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Recombinant 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
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N-1inked sugars of PER C6- EPO produced in DVEM in adherent cell culture

(A) ard peherokds thys piodigebensi on cel | culture in serumfree nedium (B).
For the purpose of broadening the potential use spectrum of recombinant proteins

-

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).




WO 2006/ 070011 PCT/ EP2005/ 057205 3 Fig. 3. Sialic acid content as

determ ned by iso-electric focusing of FPO produced in PER C6 cells that do
not over-express sialyltransferase in a serumfree suspension culture in
VPRO nedi uwo(doesnmod), of EPO produced in PER C6 cel|ls tINZWERRE0SE20Hr €SS
a-2,6 sialyltransferase (i.e. PER C6-BPO ST clone 25-3.10) in a serumfree
suspension culture in 5 VPRO (lane 2), and of commercially avail abl e EPQ,
i.e. FPREXTh (lane 3). Fig. 4. The nunber of sialic acids per NI|inked sugar
of EPO produced by PER C6 <cells that do not over-express
a-2,6-sialyltransferase (PER C6- EPO panel A), and of EPO produced by PERC6

cells that do OME'I 3. Sxdlic Q6id conténtlrs Fe@tnvinéd BNEbRIBER f()&Eﬁ?@f EPORI6ducedmnel B)
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sialic acid contents as descriped.in this appljcation. 1. EPO produced by
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resi st ancends k@hg tho@ctionation/purification 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 = {1 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.



30 exanple 9. WO 2006/ 070011 PCT/ EP2005/057205 4 Fig. 9. Iso-electric
focusing (1FF) gel of EPO produced in PERC6 cells (pCP-EPO and of EPO
produced in PER C6 cells under concomtant over-expression of human a-2, 3-
si al yl tr angbebd@met PEPO- ST3), after transient transfectic@passsBesampl e 10
for details. Fig. 10.1EF anal ysis of gtable clones expressing EPO and hunan
a-2,3 5 sialyltransferase (ST3). Lane 1. EprexTM (control, comercially
avai l abl e EPO, 2: EPO ST3 clone 118, 3: EPO ST3 cl one 150, 4. EPO ST3

cl one 165, 5: EPO ST3 clone 176, 6: EPO- ST3 clone 183, 7: EPO produced in
PER C6 wi thout over-expressing ST3 (control), 8: EprexTM (control,

commercially a I ) T 186
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cont ent lﬁﬁklonBQSQESER)IisTécﬁbbcCﬁ PBRECG IWIEOUE lotY-ckresdiny 8T (cofitrgl),@vi des a
conposi ti rising one or. nore isoforns _of an eryt hrclz)(g% Letin  (EPO

conpri si ngip&mﬁvlp ¢eagercislly ayatlable EROXY: EPO,REP slang 12y I& HPO-9T3 elapg

conprise qge, Y £POGAS doned99, ﬁaﬁi»oﬂsﬁ cmegfl@r@bbpoam &eRl028, wmséra
structureg}ﬂ@Orm ecul e, 'and b) | east sialic acid noieties per EPO
e

mol ecube. ¢ 4B §PO pmddcqgleERﬁcwlmut g‘@r@npressblgaﬁifér(agér@)t Staexemple, nore
preferablyhz%é 4eg?l§t 8, still nore preferably at least 9, still nore
y a

pref erabl et 10, still nore preferably at least 11 sialic acid

moi eti es per EFig. mIMAnDaMS $pectednh bhthe desidlgldicd i lisked Sagails ¢ff affsityspueifizr i se on
aver age: a) bet ween 1 2 Lew structures per EPO nol ecule, and b)

bet ween 8 2ankPd (pee pxam foad%'#@u es per EPO nol ecule. In other

enbodi ments,  sqjgd 19 [KP ARy FORIP G FrefiatS 1386 1: PER LBIMRS (ivbrage 8816 akid- €W S X
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.




30 structures per EPO nol ecule, and b) between 11 and 13 sialic acid
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C)

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



to other glycosylated proteins. The invention therefore further provides a
nmet hod for producing a glycosylated protein of interest in a cell
expressing at | east one adenoviral E 1A 30 protein, said nmethod conprising:
a) providiwg2@coBbll expressing at | east one adenovi ral p&/Rp20046tRE5N and
further containing a nucleic acid engoding a protein of interest in

expressi bl e WO 2006/ 070011 PCT/ EP2005/ 057205 6 format, wherein said cell
further contains a nucleic acid sequence encoding a sialyltransferase,
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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 sucﬁ 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
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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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addi ti ona dvantage that they can tured in the absence of animal- or
hunman- der iivssgpension in @ highly reproducible manner make them very suitable for large-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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structures. Terminal galactoses may be modified with an 02,3~ or an o2,6-linked sialic acid
whereas terminal N-acetyl-galactosomines may only be modified with an 0:2,6-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 1,3-linked fucose. Such fucose is linked to the GlcNAc 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 GlcNAc is modified with the a1,3-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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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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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.
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be added to certain proteins, by net t hods known |n the art. 15 Nucleic acid

encodi ng ahpmeaceytisal appbisations sonsain s¢caetiontsignaly thaebling abieut feotetiomof the
eXpr oS OGRS bfbins e Akt d s T QM85 £28AR) Brfind bl 91 N0

about expreSS| 0 nuclerc acid, h™as en pr onot e

pol yadenylrﬁéthddslmo\gﬁlaithemd the Iike. Several pronoters can be used for
expressmn of rec nt nucleic acid, and these may co fise viral,
mamali%an, synt ql‘ba %B@%ggpr%qqu?ldléfowtwgﬁﬂfgg fants, a

promot er  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




20 driving the expression of the nucleic acid of interest is the CW
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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 weﬂ
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



altered by reconbi nant expression of a transfected rat
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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 0-2,6-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 a-2,3-sialyltransferase,
known as SIAT4C or STZ (Genbank accession number 1.23767, see also US patent
5,494,790).

