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IMPROVED PRODUCTION OF GLYC‘OPROTEIN'S

USING MANGANESE

The present applicaﬁon claims benefit under 35 U.S.C. § 119 of
'5  United States Patent Application No. 60/748,880, which was filed Decgmbér 8

- 2005, and is incorporated herein by reference in its entirety.

Field of the Invention -
The invention relates to cell ,cufturing methods and media
10 containing manganese that improve glycosylation or sialylation of glycoproteins,

including erythropoietin and analogs or derivatives thereof.

Background . .
Erythropoietin (EPO) is a glycoprotein hormone that is normally'l
15 synthésized and secreted by peritubﬁlar cells in the kidney and functions as the ;
principle homeostatic regulator of red blood cell production. Recombinant
human erythropoietin (fHuEPO) is used clinicélly to treat anemias and increase;
red blood.cell production in numerous different conditions, such as perisurgery,
chronic renal failu're,. side effects of HIV or HCV treatment, and side effects of
20 cancer chemotherapy. Pharmaceutical biosynthesis of glycoproteins such as EPO
is complicated by the need for both high levels of express.ion and appropriate
posttranslational processing, which involves the addition of N-linked and O-

linked branched oligosaccharide chains.



WO 2007/070315

10

15

20

PCT/US2006/046609

In glycoprotei'r.xs su.oars are attached eithe.r to the am.ide nitrogen’
atorrll in the side chain of asparagine (termed an N- -linkage) or to the oxygen atom
in the side chain of serine or threonine (termed an O- -linkage). The process for
forming N-linked carbohydrates begins with the addition of 14 monosaccharides
toa Iipici-linked dichol in tﬁe endoplasmic reticulum (ER). After its 'foiﬁma:tion,
this carbohydrate complex is then transferreci to the pfotein by t.hé

oligosaccharyltransferase (OST) complex in a process termed “core

‘glyco'sylation” in the ER. The oligosaccharyltransferase (OST) complex isa -

multi-protein unit comprised 6f ribophorin I, II, GST48 and DAD1 (Kelléher and
Gilmore 1997 PNAS 94(1 0):4994-4999; Kelleher et al. 2003 Moleculdr Ceéll ™
12(1):101-111; Kelleher et al. 1992 Cell 69(1):55-65). . |
Subsequently, the polypeptides are transported to the'Golgi
complex, where the O-linked sugar chains are added and the N-linked sugar
chains are modified in many different ways. In the cis and medial compaitments
of the Golgi complex, the original 14-saccharide N-linked complex may be
trimmed through removal of mannose (Man) residues and elo'ngategi through
addition of N- acetylglucosamine (GlcNac) and/or fucose (Fuc) residues. The

various forms of N-linked carbohydrates have in common a pentasaccharide core

" consisting of three mannose and two N-acetylglucosamine residues. Finally, in

the trans Golgi, other GlcNac residues can be added, followed by galactose (Gal)
and a terminal sialic acid (Sial). Carbohydrate processing in the Golgi complex

is called “terminal glycosylation” to distinguish it from core glycosylation.
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Sialic acid is a generic name for a family of about 30 naturally

occurring acidic monosaccharides that are frequently the terminal sugars of

~ carbohydrates found on glycoproteins and glycolipids. Sialylation of

recombinant glycoproteins is very important and may impart many significant

propertieé't_o the glycoprotein including charge, immuno genicity, resistance to |

* protease degradation, plasma clearance rate, and bioactivity.

The final qor_nplexcarbohydraté units can take on many forms,
some 6f which have two, three or four branches (termed biantennary, triantennary
or tetraantennary).. An exemplary: N-lipked bi@temwy structure is shown
below:

Man — GlcNac = Gal — Sial
/

Asparagine — GlcNac — GlcNac —Man .

: .
Vo x

Man ~ GlcNac — Gal — Siall -

A nmumber of enzymes involved in gl&cosylatioﬁ utilize divalent
cations as co-factors. For example, numerous enzymes involved in the dolichol-
linked oligosaccharide synthesis require divalent cations as co-factors for activity
(Couto et al. 1984 J. Biol. Chem. 259(1)1378-382; Jensen and Schutzbach 1981 J.
Biol. Chem. 256(24):12899-12904; Sharma et al. 1982 European Journal of
Bioc};emistry 126(é):319-25). The enzyme which catalyses the addition of O-

linked carbohydrate to the polypeptide also requires a divalent cation for activity
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(Sugiura et al. 1982 J. Biol. Chem. 257(16):9501-9507). :Manganese (Mn++) is'a
requlred co-factor for the enzyme B-galactoside-a-1,3,- galactosyltransferase

Whlch catalyzes the addition of terminal galactose to elongating N—acetyl—

" glucosaimine sugars (Witsell et al. 1990 J. Biol. Chem..265(26):15'73 1-7).. It was

previouéfy reported that manganese at a.concentration of 0.1 mM or 1 rpM'
partially reversed the reduction in N-linked and O—Iini(ed occuﬁ»aﬂc‘y of
erythropoietin‘ caused.by A231 87.', a compound which depletes di\falent cations .
(Kaufman et al. 1994 Biochemistry 33(33):9813-9). |

| rHuEPO has previously been shown to contain three N—linked and
one O-linked branched carbohydrate structures that are hi gl-;ly sialylated

(Takeuchi et al. 1988 J. Biol. ,Chein. 263(8):3657-3663). De-siélylated EPO is

_ virtually inactive to induce erythropoiesis in vivo due to the rapid qlearanbe of

this modified protein by the hep.ato'cyte asialo glycoprotein reéceptor (Ashwell and
Harford 1982 Annual Review of Biochemistry 51(1):531-554; Goochee et al.
1951 Bio/Technology. 9(12):1347-55). Other studies have shown that sialylaﬁon
and glycosylation decreases binding kinetics of EPO to the EfO receptor.
(Darling et al. 2002 Biochemistry 41(49):14524-31 D -

Darbepoetin alfa is a novel glycosylation analog of recombinant

" human erythropoietiﬁ (rHuEPO) that contains two additional N-linked

glycosylation sites. Darbepoeﬁn has decreased receptor-binding activity but
exhibits a three-fold longer serum half-life and increased in vivo activity as a

result of this increased persistence. in circulation. The in vivo activity. of EPO
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analogs has.been demonstrated to correlgte with.the number of N—lin_ked
carbohydrates. (Elliott et al., Exp Hematol. 2004 32(12):1 146-55.)

rHuEPO produced in CHO cells can exhibit a variable extent of
glycosylation and sialylation. (Takeuchi et al., 1989 PNAS 86(20):7819-22,

5  Zanette et al., 2003 Journal of Biotephno]ogy 101 (3):275-287). Given that EPO
" sialylation is an important factor in in vive bioactivity, consistency in

glycosylation and higher ‘levels.nf sialylation of rHuEPO and its analogs are
desiréble qualities when producing recdmbinént protein for therapeutic uses.
Thus, there exists a need for culture media and' culturing methods that improve

10 the glycosylation or siaiylation of glycoproteins produced in cell cultures.

