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(57) ABSTRACT

A method for increasing the stability and uniformity of a
PEGylated G-CSF polypeptide having at least one PEG moi-
ety attached to the epsilon amino group of a lysine residue or
the N-terminal amino group and at least one PEG moiety
attached to a hydroxyl group, comprising subjecting the
polypeptideto an elevated pH of above 8.0 for a period of time
suitable to remove PEG moieties attached to a hydroxyl
group, and reducing the pH to about 8.0 or lower; as well as
PEGylated G-CSF polypeptides and compositions produced
according to the method and methods for increasing neutro-
phil levels in a patient using the PEGylated G-CSF polypep-
tides and compositions.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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PEGYLATED G-CSF POLYPEPTIDES AND
METHODS OF PRODUCING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Pursuant to 35 U.S.C. §119(e), this application
claims the benefit of U.S. Provisional Application Ser. No.
60/686,726 filed on Jun. 1, 2005, the disclosure of which is
incorporated by reference herein in its entirety for all pur-
poses.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for remov-
ing labile PEG moieties from PEGylated G-CSF proteins to
increase stability and uniformity, and to the resulting PEGy-
lated G-CSF proteins. The invention also relates to pharma-
ceutical compositions comprising the PEGylated proteins
and methods of treatment by administering the pharmaceuti-
cal compositions.

BACKGROUND OF THE INVENTION

[0003] The covalent attachment of polyethylene glycol
(PEG) moieties to proteins or polypeptides (“PEGylation”) is
a well-known technique for improving the properties of such
proteins or polypeptides, in particular pharmaceutical pro-
teins, e.g. in order to improve circulation half-life and/or to
shield potential epitopes and thus reduce the potential for an
undesired immunogenic response. Numerous technologies
based on activated PEG are available to provide attachment of
the PEG moiety to one or more groups on the protein. For
example, mPEG-succinimidyl propionate (mPEG-SPA,
available from Nektar Therapeutics) is generally regarded as
being selective for attachment to the N-terminus and epsilon-
amino groups of lysine residues via an amide bond. However,
in practice mPEG-SPA does not always attach exclusively to
these groups, but may also attach to the hydroxyl group of a
serine, tyrosine or threonine residue via an ester bond. As a
result, PEGylated proteins prepared using this technology
may not have a sufficient degree of uniformity and may con-
tain a number of different PEG isomers other than those that
were intended. This is undesired for various reasons, includ-
ing the fact that it makes characterization of such proteins
more complicated. Further, PEG moieties bound to groups
other than those intended may be relatively unstable. For
example, PEG moieties bound to a hydroxyl group via an
ester bond in the case of an amine-specific PEG such as
mPEG-SPA tend to be relatively unstable compared to those
moieties that are bound via an amide bond to the N-terminal
or a lysine residue. Depending on the formulation and storage
conditions, this may lead to an undesired loss of these labile
PEG groups and thus potentially to a change in the properties
of the PEGylated protein over time. Further, there may be
potential regulatory or safety issues for a PEGylated protein
pharmaceutical in which there is a risk that one or more of the
PEG moieties may detach from the protein in the body after it
is administered to a patient.

[0004] The present invention addresses these problems by
providing a method by which such labile PEG groups may be
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easily removed, thereby resulting in a more uniform and
stable PEGylated protein product.

BRIEF DISCLOSURE OF THE INVENTION

[0005] The present invention relates generally to a method
for increasing the stability and uniformity of a PEGylated
polypeptide having at least one PEG moiety attached to a
lysine residue or the N-terminal and at least one PEG moiety
attached to a hydroxyl group, comprising subjecting the
polypeptide to an altered pH for a period of time suitable to
remove PEG moieties attached to a hydroxyl group, after
which the pH is adjusted to a pH suitable for long-term
storage of the polypeptide in question.

[0006] In a particular aspect, the invention relates to a
method for increasing the stability and uniformity of a PEGy-
lated granulocyte colony stimulating factor (G-CSF)
polypeptide having at least one PEG moiety attached to the
epsilon amino group of a lysine residue or the N-terminal
amino group and at least one PEG moiety attached to a
hydroxyl group, comprising subjecting the polypeptide to an
elevated pH of above 8.0 for a period of time suitable to
remove PEG moieties attached to a hydroxyl group, and
reducing the pH to about 8.0 or lower.

[0007] Another aspect of the invention relates to a method
for producing a PEGylated G-CSF polypeptide, comprising
subjecting a G-CSF polypeptide to a PEGylation reaction
with an amine-specific activated polyethylene glycol (PEG)
to produce a PEGylated G-CSF polypeptide intermediate,
and subsequently subjecting the PEGylated polypeptide
intermediate to an elevated pH of at least about 9.0 for a
period of time suitable to remove PEG moieties attached to a
hydroxyl group to produce the PEGylated G-CSG polypep-
tide.

[0008] Another aspect of the invention relates to a compo-
sition comprising a homogeneous mixture of positional PEG
isomers of a PEGylated G-CSF polypeptide variant, wherein
at least about 80% of the positional PEG isomers of the
mixture consist of two positional PEG isomers each having
PEG moieties consisting of two PEG moieties bound to epsi-
lon amino groups of lysine and one PEG moiety bound to the
N-terminal amino group.

[0009] A further aspect of the invention relates to a com-
position comprising a mixture of positional PEG isomers of a
PEGylated G-CSF polypeptide, wherein the polypeptide
comprises the substitutions K16R, K34R, K40R, T105K and
S159K relative to wild-type human G-CSF (SEQ ID NO:1),
and wherein at least about 80% of the positional PEG isomers
of'the polypeptide are lysine/N-terminal positional PEG iso-
mers having three attached PEG moieties.

