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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nonoxi de poi soni ng, snoke inhal ation, chronic obstructive pulnnonary

di sease anaphyl actic shock or insulin shock. 39 WO 03/038100 PCT/ NLO2/ 00686
Sei zur e IWPWBI0aE00 ncl ude, but are not limted to, epilepsyCT/Nion/omnse

sei zure disorder or convulsions. In case the pathology is a result from
neur o- degener ative di seases the disorder nmay be due to AIDS denenti 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 Pogﬁiéﬁﬁlee frfljh‘%}ﬂe%”’inadﬂl%terOBHECakétS{)é' 1imfLEE 0S4 S spa:ﬂlcegs@g Ism
retinal ischema, gl-aucormm, general  nedral Toss, nenory 10ss or dding.
O her exanphesniof salimeases ddratermay bentnéatedsw Ih ¢rogludies provi ded by

the present. invention inclu uti sm depr.ession,. anxiet di sqr.ders, nood
(i Sor Hor o PRSI it H1dt Ay BEPHC PV Ep o EaPheT TS AP 152 0 e 1 ve
dysfuncti ofis PR ol BRO @ian HeasspDgebymehoss, t hezbd ofshk- 1y adisedday,rier in

case of blood-pbrain barrier dysfunction. In case  the blood-brain barrier
i s intact,  PERTFIMERPD S8 hofgREEZE6 L1 8E A kPR ef S 23 3frs pOr it over t he

bl ood- br ai e & Fd €1pa T, 0ugh e ERQ RraSA® SEudh esrSuggesigd that EPO in
itself is able to cross the bl ood-brain barrier when high. Tdoses of

r econbi nante EFP®4 slehriafi staemed i(ADL00L61084) any @dppepieic pradingled route for
reconbi nan TM EPQO.t G . o] : bl - in i is via-the
interacti oéncj(:)) t%s’ (agﬁcghyqq-J)sﬁ‘réw“s%t;Hgﬂy%ggg% %%’ct%?%gé%fge’se%tnéorﬁajt he

PER. C6TM_ neuomluclers EPQemMdry Eosel eect pingl ecuhes @ra&seids anf human  brain

m'croves.secli. endot hel.i al cel Ibs LOlg1 et %I. 1996 > Interacti bet ween
E- sel ecti n°ahd BPO gt 4% dr&3the angf)%%ltl bf %Ja%eroggjsyt cer ebral
endot hel i abrdgarit envesigicd Ernsahaet kataksp hasrdeeion minciadwd in the
mgration disorders, 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™M-produced EPO
can be administered at a significantly higher dose than

serum-type EPO, because PER.C6™-EPO will induce
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of T I'ynphocytes into the CNS (Wng et al. 1999). If required for optimnal
neur o- prot ection, -P-ER C6TM produced EPO can be adm nistered at a

si gni fi cawDlog/obdigher dose than serumtype EPO because PERTGADMERO W | |

i nduce 40 WO 03/038100 PCT/ NLO2/ 00686 erythropoiesis much |ess
efficiently, such that the detrinental effects of the increase in
hematocrit is reduced or even absent. In another aspect of the invention,
EPO produced on a mammalian cell that expresses E1A, such as PER C6TM EPQ,

can be adm tered j.ntrathecally .i.nfusjon, or. thrqu an indwelling
ventri cul gérgygdasrﬁ Cer,> o H%Uﬁ?loéﬁ % ﬁ%‘ﬁ%\?le? #%’ct‘?%ﬁ tfqbaqci ntt%it or prevent
neur al danbgeindgaian, ffifectadv@ntageintrdssagibrisdnetyqne £RQ over
serumtype Ois that in_the event of | eakage into the blood circulation

in the cas@WiebICFoVEraithS6REri er dysfunction, due to for instance

stroke, no undesi @tsicde=aikest srWMhl [£50CIoh 0 RS W HARULYS W | |
occur. The present invention establishes that indefinitel Y., 9row ng
t r ansf or nERREE Y18 gl lgtdatt 6xpsryshp ghllensieh exs RFRISTO SeERMn feate

ConditiOnsoéarbanfirf‘ﬁtstré?r\é%ldQ%Lll_rr?ltheegili?ﬁgfr%ﬁﬂl&? such &&f@h%@m ar e

o1, .
extrenely useful to produce factors epend Yor therr ctionality on
t hese chariawwalildmioc yenthiisulalecehhbyean) sor priovowgs Yumbampossibility to
produce fa:ﬁfer itorﬂat t%oin t.. have _neural . features.or neural-rel al ed

! i

functi ons at 'never ellk)elgsorb%%}’??tf?%%? SHEIS 1 ARt i0Fal

modi fi cat iaahsaritaate afe ushihouphtiabeybebyrsushecedd sum-MepLaPens Si on t hat
play a role_in non-peural tissue but that still require

sone fact q{?rSJF al s _
gl ycosyl atf St F&EuR §_ntthéPtf LRekade +oF° PRtk 1eWbetdidudtures or
fucose resiluessas odesalobBe®rain barrier dysfunction, due to for

instance stroke, 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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for EPOin the present invention and that can be provided by the neans and
net hods of the present invention. Exanples of factors that m ght be
produced W9 iBBRR1G6TM and t hat take advantageof the neuralPCrha02/00686i Sti cs
of PER C6TM cells include, but are not limted to, brain-type
erythropoietin, transferrin and the different factors nmenti oned above. The
41 WO 03/038100 PCT/ NLO2/ 00686 invention shows that it is very likely that
the production of other reconbi nant neurotrophic glycoproteins wll

penef it rOMdMa BF Ay RAILLT 1 6aLLEDS: | paly Lake: PLAC G- dduueh, cel | <.
In accordance wth the present inventioh It as surprisi'ngly been found,
t hat eryt hriopdihetri ddded imeinéc nkesothaphhg ohyeverageires Ivover sialic acid

resi due cqunt r rotei n.backbone are . still, effective in the treatnent
and/ or pr goveennetﬁl%on foIlo mV<';§:‘r%ieOt]3)§C “ai's Vagrrélf)d]l‘%f‘%a%b%rh% T et pﬁ@\ﬁe\/vays to
use EPO anich ER@H ided sl ecul es hitherto believed to of | ess or no use,
including but not limted to lowsialyl EPO fractions of EPO batches
produced on reconbinant manmalian cell systens, discarded upon

fractionation Q@P%‘&%r@anﬁ@eim{itbo%éﬁiéggn@%Vé@@i&ﬂi@%s_ee and/or | ow
associ ated erythropoietic activity. us, the present invention

denonst r atBEFRHHALERG WeeR doundw shali erdehdoroeit -1 skamitecad egot ent i n
duci i NS t. Si i i ly .| i t EPO
reduci ng I’LERiflq{gc ons'a%;%x!agyea% gXREL! F:EQTL% Y Jrcﬁ'dééfg%l?%g c!é.ﬁnﬂl R}e{rﬁ S as

with a higher sialic acid content. I's we e art that
a hi gh si glictedai dacdioast agk sEPOlceffetaies imw tlomgerectimend at ory

hal f-1i fe;ana /dor i nerea ed ero%thro 81ilet&c o(%enéi alk isn vivo (Tsuda.et al.

1990; Mori m)o[]o et Al D]sf@@él). HEAEE Y P n b%ﬁlé A St ebheS WS rﬁf%rﬁlle&ﬁ(

provi des tiw ways to use EPO and EPO-like molecules hitherto
believed to 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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use of a conposition of erythropoietin-like nolecules selected fromthe
group consisting of erythropoietin, one or nore muteins of erythropoietin,
one or nowe odessivati ves of erythropoietin, and a conposi PCONIOR/0@8e or
nore fractions of erythropoietin nolecules sialylated to a varying
degree, for the preparation of a nmedicanent for the treatnent of a

di sorder selected fromthe group consisting 42 WD 03/038100 PCT/ NLO2/ 00686
of ischema, a reperfusion injury, a hypoxia-induced disorder, an

i nfl ammat o ' ! r ragi di sorder, and acufe damage to
t he centracfé-/ %ér&geg[?ll%ﬁh%r gl%%e%gﬁ\g;g[gg g%ggﬁi ﬁ&%?}ﬁi%a%ndjuccoer#posi tion of

er yt hr opoictdarddd kemuolredulres thag dhsaapept i e Codderdndragiisrea | ower
erythropoietic activity in vivo than _epoetin alfa and epoetin heta.

Enbodi ment S BT ITERTR SOREEFSES EBRPOS T ohe FhPAe@ ool wher ei n
sai d eryt hHopahef ifystaet,| Whardin ¥bve bEompbsleast 3P, erRrbhr3Poiddind0, 60,
70, 80, or_ 90% | ower than that of epoetin alfa (Eprex) or epoetin beta.

Er yt hr opoi Bt -1 4&C s e dfSe SaPePHREAL Nt 6O F oY UeRS bl ckAveY t hat have a

protein b%%&h@tﬂé adtdeAthcah L9var cRh Ml dBhed & the Pragently known

forns of | . EPO nut ei ns, EPO derivatives, or EPO nol ecul es
di ff eri ng ¢rrefiytdxiaat iEgpasfimehé sppét eha bavkbohen | commpuiadd t ati ve and/ or

guantitati nect . t el in are. neant. tQ consi st of
er yt hr opoi %ﬁé\o-eﬁslﬁﬁle&n Srm'\‘éllﬁedg ﬁjlgzes %?1 ﬁg?’ Sga‘\'}gg%%eg oSraJﬁ%reer%}}racﬁoolnesqC % the
protei n backbone bin delwet iienataddeston), sabstio ut4on snd/gy, 7ta,ansl ocati on

of am no aqc(tds relative to the @got ei backpone_ of eE?oi etin alfa and shall
i ncl ude natdratiy%% | G281 FEPECOVafPRRtE” 3 Wl {ERIEXerft i cal |y and/ or

chemi cal | yeul/ a1 zy. M Galdoyoobt ahNedky and BEt$1 e SUGKE meant to
include molecules 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 wvariants. Such
molecules should still be able to confer a functional
activity of EPO. They are obtainable using standard
techniques of molecular bioclogy, 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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feot mmibo emrédl Bndoreekpoydsat® G nd ig iepdettion halraa.  For

f describing.the_invention the erythropoietic_.activity of the
CE T PPRe Tbroda beERe PRTRAPat (o SRt SpalEntsn ont. basts,
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%%g%lﬁ%teé Eﬁﬁ%QQTW% gl 1sCankent - Of, ngg&@f'éaf‘r ﬁ@&?@é%%'eé AS

to get ridrebhtikatvaegahke font ¢ogticechdiedef imingsldd. alkde wellll be clear to

t he perso

n
established. In general EPO dosages are given in IU

(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 EPO
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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skilled in the art that although the U are usually given for conmercial
EPO preparations, the concentration of EPO nolecules in such preparations
can easi |wyoa/ossaho ned according to standard procedures. TPairsnnshdesal | ow t o
determne the relative specific activity e.ginlUg (see e.g. EP
0428267). Several in vivo and in vitro assays useful for these purposes
are al so described by Storring et al. (1992). Exanples of other forns of
EPO currently on the narket are Procrit or Epogen (both epoetin alfa) and
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prepar at i oH>% nt:?eeecr‘?aﬁic@ ,arta%éﬂ?ngr 8ngg%%rg?1d§etbp¥}?en¥ 7ed f ernehjml"’lg‘nly
eryt hr opoi @i iGniadd idry hibhe epfy@sebboikbyenttdivilt gcl Tiseptdweise of
EPO-Ii ke npl ecul es or, EPO- forns that have a_ | ower henopoietic or

er yt hr opoi BTt gkt A4Sl o sEFe tEBy UdPnPhi ERPAGL R BYbTEHHYS tHe HiYe- ef fect s

of increasgs & WHYORRIRSIES 1WheR hBhspbsenot g8sireehrdsesding to anot her
enbodi ment of the invention, a conposition of erythropoietin-like
mol ecul es d&tiwiatadthaticheyd Bpiasdshiefage AVAbeENGf the a3 idewifEatesi dues

per_erytr opoetidl-Jd ke mlfsUlpdiRat sl snah Least; J0%6E oyers cddan the average
nunber of sralic acid residues per erythropoietin nolecule 1n epoetin

al fa. Accordi npdapmiier tceripodhrentmbodandnavef agee nimpert iofnsiaal i ¢ aci d
residues may be .chosen to zlat I.egst_%oo/ 30 4ng% p0% 60% 70% 80%
or 90% | oWeFRITEH 1% © §Fé'tg)t TRErBEr 6 %F%I 2 %%ﬁl ©5r&%i dues per EPO

protei n bagkbenadm £ppely Bnalh@ragal dumbyer ages panberaefd stedidaueaci d

residues in the , , _
per erytropoetin-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 wvulnerable 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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erythropoietin-like nolecule preferably Iies between between 0 and 90% of
the average nunber of sialic acid residues per EPO nolecule in epoetin

al fa, butwDle/ossdect percentage nay depend from di sorder PECTNI®NES6, and -
sonetinmes - frompatient to patient, as some patient - disorder

conbi nations are |less vulnerable to high hematocrit values than others.
Alternatively, the nunber of sialic acid residues could be described per
EPO- 1 i ke nolecule, e.g. 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1
or 0 sialic acid residues, per EPQ Like | ecul e. Since the values are

aver ages CHcii%dd f%ssébgﬁnﬁ(?sg?%ﬂet Eg? m%%%%l?]ss?% %‘?coe%%-r}q K& nol ecul es
of varyi ngcteareeofiorsi alhy abitaRalneanydt egerd visd udstérmbeidveen t he

menti oned 45 WO 03/.038100 PCT/ NL02/ 00686 val ues are possi Iee&}Q define the
nol ecul es HRDT RN &1 Y ARENRE BHFd?ﬁebQSpW?ra?e:F%%bes e

det er mi nedcp &nPiy | GAd Yoyl ARRUEL HRAYE RUEERD; BYathe PessOeskidd ed in the
art. The average nunber of sialic acid residues per nolecule or the sialic
aci d cont emletulRP@ahehsiaddrcepridegontedEdphghiP® pibIR2hed procedures,

and are we to he Ki Agt e possihl g,procedure

i s descri b%%t?}r%{%gboffégj#%@i t%r thﬁgtshgdspg??%&%]é%' ng&gsi d%es are cl eaved
fromthe BB®dn keo e ecules iyl lekydnokisi srinv t Gn@. 86s #d lsle frrdaeedhied at 80C
for 30 mnputes, and the ti are neutralized with, sodiu hydr oxi de
prior to ah%l%%#%r.ﬂoﬁ elrrhzgt%l éllzgg%gheﬁgi gfcf‘gg’ a@ilﬁssﬁ%lgl%ea?le&r?oved by

enzymati ¢ €4 £pvage DL HIHRed Fromt andardopl dredus esculde ayount of EPO is
estimated usin wel | known£ @[(r:edures e.g. using comercially avail abl e

/ . . . by
protein asRer o ¥ g &igh By Fuadeayc Brdfady BhdC §¢anthrd curves using
reconmbi nant; hyred ERQ as hiatdahd, are neutralized with sodium

hydroxide 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 EPO 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 TN41, 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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absorbance at 280 nm ELISA RIA and the like. Sialic acid content can be
anal yzed by the procedure of Jourdian et al. (1971). Alternatively, sialic
aci ds carwbasassbysed usi ng H gh Perfornmance Ani on- Excham®ga&/NL02/00686

Chr omat ogr aphy, using procedures well known to the skilled person (e.g.
Anal ysis of Sialic Acids using H gh-Performance Anion-Exchange

Chr omat ogr aphy, Application note nunber TN4l, Dionex). The sialic acid
content can be expressed as nol es of sialic acid per nol e of EPO, or an
average nu ? amg dues ’%} EPOt gt IeCLiI e. lAn
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These include, but are not limted to treatment of EPO-|li ke nolecules,

e.g. produ@@étrle@éﬁﬁvnﬁﬁ?hyaﬁnn%twalémx%%ﬁ@rh@-’t enggines| |t|1=p@t Géﬁﬁgeenzynes
that cl eayg 0 fortehEuE' If'thEeﬁEéd N1 PR A AT Sagﬁ@&a%fn%w ,am ni dases, or

enzynmes that cleave nor e su strtuen I'nc stalic acid) of t he
gl ycosyl at911yr¢0§tyﬂa¢uonestrsuthras, esgch Mglq@na\eﬂ;lﬁ/ca@mm%s V\/nol e

N- gl ycan) endo ch e F2 ant nnary tructur

endon ycosiHIEE oS MR d e LR B oy BRS¢ A ERPOTES) BLand ¢ he

li ke, or tal‘rﬂjétnlﬂi%mty eftruEPQrkkke anRlegly@ss Wdde cdhenreabsesi BLHughdg but not
limted to acids, that results in decrease of the average nunber of sialic

aci d resi ddés aﬁ’etftenEPéyl PkEuFbrERs] e. 2B thRarkikan & tEemitgwny Sfal yi at ed
EPO fract iman-aqukdnbecthtss deshatydri et and lisedhidy the Rlegsent invention.

'nyet limited to acids, 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
desialylated 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 purifyieg
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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anot her enbodi mrent EPO-Ii ke nol ecules with an average | ower nunber of
sialic acid nol ecules are obtained by purifying or separating such forns
froma mwouwsessiont ai ni ng both higher and | ower si al yl at @¢TERO2/0068¢
currently used production systens generally result in such m xtures, and
EPO that is intended for erythropoietic purposes is prepared by purifying
the forms wwth a high average nunber of sialic acid residues. The present

i nvention discloses use of other fractions fromthis process, i.e. the EPO

formse with a | ower,nu of . siali ¢ @ehqr esi duascsmPurifyingigr $gparating
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The erythropoietin:|jke | ecul.es of _i;nyention a pr oduced
r econbi naﬁ???.p%f;%bjc%n %%O(ﬁ’b% Gh Ogn;‘:}}%st}il;kgbfnggg%griggsﬁéﬁigé/s?(ge%
i ncl udi ngsbyt 1804t éntbeekt® nGhivte e Harsicer o@vaiyleebhkspnBaby Hanst er

Kidney cells, 47 WO 03/038100 PCT/ NLO2/ 00686 human iel s, .such as Hela,
HEK293 or APERCESTM CEkpr 8ESTIS i PY "SWeCle Gk BAYHERE ¢8FFs®Such as insect

cel I's or yeasthe: alsonpanst bl SuciPraaduaion b BRArbkecmbeey| esr havi ng
|

low sialic a content” may be performed on Sialylation- deficient cell
systens, by mayagénashator afeteicic gfodisiiglafisn of &Rsfresthsu¢hsas certain

prokaryotic _hpsts, _or enesi A ihilgatLon Qb hosts
ot her wi seca88§§%| &%o r%&%ﬁﬁé% Si*a a;ﬁeg{ ég p%gtn%i'gggltil\l/lg?%oés and nmeans to
produce recophbrant peotebisamt eornwldimdoanmmenicdd dodunkended &odt he person

2 i 1 er elEO8BuF Bt FoP=FFR EFEH 196k 13 oo 8. Boseiibl S-ait Baut departi ng

from thecseapetef thhesknyvesdigersdh e aspert =0fditfife renvesbuone
for the EPO-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 8, 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 EPO- | i ke nol ecul es are produced by nethods according to the invention,
t hereby produci ng nolecules wiwth a predeterm ned post-transl ational
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human or an aninmal subject are cleared fromthe bl oodstreamat a faster
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compositions 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,Aand 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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conpositions conprising relatively nore bi-antennary structures are also
useful according to the invention. It wll also be clear that one

advant agewofoswbsaocurrent invention is that higher maxi malPCEoNioeneasat i ons
of erythropoietin-like nolecules in the circulation can be reached as
conpared to the currently used EPO fornms such as Eprex, Procrit, NESP. If
hi gh concentrations of EPO-|ike nolecules would be desired for said
treatnment, this can be done by adm nistering high doses of the
CO”pOSit'?%?MH invention, e.g. in the formof pharmaceutica
preparati & talnlng such hlgh doses. Admi nistering of simlar doses
on a protein content basis of the currently used EPOlike nolecules would
| ead to hi_gher thro%p|e5|s which is an _und S|red si de-effect for said

t r eat nent aﬂ?é‘% efitighies 88 ﬁ?‘Bﬁ?ﬁiﬁmbh%fr 5 BHOTEIMS0d ™ i ons

conpri si ngpgzaidi;%rdgmsopm etin-like nolecules, and nethods for treatnent
or preventing disorders selected fromsaid (groups as wel as conpositions
of erythrop0|eﬁ%@-FﬁQéS FPRECHPES FHRNEherprevertatiife Edndiegi cbhefapeut i ¢