Sulnmary of the Invention
In one aspect the invention provxdes culture media comprising
host cells and a non-toxic amount of manganese effective to increase the &
15  sialylation of a glycoprotein composition produced by such host cells. - !
In another aspect, the invention provides methods for improving
sialylation of glycoproteins by growing host cells producing snch glycoproteins
in a culture medium containing ménganese? in an amount effective to increase the
sialylation of such glycoproteins.
20 | Exemplary glycoproteins include erythropoiesis-stimulating
molecules, such as erythropoietin and darbepoetin. The manganese may be
present in an amount effective to increase sialylation, either through increasing

the percentage of sialylated molecules produced or through increasing their
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degree of sialylation, and/or effective to increase occupancy of O-linked or N- -
linked glycosylation sites, and/or effective to increase galactosylation. Preferably
the addition of manganese to culture medium improves such a property(ies) by at

least 10%, 20%, 30%, 40%, 50%, 60%, 70%, or more relative to culture media

lacking manganese or culture media containing a lower concentration of

manganese.

In one .exemplary embodiment, the invention provides a method - .
for pfoducing an erythfdpoietic-composition comprising éial};lated
erythropoiesis-stimulating mo.lecules, wherein the method involves tiae stép of
growing a manganese-responsive host cell in culture medium containing
manganese, and optionally .inc_ludés the step of recovering an efyﬂ;ropoieti;:
composition characterized by any one, two, three, four or more of thé foliowing
improved properties: (1) a reduced percentége of “lower sialylated”
erythropgiesis—stimulating molecules, e.g. less than about 5% of the molecules
are lower sialylated; (2) an increased percentage of “highly sia]ylated”"
erythropoiesis-stimulating fnolecules; (3) an increased percen'tage qf
erythropoiesis-stimulating molecules which are glycosylated at potential O-

linked glycosylation sites; (4) an increased percentage of galactose among the

" sugars attached to erythropoiesis-stimulating molecules, or (5) an increased

percentage occupancy of potential N-linked glycosylation sites.
The manganese in the culture medium is ata concentration that is

effective to provide one or more of such improved properties, e.g. ranging from
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about 0.01 to about 40 uM, from about Q.l to abouf 10 uM, or from about 0.4 to
about 4 pM. '

. In any of the preceding culture media or methods, the culture
medium may be essentially serum-free and/or may optionally comprises one or

more supplementary amino acids selected from the group consisting of

" asparagine, aspartic acid, cysteine, cystine, isoleucine, leucine, tryptophan, or

valine. -
The host cell may be any mammalian cell, e.g. a-CHO cell, anci
may be grown in any suitaBle culfure system, e g.in roller bottles.
The.mal.lganese may be present in the' initial érowthmediuﬁm or ’

may be added after a rapid cell growth phase, e.g. a period ranging between about

- 2'and 20 days, or may be added after one or two harvest cycles.

Other features and advantages 6f the invénti,on will become
apparent ﬂom the following détﬁiléd déscﬁption. It shoulci be understood, :
however, that the detailed description and the specific exarnples; while inciic;atiﬂ'g:
exempléuy embodiments of the inventioﬁ, are given by way of illustration only,
because various changes and modifications within the spirit an.d scope of the

invention will become apparent .to' those skilled in the art from this detailed

description.

Brief Description of the Drawings
Figure 1 displays the amount of rHuEPO in the flow through

fraction as a percéntage of the amount loaded onto the column and shows results
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from culture medium with n; added manganese, and wit'h 4 uM added
manganese.

Figure 2 displays the amount of rHuEPO in the IEX-rétained
fraction as a percenfage of the amount loaded onto the column and shows results
from culture medium with no added manganese, and with 4 uM addéd
manganese. |

. Figure 3 displays the amount of dart.>epoetin in the_IEX—ret,ained I
fraction as a pércentagé'of the amount loaded 6nto the colu@; after each-harvest
cycle, and shows results from culture medium with no adde(i mangal'mese,'and
with 4 UM added mangaﬁese.

Figure 4 displays percent of fHuEPO molgcules:i‘n ‘which d-sites
were occupied with glycosylation and shows results from culture m;:diunﬂ with
no added manganese, and with 4 UM added manganese. .

Figure 5 displays percent of dérbepoeﬁn molecules in which O-
sftes were occupied with glycosylation, aﬂeg each harvest cycle, a;nd “sl;'ows
resﬁlts from culture medium with no added manganese, and Qith 4.|JM added
manganesé.

Figure 6 displays percent of darbepoetin molecules in which O-

* sites were occupied with glycosylation and shows results from culture' medium

with varying concentrations of manganese.
Figure 7 shows representative glycosylation forms identified by

MALDI-TOF MS.
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Figure 8 displays bercent of recoveréb]e highty sialylated rHuEPO

obtained after culturing in Standard Media, Enriched Media (Standard Media

' supplemented with amino acids), and Enriched Media with varying

- concentrations of manganese.

Figure 9 displays the percent of lower sialylated rHuEPO forms

* obtained after culturing in Standard Media, Enriched Media, and Enriched Media

with varying concentrations of manganese.
Figure 10 displays percentage of O-site occupancy by
glycosylation obtained after cultuﬁng in Standard Media, Enriched Media, and

Enriched Media with varying concentrations of manganese.

Detailed Description of the Invéntion

The invention prov:des culture medla and cell culture methods
that improve the sialylation of g]ycoprotems particularly erythropoiesis- :
stimulating molecules such as erythropoietin of SEQ ID NO: 3, or analogs; |
varianté, or derivatives thereof, including darbepoetin of SEQ ID NO: 2.

Recombinant glycoproteins produced in CHO célls‘ can exhibit
variable glycosylation and sialylation. Hi ghly sialylated forms of glycoprotein
molecules can be separated from lower sialylated (including non-sialylated)
forms of such molecules via anion exchange chromatography Sialic acids, being
ac1d1c and thus negatively charged, are captured on the column, so that highly
sia]ylated molecules are retained on.the column while lower sialylated forms

flow through. The amount of glycoprotein in each fraction (retained on column
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vs. flow thro‘ugh fraction) cée be 8ete1mined and compaeed to the etanillg amount
of élycoprotein loaded from the cell culture ﬁedia.

| The addition of manganese to culture medium has eeen shown
herein to result in si.gniﬁcant alterations in post-translétiona] processing of
erythroﬁoiesis-stimulating molecules, such as erythropoietin and dari)epoetin, by

the cultured cells producing erythropoietin. Manganese decreases the amount of

. lower sialylated glycoprotein produced (and increases the amountl'_of highly

sial);lated glyeoproteiﬁ, recovered), increases the number of potential O-linked
glycosylation sites that are occupied by sugar chains, increases the number of
potential N-linked glycosylation sites that are occupied by sugar chains, :increases '
the terminal galactosylation of sugar chains, and increases tenﬁinel sialylation of
sugar chains. Manganese dld not appear to alter the degree of branchmg of the
sugar chains (e.g. one, two, three or four branches). Manganese also reverses the
reduction in sialylation dbserved when the culture medium is periodically
supplemented with amino acids depleted during cell culture, e. g. asph’regine,
aspartic acid, cysteine, eysﬁne, isoleucine, leucine, tryptopha.n, and valine.

The term “erythropoietic composition™ as used herein means a

collection of erythropoiesis stimulating molecules that contaln glycosylatlon

" sites, and among which at least some of the molecules carry a sugar chain

comprising at least one terminal sialic residue (i.e. such molecules are -
“sialylated™). Similélrly, the term “glycoprotein composition” as used herein
means a collection of glycoprotein molecules, among which at least some of the

molecules are sialylated.
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The term “‘erythropoiesis-stimulating molecules” as used herein

includes human erythropoietin (SEQ ID NO.: 3) or a biblogical]y active variant,

- derivative, or analog thereof, including a chemically modified derivative of such -

protein or analog. Amino acids 1 through 16§ of SEQ ID NO:.3 constitute the
mature pfotein. Another exemplary erythropoiesis—stimu]ating molecule is |
darbepoetin (SEQ ID NO: 25. Amino acids 1 through 165 of SEQ ID NO: 2
constitute the mafﬁre protein. Also contemplated are analogs of erﬁhropoietin

(SEQ ID NO.: 3) or darbepoetin (SEQ ID NO: 2); with 65%, 70%, 75%, 80%,

. 85%, 90%, 91%, 92%, 93%, 94%; 95%, 96%, 97%, 98%,‘ or 99% homology to .