[0010] In a still further aspect the invention relates to a
method of producing a mixture of lysine/N-terminal posi-
tional PEG isomers of a recombinant G-CSF polypeptide
comprising the substitutions K16R, K34R, K40R, T105K
and S159K relative to wild-type human G-CSF, comprising:
a) expressing the recombinant G-CSF polypeptide in a host
cell; b) isolating the recombinant G-CSF polypeptide; c¢)
reacting the isolated recombinant G-CSF polypeptide with an
amine-specific activated PEG to produce a plurality of posi-
tional PEG isomers of the recombinant G-CSF polypeptide;
d) reacting the plurality of positional PEG isomers at a pH of
8.5 t0 10.5 to produce a plurality of partially dePEGylated
lysine/N-terminal positional PEG isomers ofthe recombinant
G-CSF polypeptide.
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[0011] Further aspects of the invention relate to PEGylated
G-CSF polypeptides produced using the methods described
herein, as well as PEGylated G-CSF polypeptides character-
ized by their positional PEG isomer distribution and compo-
sitions comprising such PEGylated G-CSF polypeptides, and
methods for increasing the level of neutrophils in a patient
suffering from or at risk of an insufficient neutrophil level by
administering a PEGylated G-CSF polypeptide or a compo-
sition of the invention. Additional aspects of the invention and
preferred embodiments will be apparent from the description
below as well as from the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows a scan of an SDS-PAGE analysis of a
G-CSF variant that was PEGylated, partially de-PEGylated,
and purified as described herein.

[0013] FIG. 2 shows a scan of an SDS-PAGE analysis of a
G-CSF that was PEGylated and partially de-PEGylated as
described herein.

[0014] FIG. 3 shows a cation exchange chromatogram of a
partially de-PEGylated product pool prepared according to
the invention.

[0015] FIG. 4 shows a cation exchange chromatogram of a
purified, PEGylated G-CSF variant that was not subject to
de-PEGylation according to the invention.

DESCRIPTION
Definitions

[0016] In the context of the present description and claims
the following definitions apply:

[0017] The terms “polypeptide” or “protein” may be used
interchangeably herein to refer to polymers of amino acids,
without being limited to an amino acid sequence of any par-
ticular length. These terms are intended to include not only
full-length proteins but also e.g. fragments or truncated ver-
sions, variants, domains, etc. of any given protein or polypep-
tide.

[0018] A “G-CSF” polypeptide is a polypeptide having the
sequence of human granulocyte 10 colony stimulating factor
(hG-CSF) as shown in SEQ ID NO:1, or a variant of hG-CSF
that exhibits G-CSF activity. The “G-CSF activity” may be
the ability to bind to a G-CSF receptor (Fukunaga et al., J. Bio.
Chem., 265:14008, 1990), but is preferably G-CSF cell pro-
liferation activity, in particular determined in an in vitro activ-
ity assay using the murine cell line NFS-60 (ATCC Number:
CRL-1838). A suitable in vitro assay for G-CSF activity using
the NFS-60 cell line is described in by Hammerling et al. in J.
Pharm. Biomed. Anal. 13(1):9-20, 1995. A polypeptide
“exhibiting” G-CSF activity is considered to have such activ-
ity when it displays a measurable function, e.g. a measurable
proliferative activity in the in vitro assay.

[0019] A “variant” is a polypeptide which differs in one or
more amino acid residues from a parent polypeptide, where
the parent polypeptide is generally one with a native, wild-
type amino acid sequence, typically a native mammalian
polypeptide, and more typically a native human polypeptide.
The variant thus contains one or more substitutions, inser-
tions or deletions compared to the native polypeptide. These
may, for example, include truncation of the N- and/or C-ter-
minus by one or more amino acid residues, or addition of one
or more extra residues at the N- and/or C-terminus, e.g. addi-
tion of a methionine residue at the N-terminus. The variant
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will most often differ inup to 15 amino acid residues from the
parent polypeptide, such as in up to 12, 10, 8 or 6 amino acid
residues.

[0020] An “amine-specific activated PEG” is any activated
PEG derivative that preferentially attaches to the N-terminal
amino group or the e-amino groups of lysine residues via an
amide bond. Examples of amine-specific activated PEG
derivatives include:

[0021] mPEG-succinimidyl propionate (mPEG-SPA):
O,
mPEG-CH,CH,—C—0—N
(6]
[0022] mPEG-succinimidyl butanoate (mPEG-SBA):
O,
(€]
mPEG-CH>,CH,CH,;—C—0—N
(6]
[0023] and mPEG-succinimidyl  oa-methylbutanoate
(mPEG-SMB):
O,
(€]
mPEG-CH,CH,CH—C—0—N
|
CH;
(6]
[0024] mPEG-SPA, mPEG-SBA and mPEG-SMB are

available from Nektar Therapeutics; see the Nektar Advanced
PEGylation Catalogs 2004 and 2005-2006, “Polyethylene
Glycol and Derivatives for Advanced PEGylation”. Other
amine-specific activated PEG derivatives include PEG-SS
(Succinimidyl Succinate), PEG-SG (Succinimidyl Glut-
arate), PEG-NPC (p-nitrophenyl carbonate), and PEG-isocy-
anate, available from SunBio Corporation; and PEG-SCM,
available from NOF Corporation.

[0025] A “labile” PEG moiety refers in the present context
to a PEG moiety attached to a hydroxyl group of a polypep-
tide, in particular via an ester bond to the hydroxyl group of a
serine, tyrosine or threonine residue. As explained above, the
attachment of such PEG moieties via a hydroxyl group tends
to be unstable, so that these PEG moieties tend to detach from
the polypeptide over time through hydrolysis of the ester
bonds, e.g. when a polypeptide containing such moieties is
stored in the form of an aqueous solution.

[0026] As used herein, “stability” refers to the stability of
the attachment of PEG moieties bound to a polypeptide, i.e.
whether such PEG moieties remain bound to the polypeptide
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over time, e.g. during storage in an aqueous solution, or
whether they tend to detach e.g. as a result of ester bond
hydrolysis.

[0027] As used herein the term “positional PEG isomer” of
a protein refers to different PEGylated forms of the protein
where PEG groups are located at different amino acid posi-
tions of the protein. The term “lysine/N-terminal PEG iso-
mer” of a protein means that the PEG groups are attached to
the amino-terminal of the protein and/or to epsilon amino
groups of lysine residues in the protein. For example, the
phrase “lysine/N-terminal positional PEG isomers having 3
attached PEG moieties”, as applied to G-CSF, means a mix-
ture of G-CSF positional PEG isomers in which three PEG
groups are attached to epsilon amino groups of lysine resi-
dues and/or to the N-terminus of the protein. Typically, a
“lysine/N-terminal positional PEG isomer having 3 attached
PEG moieties” will have two PEG moieties attached to lysine
residues and one PEG moiety attached to the N-terminus.
Analysis of the positional PEG isomers may be performed
using cation exchange HPLC as described in the examples
below.