L1 at ment oot e RUTARQT AL B 69 90 0 09100, POFENRI 0068

EXAMPLES I es“on expression o proteins in PER C6Tm
cells. The:eddl Ilsntenatasmleeosnaaéf onded WACC trhe. B 60 H4N (wferehuman

AdenOV|rus dgé% th%u resulﬁ oh?ctpetPER TM_cell lin 1

deposi t ed 1 & 88825430 Uef e et vé Frh & MThd nbryonlc
retina. Reidn@ﬂ&s@elaemamlbyer oﬁrrﬁlifseranﬂuaéams afypgh S f @rtenteagal 155 types (at

| east 55 different neur sg gges i ncl dln neur_al %Pd fibroblast-1ike

cells (Nhé*%ﬁﬁ??ﬂﬂﬁl?euFﬁ ofder atRCHREing hetrar an
fibroblast-like cells (Masland 2001). In order to trace the

cellular origin of PER.C6™, a 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% COz, 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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cellular origin of PER C6TM a study was perforned to test the expression
of marker proteins in or on the cells. These narkers are known in the art
to be chaweatm®ssisei c for certain cell types and/or tissu@ST/NIoe/oemssker
proteins are given in Table I. Marker protein expression was tested using
anti bodies directed against the marker proteins. In each experinent, a
negative control (PER C6TM cells not incubated with anti body) and a
positive control Were taken al ong. These positive controls are sections of
human i SSUe: A, 0 o OHILSR LN IBEKAT 1 BT O Ehit (3Pl e | Ag}q FRR L™
cells were cuI ‘on g ass slides a |umc

Technol ogi &, a Nuemp dradiufek 1 dGeanttben SlLBde, unadl atéon sterl lized, 2 nedium

chanbers, cat. 11546460%?) oPEFtQ C6TM cel | s V\ﬁ e, seeded at. 65- 70%
conf | uency (2 et T i SEREnBEFS SREEEREY ur et foton 9 at 37C

(10% C02, Ob9%wed rs)lldeléh@mxtm Was asptiatedsangt tihe cﬂixﬁﬁ&mrﬁ'dfdes with
cells were washed with sterile PBS, renoved fromthe medi um chanber and

ai r-dri ed. PENIChRer £FIIY OROSPREAG| BEISREF JR1B§LF HelbRI e 17 hcet one
for 2 m n.od ert R0 WA 3/ 0381L0Q nPCIENLQRL 00686 pAkSa Mhyi N5 I Ges were

wrapped in alumnumfoil and frozen at a tenperature |ower than -18C unti |
use. Posi thée%dﬁt rétﬂettquasué’slqmldénébfcal ﬁ@ﬂtim@)m’mﬁ@ums ti ssue slides

prepared for royt nttq%o%g%s'\lle;eﬁ %}Q méAc}gdem c Hospital

Er asnmus Uni ver si ty ott rozen sections were
pr epar ed (15rqntne)lraa1d tHq )G&@plrleactseaode;thaccmtailmg manksed | e yHeoocedures. The

PR bl 0dLes,. (e ISP i IPLST o BICLEL ey, e, suppl ers and

di l utions, déﬂéﬁled in Table III, are made in Phosphate Buffered
Saline (PBS), 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, KO0376). After
30 min of incubation, the samples were rinsed with Tris/HC1
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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detailed in Table 111, are nmade in Phosphate Buffered Saline (PBS), 1%
Bovi ne Serum Al bum n. Incubations of the slides with the primary anti body
wer e donewbDas/03docmin at roomtenperature, rinsed wth PBBCamiozneshbat ed
with the secondary anti body. These secondary anti bodi es were either goat
anti rabbit (DAKO E0432; 1:50 dilution) or goat anti nouse (DAKO E0433;
1: 50 dilution), depending on the nature of the prinmary antibody used. The
second anti body was conjugated with biotin. After rinsing with PBS, the

slides wepgipgibat ed W h, styeptaviydin.avidinlbiatin |l ex__conj ugat ed
with al kaline phosphgfgl?a‘lse ( DAKO, Ko\3/l76)pgp§¥tag%gél3o%rhlﬁ ggnlgn%aﬁrﬁ?lfon, t he
sanpl es wepeserngedon for Trewfddd lansdt8 sGaidéngkoped with fuchsin substrate

chromagen ( DAK 624) | h rk raam for 30 mn. Subsequent] t he
slides were ri %]é V\ngrtl% (]tigal?oév\ola éeja?iqeor R gﬁﬁcﬂfgﬁﬂt gB@FaP]ﬂ%dc i th

hemat oxyl i ne Atsoadé ngr twewal i ael gipr ecedisr ehewekh 1knewni hedpgssonsyskil l ed
in the art_ Then, the slides re exam ned m_croscopically and scored for
mar ker pr ot 8F n" ERPPELS oW IR Tor TFOLPL I8 PeNFheCEPRs Ane sNaphM .-
presented in Table IV.- For neurofilanent staining (positive) not all

PER C6TM celIs did stain positive as a result of a different cell cycle-
or 51 WO 0B¥aRRi®02 pAirnesychrodsle mempostiitéanphEsBEBL C6HeERel | popul ati on.

This is a aeEiRba PhFEFUAd Wordilr REWOLIHLAMBR! gSLalni ngs. From the data
obtained it was conc :g%ed t hat %I%:R C6TM  cel I's g?%ggf neural origin since

the cells stainkdfbostt$tep jfrDrcmsina@meiqi,zislymapmphgﬂ;ynannsur@é'txpmnt,
CEap 200 NFM DTS, - horesace UL o, SRRl Lo LR @ B0 |
the N-glycah sheucdni®ss monosaccharides. The monosaccharide analysis
was performed 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
C25 was generated generally according to these methods,
using Neomycin resistance gene as a selection marker
[plasmid pEP02001/Neo]l) 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-HC1, 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-HCI, containing 0.1%
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produced by PER C6TMis the neasurenent of the nolar ratio of the various
nonosacchari des. The nonosacchari de anal ysis was perfornmed using high

per f or marwe oan3sim exchange chromatography with pul sed ampPermNT®2O686
detection (HPAEC- PAD). EPO sanpl es, produced by PER C6TM derived cl ones
P7, P8, and C25 (P7 and P8 are described in WO 00/63403, and C25 was
generated general ly accordi ng to these nethods, wusing Neonycin resistance
gene as a selection marker [plasm d pEP0200I/ Neo]) i n DVEM and/or JRH

medi um We@?/ S Gt RGLS edz% oyt *Htﬁngﬁ% h%@gr%dda&%ﬁt% %OI 3 C\?vaiss

the commercially aval | ereco |na errved ery
anal yzed |mrq[mrrsiidnelPhaamrchdﬂae|Bab(ueeh Jused as a reference. PER CGTM EPO

sanpl es were purifi af finit chro g usin col um packed
with C4 sephar (L)kgoer gﬁ'@ﬁ%‘ OIS él’rep}}f:lgﬁﬁg é%&regﬁlﬂ%iﬁ%h"é‘?%m a Biotech)
coupl ed widin piese dﬂmaﬁlgmalagarihlstEB@l(thGﬁa@@tw@@@lr;aSand Botingly BRO

nol ecul es were eluted with 0.1 Mgl ycine-HCl, fH 2.7, and resul ti rgjg
fractions "%‘/\e?r%eﬁdrﬁﬁ.?dleé’taéﬁ?%t r BFi2EdEPBy SARE 7Y SBERRTH R BSSNHA

phosphat e s ey9 pid 8.3 &U%%Ua%g}élvéaelﬁrﬁﬁ&ul@é‘&&z@%@fﬁxﬂg ERG---were
pool ed and the buffer was exchanged to 20 mM Tris-HC1, containing 0.1% 52

WO 03/ 0381@01—%@ NL:"OZ;’WGHQ( ‘Wl\f)feTweﬁﬂlYQQ byrom i 41@@1113190%%5’ ep 26/10
pur 111 o0 ER0 SRl S LBl HRr ahat e AR TR e vt er
and dried fiimala c&m&miwta:cata\cmﬁoloﬁ Or 13Diwéd) ERQIsanpt esv(qguantiti es ranged
from39 to 105 ) di_ssol ved in .incubatio fer uted C3
bt of 11 ng BUTFEE Y8 o) g 4aaPt FEHe bR S Sot b dBtecyt MU it o ( D)
and bet a- nefrciapdtoet-llanalBdH) was thereafter added to a final

concentration 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 trifluoroacetic 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 ul

MilliQ-grade water. After addition of 6 ul deoxyglucose

(100 nmol/ml), which was used as internal standard, samples

(24.5 pul) 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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final concentrations of 0.1% (wv) and 0.3% (v/v), respectively, sanples
were denatured for 5 mn at 100C. Nonidet P-40 (BDH) was thereafter added
to a finawvoosossientrati on of 0.75% (v/v), and EPO was deglpgaodyb/atesd
overnight at 37C, using N-glycanase F (mJ, dyko) . Upon deglycosylation,
rel eased N-glycans were separated from proteins, salts, and detergents by
using graphitized carbon black (Carbograph) SPE colums (Alltech),
according to Packer et al. (1998). Purified N-glycan chains were subjected

to hydrol yeiokydiicd s, t Ghiiheereaaehl ¢ gridhdHAle Aty HOQUEJQr 4nR. After
hydrol ysi s, nonosaccharides were dried in a Speedvac evaporator, washed

w th wat efang®$cagai n evaporated in a Speedvac. Dried nonosacchari des were

di ssolved in 2 I L . Af it f 6 u% deoxygl ucose
(100 nrml/m),er\ﬁ’i%i nMosElndtade M Eres & SRt aEc AT es (24,5 ) wers
appl i ed t @lawadRAECiPADsBROLE o§SPERI @6 T HERO 2snmuighbfrietant Gar boPac PAl

colum (Di . _The_col um wa run jisocratically i 6 v Na Baker) at
a flow Eatdg‘ reﬁlz%rﬁf“/ ﬁ.eXTﬁga?rg%o\é)atcﬂéﬁ* i%ﬁgtjc%rﬁf]oétijhﬁ &Hd\iv&%'&éh cul at ed
by conpar intgdshecpaefidee Wibh hainobia) nad w thids 98, Xidane&a ot N-

nmonosacchari de standards that consisted of fucose, 53 WO 03/038100
PCT/ NLO2/ G686 1 -dédry§raepsas  gatl et e sa tree gl inbsinAss@ingal §etose, and

mannose. The mmRasacehar hdenanal¥si so shanged that dha o ghycesybati on status
of PER C6TMEPO is significantly different fromEprex (Table V). The ratio

of the indiiggnedetimendsreenketdesTHMPER GENMDER, s@Rles femysdn Gal NAc = N

acet y! - 0alackosambie, LfRENAC 5 \oa0ely) -HURRATNen-FliZa dabAgLOSe) was

normal i zed to Nan. The upl o values are
of Eprex lack this residue. This suggests that PER.C6™-EPO
contains so-called LacdiNAc (e.g., GalNAcPl-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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gi ven between brackets. The PER C6TM EPO sanpl es contain significant
anounts of Gal NAc, whereas the N-linked sugars of Eprex lack this residue.
Thi s suggwetos/osgiad PER. C6TM EPO contai ns so-cal | ed Lacdi R&F/NI®2/g0636

Gal NAc3l -4d cNAc) structures. Another feature of PER C6TMEPO is the

rel ati ve abundance of fucose residues shown in Table V. This strongly

i ndi cates the presence of Lewis structures in the N-glycans of

PER. C6TMEPO. I n contrast, Eprex is knovvn to be devoid of Lew s

St ruct ures,; SNSGUEY Y LhevAEOAL e Tuepse found i Ears.can be

solely attrib can bre i oh ata from
t he rmnosm:dfraarimalam@kiysegaalssofdlemrﬂérmm fhat chJﬂuﬂeei condi tions

affect the I atl stat PO in_ PER CGT It should not be
concl uded Q%{e eﬁ[}ns 8%&# PRIar® soletsy $EesETndi®Bi e for the
predeter mp%&d:ldm%trltyr aRskhehiconal thedidssads ocfusoﬁélaﬁa arePresentean the
proteins produced. O course the cell lines should be able to nodify the

post - t r ansiSaloredl GRGAIACH Bai SHIIBFCt Heat pilee dvFRNGHOMLAH &% Sach cel I's

through t@%rﬂi&ﬁ%@@%&f 1sC8htabAssReshd ) G Gy LOSH At -On (BRAY MRS a$HCh as
transferases. The cul ture conditions can only exert additive activities.

For i nst arfcs@tagimematise lEP@Oplamdnel ngreetoneshewree kg tanedylitmrsdspensi on)
L5 Exol] 0P B bgs Ao SR P PR IR L 0 cont el
Fuc as comgat edh (INo-atdee i) i gbedcsug@lstmn ERO dern weidrdar (mu%ulttouaed
(adherent), cells i This effect. was articul arly evident
| h the cabd GieIBha BBEI TR EPEVHFSHCCTRUS o1t 4 RS ity ERGIJELER hat ¢ he
branchi ng 0f d:19 aiatiichkedrsygar snksehHEreasEt and Qi’orit‘hﬁit the N-1inked
sugar 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 CuSO4, 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-1--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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contain nore | actosam ne repeats, when cells are cultured in JRH nmedium
The increase in N-acetyl glucosam nylation and in (N-acetyl-)

gal act osywetmossiplm turn gives rise to an increased nunmbePCENL02/00686
fucose-acceptor sites thereby providing an explanation for the increase of
the Fuc content. Exanple 3. Mass spectronetric analysis to reveal
structural differences between N glycans of PER C6TM EPO and Eprex. To
obtain nore detailed information on the structure of the N-glycans

pr oduced : L S I tQ.anal he conpl ete sugar chains
of PER cs%%%%%eﬂa}t\% uggf%??.g% gﬁ% ¥ %lé? %@f‘?%?%)l;r?lpnﬁi fied EPO
sanpl es, nedemmryy RERrCHEM terrmediel BheseH) anth&8N+ ni MM gwhiaglis wer e

fractionated further by ani hr onay h described bel
wer o UCT| VG TSR ACSTMERE SRRFED. EORLFI AF () RHTRAAE o HESIBed in

exanpl e 2,arf ayich yhe edbulf acuvasihhes saf £ £6a exshan 4:0 28BS, were
subj ected to _ anion exchan%e chromat ography using a H Trap sepharose Q HP

col um ( AfEISRERIPHAY PeCiEd 1BiloREch) FeTRERRCEPCRSRBT TG OHE® Mg obt ai ned

by appl yi nga18tLR 191 adl Ak s20pBM Ik 8z %292 oM SE% idini g wi th
45 v Na(:lrga(fracti on 1), f%l I gwed by 7% Erarf(/l NaCl %Vgacﬁﬂon ),blel%nd; endi ng
with 135 Marega@nd fuhgcougd £3pd, Edchcsiepabédt ieoglaidh e, last e 10 nin
with a fl te of 1 ml/m Fract i 1 of four runs ol into
pool A 1 rastt one 2l Bsbrnae ShaChRncer e e TR pagr CETHER

resul ting gpogllssAdeB,ivand fCometbe55ni0c88£0 38100 LU NOHDHAGBDMENer eaf t er

desalted utilizing H Prep.26/10 desaltin col ums ( Anmer sham Phar maci a
Bi ot ech). %rﬁ?@ld wdl%)}/‘cgr]ré’caﬂéﬁg eF’ggs%%lu]f?WH’%seEP@rﬁjool s by

N- gl ycanasghdrdamatimemtal yaed desivatyrated bynpeus apdsp oasey tieatyent . Eprex

was analyzed in parallel as a reference. Representative nmass
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-PER. C6™-
EPO is hyperfucosylated, and, hence, most likely decorated

extensively with N-glycans having so-called Lewis
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spectra of the various EPO sanples are shown in Fig. 1A-G Eprex and the
purified, fractionated (pools A, B, and C fromthe ani on exchange

chr omat ogwepbg3sisd urm) . PER. C6TM EPO  sanpl es deri ved fromcrhaop/mneiseat ed
clones cultured in DMEM were treated with gl ycanase F and neuram ni dase,
and thereafter analyzed by MALDI-M5. Synbols (depicted in the spectrum of
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-1inked sugars of

Eprex (Fi gy den G %aag,raa@ackﬂagaagggmwt§ ¥ publisneddata.and ) ndicates

that tetra-antennary sudars with or ctosamne rtepeats
pr edom natepitrrds sirEP@Enomepasatseant Akl hoeigbg it Bon aswhudRiR sCEEM EPO

contai n sugar_ structure i.th a_sim| ss . (Fig. 1B-G, the profile of
t he sugar 5gﬁalreucc Ures "6 lta\#éngl 5??%%@ nﬁn&ﬁe%‘g%s c]p'h%ﬁ%@, suggesting t hat
t hese sugairstlairgploayy andarigevdegrespohsbet evogeneait Va1 The FPAsY S

conmputer programwas used to predict the sugar conposition on basis of the
observed rfEss PG S SEAGaVEY) TOFRE 1R ePBI IR eI LIRARIARE ST the different

ol i go- sacchayiglas § RnedehRI9k Wagosl Sﬁ_en%@,seﬂﬁrﬁéirmi@&l%c%r%ec@'ﬁ%t rat ed

that nost N-11nked oligosaccharides derived from PER PO contain
mul tipl e fRREOSEN%eShdPEs LeTabl & vEraatuyes haee béavahain ddexhavesi dues).

Some gl yc rupl e d._Conseguently, these data are
Tn i ne w U SR ARARLBY aral s Sbs A R onet st Tt
PER. C6TM HERQuicsupppersfsicespatiedtiand, Theheenotmmsthd ik edha tdec amatsed

extensively. w tlh l\al-%l ca sahaviong so-cal | ed fey\,i S 56 e\ﬁ) 03/ 03861rQC0 .
PCT/ NLO2/ SEPIH ured2 Y8l PHoYBEBRATFORE i 1 1P (E1% Vihte FP T éwns
epi t opes angydnowruaseesenrt.gal reecagsait 1 Dhe seneencesnd Wa118e! egtiens,
medi ating éﬁglééﬁg ga%%he%g%g%sgntggtQonosaccharide 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.g.,
GalNAcP1l-4G1lcNAc) structures. For example, peaks with m/z
values of ~ 2038 and ~ 2185 (Table VI and VII) most likely
represent N-glyecans 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 Lewils 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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i nfl ammat ory and i nmune responses (Varki et al. 1999) and are
characteristically found in brain glycoproteins (Margolis and Margolis
1989). Hewoe3/osginer ous gl ycoproteins carrying these Lew $CI/Ne/0@Ber es
have been shown to have therapeutic potential by exhibiting
anti-inflammtory and i mmunosuppressive activities. It is noted here that
a mass signal cannot always be unanbi guously assigned to a certain sugar
structure: e.g. residues |ike A cNAc and Gal NAc have the sane nass.