SEQID NO: 3 or SEQ. ID NO: 2, respectively, and still retaining erythropoietic
activity. .

Exeﬁlplary sequences, manufacture, purification and use of

recombinant human erythropoietin are described in a number of patent

publications, including but not lim‘ited to Lin U.S. Patent 4,703,008 and Lai et ::11..
U. S. Patent 4,667,016, each of which is in.corporated herein by reference in its I o
entirety. Darbepoetin is a hyperglycosylated erythropoietin analog having five
changes in the amino acid sequence .of rHuEPO whi.ch provide' for two additional
carbohydrate chaips. More spec.iﬁ'cally, darbepoetip contains two additional N-
linked carbohydrate chains at amino acid residues 30 and 88 of SEQ ID. NO: 2.
Exemplary éequences, manufacture, purification and use of darbepoetin and other
erythropoietin analogs are described in a number of patent publications, including

Stricldand et al., 91/05867, Elliott et al., WO 95/05465, Egrie et al., WO
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00/24893, aﬁd Egrie et al. WO 01/81405, each of which 'is incorpo;at.ed herein by
reférence, in its entirety. |

As used herein, “analogs” refers to an amino acid s"eqilence that
has insértions, delet}ons or substitutions relative to the parent sequence, while
still subétantia]]y maintaining the biological activity of the parent sec']u'gnc.e, as
determined using biological assays known to one of skill in th.€.: art. “Variants”
include naturally occﬁm’ng allelic variants, splice \.fariants, or pol)_}morphi_é formé :
of the parent s,.equence... “Derivatives™ of naturally occurring; variant or analog
polypept.ides include those which have been chemically modified, for exémple, to
attach water soluble polymers (e.g., polyethylene glycol), radionuclides, or other
diagnostic or targeting or therapeﬁtic moieties, any of which ca'r.l b'e attachéd '
directly or indirectly through linkers.
| The.term “erythropéietic activity” means activity to stimulate
erythropoiesis as demonstrated in an in vivo assay, for example, the exhypoxic
polycythermic mouse assay. See, e.g., Coteg and Bangham, Nature, 191:1065
(1961). |

' The term “manganese-responsive host cell” as used herein means

a host cell which produces a glycoprotein and which responds to added

' manganese in its culture medium by increasing sialylation, either by increasing -

the percentage of sialylated glycoprotein molecules produced or by increasing the
degree of sialylation (i.e. the number of sialic acids per molecule) of the
glycoprotein molecules produced.. For erythropoietic compositions, manganese-

responsive host cells include host cells that respond to .adde'd manganesé by
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increasing the percentage of hi ghly sialylated erythropoiesis-stimulating

molecules recovered after anion exchange chromatography carried out as

" described below. In exemplary. embodiments, manganese-responsive host cells

may include host cells growing anchored to a solid surface, e.g. in roller bottles.

. Any manganeseerespoﬁsive host cells described herein may be used according to

" the invention.

Culture medium components
The invention provides a culture medium compﬁéing an amount -
of manganese effective to increase the sialylation of a glycbprotein composition

produced by cells grown in this culture medium. In one embodiinent, said

-amount of manganese is non-toxic to the cells, i.e., does not reduce cell viabili'ty,

cell growth or protein production. In related erﬁbodimeﬁts, the invention ‘

) . . 1
provides a culture medium comprising aﬁ amount of manganese effective to - !
imncrease the sialylation of an' erythropoietic composition produce& by cells grow1ii' L
in this culture medium.

The amount of manganese in the culture media o'fthe invention
may be greater than the “trace element” amount present in standard media
compositions, e.g., gre,éter than 0.001 pM. While the quality of erythropoietic
compositions. is clearly improved by the addition of 40 1M manganese to host
cell cultures, in some cases the yieid of protein secreted into the media is

substantially reduced, indicating a toxic effect of such a concentration of

manganese. In exemplary embodiments, the concentration of man ganese in the
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culture medi.um (1.e. the ﬁnal‘conc'ehtration after the manganese-supplemented
med.ium is added to the host cells in culture) ranges from ab.out'O.(.)ll .to about 40
uM,. or from about 0.1 to about 10 uM, or from about 0.4 to about.'4 pM. In other
exemplary embodiﬁents the conceﬁtration of manganése at the lower end of the
desired range may range from about 0.005, 0.01, 0.05, 0. 1, 0. 2 0.3, O 4, 0. 5 0.6,
0.7,0.8,09,1,1.5,2,25,3,3.5 or4 pM or higher; the concentration of

manganese at the higher end of the range may also range up to abpuf 50, 45, 40,

35,30,25,20,15, 10,9, 8,7, 6,5 or 4 uM. -

The concentration of manganese in the culture medium added to
the cells may be adjusted to achieve the desired final concentration of manganese
in the culture system. For'examplé, with batch processes invol‘}ing complete .
removal and replacement of culture medium, replacement culture rﬂedimﬁ
c'ontaining' 4 uM Mn** is added to the cells to achieve a final culture medium at 4
uM an“'“. Alternatively, when continuous perfusion processes are used, the
concentration of manganese in the added media will need to be higher to achiéve
a final culture medium at the desired Mn®* concentration within a range.
Adjustment of the concentration can be easily carried out by one of ordinary skill
in the art. | |

| " The culture medium can also include any other necessary or
desirable ingredients known in the art, such as carbohydrates, including glucose | .
essentlal and/or non-essential amino acids, lipids and lipid precursors nucleic
acid precursors, wtamms morgamc salts, trace elements 1nc]ud1ng rare metals,

and/or cell growth factors. The culture medium may be chemlcally deﬁned or
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may include serum, plant hydrolysates, or other. deﬁved substances.. The culture -

medium may be essentially or entirely serum-free or animal-component free.

~ Essentially serum-free means that the medium lacks any serum or contains an

insignificant amount of serum.
The culture medium méy also include supplementary amino acids
depleted during cell culture, e.g. asparagine, ‘aspartic acid, cysteine, cystine,

.isoleucine, leucine, tryptophan, and valine. The amino acid supplementation may

be in the initial growth medium and/or in. medium added during or after the rapid

growth phase.

Thé medium may include lipids aind/or lipid precursors suéh as
choline, ethan;:)lamine, or phosphoethanolamine, qho]esterol, fafty acids such as
oleic acid, linoleic écid, linolenic acid, methyl esters, D-alpha-tbcopherol, e.g. in
acetate form, stearic acid; fnyristic acid, palmitic acid, balmito]eic acid; or
arach'idoni.c acid. A number of coﬁme}cially available lipid mixtures are : ’
available. | | ]

The medium may include an iron supplement comprising iron and
a synthetic transport molecule to which the iron binds. The médium may i.nclude
morganic compounds or trace elements, supplied as appropriate salts, such as
sodium, calcium, potassium, magnesium, copper, iron, zing, selenium,
molybdenuhl, vanadium, manganese, nickel, silicon, tin, aluminuim, barium,
cadmium, chromium, cobalt, geﬁnanium, potassium, silver, rubidium, zirconium,

ﬂuoride, bromide, iodide and chloride. A nur_nber of commercially available

mixtures of trace elements are available.



