|  TITLE OF THE | NVENTI ON Met hods to obtain reconbinant proteins with
increased sialylation fromcells that express adenovirus E1A protein, and
proteins obtained thereby 5 FIELD OF THE | NVENTI ON The invention relates to
the field of reconbinant protein production, in particular to the

gl ycosyl ati on of reconbi nant proteins stuch as erythropoietin, nore in
particular to glycosylation of reconbi nant proteins when produced in
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may be | ess suitable for the 25 treatnment of anem a. For the treatnent of
anem a, 10t has been establ i sBadXGRaUNB OF ghHEIeDNVENTION si al yl ation of EPO is
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treatnment of ischem a/reperfusion injuries, the expression of EPOin 30 E
1A- expressi p@tesst | s has the potential advantage of a preferred glycosylation

pattern of the 2Recombinant proteins having N-linked glycosylation produced in cells that express

15 adenovirus E1A have a specific glycosylation profile, for instance characterized by the
presence of Lewis-X structures, as described in WO 03/038100.

Another characteristic of the proteins produced thus far in E1A expressing cells
appeared a relatively low galactosylation and low sialylation of the N-linked glycans (WO
03/038100). For certain purposes, this may be an advantage, but for other purposes, higher

20 levels of galactosylation and preferably also sialylation may be beneficial.

For instance, erythropoietin (EPO) that is produced in cells expressing E1A, has a
pronounced number of Lewis-X structures and a relatively low percentage of galactosylation
and sialylation in the N-linked glycans (WO 03/038100), resulting in molecules that are very
suitable for treatment of ischemia/reperfusion injuries, but may be less suitable for the

25  treatment of anemia. For the treatment of anemia, it has been established that a high degree of
sialylation of EPO is beneficial to increase the half-life of the EPO in serum of treated
subjects, and thereby the time when the substance is active in increasing the red blood cell
count (Goldwasser et al., 1974).

Hence, for the treatment of ischemia/reperfusion injuries, the expression of EPO in

30  ElA-expressing cells has the potential advantage of a preferred glycosylation pattern of the



produced FPO for this use. However, for other uses of FPQO, different

gl ycosyl ation patterns may be beneficial. For other proteins simlar
situations may exist, i.e. for certain uses the specific glycosylation
pattern observed upon expression in ElA-expressing cells nmay be highly 5
beneficial, while for other purposesza different glycosylation profile may
be nore suitable. Over-expressing of a sialyltransferase in a cell to

i ncrease sialylation of reconbinant proteins produced in that cell has been
described for other cell types (e.g., Gabenhorst et al., 1995; Mnch et
al, 1995; Jenkins et al, 1998; Zhang et al, 1998; Weikert et al, 1999;
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For the purpose of broadening the potential use spectrum of recombinant proteins

b
-

produced in E1A-expressing cells, it could be beneficial to increase the galactosylation and
sialylation of such proteins. It is an object of the present invention to provide methods to
accomplish this. The invention further aims at providing novel erythropoietin compositions
20  obtainable from E1A-expressing cells.
It is another object of the invention to provide methods to decrease the average content
of LacdiNAc structures on proteins recombinantly expressed in a cell, for instance a cell

expressing E1A of an adenovirus.

25 DESCRIPTION OF THE FIGURES

Fig. 1. Sialic acid content as determined by iso-electric focusing of commercially
available EPO (EPREX™, lane A), EPO produced in PER.C6-EPO-ST clone 25-3.10 (lane
B), and EPO produced in PER.C6-EPO clone 25 (lane C). The putative number of sialic acids
per EPO molecule is also shown.
30 Fig. 2. MALDI-MS spectra of de-sialylated N-linked sugars of PER.C6-EPO
produced in DMEM, in adherent cell culture (A) and produced in a suspension cell culture in

serum-free medium (B).



serumfree medium (B). 3 Fig. 3. Sialic acid content as determ ned by

i so-electric focusing of EPO produced in PER C6 cells that do not
over-express sialyltransferase in a serumfree suspension culture in VPRO
nmedi um (lane 1), of EPO produced in PER C6 cells that over-express a-2,6-
sialyltransferase (i.e. PER C6-EPO ST clone 25-3.10) in a serumfree
suspension culture in s VPRO (lane 2), and of comrercially avail abl e EPQO
i.e. EPREXTM (lane 3). Fig. 4. The nunber of sialic acids per NI|inked sugar
of EPO produced by PER. C6 ceIIs that do not over-express
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P laze g using the ﬁact%nat18n/pur1€cat10n protocol that is described in Example 6. Eprex

represents a commercially available EPO preparation.
Fig. 6. MALDI-MS spectrum of the desialylated N-linked sugars of fractionated,
highly sialylated PER.C6-EPO as obtained using the procedures described in Example 6.

20 Fig. 7. EPO isoforms with different sialic acid contents as described in this
application. 1: EPO produced by PER.C6 without over-expression of sialyltransferase
(example 2). 2: EPO produced by PER.C6 with over-expression of a-2,6-sialyltransferase
(example 3). 3: fractionated highly sialylated EPO (example 6). 4: Eprex® (commercially
available EPO). See example 8.

25 Fig. 8. Plasmid map of the pCP-EPO and pEPO-ST3 expression vectors. CMV =
Cytomegalovirus promoter, BGHp(A) = Bovine Growth Hormone poly-adenylation sequence,
f1 ori = f1 origin of replication, SV40 = Simian Virus 40 promoter, Neo = Neomycin
resistance marker, SV40 p(A) = Simian Virus 40 poly-adenylation sequence, EPO =
erythropoietin, ColE1 = ColE1 origin of replication, Amp = ampicillin resistance marker. See

30 example 9.



erythropoietin, Co]l]El = ColEl origin of replication, Anp = anpicillin

resi stance marker. See 30 exanple 9. 4 Fig. 9. Iso-electric focusing (IEF)
gel of EPO produced in PER C6 cells (pCP-EPO and of EPO produced in PER C6
cell s under concom tant over-expression of human a-2,3- sialyltransferase
(pEPO- ST3), after transient transfecti on. See exanple 10 for details. Fig.
10. I EF anal ysis of stable clones expressing EPO and human a-2,3 5
sialyltransferase (ST3). Lane 1. EprexTM (control, commercially avail able
EPO, 2: EPO ST3 clone 118, 3: EPO ST3 clone 150, 4: FPO ST3 clone 165, 5:
EPO ST3 clone 176, 6: EPO ST3 clone 183, 7: EPO produced in PER C6 w thout
over - expr essi Ngjo 3, 3so-Q8eHiE Ricmsiné%méf%n SKERD prsitédin PEROOHBSIRI(BCP¥POMai | abl e
EPO, 9: EPO ST3 clone 185, 10:” EPO-ST3 clone 186, 11: EPO ST3 clone 199,
12: EPO- Smd of EBQerodwged mFPERPOceis3mdernoacapigint ovpr-eppressomsofibumag ochd 059, 15:
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see exanple 14, average sialic acid content .6), Lane 3: 2,
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conpri se Qner daaiRver age at least 7, nore preferably at least 8, still nore
preferably at least 9, still nore fpref erably at |east 10, still nopre
preferably at Higdd: MALI-MSispectimmyofithg dasiabdatedN-lmkerd sugarscaf|affinitytpyrified t ai n

enbodi m@?EP@?Ee%egi% 8BNS f5Rikse on average: a) between 1 and 2 Lewis X
structures per O

not ecul'e, and b) between 8 and 10 sialic acid npieties
per EPO nol ec®ig.12. IEF analysis of EPO preparations. Lane 1: PER.C6-EPO (average sialic acid

15  content 3.1), Lane 2: Eprex™ (control, commercially available EPO, average sialic acid
content 12.4), Lane 3: 2,3 EPO-1 (Ultrodex purified, see example 14, average sialic acid
content 13.6), Lane 3: 2,3 EPO-2 (Ultrodex purified, see example 14, average sialic acid
content 14.3).

20 DESCRIPTION OF THE INVENTION

The invention provides a composition comprising one or more isoforms of an erythropoietin
(EPO) comprising glycans linked thereto, characterized in that said glycans comprise on
average: a) at least 0.5, preferably at least 1, LewisX structure per EPO molecule, and
b) at least 6 sialic acid moieties per EPO molecule. Preferably, said glycans comprise on

25  average at least 7, more preferably at least 8, still more preferably at least 9, still more
preferably at least 10, still more preferably at least 11 sialic acid moieties per EPO molecule.
In certain embodiments, said glycans comprise on average: a) between 1 and 2 Lewis x
structures per EPO molecule, and b) between 8 and 10 sialic acid moieties per EPO molecule.
In other embodiments, said glycans comprise on average: a) between 0.5 and 1 Lewis x

30  structures per EPO molecule, and b) between 11 and 13 sialic acid moieties per EPO
molecule. In certain embodiments, an EPO is human EPO having three N-linked glycans.



I n ot her enbodi nents, said glycans conprise on average: a) between 0.5 and 1
Lews x 30 structures per EPO nol ecule, and b) between 11 and 13 sialic acid
noi eties per EPO nolecule. In certain enbodi nents, an EPO is human EPO
having three N-l1inked glycans. 5 The invention further provides a nethod
for obtaining a conposition conprising one or nore isoforns of an
erythropoietin (EPO conprising glycans |inked thereto wherein said glycans
conprise on average at |east 6 sialic acids per EPO nolecule and fromO to 2
Lews x structures, said nethod conprising: a) providing a eukaryotic cel

containing a nucleic acid 5 sequence encodi ng, an adenoviral ElA protein in
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96022940. In certain preferred embodiments, said glycans comprise on average less than 1

Lewis x structure and at least 10 sialic acids per EPO molecule. In further preferred

20  embodiments, said glycans comprise on average less than 1 Lewis x structure, preferably no
detectable Lewis x structure, and between 10 and 15 sialic acids per EPO molecule. In other
preferred embodiments, said glycans comprise on average less than 0.3 Lewis x structure,
preferably no detectable Lewis x structure, and between 13 and 15 sialic acids per EPO
molecule. In certain embodiments, the composition comprises 4 or less EPO isoforms

25  together accounting for at least 70% of the EPO present in said composition.

It will be appreciated by the skilled person that EPO is a model protein for proteins
comprising N-linked glycans, and it will thus be clear that these methods can also be applied
to other glycosylated proteins. The invention therefore further provides a method for
producing a glycosylated protein of interest in a cell expressing at least one adenoviral E1A

30 protein, said method comprising: a) providing a cell expressing at least one adenoviral E1A

protein and further containing a nucleic acid encoding a protein of interest in expressible



conprising N-linked glycans, and it will thus be clear that these nethods
can al so be applied to other glycosylated proteins. The invention therefore
further provides a nethod for producing a glycosylated protein of interest
in a cell expressing at |east one adenoviral E |1 A 30 protein, said nethod
conprising: a) providing a cell expressing at |east one adenoviral EIA
protein and further containing a nucleic acid encoding a protein of interest
in expressible 6 format, wherein said cell further contains a nucleic acid
sequence encoding a sialyltransferase, preferably an

al pha- 2, 6-sialyltransferase or an al pha-2, 3-sialyltransferase, under control
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gi ven the hithegdsqodeees fdaad asd déé&%éh%feﬁﬂth@t@rﬁh%bfeﬁxﬁ (BPO)ER: Rogéluced in El
A-expressing cells (WO O 3 /03 8

protein for proteins containing N-lmked glycans- when produced in E1A-expressing cells -of
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which PER.C6 cells are a preferred example- compositions can be obtained with a strongly
increased sialylation, and methods to obtain such EPO compositions are disclosed herein.

20 Embodiments are disclosed providing methods to obtain EPO from E1A-expressing cells,
wherein the EPO obtained contains a surprisingly high average sialic acid content per EPO
molecule of between 13 and 15, and surprisingly EPO with a similar in vivo biological
activity as commercially available preparations can be obtained using methods according to
the invention. This was an unexpected result given the hitherto described glycosylation

25  profiles of EPO produced in E1A-expressing cells (WO 03/038100).

It is shown herein that the glycosylation of recombinant proteins expressed in E1A-
expressing cells, such as immortalized human embryonic retina cells, can be altered to
increase galactosylation and optionally sialylation, by metabolic and genetic engineering. This
finding is put to practice in the present invention, by providing novel processes for the

30  production of recombinant proteins in E1A-expressing cells, resulting in desired novel

glycoforms of the produced proteins. The novel glycoforms of these proteins can be used for



It is shown herein that the glycosylation of reconbi nant proteins expressed
in E1LA- expressing cells, such as immrtalized human enbryonic retina cells,
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be deri ved encoding an adenoviral E1A protein in expressible format’ according to the invention are

preferably mammalian cells and include cells of human origin, and are preferably
immortalized. In preferred embodiments these cells also express E1B of an adenovirus.