Because tf}ﬁai@}‘%ﬁ%ﬁaﬁ*&ar'i de panalysh & sOfe r PER: CBIM BRO ravsal£d ithey
occurrence of Gal NAC in the N aI ?nkgd Sﬁgars, It is expected tlhat some of
t he peaks samaprassdrite N glitys@misingist Brsofeal Lesls Lapwhdaet ( elry.the

GalNAcl 31-4d cNAc). structures. For. . exanple, peaks with val ues of -
2038 and L SUGH (GBIt VR 1) hoch T kel §LoF et coddin gl yoans wi th
Lacdi NAc motddsivdthermsepdiese tBeaksuwyl 8a1epr esenit detdaant ennary

structures, which termnate in cNAc due to the absence of Gal or Gal NAc.
Al t hough sarEfemae s my'ase theeseat dbendant nonpttaiee . gihasssyl ati on,

t he presen f rQxi Fuc impl Les Lhat Lgar alhed a Gl or
Gal NAc re§%§ﬁgE?%g?jfggﬁﬁggggggrylto ?orn?g nn%%?ﬁ? at i% rgéogﬁized by the
fucosyl t r awisf e aslecdeyT)indatateat dhprteswhhe foowmt imnMEM, tBHe Lew s

structure. The re ive occurrence of the,different sugars varies between
Phe B ormaaift R A BT edh ! NEshehaintet lePls (BT o8 0
j udged by phendhifdferenae thvdehelerelati ¥eomhe? ghro of Takerd ain. peaks. In

particul ar~the putative bi- antennary sugars with LacdiNAc notifs (Fig. 1;
Table VI and WVII, signals with nlz values of - 2038 and - 2185) are the 57

WO 03/ 038 180G NLOHHRREE soiRio®’ sSHURESakid EEG) saip| &8 s iagd-gs®m P8,
whereas in P7
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
Bj-were used to identify the-various EPO-isoforms. After

focusing, EPC was blotted onto nitrocellulose filter and
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sanpl es these structures are far |less abundant. In the latter clone, the
peak with an mlz value of - 2541, putatively corresponding to a fully
gal act osywatoaaisgied r a- antennary glycan, was the nost abun@emtNI®2/Mes86 ur e.
These data are in accordance with our nonosacchari de anal yses, which

al ready indicated that, when grown in DVEM P8 produced EPO carrying
glycans with a | ower degree of branching than those derived from P7- EPO
(Tabl e V). Exanple 4. Conparison of sialic acid content of PER C6TM EPO

and CHO ER . sialie acid f and

conpar ed w&%ﬂgﬁelyztsia?odpsgllr%cian H%glr% itc\?}g%a? r Sﬁl@&%gg‘%ﬁ%ﬁg?ﬂe}?&g%ﬁﬁ cLe'I S

I(D EHO EPO) gyeim];@t eﬁtnrph 'lceh,f a@gm'elrsgnt@hEF)i ueimdgrd:Pﬂ?ygéﬁiJ(mAft mh
armaci a Biote t-hat, have .a .l inear. radi ent of  3- er e

focusing, thée %3)6“1]5%100%(:0 traénﬁagshg&gb%?f%%aibﬁ?ol%ﬁ?%?:selai ose,

and vi sualwzedisksd ngs an nER@egpeci fic anti body and ECL (Fig. 2). EPO nade

by four different PER C6TM clones (lanes C, D, E, _and F), and three

di fferent CHO citheLtldiR yeBoprséseth tEpH ((:i{%n%%l@ HC g )t her e

anal yzed hyaiksem eddidimd uitiangihe q?t gpnhperthe: siAld £ Bl dh GO ent.
The EPO produci ng CHO and PER C6TM cCell 1ines were generated generally
accor di ng 2er malrigsl ded@tigse & -iln  WocO G 68403 daké ngy tierimoto et

Neonyci ne-resi st e el i - S el of
PER o EHD and 200 o o i eporner e olosaty LerRerd BN N ea 11U
of Eprex ($bmeld)acint weswr gmodudasebyr 88Red6{ patheakl vedesi al yl at ed) Eprex
(lane B) were used to.denti he ,vari ous. EPO.j sof orns. After focusing,
EPO was bl S S T oG e P EPEEHD b B8 e B b0
PCT/ NLO2/ 0¥688sund sifaldheed ilsi N adeBDOOE) Onabn eadh doEyy 0Bt nsin BERO and ECL.
concluded that PER.C6™-EPO is considerably less sialylated
than CHO-EPO.

Example 5. ol,3-, al,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 fucosyltransferases
(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 «ol,6-FUT, which is involved in
core-fucosylation of N-glycans, ol,2-FUT-which mediates the
capping of terminal galactose residues, giving rise to so-

called Lewis y epitopes, and ol,3-FUT, which generates
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The Eprex sanple, representing a commercially available EPO is a

formul ati on containing highly sialylated isoforns and was used as a

mar ker. TWe s@stibt s denonstrated that CHO cells are abl e POT/NREIESO
isoforms containing up to at least 12 sialic acids per nolecule (lanes
G1l), confirmng data by Morinoto et al. (1996). In contrast, although
sone isoforns with 8-10 sialic acids were produced by PER C6TM these were
underrepresented and only detectable after prolonged exposure of the film

(lanes C it | uged t O
consi der %% %ggs Si a({]} J%altetsed Fotclﬁgr?ﬁgél(r)?geﬁ ge ?nialgg aSIE) %Mﬂf 6I Sand

al , 2- fucascyltntaswmfcblrra;@U“Jao?tthwute§SoanERnC6W eBP| @elﬁ'fhe gl ycosyl ati on
potentl al of agcell i s Jargel v t%%t ?h ?gerF@.@s%ﬁ%& e.fepgttoire of
Ferste ity g f

glycosyl - tra ol ved ep-w se biosynthesis of N- and
0-1inked sfigenss. cdHeangt CHO tyend mehm&egi yedsyl & transferases varies
between cell |ines and, hence copr ot ei n%ﬁroduced i n_di fferehnt cel l

|
li nes acq%JrY%osﬁd}r?JTaé?%ﬁﬁragﬁey@eﬁ%% }éﬁ( GFERYof TLhE dara’ shotnHet ei'h

denonst r af i Neb 4 Pk r RER £BTHMERQ el yeans r@é@th’l@ﬁvbeyweéﬂC@SW ated, the
activity of nurerous fucosyltransferases (FUTs) involved in the s%nt hesi s

of N-1i nkealcehayakde wekn Hhel A6 dsicRg§ShefREdd §efaF aPFySkFdwh: t10 per sons
skilled &oydhe.ard; {(H %@sd%.{léw gasahel gk ah. 1R000ha1 | Bonbisl stiidy,  ve

studied t e activities UT, which is involved in core
--fucosyl walwss afepreggdansie meag valpesFromwhiveherper drests hetlkappi ng of

o, BI85 MR SRR A L Lt gt o
lower in the second experiment. Notably, the activities
were expressed 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. ol,3-FUT activity
was, however, only significant in PER.C6™ cells while
hardly detectable in CHO cells. None of the two cell lines
exhibited «l,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- ol,2-
fucosyltransferase activity, it is very .likely that PER.C6E™

produced N-glycan chains which contain Lewis x instead of
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Lew s x structures. For conparison, we also analyzed the correspondi ng FUT
activities present in CHO cells. The activities of the indicated FUTs in
cel | - ext reotos/o3g1f0 PER. C6TM and CHO wer e neasured usi ng a PCT/NL02/00686

gl ycosyl transferase activity assay. This assay neasures the

gl ycosyl trans-ferase-catal yzed reacti on between a saccharide (in this case
fucose) and a sugar substrate. The @l T activity was al so neasured as an

i nt ernal control The values represent the nean val ues fromtwo
experirrent val ues n&ﬂetln r.ti,c hoeoi TMwe 2-3 fold
| ower in t ébnecPJe%(Cf? 91 eﬁg%é P %tlﬁe 4cIibf Jr%%%%‘r%é ex%g%ssed per
ng protei mitm esaudd rddeldal extrinaety. (BeecavsewPER Collhael1gpi,are
significantl ger. than CHO cells, the d| fferences, between the FUT and

Gal T acUQﬁﬁ?Je%c G@aatnéﬂﬁél?fé@?&lié’effﬁgoﬁﬁﬂrz%% bfgHer*or smaller than

they appeagtrddesresulisif el Y)Q%%}‘,h Cganﬁa‘;@a@sgm@&ﬁwéﬁ/ assays are

shown in Table Il and reveal that TM as wel | as CHO possess

signi fi cantERf0 6-FBF 4derivey, fxgm @i%@’@st SerigatingdcAtedl RSI i nes can

produce c 0 t LAs - I i S homever

only si gni()%?cgéri(f %A%E%QC%JT ce J:l%g%\%ﬂl I e§1 ﬁgr E{tg gg@e‘g%%%l%@?n Y cells.

None of thestaworweldn |ad riEss- p&)dfﬁalmrw&dmadisZgEUTaadtbi/ot‘yedT@lkm] & oget her,

t hese data_. show differen e bet ween theég écogix atlng egotentl al of CHO
3 goht &'RE" nof

and PER eXpl Al A why PER"ESTH B *¥iUtdses than
CHO- pr OdUC@ldlERQ{ (FEpreng aﬁxamplmnﬁcl&maaﬁtmbayLemslmamé opfs, present
on PER C6TM EPO Because PER C6TM possess-es. - ---, -but no- -al,

2- fucosyl $3 AnIErEaYe 3nd iBHL y<AﬂietrSPemvéwrm?Ré?yB%%%CJPER%erMSG& oduced
N-gl ycan chalidst o cthLadigid L @Wisobel. Nake8In0he69cen in Fig. 3,

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

after treatment with HC1.

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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WO 03/ 038100 PCT/ NLO2/ 00686 Lewis y epitopes. We verified this by |abeling
PER. C6TM EPO w th a nouse nonocl onal antibody (anti-Lewis x, human | gM

Cal bi ochewp osleag1ospeci fically recogni zes Lew s X struct uPET/NLOSHIVG6 west er n
bl otti ng. Equal amounts of PER C6TM EPO (derived fromclone P7, here

i ndi cated as P7.100) and Eprex, untreated (-) or treated with HCL (+),
were run on a SDS-pol yacryl am de gel and blotted onto a nitrocellul ose
menbr ane usi ng net hods known to persons skilled in the art. A nonocl onal

anti body ( nt| [11 che a Aner sham Phar i a Bi ot ech)
were used t%t dp%‘t&ég:t%Tt gr;%:el\éllL:L 8% E)B Eetfb@r‘&% PHRUS AT Y only
PER C6TM ERQicGulgd wiehl abel edwikth dheiwedidodyrarsecid g thoant he Lewi s X

epi tope. Location of the nolecul ar. weight marker (52, 35 and 29 kDa) is
i ndi cat ed 2TBEPRYe SPRELTAF, 3oFugbaby i bkakR ¥ SHUTRULES | e, the signal was

| ost aftQKah&ﬁ%k%%ﬂicgh%Q Ecﬁodg¥§@@|§bgltf¢3“§i St THELHERS EXPr €SSi on at
cell surface of TMcells. To fi'nd out whether Lews X structures

gener al | y vegduhigihn cREReGSTREEen| ¢f Wee | el s wsfeslbe of CHO and
normal (i.e., not EPO producing) PER C6TMcells with Lewis x specific
anti bodi es (Cal bi ochen). The cells were incubated wth the primry
anti bodi eExamitiea 8L.ewnhibitided af Qpdtopiyd My BERL CAAL-BPGI &h;d:.rL—evm’ S X

used at 5 pa/ ) FI.TC-_ conj ted nt| sed a secondary
ant i body. m é’né’llet(fodef"fls r‘éeJa El ?/‘}%%’Wﬁ% uiff&él&gleﬁe
represent slytga:a:m goamldietoael.l s i ncubat ed WI t h the secondary antibody only

(negative control The results shown i 4 reveal ed that PER C6TM
cel I s---wer e- - SEFoRG yREAKIGEE vﬁbﬁfﬁlnt"ﬁépﬁhtﬁﬁ‘édﬁ%% FACEBNEYRBERD CHO

cgl I's tgata_@r RopARe G tReQdUEs [hess stfusliy 6% Ry, we repeatedly
opserve
rat-, mouse- 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 neural cell cultures are

exposed for 24 h to 1 mM r-glutamate or o-amino-3-hydroxy-5-
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61 WO 03/038100 PCT/ NLO2/ 00686 that PER C6TM cells displ ayed a

het er ogeneous pattern of staining with the Lewis x anti bodi es. Labeling
with an wsotolossiyo specific for sialyl Lewis x structures @ECAINLo0086) gave
a noderate positive signal only when a very high concentration of the
anti body was used. Exanple 8. Inhibition of apoptosis by PER C6TM EPO
(brain- type) in vitro, in NIT2 cells and hNT cells cultured under hypoxic
conditions. PER C6TM produced (brain-type) EPO and serumtype EPO are

conpar ed i itielirsdy i Witd0 —achbYbhY ot 0 = _[rqHSg- nd human
cortical neurﬁe}ﬁ.lcsel I sZ from %el F gegt cgﬁdg‘gﬁ%%{)@?%e condi OI%% and with
gl ucose deprdiadtdren. iForthehiedsenearak peébence tof esaar@iprepared fromrat

b j . (ks | . 994: t al. 1999;
Tt ot - S Gh pe Ol B T bR e Mo hRR R SR Rt
br ai n-t yperEP@ varnd csdraymi st ypal PO bhetkel fBust€s damidd ad med dnty rodul ar

i ncubat or ._chanber,s.in a V\%tequ%/h cketed incubator for up to 48 h at 37C,

n
in serum fIel e WePR 36 rucdRel hh¥ ¥ df ¥R °D5%% ai r/ 5% C02
(nor noxi ajmedabidl iselawpiffies . medeugt Mbt Doty o8l Mcose and, i gdidi ed 95%
N2/ 5% CO2 (hypoxja and glucose deprivation), in the absence or presence of
30 pM purik '%@6 PER CoTM PIRAAIEEd tier RiensiippéaEPorokhgovpbEptex.ofThe cel |

cul tures q:reqlesxmedqetdowlﬂﬂog%gegnd gl ucose deprivation for |ess than 24 h
and thereafter returned to nofnoxic conditions for the remai nder of 24 h.

The cytotoxity is analyzed by the fluorescence of Al amar bl ue, which

P B B ey L0 B obeBR AR aEl| A 0 et
or a-anm netdawmiditding- Brythropoiesis 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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62 WD 03/ 038100 PCT/ NLO2/ 00686 nethylisoxazol e-4-propionic acid (AVPA)
under nornoxic conditions, in the absence or presence of various

concent r awpD®a®38160 puri fi ed PER C6TM produced EPO or Eprex PCTNI®2/09686t OXi ty
is anal yzed by the fluorescence of Alamar blue, which reports
cell-viability as a function of nmetabolic activity. The viability of cells
treated with PER C6TM EPO is expected to be simlar to the viability of
cells treated with Eprex. Exanple 9. Activity of PER C6TM EPO (brain-type)

in stimulagi . I esy:S . Jn rats t O The
pot enti al %#éggﬁ%n%%%;%e%eu%ﬁ%% t%tg g?llggg?[aj.ggr tgﬁég%)#g%%%tp‘?%nﬁgf red
bl ood cel | BBEAN. 12 Mwedoradd im aa totadenblomdebft R0 has beednyedcri bed by

Barb t . 199 Al i to thi del, the i in th
Pot i out ocy?ah cbhiits HLR, PR Homeauaiet BY ERATHEPBBF EATe- 4&t Wity of
the. reconbifandahuneie BRQ qeRafaliforet iBatbeyt syt fStas ecdtgl preatur sors

of red blood cells and their production, in response to EPO can be used
as a measttecd giethePst&itionl s EederRi8efnul ating the production of

red blood cellsyg Ahd T 8ased; Prodialisonngf cak8dtRE0QE €Mt Sqe i b tUrn,
| eads to a higher hematocrit ~ value. The activities of PER CoTM EPO and

Eprex wer ereohparee/ten miseqrtodps the thred wag/ Rlpodacsllvarious doses of
[ nj ected i ROYOVAGUSTy T (e Ber Te  SrA ar oy 3. . Candb s FEH boTM EPO
was admi ni sherekcst Zor -dosgadf feriod2sf thoeeldbyel) ¢&issa anits) as
det er i ned by, the. Gomerclally avail able £BQ-specific D Hlisa Kit,
fourth day compared to reticulocyte counts in rats that
received diluent 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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Eprex was admi nistered at a dose of 1 or 5 eU Al EPO 63 WO 03/038100
PCT/ NLO2/ 00686 preparations were diluted to the proper concentration in
PBS/ 0. 05%v0wam88180 in a total volume of 500 pl. At day 3, PCZBAophoesé EDTA
bl ood was sanpl ed by tongue puncture. On the same day, the percentage of
reticulocytes in the total red blood cell population 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, caused a
significant increase in the reticulocyte counts at the fourth day conpared
to reticul ocyt &roapntls snbratshbbad hesme&h/ama,di | uent buffer only. The
reticul ocyte cqunts (g boost sing the Eprex dose

five-fold. The& P8P ?ﬁl 889%385{%\){ %I%}Qﬁcrg aIcﬁ%lpéased usi ng

equi val ent anmo@ribspofs, PERoEBINVhEERQA Ifer&cbfﬂﬂaag’e igleiLaseombink@ti cul ocyte
counts was observed when 1 eU of Eprex and 25 eU of PER C6TM EPO was used
i ndi cating that PER C6TRHEPD PErURTLYRFDS afdes | ess active in

stimul ating the ted kl oadyacebhndl@dushdomd ;ﬁﬂﬂ%“?@chBQthEference
bet ween the poten i al of Epr ex and PER. C6TM EPO in stinulating the red

bl ood cell production wBEReGEN -wspdupednBBdced at a hi gher dose (i.e. 5 eU
Eprex and 125 eU PER C6TM EPO . Exanple 10. Effect of PER C6TM EPO on
cerebral ischema follow ng experinent subarachnoid henorrhage. To show

t hat PER C6TM ER© bXmelimeBtfiéCBu'lb@reicrhrrtE'ut Grenprothectd s @urloidugeder ebr al

i schem a than serumt re the

ff f '
b ety atloft BFCRRRCTBTNE b BRELER Be @t Loe e e (B antbpe EPO in a
r abbi t rrmﬁelte@fnasmaghacameed hesvtidar grey i1riiced naqut ef+eer eheal

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 ym in a freezing microtome, starting at the bregma
and continuing posteriorly to include the cerebellum
(Ireland and MacLeod 1993). 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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ischem a. Therefore, 32 animals that are divided into 4 groups (n=8) are
studi ed. 64 WO 03/038100 PCT/NLO2/00686 G oup 1, subarachnoi d henorrhage;
G oup 2, wolafaabmoi d henorrhage plus placebo; Goup 3, Payaiachesssd
henorr hage pl us reconbi nant human serumtype EPO and G oup 4,
subarachnoi d henorrhage plus reconbi nant PER. C6TM produced EPO. The
experi nental subarachnoid henorrhage is produced by a percutaneous

i njection of autologous blood into the «cisterna nagna after anesthesi zing

the ani mal,__ A @x_ngE}&e i_nj.ect i oc e rabbi sidJoned daventral
recurrbencé‘DERf‘ch)?6 15" m rchrtec':i‘Jt% nggf\?%trt\?r %%gb%)%%%?%%t&?or mat i on. Arfi mal s  of
group 2, Jumded 4fasembppechedravd htltir uenitmaiisf frdat aBpr ept andapedified

PER. C6TM pr oduced brain-t EP r ectively, at 5 min after the

i nduct i on °6f tg&ﬁa?é@hﬁﬁfeaggﬁe%% haagé;sfca%c?'are continued at 8, 16, and 24 h
thereafter. Al injections are admnistered intra- peritoneally. The

di luent buffer consists of serumalbumin (2.5 ng/m), sodiumchloride

(5. 84 ny/ FxpmPAghydr oBEYEREPPRICEIR FREERIPE RIBHSSSHSH) 12 FRE animals are
eut hani Ztee%tna%éJ.hcaétiﬁ.gﬁlﬁbéﬁtéé‘bﬁ&m haBid)aeRxydedathiehr brains are

renoved. The brains are thereafter coronally sectioned at 10-25 pmin a
freezing m crofformargt guiltngeat of heeralga ragn ¢ st eCa§SSostériorly to

ol ude 15 SRLEH, U, LT A A MeLens 1989 ooTaaissalies and asseos
wi t h hematraxy,i BsapdeedasuplyTHesauniibed 0fimmeosi rophidavdomed®8Ral- profil es
?g?égigiﬂi §%§£%ta%sn%%£gkéd g§rigé9@é 8&?%1&2%&8?1%&&%0&%%'%n g%OOX)

airtight Plexiglas chamber with < 1% O, and 5% C02/95% N; at

37°C for 2 h using Gas Pak Plus (BBL). By replacing the

medium saturated with 95% ailr and 5% COz, the cells were

exposed to normotoxic atmosphere (reoxygenation).

Cardiomyoctes are washed twice with ice-cold PBS and

total RNA is isolated using Trizol (GIBCO), extracted by

chloroform and precipitated by isopropyl alcohol. For

Northern analysis, 15 upg of total RNA is separated on a

1.5% formaldehyde/MOPS-agarose gel, blotted to

nitrocellulose, and hybridized with a **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 0.2x8SC/0.1%SDS at 65°C and 2 washes in 2x5SC 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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five randomy sel ected sections of the lateral cortex obtained at several
coronal |evels posterior to the bregma. 65 WO 03/ 038100 PCT/ NLO2/ 00686

PER. CoTMvBR®osg1e@t ed ani mal s are expected to have a | owePCTMNLOR@I6S6f _
damaged neurons than animals that are not treated or that are treated with
a placebo. Exanple 11. Erythropoietin receptor expression in rat neonatal
cardi onyocytes foll ow ng hypoxi a/ reoxygenation. Primary cultures of
neonatal rat cardi omyocytes are prepared fromthe ventricles of 1-day-old

Spr ague- Daw ey ,._I. revi.o cribed i pson_and Savi on 1982).
Hypoxi a was cr epéi{lg&&%l}’y%ﬁl%%u%\étsi %E&%Hgg%a? i%%%/rga?%aes ?nt an airtight
Pl exi gl as cdahiyery ot ttfe < ak% @2 cpndeBUEEOR/ 9bo WenaticBIEL dbri-ddy-usi ng Gas

Pak Pl us )o.. By replacing the nediumsaturated with 95% air and 5% C02,
the cell s(%ckeslore%é&]()es_@c?"@@y?ﬁlaﬁﬁt 8xi ETAVMBEphEr e rethy et iy

Car di onyocdres sl omasiesd twiHg@owibhiscereatddPBy anduniofdl #NA is isol ated
using Trizol (G BCO, extracted by chloroformand precipitated c)by

i sopropyl G YOESS INorthérn taAklFy Bl exighapgchnmpe antR"NAﬁ j;s’ $®epar at Sd
on a  1.5%d{oramlcdghyde/ NORS agar05e 98l n blahiedakopaRi biocel byl pse, an
hybri di zed with a&}?{gP—I alglgejloed probe for EPO rgcept or ? 4%8 bé) CJEKlA

f ragment ) .ByHytadldicdardg diet gledd umplateratednivghlh 29% 650 ianghospltat e buffer,

T S ) F e A B 2 v

in 0.2xSS 2 washes I'n a oom tenperature.