30




sialylation of the N-linked glycans of a reconbinant protein that is
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PER. C6 cel 103/038100esmprites d ewisXV¥ructures, but only a low level of sialic acid (see example 8,
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
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comprising glycans linked thereto, wherein said glycans comprise on average: a) 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

prefetred embodiments comprise no Lewis x structure (or at least below detection limits using
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the EPO present in said conposition, nore preferably 4 or |ess EPO isoforns
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accor di ng grepardtions fre @btained wherefrbthedervaluey areibetween L0%ROY d0YRmd i yeaogher Whi ch
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



vary as to the extent of their in vivo biological activity, fromless than
10% to around 100% of the EPO BRP standard or comercially avail abl e EPO
preparations. In certain enbodinents, the EPO thus obtained has between | %
and 20% i nwwi2v@/0kio@l ogi cal activity as nmeasured 15 acceedippghos/os7bdze

Phar macopoi ea (PBEUR) standard nethods In other enbodi ments, preparations
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and 120% nore preferably between 80% and 120% It is thus possible to
provi de a spectrumof EPO preparations with differing in vivo biol ogical
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and WO 02/ The sequehce of human erythropoietin is well known
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nurber : Mact%\gt%'.g éerta%l:) &%u%n@sshave also been found to have these properties (Leist 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 O-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



1 o anal ogues, peptides, or fragnments binding the EPO receptor and having
sone kind of activity associated with EPO have for instance been descri bed
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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



the culture medium and d) purifying and ftactionating the EPO to obtain
fractions which 10 have an increased average sialic acid content of the
N-1inked glycans per EPO nol ecule, to. obtain a conposition conprising one
or nore iswbantew7@ii an EPO conpri sing glycans |inked trloemetmsodressei n said
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in glycosylation quality. In one aspect therefore a method is provided to increase the
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robustness of a process for recombinant expression of a glycoprotein in a cell, the methbd

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 0-2,6-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




In certain enbodi nents, the glycosyltransferase is a sialyltranferase, which
in certain enbodinents is chosen froman a-2, 3-sialyltransferase and an
a-2,6-sialyltransferase. The 10 sialyltransferase may be a. human

si al yl t r an®fo20e@@001fior i nstance the human a- 2, 3- si al yl RCHERNEY®IW®S known as
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as described herein 15 provided robust cell culture processes, in that the
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least 50%, still more preferably 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  ofthe 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



a cell, the nethod conprising over-expressing an a-2,3-sialyltransferase in
said cell. In certain enbodinents, said cell is a eukaryotic cel
expressing El A of an adenovirus, such as a HER to cell expressing E1A, such
as a PER &@o swéb7ooikhe over-expression of the sialyltransfersssnsenn be
brought about as descri bed above. The2 over-expressing of the
sialyltransferase is together wth the expression of the protein of
interest in said cell, during culturing the cells as  descri bed above. The
protein of interest is a protein that contains at |east one N-linked glycan
when expressed. When expressed in said cell type, it contains at |east a
det ect abl e anount of is Lacdi NAc structures on its N-|linked glycan(s), e.qg.
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cl onel®25- BER.GO6(ERRST clone 25-3.10 and its parental cell line was determined by 1so-e1ectr1c
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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 0.2,6-sialyltransferase was higher than
that of EPO produced in the parental PER.C6 cell line in which the 0.2,6-sialyltransferase was
not over-expressed indicating that the over-expression of the 0.2,6-sialyltransferase results in

20  an increased 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




exanple 2 of WD 03/048348, incorporated by reference), and in the parental
cell line PER C6-EPO clone 25 not over-expressing the

a2, 6-sialyltransferase. The cells were first cultured in T-flasks in DVEM +
10 MM MgCl woRoGW#HBE. At the nonment that the cells wer PCTBERIIGUNR720D 60- 70%
confl uency, the serum containi ng nedi #¥m was replaced by DVEM + 10 nM MyCl12
W 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
and anal yzed wusing nethods that have been described in WO 03/038100, the
contents of the entirety of which are incorporated by this reference. The
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i.e., VPRO (JRH Biosciences), which supports the growth of PER.C6 cells to very high cell
densities (usually > 107 cells/ml in a batch culture). For this purpose, the cells were first
cultured to > 1x10° cells/m] 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 > 107 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/|l. Subsequently, the glycoprotein was



techni ques. The cells were subsequently suspended in DVEM + 9% FBS + 10 niM
MyCl2 and centrifuged for 5 mn. at 1000 rpmin a table centrifuge. The
supernat ant was di scarded and the cells were re-suspended in the serumfree
medi um BEweelobe/@Bii+ 4 MM L-G utanmine, 1o to a cell demgtpgonsios203x106
cells/m. A25 m cell suspension wast put in a 250 ml 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 mM L-d utam ne
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that have been cultured in suspension in serum-free medium.
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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




5 node; 2, 5-di hydroxybenzoic acid was used as a matrix (DHB, 10 ng/m in
50/50/0.1 acetonitrile/water/ trifluoroacetic acid). Spectra obtained with
t he above-descri bed procedures were snoothed using the functions and

par amet er sworzogaslogoodat a Expl orer software. First, a basdldVEP2005/0F863 i on was
performed on the spectra using the ad¥anced baseline correction tool (peak
width 32, io flexibility 0.5, degree 0.1). After this step, the function

Noi se Renoval (std dev to renmove = 2) was used to reduce the noise in the
spectrum Fig. 2 shows representative nass profiles of the N-1linked glycans
on EPO produced in an adherent PER C6 cell culture and in a PER C6

suspensi orPEReCé-peoduted EPO corsain arfmdosﬁaed omrd stmmoturd HEhemaass profibdsidf 8ERaB6e cl earl y

di ff t that, th t i nked 155 roduced in the
SUspens! orP R R0 558 ToreHE IS P ed Ll PRERR oS BOTAriG0 HRUAR FREET e
adher ent  Giyisk Haf oné Mt Cotelitmdd Mm&&%tea JORY SIE RS NSV EdnY 0B PERYEGL €d i n