20  Examples are A549 cells comprising E1 (see e.g. WO 98/39411), 293 cells (Graham et al.,
1977), amniocytes expressing E1 (Schiedner et al., 2000; see US patent 6,558,948 for
immortalization of primary amniocytes with adenovirus E1 sequences), and retina cells
expressing E1 such as PER.C6 cells (US patent 5,994,128). They may preferably be derived
from embryonic retina cells. Preferably, the cells according to the invention are human cells.

25  The most preferred cells of the invention are derived from primary human retina cells (human
embryonic retina cells, also referred to as HER cells). Immortalization of such cells with
adenoviral E1 sequences has for instance been described in US patent 5,994,128, in Byrd et
al, 1982, 1988, and Gallimore et al, 1986. Primary HER cells can be isolated from fetuses
(Byrd et al, 1982, 1988). Immortalized HER cells, including the preferred PER.C6 cells, were

30  generated by transfection of primary HER cells using a plasmid that contained the adenovirus
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The cells, according to the inveption, articul ar cells, have the
addi t i onalP suspension 1% a highly reproduc1r‘t])5e manner mal[() them very sultab e for arge-scale

production. Furthermore, the PER.C6 cell line has been characterized for bioreactor growth in

which it grows to very high densities. Use of PER.C6 cells for industrial processes has been
20 extensively described, e.g. in Nichols et al, 2002, and more in particular for recombinant
protein production, e.g. in Yallop et al, 2005a and 2005b.

The cells according to the invention, in particular PER.C6 cells, have the additional
advantage that they can be cultured in the absence of animal- or human-derived serum or
animal- or human-derived serum components. Thus isolation is easier, while the safety is

25  enhanced due to the absence of additional human or animal proteins in the culture, and the
system is very reliable (synthetic media are the best in reproducibility). In addition, the use of
serum-free culture medium can have a positive influence on the glycosylation pattern of the
recombinant protein produced, as shown herein.

Furthermore, the presence of the Early region 1A ("E1A") of adenovirus adds another

30 level of advantages as compared to (human) cell lines that lack this particular gene. E1A as a

transcriptional activator is known to enhance transcription from the enhancer/promoter of the
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branches may contain multiple LacNAc structures forming so-called polylactosamine

structures. Terminal galactoses may be modified with an ¢2,3- or an :2,6-linked sialic acid

whereas terminal N-acetyl-galactosomines may only be modified with an 2,6-linked sialic
20 acid.

The addition of sialic acids to terminal Gal or GalNAc is mediated by
sialyltransferases. Probably more than 20 different sialyltransferases are encoded by the
human genome (Harduin-Lepers et al., 2001). They differ in substrate specificity, tissue
distribution and various biochemical parameters. No human sialyltransferase has today been

25  described that can link a sialic acid to a LacNac or LacdiNAc structure, which is modified
with an a1,3-linked fucose. Such fucose is linked to the GIcNAc residue thereby forming a
so-called Lewis x structure. Sialylated Lewis x (sialyl-Lewis x) structures, nevertheless, may
exist; yet, these are formed through a process in which the sialic acid is attached to the sugar
before the GIcNAc is modified with the o1,3-linked fucose. The formation of sialyl-Lewis x

30 structures depends, in turn, on the type of fucosyltransferase. Some fucosyltransferases use
only non-sialylated LacNac or LacdiNAc structures as a substrate, others only use sialylated
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sialyltransferases. Probably nore than 20 different sialyltransferases are
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pr oduced medwtien nfthefLacdiNAc structures on the protein produced.
Thus, two aspects appear relevant for increasing sialylation of produced proteins in
cells that express adenovirus E1A protein: improvement of the galactosylation to increase the
20  number of substrates for sialylation, and increasing the sialylation of the available Gal and
GalNAc substrates. The invention has improved the hitherto described protein production
process in E1 A-expressing immortalized HER cells by overexpressing a glycosylation
enzyme -preferably a sialyltransferase- in these cells (genetic engineering), and by culturing
such cells in serum-free medium, preferably in suspension (metabolic engineering). By
25  combining these measures, the forming of mature N-linked sugars that are sialylated can be
dramatically improved over the hitherto described production processes in the absence of
overexpression of a glycosyltransferase and performed in cells that have been cultured in a
serum-containing medium in an adherent fashion. Each of the two measures, i.e.
overexpression of an enzyme involved in post-translational modification of proteins on the
30 one hand, and the growth of the cells in serum-free culture medium in suspension culture,

contributes to the improved final result, and hence the invention also comprises embodiments
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as PER C6 cells, for the reconbi nant production of EPO with increased

half-life. In addition, the method benefits from the high level of production that is possible in

the cells according to the invention.

20 Of course, also the EPO or other proteins produced in the E1A expressing cells that
overexpress a sialyltransferase, can be fractionated to obtain further fractions with still higher
sialic acid contents, as is also done for commercial preparations of EPO. In one aspect, the
EPO produced according to the invention, is purified using an anion exchange column to
obtain highly sialylated fractions. It is shown herein that EPO can be obtained from E1A

25  expressing cells, in particular from E1A expressing immortalized HER cells, with a

surprisingly high average sialic acid content using such methods.

Methods to produce proteins in host cells are well established and known to the
person skilled in the art. The use of E1A-expressing HER cells for this purpose is described in
30 ‘WO 00/63403.



half-life. In addition, the nmethod benefits fromthe high |evel of
production that is possible in the cells according to the invention. 20 O
course, also the EPO or other proteins produced in the E |l A expressing
cells that overexpress a sialyltransferase, can be fractionated to obtain
further fractions with still higher 'sialic acid contents, as is al so done
for comercial preparations of EPO. In one aspect, the EPO produced
according to the invention, is purified using an ani on exchange colum to
obtain highly sialylated fractions. It is shown herein that EPO can be
obtai ned from EI A 25 expressing cells, in particular fromEL1A expressing
imortalized Hnfgefehl the pradubtieh ofairegumbinangpiotdin Hia oseceligonprisdsithe aci d

content using such_ nethods,. Metho o0 produce proteins [n host cells are
vel | est alBV?‘gWE%P o wxmégﬁﬁé@awngé?h ogl CPWH“’&‘{’]‘? Cegnde of
Et A- expr ec%ﬁhiﬂianﬁ%ﬁd&&{/é © ekfressidt of tM&‘fb?@adi@arﬂﬁa?EWix@e&gfdgsioﬁ”Qf MO:49/ 63403.
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pol yaldse nyl ati Oﬁucﬁe‘ig Qca}cll bnc%gl%gtar})?otlefnklg éxp%gs\éﬁieagbnnat may be in the form of an

expression cassette, and usually requires sequences capable of bringing about expression of
the nucleic acid, such as enhancer(s), promoter, polyadenylation signal, and the like. Several
promoters can be used for expression of recombinant nucleic acid, and these may comprise
viral, mammalian, synthetic promoters, and the like. In certain embodiments, a promoter

20  driving the expression of the nucleic acid of interest is the CMV immediate early promoter,
for instance comprising nt. —735 to +95 from the CMV immediate early gene
enhancer/promoter, as this promoter has been shown to give high expression levels in cells
expressing E1A of an adenovirus (see e.g. WO 03/051927). The nucleic acid of interest may
be a genomic DNA, a cDNA, synthetic DNA, a combination of these, etc.

25 Cell culture media are available from various vendors, and serum-free culture media
are nowadays often used for cell culture, because they are more defined than media containing
serum. The cells of the present invention grow well in serum-containing media as well as in
serum-free media. Usually a short period is required to adapt PER.C6 cells from a serum
containing medium, such as DMEM+9% FBS, to a serum-free medium. One example of a

30 serum-free culture medium that is very suitable for use in the present invention is EX-
CELL™ VPRO medium (JRH Biosciences, catalog number 14561). Another example is
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certain enbodi nents, a pronmoter 20 driving the expression of the nucleic
acid of interest is the CW imedi ate eéarly pronoter, for instance
comprising nt. -735 to +95 fromthe CW imedi ate early gene
enhancer/pronoter, as this pronoter has been shown to give high expression

| evels in cells expressing EIA of an adenovirus (see e.g. WO 03/051927).
The nucleic acid of interest may be a genom c DNA, a cDNA, synthetic DNA, a
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t he invent i ehtaining yerydvigh produshyigils droamthese aells bave brercdsserzhted (W) 204710930t ar e
very proficient in growing in suspension to high cell densities (1 Ox106
cells/m and higher) in serumfree culture nmedia, which neans that they do
not need a surf a’Cl&; doncepll b gemetioengineerifg toabier glycosylation/ efl rgcdntbéeant proteimsac h

ot her andfro evval f the cuIt re ve duri ng ,nost of e
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(WD 2004/ 08%396) The coreu%ept ofn&gnef:kl%g engi neerlgr%g%t qu;aal ter gl%/cosyl ation

of reconbi n@ﬂ@ﬂbmmb mﬁ@“ﬁﬂ&&!@éhoﬁtﬁelhatdéﬂst onegene whichangapgble et abl i shed,
and is for é@?&@ﬂgﬁl ?8 b WhflfG&dcectd th@%%&?tcogmgg&’ 35. The gener al
ne ter

concept of ng glycosylation 1s cusse herein, and
entails i ntglgcbsyltragpferases facdsyhﬂansfaiakesagaldmyhamfm@e,rhetmhl ch is capabl e of

t t h t th t
o o1 v Eooy b losan By an Eae Nl B St 10 SURLRSITREs ey a
15 acetyl ga{canécﬁwwﬂrémmsfeﬁf @Sg@coﬁhﬁﬁﬁ‘%ﬁﬂyﬁkﬁ) omaRkpdsinganwbi@ses and

sul f ot ransf er ases é@gl l ectively referred to herein as gl ycosylation
enzymes' ), aneungebatdenst ang of said pnayaies i said cell to thereby alter the glycosylation of a

protein produced by said cell. In examples in that document, glycosylation of CHO cells is

altered by recombinant expression of a transfected rat alfa-2,6-sialyltransferase gene, resulting
20 in the presence of NeuAc-alfa-2,6Gal sequences on the cell surface carbohydrates, whereas in
the absence of the transfected gene, only NeuAc-alfa-2,3Gal sequences are produced in these
cells. Subsequent work has established that glycosylation engineering is applicable to the
production of recombinant proteins in host cells (e.g., Grabenhorst et al., 1995; Minch et al,
1995; Jenkins et al, 1998; Zhang et al, 1998, Weikert et al, 1999; Fukuta et al., 2000; Prati et
25  al, 2000). Hence, the methods for genetic engineering of glycosylation as such are well
established and known to the person skilled in the art, and can as such be beneficially used
according to the present invention. It is shown herein that E1 A-expressing cells can also be
genetically engineered and compositions of recombinant EPO protein, as a model for
glycosylated proteins, with surprisingly high average sialic acid content can thus be obtained.
30 To this purpose, nucleic acid encoding the desired glycosylation enzyme in

expressible format is or has been introduced into the cells according to the invention, and the



amount of at |east one of said enzynmes in said cell to thereby alter the

gl ycosylation of a protein produced by said cell. In exanples in that
docunent, glycosylation of CHO cells is altered by reconbi nant expression
of a transfected rat alfa-2,6-sialyliIansferase gene, resulting 20 in the
presence of NeuAc-alfa-2,6Gl sequences on the cell surface carbohydrates,
whereas in the absence of the transfected gene, only NeuAc-al fa-2,3G
sequences are produced in these cells. Subsequent work has established that
gl ycosyl ation engineering is applicable to the production of reconbi nant
proteins in host cells (e.g., Gabenhorst et at, 1995; M nch et al 1995;
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i n the arpattemrod thegprotem of untbreftes bempdred toeth¢ yittatedwhercnoredombjinarg t he pr esent
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is a sialyltransferase, nore preferred an al fa-2,3-sialyltransferase and/or
an al f a- stable inheritgnoe, andPrevidester stable prpregsion of thecenayme incwbsaapens gonesation enzyne

is am ' r &Zﬁﬂg&@{] ] eic acid
encodi nw ﬁ%@%gg?&égﬁﬁqdyg%@%@tﬁcﬁg}q%@ﬁyrre pre e%?@?gdﬁﬁge%ru ﬁécontrol of a
het er ol ogxpsesqin®BEbDA éx desoritied hereino Al datbbe seet ifrom the exdngples, theexprossinoflithd y  of
being reqgul.ated_.in the cells of the i.nveniion. Preferably, t nucl eic 1o
ol d enc R R St UF SBIARS pFBPEOI AT agER: PR IhSTBGHe. of ¢ he
cel | s5 t OwRMIHE B1A Thprésthg RIS EAprésSiag theidlyIRhmifrakR abdgroWh awiBpensiings si on of

t he enzynme in _subsequent generations of the cells. The introduction_ of a

gl ycosy| aferusiirenoyltvee media agoording 19l the prgseutinventjonsa clegrand signifigant increase in

descri bed.; i C o cam.t.he. exannl : t he
sialyltr %ﬁ%ﬁéﬁ%ﬂg tﬁérgllgflg]ggée)gly?zﬁlg Iagl 5?’3‘/’ atlon I%‘Fmrtgaéésn%’&ineeasﬁaq%r 0 ée‘l(mnlss Qslf n those
cel | s. Moxbserved, as can be seen in example 3 below. Hence, in preferred embodiments of the

processes according to the present invention, the cells according to the invention comprise

20  nucleic acid encoding a glycosylation enzyme, preferably a sialyltransferase, such as alfa-2,6-
sialyltransferase, in expressible format, for instance under control of a heterologous promoter,
i.e. a promoter that is not the natural promoter of the gene encoding the glycosylation enzyme.
A suitable a-2,6-sialyltransferase is a human a-2,6-sialyltransferase, the sequence of which
was described by Grundmann et al, 1990.