Hybri di zat {rps:siggmaitsicar)e Whsuakpzedmbyt exposviged hentenbrareidsr an X-ray

film (Kodak) . ,Expression evel s arecg)orr cted for GAPDH nRNA | evel s.
HeCerfs

Exanpl e 12. BHYBEY By % ALt Y PER G TRCEBS 417d CSBFG M OPy pé953
EPO, (Eprex) on appps®scs,)i;n rat neonat al

B) cardiomyocytes 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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cardi onyocytes, cultured under hypoxic conditions. 66 WO 03/038100

PCT/ NL0O2/ 00686 Primary cultures cultures of neonatal rat cardi onyocytes
are prepawed3sfpssino t he ventricles of 1-day- ol d Sprague- DaRCENLO2DESES
previously described (Sinpson and Savion 1932). Hypoxia is created by
incubating the cardionmyoctes in an airtight Plexiglas chamber with < 1% 02
and 5% C02/950 N2 at 37C for 2 h using Gas Pak Plus (BBL) By replacing the
medi um saturated with 95% air and 5% C02, the cells are exposed to

nor not oxi msphere ; (Ji§oxyge i.0 Ihe experinent is divided into 4
gr oups: Agzulgéar di ogr]fge/egcy]tl glecdulltglugg%uuﬁ Erecn%)??mgfca%%%ﬁ?tﬁ%ns (95% air/5%
Q02) ; B) cardliwmacitess iculeifedmaddey hypayi BUNEDXyDENa4A 0m ciandi ti ons

in the presence,  of 30 pM purified PER C6TM produced EPO, C) cardi onyocytes
cul tured u%e?i@r W&id#reé%is?&eﬁégi 6ﬁ°e56ﬁ89?$0%§n?1he%rhb' presence of 30 pM
purified Eprex; and D) cardionmyocytes cul tured under hypoxia/reoxygenation

conditions in the absence of EPO. Al | expgrinments are performed in
triplicat EX3RAR ds)-s The sffseti PEBEByCROrBROI 85HcapremakEdQi en e

| addering aneh.bi digldniRala de@xybihenye! ﬁ%i:?fdléf”j?sf&'ié}?fé)mdi ated duTtP

nick end labeling (TUNEL). For norphol ogical analysis nyocytes nonol ayers
are fixed zarprfudieed with Hoechst 33324. The norphol ogical features of

mont tored by A e et SRS 8 88y T AL Balt 080t ol Y O 12 randon y

sel ect ed faredsdhqidzedi siitar eocidunt edntEbardet£1 m m ngg ONA 1radderd ng

(CharaCter£é¥gﬁﬁJé3%Cl (60 mg/kg IP). Jugular 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 ventricle is sliced into thin sections,
and the unstained area-at risk (AAR) is separated from the

normally perfused blue sections, cut into 1-2 mm® pieces,

and incubated with TTC. With a dissecting microscope, the

68



apoptosis) , cardionyocytes are lysed in lysis buffer and el ectrophoresed
on 2% agarose gel. The gel is stained with ethidiumbrom de, and DNA

f r agnent swearog/ossisual i zed under 67 WO 03/ 038100 PCT/ NLO2/ 0@EgBNLozbeasavi ol et
light. In situ detection of apoptotic cardionyocytes is performed by using
TUNEL with an in situ cell death detection kit (Boehringer Mannheim.
Exanpl e 13. The effect of PER C6TM EPO and serum EPO on the infarct size
in a rat nodel of nyocardial ischema/ reperfusion. Adult male

Spr ague- S 4 @o@l um

pent obar E?I\t{\%(?y?%é n%é%bol %N'a%%l%ketggar% ﬁggaé%}e§%ofggl}l%ﬁ%] Jugul ar vein
and tracheeoateive afived cit edad—@mal‘men'gl)l ateen.iAlhmentas nedl thid h 100% oxygen
by a rode i o] t | nt.ai n,ex I ed en. 3. 5% and
5% A | ef mB(%%{r‘%%io oni{/reagésh%gler% 5ohe lVldua? uf & %\%Cé)szr?’g F1F 4 mm
fromthe ois gcanloildtesil eft coronary arter y. Five m nutes before ischem a
animals are randomy given various concentrations of PER C6TM EPQ
serumtype EPO or saline (n=6 for each group). Ischemia (30 mn) is

initiated iyahpohten Nsdfatilth subUERa8EQUALLiOE of OB &F™akbgry and is
followed by 4 h of reperfusion. Sham ogerat ed rats are prepared

i dent i cal |1YREIPES IRt IS at bitghi 31ndrlinked cfiecogn-=Bntenit cr
Ul ihe  AIQISL- 8 die dOLELTLNGG D sl LOER0L AL SLALLA Y |

pat ent bl ue viol et and trlp enyl tetrazoliumchlorid The
coronary Iﬁ(g&@ltﬁféerarstlradihygmuenéd PERJCEH'-ERDr glgnoisringj etth om loigrpat ent

The heart T&/thah TENS/ed an oenea rerebeRol dPlaritie Bt ore removal of

t he atrla,sqnmﬁﬁedumnyﬁ &h&n@uﬂtghé 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 pLg (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 KHPO; and 3.0 mM NapHPO4, pH = 7.4), beginning
with 60 pM fucose (fraction 1), followed by 200 puM fucose
(fraction 2), followed by 400 puM 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 ksee Fig. 9); O 5 ml portloné were
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ventricle. The left ventricle is sliced into thin sections, and the
unstained area at risk (AAR) is separated fromthe nornally perfused bl ue
secti ons,wouws/08810®@ 1-2 mm 3 pi eces, and incubated w th TPCI/NA2A06RE

di ssecting mcroscope, the 68 WD 03/038100 PCT/ NLO2/ 00686 necrotic areas
(AN, pale) are separated fromthe TTC positive (brick red-staining) areas.
Al'l areas of the nyocardiumare then weighed individually, and infarct
size is calculated. Exanple 14. Isolation and fractionation of

PER C6TM E cof or ont ai.ni high_al,3-1inked fucose,content. The
f ucose- spegﬂ}%é%%uaﬁmgacavﬁor a%nrflitglrlggc ieﬁlk( gf&fft\l/v%rsls used” Ef%&r?)erdef Chtially
purify PERFGHIM EPO gl ycoforns with a high Lewis x and/or sialyl-Lews X

content. O that _was _secreted into the culture nedi um by EPO producing
PER. C6TM EE%?I%‘J%\%%‘: % N 1EaEd P PolrEePECRBIPY GitRSthetVXR%bnt ami nant s

by af fini tyi epbei Qhvormeiaanaphy 20s nigphBBPRSEONRha antd bedi @si speci fic for
human EPO (see exanple 2). Thereafter, about 270 .tg (or 27,000 eU) of the
purified ERCGwasnebjecttat dro thesseondméhrooat oge aphy- p3 @geldurkha - whi ch

t he EPO no| ecul es were bound to.a_cal,u cont ai ni the . bilized AAL at
0.1 n/ni nij(%&?_ H P 3 rflr?ﬁsedBiggoﬂbghfa%g?%@% gﬁ’%‘f orms carrying
fucose wergletaiede H romdtiencolawan dbyiusyDgt bdfgoseu{ Shim)aas a
conpetitor, for binding to AAL. Four EPO subfractions were obtained by

appl yi ng at&t 2P Ytadi M SIFPES e HeLDIcoRE Aihi fledsre mf BB, 1. 05 mM

KH2PO4 - andy 3 o wdV a2 HROH 1 2H a7 e sbwnbegi PDJ-T;PQZLOZ‘M th 60 M fucase (fraction
1), followed by 200 Mfucose (fraction 2), followed by 400 gM fucose

(fraction 3jun e @idithy Wit ereod mlidesseciiarides okn HaciTheodlirst step

of the gradientd IMEAALIM LG HRE okNerod epsed agd gsh o ML
that the fractions 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 C25,
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 enables one to purify erythropsietin from the

culture medium by employing the specific characteristics of

70



with a flowrate of 0.5 mM/mn. The UV signal at 214 nmof the

chromat ogram showed that material eluted fromthe colum in every fraction
(see Fi g.wB)o3/o8.180 ni portions were 69 WO 03/038100 PCT/ NPQZ/NID&BES6
collected and two or three peak fractions were pooled (see Fig. 9). The
buffer of the fractions was exchanged using a | CkDa mcrocon (MIIlipore)
to 20 mM phosphate and the fractions were concentrated on the sane

m crocon to 20 - 30 |. The N linked glycans were rel eased fromthe EPO

pool s by n I | a by_ngur am ni dase

t reat nent I\hﬁgp{y%?;%[s%l ve t%%.“%lel %@g%égg%ég %lé %ﬁg? £ ]\glgr?ous EPO sanpl es
are shown $mr1F¢1ngél:£)Aor6Ii’r§91tr elbatutvéy ahandamﬁ:e (0] ) Whﬂcﬂlf:]ﬁ@l’lﬁlﬂibteln

ol i gosaccharl des a was al so pr nted. (see Table | X). The data
derpnstrate® FHA ucﬁfg fqﬂéfﬁ Joor%S 3’1%’? G EPir”F‘Pgﬁ(h FRRE AAERRHI urm  cont ai n
rel ativel ym@miedd UeOset a5 dlgS.ovear rexappbgert perifiagtionsoeltdd ng | ater
fromthe colum are enriched in glycans giving rise to peaks at 2507.9 and

2978. 1 DalREMESimi i ddif aﬁﬁifeﬁieti}terﬂllflﬁéé)séoﬁEsFHﬂu@§laWﬁPm%1gI ycans wWith a
mass of 189dqi/r ok 22lo. 8, which contain only 1 fucose residue, are
relatively underrepresented in these fractions. Therefore, these fractions
are enri chiee ihatreN-alglglodres] Havifrgcsdooakl edptenpstX stnogelir &scm The

That oms 1o eo LTy PNGGOE S e by ol T LR B e s for
thi s expermaentof 2~2L8‘5)rkrfar,a@mm in tArA torréspchdent@, a3c@mplx fracti on
contained 2.6 Lews X

St uct ur os? Her BB o CUTES R HAGperaLHE ook aEL S nénf CRETH T ne C25,
a fractionod wésh ohitadmiet ( SReEtism uncbhgaidB) abbat BASor 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.C6T'-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“4célls is
first.-roughly separated from cell -debris and -other
contaminants by affinity column chromatography using

mnonoclonal antibodies specific for human EPO. Thereafter,
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even nore enriched for Lewis X structures, having 5.7 lewis X structures
on N-linked glycans per EPO nolecule. This nethod enables one to purify
eryt hr opowoio/ossiom t he cul ture nmedi um by enpl oyi ng the speTINIOR/00686
characteristics of 70 WO 03/038100 PCT/ NLO2/ 00686 the post-translational
nodi fications, such as Lews x structures brought about by the cells in
which the protein is produced. This does however, not inply that other

nmet hods cannot be enpl oyed for proper purification of the protein with the

(predeterm -fr lati | di.fications, The material. eluted in
fraction Zhﬁl%p %‘J'SD%?\ %é aﬁr%v% qu%?’ﬁc’%%‘ IEIBO,%l PECEBAt ggﬁgm%{?%%an?%nt ly
N-1inked gbhycasdume tin avhimsstiof EXD8mdiBaulwki ehAricpihyr Dac@iNAsponds to a

I bi - ant N-1i nk ar th Gal NAG-l.ewis x structures. on
both ant enPaalC FIERT | B LU dichet SUGHT B6R6FLERRY £BE al ™EPE) 1 HAS had

been el ut etataifixacsport Ard mdd onlandizgatigsqt bat the goyebrd@ndm of EPO
with predom nantly bi- antennary Gal NAc-Lewis x structures represents a | ow

abundant f biat ot 2EPS hant FALHE B rawitiekéddasra§ phedabevehe desbiithed

met hod. Exanpl £rdSeol 50b@dd o ang faacli-enatian gﬁoﬁgﬁ%@m&m gl ycof or ms
wi th a high Lacdi NAc content. PER CoTM EPO glfycof or arrying so-called

| acdi NAC @R THvERE chze | rcdiNAR s tare sspeei Biluabtlyfrenl Bhedcdlunrhe use

of nmpnocl opal . ant.i i i nst | acdi NA tructure Mbuse
nonocl onal an?ig%"giibée){g suckﬂggis%- &;égﬁéc °106¢2R5S ,lcliﬁgﬁﬂ%g C, 259-2A1,
and 273- 3Rl {YaseRemooides eas et calmpe20@0)y specbihaahfytsecwgni ze | acdi NAC

structures.and. are purjfied and cqupled to CNBr-activated Sepharose 4B
beads accojr%l?%bmg% ¢ Cih iy KROWALBGCRCpBFseRrrying a

relatively high percentage of lacdiNAc structures are
separately eluted 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 114-5B1-
A, 176-3A7, 290-2DS-A, and 290-4A8 (Van Remoortere et al.

2000) specifically recognize GalNAc-Lewis x structures and
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skilled in the art. PER C6TM EPO that is secreted into the culture nmedium
by human EPO- producing PER C6TMcells is first--roughly separated from
cel | - debrwe oanssie@t her contam nants by affinity col um chiRcomaoogesaphy

usi ng nonocl onal antibodies specific for human EPO. Thereafter, 71 WO

03/ 038100 PCT/ NLO2/00686 the purified EPOis subjected to a second
chromat ography procedure in which the EPO nol ecul es carrying | acdi NAc
structures are bound to a colum containing the inmobilized

| acdi NAC- speciifi.g fionocl onal. ALbegi egs. EEQ 0} yeof s, dhat ack the

| acdi NAc structures do no i to the colum and ar oqseectzlgd in the

f 1 ow t hr ougdndEROaginydafgortos proaedyrag tbemdatyi NMAowrs twgidisesisar e el ut ed

fromthe cal. at | ow pH by _Hsi | NAc or synthetic |acdi NAc
ol i gosaccHd Jilﬁtrlﬁgesd ad %héeo t' %F{%r _Egﬁd%ﬁé t 55t ﬁ80‘¥?g%‘§i NA Ogﬂbeci fic
anti bodi esculiRQ gheenfar By Gane)i Agoapro@haihyedyr higH percentage of

| acdi NAc structures are separately eluted fromthe colum by increasing
t he GalNACILIGE I"ACHNAC SERRCEHEFafFBR SEop-dfRE Dravft R8T y during the

el ution. ERQOIMGRIHMITH WalE a1 k6! abi ¥gh Yol G RSE SEM P98 i f | acdi NAC
structures are eluted atﬁ./wi'i1 hilgﬁeg chcentcﬁati on@@%f Ga}IaNAcln%: | acdi NAc t han
EPO gl ycoffmaslsosdesaitidpogiesebrervély fow pararemRye TfedeaddieNac
structure r e .\ - thod. d i be ove, also this

met hod enzﬁ}éersbuorﬁceﬂ%ogd %%r%i ﬁ%‘ %%b%?%%@i g‘?u i ﬁ%ﬁ‘?h@“&& % rgp?rlé’di um by
enpl oyi ng gieashes fiinc whhahacher EBOI msletuldédhecquastitg andiNtd-arali s

nodi fi cati ons. . Sl ch as Levx%s X agd Iacﬁi Nac structures hbrought about by
the cellsin CH e 255T SO T8 Pr oatdBy. CBEIHR 969 sol ation and

fracti onatirewfl iRER CEIMAERPDewilkYy 080 85E 1 tbreo ¢l @ IGRINAGHEE WIS X

content. EPO glycoforms that lack the GalNAc-Lewis 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 are 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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PER. C6TM EPO gl ycof orns carrying so-called Gal NAc-Lewis x oligosaccharide
structures are specifically isolated by the use of nonocl onal antibodies
agai nst tweg/08abNAC- Lewi s x structures. Muse nonocl onalPCamLoboeises such
as 1-14--5B1- A, 176-3A7, 290-2D9-A, and 290-4A8 (Van Renvortere et al.
2000) specifically recognize Gal NAc-Lew s x structures and 72 WD 03/ 038100
PCT/ NL0O2/ 00686 are purified and coupled to CNBr-activated Sepharose 4B
beads according to procedures comonly known by persons skilled in the

. PER RQ; ' ' .
ar t IMERR oty hpaeatatedninbontbe Lolbhbl s qpdam by yren

EPO produci ng PER. C6TM cells is irst roughly separate

and ot her PwioHtigaiam ©hyhef birateyneol utm chr omat ogr aphy using nonocl onal
anti bodi es specific for human EPO. Thereafter, the purified EPOis

subj ected to a second chromat ography procedure in which the EPO nol ecul es
carrying Gal NACHLewiild be sthcdectuped hyethosadof oslai LDl immeonda ni ng t he

i nmobi | i zedrhaec,-éal -Lewi s.x specific rrgnocl onal , anti bodi es. | EPO gl ycof orns
that |ack ¢ E e hS FPIEPLEPHr 885 dRSSRot L biHdra ' e Eht i bodi es

attached tdetdia «eolaxampars abeceeahhgcted, i fné herddow thraugh.oBaund EPO
gl ycoforns carrying the Gal NAc-Lewis x structures are eluted fromthe

col umn at 1¥w PIGED uSFRGUETAPRe P/ GAINAEL L1 5lop aaf FPQoHpétitor for
bi ndi ng t(bféﬁﬁiggggwkﬂé%ﬂc§e¥i§E@Ebt'Qarﬁgﬁébgg%§§'(ﬁﬁ%%ﬁyglyCOfornB

carrying a high | NAc-Lewi s x content can be separat eluted fromthe
col urm by thet@nsadileg ankle ocodéeanpart i onp et 3¢ NAcrd gwi st ed. regetiichor

st ep-w se adual |y .dut.i . tion. EP | ycof or ns ith a high
Gal NAc- Levrvipa[sy %lglgim?lesr?{ lgr retlrg E?gg g%g%rﬁ?ﬁﬁe?P%b% eﬁ"ﬁlrréteinéj)rqno(ﬁler

Gal NAc- Lewiarbs tdfarhEPOeglcyedfornd ppossiessi Nthervaw GalMNAGr el /S rX
content. /ggﬁé} fs%hemic/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.C6™-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

74



accordance with the nethods descri bed above, also this nethod enabl es one
to purify EPO fromthe culture nmediumby enploying the specific

char act erwetmm3s10d t he post- translational nodifications, PEENLOaSOdREW S X,
| acdi Nac or Gal Nac-Lewi s x structures brought about by the cells in which
the protein is produc-ed. - This -doe-s -however, not inply that other
nodi fications with the (predeterm ned) post 73 WO 03/038100 PCT/ NLO2/ 00686
transl ati onal nodifications cannot be enployed for proper purification of

the proteipgrl&eWikbobg HBASE 8 Q0 %éénﬁ¥%ﬁﬁ0j§d%#aﬂﬂé 4 %d%rhgfethat

al though the invention has been illustrated with etall ed exa S
concer ni ngnEPerut qevipe eseht Eprrskemdndirined morel ithiened sdapiodactidsn and/ or

purt {1211 g0z ol EFOLN L L1 g, characer L o8, Vo bgva o her (Purer)

t her apeut i I'C peptidés-an
treati ng disomiezsedfby hehdradmoweid ot hére neastls cafipt bereenhdahg atine

peri pher al rvous system and/or_ other i,schem c/reperfusjion danmaged

ti ssues, cgﬁgbe %?%5%%%&Pntﬁﬁ?nﬁﬂﬁ?%ﬁ%ﬁpﬁﬁfﬁ8&§OBFcﬁﬁgyp?g£%ﬁtt?%vention.
Exanpl e 17reB@a W éh ehd oy 5 alheraGi-dtenthent ahas aneshrhias potency as
EPOwth a high sialic acid content in reducing the infarct size after

mi ddl e cer &bV &Y aF et Yol (F XA GRS A Sidds MREh&cerrpEet ]l of hPEROEBTR EPO and

Eprex on t i f rai 4 nf t, it&h e i | ly..i nduced by
her 8hZ o C@ef@lc?ﬂ_éhﬂ iy anthit® m\(é%%A) ffﬂséé”ﬁg%é_ wdrd!

the occlusion of the mddle cerebral artery was studie in

F344/ 1 co masedr&e sawrighihg-l2000B0gt woilngea rEtibed 78i andlarBto the met hod
published by Siren et al., 2001. The right carotid artery of the aninals
was permanently occluded whereas the MCA was reversibly occluded for 60

m n The results in Figs 7A and 7B show that rats treated

with the PER.C6™-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 Dbeen injected intravenously with 150 eU Eprex

diluted in PBS/0.05% Tween-80 to a final volume of 500 pl.