PER C6 cells that have been cultured in suspension in serumfree medium To
obt ai n norpsodused BRO themefoteecontainfin pdditienstoj this dirapedated eere siruatvrd other HexNif¢ f er ent

cell uIt o) [ [ ures
vere adsi ghuGr FEF P ThssiER RGO A le ST R L it

3 ycoMod Ssagatrwafﬁas(a&mnmany adfitieral Gt néﬁldﬁﬁid&:uld'ﬁbhﬁoﬁeflmkad mcb%'thaal ly
predi cts the nunber of N-acetyl- hexosam nes (HexNAc), Hexoses. Fbx) and

deoxyhexo<8¥ afditienal Hex ssidye aropldrbe agalagtoss. yie%ﬂlat %ttyrasiétt@n@l difex e
particul ar,, eﬂﬁgﬁﬁ%ﬁgc TRESINAL TR abdihrptiOR Sl§ aﬂﬁ afemgmm e

conpositions ¢ accurat el'y assrgne an I ntensity of
10% Thestrectuees ef G_tﬁnpicx fynelNelitkied mgarskmaded:ryynmaliaa apé hkmaw:etlls (Harki ett ensi ty

of 2 10% ¢ hos hat or syl phat e. f ct th tructure
of thelcar 0@8? E%ﬁ-glﬁga[nspﬂiﬁ&(% E‘é?faéﬁ’gj Blnt ai ned
a basic cowe @V(ISS@@OJﬁﬁboﬁior&twb)"ﬁﬁM% én?d ¥n fHe GbMEVatioh itaBthe Nlﬁiﬂﬁbﬁ%ﬁga(rég X

mannose) and one dHe assunption was based the generally

known fucd¥ %P@é\ﬂ“é’dﬁp@@lﬂtf%ta@f(}@ﬂﬁﬁl@io depprdbedin WR 83038199y s (Varki et
s descri DA T POSTEMENO" (| noor por ated by rof er ence). whi oh confirmed
t hat essent | al |Based én theIabwcstsbstgibydmm@m@b@/@y&@&m@@dm&%@@én%
prof 1. dp Hperkagutsr [BE B b SR o Podhameriee The f5 0y DEAARERNAE a1
sugar s peCduBééq@éiﬂ?ﬁM&ﬁto RigtAmine Bie&&ﬁﬁve occurrence of the dlfferent glycan species.
Because the number of Gal residues, which are involved in GlcNAc-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
GalNACc residues, which are involved in GIcNAc-GalNAc (LacdiNAc) structures, was not
much affected by changing the culture conditions. Yet, the average number of putative «1,3-
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,



mass than one that corresponds to a fucosylated core only. The N-glycans of
the PER C6- produced EPO therefore contain in addition to this fucosyl ated
core structure other HexNAc 5 and/or Hex and/or dHex residues. These

resi dues fwomosbmmoant ennae of the conplex N-Iinked sugetrgp2obiossms assuned
that any additional dHex residue woukéd be an al, 3-1inked fucose, that any
addi tional Hex residue would be a gal actose, and that any additional dHex
resi due would be either GLcNAc or Gal NAc. This assunption was nmade on the
basis of the generally known structures of conplex type N-1inked sugars
made by manmmal i an and human cells (Varki et to al., 1999), on the sequence
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We reasoned that the increased level of galactosylation in suspension cultures in

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 ¢2,6-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 ;



which in turn results in the formati on of nore G cNAc- Gal sequences to which
an al,3- linked fucose can be added. Another structure to which an

al, 3-linked fucose can be added is GlcNAc- GalNAc (Lacdi NAc). However, the

i ncr eased WioRobasadyl ati on does not seemto be due to RET/ERIBISHSBET
occurrence of Lacdi NAc structures becHuse the average nunber of 5 Gal NAc
resi dues was not nuch affected by changing the culture conditions. The
average nunber of Gal + Gal NAc residues corresponds to the average nunber of
LacNAc and Lacdi NAc structures to which an al, 3-1inked fucose can
potentially be added. When the ratio between the occurrence of Gal + Gal NAc
(part of LUdghliAsiaytated ERQishidems tat are proses in Bprax hiveveaCrepresentedan dfe HROM s X

structures is determ Table 1), it can be 10 concluded that nore
Than i cerarRRReBye it BOR GaiRIsowiexowiinpe SpalarEess Yhrrgioed i n a
Lew s X Stigdi6in e WRPrdpR@efBd bSabBérR iffhe WPO froduésd i \SrHiiRryl FERECS 881I4TLE.T ee
medi um than when the célls were cultured adherently in the presence of

serum Thiwithogtipvszsaxpressiom of thi sialylteansfRyaselcts 9lpp appegredithat ithesialisseid contertaf] s

that are Gd H&{x%dlﬁ%ﬂﬁ?ﬁ%%ﬂgﬂlo%@E?‘-@!lforqiqu@&’in%Réfm%@g@L @m?hadee"e' of
sialylation s tdrther increased in Cerrs that over-express aZ, o-
si al yl t r artzbeadepeedan growshinin saspensioh ingeadn-fiee siedinar) haom higheraiatie meidcbntest medi um
W reasoned t t he .increased | evel of galactpsylatign in, suspension
Ul £ ur e en BBD diver S0 B8 s GaJL it tn S AR O PEH RF AP ELA gher
level of spiglywih Fignsc? ThisShdiSatdsiBdt bodVRE acﬁ}sﬁfi&?ﬁ) gr&®thag s@spensidnyihséransf er ase
because the i ncreased gal actosylation results in the 20 formation of nore
GLcNAc- Gal frestmedium ped the overraxpression pfthe 02.4csialyltransidsase|conikibute torthe irciensed
PER. CG-OEPg cl (é%e 2@5.3. 10 was adapted to suspension culture in serumfree
medi uni®n eveé l%g ﬁ?‘oduced in VPRO nedi um as described in exanple 2. The
sialic acid content of EPO was anal yzed using iso-electric focusing, which
was perfornmed essentially as described in WD 03/038100. |nstead of
vi sual i zi rigxampte AsTheyoves-eppressionmofykhé siglylransferascip@ER,Cocelly resultsfnan
col | oi dal bl Uﬁi Qn'\clﬁ\fﬁ@fu Th atpands represent EPO isoforns containing

n or ”si

di fferent rﬁ% PG ds per EPO nol ecule. The sialic acid content

of EPO pr oducedeP® wlERoGicedeh h SerlidfrecQuspenSdPERREESH dX)@sialyltransferase over-
a2, 6-sialyltransferase was ared to that of Eprex and to EPO produced by

co
PER. C6l % el 9xpressing calls, irfo tPER/E6-FRODPE35-3t1Aeellssand)iyy jts paraniplael dige petiqyer-3) . The
results de : pﬁﬁ'amFP r.-ad { I v, iLng the
rat al pha %B%%snﬁﬁhgf%a ans gggg’el%&igﬁﬁ g‘ijénggas% :I-%%?TS ft@gh?ly% tﬁ%?@&g&ﬁf&%& ds
t han EPO gxpredsicedf the aPBRidBAradsfdrasd @nniod glpsosylatorps FERO. tThe psicadurks foansf er ase.