25 In another preferred embodiment, the cells comprise nucleic acid encoding an alfa-
2,3-sialyltransferase, in expressible format, for instance under control of a heterologous
promoter. The alfa-2,3-sialyltransferase may for instance be a human o-2,3-sialyltransferase,
known as SIAT4C or STZ (Genbank accession number 1.23767, see also US patent
5,494,790).

30



15 when the ElA-expressing cells expressing the sialyltransferase are grown
in suspension in serumfree culture nedia according to the present
invention, a clear and significant increase in sialylation of the N|inked
gl ycans of a reconbinant protein that s expressed in these cells is
observed, as can be seen in exanple 3 below. Hence, in preferred enbodi nents
of the processes according to the present invention, the cells according to
the invention conprise 20 nucleic acid encoding a glycosylation enzyne,
preferably a sialyltransferase, such as alfa-2,6- sialyltransferase, in
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100, is that such structures may aid the protein in binding to certain

sel ecti¥s and proyrrexample, ervihiepaigiipEBOY piadugsdiin PER.Coeellspsdeserthed in WO
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conprise increased te sialylati’on i ncrease e se ife
Table 4). The methods described in the present invention provide the possibility to obtain

protein molecules comprising LewisX structures, and increased numbers of sialic acid
moieties attached to their sugar structures.

20 The invention therefore provides a composition comprising one or more isoforms of
an erythropoietin (EPO) comprising glycans linked thereto, wherein said glycans comprise on
average: a) at least 1 LewisX structure per EPO molecule, and b) at least 6 sialic acid moieties
per EPO molecule. A mixture of such isoforms can be obtained by producing EPO in PER.C6
cells that further overexpress a sialyltransferase, and which is cultured in suspension in

25  serum-free medium. Previously disclosed methods (WO 03/038100) for producing EPO in
PER.C6 cells lead to EPO that comprised LewisX structures but significantly lower amounts
of sialic acids (see entry 1 in Table 4). The composition is generally obtained as a mixture of
EPO isoforms, but the person skilled in the art could isolate the separate isoforms, as
described in US patent 5,856,298, in particular example 1 therein. In more preferred

30 embodiments, the composition comprises on average at least 7 sialic acid moieties per EPO

molecule, more preferably at least 8 sialic acid moieties per EPO molecule. The sialic acid



and hence effectiveness of the protein for certain therapeutic applications.
15 As an exanple, erythropoietin (EPO produced in PER C6 cells as descri bed
in WO 03/038100 conprises Lewi sX structures, but only a low level of sialic
acid (see exanple 8, Table 4). The nethods described in the present

i nvention provide the possibility t olbbt ai n protein nol ecul es conpri sing
Lew sX structures, and increased nunbers of sialic acid novieties attached
to their sugar structures. 20 The invention therefore provides a conposition
conprising one or nore isoforns of an erythropoietin (EPO conprising

gl ycans |inked thereto, wherein said glycans conprise on average: a) at
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conposition. In cértain enbodi nents, the E ol ecu e 1 nvention
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sialyltransferase and which are cultured in, suscﬁﬁ)ns_i on in serumfree nedi um
a conposi ti orSush cempysikigns san kesused to,further ity and-obtain svesmere eredereedabout

1.2-1,8 L&M@@ig&sgwg;é@gﬁ@eﬂn@m'&o&eﬁ ak 'iscsﬁﬁq,%%g:. A%e irﬁ@_ﬁ?id}ﬂbﬁr@fblr (see

entry 2 in ] certain 1o enbodi nents, invention therefore
provi des asaqwayides 2 ompositiop coraprisingoone o monviseforms of anrangthropoigtin FBAhr opoi et i n
(EPO Co@ogrllp%ls{ﬁg gg'chﬁ:s Hﬁ(&é rél‘% oq v&hréleerineéa?d g]%'a%g %&ﬂpl%saelo(ljl a%?égé":‘ Ql? at least 0.5

LewisX structure per EPO molecule, and b) at least 10 sialic acid moieties per EPO molecule.

Preferably, such compositions comprise on average at least 11 sialic acid moieties per EPO
20  molecule. It is shown herein that upon separation, EPO fractions can be obtained that
comprise on average about 0.6 LewisX structures and about 12.6 sialic acid moieties per EPO
molecule (see entry 3 in Table 4). In certain embodiments, the invention therefore provides a
composition comprising one or more isoforms of an erythropoietin (EPO) comprising glycans
linked thereto, wherein said glycans comprise on average: a) between 0.5 and 1 LewisX
25  structures per EPO molecule, and b) between 11 and 13 sialic acid moieties per EPO
molecule. For comparison, a commercially available EPO preparation analysed in the same
manner does not comprise LewisX structures and on average contained about 12.4 sialic acids
per EPO molecule (see entry 4 in Table 4).
The invention provides still more preferred compositions of EPO, which comprise on average
30 less than 1, preferably less than 0.5, more preferably less than 0.3 Lewis x structure, and in

preferred embodiments comprise no Lewis x structure (or at least below detection limits using



conprise on average: a) between 1 and 2 Lew sX structures per EPO nol ecul e,
and b) between 8 and 10 sialic acid noieties per EPO nol ecul e. Such
conpositions can be used to further purify and obtain even nore preferred 15
conpositions, having average sialic acid content that is still higher. The
invention therefore also provides a conposition conprising one or nore

i sof brms of an erythropoietin (EPO conprising glycans |inked thereto,
wherein said gl ycans conprise on average: a) at least 0.5 Lew sX structure
per EPO nol ecule, and b) at least 10 sialic acid noieties per EPO nol ecul e.
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embodiments these values are between 40% and 120%, preferably between 60% and 120%,
more preferably between 80% and 120%. It is thus possible to provide a spectrum of EPO

preparations with differing in vivo biological erythropoietic activity, and/or differing

20  pharmacokinetics. The lower erythropoietic forms (with relatively low sialic acid content)
may be suitably used for cytoprotective purposes, while the higher erythropoietic forms (with
relatively high sialic acid content) are suitable for both erythropoietic as well as for
cytoprotective purposes. For the latter purpose, the higher sialylated forms may
advantageously be used because of their increased half-life and improved pharmacokinetic

25  properties, while at the same time the erythropoietic activity may or may not be impaired. An
example of an EPO having impaired erythropoietic activity is an EPO mutein as described by
Leist et al (2004), e.g. EPO S100E or R103E, having no significant erythropoietic activity but
still being active in cytoprotection: such EPO could also be beneficially prepared according to
the methods disclosed herein, thereby improving the half-life after administration.

30 An erythropoietin preferably is human erythropoietin, a fragment of human
erythropoietin, or a mutein of human erythropoietin. Such an erythropoietin should preferably



i o The described EPO conpositions can be prepared according to the nethods
di scl osed herein, and it is possible according to the invention to obtain a
vari ety of EPO conpositions, which vary as to the extent of their in vivo

bi ol ogi cal activity, fromless than 10%to around 100% of the EPO BRP
standard or commercially avail abl e EFb preparations. In certain enbodi nents,
t he EPO t hus obtai ned has between 1% and 20% in vivo biol ogical activity as
nmeasured 15 according to the Pharnacopoi ea (PHEUR) standard nethod. In other
enbodi nents, preparations are obtained wherein these val ues are between 20%
and 40% and in yet other enbodinents these values are between 40% and 120%
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activity. Certain EPO mutants have also been found to have these properties (Lelst et al,
2004), such as EPO with a mutation of serine to glutamate at position 100 (EPO-S100E) and
20  EPO with a mutation of arginine to glutamate at position 103 (EPO-R103E). Lists of these
and other EPO mutants have been disclosed in WO 2004/003176, incorporated herein by

reference. All these modified EPO molecules and all these muteins are included within the
scope of an erythropoietin according to the present invention. In certain embodiments, EPO is
human EPO, which contains four carbohydrate chains. Three of these contain N-linkages to

25  asparagines, and one contains an Q-linkage to a serine residue. The importance of
glycosylation in the biological activity of EPO has been well documented (Delorme et al.
1992; Yamaguchi et al. 1991).

The EPO compositions described above can be obtained using the novel methods
30 disclosed herein. The invention therefore further provides a method for obtaining a

composition comprising one or more isoforms of an erythropoietin (EPO) comprising glycans



and WO 02/053580. The sequence of human erythropoietin is well known (e.qg.
US patent 5,441, 868; EP patent 0411678, cDNA: CGenbank accession nunber: M
1319). EPO nuteins, |o anal ogues, peptides, or fragnents binding the EPO
receptor and having sone kind of actividay associated with EPO have for

i nstance been described in US patents 5,457,089, 4,835,260, 5,767,078,

5, 856, 292, 4,703,008, 5,773,569, 5,830,851, 5,835,382, and international
publi cations WO 95/ 05465, WD 97/18318 and WD 98/ 18926, all incorporated by
reference for the purpose of disclosing EPO fragnents and EPO nuteins
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certain embodiments, less than 5%, and in certain embodiments none of the glycans in the
EPO preparations obtained comprise Lewis x structures. In other embodiments one of the
20  various EPO compositions described herein above is obtained.

Methods to purify and further fractionate EPO compositions, enriching for EPO that
on average has an increased sialic acid content per EPO molecule [step d) of the methods
according to the invention], are known to the person skilled in the art and include for instance
anion exchange chromatography, preparative iso-electric focusing (IEF), chromatofocusing,

25  affinity chromatography e.g. using lectins, capillary zone electrophoresis (CZE), etc.

As an additional advantage of engineering a cell line according to the invention, e.g.
by over-expression of a glycosyltransferase, the antennarity of the glycans present on the
proteins produced by the engineered cells is in general increased, i.e. in general there are more

30  tri- and tetra-antennary structures present. Further, the complexity (heterogeneity) of the

glycans on the proteins thus produced is generally reduced. This is advantageous because



het er ol ogous pronoter; b) culturing said cell in a serumfree culture medium
and allow expression of an EPOin said cell; c) harvesting the expressed
EPO fromsaid cell and/or from the culture nedium and d) purifying and
fractionating the EPOto obtain fractions which | o have an increased average
sialic acid content of the N-Iinked 6‘? ycans per EPO nolecule, to obtain a
conposition conprising one or nore isoforns of an EPO conprising gl ycans

| inked thereto wherein said glycans conprise on average at least 6 sialic
acids per EPO nolecule and fromO to 2 Lewis x structures. The said
sialyltransferase and said E1A protein are also expressed during the
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in glycosylation quality. In one aspect therefore a method is provided to increase the

robustness of a process for recombinant expression of a glycoprotein in a cell, the method

20  being characterized by over-expressing a sialyltransferase in said cell. In certain
embodiments, said cell is a cell expressing E1A of an adenovirus, such as a HER cell
expressing E1A, such as a PER.C6 cell. In certain embodiments, the glycosyltransferase is a
sialyltranferase, which in certain embodiments is chosen from an a-2,3-sialyltransferase and
an a-2,6-sialyltransferase. The sialyltransferase may be a human sialyltransferase, for instance

25  the human a-2,3-sialyltransferase known as SIAT4C or STZ (Genbank accession number
123767, see also US patent 5,494,790).