[0028] A “substantially purified mixture of lysine/N-termi-
nal positional PEG isomers” of a polypeptide refers to mix-
ture of lysine/N-terminal positional PEG isomers which has
been subjected to a chromatographic or other purification
procedure in order to remove impurities such as non-lysine/
N-terminal positional PEG isomers. The “substantially puri-
fied mixture of lysine/N-terminal positional PEG isomers”
will, for example, be free of most labile PEG moieties
attached to a hydroxyl group that would otherwise be present
in the absence of a partial de-PEGylation step and subsequent
purification as described herein, and will typically contain
less than about 20% polypeptides containing a labile PEG
moiety attached to a hydroxyl group, more typically less than
about 15%. Preferably, there will be less than about 10%
polypeptides containing a labile PEG moiety attached to a
hydroxyl group, for example less than about 5%.

[0029] The term “homogeneous mixture of positional PEG
isomers of a polypeptide variant” means that the polypeptide
moiety of the different positional PEG isomers is the same.
This means that the different positional PEG isomers of the
mixture are all based on a single polypeptide variant
sequence. For example, a homogeneous mixture of positional
PEG isomers of a PEGylated G-CSF polypeptide variant
means that different positional PEG isomers of the mixture
are based on a single G-CSF polypeptide variant.

[0030] As used herein, “uniformity” refers to the homoge-
neity of a PEGylated polypeptide in terms of the number of
different positional isomers, i.e. different polypeptide iso-
mers containing different numbers of PEG moieties attached
at different positions, as well as the relative distribution of
these positional isomers. For pharmaceutical polypeptides
intended for therapeutic use in humans or animals, it is gen-
erally desirable that the number of different positional PEG
isomers is minimized.

[0031] “Partial de-PEGylation” refers to the fact that the
methods of the invention serve to remove labile PEG moieties
attached to a hydroxyl group, while PEG moieties that are
more stably attached to the N-terminal or the amino group of
a lysine residue remain intact. As explained below, the
progress of the de-PEGylation process is dependent upon the
particular elevated pH value and the duration at the elevated
pH. Therefore, depending on the conditions chosen in any
particular case, it is possible that a small proportion of the
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polypeptides can still have a PEG moiety attached to a
hydroxyl group at the end of a de-PEGylation step. Based on
the information provided herein and common general knowl-
edge in the art of protein analysis, however, persons skilled in
the art will be able to adapt the process so that substantially all
labile PEG moieties are removed and any remaining labile
PEG moieties are insignificant for the desired properties of
the final product. Any reference to “de-PEGylation” herein
should be understood to refer to “partial de-PEGylation”™.

DETAILED DESCRIPTION

[0032] As indicated above, one particular aspect of the
invention relates to a method for increasing the stability and
uniformity ofa PEGylated G-CSF polypeptide having at least
one PEG moiety attached to the epsilon amino group of a
lysine residue or the N-terminal amino group and at least one
PEG moiety attached to a hydroxyl group, comprising sub-
jecting the polypeptide to an elevated pH of above 8.0 for a
period of time suitable to remove PEG moieties attached to a
hydroxyl group, and reducing the pH to about 8.0 or lower.
Although this method is suitable for any mammalian G-CSF
polypeptide, the polypeptide is preferably a human G-CSF
polypeptide, i.e. with the amino acid sequence of SEQ ID
NO:1, optionally with a methionine residue added at the
N-terminal, or a variant thereof. In the case of G-CSF vari-
ants, these may have one or more substitutions, insertions or
deletions, and/or truncation of the N- and/or C-terminus by
one or more amino acid residues, compared to a native, wild-
type G-CSF polypeptide, typically compared to human
G-CSF (SEQ ID NO:1), for example from 1 to 15 substitu-
tions, such as up to 6, 8, 10 or 12 substitutions. Preferred
G-CSF variants include those disclosed in WO 01/51510 and
WO 03/006501.

[0033] As it is described e.g. in WO 03/006501, hG-CSF
contains four lysine residues in positions 16, 23, 34 and 40,
and when subjecting G-CSF to PEGylation using activated
PEG that preferentially binds to lysine residues or the N-ter-
minal it will often be desirable to remove at least one of these
lysine residues, e.g. two, three or all of these residues, e.g. by
deletion but preferably by substitution. The G-CSF polypep-
tide used in the method of the invention may therefore be a
variant in which at least one of the amino acid residues
selected from the group consisting 0f K16, K23, K34 and K40
has been deleted or substituted with another amino acid resi-
due. Typically, removal of a lysine residue will be by substi-
tution, generally by substitution with an R or Q residue,
preferably an R residue. The G-CSF polypeptide may thus
have one, two, three or four substitutions selected from the
group consisting of K16R/Q, K23R/Q, K34R/Q, K40R/Q
(where, for example, “K16R/QQ” denotes that the lysine in
position 16 is substituted with either an arginine or a
glutamine residue). Preferably, the polypeptide includes the
substitutions K16R+K34R+K40R, while the lysine in posi-
tion 23 is left unaltered.

[0034] Along with removal oflysine residues where PEGy-
lation is not desired, WO 03/006501 also describes addition
of lysine residues in order to create sites for PEGylation.
These may be added by insertion but are preferably added by
substitution. Examples of preferred amino acid substitutions
in order to introduce a site for PEGylation include one or
more of Q70K, Q90K, T105K, Q120K, T133K, S159K and
H170K, such as two, three, four or five of these substitutions,
with preferred substitutions being T105K+S159K. In a pre-
ferred embodiment the G-CSF polypeptide includes the sub-
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stitutions K16R, K34R, K40R, T105K and S159K. In a par-
ticular embodiment, the G-CSF polypeptide has only these
five substitutions relative to hG-CSF.