In particular, the WO 2006/07Q011 PCT/ EP2005/ 057205
P production and analysis of %e?\l—linked glycans were as described in example 2.

The glycan analysis (Table 2) showed that EPO produced by the ¢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  ol,3-linked fucoses compete with the sialyltransferase(s) to modify the terminal GIcNAc-Gal
and GIcNAc-GalNAc sequences.

Example 5. Over-expression of ¢(2,6 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 a2,6-sialyltransferase on
the sialylation of the individual N-linked sugars of the PER.C6-produced EPO (PER.C6-



27 highly sialylated EPO isoforns that are present in Eprex are well
represented in the EPO preparation derived fromPER C6 cells

over -expressing the sialyltransferase whereas these isoforns are

under - r eprvegem@thoor absent in the EPO produced in ordeoakpy008437868 cel | s
(i.e. wthout overexpression of thez2sialyltransferase). 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 growth in
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derived fromthe sane cell line but not adapted to serumfree nmedi um
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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 02,6-
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

0:2,6-sialyltransferase is not over-expressed.

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

!




28 EPO, the sialic acid content of the N-Iinked sugars of PER C6-EPO was
nonitored. Therefore, the N-Iinked sugars of PER C6- EPO were separated on
charge in order to distinguish between sugars containing 0, 1, 2, 3, or 4
sialic aci #020060Wbllso, PER. C6- EPO sanpl es derived fronPEREPHIIHHELSdo or do
not over-express the s a2,6- sialyltPansferase were concentrated and

buf f er-exchanged to 20 mM sodi um phosphate (pH 7.2) using MIIlipore

M crocon 10 concentrators to a concentration of approx. 0.25 - 0.5 g¢g/L
Subsequently, the glycoprotein was digested with PNGase F, which rel eases
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PCT/ EP2005/ 057284, 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.



29 The isolation of highly sialylated EPO produced by PER C6 is based on

i on-exchange (in particular, anion exchange) chromatography during which
the highly sialylated EPO nol ecules are separated fromthe | ess sialylated
nmol ecul es wdmw&67001EPO produced by PERC6- EPO ST C one #5mBe206k/05%hk s
according to the nethods described i Exanple 3 was purified 5 by affinity
chromat ogr aphy using the EPO specific E14 nonocl onal anti body as descri bed
in WD 03/038100. In this step, EPO was eluted with 0.1 M gl ycine-HCl, pH
2.7, which was imediately neutralized by addi ng potassi um phosphate
buffer, pH 8.0. The resulting buffer was thereafter exchanged using a
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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




WO 2006/ 070011 PCT/ EP2005/ 057205 30 Exanple 7. Erythropoietic activity of

hi ghly si al yl ated PER. C6- EPO To show that the increase in sialic acid
content of PER C6-EPO results in an increased erythropoietic activity, the
eryt hr opoi 80 W0@eM9ni ty of the highly sialylated PER COoPEREP20FI3720as
produced according to Exanple 4 is stédied in rats. The potential of

reconbi nant human 5 EPO to stimnmulate the production of red blood cells can
be nonitored in a rodent nodel that has been described by Barbone et aL
(1994). According to this nodel, the increase in the reticulocyte counts is
used as a neasure for the biological activity of the reconbi nant human EPO
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The activities of the highly si al yl-at ed PER C6- EPO and Eprex are conpared in
six groups of three Wag/Rij rats. Various doses of PERC6- EPO Eprex and
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(Canbr ex) @gthrédescrib Mﬂﬁ& &P% example & o amyocedre B evpmpled  The

EPO  bands,#ex 9309g30al1] éxeg%f%édﬁre%'de@rﬂ@&b;bbdﬁ?dléd\ﬁ‘éﬂ)Bmféhe&r{‘QhGaﬁ@d in Fig.
7, the bands represent 3 PO i soforns contalning different nunbers of

si al i ¢ aci d97heor Epdifieations of such Figthodeknowinte the person skilled in the art.

Example 9. Construction of the EPO-ST3 expression vector
In order to construct an expression vector for the simultaneous expression of EPO and
20  o2,3-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. 1L.23767, 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



WO 2006/ 070011 PCTI EP2005/ 057205 31 anount for each isoformwas determ ned
using densitonetric analysis of the bands. The average nunber of sialic
acid resi dues per EPO nol ecul e was cal cul ated using the formula: E (An*n)
n-0-15 5 wozodseh@ii ve anount of each isoformn = i sof @CmMEP2005/057205

nunber (correspondi ng to the nunber ofs2sialic acid residues per EPO nol ecul e)
Using this nmethod, the average sialic acid content of EPO produced by the

cl one PER C6- EPO 022 (as described in exanple 2), and of EPO produced by
the PER C6-EPO- ST cell line lo clone 25-3.10 (as described in exanple 3),
and of EPO that was obtained after fractionation of the highly sialylated

PER. C6- EPO- ST &&e(tﬁﬁsfét@ﬁﬁ rPE’-l@d6 bélls%meﬁecﬁh Ta95 Welkdre Adsk@ht a EPREX( 1)
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15  sialyltransferase). This demonstrates that, like for an 0-2,6-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 i)EPO-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 0i-2,3 sialyltransferase from a single plasmid pEPO-ST3
(see example 9). To obtain stable clones we performed a lipofect AMINE 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 supematants of 346 clones were screened for EPO production using an EPO specific
ELISA (Quantikine®IVD®: Human Epo Immunoassay, manufacturers protocol). Expression




WD 2006/ 070011 PCT/ EP2005/ 057205 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 DMEM containing 10 mM MgCl 2 and 9% fetal bovine
serum at WO DEIE0110% CO2. Transfection was carri ed ouPCUWERIIRBTHYSpEPO ST3
(see exanple 9, Fig. 8B) or pCP-EPO (& a control; see exanple 9, Fig. 8A)
per flask, 5 using Lipofectam ne (G bco) according to the manufacturers

i nstructions, using techniques well known to persons skilled in the art.
Three or four days after transfection, the culture supernatants were
harvested, and cleared by centrifugation and filtration. The EPO
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a2, 3-sialyltransferase can be used to increase the sialylation |evel of EPO
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EPO pr oduc(t:lln(l)erg has Is%giﬁ%gnt yplg)npsrgvei‘aﬁl sge{ly(f:lation (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,