Just before the administration of the substrate, 200 pl of
EDTA Dblood was sampled as negative control wusing 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 wusing the same technique. After the last blood
“sampling, the animals were sacrificed. The specimen was

centrifuged at 760 x g for 15 min at RT within 30 min of
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using a netal clip. Purified PER C6TMEPO with an average sialic acid
content of < 6 sialic acids per nolecule or Eprex (Jansen-C | ag;

comer ci awby3asans abl e EPO with an average sialic acid ecm™anR/00680 sialic
acids per nolecule) .was applied intravenously at 5--mn before the onset
of the MCA occlusion at a dose of 5000 eU (ELISA units) per kg body

wei ght. Notably, the sialic acid content of the 74 WD 03/038100

PCT/ NLO2/ 00686 PER. C6TM EPO preparation ranged fromO0-9 sialic aci ds per

mol ecul e whgh €as. Fpf ex flﬁé‘t? sqna{mr%\xfap*l%% 8. akall Eaégé&‘ 59€1 51O

After a 60-nmin perrod, S1 on termnate the renpva of the
metal cli psgacmﬁmndEﬂlgsahdR&mmAtoRemTefmam@nt\h@s mmatm@r@ﬁcdmmal Iy
after the .remva i.he clip. Twenty-four hr later the brains of the
living rat %nv\ﬁlag eﬁﬁ?ﬁ) ®d using MRl to reveal the Apparent Diffusion
Coefficient (ADC) and T2 maps. These maps were wused to quantify the
infarct volunmes (Figs. 7A and 7B). The results in Figs 7A and 7B show t hat
rats treat®d SKEWh ihd IPER %GWGE%CéﬁésEpFBXt%‘?eﬁ%ﬁl%??‘b?%tjcﬁ%ﬂfayed a

simlar r 4k oy ithd he dMfAarGlspihge gog@agﬁgsie LB O0Psp td £ateh Ani mal s.
Since the R C6TM EPO preparation has a nuch |ower sialic acid content

than the Epréksiprépdriarn (ﬂhastehlagldr ésglleagensnsphases @lhaha%lfhl% sialic
cont ent 'Stﬂ'%et £sapntd ale f %@eegfﬁg&aega E%E P&%'P{ Ya Qi RO i n vivo.

Exanpl e 18 eérmi nation of half - Fars. Yo Uetermne the
hal f-1ife bif&prexabautvidad mal euwrAgoRithe caEsraaae bleese | fjlextled. £-

i avenouslyc el b BBt it L PRSL 0% Teens 01 0 @ i

of EDTA bl ood was sanpl ed as negative control using the technique

descri bed é££$§¥é fg“rgﬂé;é¥%eé{7%f é&AFZipré251on 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 (pIg.ElA.E1B; both plasmids described in US
patent 5,994,128) genes to determine the effect of the
expression of the adenovirus type 5 E1A and/or E1lA + EIB
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 ug
pElA.neo or pElA.EIB and 1.0 pg pEP02001.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 E1A expression causes an altered

16



30, 60, 120, 180, 240, 300, 360, 420, 480, and 540 mn after injection 200
| EDTA bl ood was taken fromthe aninmals using the sane technique. After

t he | ast wWheoa3sisanpl i ng, the animals were sacrificed. TheCIpaornese was
centrifuged at 760 x g for 15 mn at RT within 30 mn of 75 WD 03/038100
PCT/ NLO2/ 00686 col |l ection. The plasma sanples were tested in an EPO
specific Elisa (R&D) to determ ne the concentration of EPO in each sanple.
As shown in Fig. 8, the decrease in the concentration of Eprex in the

pl asma di s i, - ' rve repr Nt L. ' ' i on phase and a
cl earance I%g?s!%?focgy bcg%;?@%f&é%%sgseﬁr é}gﬁt?}%t g&?g 8§%g£§£%is$ﬁg%rat ed that Eprex
had a hal fdestcfEbad mboini<k80 afi mldur(ildgl) hewel easanced ptiase.a The hal f -

life of PE TM EPO i s_neas usi.-ng the sa rotocol. Exanple 19. The
ef fect of %%%?(p?}é%%?%snl%nn u%gcqlegl%l o8y &t ilBHES SEﬁogfzﬁt HT1080 cells
HT1080 cel horplesBogf abiiyth riansf acioed edigehwexpa@s sk ORouyeCE O Scensndi ng t he
adenovirus_type 5 E1A (plg. El A neo) or ElA + E1B (plg. E1A E1B; both

pl asmi ds dE%%r?%oe}thret%l tEReS §yaPiskirgehibatt oleeter Mt the ef fect

of the expresss one&d ghacadenowdus  t ¥pa suFtArand/9ro FlA -t F1IB  genes on
gl ycosylation. To follow the glycosylation of a marker protein, the cells

wer e co-trahstestwdcm ddil et i X preedsimontvedtoflacodicng for EPO
(pEP02001/ neo) . %)_nt rol HT108Q cells wer e transfected with the EPO
expressi on vector RMSHCHHE (s ECE SR1RAEC et oP @Rt wPt Ht1e pof ect ani ne

(G bco) wheasémee cet Ispg eachedt Hed90% Gashl HgaCYe UBE NGad - fefnfFLA neo or
pE1A. E1B and 1.0 pEP02001. neo per 7,85 cn? dish. Mediumwas repl aced at
day 2, 3, ngjfp LYy tHFO was measured using an EPO-specific

ELISA (Quantikine® IVD human EPO-ELISA, R & D systems). The
EPO-producing cultures were scaled-up and analyzed for E1A
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 blots were stained using
the ECL plus system (Amersham Pharmacia Biotech). 55% of
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sel ection nmedi um contai ni ng DVEM 1% NEAA (non-essential am noaci ds,

I nvitrogen), 250 g/m Ceneticin (G bco) and 10% FBS. Prelimnary

experi merwe 0aiosd106t abl e El A-transfected HT1080 cells revearad.ovhess ELA
expressi on causes an altered 76 WO 03/ 038100 PCT/ NLO2/ 00686 nor phol ogy of
the cells. Inline with observations described by Frisch et al. (1991), we
observed that a stable expression of the El A gene induces a flat

nor phol ogy. Wth this know edge we nade a rough selection for ELA

expressin | opgs . pi cki f gk n .pi cked at day 14
and cul turgké:éi ?néﬁg%}a Jfgé( %?%téelganvagt %%gl:l%ct ﬁgn%k&%dﬁg%@%gégggoo C02.
EPO pr oduElLAgELRB| tones erset b gl deasiexpakssthien pfes@éhAceéTabl&PO in the

o EPO aphir 151 O (& End "R S RS R BB, erPRRE RP AT D Syst omm) |
The EPO pxpdusbag EUAtaEes wefie ssalledruplagddanakyaednbeph&ldyy

expr essi on. Therefore1 the cells were lysed in lysis buffer (1% NP40, 0.5%
deoxychol ‘8- 9ci 8290. 515 SDS, 150 M Nadl, 20 nM Tris- HCl, pH7.5)

suppl ement ed Wibh dat apkedu S0l etier: Moyizpey, Okl aasesh AbkBbt 0554 (Roche
D agnost i E%@gg;ElO m. The |ysates were cleared by centri fugatl on for 10

mnat 1 EtuBl BahBine sondmded o vsest enalysasenthesefohe, cleared
cel | 1ysatgs ueigs 'ﬁfﬁ!@ﬁ§05ﬁ§§9 et e diaRg paanal bl A8 LhpgLoh a 10%
( NuPA ogen). r F t

BisTris ge , Invitr oteins were ereafter transferred
onto a PDVF2rentirane HTPO80mbkd |oimneudiddyg (Thel®r answBkotesystieat of NuPAGE

brot 1 ar ¢ PROT) T THSF 2 FoPFoREl’By SR | e UBEYor? bi HiF nofieR) onal

nouse- ant tehusane &dhed 926 (€8 ONcoiidhenSant @eCedz) ondinkbdt 86 #2400 in 5%

Protifar/ TEST, for 1 , ,
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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hr at RT or o/n at 4C. The blots were washed with TBST and incubated with
a peroxi dase-conjugated goat anti-nmouse 1gG (Biorad), diluted 1:1000 in 5%
Protifar/wB$3/03f106 45 min at RT.-After-washing w th TBSTPCh&NLR/0S6 wer e
stained using the ECL plus system (Amersham Pharnmaci a Bi ot ech). 55% of 77
WO 03/ 038100 PCT/ NLO2/ 00686 the EPO positive E1A clones and 68% of the EPO
positive E1A EI1B clones revealed a clear expression of E1A (Table X).
HT1080/ E1A- EPO and HT1080/ E1A. E1B- EPO cl ones that expressed E1A at a high

| evel disp : I X uced by
HT1080/ EPé@ﬁ%%d%d#E%&pE%(i%%% 89k BaSrpbhdea gty S 1A% ”’P%?qugl can

anal ysi s. Fher éfdor &he tGI’lqzdde@SebEﬂ;ﬁaEé’O cl one 008, the I—FI'1080/ ElA El B. EPO
clone 072, and the HI1 /EPO/ one 05? é{ (3?*. was sqe dcedC 175 cn?
flasks at PEYEAGEIRNEEY ConP PV RPERF 2 aﬁr‘ése &R PEEHIS r'diched a 60- 80%
conf | uencysugset ednipys iredinunwassisepkaced Slysreskichd on (ruaijwanNEM 1%
NEAA) . This rredl um was harvested after 3 days and cells were |ysed with

lysis buff dHPOSRY Fidt it8¢ PRSH FRECHEWR aChckRt T hgay e 2. The

N-11inked glycansoiht hgevaidneus1ERPIDEEPALATt LONEs Wl ref £l Based e
N-gl ycanase F treatment and subsequently analyzed by Hi gh Performance

Ani on Exck@ﬁ@é’@mmﬁalm é?p’h)}ihev\ﬁﬁ-"ﬁoﬁgl/géﬂ H\H@e@@fﬁe{ﬂﬂ@m]@ttﬂw
( HPAEC- PA% N8y - Ay LfYsS sgéEtc'rgulré-(fegbé ”Pk}@@rﬁp@yﬁad? EPO
ycan c tions o

derived ai ns are separated under a I ne co t he
basi s of tﬂim rlagtmmgeclAs gdorsesteat edlabivFegy Jl@sstlt@osgﬁsycaarcb of EPO

br oduced E%ﬁﬂﬁ'}ce OIS P EOIUPERE el PP RRT R T o S R PO pr oduced

by the the control cells. In addition, glycan structures with a
relatively low mass containing a relatively high amount of
hexosamines and deoxyhexoses were found in EPO produced by
the HT1080/E1A-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 EI1A
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 EIA and E1A + E1B
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 E1A and E1A + EIB expressing
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latter cells is nore extensively sialylated than EPO produced by the
E1A-expressing cells. Mre detailed information on the structure of the

N- gl ycanswaas/osdib@i ned by MALDI - M5 anal ysis of the sugar pcaNDog/o@iB6t he EPO
preparations. The N-linked g-lycans were rel eased fromthe EPO
preparations by N-glycanase F treatnment and desialylated by neuram ni dase
treatnent. The mass spectra 78 WO 03/ 038100 PCT/ NLO2/ 00686 of wvarious
representative EPO prepar ations are shown in Fig. 13. The G ycoMd

software (W expasy, s%%'s ghxege@gg M?%bfrﬁ%§ pcyf} steh% gsugar

conposition on basis o e “ObsServe data show t hat
the mass speltaaum of the gl ycans of EPO produced by the control HT1080/ EPO
cells differs fromthose of EPO rodu he HI1080/.E1A- EPO

FT1080) E1ATS B4 PaREa 2. SFAoHABE SSHETr Y A0l S A BPE% Gauced by

the |attertical IEPPQSSREERS Ml @hkvel ) hesSENEXPSESB adtbrdadiald wrlly snore
deoxyhexoses conpared to EPO produced by the control cells. |In addition,
gl ycan st rQR:‘”tftPrJéh Tt ol e rfé’icﬁtsﬁvéfe?lﬂ%vs maEe TOPRL i Ese @tdri vel y hi gh

anount of gﬁﬁ&{b%xaa'%qo%%o%)é%X%%t&\@rﬁliﬁuélfbﬂﬁﬁf&ﬂro%@éced by the
HT1080/ E1A- EPO an 080/ E1A. E1IB-EPO cells. Sone of these were absent in

the EPO p atlHe demviol cekmsnal Thkrhass- praotd |adhsf Ittfe gl ycans of
=20 prodhean U A WL Bl SO e gk L
suggest i ngdat]hﬂt Msheargi yﬂmn&eahlEE’ONpreducmplabgd whieh fidrareresadldss contain
Low o x ans, Lacdl e St el es. oand struet wLes (0ot Lagkcdggo
expr essi ng: 1IN 0§ cedc® GenRisai RecABhentUCPSES BROsKENAhat 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 El1A alone or together with EI1B 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 E1A

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 E1A. This indicates that the extent

to which the glycosylation profile is influenced by E1lA is
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t han the EPO produced by the control HT1080 cells a nonosaccharide

anal ysis was perforned. Therefore, the N- linked glycans were rel eased from
t he EPO pwemanaginons by N-gl ycanase F neuram ni dase tr eatPC&INL02/a06E6
thereafter - hydrol yzed and anal yzed by HPAEC- PAD. Fig. 14 shows the
nonosacchari de profiles of the EPO glycans, normalized for the anmount of
mannose. The data show that the N-inked glycans of EPO produced by the El A
and E1A + E1B expressing 79 WO 03/038100 PCT/ NLO2/ 00686 cells indeed

possess re i vel y. hi gh, anount f.f se, and. I 1l N spectra and
rmnosacchair?aéo%eﬁyatdaeps rdoeﬁlg ;? nsﬁcé%e%fa ‘L}g? th E*g%f???%@%g%l& b@erﬁgssElA and El1A
+ E1B expresstaxpeael |s contain nmultiple fucose residues. To support these
data, the EPO preparations were treated with al pha-fucosi dase (Al nond
meal ) cleaving term nal al pha 1-3 and al pha 1-4 fucose residues.

Ther eaf t ergxdisl & ] eonird stnab¥? @Heblcalvhtdpo Mt thdtievitas Wi s were
conpared with the results obtained from EPO preparations that were not

subj ect ed TR - Ghe BPPHand JCHRIRRR &1t Fed@nE°SPi-g. 15 shows that after the
al pha- 1 uoRsi dasg,1d SRRl ROAKS1hab el PRRESEMsMy GLYCABEcYhI fle@nt ennary

fucoses decreased and peaks that are derived fromthese structures
i ncr eased. iForatexansd eonpealks! wiithhERPzdealived bHfom QB8 smdramstEgq

decreased, o yi\) &. 10, - (4892 peak acregsedo SoLLeetively. dhe data show

t hat the expre%5| on of  “adenovirus E one or- together w E1B can
change t hechagercosyl atiiparespr(d@fansenotitel) s. wheh obs ex vatnimar dikedtl yt he

expressi on of, alone is sufficient for this Cgr?n e .Jjndicates that E1A
is respons?‘fﬁ”eF S (HiLTHAGE. CPRe2PEnEhGRs? i it y‘%o%]y]rcat"i‘ typically

i ncl ude t heodwsmmtden @f) £frcHO-EPO, 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 examplés 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. All 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 upl. 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 were determined and expressed as

a volume percentage of packed red cells, obtained by
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Lewi s x, Lacdi NAc, and Gal NAc-Lewi s x structures. Many E1A and E1A + EI1B
expressing HT1080 cells have been characterized and the majority of these
cel | s proaodam3sigl ycans that possess these characteri sti cPgImNIan00686
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 abundance of the glycan structures correlated largely to
the expression |evel of ELA. This indi cat es that the extent to which the
gl ycosyl at I S 1.nf d 8100

PCT/ NLO2/ O% GH]?% grgq ydsfd(=.,'\trilleelng)g%t%aongtX ev I%Q? \Aﬁgg#) he E1A gene is
expr essed. ddixeamyi @ 120 . t HEOMPRR . $67 -G PQ mmmmmoemd aoti vhtlycef

PER. C6TM ERO and EPO at a hi gh _dose...The hearat opoietic activity of
PER. CGTMEF}{?\?\% aglte?cerrlrﬁ’néq N §P§e§n81 onpared with EPO derived from
Chi nese hamtsﬁ{owrovjaf ywicel 118 (@IPI@ ER@hcedive SHhEPO-priepadatd s Mere
chosen; %x (Jansen Cilag), which is a commercially _available

r econbi na 56 PR 55 Q’I‘Pn@ﬁéﬁfjctacffatscBﬁ?En%e%%H"?ci)dlfjr% EPO, a

CHO EPO prigpar at Icgm tgtpraex l.Qer reabkbar daepmgéd% PER (BIM EPQ) sialic

acid content (see 16), which was obtained by produci ng EPO by CHO
cells and %%@@eﬁfelrﬂ rpdirhlﬁ EatingA agiophese p@@m?lc@nélyllmmm sof orms by
chr omat ogr I and 3, and EP 0428267.
The study %s per \;al\n%th gu6r gggoﬁlggag SI XE@\%\% rats. A single

dose of 50005135@«1@1 Sﬂf Ut QNAas:odeEertrrﬁnedhebyetfneutoameesia]llcyweai/ai | abl e
EPO- speci f| g R&D, El i sa Kit . bod ht . Epr EPO, PERCG6- EPO
or diluent"S bud f%erEcp(ra{%lnceon ed‘lr) d\ﬁggee Oicf“éhg Yaviﬁ%u TS he

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 reticulocytes 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 stfucture, 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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penile vein. Al EPO preparations were diluted to the proper concentration
in diluent buffer (PBS, 0.03% Tween- 80, 0.5% dycine) in a total volune of
500 pl. Avoaw/osioe days 250 | EDTA bl ood was sanpl ed by PemgN®2/pessct ure.
At the sane day the blood sanples were analyzed for the heamatocrit and
the percentage of reticulocytes in the total red blood cell popul ation
using an automati ¢ heamatocytoneter. .The hematocrit |evels were

determ ned and expressed- as a vol une percent age of packed red cells,

obt ai ned 81 WO {%%8%2 NLO 0068 entrifugin of t e bI ood (Fig.
17). The r é’uﬁatns ° st ateE R 66 I\/FE& gRA°FY d ot

i nduce the heratraer.icts™ virey eﬁSreEm)re@)m dinglopsdshown in Fig. 18 EPO i nduced
a significant increase in .reticulocyte counts co ar ed tﬁ rats that

recei ved diiifdnt SPORERCOSAPH SCERE e¥ ﬁnﬂs?‘?a—@@ V€Ssim | ar

stimul ati (yevfddns t@ﬁel @'c@hbofﬁe\é@auéb%fftl@@nﬁiﬁnﬂml c(d?c%o oQ':O%)lghhan in
PERC6- EPO treated animals. Evaluation of the RNA content in the

reticul ocyte81o89 Gwedi-aatesnasyeFarRéexheype déghdekesdt dHataanis y(Fivhe
| mat ur e a%'d%t' Gl tt%asfta%' gﬁéééﬂ* 'én&&%ﬂéc&%cﬂs% 79 g fY % treated

rats reve d si gnl i cantl er pefcenta mat ure reti cuI ocytes
conpar ed tolezord rcgli-r @u:s tefhasantadneayeglyms tdred fagmethiven baf used

t I t t | te f.t f d f
| nj oot on TR SR PEEL Y BERER P bnoBRGet bt/ GRSERI- 1 T FCHOMEPO and