Production of G-CSF Polypeptides

[0035] The G-CSF polypeptides to be PEGylated in accor-
dance with the invention may be produced by any suitable
method known in the art, for example as described in WO
03/006501, which is hereby incorporated by reference. Such
methods include constructing a nucleotide sequence encod-
ing the polypeptide and expressing the sequence in a suitable
transformed or transfected host. However, polypeptides of the
invention may be produced, albeit less efficiently, by chemi-
cal synthesis or a combination of chemical synthesis or a
combination of chemical synthesis and recombinant DNA
technology. A nucleotide sequence encoding a polypeptide or
the polypeptide part of a conjugate of the invention may be
constructed by isolating or synthesizing a nucleotide
sequence encoding the parent G-CSF, such as hG-CSF with
the amino acid sequence shown in SEQ ID NO:1, and then
changing the nucleotide sequence so as to effect introduction
(i.e. insertion or substitution) or deletion (i.e. removal or
substitution) of the relevant amino acid residue(s).

[0036] The nucleotide sequence is conveniently modified
by site-directed mutagenesis in accordance with conventional
methods. Alternatively, the nucleotide sequence is prepared
by chemical synthesis, e.g. by using an oligonucleotide syn-
thesizer, wherein oligonucleotides are designed based on the
amino acid sequence of the desired polypeptide, and prefer-
ably selecting those codons that are favored in the host cell in
which the recombinant polypeptide will be produced. For
example, several small oligonucleotides coding for portions
of'the desired polypeptide may be synthesized and assembled
by PCR, ligation or ligation chain reaction (LCR) (Barany,
PNAS 88:189-193, 1991). The individual oligonucleotides
typically contain 5' or 3' overhangs for complementary
assembly.

[0037] Once assembled (by synthesis, site-directed
mutagenesis or another method), the nucleotide sequence
encoding the polypeptide is inserted into a recombinant vec-
tor and operably linked to control sequences necessary for
expression of the G-CSF in the desired transformed host cell.
[0038] Persons skilled in the art will be capable of selecting
suitable vectors, expression control sequences and hosts for
expressing the polypeptide. The recombinant vector may be
an autonomously replicating vector, i.e. a vector, which exists
as an extrachromosomal entity, the replication of which is
independent of chromosomal replication, e.g. a plasmid.
Alternatively, the vector is one which, when introduced into a
hostcell, is integrated into the host cell genome and replicated
together with the chromosome(s) into which it has been inte-
grated.

[0039] The vector is preferably an expression vector in
which the nucleotide sequence encoding the polypeptide of
the invention is operably linked to additional segments
required for transcription of the nucleotide sequence. The
vector is typically derived from plasmid or viral DNA. A
number of suitable expression vectors for expression in the
host cells mentioned herein are commercially available or
described in the literature. Detailed information on suitable
vectors for expressing G-CSF may be found in WO
03/006501.

[0040] The term “control sequences™ is defined herein to
include all components which are necessary or advantageous
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for the expression of the polypeptide of the invention. Each
control sequence may be native or foreign to the nucleic acid
sequence encoding the polypeptide. Such control sequences
include, but are not limited to, a leader sequence, polyadeny-
lation sequence, propeptide sequence, promoter, enhancer or
upstream activating sequence, signal peptide sequence, syn-
thetic intron, and transcription terminator. At a minimum, the
control sequences include a promoter. A wide variety of
expression control sequences may be used in the present
invention, e.g. any of the control sequences disclosed in WO
03/006501.

[0041] Thenucleotide sequence of the invention encoding a
polypeptide exhibiting G-CSF activity, whether prepared by
site-directed mutagenesis, synthesis, PCR or other methods,
may optionally also include a nucleotide sequence that
encodes a signal peptide. The signal peptide is present when
the polypeptide is to be secreted from the cells in which it is
expressed. Such signal peptide, if present, should be one
recognized by the cell chosen for expression of the polypep-
tide. The signal peptide may be homologous (e.g. be that
normally associated with hG-CSF) or heterologous (i.e. origi-
nating from another source than hG-CSF) to the polypeptide
or may be homologous or heterologous to the host cell, i.e. be
a signal peptide normally expressed from the host cell or one
which is not normally expressed from the host cell. Accord-
ingly, the signal peptide may be prokaryotic, e.g. derived
from a bacterium such as E. coli, or eukaryotic, e.g. derived
from a mammalian, or insect or yeast cell. For further infor-
mation on suitable signal peptides, see WO 03/006501.

[0042] Any suitable host may be used to produce the
G-CSF polypeptide, including bacteria (although not particu-
larly preferred), fungi (including yeasts), plant, insect, mam-
mal, or other appropriate animal cells or cell lines, as well as
transgenic animals or plants. Mammalian cells are preferred.
Examples of bacterial host cells include gram-positive bac-
teria such as strains of Bacillus, e.g. B. brevis or B. subtilis,
Pseudomonas or Streptomyces, or gram-negative bacteria,
such as strains of E. coli. Examples of suitable filamentous
fungal host cells include strains of Aspergillus, e.g. A. oryzae,
A. niger, or A. nidulans, Fusavium or Trichoderma. Examples
of suitable yeast host cells include strains of Saccharomyces,
e.g. S cerevisiae, Schizosaccharomyces, Klyveromyces,
Pichia, suchas P. pastoris or P. methanolica, Hansenula, such
as H. Polymorpha or Yarrowia. Examples of suitable insect
host cells include a Lepidoptora cell line, such as Spodoptera
frugiperda (S19 or S121) or Trichoplusioa ni cells (High Five)
(U.S. Pat. No. 5,077,214). Examples of suitable mammalian
host cells include Chinese hamster ovary (CHO) cell lines,
(e.g. CHO-K1; ATCC CCL-61), Green Monkey cell lines
(COS) (e.g. COS1 (ATCC CRL-1650), COS 7 (ATCC CRL-
1651)); mouse cells (e.g. NS/O), Baby Hamster Kidney
(BHK) cell lines (e.g. ATCC CRL-1632 or ATCC CCL-10),
and human cells (e.g. HEK 293 (ATCC CRL-1573)). Addi-
tional suitable cell lines are known in the art and available
from public depositories such as the American Type Culture
Collection, Rockville, Md.