In addition, it is shown herein contrary to expectation, that a cell expressing E1A of an
adenovirus, such as a PER.C6 cell, producing a recombinant protein that normally comprises
30 inits glycans so-called LacdiNAc structures when expressed in such cells, can by over-

expression of an a-2,3-sialyltransferase be engineered such that high levels of sialylation on



by over-expressing a sialyltransferase in said cell. In certain enbodinents,
said cell is a cell expressing EIA of an adenovirus, such as a HER cell
expressing EI A such as a PER C6 cell. In certain enbodi nents, the

gl ycosyltransferase is a sialyltranferase, which in certain enbodinents is
chosen froman a-2, 3-sialyltransferase and an a-2, 6-sialyltransferase. The
io sialyltransferase may be a human sialyltransferase, for instance the
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structures least gO‘%,n gltl anlcl)r% r;larefr-:rably at least 80%. Most preferably, the decrease is such that the

resulting protein contains no detectable amount of LacdiNAc structures on its N-linked

20  glycans, using the methods described herein, e.g. on average in a MALDI-MS spectrum of the
N-linked glycans isolated from the protein no peaks with an intensity of 10% or higher
comprise a LacdiNAc structure. The sialyltransferase is preferably encoded by nucleic acid
encoding the a-2,3-sialyltransferase under control of a heterologous promoter, which nucleic
acid preferably is integrated into the genome of the cell. The sialyltransferase for this aspect

25  of the invention in certain embodiments is a human a-2,3-sialyltransferase, such as the one
known as SIAT4C or STZ (Genbank accession number L23767, see also US patent
5,494,790).

To illustrate the invention, the following examples are provided, not intended to limit

30 the scope of the invention.

EXAMPLES



therefore provides a nethod to decrease the average content of Lacdi NAc
structures and optionally increasing the average content of sialic acid on

proteins reconbinantly expressed in a cell, the nethod conprising
over-expressing an a-2,3-sialyltransferase in said cell. In certain
embodi ments, said cell is a eukaryot?t cell expressing EIA of an adenovirus,

such as a HER to cell expressing EIA such as a PER C6 cell. The

over -expression of the sialyltransferase can be brought about as descri bed
above. The over-expressing of the sialyltransferase is together wth the
expression of the protein of interest in said cell, during culturing the
cells as described above. The protein of interest is a protein that
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focusing. As can be observed from the results shown in Fig. 1, the sialic acid content of the

EPO produced in PER.C6 cells over-expressing the 02,6-sialyltransferase was higher than

that of EPO produced in the parental PER.C6 cell line in which the 02,6-sialyltransferase was

not over-expressed indicating that the over-expression of the 02,6-sialyltransferase results in

20 anincreased sialylation of the PER.C6-produced EPO.

Example 2. Increased level of galactosylation and fucosylation of EPO produced in
PER.C6 cells through the adaptation of the cells to growth in suspension in serum-free
medium

25 The stable PER.C6 cell line, PER.C6-022, producing EPO was used to assess the level
of galactosylation of EPO when the cells were cultured adherently (using methods described
in example 1) and when the cells were adapted to growth in serum-free medium. For the
latter, a procedure was developed to produce EPO in PER.C6 cells that were cultured in
suspension in serum free medium. The procedure is described below and was applied to

30 several EPO-producing PER.C6 cell lines. PER.C6-EPO-022 cells were used to produce EPO



sial yltransferase over-expressing PER C6 cell line, i.e., PER C6-EPO ST
clone 25-3.10 (see exanple 2 of WO 03/048348, incorporated by reference),
and in the parental cell |ine PERC6-EPO clone 25 not over-expressing the
a2,6-sialyltransferase. The cells wereyfirst cultured in T-flasks in DVEM +
10 MM Mgl 2 + 9% FBS. At the nonment that the cells were |o growmn to 60-70%
confl uency, the serum containing nediumwas replaced by DVEM + 10 mM Myd 2
wi t hout serum The culture was then continued at 37C and 10% CO2 for 3-4
days. The cul ture supernatant was thereafter harvested and EPO was purified
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EPO 23 wth N-1linked glycans structures that are typical for non-nodified
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DVEM + 9% FI%S, VPRO (JRH Biosciences), which supports the growth of PER.C6 cells to very high cell
densities (usually > 10’ cells/ml in a batch culture). For this purpose, the cells were first
cultured to > 1x10° cells/ml in Excell 525, then spun down for 5 min at 1000 rpm and
subsequently suspended in VPRO medium + 6 mM L-glutamine to a density of 1x10°
20  cells/ml. The cells were then cultured in a shaker flask for 7-10 days at 37°C, 5% CO; and
100 rpm. During this period, the cells grew to a density of > 10 cells/ml. The culture medium
was harvested after the cell viability started to decline. The cells were spun down for 5 min at
1000 rpm and the supernatant was used for the quantification and purification of EPO. The
concentration of EPO was determined using ELISA (R&D systems) and turned out to be
25 14,044 eU/ml for the EPO produced by PER.C6-EPO-022. Thereafter, EPO was purified by
affinity chromatography using an anti-EPO antibody as previously described (WO 03/038100,
incorporated by reference).
The composition of the N-linked glycans on EPO produced by PER.C6 cells was
analyzed using MALDI-MS. Therefore, glycoprotein samples were concentrated and buffer-
30 exchanged to 20 mM sodium phosphate (pH 7.2) using Millipore Microcon 10 concentrators,

obtaining a final concentration of approx. 1 pg/ul. Subsequently, the glycoprotein was



+ 10 nM MgC1l2 and thereafter washed with PBS and trypsinized according to
routine culture techniques. The cells were subsequently suspended in DVEM +
9% FBS + 10 mM Mg 2 and centrifuged for 5 mn. at 1000 rpmin a table
centrifuge. The supernatant was discarded and the cells were re-suspended
in the serumfree nedium Excel! 5252% 4 nML-Qutanine, io to a cell
density of 0.3x106 cells/m. A 25 m cell suspension was put in a 250 n
shaker flask and shaken at 100 rpmat 37C at 5% CO2. After reaching a cell
density of ? 1x106 cells/m, the cells were sub-cultured. Therefore, the
cells were spun down for 5 mn at 1000 rpmand suspended in fresh Excell
525 + 4 ndipdsted wittePINGasetl) whichetleasdethe IN-linkeidd glycansoandGhSsahfjies weart irelivdtedand
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To obtain more insight in the differences in glycosylation under the different cell

culture conditions, glycan compositions and carbohydrate structures were assigned to the

20  peaks observed in the mass spectra using the GlycoMod software
(www.expasy.ch/tools/glycomod). This software basically predicts the number of N-acetyl-
hexosamines (HexNAc), Hexoses (Hex), and deoxyhexoses (dHex) that are part of a glycan
structure with any particular, observed mass. Using this method, complex type carbohydrate
compositions could be accurately assigned to all peaks with an intensity of > 10%. There were

25  no indications that any of the peaks with an intensity of > 10% contained phosphate or
sulphate. To further predict the structure of the carbohydrates it was assumed that the N-
linked sugars all contained a basic core structure of two HexNAcs (2 x GlcNAc), three
hexoses (3 x mannose) and one dHex (1 x fucose). This assumption was based the generally
known fucosylated core-structure of complex type N-linked sugars (Varki et al., 1999) and on

30  sequence data of the N-glycans on PER.C6-produced EPO as described in WO 03/038100
(incorporated by reference), which confirmed that essentially all N-linked glycans on



performed on an Applied Biosystens Voyager DE Pro nmass spectroneter in the
reflector 5 node; 2,5-di hydroxybenzoic acid was used as a matrix (DHB, 10
ng/mM in 50/50/0.1 acetonitrile/water/ trifluoroacetic acid). Spectra
obtained with the above-descri bed procegdures were snoot hed using the
functions and paranmeters in the Data Explorer software. First, a baseline
correction was perforned on the spectra using the advanced basel i ne
correction too] (peak width 32, io flexibility 0.5, degree 0.1). After this
step, the function Noise Renoval (std dev to renbve = 2) was used to reduce
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1999) and on SOeE%%%g{rfl](&:ﬂeé aﬁ%{gadeg%mtéhe l‘\‘ﬁy g%%lﬁéﬁgﬁee&%g%g@progg@égs ﬁé’@aas
descri bed i to alMpeflS/ Wil 0% inftensitg presemtie the myass gfeeti2 Mhe yelativieipedk lodghts wered t hat
essentially all N J]inked glycans on 25 PER C6-prodyced EPO contain a
f ucosyl at ed® §ﬁq8e1§{yr‘ﬁﬁ‘ﬁ9r‘gf‘en?ﬂ’é theelatiye B‘P"PF@%"G(S’E therdifteresy glycan species.

Because the number of Gal residues, which are involved in GIcNAc-Gal (LacNAc) structures,

can be deduced from the putative glycan structures it was possible to calculate the average
number of Gal residues per N-linked glycan (EPO contains 3 N-linked glycans, and hence the

20  number obtained can be multiplied by 3 to obtain the average number of such residues per
EPO molecule) present on PER.C6-EPO (see Table 1). Table 1 shows that the average
number of Gal residues was significantly higher in EPO that was produced in cells that had
been adapted for growth in suspension in serum-free medium (VPRO(S)) than in cells that
had been grown adherently in the presence of serum (DMEM). It can therefore be concluded

25  that the level of galactosylation is significantly increased by adaptation and growth of the
cells in suspension and in serum-free medium. Table 1 shows that the average number of
GalNAc residues, which are involved in GIcNAc-GalNAc (LacdiNAc) structures, was not
much affected by changing the culture conditions. Yet, the average number of putative o1,3-
linked fucose, which forms the so-called Lewis x structure, was significantly increased in

30 cells that had been adapted and cultured in suspension and in serum-free medium. This could

be explained, in part, by the fact that galactosylation is increased under these conditions,



produced FPO (see for exanple Fig. 2) showed that all sugar species observed
have a bigger nass than one that corresponds to a fucosylated core only.
The N-glycans of the PER C6- produced EPO therefore contain in addition to
this fucosylated core structure other HexNAc 5 and/or Hex and/or dHex

resi dues. These residues formthe ant®nnae of the conplex N-linked sugars.
It was assuned that any additional dHex residue would be an al, 3-1inked
fucose, that any additional Hex residue would be a gal actose, and that any
additional dHex residue would be either A cNAc or Gal NAc. This assunption
was made on the basis of the generally known structures of conplex type

N1 i nked whighimsturmadsulisyn the foredatiom ofunorelGloNA c-Gal bexjuéndas to whith an a1,8¢, 1999),
on the seguence data_of the N-glycans on PER C6-produced EPO as described in
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i nvol ved in GLcNAc- Gal NAc (Lacdi NAc) structures, was not nuch affected by
changing the culture conditions. Yet, the average nunber of putative al, 3-
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serum-free medium would be beneficial in obtaining a higher level of sialylation in cells that

over-express the 02,6-sialyltransferase because the increased galactosylation results in the
20  formation of more GlcNAc-Gal structures to which a sialic acid can be linked. Therefore,
PER.C6-EPO clone 25-3.10 was adapted to suspension culture in serum-free medium and
EPO was produced in VPRO medium as described in example 2.
The sialic acid content of EPO was analyzed using iso-electric focusing, which was
performed essentially as described in WO 03/038100. Instead of visualizing EPO using
25  Western blot analysis, EPO was stained with colloidal blue (Novex). The bands represent
EPO isoforms containing different amounts of sialic acids per EPO molecule. The sialic acid
content of EPO produced in PER.C6 cells that over-expressed the o2,6-sialyltransferase was
compared to that of Eprex and to EPO produced by PER.C6 cells that do not over-express the
sialyltransferase (Fig. 3). The results demonstrate that EPO produced in PER.C6 cells over-
30  expressing the rat alpha 2,6 sialyltransferase contained significantly more sialic acids than
EPO produced in PER.C6 that do not over-express the sialyltransferase. In particular, the