WO 2007/070315

10

15

20

PCT/US2006/046609
16

The medium i;lay also optionally include‘a nonionic; surfactant or
surface-active agent 1o protect the cells from the mixing or aeration. . The culture
me&ium may also comprise buffers such as sodium bicarbonate, rﬁoriobasic and
dibasic phosphates, HEPES and/or Tris.

In exemplary embodiments, the media is DMEM/F—IQ r'pedia
(Gibco) containing 5% serum. DMEM includes the following.:iﬁorganic salts:
Calcinum Chloride,. Cﬁpric sulfate Ferric-Nitrate or’Sulfate, Potassium Chlon’de,.
Maghesiurn Sﬁlfate or .Chloride., Sodium Chloride, Sodium bihydrogen
Phosphate, Sodium Bicarbonate, Zinc sulfate; the 'following amino e;c'ids L—
Alanine, L-Arginine, L-Asparagine, L-Aspartic acid, L-Cysteine, L-Glutamic
acid, L-Glutamine, Glycine, L-Histidine, L-Isoleucine, L-LGUClil'le‘, L—Lysi;le, L-
Methionine, L—Pheny]alanine,'L—Pljo'line, L-Serine, L-Threonine, L-Tryptophan,
L-Tyrosine, L-Valine; the following lipids and vitamins: Biotin, D-Calcium-
Pantothenate, Choline Chloride, Folic Acid, myo-Inésitol, Niacinamide, -
Nicotinamide, Pyridoxine, Riboflavin, Thiamine, Vitamin B12 (éoba]a‘min), '

Thymidine, Linoleic Acid, Lipoic Acid; and other components including D-

Glucose, Phenol Red, Hypoxanthine, Sodium Pyruvate, Putrescine, and HEPES.

The culture medium may also comprise inducers of protein

" production, such as sodium butyrate, or caffeine. Other known inducers include,

but are not limited to, the following compounds: N-AcetyI—L-cystein_e, -
Actinomycin D, 7-Amino-, Bafilamycin A1, Streptomyces griseus, Calphostin C,
Cladosporium cladosporioides, Camptothecin, Camptotheca acuminata, CAPE,

2-Chloro-2'-deoxyadenosine, 2-Chloro-2'-deox yadenosine '5'—Trip.h.03ph.éte,
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Tetralithium Salt, Cycloheximide, Cyc]ophospham.ide Monohydi'ate,

Cyclosporine, Trichoderma polysporum, Daunorubicin, Hydrochloride,

~ Dexamethasone, Doxorubicin, Hydrochloride, (—)-Epigallocatechin Gallate,

Etoposide, Etoposide Phosphate, ET-1 8-OCH3, 5-Fluorouracil, H-7,

Dihydroéhloﬁde, Genistein, 4-Hyd1_'oxynonenal,.4-Hydroxyphenylretinamide,'

' Hydroxyﬁrea, IL-1B Inhibitor, (#)-S-Nitroso-N-acetylpenicillamine, S-

Nitr,osoglutathiohe, Phorbol-12-myristate-13-acetate, Puromycin,

Dihydrochloride, l-Pyrroliditl_ecarbodifhioic Acid, 'Ammoniuni Salt, Quercetin,

Dihydrate, Rapamycin, Sodium Butyrate, Sodium 4-Pheny1butjr_ate, D-erythro-
Sphingosine, N-Acetyl-, D-erythro-Sphingosine, N-Octanoyl-, Staurosporine,

St;eptomyées sp., Sulindac, Thapsigargin, TRAIL, E. coli, Trichostatin A,

- Streptomyces sp., (+)-Verapamil, Hydrochloride, Veratridine, Vitamin D3,

The culture medium optionally excludes A23187 or other

compounds which deplete divalent cations.

Culturing methods

The invention also iarovides methods for producing a glycoprotein
composition, such as an erythropoietic composition, which may include culturing
a manganese-responsive host cell in any of the culture media described herein.
Such methods may further include the step of recovering the glycoprotein
comp:osition, e.g. the erythropoietic-composition, from the host cells or culture

medium. Manganese may be included in the initial culture medium during the
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initial growth phase or may Se added at later stages. Manganese n‘;ay have'a
greéter effect when added after a rapid growth phase during whicl.l @aximum or
neﬁ maximum host cell growth is achieved, for example, a period longer than 2,
3,4,5,7,10, 15 or 22 days, or up to 22, 25, 30, 35, 40, 45, 50, or 55 days and
may have an even greater effect after prolonged cell growth, e.g. after two
harvest cycles. When the recombinant protein is secreted into.:thé medium, the
medium can be harvested periodvically, so that the same host cells.‘pan be used
throﬁgh several harvest cycles. In exemplary embodiments, >h0st cells producing
erythropoiesis-stimdlating_mdlecu]es,are incubated in three .discre,te .batcli harve‘st '
cycles. For each cycle, medium is harvested and replaced with fresh medium.
The first cycle may be, e.g., 8'day's; the second cycle, e. g7 dt{ys; and the‘ third-
cycle, e;.g., 5 days in duration. .

| Any host cells known in the art to produce glycosylated proteins
may be used, in'c]pding yeast cells, plant cells, planté, insect cells, and
mammalian cells. Exemplary yeast cells ing]ude Pichia, e.g. P. p.astm.'is, and
Saccharomyces e.g. S. cerevisiae, as well as Schi'zosaccharor;zyces pombe,
Kluyveromyces, K. Zactis, K. Jragilis, K. bulgaricus, K. wickeramii, K. waltii, K.

drosophilarum, K. thernotolerans, and K. marxianus; K. yarrowia; Trichoderma

- reesia, Neurospora crassa, Schwanniomyces, Schwanniomyces occidentalis,

Neurospora, Penicillium, Totypocladium, Aspergillus, A. nidulans, A. niger,
Hansenula, Candida, Kloeckera, Torulopsis, and Rhodotorula. Exemplary insect
cells include Autographa californica and Spodoptera frugiperda, and

Drosophila. Exemplary mammalian cells include varigties'of CHO, BHK, HEK-
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293, NSO, YB2/3, SP2/0, and human cells such as PER-C6 or HT1 080, as well as

VERO, HeLa, COS, MDCK, NIH3T3, Jurkat, Saos, PC-12, HCT 116, L929, Lik-

", WI38, CVI., TM4, W138, Hep G2, MMT, a leukemic cell line; embryonic stem

cell or fertilized egg cell.

A variety of culture systems are known in the art, including T- -

- flasks, spinner and shaker flasks, roller bottles and stirred-tank bioreéctors.

Roller bottle culti\./ation_ ig generally carried out by seeding cells into roller
bottles that are partially filled (e.g., to 10-30% of capacity) with medium and |
slowly rotated, allowing cells to attach to the sides of the bottles and grow to
confluency. The cell medium is harvested by decanfing the supernatant, ~\;vhich is

replaced with fresh medium. Anchorage-dependent cells can also be cultivated

- on microcarrier, e.g. polymeric spheres, that are maintained in suspension in’

stirred-tank bioreactors. Alternatively, cells cép be groWn in single-cell
susp¢nsioﬁ. o : ' ' |
| Culture medium may be adaed in a batch process, e.g. where |
culture medium is added once to the cells in a single batch, or in a fed batch
process in which small batches of culture medium a;'e periodicélly added.
Medium can be harvested at the end of culture or several times during culture.
Continuously perfused production processes are also known in the art, and
involve continuous feeding of fresh medium into the culture, while the same
volume is continuously withdrawn from the reactor. Perfused cultures generally

achieve higher cell densities than batch cultures and can be maintained for weeks

or months with repeated harvests.
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Methods for centrol']ing sialylation of a re.combinant‘ glycoprotein,
partlcularly for controlling N-glycolylneuraminic acid (NGNA) levels in the
sugar chains, are described in U.S. Patent No. 5,459,031, mcorporated herem by
reference in its entirety, and such methods may be used in conjunction with the
culture media and culture methods described herein. The methods in‘vo:lve'
adjusting culture parameters, including the carbon dioxide level',' to achieve the

desired NGNA conterlt in'carbohydrate.