[0043] In the production methods of the present invention,
the cells are cultivated in a nutrient medium suitable for
production of the polypeptide using methods known in the
art. For example, the cell may be cultivated by shake flask
cultivation, small-scale or large-scale fermentation (includ-
ing continuous, batch, fed-batch, or solid state fermentations)
in laboratory or industrial fermenters performed in a suitable
medium and under conditions allowing the polypeptide to be
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expressed and/or isolated. The cultivation takes place in a
suitable nutrient medium comprising carbon and nitrogen
sources and inorganic salts, using procedures known in the
art. Suitable media are available from commercial suppliers
or may be prepared according to published compositions
(e.g., in catalogues of the American Type Culture Collection).
If the polypeptide is secreted into the nutrient medium, the
polypeptide can be recovered directly from the medium. If the
polypeptide is not secreted, it can be recovered from cell
lysates.

[0044] The resulting polypeptide may be recovered by
methods known in the art. For example, the polypeptide may
be recovered from the nutrient medium by conventional pro-
cedures including, but not limited to, centrifugation, filtra-
tion, extraction, spray drying, evaporation, or precipitation.
[0045] The polypeptides may be purified by a variety of
procedures known in the art including, but not limited to,
chromatography (e.g., ion exchange, affinity, hydrophobic,
chromatofocusing, and size exclusion), electrophoretic pro-
cedures (e.g., preparative isoelectric focusing), differential
solubility (e.g., ammonium sulfate precipitation), SDS-
PAGE, or extraction (see, e.g., Protein Purification, 1.-C.
Janson and Lars Ryden, editors, VCH Publishers, New York,
1989). Specific methods for purifying polypeptides exhibit-
ing G-CSF activity are described by D. Metcalf and N. A.
Nicola in The hemopoietic colony-stimulating factors, p.
50-51, Cambridge University Press (1995), by C.S.Baeet al.,
Appl. Microbiol. Biotechnol, 52:338-344 (1999) and in U S.
Pat. No. 4,810,643.

PEGylation

[0046] The purified G-CSF polypeptides can then be
PEGylated by a variety of methods known to one of ordinary
skill in the art. For example, a G-CSF polypeptide can be
subjected to PEGylation with an amine-specific activated
polyethylene glycol (PEG).

[0047] The amine-specific activated PEG may be any of
those mentioned above, for example mPEG-succinimidyl
propionate (mPEG-SPA), mPEG-succinimidyl butanoate
(mPEG-SBA), or mPEG-succinimidyl a-methylbutanoate
(mPEG-SMB). The molecular weight of the PEG moieties
may be selected based e.g. on the number of PEG moieties to
be attached to the polypeptide and will often be in the range of
from about 1 kDa to about 20 kDa, such as from about 1 kDa
to about 12 kDa, e.g. from about 2 kDa to about 10 kDa, such
as from about 4 kDa to about 6 kDa, e.g. about 5 kDa. For
example, the activated PEG may be mPEG-SPA with a
molecular weight of about 5 kDa. PEGylation may, for
example, be performed at a pH of about 7.5-9.0, e.g. about
8.0-8.5. When used about PEG moieties herein, the word
“about” indicates an approximate average molecular weight
and reflects the fact that there will normally be a certain
molecular weight distribution in a given polymer preparation.
For further general information on PEGylation methods see,
for example, the Nektar Advanced PEGylation Catalogs 2004
and 2005-2006, as well as the references cited therein. A more
detailed description of PEGylation methods for G-CSF
polypeptides is also provided in WO 03/006501.

Partial de-PEGylation

[0048] The choice of an elevated pH for the de-PEGylation
step is made based on factors such as the temperature at which
the de-PEGylation step takes place, the duration of the de-
PEGylation step, and the conditions that were used for PEGy-
lation, including the pH at which PEGylation was performed.
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Generally, the higher the pH used during de-PEGylation, the
faster the de-PEGylation takes place. Persons skilled in the art
will thus realize that de-PEGylation conditions such as pH,
time and temperature can be adjusted to each other to obtain
the desired result in any given situation. For example,
although it is possible to use a relatively low elevated pH of
e.g. between 8 and 9, use of a higher pH of e.g. between 9 and
11, such as between 9 and 10, will result in a faster de-
PEGylation. Typically, the elevated pH will therefore be in
the range of from about 8.5 to about 11.0, e.g. from about 8.5
to about 10.5, such as from about 9.0 to about 10.0. The
elevated pH may, for example, be in the range of from about
9.2 to about 9.8, e.g. about 9.5.

[0049] Normally, the de-PEGylation step will take place
immediately following PEGylation, as this will generally be
most efficient and result in shorter processing times and
higher yields. In its basic version, the invention is thus char-
acterized by partial de-PEGylation of a PEGylated bulk inter-
mediate, followed by conventional separation using e.g. chro-
matographic purification as described below. If desired for
any reason, however, the PEGylation procedure may be fol-
lowed by an intermediate purification step prior to de-PEGy-
lation. The intermediate purification step may, e.g., comprise
chromatographic purification as described below followed by
ultrafiltration and/or diafiltration. The intermediate product
obtained from any such intermediate purification procedure
may, if desired, be stored prior to de-PEGylation and any
subsequent purification steps. In this case, the intermediate
PEGylated product may e.g. be stored by freezing or lyo-
philization using methods generally known in the art.

[0050] The de-PEGylation may be performed at any tem-
perature which is otherwise suitable for the polypeptide in
question, for example from about 5° C. to about 40° C., such
as from about 10° C. to about 35° C. The de-PEGylation will
often be performed at a temperature of from about 15° C. to
about 25° C., e.g. at an ambient temperature of about 20-22°
C

[0051] As explained above, the duration of the de-PEGyla-
tion step at an elevated pH to obtain a desired result will
depend on other factors such as pH and temperature, but will
generally be in the range of from about 2 hours to about 100
hours, typically from about 4 hours to about 72 hours, more
typically from about 8 hours to about 48 hours. Since it will
normally be desirable to perform the de-PEGylation step in as
short a time as possible, the polypeptide will often be sub-
jected to the elevated pH for a period of not more than about
24 hours, e.g. from about 12 hours to about 30 hours, such as
from about 18 to about 24 hours. As indicated above, a rela-
tively short de-PEGylation period at the elevated pH will
generally be accompanied by a relatively high pH, e.g. about
9-10.