26 which in turn results in the formation of nore G cNAc- Gal sequences to
whi ch an al, 3- |inked fucose can be added. Another structure to which an
(xI,3-1inked fucose can be added is GG cNAc-Gal NAc (Lacdi NAc). However, the
i ncreased al, 3-fucosyl ati on does not segemto be due to an increased
occurrence of Lacdi NAc structures because the average nunber of 5 Gal NAc
resi dues was not nuch affected by changing the culture conditions. The
average nunber of Gal + GalNAc residues corresponds to the average nunber of
LacNAc and Lacdi NAc structures to which an al, 3-1inked fucose can

potentiall yp. + Gal NAc
(part of Lac@(’g@gﬁgﬂidagqpﬁﬁf tﬂgagg‘l[ S)rr%g Mﬁﬁgre%(%e ‘8@% %egér;ilgge‘d lgfth eLeV\(A) S X
struct ur es prspaatioardetrinalirgra PERTEH¢ells byer-axpreesmig the sialylmsfefasel etlerelsatheseor e

than twi ce as_nuch of the avail abl.e Gal | NAG r i ol ve in a
Low's ot r BUPTPCATR HRderFeREeseaied & sivenigh B o preaudst i i P CE el e
medi um t hanyitNdie Bvdre¥ré&sSibh of WR'sRl féf&@) AGNBraBPdared that thdGalRy a%ﬁled&ﬁf%npéf
serum This indicates that the al, 3)fucosylation is increased in cells

t hat ar e cuERQ udeldqurfrosmBE%@rE)Pm clone @+ ¥ Heprodused imVPRO (intherplls tipt h&‘@vel of
sialylatio u e h S %

sialylt rang?égﬁgéa rtedhtg gf%a arug&%S rg%uﬁ#e sﬁlée& @lhgg {ﬁ#ﬁ grs%ag%&%dfcro Iétgmmedl um
W reaso nedthmlnEPOtdbﬁvddrmdm dradmt eslElinaut gol sdaptod 10 seiundfreé ediumpesape

cultures i _seru m woul e. bepeficial in_obtaining a higher
| evel of si 3)11‘5% ‘gcqt??égatq’é? Qé&’ﬁp@%mcﬁéwglz‘n@“%e%? PSS or ase

because th I I re
GLoNAC- Gl e%%%%‘?ﬁ*?%éd?%ﬁ R ST R Tk s e Bk T
PER. C6- BEPO levalnésidlylaBiodl0 was adapted to suspension cuI ture in serumfree
medi um and EPO was produced in VPRO nedi um as described in exanple 2. The
sialic acid content of FPO was anal yzed using iso-electric focusing, which
was  perf orﬁﬁﬂn@@ ACThe a&ér;exafesﬂsﬁ Gf o286 dialykr¥E3rEAORHER.Co RAs ?@dlwﬁl a

vi sual i zi ng using 25 Western bl ot anal ysis, EPO was stained with

col | oi dal bredactiddonfaxd), fu‘Ehsylatmnds represent EPO i sof br ms cont ai ni ng

di f ferent anount f sialic acids EPO mal ec cid content
of FPO produced FROMERPE§UCEITR & SeTHipe e urneaR ph dingijof g6 St rahsfirasé over

az, 6-si ad yl LpARSHEEARS VAR COHPR.SF 253 1f0Q%f1s £Hd ﬁ%séreﬁtaﬁce‘ll%EBQ c%flduced by
PER. C6 cells that do not over-express the sialyltransferase (Fig. 3). The
resul ts denewpsissing Shetstedyltrap®rasedo PFER. CHrEPORIES 25etol apalyvethe 8ectugfithseveng t he
rat alpha 2,8:igh ot 0% SRR En ARk MRS St it SPERY,. TR Foctitbd for 21 IS

production and analysis of the N-linked glycans were as described in example 2.
The glycan analysis (Table 2) showed that EPO produced by the 0:2,6-

20 sialyltransferase over-expressing cells on average contained 0.4-0.6 Lewis x structures per N-
linked glycan whereas the EPO produced by the parental cell line, in which the
sialyltransferase was not over-expressed contained 0.9 Lewis x structures per N-linked
glycan. This shows that the over-expression of the sialyltransferase caused a reduction of the
o1,3 fucosylation. This suggests that the fucosyltransferases responsible for the addition of

25  al,3-linked fucoses compete with the sialyltransferase(s) to modify the terminal GlcNAc-Gal
and GIlcNAc-GalNAc sequences.

Example 5. Over-expression of 12,6 sialyltransferase results in a high sialic acid content
per N-linked glycan

30 In order to determine the effect of the over-expression of the (2,6-sialyltransferase on
the sialylation of the individual N-linked sugars of the PER.C6-produced EPO (PER.C6-



EPO produced in PER C6 that do not over-express the sialyltransferase. In
particular, the 27 highly sialylated FPO isoforns that are present in Fprex
are wel |l represented in the FPO preparation derived fromPER C6 cells
over-expressing the sialyltransferase whereas these isoforns are

under-repr esented or absent in the EP® produced in ordinary PER C6 cells
(i.e. wthout overexpression of the sialyltransferase). It al so appeared
that the sialic acid content of 5 EPO derived from PER C6- EPO ST cl one
25-3.10 produced in VPRO (in the cells that have been adapted to growmh in
suspension in serumfree nedium has a higher sialic acid content than FPO
derived f E8Q),tthesislanaidaintent ofithe Nilinkad sugadiaqf tPER. (E@EE@rmrﬁméterededi um
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N-1i nked glycan” 30 In order to determ ne the ef e over-expression
of thes0, &akr whshies (i af)eand slsiedin a Speed Vac centrifuge at room temperature prior to

analysis.
The AA labeled glycans were separated on an HPLC using a weak anion exchange
column (Vydac, 301 VHP575P) with a binary gradient of A (20% Acetonitrile in water) and B
(500 mM Ammonium Acetate pH 5.0, 20% Acetonitrile) at a flow rate of 0.4 ml/min. Using
20  this method, the non-, mono-, bi-, tri- and tetra-sialylated glycans were separated, which have
been confirmed with known oligosaccharide standards such as NA2, A1, A2[F], A3 and A4F
(Glyko Inc., Oxford GlycoSciences, amd Dextra-Labs).
The results in Fig. 4 show that the N-linked sugars of EPO produced in 0:2,6-
sialyltransferase over-expressing PER.C6 cells contained significantly more sialic acids that
25  the N-linked sugars of EPO produced in PER.C6 cells that do not over-express the 0.2,6-
sialyltransferase. This demonstrates that the over-expression of the 02,6 sialyltransferase
results in the production of N-linked sugars with a greater sialic acid content than when the

02,6-sialyltransferase is not over-expressed.

30 Example 6. Isolation of highly sialylated PER.C6-EPO by ion-exchange chromatography



the sialylation of the individual N-Iinked sugars of the PER C6-produced EPO
(PER. C6 28 EPO), the sialic acid content of the N-Iinked sugars of

PER. C6- EPO was nonitored. Therefore, the N-|inked sugars of PER C6- EPO were
separated on charge in order to distigguish between sugars containing 0, 1,
2, 3, or 4 sialic acids. To do so, PER C6-FPO sanples derived fromcells
that do or do not over-express the 5 a2,6- sialyltransferase were
concentrated and buffer-exchanged to 20 nM sodi um phosphate (pH 7.2) using
M I 1lipore Mcrocon 10 concentrators to a concentration of approx. 0.25 - 0.5
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Fig. 5 shows the sialic acid content of fractionated and non-fractionated PER.C6-EPO.
The results show that the fractionation procedure resulted in the purification and enrichment
of the highly sialylated EPO molecules.

Fig. 6 shows the MALDI-MS spectrum of the highly sialylated PER.C6-EPO fraction

20  that was de-sialylated for the mass spectrometry analysis.

The interpretation of the spectrum based on the assumptions described in example 2
revealed that the fractionated, highly sialylated PER.C6-EPO preparation contained
predominantly tetra-antennary, fully galactosylated N-linked sugars.

The quantification of the average number of Gal, GalNac, and Lewis x structures per

25  N-linked glycan revealed that the fractionated EPO molecules contained a higher average
number of Gal residues but a lower average number of GalNAc¢ and Lewis x structures that
the total pool of EPO molecules from which they originated (see Table 3). This shows that
EPO molecules with an increased number of Gal residues and a reduced number of GalNAc
and Lewis x residues can be selected when highly sialylated EPO molecules are fractionated

30 and enriched on the basis of their charge using ion-exchange chromatography.



30 Exanple 6. Isolation of highly sialylated PERC6- EPO by ion-exchange
chromat ography 29 The isolation of highly sialylated TWO produced by PER. C6
i s based on ion-exchange (in particular, anion exchange) chromatography
during which the highly sialylated EPO nol ecul es are separated fromthe

| ess sialylated nolecules. First, EP& produced by PER C6- EPO ST O one
25-3.10 cells according to the nethods described in Exanple 3 was purified 5
by affinity chromatography using the EPO specific E 14 nonocl onal anti body
as described in WD 03/038100. In this step, EPO was eluted with 0.1 M
glycine-HCl, pH 2.7, which was imediately neutralized by addi ng potassi um
phosphat eEkarhpler7. EpythBogbietitiaetiviey of highly sialflated PERE6tERO eaf t er exchanged
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Gal NAc  commercially available EPO-specific R&D Elisa Kit. All EPO preparations are diluted to the

proper concentration in PBS/0.05% Tween 80 in a total volume of 500 pl. At day 3, 250 pl of

EDTA blood is sampled by tongue puncture. On the same day, the percentage of reticulocytes

in the total red blood cell population is determined.

20 Alternatively, the erythropoietic activity is measured in the in vivo bioassay in
Normocythaemic mouse according to European Pharmacopoeia (PHEUR 01/2002:1316) (see

example 13).

Example 8. Determination of sialic acid content of PER.C6 produced EPO by iso-electric
25 focusing and densitometric analysis
The sialic acid content of various samples of affinity purified, PER.C6-produced EPO
was analyzed using iso-electric focusing, which was performed on an IsoGel agarose IEF
plate (Cambrex) soaked in an ampholyte solution pH 3-10 containing 8 M urea. The EPO
bands were visualized with colloidal blue (Novex). As indicated in Fig. 7, the bands represent
30  EPO isoforms containing different numbers of sialic acids per EPO molecule. The relative



and Lewi s x residues can be sel ected when highly sialylated FPO nol ecul es
are fractionated 30 and enriched on the basis of their charge using

i on- exchange chromat ography. 30 Exanple 7. Erythropoietiic activity of

hi ghly sialyl ated PER C6- EPO To show tfjat the increase in sialic acid
content of PER C6-EPO results in an increased erythropoietic activity, the
erythropoietic activity of the highly sialylated PER C6- EPO such as
produced according to Exanple 4 is studied in rats. The potential of

reconmbi nant human s EPO to stinulate the production of red blood cells can

be noni t or g ngeet al.
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Example 9. Construction of the EPO-ST3 expression vector
In order to construct an expression vector for the simultaneous expression of EPO and
20  02,3-sialyltransferase, the EPO coding sequence was amplified by PCR (forward primer: 5°-
CCAGGCGCGCCACCATGGGGGTGCACGAATGTCC-3’ (SEQ. ID. NO. 1), reverse
primer: 5’- CCGGGTTAACTCATCTGTCCCCTGTCCTGC-3’ (SEQ. ID. NO. 2)). The
resulting PCR fragment was digested with Ascl and Hpal and inserted into the same
restriction sites of expression plasmid pcDNA3002Neo, resulting in the vector pCP-EPO (Fig.
25  8A). The human ¢2,3-sialyltransferase coding sequence (gene named SIAT4C or STZ;
GenBank accession no. 123767, see also US patent 5,494,790) was amplified by PCR
(forward primer: 5’-GGACTAGTGGATCCGCCACCATG-3’ (SEQ. ID. NO. 3), reverse
primer: 5’-GCTCTAGATCAGAAGGACGTGAGGTTCTTG-3’ (SEQ. ID. NO. 4)), digested
with BamHI and Xbal and inserted into the BamHI and Nhel site of pCP-EPO. The resulting
30  vector was named pEPO-ST3 (Fig. 8B).

Example 10. Transient expression of pEPO-ST3 in PER.C6 cells



bands were visualized with colloidal blue (Novex). As indicated in Fig. 7,
the bands represent 30 EPO isoforns containing different nunbers of sialic
aci ds per EPO nolecule. The relative 31 anount for each isoformwas

determ ned using densitonetric analysis of the bands. The average nunber of
sialic acid residues per EPO nol ecul € was cal cul ated using the fornula: E
(A.-*n) n=0-155 A =relative anount of each isoformn = isoform

nunber (correspondi ng to the nunmber of sialic acid residues per EPO nol ecul e)
Using this nethod, the average sialic acid content of EPO produced by the

cl one PER C6- EPO 022 (as described in exanmple 2), and of EPO produced by
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Th | ti PCR t di ted, with i ted
Tnto ithe cometrabn of e Brafrulild sy dolioied by Suftont BhedBboReo.
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a2, 3-sialyltransferase codi ng sequénce "(gene nane ATAC or "STZ; GenBank

accessi onseperate|thaFBQ isoferms £FigoUB waa ifeund that PER GOe)ls,icansigntly franséegtedy PCR

(forward pri KRl zno W g‘zéaa indr& N‘; , reverse
primer: 5&&%&3@%‘%@” %%1 1§ lﬁgpl'g . 4315%}‘ di gest ed
w t h Bam sialglationdas compated tsthé t@rirol cdnstriidd @CBHRO, avtdciNaels the &&30f pCP- EPO. The
resultin
15 gsialyliransferase). This demonstrates that, like for an a-2,6-sialyltransferase, also the co-
expression of an 0.2,3-sialyltransferase can be used to increase the sialylation level of EPO

produced in PER.C6 cells.