Evaluation of glycosylation and sialylation
For glycoprotein compositions, an increase or improvement in

sialylation can be determined by anion. exchange chromatography according to

. Elliott et al., Biochemistry, 33(37):11237-45 (1994), herein incorporated 'by

reference in its entirety. More highly sialylated proteins are expected to be mere
negatively charged and bind more strongly to the column, while less sialylated
and asialoproteins flow through or are easily eluted.  The amount .of glycoprotein
molecules in each of the two fractions (retained 6n resin vs. flow through
fraction) can be determined, e.g., by ELISA, and compared to the starting amount -

of such molecules loaded from the cell culture med]a Exemplary ELISA kits are

" sold commermally and include R & D Systems IVD Human EPO EIA k1t

Chromatography is carried out as follows. To eliminate. cells and
debris, medlum in whlch mammalian cells that produce an erythrop01e51s-
stimulating molecule, or other glycoprotein, have been cultured is centrifuged at

about 1000 rpnl and filtered through a 0.45 micron filter. This material is then
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subjected to anion exchange chromatography in.order to prepurify a fraction

containing primarily the four to seven most highly sialylated species of the

~ glycoprotein molecules. A strong ion exchange resin may be used, such as, for

example, TRICORN™ Mono-Q 5/50 GL (Amersham, part # 17-5166-01) or
other strdng anion exchange resins, particularly those that have the quaternary-
amine -CH,-N"-(CH,); as the functional group of the resin. The exact procedure

will depend on the theoretical maximum number of sialic acid residues that the

particular glycoprotein molecules can contain. For example, a theoretical

maximum number of sialic acid résidues for human erythfopoie’tin, which has 3
N-glycan sites and 1 O-glycan site, is Bx4)+2= 14. This assumes that each N-

glycan site can have up to four branches (since pentaantennary Species are rare)

. and that each O-glyban site can have up to two branches. Making similar

assumptions for darbepoetin, which has § N—glycan sites and 1 O-glycan site, the
theorencal maximum for darbepoetm is (5x4) + 2 =22. The buffers used to elute
the glycoprotein molecules from the anion exchange column are desagned to: (1|) ‘
elute from the colurn most or.all protein molecules belonging to species that are
less sialylated than a group of species consisting of épproxima.tely the top third
most highly sialylated species (for' erythropoietin, the “highly sialylated” species
are those having 9-14 sialic acid residues per protein molecule, and for
darbepoetin the “highly sialylated” species are those having 17-22 sialic acid -
residues per protein molecule); (2) then elute protein molecules belonging to the
four to seven most .hi ghly sialylated species, apd (3) finally remove more highly

charged species from the column, which may include glycoforms bearing
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sulfated N-glycans. Therefdre, the exact composition of the wash and elution N
buffers can be adjusted according to the theoretical maximum fumber of sialic
acid residues on the glycoprotein molecule. One of skill.in the art can make such -

adjustments based on routine empirical optimization of column parameters and

: assaying the material coming off the column on analytical isoelectric chﬁsing

gels.
- Analyﬁca] polyacrylamide isoelectric focusing gels that can

separate different charged forms of erythropoiesis-stimulating molecules bearing -

different numbers of sialic acid residues can also be performed éssentially as

described in the Amersham-Pharmacia Guide to Isoelectric Focusing (APB, RW

5/5/98) in 6 M urea using commercially available ampholytes (pH 3to5 for

human erythropoietin or pH 2 to 4 for darbepoetin). Other pH rangés for

émpholytes may be appropriate for other erythropoiesis-stimulating molecules
with substantially different numbers of sialic acid residues.

For efythropoietin, the extent of sialylation is eétimat'ec'l"by-
determining the percel;lt of total erythropoetic protein loaded -onto an anion
exchange column that elutes in a fraction containing mostly highly sialylated
species of erythropoietin having 9 to 14 sialic acid residues per‘protein ﬂmleéu]e.

- For dérbepoe_tin, the extent of sialylation is est%mated by’ |
determining the percent of total erythropoetic protein loaded onto an anion
exchange column that elutes in a fraction containing mostly highly sialylated

species of darbepoetin having 18 to 22 sialic acid residues per protein molecule.
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An increase in the percentage of erythropoiesi s-stimulating

molecules recovered from the pool retained on the resin (or a reduction in the

" percentage of such molecules observed in the flow through fraétion) relative to

the control (e.g. produced from media with no manganese or trace element

amounts of manganese) indicates an.increase in sialylation, whether through

" increasing the percentage of sialylated moleciles produced or through increasing

their degree of sialylation.

The actual glycan structure caﬁ be determined by any-techniques -
known in the art, includihg enzyrr;atic di gestio.n of carboHydraté, lectin
immunoblott.ing, 1D and 2D IH-NMR spectroscopy,' mass spectroscopy |
teghniques inciuding electrospray ionization tandem mass spectrometry (ESI MS)
or matrix assisted laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS), and/of fluorescent labelin.g. of enzymatically released N-
glycans foilowed by resolution by HPLC and comparison t.'o known N-glycan t
control samples. | : | I

An exemplary technique, described in the examples below, for
determining the amount of glycoprotein with an occupied O-gl&co‘sylafioh site
invoives N-Glycanase digestion_td remove the N-linked carbohydrates followed
by reverse phase-HPLC to separate the glycoprotein composition into two peaks.
Peak identification as occupied O-site or unoccupied O-site can bé confirmed by
mass spectrometry.

N—si'te branching and sialylation, including the percentage of .

sialylat.ed molecules produced and the degree of sialylation of the sialyated
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molecules, can be determinea by aﬁalyzing the glycopro%eins for st'ructural
con'éent by N-glycan mapping and enzymatic sequencing, e.g. by digéstion with
-N-dlycanase and neuraminidase, coupled with MALDI-TOF masé spectrometry
for size determination of the released sugars. An exerﬁp]ary technique is.

5 'describéd in the examples below. |

The percent of the sugars attached to fhe erythr;pi)iesis- .

stimulating moleculeé that are galactose can be detérmined, eg., by
_.neuréminidase. plus galactosidase digestion followed by I.-IPI.,C separation or
MALDI-TOF mass Spectrométry for size determination of the released su.gars.

10 An exemplary technique is described in the examples below.

Examples
" Example 1:
Protein Production Methods
15 This example describes a cell culture method for produé’tion of
recombinant human erythropoietin (fHuEPO, SEQ ID NO: 3). or da}rbepoetin '
(SEQ ID NO: 2). A DHFR minus CHO cell line was stably transfected with a
genomic DNA sequence containing the human erytinropoietin géne (Liﬁ U.S.
" Patent 4,70’3‘,008, incorporated herein by re.ference) or a cDNA sequence
20  encoding darbepoetin gene (SEQ ID NO: 1). Roller bottles (850cm?) were
inoculated with 1.7x107 total cells and gro% for 5 days in 450 mis of 1:1
DMEM/F-12 media (Gibco) containing 5% serum. The cultures wel"e washed

once with PBS and then incubated in three discrete batch harvest 'chles: Media
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was replaced twice in the first 14 days; the third cycle was 5to 6 days in

duration. For erythropoietin, at each harvest, the conditioned culture medium

" was completely removed and fresh 1:1 DMEM/F-12 without serum (““Standard

Media”) was added to replace the harvested media. When manganese was

included i'n the culture'mediurn, manganese chloride (Sigma) was added to all-

" replacement culture media at the desired concentration; e.g. 0.4, 4 or.40 pM.