[0052] Following the de-PEGylation at an elevated pH, the
pH is reduced to about 8.0 or lower, the particular pH being
chosen according to the intended storage conditions for the
polypeptide. For G-CSF, a suitable pH for long-term storage
will often be in the range of from about 2.0 to about 5.0, for
example from about 2.5 to about 4.5, such as about 4.0. In
some cases, depending e.g. on the particular formulation to be
used, a somewhat higher pH may be chosen, i.e. a pH of about
5.0-8.0, e.g. about 6.0-7.5, such as about 7.0-7.5. Various
pharmaceutical formulations of G-CSF are described, e.g., in
U.S. Pat. No. 5,104,651, U.S. Pat. No. 5,919,757, U.S. Pat.
No. 6,497,869 and U.S. Pat. No. 6,776,983.
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[0053] For adjustment of pH in the context of the present
invention, any suitable acid or base may be used, both organic
or inorganic acids and bases. Similarly, any suitable buffer
may be used for maintaining the pH at a desired level. Persons
skilled in the art will be familiar with acids, bases and buffers
suitable for use in any given situation, depending e.g. on the
polypeptide in question and the desired pH.

[0054] Subsequent to reduction of the pH, the polypeptide
will generally be subjected to at least one chromatographic
purification step, for example ion exchange chromatography
or gel filtration chromatography, in order to separate polypep-
tides having a desired number of PEG groups attached. The
chromatographic purification may be carried out using meth-
ods generally known in the art. For example, where the
reduced pH following de-PEGylation is below about 7.0,
cation exchange chromatography may be used. Alternatively
or additionally, chromatography may be performed prior to
reduction of the pH, using anion exchange chromatography at
the elevated pH value. Further purification as well as any
desired analysis of the product may similarly be performed
using standard methods known in the art. For example, fur-
ther purification subsequent to the chromatographic purifica-
tion step may be performed using e.g. ultrafiltration or diafil-
tration.

[0055] As mentioned above, another aspect of the invention
relates to a method for producing a PEGylated G-CSF
polypeptide, comprising subjecting a G-CSF polypeptide to
PEGylation with an amine-specific activated polyethylene
glycol (PEG), and subsequently subjecting the PEGylated
polypeptide to an elevated pH of at least about 9.0 for a period
of time suitable to remove PEG moieties attached to a
hydroxyl group. This method results in a PEGylated G-CSF
polypeptide having at least one PEG moiety attached to the
epsilon amino group of a lysine residue or the N-terminal
amino group and substantially no PEG moieties attached to a
hydroxyl group. In one embodiment, this aspect of the inven-
tion is performed using PEGylation at a pH of about 7.0-9.0,
after which the pH is increased to remove labile PEG moi-
eties. In another embodiment, PEGylation may be performed
ata higher pH of above 9.0, such as a pH in the range 0f 9-11,
such as from about 9.2 to 10.0, e.g. about 9.5. In this case,
PEGylation and de-PEGylation may be performed as a single
step at a single pH value for a sufficient period of time to result
in the desired PEGylation at the N-terminus and lysine resi-
dues while avoiding undesired binding of PEG moieties to
hydroxyl groups.

[0056] The amine-specific activated PEG may be any of
those mentioned above, for example mPEG-succinimidyl
propionate (mPEG-SPA), mPEG-succinimidyl butanoate
(mPEG-SBA), or mPEG-succinimidyl a-methylbutanoate
(mPEG-SMB). The molecular weight of the PEG moieties
will similarly be as described above, e.g. in the range of from
about 1 kDa to about 20 kDa, such as from about 1 kDa to
about 12 kDa, e.g. from about 2 kDa to about 10 kDa, such as
from about 4 kDa to about 6 kDa, e.g. about 5 kDa. For
example, the activated PEG may be mPEG-SPA with a
molecular weight of about 5 kDa. PEGylation may, for
example, be performed at a pH of about 7.5-9.0, e.g. about
8.0-8.5. Depending on the pH used during PEGylation, the
elevated pH chosen will also be similar to the ranges generally
described above, for example in the range of from about 9.2 to
11.0, such as from about 9.2 to 10.0. Similarly, the time period
atthe elevated pH may also be chosen as described above, and
the same applies to subsequent purification, etc.
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[0057] The method described herein provides a number of
advantages for production processes aimed at producing a
uniform and stable PEGylated protein, including the fact that
it is simple and fast, requiring only a single extra step of
altered pH for a limited time period, and there is no need to
otherwise change the PEGylation or purification procedures
used in a given production process. For this reason, the same
general procedure of an altered pH for a period of time suf-
ficient to remove labile PEG groups may be used for the
production of any PEGylated protein. In general, either a
basic or acidic pH may be used for removing labile PEG
moieties attached to a hydroxyl group, with the detachment of
the labile PEG moieties taking place faster when the pH is
more acidic (for an acid pH) or more basic (for a basic pH).
The choice of conditions for obtaining labile PEG detach-
ment will be made based on e.g. the structural features of the
particular protein, including the microenvironment of attach-
ment sites for PEG moieties.

PEGylated G-CSF Polypeptides

[0058] Asindicated above, the method of the present inven-
tion is advantageous in that it results in an increased homo-
geneity of the PEGylated polypeptide in terms of the number
of different positional PEG isomers. Depending on the num-
ber of attachment groups and the particular PEGylation
chemistry being used, the method allows the isolation of
PEGylated G-CSF that is more uniform and more stable
during storage than would otherwise be possible. For
example, it has been found that for a PEGylated G-CSF
polypeptide having the substitutions K16R, K34R, K40R,
T105K and S159K relative to wild-type human G-CSF, it is
possible to obtain a product wherein at least about 90-95% of
the positional PEG isomers of the polypeptide have 3 attached
PEG moieties.

[0059] Another embodiment of the invention relates to a
composition comprising a homogeneous mixture of posi-
tional PEG isomers of a PEGylated G-CSF polypeptide vari-
ant, wherein at least about 80%, preferably at least about
85%, more preferably at least about 90%, for example at least
about 95% of the positional PEG isomers of the mixture
consist of two positional PEG isomers each having PEG
moieties consisting of two PEG moieties bound to epsilon
amino groups of lysine residues and one PEG moiety bound
to the N-terminal amino group.