PER C6TM ERQudteateed mat $igr. eapeehevghyDt Fegectd® .arLaldandriner] wt the data
show t hat al | tng ee EPO preparations induce the_formation of

reti cul ocytds:CqettPY Herefthred ioheE “ikd EFfFace RaSrtWetPongest for Eprex

and the shaid@stotf@mase F2. When comparing these spectra, it should
be kept in mind 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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PER. C6TM EPO whi | e fr CHO EPO di spl ayed an internediate effect. This
suggests that the | ow heamatopoietic effect of PER C6TMEPO is not only
due to itwoloamssn@al i c acid content but al so due to ot her pgipIavoéesat ur es.
Exanple 21. Detailed structure analysis of the N-glycans of PER C6TM EPO
Mass signals, obtained by nass spectronetry, cannot always be

unanbi guously assigned to a certain sugar structure, due to the fact that
various isomeric structures nmay exist. To obtain further information on
the structure of the N-linked 82 WO 03/038100 PCT/ NLO2/00686 gl ycans of
PER C6TM EPO, endo- and exogl ycosi dase treatnents of the PER C6TM EPO have
been enpl ayed:, Iéixro@u,yo@rsddgls¢eowbdasm&2 vasfursetkr 'Ehiv&seﬂzgsalm cheaves

bet ween the NAc resi dues of b{ e trimnnos cor n@@nose or

bi - ant ennaf Lt“)?gélrﬂ-sl'i k&2 GF yEahs %]iegase(gdtjoroni ftr adt"4 o
PNGase F, k%ﬂ@@&é‘éo%l dasie ded 160932088 usl 8@ dFfdmiiddselr a- ant ennary

gl ycans and can thus be used to discrimnate between bi- and

tri-/tetrahieeeaty Yol 6&n Sa8PLaEt PE:. Lrea gy with HEOomeDt spectra are
present ed Ofy, iPER iEREMEPOLLN eat dwehy h@ioé"i;{&?% For wth

endopr ot ei nase F2. \Wen conparing theSe spec it should be kept in mnd
t hat the gl yéarﬁs—gﬁéla@&@@ddwe,enddgﬂyc%@@m F2naredsaahyer telranngllycans

rel eased by P r f cNAc fucose resi due
(349 Da) and |s%%§ o t4gl}@e d| eren ‘ﬁl gla%f;}%é@ Si ngs M htlﬁe enz VAEs (see

Fig. 20). Al &tarﬂi@tsumaisabgeﬂvedagesa PNGase F di gest at rﬂz > 2185 are
tri- or tetr antennar tructgr SI nce none of _these cans is
obser ved in hé® éfﬁ@&gl‘%}/‘(,dg@yd% uePsddgssy . "RESE CdFREFuf s af’ fodef
masses, i.e. Mg 1148&d BaDsclG83m N- and O-glycans. It cleaves ol-6
linked fucose on the trimannosyl core of N-linked
glycans more efficiently than other o-fucose linkages.
3) Almond meal o-fucosidase, which cleaves non-reducing,
terminal «ol-3 or wl-4 fucosidase residues.
4) B-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 simultaneously, 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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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
SOMe i SONWPI03/088108 or tetra-antennary structures are prePEMNLODOGS6his s
not nmuch since peak ratios in both spectra in Fig. 21 are largely
conparabl e. The spectrum of the endogl ycosi dase F2 di gest |acks the peaks
corresponding to nmlz 1892 and 2054 in the PNGase F spectrum This proves
that these peaks represent glycans that are not bi-antennary, but instead
i y. These

tetra-ant ennal sed""ilgté%%%]T%{té‘ggEHrQ €, 9al gﬁ?&féaetéd?%i{%lf.e% Ctplg%

I
data confirmtthat contal ns ycans wt termna CNAc. 83
WO 03/ 03810 tPGErNL G2/s00686 tNeghlaekog)yzosd dasmsctweras Used sthd flredt her

i nvestigate the lLycan structures. dycans were released fro

PER. GO B0 fePRasDS LR23 R TABSF AP at MY P meU i on (PAed e -
Subsequentiy wdheamphastwehe bheatedsMide didderasd rae¥enati ons of the
foll ow ng exogl ycosi dases: 1) (3-gal act osi dase, which cl eaves non-reduci ng,

termnal  EILLE ¢RAE CafdCREPT 15 4REFRPRT f1d e MGHEEEN AS ati os
Gal 31 -3 linkages).. S%}neBQ‘f'iﬂ%nlgﬁgﬂgOi‘yl(él{/é‘é&?@§@e°vn?edW_hi %f;ég%a\é%e%l -2,3,4

and 6 linked fucose from N glycans. It cleaves a | i nked fucose
on the trittenmedyictosridase Nrephkedt §hieahsshor el ivdsemausech&y ot her

a-fucose |] ) | n - si. das i ves. _nhon-reduci ng,
t erm nal a(ﬂgﬁgﬁ%fﬁi%gﬁgggggﬁggggf2¥$§§§swgﬁfﬁagﬂéé§iﬁ%fg(hgﬁganinidase
(GlcNAc- age)esaniti dm cheagyesd achopidedacpngpatarivmalsi3ly Zthdlabd | nked N

acetyl gl ucasam ne fr§n1conp%géwg?rbohydrates. It does not cleave

N- acet yl g&l a8 Sani i3 &8

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 fuecosylated 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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The |inkage-types expected on PER C6TM EPO gl ycans are shown in Fig. 22.
The gal actosi dase and fucosi dase i ncubations were perforned

si mul t anew03BMP38100 €., during fucosi dase incubation still PEFINIW/00686

gal act osi dase was present. Further GlcNAc-ase treatnents were perforned
when gal act osi dase and fucosidase had |lost their activity. In Fig. 23 the
results are presented for the galactosidase treatnent. In this figure the
m z values and rel ative intensities are given of all pe-aks in the
spectrum i v i ght a i vided by
t he sunnar%@%&gﬁe ghEQQOFEEﬁik Es ? é%%ofﬁﬁfgﬁgﬁlgg Q%X%%CﬁS%/038100
PCT/NL02/@ﬁﬁ&@ncpromosadtgbymanesrepmﬂtwesj&r@ahuhﬁmmﬁdwag welve. The peaks
that were_ _assigned.to Iact ted structures had shifted er

gal act osi {558 ggé&%ﬁ@ﬂt yaﬁbgigNﬁ% S WS <7 %ﬁﬂé% R R mFoEﬁd that the
gal act osi dase does not release gal act ose when a fucose is present on the
adj acent GLcNAc residue. Sone tri-antennary glycans seened to appear after
t he gal actosi dase treatnment (mz 1689). This was caused by contam nating
GLcNAc- ase, which was denonstrated to be present in the gal actosidase
preparation using standard glycans (data not shown). The

gal act osi dase-treated gl ycans were then subjected to fucosidase treatnent
(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 |inked fucose

resi dues, and since all peaks |lose only one 146 Da-unit, this indicates
that all glycans contained a core fucose. The gal act osi dase-treated gl ycan
pool that was subsequently
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i ncubated with al nond nmeal fucosidase gave a relative sinple spectrum
(Fig. 25 and 26). All fucose residues were renoved fromthe antennae,

| eavi ng owby3mss1gd y (core) fucosylated gl ycans. The renaiPOITNLOR/@¢6S nal

gal actose residues were also renoved because the gal actosi dase was stil
active during the fucosidase incubation. After GLcNAc-ase treatnment of the
de-fucosyl ated glycans only four peaks were left. The nmj or peak was
observed at niz -1079 and represents the fucosylated tri mannosyl core. The-
peaks at néz éﬁﬁg gnd mz 1891 confirmthe presence of GalNAc residues in
the antenfd “§FNcE>this residue is not 85 WD 03/038100 PCT/ NLO2/ 00686
renoved by the GLcNAc-ase. The peak at nfz 1444 proves the presence of
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s a general marker of cells originating in the
mesenchyme.
Expressed during skeletal muscle development.

opat h

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 neurocendocrine cells.

Chromogranin Acidic glycoproteins that are widely expressed within
secretory granules of endocrine, neuroendocrine and
neural tissue.

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 1s 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 infecticn 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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5100 Dako Rabbit Z0311 1:3000

Vimentin Biogenex Mouse IgGl MU(074-UC 1:3200

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 Dako Mouse IgGl M0B873 1:250

Neurofilament Sanbio Mouse IgG MON3004 1:300

GFAP (polycon) Dako Mouse IgGl MO761 1:200
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(6.8) 3.6 ; C25 - DVEM3 2.0 1.0 6.0 2.2 Eprex 3 0.7 - 5.4 4.1 97 WO
03/ 038100 PCT/ NL0O2/ 00686 Table VI P7 Percentage of total Ratio Mass (m z)
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C25 — DMEM | 3 2.0 1.0 6.0 2.2

Eprex 3 0.7 - 5.4 4.1
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2612.94 - - 1.78 6:5:3

2669.97 1.95 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 1.79 - 2.45 8:7:1

2978.08 2.23 1.65 - 7:6:4
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1996.72 5.05 4.61 6.54 4:5:2 2012.72 1.34 1.38 1.35 5:5:1 2037.75 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 21%0.030381083 1.91 - 5:5:2 2174.77 2.40 2.53 5.58 ®CHNL02ABSE. 81
16.91 15.79 14.90 3:6:3 2199.80 1.74 3.18 4.90 4:6:2 2215.80 4.23 4.20
3.08 5:6:1 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 2.48uy15.6y37 2523.91 1.58 1.73 1.47 6:6:2 2539.90 2.48 4.79 9.56
7:6:1 2548.94 1.26 1.14 0.66 4:7:3 2580.93 1.87 2.07 2.48 6:7:1 2685.96
2.74 3.39 4.30 7:6:2 2726.99 2.55 3.12 - 6:7:2 2768.01 1.35 - - 5:8:2

2832. 02 Z2p34 3706 T 9Lpeéfcen@gez&/é@@g ITT70 T&3cido 63 67 7.3 2B889.04 1. 14
o ans ot R0, Sorl T et 7 i b (R QR 20+ 6754 99 w0
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 4,61 6.54 4:5:2
2012.72 1.34 1.38 1.35 5:5:1
2037.75 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 1.43 1.91 - 5:5:2
2174.77 2.40 2.53 5.58 6:5:1
2183.81 16.91 15.79 14.90 3:6:3
2199.80 1.74 3.18 4,90 4:6:2
2215.80 4.23 4,20 3.08 5:6:1
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
2539.90 2.48 4.79 9.56 7:6:1
2548.94 1.26 1.14 0.66 4:7:3
2580.93 1.87 2.07 2.48 6:7:1
2685.96 2.74 3.39 4.30 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 1.91 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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Table VII1 FT activities (nnmol/hr/nmg protein) al,2 FT al,3 Fr al,6 FT GalT
CHO < 0.01 0.03 4.31 12.5 PER C6 < 0.01 0.65 3.62 3.41 100 WO 03/038100
PCT/ NLO2/W068@3810@abl e 1 X Mass Hex HexNAc dHe\ Fraction Fr 2CTiNI02/00686
Fraction:Fract on 3. 4 1 (r4/ Z) 1631.6 3 4 2 ND ND ND 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 54 1 ND 1.50
2.10 2.82 1834.7 352 1.711.77 1.73 1.41 1891.7 3 6 1 10.98 7.96 5.19
4.31 1955.7 54 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 6pa¥k Q314 86 4.82 3.65 2053.7 55 1 6.43 5.39 3.89 2.65 2101.8
5431.29 1.55 NDDN 2142.8 45 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 56 1 5.66 4.60 2.84 2.32 2256.8 4 7 1 1.97 1.77 0.87
1.33 2320. 86 getivitiel 27 0.87 1.49 2361.9 5 6 2 4.46 4.86 4.39 3.31

(nmol/hr/mg protein)

al 2 FT al, 3FT al,6 FT GalT

CHO < 0.01 0.03 4.31 12.5

PER.C6 < 0.01 0.65 3.62 3.41
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2377.9 6 6 1 5.23 2.21 2.10 1.66 2507.9 56 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 2580.96 7 1
2.14 2. 2IW0.088381086 2670.0 6 6 3 0.86 1.68 2.47 2.82 26BE6TINLI2/606366. 69
6.90 5.93 3.81 2727.06 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 2.49 101 WO

03/ 038100 PCT/ NLO2/ 00686 Table X C one Morphol ogy E1A expression. 004
Fl at ++ F.gb PQ8ixFlat ++ 0 025 Flat +++ 75 028 Snall needles - 0 034 Flat
- w056 Flat + parent al 062 Flat +++ w 066 Flat ++ 076 Parental - 002
Flat ++ 003 Flat + parental ++ 005 Flat ++ 023 Flat +++ 025 Flat +
par ent al 926—Flat—+++ — — T
Mass . Hex |HexXNAc| dHex -|Fraction|Fraction|Fraction|Fraction
1631.6 3 4 2 ND ND ND 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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0 028 Flat + parental + 031 Flat + 0 033 Flat +++ w 035 Parental - 049
Flat ++ uJJ 051 Flat + parental + Q 057 Flat, irregular + uU 058 Flat ++
062 Fl at we 03083100-] at ++ O072* Flat, irregular ++ 076 Fl 2CTANEH2/068¢ Fl at
+++ 102 WO 03/038100 PCT/ NLO2/00686 Table XI [MN a] + 1647.6 1809.6
1691.7 1996.7 2037.8 = 2174.8 2183.8 2215.8 2361.9 HexNAc 2 2 4 3 4 3 4 4 4
Hex 1 2 1 3 2 2 dHex 1 112 1 Proposed ~.d"'" ~ structure Cone 033 11%
Cl one 008 2% 20 10 no 4% 80 40 30 Cone 072 1% 6% 2% 9% 4% 8% 2% 2% O her
R U o§~ possi ble a-d~" stucture [M+r N a.] + 2377.9 2402.9
2539.9 2536.'5 686.0 2727.0 2832.0 2873.1 2905.0 HexNAc 4 ? 4 545 455
Hex 34343435 dHex 1122

‘Clone ... |:Morphology. . E1A expression.
004 Flat ++
@ 008* Flat ++
S 025 Flat +++
© | 028 Small needles —
8 034 Flat +—
w | 056 Flat + parental —
< | 062 Flat +4+
W 066 Flat ++
076 Parental —
002 Flat ++
003 Flat + parental ++
005 Flat ++
023 Flat +++
025 Flat + parental -
w | 026 Flat +++
g 028 Flat + parental +
< | 031 Flat +
8 033 Flat +++
w | 035 Parental -
m | 049 Flat ++
w | 051 Flat + parental +
< 057 Flat, irregular +
W 'p58 Flat ++
062 Flat ++
067 Flat ++
072* Flat, irregular ++
076 Flat +++
077 Flat +++
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Proposed 1 structure C one 033 3% 78% 4% 4% Cl one 008 3% 280 6% 14% 6% 8%
3% 36 Clone 072 3% 260 11% 9% 7% 103 WO 03/ 038100 PCT/ NLO2/ 00686 CLAI M5

1. A net hwo oBossibdenti fying a mamal i an cell capabl e of pCadNI®OLNESa

pr ot ei naceous nol ecul e conprising a predeterm ned post-translational

nodi fication, said nmethod conprising the steps of: a) analyzing the
post-transl ational nodification on a protein produced by said mamral i an
cell; and b) determ ning whether said protein conprises said predeterm ned
post -tranglsid gaal nodification. 2. A nethod for selecting a mammal i an

cell capable of producing a proteinaceous nol ecul e conprising a

predeterm ned post-translational nodification, said nethod conprising the
steps of: a) analyzing the presence or absence of a tissue specific marker
or a conbination of tissue specific markers in said mammalian cell or on
the cellstndpce dfiesapd et B3 €&P%:7 WAISeR Imeirkér) 288 doibi-hatTon’ of
sai d markegsnas | ndicati e bor | said| prgdet erdn ned Posft - t4 ansl dti onak
nodi ficati€n to be |prasent on said protei npceous ol ecul e; |[an@ b) 2
sel ectinggsat d mamal i an (cel | ¢n the|basis|ofithe preserxce jor absence ¢

said tisguespecifijlc_marlkers. | A nhefhod|for o Ining a n [ cel
froma hgferggenequsedl |%L’I%}>§$O;§2§iﬁ géjm;ﬁmiﬁaﬁ c%f}’z Bigig a%“

—

structure

Clone 033 11%

Clone 008 2% 2% 1% 4% % 8% 4% 3%
Clone 072 1% 6% 2% 9% % 8% 2% 2%
Other % %»&
possible oL e gb"z
stucture

[M+Na] + 2377.9 | 2802.9 | 2539.9 |.2580.8 | 2686.0 | 2727.0 | 2832.0 | 2873.1 [ 2905.0
HexNAC 4 ? 4 5 4 5 4 5 5
Hex 3 4 3 4 3 4 3 5
dHex 1 1 2 2
Proposed %’5 %"ﬁ %’a %"ﬁ %"ﬁ %”s %“ﬁ ”@*ﬁ
structure

Clone 033 3% 78% 4% 4%
Clone 008 3% 28% 6% 14% 6% 8% 3% 3%
Clone 072 3% 206% 11% 0% 7% 6% 3% 2%
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bei ng capabl e of producing a proteinaceous nol ecule conprising a
predeterm ned post-translational nodification, said nmethod conprising the
st eps of :w0®4/08¥0®3/ 038100 PCT/ NLO2/ 00686 a) sorting cel IPSTINLOph&8hasi s of

t he post transl ati onal
sai d het erogeneous cel

nodi fications on proteins produced by said cells in
popul ation; and b) selecting the cells capable of

produci ng proteins conprising said predeterm ned post-transl ati onal
nodi fication. 4. A method according to any one of clainms 1-3, wherein said
predeterngﬁgﬂmgost translational nodification conprises glycosylation. 5.

A net hod
| east one nodification

ording to claim4, wherein said glycosylation conprises at

sel ected fromthe group consisting of a Lewis x, a

sialyl Lew g .x,A andSidNpcE st riuiniridy iagGaciNarma$iancteak &, capdlalsi dAC
structure, a al,3-linked fucose attached t é}‘ﬁéﬁmé¥ ucosanlne a

ternminal N acet PFOGPGIBYaf RECTEIRRATRY FaI "Y1

se &ting

N-acetyl - gl UCOSa@Slr@aet@rﬁbl.h@kiap@sgmﬂ@n@mtlcmﬂ &tﬁdcﬁLﬂQ:ladslcﬁx Aaret hod

according to any one of

clains 1- wherein said manmmali an ceII i s of

neural origin. 7meAh@€tﬁéﬂpéééépalﬁ@et%t%%% e of claims 1-6, wherein
sai d mammal i an cgll ah%tl@zmr}ga@heeb!)st&r&mm@%ﬂmg:attqoalnmne of

clains 1-7, mhereln sa

[ian cell has been immortalized. 105 WO

03/ 038100 PCT/NLOZ/@O@S@teln produced by said mammalian cell; and

b) determining whether said protein comprises said

predetermined post-translational modification.

2. 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

3.

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
said predetermined post-translational
modification to be present on said proteinaceous
molecule; and

b) selecting said mammalian cell on the basis of the
presence or absence of said tissue specific

markers.

A method for obtaining a mammalian cell from a

heterogeneous cell population, said mammalian cell
being capable of producing a proteinaceous molecule
comprising a predetermined post-translational

modification, said method comprising the steps of:
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9. A nethod according to any one of clains 1-8, wherein said mammualian cel
has been provided with a nucleic acid encoding the El region, or a part

t her eof , Woeai3timman adenovirus in such a way that said necwaLoanosscel |
harbors the nucleic acid in an expressible form 10.A nethod for
identifying, and/or selecting, and/or obtaining a manmalian cell capable
of producing a proteinaceous nol ecul e conprising a predeterm ned
post-transl ational nodification according to any one of claims 1 or 3-9,

wherei n sai d predet eppined posts 4 ansl aldonalogmadid peations are present on
a proteinaceous ecule’that Is reconbinantly expressed in said
manmal i an cel | . 11. Araeshatdiaczbrtdigh i@ tellcismoro prigtedaisn pggrgced

pr ot ef naceous o ecile, i ety I 0Bl &1y d2- AT Ly pr oduci ng a

pr ot ei naceous nol ec 'SThg a predeterm post-transl ati ona
modi fication in a npapalhanoseldndsaid method conprising a step of
identifying and/or selectin and/ or_ obt ai ni.ng sai d mmal i an _cel.l by a
met hod accordinB)téeéﬁ9tbﬂg bfe cFet 1 ﬁéﬂ.f“%ﬁﬂgé¥%¥§§§Fﬁgpr8§F s
pr ot ei naceous nol eCHbﬁpir@s§ﬁ%ds£@<ﬁn@é&été&ﬁﬂi|necﬂ3pd§stﬁﬁirb®ﬁlaﬁz(iﬁhdilng to
claim12, wherein said manmalian cell is PER C6TM deposited under No.

96022940 at the EumepéancebiPection of Animal Cell Cultures at the Center
for Applied M crobiology and Research. 106 WO 03/038100 PCT/ NLO2/ 00686
14. A net hod according to claim 13, conprising the extra step of purifying
sai d prot ei daceous ol ad@idion tohenyaanal Pancéeins citIurgierein

said predetermined post-translational modification

comprises glycosylation.

5. A method according to claim 4, 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 al,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.

6. A method according to any one of claims 1-5, wherein

said mammalian cell is of neural origin.

7. A method according to any one of claims 1-6, wherein

said mammalian cell is a human cell.