Roller boitles were overlaid with a gas mix containing 80 torr pCO;, 130 torr

pO2, and balanced N; after each media addition. Cells producing darbepoetin
were cultured under conditions similar to cells producing erythrbpoietin except

that the Standard Media was 2X 1:1 DMEM/F-12 (without serum).

Exa;nple 2:

Quantitation of rHuEPO or D;zrbepoetin in Harvested Culture A

Media | ‘
200 pl of harvested media produced according to.Example 1 wag' .

analyzed for the amount of rHuEPO or darbepoetin produced, using reverse

phase HPLC. Samples were separated on a polymer PLRPS (4.6 mm x 150 mm;

1000 A (Polymer Laboratories) un.der reverse phase conditions (linear AB

gradient from 30% —55% B over 17 minutes; buffer A: 0.1% TFA in H,O, buffer

B: 0.1% TFA in 90% CH;CN (Sigma)). The retention time for rHuEPO or

darbepoetin within the culture media was compared with a purified rHuEPO or’

darbepoetin standard (Amgen Inc.). Waters Millennium Software was used to

manually integra;te the rtHuEPO or darbepoetin peak areas to ensure consistent
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.integration. Integrated peak areas of unknown samples were quantitated by

comparison to a known standard curve.

Exathple 3:

Effect of manganese on highly sialylated and lower sialylated

Jorms of erythropoiesis-stimulating molecules.

CHO cells producing rHuEPO were grown as descﬁbed in
Exanﬂple 1 \;vith and without added 4 pM MnCl,.. Conditioned media collected
after the third harvest cycle wlas analyzed for percent recovery of highly |
sialylated forms of rHUEPO. CHO cells producing darbepoetin.were grown as

described in Example 1 with and without added 4 uM MnCl,. Conditioned

. media collected after each of the three harvest cycles was analyzed.

Lower sialylated forms of rHuEPO were sepafated from highly
sialylated mateﬁal using ‘anion exchange metilod as oescﬁbed in Elliott et al.,
Biochemistry, 33(37):11237-45 (1994), herein i'n(:orporated by reference in ito
entirety. Briefly, highly sialylated rHuEPO, having a strong negative charge,
binds to the resin while lower sialylated rHuUEPO washes through the column

Cell culture media from each roller bottle obtamed as descnbed in Example 1

' was first concentrated sixty-fold, to about 5-15 mg/mL, using a 10,000 MWCO

membrane then buffer exchanged into 10 mM Tris pH 7.0. This concentrated
and buffer exchanged media was-loaded onto a strong anion exchange column
having a quaternary amine as the functional group. Unbound material that

flowed through at 10 mM Tris or eluted with low salt was collected as the lower
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sialylated fraction. Material bound 1o the ion exchénge (IEX) column was eluted"
with higher salt as the “recoverable” highly sialylateéi fraction.

The total amount of rHuEPO in one or both fractions was
measured using an ELISA kit obtained from R&D Systems (Quantikine IVD - - -

Hurian EPO EIA kit), following the nianufgcturgr’s recommended procedure,

* and compared to the total amount of tHuEPO in the harvest media loaded onto

the column. Dilutions of 1:1,000,000 and 1:500,000 of each flow-through

sample were made prior to analysis in order to fall within the standard curve of

the assay. A highly sialylated fraiction of darb.epoetin waé separated using
similar meth.ods as.described above to isolate the isoformé with 17-22 sialic acid
residues and ﬁeasured using RP-HPLC.

Results of a representative experiment for rTHuEPO are shown in
Figures 1 and 2. Figure 1 displays the amouni of rHuEPO in the flow through
fraction asv a percentage of the amo.unt loaded onto the colﬁmn and shows that t‘pe
addition of 4 pM manganese reduced the lower sialylated fraction of EPO |
compared to control, from 10.01% to 3.39%. Fi gure 2 displays the amount of .
rHuEPOQ in the IEX-retained fraction as a percentage of the am.ouht loaded onto
the column and shows that the addition of 4 pM manganese increased the percent
recoverable EPO in the highly sialylated fraction compared to control, from 24%
to 28%.

Results of a representative experiment for darbepoetin are shown

in Figure 3. Figure 3 displays data from each harvest cycle and shows that the

addition of 4 UM manganese increased the percent recoverable darbepoetin in the
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highly sia]y]ated fraction conlpared to control, from 32, é% to 36.3% after the
thxrd harvest. The further addition of 7 mM N-acetylmannosamme appeared to
provxde a further increase in % recoverable darbepoetin to 41.1% aﬁer the third
harvest:

These data demonstrate that addition of Mn?" to culture'médium

. decreased production of lower sialylated forms of erythropoietin and darbepoetin

in CHO cell c'ultures,land increased percent of recoverable hi ghly_{s'ibalylat.ed
forms.

| In experimenté carried out with a line of CHb cells aaaptéd for -
growth in suspension culture in large tanks and or CHO cells adapted to

suspension culture in serum-free medijum, no effect of manganese on the fraction

of lower sialylated darbepoetin was observed.

Example 4:

rHuEPQ O-site Characterization

CHO cells producing rtHuEPO were grown as -described in
Example 1 with and without added 4 uM MgCl,. Un-fractionated culture media

collected after the third harvest cycle was analyzed for percent O-site occupancy

- of tHUEPO. CHO ceils producing darbepoetin were grown as described in

Example 1 with and without added 4 uM MgCl,.. Conditioned media collected
after each of the three harvest cycles was analyzed. CHO cells producing
darbepoetin were also grown as described in Example 1 with 0.4, 1, 4, 10 and 40

uM MgCl, and media from the third harvest cycle was: analyzed
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The percentage of O-linked sites.océupied with giycosylation was’

quantified by first removing N-linked structures by N-Glycanase (Sigma)

" digestion of the cell culture media, followed by reverse phase HPLC

chromatography. Specifically, 5 U of N-Glycanase (Sigma) was added to 10 pL

of concentrated (1 :60)' culture media samples and digested at 37 °C for three

" hours. The samples were then analyzed by reverse phase chromatograph-y using

,-a Zorbax C-8 column (150 mm x 2.1 mm (VWR) using a linear AB.graciient
from 35% — 60% B over 30 minutes (buffer A:0.1% TFA in H,0, buffer B: 0.1%
TFA in 90% CH;CN (Sigma)). Tﬁe resulting chromatogr‘arr‘l ‘sebarates rHuEPO
into two peaks; the. first peak corresponds to the occupied .O-sité rHuEI;O‘peptide

while the smaller, second peak corresponds to the _uhoccupied O-site rHUEPO

- peptide.