[0060] Another embodiment of the invention thus relates to
a PEGylated G-CSF polypeptide comprising the substitu-
tions K16R, K34R, K40R, T105K and S159K relative to
wild-type human G-CSF, wherein at least about 80% of the
positional PEG isomers of the polypeptide have 3 attached
PEG moieties. Typically, the proportion of the positional PEG
isomers having 3 attached PEG moieties will be greater than
80%, such as at least about 85% or at least about 90%, and
may be even higher, such as at least about 91%, at least about
92%, at least about 93%, at least about 94%, or at least about
95%. In yet another embodiment, the invention relates to a
PEGylated G-CSF polypeptide containing only the substitu-
tions K16R, K34R, K40R, T105K and S159K relative to
wild-type human G-CSF, and wherein at least about 80% of
the positional PEG isomers of the polypeptide have 3 attached
PEG moieties. Typically, the proportion of the positional PEG
isomers having 3 attached PEG moieties will be greater than
80%, such as at least about 85% or at least about 90%, and
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may be even higher, such as at least about 91%, at least about
92%, at least about 93%, at least about 94%, or at least about
95%.

[0061] Ina still further embodiment, the invention relates to
a composition comprising a mixture of PEGylated G-CSF
polypeptides comprising the substitutions K16R, K34R,
K40R, T105K and S159K relative to wild type human G-CSF,
wherein at least about 80%, preferably at least about 85%,
more preferably at least about 90%, such as atleast about 95%
of the PEGylated G-CSF polypeptides in the mixture are
composed of two positional PEG G-CSF isomers each con-
taining three PEG groups, wherein one of the isomers has
PEG groups attached at the N-terminal, Lys23 and Lys159
and the other isomer has PEG groups attached at the N-ter-
minal, Lys105 and Lys159. In yet another embodiment, the
invention relates to a composition comprising a mixture of
PEGylated G-CSF polypeptides containing only the substi-
tutions K16R, K34R, K40R, T105K and S159K relative to
wild type human G-CSF, and wherein at least about 80%,
preferably at least about 85%, more preferably at least about
90%, such as at least about 95% of the PEGylated G-CSF
polypeptides in the mixture are composed of two positional
PEG G-CSF isomers each containing three PEG groups,
wherein one of the isomers has PEG groups attached at the
N-terminal, Lys23 and Lys159 and the other isomer has PEG
groups attached at the N-terminal, Lys105 and Lys159
[0062] It has been found that PEGylated G-CSF polypep-
tides produced according to the invention are highly storage-
stable with respect to their degree of PEGylation. As it is
shown in the examples below, aqueous formulations of such
PEGylated G-CSF polypeptides are able to be stored for an
extended period of time with a largely unaltered PEGylation
pattern. This was in particular the case when the compositions
were stored at a temperature of 5° C., but surprisingly the
compositions were found to be relatively stable even when
stored at a high temperature of 25° C. or 35° C.

[0063] A further aspect of the invention therefore relates to
a storage-stable PEGylated G-CSF polypeptide comprising
the substitutions K16R, K34R, K40R, T105K and S159K
relative to wild-type human G-CSF, wherein at least about
80% of the positional PEG isomers of the polypeptide have 3
attached PEG moieties after storage in an aqueous reference
composition for 3 months at a temperature of 5° C. Typically,
the proportion of the positional PEG isomers having 3
attached PEG moieties after storage for 3 months at a tem-
perature of 5° C. will be greater than 80%, such as at least
about 85% or at least about 90%. In some cases, this propor-
tion may even higher, such as at least about 91%, at least about
92%, at least about 93%, at least about 94%, or at least about
95%. For purposes of determining the stability of a PEGy-
lated G-CSF polypeptide produced according to the inven-
tion, the stability may be tested as described in Example 4, for
example using one of formulations A, B, C or D described
therein as the reference composition, in particular formula-
tion D.

Pharmaceutical Compositions

[0064] Another aspect of the invention relates to pharma-
ceutical compositions comprising a PEGylated G-CSF
polypeptide according to the invention. One embodiment of
the invention thus relates to a composition comprising a phar-
maceutically acceptable carrier and a PEGylated G-CSF
polypeptide, wherein the polypeptide comprises the substitu-
tions K16R, K34R, K40R, T105K and S159K relative to
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wild-type human G-CSF (SEQ ID NO:1), and wherein at
least about 80% ofthe positional PEG isomers of the polypep-
tide have 3 attached PEG moieties. Typically, the proportion
of the positional PEG isomers having 3 attached PEG moi-
eties will be at least about 85%, preferably at least about 90%,
and may be even higher, such as at least about 91%, at least
about 92%, at least about 93%, at least about 94%, or at least
about 95%. In yet another embodiment, the invention relates
to a pharmaceutical composition comprising a pharmaceuti-
cally acceptable carrier and a PEGylated G-CSF polypeptide,
wherein the polypeptide contains only the substitutions
K16R, K34R, K40R, T105K and S159K relative to wild-type
human G-CSF (SEQ ID NO:1), and wherein at least about
80% of the positional PEG isomers of the polypeptide have 3
attached PEG moieties. Typically, the proportion of the posi-
tional PEG isomers having 3 attached PEG moieties will be at
least about 85%, preferably at least about 90%, and may be
even higher, such as at least about 91%, at least about 92%, at
least about 93%, at least about 94%, or at least about 95%.

[0065] Another embodiment of the invention relates to a
pharmaceutical composition comprising a homogeneous
mixture of positional PEG isomers of a PEGylated G-CSF
polypeptide variant, wherein at least about 80%, preferably at
least about 85%, more preferably at least about 90%, for
example at least about 95% of the positional PEG isomers of
the mixture consist of two positional PEG isomers each hav-
ing PEG moieties consisting of two PEG moieties bound to
epsilon amino groups of lysine residues and one PEG moiety
bound to the N-terminal amino group.