ELI SA (Quanti kine(r)IVD(r): Human Epo | munoassay, manufacturers protocol).
Expressi on WO 2006/ 070011 PCT/ EP2005/ 057205 33 | evel s between cl ones were
found to vary between background | evels and nore than 400 eU mn/day. The
15% hi gheswonamkesicl ones and 15% of random y sel ect ed pcirmrems/fsrboscl ones
produci ng nore than 50eU m /day but I3ss than the 15% hi ghest producers)
were selected for sub-culturing resulting in a total of 103 clones. During
the cell expansion phase, a parallel s culture of the selected clones was
est abli shed for determ nation of EPO | evels. The information fromthis
second screening was used to select 50 clones. Productivity and quality of
cl ones i n r&PeHIVeOWhikd FPO ProdBsiduiPRRITY @I tHat'lild H6t@FerXdxpidi@SiglyRtansiBsd\er e
initiated in T80 flasks to generate material for lo purificationlanalysis
pur poses. ismgferiegto as RER.€6dEPQ ured i n DVEM suppl emented with 10% Fet al

Bovi ne Serum for 3-5 days. Then, the material was harvested. The anount of
EPO present in the culture supernatants varies fromb541 to 3783 eU nl.
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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




cultures. The EPO preparations produced are referred to as 2,6 EPO and 2, 3
EPO, WO 20061070011 PCT/ EP2005/ 057205 34 respectively, while EPO produced
in PER C6 cells that do not over-express sialyltransferase is referred to
as PER. C6- BIOGO@@HY| t ure: Anpoul es contai ni ng cryopr esErVEFIBHORTZ0E- ST cel | s
produci ng EPO, were 5 thawed into Er?senrreyer shake fl asks contai ni ng Mab
medi um Shake flask cultures were maintained in a humdified incubator on
orbital shake plateaus (37C, 5% C02, 100 RPM. Every 2-3 days, cells were
subcultured with a conpl ete nedi um exchange by centrifugation. The target
seedi ng density of each passage was 0.2-0.3* 106 viable cells/nL. 1 o
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by centri feopabdliedat 500 air catufatied By O sharging eadodudingepH at inbdsatior eiasim was

performed The rget di cell density was 0.4-0,6* 106 viable cells/nm,
Pnd shake sopirencdias,? S8y R o8 Fiin ron berisphcs, Neisoimit eff coRERlpeGPergie
orbitals; 15 shake pl ateaus (37C, 5% C02, 100 RPM. After 3-4 days of

incubation, the cultures were used as inoculumfor the batch productions.

Al t er nat i viddayesttCidturesof BEB/GASE cgliseeppessing FPQ/migrenhautvestied at opetday sfterdbe, t he

cells precultured. .i Jgs ol e ul € C [ ' nd

ceeded at b oo B Bt Ryttt PO B hihb et o L

fl asks or thebéttlocdmedsOER) comehitdtionngs ddidamined iby BlisSludked apprdximstbly dtont ur es

were mai ntained. in i.difjed.i Qr orbita] shake plate (37C, 5%

co2, 100 RMPIP E?‘QS’PZ'%E%’& Unigll ﬂg@%ﬁiﬂ%@mm@%ﬁwﬁ% aout ia&ne)

mai Nt & Nedjepbnd@hon thélbiPRle) B sPoeVEEIofcO RfPMb E@iur@fdring02) Was controlled at

50% of air saturation by 02 sparging and culture pH at inocul ati on was

controlled below 7.3 by CO2 addition in the headspace. No lowlimt pH

cont rol vvaﬁ?rggsg%g@ -alAfter 2-3 days of incubation, the cultures were used
Ui Porath

as 25 inocu e batch productions. Production in batch process: Batch
cul tures |@eldRiRE: mead et i ¢hel ¢rude bdteidhdryestlbly udang of bentrifugaion! at 300y pa¥ ed i n

VPRO nediumintq fresh_ V| nedi.um . or by_a conplete nmedium exch e to
VPRO medi UFHIHIFS Jasrenisy Mglngﬂ?gﬁi foHows B pncage avem ﬁws %ﬁoa&eecgaa} Aot Nab
30 medjim R4t @UllEekd, %ﬁﬁ%%@r@ptﬁaﬁrfiﬁ,d 38fim§ dnd’ Hhispoed Mde dARS | (Sirtus
0.2-0.4 * 106 viable «celTs/nL in shake flasks or bioreactors. Shake flask

cul tures varePoRiZn0J0ASHMN a hunmidified

J)

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

20  (IgGl) 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 overa 0.2 um 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 CuSO4 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



WO 2006/ 070011 PCT/ EP2005/ 057205 35 incubator on orbital shake pl ateaus
(37C, 5% C02, 100 RPM . Bioreactor settings were as follows: tenperature
was nai ntai ned at 37C, dissolved oxygen concentration (dO2) was controlled
at 50% of vadeoos/atoatiati on by 02 spargi ng and cul t ure pHPET/EPOTFTSI on was
controll ed below 7.3 by CO2 addition3¢n the headspace. No low limt pH
control was operated. 5 Harvest: Cultures of PER C6-ST cells expressing EPO
were harvested at one day after the naxinmum viable cell density had been
reached; typically between 5-9 days after initiation of the batch cul tures.
EPO concentrations as determ ned by Elisa ranged approximately from 1000 to -
10000 ELI géadidnistos 5l 5%( 15 ER$%BALINBO % 80)) 50 96, aad PO 0 werdaseda@activhout  5- 10

, 1 d d t [ i t eci fi | , dth | t
(o) et Flioeeabhr e NAC wera moolsdy B i e corigphal e EHetioRs GHATh har vest
by means Qs Gtd LRRIFIOR RicrBBPH diihpf 3. WHBHRR s HREARY Sverd filoldd! Uge)

followed by clarifi ion over a disposable coarse clarification 15 filter
(M11ipor é’i;e zo HPQthnsiottpinedclad axlayeragagjialigradidesontentpdd 34| andthed,3fBRQ thns