To conﬁrm that these two peak.s represeﬁted occupied and .
unoccupied O-sites, fractions c.:orrespor;'dipg to these peaks were collected and :
compared to N-Glycanase digested purified rHuEPO (Amgen Iﬁc.). SDS—PAG}E .
analysis showed that N-Glycanase digestion reduces the apparent molecular
weight of rTHUEPO from 32 kDal to a doublet with a major component of 18.5
kDal and a slightly faster migrating minor component. The larger peak migrated
with the larger N-Glycanase digested rHuEPO band while the minor peak
migrated with the smaller rHuEPO band. Lys-C peptide mapping in combination
with mass spectrometry confirmed that the larger peak corresponds to rHUEPO

containing an O-linked carbohydrate while the smaller peak corresponds to

tHuEPO devoid of an O-linked carbohydrate,



WO 2007/070315 PCT/US2006/046609

10

15

20

30

Results of a répresén‘tative experiment an.alyzing O—.site occupancy
for rtHuEPO are displayed in Figure 4. Figure 4 shows that théad&ition of 4 uM
man.ganese increased the rtHUEPO O-site occupancy compared to .&;,or'ltrol, from
88.1% to 91.6%.

Results of representative experiments for darbepoetin are

displayed in Figures 5 and 6. Figure 5 shows data from each ﬁafvest'-cycle and

demonstrates that the addition of 4 UM manganese increaseq the darbepoetin O—. )
site c‘>ccupanC}; compar.e.d to control, from 76.8% to 86% aft;:r the third harvest.
Figure 6 displays data from th?: third harvest cyclé for darbepoetin and sh;')ws th%lt
O-site occubancy increased with increasing concentrations of manganese.
However, 40 pM manganese advérsely affected levels of protein production,
resulting in a totgl relative decrease of 17% in the mg of darbepoetin proaucéd
over the tl:lre.e harvest cycles combined. In contrast, 10 uM ﬁqanganeée did not
appear to substéntially'affect protein producti.on.

These data demonstrate that addition.of Mn>* to culturé 'médium
increases O-site occupancy for erythropoietin ana darbepoetin produced in CHO

cell cultures.

| . Example 5:
Evaluation of rHuEPO N-site Branching and N-site oécupancy
To détermine N-site branching of rHuEPO or darbepoetin
produced acco.rd.ing to Example 1, the lower sialylated fractions are énalyzéd for

structural content by N-glycan mapping and enzymatic seéquencing coupled with
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MALDI-TOF mass spectrometry for size determinétion. Briefly, the procedure -

calis for the N-glycans to be enzymatically released with 1 U/mL N-Glycanase

' (Sigma), then desalted and deproteinated using PGC chromatogiaphy (VWR).

The free N-glycans are labeled at the reducing terminus with a fluorescent tag 2-

aminobenzamide (2AB)by reductive amination (Sigma). A second cleanup

* procedure is performed utilizing paper chromatography (VWR). The 2ABN-

glycan pools are mapped. on a Dionex PA1 column with ﬂuorescenqe detection -
(excitétion 330 nm, emission 420 nm) using a sodium acetate gradient of 50-150
mM at 1.67 mM/min with sodi_umA hydroxide (;Sigrna) at 50 mM isocratic. The

2"\BI'}I-f:,Jrlycan pc;ols ére desiglylated using 1 U/mL A4. Qreafdc;iens neuraminidase

with and without 0.5 U/mL B. testes galactosidase. All digests are performed at

. 37 °C for 18h. Additional size analysis of all the P N-glycan pools is obtained

by MALDI—TOF mass spectrometry (Voyagef Applied. BioSystems). The matrix |
is saturated 2,5-dihydroxy benzoic acid in 70% acetonitrile, 0.05% TFA (Slgma)
and mlxed ata 1 1 ratio with the 2AB N- glycan pool on the probe. The MALD'I
settings are as follows: Accelerating voltage: 20,000 V; Grid voltage: 94 %;
Guide wire: 0.05 %; Extraction delay time: 75 nsec; Laser inténsity: 2300; Mass
range: 500-5000.

To detérmine the N-linked occupancy of tHuEPO, 10 ug of a
rHuEPO standard (Amgen Inc.) is digested with 0.04 U of N-Glycanase (Si gma)
overnight at room temperature to give a molecular weight ladder of rHuEPO with

varying N-linked occupied forms. 0.1 pg of total rHUEPO collected from harvest
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media is loaded and separatea by SDS-PAGE (Novex, Invitrogen) and then

transferred to PVDF. Blots-are probed with a monoclonal antibody to rHuEPO.

Exaihple 6:

Effect of amino acid supplementation on rHuEPO p'ro'giuc;tiolz
and glycosylation. - | . R -

| To detérmine the effect of addition of amino acids on production.
of tHUEPO duﬁng cell 'c'ulture, the levels of all twenty amino acids were
determined by amino acid anaiysis in the starting media (“Standard Media” of
Example 1) and then again after five days of incubation in the third harvest cycle

as described in above in Example 1. Nine specific amino acids (non-essential

. and essential) were depleted to low levels (< 3mg/L) over this culture peﬁod:

cysteine, isoleucine, leucine, tryptdphan, valine, asparagine, aspartic acid,
g]utamatg, and glutamine. The concentrations of these 8 amino acids in standard
media were doubled to create enriched media. Enriched Medium consisted of
serim-free 1:1 DMEM/F-12 media supplemented with 1% anl'lino apid stock
(2.25 g/L asparagine; 1.99 g/L aspartic acid; 1.76 g/L cysteine; 3..13 g/L cystine;

2.21 g/L glutamic acid; 5.45 g/L isoleucine; 5.91 g/L leucine; 0.90 g/L

" tryptophan; and 5.29 g/L valine). Cells were cultured in either Standard Media or .

in Enriched Media, which was used throughout the entire twenty-one day culture
process. After the third harvest cycle, media was collected and rHuEPO in the

harvested media was quantitated by reversed phase HPLC.
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CHO cells-cultured in En.riched Media showed a fnodest increase

of 12% in rHuEPO production compared to control cells cultured in Standard

" Media. However; although the Enriched Media improved rHuEPO protein

productidn, the amount of lower sia]y]ated material was increased two-fold,

leading to an overall decrease in highly sialylated rHUEPO as compared to

" control cultures.

The change in the amount of rtHuEPO found in the lower
sialyla'lted pool was due to a lower degree of s.ialylation of the individual
carbohydrates rather than a lower-degree of ca;bohydrate i)ranching.- The
structures of N-liniced éarbohydrates found on rHuEPO in tﬁe lower sialylated

fractions wére analyzed by MALDI-TOF. Results are displayed below in Table

- 1'below.
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In order to confirm spme of the masses seen by MALDI-TOF, the lower
sialylated fraction was di gested with either neuralhinidasé, or neuraminidase and
galactosidase. Masses representing highly branched carbohydrate st;'uctu;es were analyzed.'
and compared between the control cultures grown in Standard Media and the cultures grown
in the presence of Enriched Media. Masses representing highly branchéd carbohydrate
structures (Figure 7; structures M — T) were (.)i)servedl. Amino a;:id supplementation in the
Enriched Media resulted in a mass correspopding to a highly branched structure that is
missing all of its 4teliminal galacto.s'é (Figure 7, structure L). Similar masses of b;ancfxed
structures missing galactose were detected in both the contro.l and Enriched Media cultures
(Figure 7, structures E,. G-I, K, M-N,Q-R). These data indicate that the degree of branching in
rHuEPO produced in‘Standard Media and Enriched Media is similar and suggests that the
loss of sialic acid residues may be due to decreased galactoéylation of highly branched N-

linked carbohydrates.