8. A method according to anyone of claims 1-7, wherein

said mammalian cell has been immortalized.
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15. A net hod according to claim 14, wherein said purification conprises a
step that enploys said predeterm ned post-translational nodification. 16.A
met hod acworodiosgloé o cl ai m 15, wherein said purificati on ®OFNLIZE®Sa Step
in which an antibody 1is enployed that is specific for an epitope present
in said predeterm ned post-translational nodification. 17.A nmethod
according to claim 15, wherein said purification conprises a

| ectin-binding step. 18. A pharmaceutically acceptabl e conposition

conpri sing ec Lhant | r oduc eryt hropoi etin_having,a erm ned
post -transl a(‘%'l o%gﬁe?r%afif %%g??%}f}gedc e"ér/n | r?r{'geaiogt FQ@&%&& Eari%t’l yﬂ%ggg{ljced
eryt hropoi etin i ssabd anayaldid saceeldi hgst beehapnoildeatres €h ne saiadleic

reconbi nantly produced erythropoi etin has a |lower erythropoietic effect as
conpared to erytHt ieé“tcf%flml‘?o{%%ﬁa\?ilnﬁegéf)a'pP’éd%t%‘?‘ n{,‘lfi‘ielpeoﬁ fron

post -transl ati onadumdwdiddfeatiiren, ianduanphaiaRcenbtcahly meeeptiabl e
carrier. 19. Reconbinantly produced erythropolietin conprising at |east one
post - t ransl| at i ondfe b diFiRAtS dheseredeed aFF@n%{lhéng?%e%%ﬂ“g}%ti ng of: a

sialyl Lewis x stgugture, a Lewis x structure, a al,3-linked fucose 107 WO
03/ 038100 PCT/ NLO2/ 00686 attached to N-acetyl-glucosam ne, a Lacdi NAc
structure, a termnal N-acetyl-glucosam ne group and a term nal gal actose

group. 20. Regomhi ﬂé%'oéﬁ ?E?d%'&&%'tlefd%itrgfd"pa‘%{ae}dr“ 26601 4i,ng %ﬁd/%{:a! m 19,
wherein said erythroporetin i s produc on ‘a mamrali an *¢el T ~obt ai nabl e
according to any ameainfing a mammalian cell capable of producing a
proteinaceous molecule comprising a predetermined
post-translational modification according to any one
of claims 1 or 3-9, wherein saild predetermined post-
translational modifications are present on a

proteinaceous molecule that is recombinantly

expressed in said mammalian cell.

11. A method according to claim 10, wherein said

proteinaceous molecule is erythropoietin.

12. A method for producing a proteinaceous molecule
comprising a predetermined post-translational
modification 1in 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 1-10, and expressing

said proteinaceous molecule in said mammalian cell.

13. A method according to claim 12, wherein said mammalian
cell is PER.C6™, deposited under No. 96022940 at the
European Collection of Animal Cell Cultures at the

Center for Applied Microbiology and Research.
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clainms 1-10. 21. Use of a mammalian cell obtainable by a nethod according
to any one of clains 1-10 for the production of a proteinaceous nol ecul e
conpri si ryoa3/opslewet er m ned post-transl ati onal nodificati @eT/NID2/00d8€
according to claim 21, wherein said manmalian cell is a PER C6TM cell

23. Use of reconbinantly produced erythropoietin according to claim?20 for
the manufacture of a nedicanent for the treatnent of hypoxi a-induced

di sorders, neurodegenerative afflictions, acute danage to the «central- or

peri pher al 4v8u§e%xste colb fgfqga/ﬁg er%g§|%%mp%hgr| th%nf%@gyatory
di sease or an 1 nmune di sor 24 e "of' @ conposition of

eryt hropoi eti n- Iié&epnﬁﬁupﬂﬂﬁfyisgleeﬁadptbaelﬁ@eegm@uminﬂﬂsistﬁﬁqm(ﬁ

eryt hropoi etin, {h nDre nute E erythrop0|et|n one or nore
derivatives of aﬁH tYreconposition of one or nore
fractions of erythrop0|et|n nDIecuIes sialylated to a varying degree, for
the preparation of a 108 WO 03/038100 PCT/ NLO2/ 00686 nedi canent for the
treatnment ofla- &i B6Fhed 3eferdry ¥ shaime groupecensi seitAg of ischemia, a

reperfusion 'mlﬁa&lfiégﬁﬁﬁf%o g?%%@g Q'§9%ge£hag” -Siéfﬁﬂ&iQ{y di sease,

a neurodegenerative disorder, acute central - or
peri pher al nervougr%@%n%mwuﬁmh@pétntgandlebmposltmo@lE¢CQWmerop0|et|n li ke
nol ecul es is characterized by a) on a protein content basis a | ower
erythropoietic activity in vivo than epoetin alfa; and/or

16. A method according to claim 15, 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.

17. A method according to claim 15, wherein said

purification comprises a lectin-binding step.

18. A pharmaceutically acceptable composition comprising
recombinantly produced erythropoietin having a
predetermined post-translational modification,
wherein said recombinantly produced erythropoietin
is obtainable according to claim 12, wherein said
recombinantly produced erythropoietin has a lower
erythropoietic effect as compared to erythropoietin
not having said predetermined post-translational
modification, and a pharmaceutically acceptable

carrier.

19. Recombinantly produced erythropoietin comprising at
least one post-translational modification selected
from the group consisting of: a .sialyl Lewis x

structure, a Lewis x structure, a ol,3-linked fucose
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b) the presence of erythropoietin-like nolecules that once adm nistered
parenterally to a human or an aninmal subject are cleared fromthe

bl oodst r eamoan3soo f aster rate than epoetin alfa. 25. Use @CTANI®ONWS6i ti on
of erythropoietin-like nolecules selected fromthe group consisting of
erythropoietin, one or nore nuteins of erythropoietin, one or nore
derivatives of erythropoietin, and a conposition of one or nore fractions
of erythropoietin nolecules sialylated to a varying degree, for the

preparation of a ag?Q&?@@E@% ﬁggcé{?%%%gg%gggﬁn%i_%_gg%ggggr selected from

the group consisting of 1schem a, usion ‘injury, a ﬁypoxia-induced
di sorder, an inflammatouye, di sease,nal Newoededendnabisuridesgrdep afidacut e
damage to the central _or ri pher.al nervous system wherein said

conposi tion of er?tﬁ?ﬁ%%?%fi%- 15T S M es i s characterized by an
average nunber of sialic acid residues that is at |east 30% | ower than

t he average anber of ,sialic acid residues per erythropoietin nolecule in

epoet i n al f a?Y 156 AP G3AHE4 0BT PEHFRE 0DF VEBEER O L% IUSE GREBAd F§ to cl ai m

25, wherein said ¢pAPRSi4) amofe B WAIORARHRDLI ke ; qok ecyl-85,8ag been
obtained by subjecting erythropoietin-Ilike nDFecuIes to "treatnent to

| ower the average? rigaierl pdn il ckddidabiesiadgesdpay eépyahyopoe etf n-1i ke
nmol ecul e. 27. Use.acgprding,to claim26, wherein said treatnent conprises
the step of subjecting the erythropoietin- |ike nolecules to the action of
an enzyme or chem cal capable of splitting a glycosidic bond.

21.Use of a mammalian cell obtainable by a method
according to any one of claims 1-10 for the
production of a proteinaceous molecule comprising a

predetermined post-translational modification.

22.Use according to claim 21, wherein said mammalian cell

is a PER.C6™ cell.

23. Use of recombinantly produced erythropoietin according
to claim 20 for the manufacture of a medicament for
the treatment of hypoxia-induced disorders,
neurodegenerative afflictions, acute damage to the
central- or peripheral nervous system,
ischemia/reperfusion injuries, inflammatory disease

or of an immune disorder.

24. 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--compesition of one or more
fractions of erythropoietin molecules sialylated to

a varying degree, for the preparation of a
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28. Use according to claim?25, wherein said conposition of

erythropoi etin-1ike nol ecul es has been obtained by separation from

fracti onswomapssisé ng erythropoietin-like nolecul es that RreTNIa2hgher
sialic acid content. 29. Use according to claim 24 or 25, wherein said
conposition of erythropoietin-like nolecules is obtainable by reconbi nant
expression of erythropoietin or a nutein of erythropoietin in transfected
Chi nese Hanmster Ovary cells, Baby Hanster Kidney cells, or transfected

human cel s fol Lawed by, eneor I - Dufdd €ald on tensie 3Qe1secaccor di ng
to claim24 or 25, wherein said erythropoietin-like nolecul es have been

produced by a néthmdtaecgrdungc©@sb$%d¢ﬁ]Qf iFkhenise &caEPGirdyston
claim2-4 or 25, .wherein_s y been
produced on 110 o 6§/0§8%8§0§§% %ﬁ%%%%%é%ﬁﬂ”%k%§|thgﬁ%ﬁgéFgggﬁﬁe E1A

regi on of an adeﬂ@weaes, 32neArphiagemeeat iwal diprepimat iaonal @@mmeising

eryt hropoi etin-1ike nol ecul es select d fromth oup consistin

eryt hropoi etin, GAR3GF gﬁr %Eenﬁ?ﬁpﬁ% of “erRAHR gbeo]%& r%rvéjﬁeg oY ° ﬁ%?‘
derivatives of ehgthriapeneti Bompodiai QPO ttHrHoiraeriimere fractions

of erythropoietin or erythropoietin-like nolecules sialylated to a varying
degree, wherein "argUprepafatierarseEha®ddi®rized by a) on a protein

content basis a Lowen gr %SEB'E@@H' 8bh€enBChd ¥ d Vo Ilrbw@rv%ﬂmﬁ ?I%Q%ﬁ:he al fa;
and/or b) the presence of erythropoietin-like nolecules™ that once

admi ni st ered par estémvaltlyy inovavhukaan ogpegtin alfa; and/or
b) 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.

25. 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 of ischemia, a reperfusion
injury, a hypoxia-induced disorder, an inflammatory
disease, a neurodegenerative disorder or acute
damage to the central or peripheral nervous system,
wherein said composition of erythropoietin-like
molecules is characterized by an average number of
sialic acid residues that is at least 30% lower than
the .average number of sialic acid residues per

erythropoietin molecule in epoetin alfa.
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ani mal subject are cleared fromthe bloodstreamat a faster rate than
epoetin alfa. 33. A pharmaceutical preparation conprising

er yt hr opowetodf3dinke nol ecul es sel ected fromthe group comETSNLORGI6BE
erythropoietin, one or nore nmnuteins of erythropoietin, one or nore
derivatives of erythropoietin, and a conposition of one or nore fractions
of erythropoietin or erythropoietin-like nolecules sialylated to a varying
degree, wherein said erythropoietin | i ke nmol ecul es are characterized by

fhe aeeige Mol ARkl Leaifues (ledsy Ahid Sanpdt e L

t he average nunber of siall aci d resi dues per er Fopor 6t 11 ol ecul e in
epoetin alfa. 34ofAepyahnapeueth&lxk&ﬂmuﬂauui@sabaerdeag bbteiae 33,

wherein said erythropo etl i ke Iecule e been WO, _03/ 038100
PCT/ NL02/ 00686 ~obYai H@&eﬁ %%b?’é% < % é&éﬁe E“PﬂreFF &SmbPecules to
treatment to |OV\BtréhEmaMErﬁQEldSWkEEbeu’héDfaxﬁdr%@eCnu@x@le& bESkEHHESCPEEL]
erythropoietin-1ike mlecule. 35. A pharmaceut.ical preparation according to
claim 34, wherei h°SaPHSE rREF nehyt jedddtli&esigpesilesubj ect i ng t he
erythropoietin-like nolecules to an enzyne or a chem cal capabl e of

splitting a gly005|d|c bond. 36. A pharmaceutical preparation according to
claim 33, whérei Hssapdcerging opoieltdim 13%e vinsiredml 6sibateebbreant obt ai ned

by separation frogkkggggé9n§hgte %ég%?gngg%%&qhgpghgteg h%g cules t hat

have a hi gher acid con ceuti cal pre ara T'on
according to clai nB2 mplecules to the actlon of an enzyme or

chemical capable of splitting a glycosidic bond.

28. Use according to claim 25, wherein said composition
of erythropoietin~like molecules has been obtained
by separation from fractions comprising
erythropoietin-like molecules that have a higher

sialic acid content.

29. Use according to claim 24 or 25, wherein said
composition of erythropoietin-like molecules is
obtainable by recombinant expression of
erythropoietin or a mutein of erythropoietin in
transfected Chinese Hamster Ovary cells, Baby
Hamster Kidney cells, or transfected human cells

followed by one or more purification steps.
30. Use according to claim 24 or 25, wherein said
erythropoietin-like molecules have been produced by

a method according to claim 12.

—~31: -Use according to claim 24 or 25, wherein said

erythropoietin-like molecules have been produced on
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33, wherein said erythropoietin-like nolecules are obtainable by

reconbi nant expression of erythropoietin or a mutein of erythropoietin in
transf ectwo oGlods1ese Hanster Ovary cells, Baby Hanster Ki e#ca#NIoebés¢ or
transfected human cells followed by one or nore purification steps. 38. A
phar maceuti cal preparation according to claim32 or 33, wherein said

eryt hropoi etin-1ike nol ecul es have been produced by a nethod according to
claim12. 39. A nethod for the preventative and/or therapeutic treatnent of

a disorder-s-elected.fromthe _grou o isting of-isc ' .a.. r.eperfusion
injury, a hypoxﬁaffﬁﬁuéﬁﬂﬁﬁFggP e??eaﬁfgn¥%%ﬂﬂﬁf%$f§52§%%§§?%55112 WO
03/ 038100 PCT/ NLO2/ 00686 neurodegenerative disorder, and acute damage to

the central-_or_peripheral nervous system said nethod conprising the
step of admiif stRrPHYrERCe hiffn RePRtHRr SABPELEAYconposition of

eryt hropoi eti n- | ik& + HAYRG S -3ekeChEde i D&} t 1] GEEaD TAHASItEld ng of
erythropoietin, oné or nore nuteins of erythropoietin, one or nore
derivatives of &P GOBISASitANIaRd Qr¥BRPORPI¢ B ofOh@orMGHst e fracti ons

of eryUNr opoi et i p Al 16feY I ABgicRtbBokLken, MALCUL o5 S alalAfad Jea a varying
degree, wherein sald'conp05| ion I's characterized by a) on a protein
content basis a lcdwerydhytopodesiet i endast compysihien \@f tdren @paowtrien al f a;

andfor b) the presence of, eryLhropolstipe|j ke, nol eaules, . Lhat nge
adm ni stered parenterally t0 a hunmanT or "an ani subj ect are cleared from
t he bl oodstream aiolacuflast eralgllettbanoepoedinidd fdegree, wherein
said preparation is characterized by
a) on a protein content basis a lower erythropoietic
activity in vivo than epoetin alfa; and/or
b) 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.

33. A pharmaceutical preparation comprising
erythropoietin-like molecules selected from the
group consisting of erythropoietin, one or more
muteins of erythropoietin, one or more derivatives
of erythropoietin,yand a composition of one or more
fractions of erythropoietin or erythropoietin-like
molecules silalylated to a varying degree, wherein
said erythropoietin-like molecules are characterized
by an average number of sialic acid residues that is
at least 30% lower than the average number of sialic

acid residues per erythropoietin molecule in epoetin

alfa.

34. A pharmaceutical preparation according to claim 33,

wherein said erythropoietin-like molecules have been
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40. A nethod for the preventative and/or therapeutic treatnent of a

di sorder selected fromthe group consisting of ischema, a reperfusion

i njury, awolmpssdd@-i nduced di sorder, an inflammatory di Se®REF/NLA2/00686

neur odegenerative di sorder, and acute damage to the central- or peripheral
nervous system said nmethod conprising the step of admnistering to a
human or ani mal subject a conposition of erythropoietin-like nolecules
selected fromthe group consisting of erythropoietin, one or nore nuteins

of erythropoietin, one qr nore derivatives of erythropoietin,_ _and a
conposi tion of onSpPSFgﬁgrBY ?&%%??Eﬁﬁ?cﬁr¥e QQQﬁﬁ%ﬁﬁ;%ykﬁmelécuTgs
erythropoietin-like tprebefvhestsi bbwdatigtk tprar s urpedegreeiadtierein 113
WO 03/ 038100 PCT/ NLQ2/ 00686 said conpasition of erythropoietin-Ilike

mol ecul es is chaPGefleFP3adUBY BRF aVef QYRR 05 IGECHd  resi dues
that is at |least 30% | ower than the average nunber of sialic acid residues
per erythropoietin nolecule in epoetin alfa. 41. A nethod according to

cl ai m 40, whéPeifh W HhacuiiifadpsirePpiatiRe Apretdies haveldEen obt ai ned by

subj ecting erythropaigtinglike, mplecules.t b tgﬁgﬂ de® lawer the average
nunber of sialic aci% reg%%ues per eryt%f@ﬁgiéﬁfn- |§E Pecule. 42. A
met hod accordi ng sobgkatmmgliheheretnr @ik tiredtinentmoleomgdeissée ehe step of

subj ecting erythropoietin-like nolecules.tot act.i.qn of _an enzynme or a
cheni cal capableegfygﬁlPft?nﬁhgmb?§ d%?%ﬁ?%?xégisé%ieﬁ&nﬁéﬁhod according to
cl ai m 40, wherei ng3gcdsiaiyt bongoi etin-1ike nol ecul es have been obtai ned by

36. A pharmaceutical preparation according to claim 33,
wherein said erythropoietin-like mclecules have been
obtained by separation from fractions comprising
erythropoietin-like molecules that have a higher

sialic acid content.

37. A pharmaceutical preparation according to claim 32 or
33, wherein said erythropoiletin-like molecules are
obtainable by recombinant expression of
erythropoietin or a mutein of erythropoietin in
transfected Chinese Hamster Ovary cells, Baby
Hamster Kidney cells, or transfected human cells

followed by one or more purification steps.

38. A pharmaceutical preparation according to claim 32 or
33, wherein said erythropoietin-like molecules have

been produced by a method according to claim 12.

39. 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
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separation fromfractions conprising erythropoietin-

i ke nol ecul es that

have a higher sialic acid content. 44. A nethod according to claim40 or
41, wher ewp 03@sgl00 er yt hr opoi eti n-1i ke nol ecul es are obt ai ralNgL0RY0686

reconmbi nant expression of erythropoietin or a nmutein

of erythropoietin in

transfected Chi nese Hanster Ovary cells, Baby Hanster Kidney cells, or
transfected human cells followed by one or nore purification steps. 114 WO
03/ 038100 PCT/ NLO2/ 00686 45. A nethod according to claim39 or 40, wherein

sai d eryt hropol et il iise mpLecules have-heen Arodusad: Bungomehed

according to claim12.

A conposition of’ erythropoietin-like nDFecuIes

sel ected fromthecgntupleonsi perhghefal ergthropaiwttien, eredomerbrd nut ei ns

of erythropoietin, one_or n?bg gg%%wg }g gvg%ygr&%gigﬁ 2 huflan?B9
ctrons 0 [ r

conposi tion of on& OF &Y

oietin, and a

erythropoietin-1ikeimaol eaulest s atyhpd €tk 1en aivarnitgedeeen-fiaket he
preventative and/or _therapeutic treatnent of the human or, ani mal body,

wherei n sai d conpBSHEFHASSF SCarGERY opbft Fhif 199 B B Ed ™9 Odhar act eri zed

by a) on a proteiRr¢ent-eRbiBashs Snd WEIMEFYAPQ{LtdL activity in vivo
than epoetin alfa; and/or b) the presence of erythropoietin-Ilike nolecules
t hat once admi ni sCEVEATPRPEREER Al PYC t F APHATEIR IOV Vegniofal subj ect are

cleared from the bloodstreamat dunfast ebutale fhan LR i} Ake 47 A

conposition of erytAropofetin-Tike nolecules

fractions of erythropoietin or erythropoietin-like

molecules sialylated to a varying degree, wherein

said composition is characterized by

a) on a protein content basis a lower erythropoietic

activity in vivo than epoetin alfa;

and/or

b) 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.