(Sartori USg,.: topore 2. .0.8/ 0, 4 ~RYification and ani on exchange: EPO
was pu%i f?%tam?(?%ar#) aé’g"'rag? %lglé éecgd%ogfeg%%fsu% a 90 m CV nouse nonocl onal
anti-EPO 20 (1gd) bound to CNBr-activated Sepharose 4B ( Aner sham Bi ot ech)
colum w I OiN rate of 5 n/mn. Elution and fractionation by anion
exchange Y8§' described in exanple 6. Al fractionated and

non- f ract m&mm&m&,mﬁ_(éé@i%ﬁﬂ WRAnidR a8l andwed a@oﬁﬁﬁ?% tRyf fer
(0.03% Tween 80, 0.5 % dycine in PBS pl47.4) by neans of buffer exchange
wi th a si methodsddseritiedin exsmplan. (TablerSeghows sonas) chapactedistiogof therN-trkddzsugass ohe
sanpl ile filte v 0 Id.t IR di sc

PN490 ? mﬁg?&%ﬂdlqg%p regé? {hg%a@c?%é%grﬁpf ?%eaég %%’F &P ?gﬁe%kdgusﬁ e? exchanged
usi ng a Hrgvealgd et 21D EBOahthing gelatelynore OFtri- iediictraabtenary sugdts aylvbrhparsd/ 20 M

w'th 20, e B CorePey Thicaddbiesgfon o GCPABRNR O P ot - S0l P CBPG PN i t
i ncr easi ng ARBKTompREe Krdddhi el NL1iARed k. I 18 addifiéh, MesSQbuRihdi b Step WO
2006/ 070011 PCTI EP2005/ 057205
detected in 2,3 EPO which demonstrates that the over-expression of the a-2,3-
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.




36 gradients of 5 -15% 15 - 25%25 - 30 % 30 - 50 % and 50-100% were used.
Fractions eluting at 250 - 300 mM NaC were pooled. The sialic acid content
of the fractions of EPO was anal yzed using | EF as described in exanple 3.
Af t er anal ¥9i2806f07¢0d¢t i ons were pool ed. The 2,6 EPO t huP@HraPGIAF2Had an
average sialic acid content of 12.1, #nd the 2,3 EPO thus 5 obtained had an
average sialic acid content of 12.7. MALDI analysis: The MALDI spectrum of
2,3 EPO (see Fig. 11) was made and anal ysed according to the nethods
described in exanple 2. Table 5 shows some characteristics of the N-1inked
sugars of 10 2,3 EPO and conpared to those of PER C6-EPO The anal ysis of

t he N-|i nKicingile13. Bislegieallaetivityhhaf EPO3 EPO contains relatively nore of tri-

and tetra- rs as ared to PER C6-EPQ.. This.indicates that
The over - B CEEPDY e Spafired 3T RERCRTLM ot oXereempiesuas § galy|twaasterait o Sy
conpl et e reRnsddiAg a8 HedcHBed\n lekath, }?92FM§EPO%GQ@EP®(bspkﬁM:&1meﬁﬂﬂﬂ)ld not be

detected in 2,3 EPO which denpnstrates that the over - expression of the a-2,3
15 si al yl ti2xWetedesieskfor ansiitre anf t?lrvzvsz biglegical petivityo s istvéira biplogical astviey was

a-1, 3-fuc €, tain a
hi gh armu(r?s){é@y’ u@nﬁr}g%’q& cos (Eaedﬁ ac% %%n%sl?ﬁm?t% ?Jlrsceiél Q%\R#a?ﬁ&?{b

val ue of ZFFH>BRB (EB@ ecfercacgdtandand). P]EIQSZ«SEQ’!O lP@RL(E@M\H’(Eand\BERO&IZJG}/EMbsent in
2,3 EPO. hIS hovvs t hat l; e er-e reSS|o of a a-2, 3- transferase
Coo it i M R naieber At OF LY End SR iR vy 51 coeired o B CUBRE stposing

Anal ysi s gy firGiéndafRAd feRe groauclg}f@p@qg virdd EPO Anal ysis by SDS- PAGE

denonstrated a slightly l'ower apparent nol ecular nass as conpared to
comercially avail abI e EPO (EprexTm), whi ch di fference di sappeared upon

r enov of ]ﬂ@ﬁ % si ze
excl Ugll on c P’g‘r’rlg %ﬁf’ 5 : éggggp‘%gé) 6513I g ﬁdﬁwﬁg?ease retention
Ej ime of 2 t&tdﬁﬁﬁ)tlmnd vﬁzp$>1<ﬁ§%@yan;thequmoqdhatem1c ﬁpusemTonMngln?[Eurbp@nence g

i sappear upon re cans ctra.wer repare
accor di ngePg’GmFar‘f Wnﬁéﬁlggéy%d&eﬁlis%‘qgf ’Ealml\g %VQOM\BMOE}P (ggpeaks
wer e ObSEEP(FQaé%dh’&bv% def¥cBaShirhi wﬂx@%as’@%dffl FERO RR&15%n8 QI3 BID waé 929, 6 EPO
and PER C6 EPO. | act osam ne repeat cont ai ni ng peaks were detected with

an intens |quha©pﬁE11©%RPr(re_fe@n@F=@ndwé) The phargracykinetipgrthess/pocpomtions were in
PCT/ EPZ})O%&Q %&Z&Otﬁe in vivo activity, in that the curves for 2,3 EPO and 2,6 EPO 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 0-2,6-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



37 Exanple 13. Biological activity of EPO PER C6 EPO (as produced in PER C6
cells not over-expressing a sialyltransferase in serum free nedium as
described in exanple 2) and 2,3 EPO and 2,6 EPO (as produced in exanple 12)
wer e testadobm@eotomivitro and in vivo biological activipgreddesdsmosi tro

bi ol ogi cal activity was 5 tested by s®asuring the capacity to stinulate the
-proliferation of UT-7 cells in conparison to EPO BRP (EPO reference
standard). PER C6 EPO PER C6 2,3 EPO and PER. C6 2,6 FPO had a rel ative
potency of 60, 129 and 94% respectively as conpared to EPO BRP suggesti ng
full functionality of the produced EPOin vitro. to The in vivo biol ogi cal
acti vity BRI HRRIRRR: (d2s deERRARbW AR A% pRBRattRSsizd ested in the
in vivo bioassay i'n the Nornocyt haem c nouse according to European