}
'Example 7 : ) ;
. Manganese reversed effects of amino acid supplementation on glycosylatibn

I.‘HUEPO was cultured according to Example 1 in Enriched Media alone or
Enriched Media plus 0.4, 4 and 40 pM MnCl,. At early points in ﬂle culture; when cell
numbers are low anci the metabolic load is minimal, the Enriched Media has no effect on
rHuEPO glycosylation. However, restoration of these depleted pbols eventually caused
defects in both oligosaccharide occupancy and sialylation, after t'he' third harvest cycle.

| -Re;ults of various representative experiments are shown in Figures 9, 10 and

11. Figure 8 shows that culturing host cells m Enriched Media (supplemented with arx;lino

aé;ids) reduced the percent of récoverable highly sialylated rHuEPO (43%, control vs. 29%,
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with amino acid supp‘iementatiop). Figure S‘a]so shows that addiﬁg manganese to the
Enriqhed Media at 40, 4 and 0.4 pM improved percent recovery (31% at 40 uM, 42% at.4
nM, 41% at 0.4 pM). | |

Figure 9 shows that culturing host cells in Enriched Media (supplemented with

amino acids) increased the percent of lower sialylated rHuEPO forms obtained (7.3%, control

" v8. 13%, with amino acid supplementation). Figure 9 also shows that adding manganese to

Enriched Media greaﬂy reduced the percent of lower sialy}ated rHuEPO produced at all -
concentrations éf Mn** - (1.6% at 40 uM, 2.1% at 4 UM, and 2.4% at 0.4 pM). |
Figure 10 shows that_ culturing hoét cells in Enriched Media (sﬁpplemeﬁted
with amino acids) reduces the percentage of O-site occupancy by sugar chains (76.2% .
contro] vs. 74.8% with amino acid supplgmentation). Figure 10 also shQ'Wé that adding
manganese to Enriched Media increi;lsed the percentage occupanC}‘l of O-éitesﬁ (84.4% at 40
uMim, 86.1% at 4 UM, 84.6% at 0.4 uM).
- While the quality of rHUEPO was clearly improved by the addition 'of 40 pM
Mn2+ to cultures, the yield of rHUEPO protein secreted into the media‘ was substantially |
reduced at this concentration of Mn?* (to 36% of control at 40 M Mn;“). Protein prodﬁctipﬁ
levels remained high when concentrations of 4 and 0.4 uM Mn?* were added to Enriched
Media (109 ahd 114% of control, respectively). |
| 'Addit'ionally, the addition of Mn** reéulted in masses consistent with branched
sugars containing fully galactosylated forms. Further di gestion with neuraminidase plus |
galactosidase confirmed these results as masses.wefe obtained consistent with core structures
missing the galactose residues.” Within the lower sialylated rHuE]_PO pool, the addition of |

Mn?* resulted in predoniinantly biantennary structures whereas (he.cbntrol'_and enriched
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amino acid media contained higher branched N-Glycans structures missing terminal galactose
as described above (Figure 7; structures H, J, O, S).

To rule out a possible limitation of the donor sugar nucleotide UDP-Gal as a -

.cause for reduced galactosylation each condition was also assayed for relative quantities of

UDP-Gal. The data show that the levels of UDP-Gal in each condition were statistically

_ indistinguishable and therefore, not the cause for reduced glactosylation seen upon amino

acid supplementation in Enriched Media. Nor was UDP-Gal availability a factor in the
improvement of éa]ectosylation seen after Mn?* addition.

Thus, the data show that Mn®* addition to the Enriched Medium, at all
concentrations of Mn?*, markedly reduced the fraction of lower sialylated rHuEPO produced
and mcreased recovery of highly sm]ylated rHuEPO forms. The effects on sxalylatxon were
shown to increase with increasing concentrations of manganese in a dose- dependent manner.
Manganese addition also lmproved rHuEPO galactosylatlon m the lower 51aly1ated fraction, -
and increased O-linked occupancy The i 1mprovement in glycosylatxon was 1ndependent of

the level of rtHUEPO production. Evaluation of N-site occupancy by Western blot as l

described in Example 5 also suggested that Mn®" addition improved N-site occupancy.

All publications, petents and patent applications cited in this specification are .
herein incorporated by reference in their entirety, including but not limited to the material
relevant for the reason cited, as if each individual publication or patent application Were
specxﬁcal]y and individually indicated to be incorporated by reference. Although the
foregomg invention has been described in some detail by way of illustration and example for

purposes of clarity of understanding, it will be readily apparent ‘to those of ordmary skill in
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the art in light of the teachmgs of this mventlon that certain chanoes and modlﬁcatlons may

be made thereto w1thout departing from the spirit or scope of the appended claims.
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Claims
What is claimed is:
1. A method for producing an erythropoietic composition comprising

sialylated erythropoiesis-stimulating molecules, comprising the steps of:
growing a manganese-responsive host cell in a culture medium containing an
amount of manganese effective to increase the sialylation of said erythropoietic composition,

wherein the concentration of manganese in said culture medium ranges from about 0.01 to

about 40 uM.

2. The method of claim 1 ﬁ;rtﬂer comprising the step of recovering an
erythropotetic composition wherein less than about 5% of the erythropoiesis-stimulating

molecules are lower sialylated.

3.  The method of claim 1in which the amount of manganese is effective

to increase the percentage of highly sialylated erythfopoiesis-stimulating molecules. .

4. The method of claim 1 wherein the amount of manganese is effective
to increase the percentage of erythropoies.is-'stimulating molecules which are glycosylated at

potential O-linked glycosylaﬁon sites.

5. The method of claim 1 wherein the amount of manganese is effective
to increase the j)ercentage of galactose among the sugars attachéd to erythropoiesis-

stimulating molecules.
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6. The method of any one of claims 1-5 wherein the culture medium is
essentially éerum—free.
7. The methed of any of claims 1-6 wherein. the erythropoiesis-

5 stimulating molecules comprise the amino acid sequence of SEQID NO: 3 (erythropoietin)

-or erythropoietic fragments thereof,

8. The method of any of claims 1-7 wherein the erythrdpoiesis-' ’
stimulating molecules comprise the amino acid sequence of SEQ ID NO: 2 (darbepoetin) or

10 efythropoietic fragments thereof.

9. The method of aﬁy of claims 1-8 wherein the host cell is a mammalian
cell.
15 10 The method of any of claims 1-9 wherein the host cell is a CHO cell.
11. The method of any of claims 1-10 wherein the manganese is at a

concentration of from about 0.1 to about 10 puM:

20 12.  The method of any of claims 1-10 wherein the manganese is at a

concentration of from about 0.4 to about 4 uM.
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13. The method of any of claims 1-12 wherein the culture medium further
comprises one or more supplementary amino acids selected from the group consisting of

asparagine, aspartic acid, cysteine, cystine, isoleucine, leucine, tryptophan, or valine. -

14..  The method of any of claims 1-13 wherein the host cells are grown in

_ roller bottles.

15. The method of any of claims 1-14 wherein the manganese is added

after a rapid cell growth phase.

16. . The method of claim 15 wherein the rapid cell growth phase lasts for a

period ranging between about 2 and 20 days.

17. The method of élaim 16 wherein the manganése is added after two, -

'
B

harvest cycles. '

18. The method of claim 17 wherein the first harvest cycle is about 8 days

and the second harvest cycle is about 7 days long.

19. . A culture medium comprising host cells and a non-toxic amount of

manganese effective to increase the sialylation of a glycoprotein composition.

20. The culture mediuha of claim 19 wherein the host cells secrete an

erythropoietic composition.
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- 21. The culture medium of claim 19 or 20 wherein the manganese is at a

concentration of from about 0.01 to about 40 pM.

22. The culture medium of claim 21 wherein the manganese is at a

- concentration of from about 0.1 to about 10 pM.
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