40. 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, one or more derivatives of

erythropoietin, and-a composition of one--or-more-

fractions of erythropoietin or erythropoietin-like

molecules sialylated to a varying degree, wherein
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selected fromthe group consisting of erythropoietin, one or nore nuteins
of erythropoietin, one or nore derivatives of erythropoietin, and a
conposi tiwp 03f3gine or nore fractions of erythropoietin OPCT/NL02/00686
erythropoietin-like nolecules sialylated to a varying degree, for the
preventative and/or therapeutic treatnent of the human-- or ani nal

body-, --wherein---said conposi-to-n -of - erythropoietin-like nolecules is
characterized by an average nunber of sialic acid residues that is at 115

J0 03/03810C PCT/ NL0¢/ U301 L 8R! o000y MBI d Nl LN QY §lA0e, FUlIbeg Of

sialic acid residues per-erythropoi et In"ep oe 48. A
conposition accordmmgatmeahaedlﬁ? émraVémag¢wnuthnﬂqﬁN5uﬂﬂiboacuherapeut|c
treatnment of the hu n _or . an bod e sald tlon of

ryehr opoi ot e |1 EEOREGuFEatNaE Tectenb ol Chd TP SipTbaRing e ae

eryt hropoi etin-1i kempelrecdl esaloc & eat nestdwed rpeam e&qztympw@mias
neur am ni dase or a _chem cal substance such as an acid to |ower the
average number of ™lgcUdeadPdePesidedler erythropoietin-1ike nol ecul e.
49. A conposition according to claim47 for the preventative and/or
therapeutic treatnment of the human or animal body, wherein said

conposi tion ofl. &ryehrepoierdndinkéonsiiednl 9, habebeén obidi ned by

separat) on from ! Lackh0RRSRTRLL 3L RY SOV LOOLE D pdd ke l:geul g5 ! hat

have a hi gher S|aI| aC| con conposition according to aim 46
or 47 for the subjecting erythropoietin-like molecules to

treatment to lower the average number of sialic acid

residues per erythropoietin-like molecule.

42 . A method according to claim 41, wherein said treatment
comprises the step of subjecting erythropoietin-like
molecules to the action of an enzyme or a chemical

capable of splitting a glycosidic bond.

43. A method according to claim 40, wherein said
erythropoietin-like molecules have been obtained by
separation from fractions comprising erythropoietin-
like molecules that have a higher sialic acid

content.

44 . A method according to claim 40 or 41, wherein said
erythropoietin~like molecules are obtainable by
recombinant expression of erythropoietin or a mutein
of erythropoietin in transfected Chinese Hamster
Ovary cells, Baby Hamster Kidney cells, or
transfected human cells followed by one or more

purdfication steps.
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preventative and/or therapeutic treatnment of the human or ani mal body,
wherein said erythropoietin- |ike nolecules are obtainable by reconbi nant
expr essi owoamB/0a819a hr opoi etin or a nutein of erythropoi etiPETINLOZO@S6T ect ed
Chi nese Hanster Ovary cells, Baby Hanster Kidney cells, or transfected
human cells foll owed-by one--or nore purification steps. 116 WO 03/ 038100
PCT/ NLO2/ 00686 51. A conposition according to claim46 or 47 for the
preventative and/or therapeutic treatnment of the human or ani nal body,

wherein said eryt E}{e‘%gl%' etd'c%'orh&l%g g Sfé’lﬂ?%@a(}’ﬁ heenyedyced shy a net hod
according to claim1 or the preventative and/or ‘therapeutic treatnent of
t he human or ani matyblodypot2timetiied rfiddre priedubieng brea provatednbeel |

pr ot ei naceous nol ecul es i.n_need,.of at%%ﬁco%yl %ti on structure selected from
the group consistn§cHECd 2(STHIVIY LSS X and/ or Lacdi Nac cont ai ni ng
N-l1inked glycan structures, characterized in that said cell expresses

nucl ei ¢ acid encodi ng E1A from_an adenovirus, wWth the proviso that when

said protei AQcdorEmRordcdre PE BFYHRFOPOT eI SHig ™ S%n cell is not

a PER C6TM cel |, when:-sad4 dr & ofred somlieeuhe g protein C said
mammal ian cell is not a HEK293 cell or a Syrian hanster AV12- 664 cell,

when sai d protei naEEbBEoRDl @elite I qfl ydFeFurednst P§sue fact or pat hway
{nhibitor said NBEYRhANOEELLL] Sllfle:d BRI Gobla R ehen sald .
prot ei naceous nolecule 1's matrix netall oprotease 1 said mammualian cell is
not a HT1080 cel | erythropoietin, and a composition of one or more
fractions of erythropoietin or erythropoietin-like
molecules sialylated to a varying degree, for the
preventative and/or therapeutic treatment of the
human or animal body, wherein said composition of
erythropoietin-like molecules is characterized by
a) on a protein content basis a lower erythropoietic
activity in vivo than epoetin alfa; and/or
b) 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.

47. 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 or erythropoietin-like
molecules sialylated to a varying degree, for the
preventative and/or therapeutic treatment of the
human-oer animal body,-wherein--said composition of
erythropoietin-like molecules is characterized by an

average number of sialic acid residues that is at
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53. Method according to claimb52, wherein said proteinaceous nol ecules are
selected fromthe group of: erythropoietin, transferrin, a glycodelin such
as gl ycodwbion/02810°P14) , Nerve G owm h Factor (NGF), Brai nPdanNnwedosss

neur ot rophic factor, Neurotrophin-3, - 4/5 and -6, G liary neurotrophic
factor, Leukema inhibitory factor, Cardiotrophin-1, Oncostatin-M an
Interl eukin, GWCSF, G CSF, IG-1 and -2, TG- (3, 117 WD 03/038100

PCT/ NLO2/ 00686 dial -derived neurotrophic factor, Neurturin, Persephin,

Myostatin, Fibrobhgste CooMt fofaet@lad e ailithaed nyATRRI £2OUkED: ¢

Acetyl choline receptor 1 nducing activity, Netrin-1 an , Neuregulin-2
and -3, Pleiotrophid, résttiee, PSt eamGdldorcdattdm ESCEruleAgni apo€sial,
PDG-, Saposin C, @ gbl e conpl enent receptor-1, alpha-1 acid glycoprotein,
acut e-phase proteins, E-selectin ligand-1, LAM1, Carcinoenbryonic
antigen-like CD66 antigens, peripheral |ynph node Addressin, CDr5, CD76,

CD45R0O, CD2 P-sel ecti,n .gl ycoprotein |igand:1, CAML1, Micin-type
gl ycopr ot ei né,g'M@mpﬁ(?&&dg)lny)?f:ﬁ?rg@ga]ﬁ?i Eﬂ?%t??pgﬁ’%f}hel- pr ot ease
inhibitor, a-anylgsevensativaryndg/&t iterddgdutald ¢eRaehenis o rSERR- 1,

interferon-(3, Rtrace protein, Protein C, U okinase, Schistosone

gl ycoprotein, G yBBaEaN AT ARNENL RCAF actistr Pt 1Ay ICRRPBISESEon of
a-fetoprotein, hua§9th95§85)@9£a{-10{19é en"%cﬁ% &l %%59%%9%59@'_1%8%?0%8
such as Follicle Stimulating Hornone (FSH), Luteinising Hornone {LH),
human Chori ogonadetbopthing h€q thorpdireigmentikeomodaciuvdriss tof any of these

that are Capablet?éaEﬁggkv&Pghsgﬁ(LA%§ﬂéﬂgﬁ%hgE%C%%uraminidase or a

chemical substance such as an acid to lower the
average number of sialic acid residues per

erythropoietin~like molecule.

49. A composition according to claim 47 for the
preventative and/or therapeutic treatment of the
human or animal body, wherein said composition of
erythropoietin-like molecules has been obtained by
separation from fractions comprising erythropoietin-
like molecules that have a higher sialic acid

content.

50. A composition according to claim 46 or 47 for the
preventative and/or therapeutic treatment of the
human or animal body, wherein said erythropoietin-
like molecules are obtainable by recombinant
expression of erythropoietin or a mutein of
erythropoietin in transfected Chinese Hamster Ovary
cells; Baby Hamster Kidney cells, or transfected
human cells followed by one.or more purification

steps.
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structures. 54. Method for producing a fraction enriched in a

pr ot ei naceous nol ecul e having N-linked glycans conprising (sialyl)Lews X
and/ or LawoioBk®ass106t ruct ures, conprising the steps of: a) PETNHO2NGS6 | y
expressing said proteinaceous nolecule in a cell that expresses nucleic
acid encoding E1A from an adenovirus; and 118 WO 03/ 038100 PCT/ NLO2/ 00686
b) fractionating the proteinaceous nol ecul es so produced, thereby
obtaining a fraction which is enriched in nolecules having said N|inked

gl ycans  conmpyi Sk NGorysd & ¥ Jrk- QWS4 3RdAQr hagdi b‘@corslzwf&yr@ée 55. Method
according to claimb54, wherein said proteinaceous nolecule is chosen from
the group of eryPHegsoitetiiie endnseferhérmpeniylydotdtimerguctf ahe gl ycodel i n

A (PP14), Nerve G Factar Brai n-derjvied neuraotrophi.c factor,
Neur ot r ophi n- 3, -hﬁwﬁgaﬁg %gﬁméyﬁgé?§’n%ﬁ%%ﬁ%%u)%%éﬂ%ﬁ%ﬁ%{oﬂﬂgﬁ%é§ia
i nhi bitory factor liGar dioderopbsnhdye Qeast@atodizdd &y d mieemogluki n, GW CSF,

GCSF, G-I and -2, TG (3 i al -derpved neurotrophic factor, Neurturin,
Per sephi n, Nyostaﬁfﬁ?rggﬁgogpagiaﬁ¥og§hk?ﬁuﬁQﬁ-REGV%£%%£%Y6-@Fdﬂﬁﬁhiregulin,
Acetyl chol i ne recepie@bpeul@ucingaaeéhyidy, t MNetHunml &gnténﬁbalN%agul in-2

and -3, Pleiotrophin, Mdkine, Stem Cell Factor (SCF), Agrin, F-1,
PDGF, Saposin C, soluble conplenment receptor-1, alpha-1 acid glycoprotein,

acut e- phase spr 0t i BSel i1 hg9aRda LnakdM Lan Gaf£i noemdI yoni c

antigen-1like CD66 antigens,
proteinaceous molecules in need of a glycosylation
structure selected from the group consisting of a
(sialyl)Lewis X and/or LacdiNac containing N-linked
glycan structures, characterized in that said cell
expresses nucleic acid encoding El1A from an
adenovirus, with the proviso that when said
proteinaceous molecule is erythropoietin said
mammalian cell is not a PER.C6™ cell, when said
proteinaceous molecule is protein C said mammalian
cell is not a HEK293 cell or a Syrian hamster AV12-
664 cell, when said proteinaceous molecule is
glycodelin or tissue factor pathway inhibitor said
mammalian cell is not a HEK293 cell, and when said

proteinaceous molecule is matrix metalloprotease 1

sald mammalian cell is not a HT1080 cell.

53. Method according to claim 52, wherein said
proteinaceous molecules are selected from the group
of: erythropoietin, transferrin, a glycodelin such
as glycodelin A (PPl4), Nerve Growth Factor (NGF),
Brain-derived neurotrophic factor, Neurotrophin-3, -
4/5 and_-6, Ciliary-neurotrophic factor, -Leukemia
inhibitory factor, Cardiotrophin-1, Oncostatin-M, an

Interleukin, GM~CSF, G-CSF, IGF-1 and -2, TGF-B,
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peri pheral |ynph node Addressin, CD75, CD76, CD45RO, CD21, P-selectin
glycoprotein ligand-1, AdyCAM 1, Micin-type glycoproteins, CD34,

podocal yxwn,03as10@nt i chynot rypsi n, al-protease inhibitor, PaTaxnpl/aess
salivary proline-rich glycoproteins, SERP-1, interferon-(3, j3-trace
protein, Protein C, Urokinase, Schistosone glycoprotein, dycodelin A
tissue factor pathway inhibitor, a-fetoprotein, human 119 WO 03/038100
PCT/ NLO2/ 00686 pregnancy proteins such as gonadotropi c hornones such as

Follicle Stinmulati o1 o E S L.Ni.Si Ho n , human
Chori ogonadotropiér‘lfg?#ocﬁlfﬂgeré fnr%a@gr%ﬁtoéhgrc \;%F?gﬁf sﬁg‘?ra%éhg? t hese t hat
are capabl e of rekerseplgisaiMygitpcdayl| atibonblastuctowels. Fd6t okl hot?

according to claim54, erei,n sai.d protei naceous nol ecule is

eryt hropoi etin or®¥ _%W% SR | %’ﬁ@gﬁglcg??gll%? E7°*ReYhod according to
any one of cl ai neiddudbng Wedietinty,Sded riihact ken 8, eRehebgdl by-a dei hod
conprising a affini ':)%lp_uri fication step that e Io?(s sai d gl ycan
structures. 58. NE?hot&ordwNg t ickanfy 57 ehhep et nF3aFer T¥ication

step enpl oys bi nding; of &0 mMmimeeul @S ok9nach ecbi bl Eond sRA0E! onal
antibody that binds to said Nlinked glycans conprising (sialyl)Lewis X
and/ or Lacdi Nac steeeiRioesl, 50phvketlhedidcodydingoteiel arews8;Piwhee ei n sai d

(512l Y1) Lewi's X S or Fodi M et Pudtaras 16 SRR Tectine T oS
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-f, PB-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 N-linked glycan

structures.

54. 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 ElA from an adenovirus; and
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60. Method according to any one of clainms 52-59, wherein said mammalian
cell is a PER C6TMcell. 61. Method for fractionating a m xture conpri sing
pr ot ei nacwous/osaibecul es that conprise Lewis X 120 WO 03/ @83MNI02/00686

PCT/ NLO2/ 00686 structures, said nethod enploying binding of said _
nol ecul es to an AAL lectin. 62. Method according to claim®6l, wherein said
protei naceous nol ecul es are erythropoietin nolecules. 63.A fraction
enriched in proteinaceous nol ecul es conprising Lewis X glycan structures,

obtai nable by a gBethed-ageRaEiNg 410 3Wo1UNE e AN 297162 584 A
fraction according to claim63, wherein said proteinaceous nolecul es are

erythropoietin nBFegured, bberelwmivstitiny cofinectiig ehyichr opoi etin-|ike
mol ecul s sel ected LUV hE GOOUR, LONSIAHNO O 4 SOALAGAROLELLD, one of
more nuteins of erythropoietin, and one or re derivative _
erythropoi etin, champcieingedsialyhdievtie Xaveiddge Ladaheacof of |ew s-X
structures on N-Ig kgdtgkgcans _per erythropoietin-like nolecule is at
| east about 2.2.°66 A con%OS|t|on according to claim65, characterized in
that the average nunber of of lewi s-X structures on N-Iinked glycans per
ceor i ng. -~ £ UAH G8COT st Geron Bells WAeXHEl THE aver age nunber of
of lew s-X structgrgse 0flacdbhs ek &l MEaANS RRYs 8 ¥RLORALELL L) kK& ol ecul e
'S 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
inhibitory factor, Cardiotrophin-1, Oncostatin-M, an
Interleukin, GM-CSF, G-CSF, IGF-1 and -2, TGF-B,
Glial-derived neurotrophic factor, Neurturin,
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, ol-
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
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121 WO 03/038100 PCT/ NLO2/ 00686 at |east about 2.7. 68. A conposition
according to cl ai m®65,
| ewi s- X SWOWG08R18E ON
at | east about 3.6. 69. A conposition according to claim®65, characterized
in that the average nunber of of |ew s-X structures on N-Ilinked glycans
per erythropoietin-like nolecule is at |east about 4.1. 70. A conposition
according to claim 65,

| ewi s- X structuresregnaity ipkeck gy cans per geonhytbiepph et hrhbkesnol ecul e is
at least about 5.7. 71. A cqu05|t|on according to any one of clains 64-70,

wherein the N-IinRaghghschns

characterized in that the average nunber of of
N-Iinked gl ycans per erythropoieti ®CTiNd®@2/0@i8ecul e i s

characterized in that the average nunber of of

- % al A HNGp 8PEFPRE I(FRE) nol ecul es are

mai nl'y bi ant ennar yy, 84 {4Es Uk & SHorfrorf pdlmr)rra@l%wahc@boaa@eaﬁéabefoﬁmrI sing
mol ecules from a fraction or conposition according to any one of clains

63-71. 73. Use of (ACE} ace¥ ofranaitii s tiagd aascoedi aAgyt efahhesnethat cl ai s

63-71 for the pre
conposi tion accor

o

gL af,
ng

t
120 T e e odd 51y B R ot on o

a- - nmedi canment - fostthettresat nent of a disorder selected fromthe group
consisting of ischema, a reperfusion injury, 122 WO 03/038100

PCT/ NLO2/ 00686 a hypoxi a-i nduced di sorder, an inflammatory di sease, a
neur odegener gl v thosiobdebrdang a6uteadansge drerdiie Lanrtral - or peripheral

nervous system

proteinaceous molecule is erythropoietin or an

erythropoietin-like molecule.

57. Method according to any one of claims 54-56, wherein

sald fraction is enriched by a method comprising a

affinity purification step that employs said glycan

structures.

58. Method according to claim 57, wherein said

purification step employs binding of sald molecules

to a lectin or to a monoclonal antibody that binds

to said N-linked glycans comprising (sialyl)Lewis X

and/or LacdiNac structures.

59. Method according to claim 58, wherein said

purification step employs binding of said N-linked

glycans comprising (sialyl)Lewils X and/or LacdiNac

structures to an AAL lectin.

60. Method according to any one of claims 52-59, wherein

said mammalian cell is a PER.C6™ cell.

61. Method for fractionating a mixture comprising

proteinaceous molecules that comprise Lewis X
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75. Use of erythropoietin reconbinantly producible in a mamualian cell

whi ch expresses nucleic acid encoding E1A from an adenovirus, for the

pr epar at i wp 0038100 nedi canent for the treatnent of a disoraer/NaebeeBed from
the group consisting of ischema, a reperfusion injury, a hypoxia-induced
di sorder, an inflammtory disease, a neurodegenerative disorder, and acute
damage to the central - or peripheral nervous system 76. Use according to
claim75, wherein said manmalian cell is a PER C6TMcell. 77. A nethod

for the preventatdwvegangldy, téaqrda%%ba eﬁggawﬁgtbmdfngléprsdﬂdse' ected

fromthe group consisting ‘of ischema, a reperfusion 1njury, a

hypoxi a-i nduced diskgaeres e ianf IAéﬁﬁrréngndl sease, a neurodegenerative

di sorder, and acute damage to the central- or peripheral nervous system
said nethod conprising the step of admnistering to a human or ani nal
subj ect a coéposiethod etcergiﬂngomiceltaijmIaﬂgewhrmie&@ulsansel ected fromthe
group consi sting of %%ythr oi e one _or nore nutejns, of

eryt hropoi eti n, r &° &Clh%ﬁtgl 7§ 8fytlé??/?‘ﬁjr%%]o? etin, wherein

sai d conposition mfleqrngdropoi etin-like nolecules is characterized in
that it is reconbinant)-y pr-oducible -in-a mammalian - cell conprising
nucl ei ¢ acid encodi ng E1A froman 123 WO 03/038100 PCT/ NLO2/ 00686

adenovirus. g8, AN%&QeélaﬁCQﬁpi&ge& 0 £ U IR fipa RRIEHB 18R E 0BMEl f an - cel |
is a PER C6TM cel
comprlslng Lewis X glycan structures, obtainable by

a method according to any one of claims 59-62.

64. A fraction according to claim 63, wherein said
proteinaceous molecules are erythropoietin

molecules.

65. A composition 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.

66. A composition according to claim 65, characterized in
that the average number of of lewis-X structures on
N-linked glycans per erythropoietin-like molecule is

at least about 2.6.

67..A composition according-to-claim 65,. characterized-in
that the average number of of lewis-X structures on

N-linked glycans per erythropoietin-like molecule is
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at least about 2.7.

68. A composition according to claim 65, characterized in
that the average number of of lewis-X structures on
N-linked glycans per erythropoietin-like molecule is

at least about 3.6.

69. A composition according to claim 65, characterized in
that the average number of of lewis-X structures on
N-linked glycans per erythropoietin-like molecule is

at least about 4.1.

70. A composition according to claim 65, characterized in
that the average number of of lewis-X structures on
N-linked glycans per erythropoietin-like molecule is

at least about 5.7.

71. A composition according to any one of claims 64-70,
wherein the N-linked glycans on said erythropoietin-

like molecules are mainly bilantennary structures.

72. A pharmaceutical preparation comprising molecules from
a fraction or composition according to any one of

claims 63-71.

73.Use of a fraction or composition according to any one

of claims 63-71 for the preparation of a medicament.

74. Use of a fraction or composition according to any one
of claims 63-71..for -the preparation of a-medicament.
for the treatment of a disorder selected from the

group consisting of ischemia, a reperfusion injury,
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a hypoxia-induced disorder, an inflammatory disease,
a neurodegenerative disorder, and acute damage to

the central- or peripheral nervous system.

75. Use of erythropoietin recombinantly producible in a
mammalian cell which expresses nucleic acid encoding
El1A from an adenovirus, 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.

76. Use according to claim 75, wherein said mammalian cell

is a PER.C6™ cell.

77. 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 E1A from an
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adenovirus.

78. Method according to claim 72, wherein said mammalian

cell is a PER.C6™ cell.
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