' Example 11, Stable expression of pEPO-ST3 in PER.C6 cells
20 Transfection, isolation and screening of parental clones
PER.C6 clones producing highly sialylated erythropoietin (EPO) were generated by
expressing human EPO and human «-2,3 sialyltransferase from a single plasmid pEPO-ST3
(see example 9). To obtain stable clones we performed a lipofectAMINE based transfection
with construct pEPO-ST3. Stable clones were selected in DMEM (Gibco) supplemented with
25  10% Fetal Bovine Serum containing the selection agent Geneticin® (final concentration 0.5
mg/ml). Three weeks after initiation of the transfection procedure, Geneticin®-resistant clones
grew out. A total of 479 clones were selected for isolation. The isolated clones were cultured
in selection medium, until 70-90 % confluency in 96-well plates. During the passage from 96-
well plates to 24-well plates, supernatant were harvested and stored at 2-8°C until screening.
30  The supernatants of 346 clones were screened for EPO production using an EPO specific
ELISA (Quantikine®IVD®; Human Epo Immunoassay, manufacturers protocol). Expression



30 vector was naned pEPO ST3 (Fig. 8B). Exanple 10. Transient expression of
PEPO- ST3 in PER C6 cells 32 The day before transfection, PER C6 cells were
seeded in T175 culture flasks at a density of 35 mllion cells / flask and
cultured in DVEM containing 10 nM MyG32 and 9% fetal bovine serum at 37 C
and 10% CO2. Transfection was carried out wwth 28 g pEPO- ST3 (see exanple
9, Fig. 8B) or pCP-EPO (as a control; see exanple 9, Fig. 8A) per flask, s
usi ng Li pofectam ne (G bco) according to the manufacturers instructions,

usi ng techniques well known to persons skilled in the art. Three or four
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clones has significantly improved sialylation (i.e. on average more EPO isoforms with high

numbers of sialic acids) compared to EPO produced without over-expression of a-2,3-

sialyltransferase (e.g. lanes 2, 3 and in particular 13 and 14). Clearly, a screening of several
20  clones is sufficient to identify clones with the desired increased level of sialylation.

In conclusion, co-expression of human EPO and human a-2,3-sialyltransferase from a single

plasmid results in clones with increased levels of sialylation of the EPO molecules as

compared to clones expressing EPO only.

25 Example 12. Stable expression in serum free medium of EPO in PER.C6 cells over-
expressing sialyltransferase: production and quality
2,6 EPO and 2,3 EPO production in stably transfected PER.C6 cells.
In this example, EPO was recombinantly produced in stably transfected PER.C6 cells over-
expressing a sialyltransferase (either a-2,6-sialyltransferase or a-2,3-sialyltransferase, see
30  examples above; such cells are referred to as PER.C6-ST cells) in serum-free suspension
cultures. The EPO preparations produced are referred to as 2,6 EPO and 2,3 EPO,



wel |l plates to 24-well plates, supernatant were harvested and stored at 2-8C
until screening. 30 The supernatants of 346 clones were screened for EPO
production using an EPO specific ELISA (Quantikine IVD(r): Hunman Epo

| munoassay, nenufacturers protocol)., Expression 33 |evels between clones
were found to vary between background | evels and nore than 400 eU nl/day.
The 15% hi ghest ranked clones and 15% of randomy sel ected clones (of clones
produci ng nore than 50eU/ m /day but |ess than the 15% hi ghest producers)
were selected for sub-culturing resulting in a total of 103 clones. During

t he cell expansion phase, a parall culture of the selected cl ones was
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In this exanple, EPO recombinantly produced in stably transfected PER C6
cells Ovepseﬁpas ?noc um %\? 31e batc]cl) productpons.y P y

Alternatively, the inoculum was prepared in Mab medium. In this case, the cells precultured

in Mab medium were subcultured by centrifugation, and seeded at a target cell density of 0.2-
0.3*10° viable cells/mL in shake flasks or in bioreactors, containing Mab medium. Shake

20 flask cultures were maintained in a humidified incubator on orbital shake plateaus (37°C, 5%
CO,, 100 RPM). Bioreactor settings were as follows: temperature was maintained at 37°C,
dissolved oxygen concentration (dO,) was controlled at 50% of air saturation by O, sparging
and culture pH at inoculation was controlled below 7.3 by CO, addition in the headspace. No
low limit pH control was operated. After 2-3 days of incubation, the cultures were used as

25  inoculum for the batch productions.

Production in batch process: Batch cultures in VPRO medium were initiated by diluting the
inoculum prepared in VPRO medium into fresh VPRO medium, or by a complete medium
exchange to VPRO medium by centrifugation in case the inoculum had been prepared in Mab
30  medium. Batch cultures were started at a target seeding density of 0.2-0.4 *10° viable
cells/mL in shake flasks or bioreactors. Shake flask cultures were maintained in a humidified



expressing a sialyltransferase (either a-2,6-sialyltransferase or
a-2,3-sialyltransferase, see 30 exanples above; such cells are referred to
as PER C6-ST cells) in serumfree suspension cultures. The EPO preparations
produced are referred to as 2,6 EPO amd 2,3 FPO 34 respectively, while FPO
produced in PER C6 cells that do not over-express sialyltransferase is
referred to as PER C6-EPO. Preculture: Anpoul es containing cryopreserved
PER. C6- ST cel |l s producing EPO were 5 thawed into Erl enneyer shake fl asks
contai ning Mab nmedi um Shake flask cultures were maintained in a humdified

| noubat or_ afuBibh e AIAKAHALRR(ErC IHECE M. MorBMr setibiPhiheds 3 days,

cells were subcultured with a conpl ete medi um exchange by centfifugation.
The tar get fgléwmr tﬂgnpd@ﬁyewsmmn@amﬂd ah 386 a diesahead axygencopeentrgion/(dgh) wascel | s/ .
io Prepar atl f RS

prepare |nocu tﬂ@cﬁ “%?%‘%:D? ;r%%ﬂéaﬁguﬁg%ﬁﬁg%?%égf@ﬁipm medi um
PER. C6- ST Ccehﬁcﬂledfbﬁlbwsm thBE’@idmdsmuhé haradsj)acea N\zﬂbwrliﬂdt pihcottod was bpathtedir ed
by centrifugation, and a conplete nedium exchange to VPRO nmedi um was
performéd. The target seeding cell density was 0.4-0.6* 106 viable

cell s/, gpaveap@tfulel SFFER oldif @e’ils\é@{réss{&'m‘(ﬁw&%%fv@st@d Mb@hj Al tHenCUbat or
on orbltal 15 shake pl ateaus (3 100 RPM). After 3 days of

i ncubat i on,maximurg wiablercel demsity hadibesn raas:hedq @mnalimbemeen A drys aﬁterpmb@tmtqfons

Alternativ t.he.i no ar dium, ln this.c t he
cells pr ecﬁ*"%l?ﬁm@aculwﬁs qﬁzﬂdl??@g?hﬁﬁ% R §ﬁ": "F@lﬁﬁf gge ran%etgrﬁ’?rofu%iﬁw %ﬁ% and
seeded at a00@foJEI00C ELISAIBRES/inY. (@fEUDS&Unﬁl (30) ddifespundbiochetiedeniboilt 5i 10 ke
flasks or in bioreactor cont ai nj ng gedl um Shake 20 flask cultures
were mant Aepradentonshegell EPF:f‘P%ﬁpeFlrﬁG&B)&lP dhe tyreigmathake pl at eaus (37C, 5%
CO2, 100 RPM . Bioreactor settings were as follows: tenperature was

mai ntai ned at 37C, dissolved oxygen concentration (d02) was controlled at
50% of ai r Heavestefihaeriddy 02 sparging and cuI ture pH at inocul ation was

control |l ed low 7.3 b dit' n, | ead

control vvasé) glf)gvr VRS °X¥?§S¥n2 ({/QDaE)C:‘hrh g’fmg%g) Cfecenm(%? 4 &{Va Béﬂrgefopged as
25 i nocul unmihotes {HezadagtMbltifige)] folldvasdsh d?mmbaﬁbn over iardispasable qvase eRsificdtdinCh
cul tures in VPRO mediumwere initiated by diluting the inocuylum grep,ared in

VPRO nmedi urfitieh(Milipeten Clorerdrntisl Xr Hyrm) een Siseosselai v Ugo
VPRO nedi Urg.R¥pdr€81d.8/0493ki)on i n case the inocul umhad been prepared in Mab

el

Purification and anion exchange:
EPO was purified from the filtrated batches on a 90 ml CV mouse monoclonal anti-EPO

20  (IgG1) bound to CNBr-activated Sepharose 4B (Amersham Biotech) column with a flow rate
of 5 ml/min. Elution and fractionation by anion exchange was done as described in example 6.
All fractionated and non-fractionated materials were transferred to Standard Storage Buffer
(0.03% Tween 80, 0.5 % Glycine in PBS pH7.4) by means of buffer exchange with a size
exclusion column (HiPrep 26/10). After Buffer Exchange the samples were sterile filtered

25  over a 0.2 pum filter (Pall, Acrodisc PN4908).

Source 15Q fractionation:
Purified material was buffer exchanged using a Hiprep 26/10 desalting column (GE
Healthcare) to 20 mM Tris / 20 uM CuSO, pH 8.0. After loading the Source 15Q column

30  (Amersham) was washed with 20 mM Tris / 20 uM CuSO4 50 mM NaCl pH 6.0, followed by
elution with increasing amounts of (1M) NaCl in 20 mM Tris / 20 uM CuSO4 pH 6.0. Step



30 nedium Batch cultures were started at a target seeding density of
0.2-0.4 *106 viable <cells/nL in shake flasks or bioreactors. Shake fl ask
cultures were maintained in a humdified 35 incubator on orbital shake

pl ateaus (37C, 5% CO2, 100 RPM). Bioreactor settings were as follows:
tenperature was nai ntai ned at 37C, di*$sol ved oxygen concentration (dO2) was
controlled at 50% of air saturation by 02 sparging and culture pH at

i nocul ation was controlled below 7.3 by CO2 addition in the headspace. No
low limt pH control was operated. 5 Harvest: Cultures of PER C6-ST cells
expressi ng EPO were harvested at one day after the maxi num viable cell
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di sposabl e coarse clariTication 15 filter (MIlipore, Carigard Opticap XL,

3 m and a dlsposable fine filter (Sartorius, Sartopore 2, 0.8/0.45 m.
Purifi cawnﬂ L.on exchange: EPO was purified fromthe filtrated batches
on a 90 e rmnocl onal anti-EPO 20 (1gd@) bound to CNBr-activated
Sephar os eTKHﬂVI(AAITHrspmmd?oﬁﬁ,EEP()) (swe[Figm 1 yvwhs madef dnd\wnilpded acarding i0d thei n.
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means of buffer exchange with a size exclusion colum (H Prep 26/10). After
Buf f er Extsheakskthati?e3 EBY petgme\ml@lvsbfemme@f fri-land mm @&nuwrsusars)asxompmeﬂt er
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15 sialyltransferase resulted in a virtually complete inhibition of a-1,3-fucosylation. Furthermore,
whereas PER.C6-EPO was found to contain a high amount of bi-antennary fucosylated
LacdiNAc structures (with a m/z value of 2185.05, see example 2), these structures were
virtually absent in 2,3 EPO. This shows that the over-expression of a a-2,3-sialyltransferase
results in the inhibition of the formation of LacdiNAc structures.
20
Analysis of fractionated 2,3 EPO and 2,6 EPO
Analysis by SDS-PAGE demonstrated a slightly lower apparent molecular mass as compared
to commercially available EPO (Eprex™™), which difference disappeared upon removal of the
N-linked glycans by PNGaseF. In addition analysis by size exclusion chromatography (HP-
25  SEC) showed a slightly increased retention time of 2,6 EPO and 2,3 EPO as compared to
Eprex, which difference disappeared upon removal of N-linked glycans. MALDI spectra were
prepared according to the method described in example 2. No Lewis X containing peaks were
observed with an intensity of > 10% in 2,3 EPO, in contrast to 2,6 EPO and PER.C6 EPO. No
lactosamine repeat containing peaks were detected with an intensity of > 10% in 2,3 EPO and
30 2,6 EPO.