Phar mcop@@@iqnmmtmammﬁféﬁmasmdshom in Table 6, the in vivo
activity of PER C6 EPO was bel ow the detection limt whereas that of 2,6
EPO was 15% and 2,3 EPO was 32% of that of EPO BRP (reference standard).
The phar ngupdexpirificatiof t hese preparations were in 15 line with the in vivo
activity, in.that _the curves for 2,3 EPO and 2,6  EPQ were in between those

of PER CeAEBHYmUgied materipheas fusther seratgdon aprepsative dGY geljin a doyepH rangepo havi ng
a | 0ngeg@ﬁ&a&,iﬂlﬁ.@aﬂﬂw}sﬁ&eﬁoﬁkﬁ&sﬁaqﬁé&egggc&wm)uém%fsmp@m@s EPO (not

shown) . early, the EPO produced in PER I'l's that over-express an

a- 2, 6- si asephnatedirip dsofms dsofarins werg eg@rasted|fiom thahlkredes dy elsion avithiG- DMyl vy

i ncr easedq ' ' ] Y ~ ed in
pER Co corfieHCLEf 3 PRbiier® pbokd i AByRERRANT SRS R sCRaRISE 7))

Obt ai ni ngwareddd«isd irgsgective BRED cohdehtritiont b£0.03% v/epasl. 5% i) aadithd content |t
was shown in exanple 13 fhat EPO W th incr ed a-2,3-sialylation (2,3
EPO 4% DEPARIGA 517 W@t}gd@ ﬁ‘ﬁ%‘feﬂ@rﬁ\&%&ﬂre%cu vity, but still was
| ess active than the standard 25 (EPO BRP) while it has a simlar sialic
acid content. It was tested whether fractions with still further increased
si al i ¢ acRetofwpusheationul d be obtained fromthe material produced in PER C6-
ST cel l's, ,and. . fﬁyyp CI: I I ' idmproved in
vi vo bi ol éggfg%q“telﬁg I Vi ? y}gésd %o H%%E‘ég%%?%eg\é@tégﬁy F‘%gﬁa# é%d?g{l.gﬁgg A novel
bat ch of @RofoftfBiovad). p.5 oduag of puritied FPOWwisylogled iid the R otforchad dsoifdred were exanpl e

12. T ich for fracti jth g higher sialic acid content two.
al t er Rt | SERBRAEER 0 B MBE T S A AMAS 0B BPEd B HeeBRIOUSOERen 38

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 pm 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




focusing (I EF) nethods were used as described below. Alternatively
preparative size exclusion chromatography (HP-SEC) was used. Ul trodex
purification 5 Affinity purified material was further separated on a
prepar at i WeOREB/O0G®WI1in a | ow pH range ((U trodex, pH PG/EPAMSOSII8M

Bi osci ences) in the presence of 5 M Wea. The sanple was separated into
isofornms. Isoforns were extracted fromthe Utrodex by elution wwth 0.5 M
Tris-HCl pH 8.0. Fractions were pool ed and di al ysed agai nst PBS. Tween- 80
and Aycine { were added to respective final concentrations of 0.03% (v/v)
and 0.5% (wv) and the i o preparation was sterile filtered (0.22 m
MIllex-GV filfer, 2I\§115]L_@ore). Rot@fomforpurlflcatlomé\ltern ively, affinity
purified naterds s s e |EF (Rotofor,
Biorad). 2.5 - ) [
were 15 separ dr | LSW\Y/ B ¥ 4 X ulted in a
maxi mum of 10 fSr%ghgle?(V)ﬁtél a‘i’/)é‘fagi‘sé"{‘? er en@ c|6;§Eo t(;ﬂg}s. eAppr opgf??fs{%:tl ons were
pool ed. These pool ed fracti ons were dial ysed agai nst PBS. Tween-80 and

(w/v) T e pURRIR o P PRE-pFRTE T B e EPR S Bt (e B 0

M I'l ex- GV Hpr, éya(gVeragdSAnmmianm@%elﬂagsmlm%ga gpd content of various
fracti ons of EPO was anal yzed using | EF as described in exanple 3 and is

shown ®n the tabl e bel ow. Sanple Fractionation nethod Average SA 2.3 EPO 1
U trodex t 2.3 EPO-5
. S 12,0 iy BioklgaPagvic QP I bty R\l sBldondin 432 S FE0 0
Rot of or 14PHEB.CAQ,2BP6LY) ifirddimRETY ¢ 30 5vab fe£0 5n th8 9 Riv3 bieRSaPinRb¢ of or 12. 61
2.3 EPO 1(}\1 Rot o 22
ytﬁaemlc 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 | @al | GalNAé | Lewis's
praduced :
0.7 -

Table 1: Average number of Gal, GalNAc, and Lewis x structures per N-linked glycan present
20 on PER.C6-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



Sanmpl es with average SA (sialic acid) content after preparative |EF or
HP- SEC. Sanmples 2,3 EPO-1 and 2, 3-EPO-2 were run al ongsi de PER C6 EPO
(average SA 3.1) and Eprex (average SA 12.4) on an |EF gel, as shown in
Fig. 12. Woltwessomondi vo bi ol ogical activity of EPO t huspebi@ossadost h a
sialic acid content of 14.3 (PER C64@2,3 EPO 2, approximate yield 3% was
tested in the in vivo bioassay in the Nornocythaem c nouse according to
PHEUR 01/2002: 1316. The specific activity of this preparation is 113.881
| U mg [95 % confidence interval 94836 - 139361 | U ng], which is 1o
conparable to that of a comrercially avail able Epo preparation tested
(Eprex' "fapipich in turn is conparable to the EPO BRP standard both in
activity and in sialic acid content) These experinments denonstrate that it
IS pOSSi bl ¢ to-obtarnEPO-wtih—a—stmtar—+r—vtvo bi ol Ogl cal activi ty as
commerci al : I usi ng EIA expressiing cells and net hods

o LR Ge e BRE i

according t/o 58° 15 Tabl'€¥"™¥able 1 PER C bi PIO Gal Gal NAC Lewi s
X Gal+GalNAc__produced ir) lewis x DIFM1,8 1015 04 4,0 VPRO(S) 2.7 0.7
119 Table 1: Aver ac nurrber af Gal INAC, ard Lewis x structures per
N-1inked gl ycan p 20 cn PER—CB pr oduced EPO. EPO was produced either

i n an adherent—euttdre— M—etr—t—a—st gion culture in the serumfree
VPRO nedi um (VPRO L"@a) The Iast cal L represents the ratio of the average
nurber of term nal + GalNac resi dues over |the average nunber of Lewis x
structures. 25 WO 2006/ 070011 PCITEPZ0057/ 057205 40 Table 2 a2,6 shal yltrat
sterasc Lew !5 X