elution with increasing anounts of (1M NaCl in 20 MM Tris / 20 M CuSO4 pH
6.0. Step 36 gradients of 5 -15% 15 -25% 25 - 30 9% 30-50% and 50-100%
were used. Fractions eluting at 250 - 300 mM NaCl were pool ed. The sialic
acid content of the fractions of EPO 3mas anal yzed using | EF as described in
exanple 3. After analysis fractions were pooled. The 2,6 EPO thus obtained
had an average sialic acid content of 12.1, and the 2,3 EPO thus 5 obtai ned
had an average sialic acid content of 12.7. MALD analysis: The MALDI
spectrum of 2,3 EPO (see Fig. 11) was nade and anal ysed according to the

met hods degg @l‘ 5 shows sone characteristics of the
N-1i nked sz@i%ﬂ_%;«ﬁ&gl&’% E%% conpared to those of PER C6- EPO. The

anal ysi s ofPERI{e6 EPOl(aﬂmddma@w@R €6 ecllsomt Om{exm;eﬁnﬁinldmmamfmsermlsaumvel y
nore of tri tetr nnar uga EPO. Thi s
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could not be detected in 2,3 EPO which denpnstrates that t

over - expr edestedbysreasyrmgahocapacity tg simplaterthnpmolifezationof UT-{ eallsiimcomparisenial | v

conpl ete i ppPRRP f HGas VP 5 @ - EPO
was found to cont Qﬂ)@ of e&ﬁ%gr?ounf @E@@gﬁgn%{% ucc())sy at ed %ac i NAc

st ruct ur es hadw tdative tpbwncoadﬁf@ 629 @88%0fespestiecl pasoupipared)to EPOEBRP suggestingr es
were virt abs i.n 2 This shows that the over-expression of a
a- 2, 3-si al ﬂ%‘%ﬁ%@éﬁtgsoétheﬂ&%}cfggrﬂ B KH% nhibition of the formation of

Lacdi NAc structures. 20 Analysis of fracti onat ed 2,3 EPO and 2,6 EPO

Anal ysi s by SDS- PAGE denbnstrated a sl IP%; | ower__appar ent mol ecul ar nass
as conpdr edhe fryvivgbiplogicakactiyituotRER60 E X FRP, ang PERLCG12.6 ERQowiase

di sappeare &}é,ﬁge @@%ED addi tion
anal ysi s bsesgépglgﬂ%gkgwgg%ggésc ?ﬁt%%tNggiraa ‘?'—C(ylgﬁg@ég% showed a slightly

i ncreased Pharsrcomeiat(PHREUR 01222HB )aAd sihyvd inA@bRS, terip aive detivity oEPEBXG6 whi ch
differ encegg,'psa ear eﬁi]F on.r nnyab of lif?% I czﬁ,; %IBI%]@\HS eé:ézro/a wer e
prepared a ‘ﬁ%ﬁ& ™ ﬁgtewﬁgﬁ YRy ' gﬂ%f 3 an g’a

cont ai ni ng opﬂﬂkcsf B BRPGRE&GENCR Gtanlldrl). ThHe Flﬁurﬁaa&lddétl@é‘ ofthesd PféphratighsIvdre 1 N
contrast to 2,6 EPO and PER C6 EPOQ No act osam ne repeat containing peaks

vere défectisg wﬁltﬂw igivorcyity, intherthe curges,fpi?,3 EBOpnd) 2 fgPO were in between
those of PER.C6 EPO (lowest curve) and EPO BRP (highest curve), the 2,3 EPO having a

longer half-life (and larger area under the curve) than the 2,6 EPO (not shown).
Clearly, the EPO produced in PER.C6 cells that over-express an a-2,6-sialyltransferase or an
a-2,3-sialyltransferase has a strongly increased in vivo biological activity as compared to EPO

20  produced in PER.C6 cells that do not over-express a sialyltransferase.

Example 14. Obtaining and testing of EPO with further increased sialic acid content

It was shown in example 13 that the EPO with increased a-2,3-sialylation (2,3 EPO) as

obtained had an improved in vivo biological activity, but still was less active than the standard
25  (EPO BRP) while it has a similar sialic acid content. It was tested whether fractions with still

further increased sialic acid content could be obtained from the material produced in PER.C6-

ST cells, and if so, whether such fractions would show further improved in vivo biological

activity as compared to the starting material.

30 A novel batch of 2,3 EPO was produced and affinity purified as described in example 12. To

enrich for fractions with a higher sialic acid content two alternative preparative iso-electric



30 2,6 EPO 37 Exanple 13. Biological activity of EPO PER C6 EPO (as
produced in PER C6 cells not over-expressing a sialyltransferase in serum
free medium as described in exanple 2) and 2,3 EPO and 2,6 EPO (as produced
in exanple 12) were tested for in vitro and in vivo biological activity.
The in vitro biological activity was & tested by neasuring the capacity to
stinulate the proliferation of UT-7 cells in conparison to EPO BRP (EPO
ref erence standard). PER C6 EPO, PER C6 2,3 EPO and PER C6 2,6 EPO had a
rel ati ve potency of 60, 129 and 94% respectively as conpared to EPO BRP
suggest i n? full functionality of the produced EPOin vitro. 10 The in vivo
bi ol ogi cafocasging (IEFymethodsprercesddra®deseribediselow JA kPmtivaly pRgERrative 8iz6 EPO was
tested in_the.in,vi bi ga i the rmocyt haem ¢ nouse according to

Eur opean e%‘??o%%ﬁéo%ag?%aﬁﬂmé%/%dﬁ%B16). As shown in Table 6, the in
vivo activity of PER C6 EPO was bel ow the detection Iimt whereas that of
2,6 EPO was 15% and 2,3 EPO was 32% of that of EPO BRP (reference

st andar d) Ultmedex gpifiGelien ki neti cs of these preparations were in 15 line with

e i

2, 3 EPO hfVitrgles, pH 313 Amefshhmh-Biofcen¢esh th theprgsencapfiMibder Thédsamplawas) t han

the 2,6 EPO (nat. shown). ar | t he EPQ produced in PER.C6 cell.s that

over - expr E0etaRg nB3R8s (BRhs Hereen RO e D0l b GeR YR LS M aoe has a
strongly THSHEIPHS.0.Fractivas Werelpodled ahd dielybad dgiinatsPBS) Tkaee80 aed ERGne20
produced in PER C6 cells that do not over-express a sialyltransferase.

Exanpl e 1Were@dded firespectivg finakqoneeptrationspd0iBYn(viv) an¢ 85% (y)eanddbe si al i ¢ aci d
conte Waso i hat_ v i ncreased

a- 2, 3?6si a*’{yf)atl g?l‘b%\g?e?fﬂééP ; ag 'ﬁo%tagl?g%dr\lggltggﬁiﬂ%é%bed in vivo biol ogical
activity, but still was less active than the standard 25 (EPO BRP) while it
has a si rrH)ﬁr Si aléiai. acid content. It was tested whether fractions with
still fu éqrpluﬂ %% d sialic acid content could be obtained fromthe
material pltosuedy, affintyBufified Datetisl was, fintlied séfarsted byndsdigyepasative IEF act i ons

woul d show further i n‘Br oved in vivo biological . activity as, conpared to the

starting fRatelendlioradl 28 nype of parified BRO waslopded ipdhe Roteloniandisefremuteteni t y
pur i 14 2 apaflRAGH b RAF pHTafbaBPher, s MBreaCTHil flduitedin b Bt ARSF 16 hilrfnlli Oher

sialic acid content t ernative preparative Iso-electric
with different isoforms. Appropriate fractions were pooled. These pooled fractions were

dialysed against PBS. Tween-80 and glycine were added to final concentrations of 0.03%

(v/v) and 0.5% (w/v) respectively and the preparation was sterile filtered (0.22 um Millex-GV
filter, Millipore).

20
The sialic acid content of various fractions of EPO was analyzed using IEF as described in

example 3 and is shown in the table below.

Sample Fractionation method Average SA
2.3 EPO-1 Ultrodex 13.6
2.3 EPO-2 Ultrodex 14.3
2.3 EPO-4 Rotofor 12.68
2.3 EPO-5 HP-SEC 12.38
2.3 EPO-6 Ultrodex 13.55
2.3 EPO-7 Rotofor 13.00
2.3 EPO-8 Rotofor 14.16




38 focusing (I EF) nethods were used as described below. Alternatively
preparative size exclusion chromatography (HP-SEC) was used. Ul trodex
purification s Affinity purified material was further separated on a
preparative | EF gel in a |ow pH range 39((U trodex, pH 3-5; Anersham

Bi osciences) in the presence of 5 M Urea. The sanple was separated into
isofornms. Isoforns were extracted fromthe Utrodex by elution wwth 0.5 M
Tris-HC1 pH 8.0. Fractions were pool ed and di al ysed agai nst PBS. Tween- 80
and dycine were added to respective final concentrations of 0.03% (v/v)
and 0.5% (w v) arati S SterTie erTed(0.22 mM Il ex-GV
filter, MIIip(ure)23 of or purif?{?gfe‘%n Alternatluvg{v, affinity purified

material was furthens gpepgg at ed by Retafer preparati ve22EF  (Rotof or, Bi orad)
2. 5 - § rrg Of laoadad i n thaolDat afar and | o
separated in a | Wi r?d%rag‘b%iséhc acil) soRjFRyatisr preparalt VFJEEI"f@hwg ITB.XI rrum

of 10 fractions with different isoforms. Appropriate fractions were pool ed.
These pool ed fractions were dialysed agai nst PBS. Tween-80 and gl yci ne were

added to fiSaaiples@s3ceRfd1and aﬁsERﬁ-Zovem@%n alangeife REB.-CH. BRO (anerage BAshBaniivel y
and the pr nMllex-Gv filter,
MI1lipore) %g%kqu%vﬁll?:h):%%] é%% ag)f“{ﬂvar Es fractions of EPO was

anal yzed using | EF as descri bed |n exanple 3 and is shown in the table

bel ow. Sanpl.e Frac nat j on, net hod Aver EPO- 1 UItrodex 13.6 2.3
EPO-2 U t r dd&n 1o io ogicgl getipyty o FRFQ fhys o ?%@3%@@1#@@@ coptenjat 143 33 2.3

EPG- 6 U tr qper.Co3,PBP02, dpfibkimate3ad18B %) whs tédfed irfthd iFhibb BioBRhPndhe 14 16 39
Normocythaemic mouse according to PHEUR 01/2002:1316. The specific activity of this
preparation is 113.881 IU/mg [95 % confidence interval 94836 — 139361 IU/mg], which is

10  comparable to that of a commercially available Epo preparation tested (Eprex"™, which in
turn is comparable to the EPO BRP standard both in activity and in sialic acid content).

These experiments demonstrate that it is possible to obtain EPO with a similar in vivo
biological activity as commercial EPO preparations, using E1A expressing cells and methods

according to the invention.

15
Tables
Table 1
PER.C6-EPO Gal GaiNAc Lewis x Gal+GalNAc
produced H
in | Lewis x

DMEM 1.8 0.5 0.6 4.0

VPRO (8) 2.7 0.7 1.9 1.8

Table 1: Average number of Gal, GalNAc, and Lewis x structures per N-linked glycan present
20  on PER.Cé6-produced EPO. EPO was produced either in an adherent culture (DMEM) or in a

suspension culture in the serum-free VPRO medium (VPRO [S]). The last column represents

the ratio of the average number of terminal Gal + GalNac residues over the average number of

Lewis x structures.

25



2.3 EPO-9 Rot of or

(sialic aci

12.61 2.3

d) content after p

EPO- 10 Rot of or
reparative | EF or

12.