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

EPQ
preparatron

|25 | o5 | o5

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.



wi thout with Table 2: Average nunber of Lewis x structures per N-Iinked

gl ycan present on EPO produced in PER C6 cells that do (i.e., PER C6-EPO ST
cl one 25-3.20) or do not (i.e., PER C6-EPO 5 clone 25) over-express the a2, 6
si al yl t r anwPDepEE0011 Tabl e 3 EPO Gal G&I NAC Lewi s X pr AWERDGAST8Y al ' EPO
2.5 0:5 0 .'5 Fractionated 32 U,:3 012 <=P[7 Table 3: Average nunber of
Gal, Gl NAc, and Lewis x structures per N Ilinked glycan found 10 in the
total pool of EPO nol ecules that are produced in a serumfree suspension
culture of a2,6 sialyltransferase over-expressing PER C6 cells and in the
hi ghly sialylated EPO fraction thereof, which was obtained using the
procedures described in exanple 4. WO 2006/ 070011 PCT/ EP2005/ 057205 41

Tabl e 4. Friag % | ane EPO preparation Lewis X Sialic acid PER C6

suspensi o 1$r mfree 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.
fractlonated hi ghly sialylated EPO 3 0.6 12.6 (exarrple 6) 4 Eprex

(comer ci [ Y 5o0%as | Wﬁb‘l—e—a—‘mw I ;
content dn %beans *T‘pd? erent EPO preparati ons (see s exarrple é . Contents

are per BPO nol ecul|@®ER.C6 suspension serum-free

1 5.7 3.0
(example 2)
PER.C6 + overexpressed o-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 O

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 5 EPO % Antennarity Lewis X preparation Bi- Tri- Tetra antennary
antennary antennary PER C6 27 0 73 5.6 EPO 2,3 EPO 0O 16 84 0 1o Table 5.
Antennarity of the N-linked glycans and average Lewis x content per EPO

nol ecul e was006d7001h at ed from MALDI spectra from af fi nigogoisioseds PER. C6- EPO
and 2,3 EPO, as described in exanples 2 and 12. 15 WD 2006/ 070011

PCT/ EP2005/ 057205 42 Table 6. Preparation Specific activity Rel ative
potency ONmg) (X9 [95 % C] 95% Cl] EPO BRP 130.000 100 PER. C6-EPO <
4762 < 4 2,6-EPO 18906 15 [15929 -227741 [12 -18] 2,3-EPO 41687 32 [32948
- 56080] [25 - 431 Table 6. In vivo activity in Nornocythaem c mce (see
exanple 13). Cl: confidence interval 5 REFERENCES Byrd P, Brown KW
Gallinore PH 1982. Malignant transformation of human enbryo retinobl asts by
cl oned adEpd.rus 12 DNA. Nature 298: 69-71. 10 Byrd PJ, Grand RIA

1000 +

@Gl |'i nor PH 8—Dbrfferenttal ansforfrattor——of = 1 e —erbryjo
retinal gl,eliép%ra%i§ﬁadenovi rus B redPs ﬁ;ﬁﬁ‘ﬁ ombi niat rongglﬁﬁvj?}o s
Oncogene 2: 477-484. Del orng E, Lorggrg/'l“éi] T, Gffin J, F/&Eo“'éhF, Jacqgbsen
= Boone_'%_EJ_lj_nL S (1992) Role of 3% Yo
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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<210> 1
<211> 34
<212> DNA
25 <213> Artificial

<220>

<223> forward EPO primer

30 <400> 1
ccaggcgcege caccatgggg gtgcacgaat gtcec 34

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



<212> DNA 25 <213> Artificial <220> <223> forward EPO priner 30 <400> 1
ccaggcgcgc caccat gggg gtgcacgaat gtcc 34 <210> 2 35 <211> 30 <212> DNA
<213> Artificial WD 2006/ 070011 PCT/ EP2005/ 057205 2/2 <220> <223> reverse
EPO pri merwo4@®@300215 ccgggttaac tcatctgtcc cctgtcctgec BO/ERNPST285 <211> 23
10 <212> DNA <213> Artificial <220>2/%223> forward

al fa-2,3-sialyltransferase prinmer 15 <400> 3 ggactagtgg atccgccacc atg 23
20 <210> 4 <211> 30 <212> DNA <213> Artificial 25 <220> <223> reverse

al fa-2,3-sialyltransferase priner *

<220>

<223> reverse EPO primer

<400> 2
5 ccgggttaac tcatctgtce 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



<400> 4 gctctagatc agaaggacgt gaggttcttg 30 30 46 CLAIMS Wat is clained
is: 1. A nmethod of decreasing the average content of N N -
di acetyl | act osedi am ne (Lacdi NAc) structures on a protein that is

reconbinantly expressed in a cell, the method conprising over-expressing an
a-2,3-sialyltransferase in said cell 462. The nethod according to claiml1,
wherein said cell is a eulcaryotic cell conprising a nucleic acid sequence
encodi ng an adenoviral E1A protein in expressible format. 3. The nethod
according to claim?2, wherein said Il _is froma human enbryonic retina
cell. 4. The nmethod according to cl § wherein said nethod further

i ncreases the average content of sialic acid on said protein. 5. The nethod
according to claim1l1l, wherein said protein is erythropoietin.
What is claimed is:

1. A method of decreasing the average content of N,N'-
diacetyllactosediamine (LacdiNAc) structures on a protein that is recombinantly
expressed in a cell, the method comprising over-expressing an o-2,3-sialyltransferase in

said cell.
2. The method according to claim 1, wherein said cell is a eukaryotic cell
comprising a nucleic acid sequence encoding an adenoviral E1A protein in expressible

format.

3. The method according to claim 2, wherein said cell is from a human

embryonic retina cell.

4. The method according to claim 1, wherein said method further increases

the average content of sialic acid on said protein.

5. The method according to claim I, wherein said protein is erythropoietin.