22 Samples with average SA
HP- SEC. Sanples 2,3 EPO 1

and 2,3-EPO- 2 were run al ongside PER C6 EPO (average SA 3.1) and Eprex

(average SA 12.4) on an | EF gel,

as shown in Fi

g. 12. 5 The in vivo

bi ol ogi cal activity of EPO thus obt aitled with a sialic acid content of 14.3

(PER C6 2,3 EPO 2,
Nor nocyt haem ¢ nouse according to PHEUR 01/ 2002: 1316. The specific
preparation is 113.881 U ng [95 % confi dence interval
which is 1o conparable to that of a comrercially
avai | abl eT#®2preparati on tested (Eprex', which in
t he EPO BRP standard both in activity and in sialic acid content).

in the
activity of this
94836 - 139361 | U ng],

approximate yield 3% was tested in the in vivo bioassay

turn is conparable to
These

experinments
vivo biolg
expr essi ng

denpnstrate that

gi £20d sialyitianisterases
cell s and net hods

Pl |

t is possible to
Conmer cévdik xEPO pr ¢
according to the

obtain EPOwth a simlar in
epar ations, using EIA

invention. 15 Tables Table 1

PER. C6- EPO
0.6 4.0 VH
and Lewi s X

HGat NActewrs
RO (S) withéup. 7 1.9
structures per N-

Gat=+GatNAc—prod
1 8 Takle 1. Ave
i nked glycan pre

iced in Lewis x DVEM 1,8 0.5
age nunber of Gal, Gl NAc,
sent 20 on PER C6- produced

EPO. EPO wq
suspensi on

represents

s produced either
cul ture with t he ser
the ratio of the

n an adherent cu
um f r ee.4avPRO nedi

ture (DMEM or in a
im (VPRO [ S]). The last columm

erage nunber of

termnal Gal + Gal Nac

resi dues over the average nunber of

Lewi s X structures.

25 40

Table 2: Average number of Lewis x structures per N-linked glycan present on EPO produced
in PER.C6 cells that do (i.e., PER.C6-EPO-ST clone 25-3.20) or do not (i.e., PER.C6-EPO

5 clone 25) over-express the 02,6 sialyltransferase.
Table 3
EPO Gal GalNAc Lewis: ®
preparation
Total EPO 2.5‘ 0.5 0.5
Fractionated| 3.2 0.3 0.2
Table 3: Average number of Gal, GalNAc, and Lewis x structures per N-linked glycan found
10

in the total pool of EPO molecules that are produced in a serum-free suspension culture of

02,6 sialyltransferase over-expressing PER.C6 cells and in the highly sialylated EPO fraction

thereof, which was obtained using the procedures described in example 4.



Table 2 a.2,6 sialyitransferase Lewws x wthout 0.9 wth 0.4-0.6 Table 2:
Average nunmber of Lewis x structures per N Ilinked glycan present on EPO
produced in PER C6 cells that do (i.e., PER C6-EPO ST clone 25-3.20) or do
not (i.e., PER C6-EPO 5 clone 25) ovedlexpress the a2,6 sialyltransferase.
Tabl e 3 EPO Gal Gal NAc Lewi sx preparation Total EPO 2.5 0.5 0.5
Fractionated 3.2 0.3 0.2 EPO Table 3: Average nunber of Gal, Gal NAc, and
Lewis x structures per N-linked glycan found i o in the total pool of EPO
nol ecul es that are produced in a serumfree suspension culture of a2,6
sialyltransferase over-expressing PER C6 cells and in the highly sialylated
EPO fraction thereof, which was obtained using the procedures described in
exanpl e 4. TabledTap| e 4, Fig. 15, |lane EPO preparation Lewis X Sialic acid
PER C6 suspension serumfree 1 5.7 3.0 (exanple 2) PER C6 + overexpressed
a-2,6 2 sialyltransferase suspension serumfree 1.2-1.8 9.0 (exanple 3) 3.

fracti ona1—Fd 'f‘ "hiey Sty a-aﬁdn EPO3—0-—6—126—(exjg 'm\:m“s )Q) 4 A
(comrerci @ fgy a:";%ﬂ I aﬁFQPETP@ 12,4
PER.C6 suspension serum-free

1 5.7 3.0
(example 2)
PER.C6 + overexpressed a-2,6-

2 sialyltransferase suspension serum-free 1.2-1.8 9.0
(example 3)
3. fractionated highly sialylated EPO

3 0.6 12.6
(example 6)

4 Eprex (commercially available EPO) 0 12.4

Table 4. Lewis X and sialic acid content on glycans of different EPO preparations (see

5  example 8). Contents are per EPO molecule.

Table 5
EPO % Antennarity Lewis X
preparation | Bi- Tri- Tetra-

antennary | antennary | antennary
PER.C6 27 0 73 5.6
EPO
2,3 EPO 0 16 84 0

10 Table 5. Antennarity of the N-linked glycans and average Lewis x content per EPO molecule
as calculated from MALDI spectra from affinity purified PER.C6-EPO and 2,3 EPO, as

described in examples 2 and 12.

15



Table 4. Lewis X and sialic acid content on glycans of different EPO
preparations (see 5 exanple 8). Contents are per EPO nolecule. Table 5 EPO
% Antennarity Lewis X preparation Bi- Tri- Tetra antermary antennary
antennary PER G 27 0 73 5.6 EPO 2,3 EPOO 16 84 0 10 Table 5. Antennarity
of the N-linked glycans and average Léwi s x content per EPO nol ecule as

cal cul ated from MALDI spectra fromaffinity purified PER C6- EPO and 2,3 EPQ
as described in exanples 2 and 12. 15 42 Table 6. Preparation Specific
activity Relative potency (113/ng) (%9 [95 % C] [ 95% CI] EPO BRP 130. 000
100 PER C6-EPO < 4762 < 4 2,6-EPO 18906 15 [15929 -22774] [12 - 18]

2, 3-EPO 41687 32 [32948 - 56080] [25 - 43] Table 6. In vivo activity in

Nor mocyt hggpjg. M ce (see exanple 13). Cl: confidence interval 5 REFERENCES

Byrd P, Brown KW Gallinmore PH 1982. Malignant transformation of hunman
enbryo re¢Prerhtied s by cl onefl adeSpedificsctivityDNA. [Nat urReld6ée p@éacyl. 10 Byrd
PJ, Gand RIA, Gllinore PH [1988. Di {IUdmgnti al trjansformat (%) of prinmgry
human enfpryo [95 % CI] [95% CI]
EPO-BRP 130.000 100
PER.C6-EPO <4762 <4
2,6-EPO 18906 15
[15929 —22774] [12 -18]
2,3-EPO 41687 32
[32948 — 56080] [25 —43]

Table 6. In vivo activity in Normocythaemic mice (see example 13). CI: confidence interval
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<110> Crucell Holland B.V. Opstelten, Dirk-Jan 5 <120> Methods to obtain
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adenovirus E1A protein, and protg%@iﬁﬁggggbggﬂé&gereby 10 <130> 0127 WO 00
ORD <150> US 11/026,518 <151> 2 0> US 11/102,073 <151>
2005- 04-08 <160> 4 20 <170> Patentln version 3.3 <210> 1
<110> Crucell Holland B.V.
Opstelten, Dirk-Jan

<120> Methods to obtain recombinant proteins with increased sialylation
from cells that express adenovirus ElA protein, and proteins

obtained thereby
10 <130> 0127 WO 00 ORD

<150> US 11/026,518
<151> 2004-12-30

15 <150> US 11/102,073
<151> 2005-04-08

<160> 4
20 <170> PatentIn version 3.3

<210> 1
<211> 34
<212> DNA
25 <213> Artificial

<220>

<223> forward EPO primer

30 <400> 1
ccaggcgcgce caccatgggg gtgcacgaat gtcc 34

<210> 2
35 <211> 30
<212> DNA
<213> Artificial



<211> 34 <212> DNA 25 <213> Artificial <220> <223> forward EPO primer 30
<400> 1 ccaggcgcgc caccatgggg gtgcacgaat gtcc 34 <210> 2 35 <211> 30 <212>
DNA <213> Artificial 2/2 <220> <223> reverse EPO prinmer <400> 2 5
ccgggttaac tcatctgtcc cctgtcctge 30 $2310> 3 <211> 23 10 <212> DNA <213>
Artificial <220> <223> forward alfa-2,3-sialyltransferase prinmer 15 <400>
3 ggactagtgg atccgccacc atg 23 20 <210> 4 <211> 30 <212> DNA <213>
Artificial 25 <220>

<220>

<223> reverse EPO primer

<400> 2
5 ccgggttaac tcatctgtcc cctgtectge 30

<210> 3
<211> 23
10 <212> DNA
<213> Artificial

<220>
<223> forward alfa-2,3-sialyltransferase primer
15
<400> 3
ggactagtgg atccgccacc atg 23

20 <210> 4
<211> 30
<212> DNA
<213> Artificial

25 <220>

<223> reverse alfa-2,3-sialyltransferase primer

<400> 4

gctctagatc agaaggacgt gaggttcttg 30
30



<223> reverse alfa-2,3-sialyltransferase prinmer <400> 4 gctctagatc
agaaggacgt gaggttcttg 30 30 46 CLAIMS A nethod for obtaining a conposition
conprising one or nore isofornms of an erythropoietin (EPO conprising

gl ycans |inked thereto wherein said glycans conprise on average at |east 10
sialic acids per EPO nolecule and fronfO to | Lews x structures, said

nmet hod conprising: a) providing a eukaryotic cell containing a nucleic acid
sequence encodi ng an adenoviral EHA protein in expressible format and
further containing a nucleic acid @addiSng an EPO i n expressi ble format,
wherein said cell further contains a nucleic acid sequence encoding a
sialyltransferase, preferably an al pha-2,6-sialyltransferase or an

al pha- 2, 3t.si aIA{Irrtatlmaisfoeroamming drdetposiaot rco;lnpn'iing ohetoe modre gafsrnpr afit er ; b)

culturlng said c ins nsion jn ser ee cul ture medi um and al | ow

expr essi on of eéﬁ @P@ef”ﬁ (EEBS OEIPFising) 8 H%“?/«jg‘i‘F%dh?rFf@ @E%'F’é‘sﬁaé‘{lj &SNS 1 om sai d
cel I ‘and/or fr@mptifeofdldrdseat l@@s@'l@%alﬁnﬂ HpeP P HoRGuRnddffF@sioi@mati ng the
EPO to obtain fractions which have an |ncreased average sialic acid content

of the N—IInkd@“g$y&@H@HQEBmEPGHKWUmHmuBeg to obtain a conp05|t|on
conpri sing one or nor e cans nked thereto

e o 09 " o RO RieBaTorR ol Bpusgin et RIS A s bR MR eod BT | "B

nol ecul e and from Qdélﬂ)vlraLE\l\ASﬁ)rbtelrSﬁr{ Ugprdtsitsle f@rmah dﬁﬁtﬂﬁﬂeﬁﬁ@ﬁﬁlﬂingga to claim
1, wherein said eukaryotic cell containing a nucleic acid sequence encodi ng

an adenoviral ElA pusleii #id gnesdiieean iBFCe i gxprpssibile; forgat.i whereinr 8id selhuman

enbr yoni ¢ retina coibyo Dl ELAHAR McldOTA BEfeR GRbhingUEialARaARRRRI 1 €0

preferably an alpha-2,6-sialyltransferase or an alpha-2,3-sialyltransferase,
under control of a heterologous promoter;

b) culturing said cell in suspension in a serum-free culture medium and allow
expression of an EPO in said cell;

c) harvesting the expressed EPO from said cell and/or from the culture
medium; and

d) purifying and fractionating the EPO to obtain fractions which have an
increased average sialic acid content of the N-linked glycans per EPO
molecule, to obtain a composition comprising one or more isoforms of an
EPO comprising glycans linked thereto wherein said glycans comprise on
average at least 10 sialic acids per EPO molecule and from 0 to 1 Lewis x

structures.

2. A method according to claim 1, wherein said eukaryotic cell containing a nucleic
acid sequence encoding an adenoviral E1A protein in expressible format is
derived from a human embryonic retina cell, preferably from a PER.C6 cell such
as deposited under ECACC no. 96022940.

3. A method according to claim | or 2, wherein said glycans comprise on average
less than 1 Lewis x structure, preferably no detectable Lewis x structure, and

between 10 and 15 sialic acids per EPO molecule.



3. A nethod according to claim1l or 2, wherein said glycans conprise on
average less than 1 Lewis x structure, preferably no detectable Lewi s x
structure, and between 10 and 15 sialic acids per EPO nolecule. 47 4. A
met hod according to claim1 or 2, wherein said glycans conprise on average
less than 0.3 Lewis x structure, prefdfably no detectable Lewis x structure,
and between 13 and 15 sialic acids per EPO nolecule. 5. A nethod according
to claim4, wherein the conposition conprises 4 or |ess EPO isoforns

t oget her Aaccoultndifod Rcorfind ®AShin §%r of WhBRInER BRSRNon Risé 3h Gverage

conposition. 6. A conposition obtainable by the méthod according t6 any one
of the cl ai ns Igsssthan 0.3 Lewis x structure, preferably no detectable Lewis x structure, and

between 13 and 15 sialic acids per EPO molecule.

5. A method according to claim 4, wherein the composition comprises 4 or less EPO
isoforms together accounting for at least 70% of the EPO present in said

composition.

6. A composition obtainable by the method according to any one of the claims 1-5.