[0066] In a further embodiment the invention relates to
pharmaceutical compositions comprising a pharmaceutically
acceptable carrier and a mixture of PEGylated G-CSF
polypeptides comprising the substitutions K16R, K34R,
K40R, T105K and S159K relative to wild type human G-CSF,
wherein at least about 80%, preferably at least about 85%,
more preferably about 90%, such as at least about 95% of the
PEGylated G-CSF polypeptides in the mixture are composed
of two positional PEG G-CSF isomers each containing three
PEG groups, wherein one of the isomers has PEG groups
attached at the N-terminal, Lys23 and Lys159 and the other
isomer has PEG groups attached at the N-terminal, Lys105
and Lys159. In yet another embodiment, the invention, the
invention relates to pharmaceutical compositions comprising
apharmaceutically acceptable carrier and a mixture of PEGy-
lated G-CSF polypeptides containing only the substitutions
K16R, K34R, K40R, T105K and S159K relative to wild type
human G-CSF, wherein at least about 80%, preferably at least
about 85%, more preferably about 90%, such as at least about
95% of'the PEGylated G-CSF polypeptides in the mixture are
composed of two positional PEG G-CSF isomers each con-
taining three PEG groups, wherein one of the isomers has
PEG groups attached at the N-terminal, Lys23 and Lys159
and the other isomer has PEG groups attached at the N-ter-
minal, Lys105 and Lys159

[0067] Pharmaceutical compositions comprising the
G-CSF polypeptide of the invention may be formulated in a
variety of forms, e.g. in lyophilised form or, preferably, in a
stable liquid formulation, typically as an aqueous formula-
tion. Such compositions typically comprise one or more com-
ponents selected from buffering agents, preservatives, iso-
tonicifiers, stabilizers, non-ionic surfactants or detergents,
and additional miscellaneous excipients such as bulking
agents or fillers, chelating agents, antioxidants and cosol-
vents. One example of a suitable formulation for G-CSF is
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that used for Neulasta® (pegfilgrastim), which is supplied in
an aqueous solution with a pH of 4.0 containing, per 0.6 ml,
0.35 mg acetate, 30.0 mg sorbitol, 0.02 mg polysorbate 20,
and 0.02 mg sodium.

[0068] An example of a pharmaceutical composition is a
solution designed for parenteral administration. Although in
many cases pharmaceutical solution formulations are pro-
vided in liquid form, appropriate for immediate use, such
parenteral formulations may also be provided in frozen or in
lyophilized form. In the former case, the composition must be
thawed prior to use. The latter form is often used to enhance
the stability of the active compound contained in the compo-
sition under a wider variety of storage conditions, as it is
recognized by those skilled in the art that lyophilized prepa-
rations are generally more stable than their liquid counter-
parts. Such lyophilized preparations are reconstituted prior to
use by the addition of one or more suitable pharmaceutically
acceptable diluents such as sterile water for injection or sterile
physiological saline solution. The compositions of the inven-
tion are preferably in the form of an aqueous solution, how-
ever.

[0069] In case of parenterals, they are prepared for storage
as lyophilized formulations or aqueous solutions by mixing,
as appropriate, the polypeptide having the desired degree of
purity with one or more pharmaceutically acceptable carriers,
excipients or stabilizers typically employed in the art (all of
which may be termed “excipients”), for example buffering
agents, stabilizing agents, preservatives, isotonifiers, non-
ionic detergents, antioxidants and/or other miscellaneous
additives.

[0070] Buffering agents help to maintain the pH in a desired
range. They are typically present at a concentration ranging
from about 2 mM to about 50 mM. Suitable buffering agents
include both organic and inorganic acids and salts thereof
such as citrate buffers (e.g., monosodium citrate-disodium
citrate mixture, citric acid-trisodium citrate mixture, citric
acid-monosodium citrate mixture, etc.), succinate buffers
(e.g., succinic acid-monosodium succinate mixture, succinic
acid-sodium hydroxide mixture, succinic acid-disodium suc-
cinate mixture, etc.), tartrate buffers (e.g., tartaric acid-so-
dium tartrate mixture, tartaric acid-potassium tartrate mix-
ture, tartaric acid-sodium hydroxide mixture, etc.), fumarate
buffers (e.g., fumaric acid-monosodium fumarate mixture,
fumaric acid-disodium fumarate mixture, monosodium
fumarate-disodium fumarate mixture, etc.), gluconate buffers
(e.g., gluconic acid-sodium glyconate mixture, gluconic acid-
sodium hydroxide mixture, gluconic acid-potassium gly-
uconate mixture, etc.), oxalate buffers (e.g., oxalic acid-so-
dium oxalate mixture, oxalic acid-sodium hydroxide mixture,
oxalic acid-potassium oxalate mixture, etc.), lactate buffers
(e.g., lactic acid-sodium lactate mixture, lactic acid-sodium
hydroxide mixture, lactic acid-potassium lactate mixture,
etc.) and acetate buffers (e.g., acetic acid-sodium acetate mix-
ture, acetic acid-sodium hydroxide mixture, etc.). Additional
possibilities are phosphate buffers, histidine buffers and tri-
methylamine salts such as Tris.

[0071] Preservatives are added to retard microbial growth,
and when present are typically added in amounts of about
0.2%-1% (w/v). Suitable preservatives include phenol, ben-
zyl alcohol, meta-cresol, methyl paraben, propyl paraben,
octadecyldimethylbenzyl ammonium chloride, benzalko-
nium halides (e.g. benzalkonium chloride, bromide or
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iodide), hexamethonium chloride, alkyl parabens such as
methyl or propyl paraben, catechol, resorcinol, cyclohexanol
and 3-pentanol.

[0072] Isotonicifiers are added to ensure isotonicity of lig-
uid compositions and include polyhydric sugar alcohols,
preferably trihydric or higher sugar alcohols, such as glyc-
erin, erythritol, arabitol, xylitol, sorbitol and mannitol. Poly-
hydric alcohols can be present in an amount between 0.1%
and 25% by weight, typically 1% to 5%, taking into account
the relative amounts of the other ingredients.

[0073] Stabilizers refer to a broad category of excipients
which can range in function from a bulking agent to an addi-
tive which solubilizes the therapeutic agent or helps to pre-
vent denaturation or adherence to the container wall. Typical
stabilizers can be polyhydric sugar alcohols (enumerated
above); amino acids such as arginine, lysine, glycine,
glutamine, asparagine, histidine, alanine, ornithine, L-leu-
cine, 2-phenylalanine, glutamic acid, threonine, etc., organic
sugars or sugar alcohols, such as lactose, trehalose, stachy-
ose, mannitol, sorbitol, xylitol, ribitol, myoinisitol, galactitol,
glycerol and the like, including cyclitols such as inositol;
polyethylene glycol; amino acid polymers; sulfur-containing
reducing agents, such as urea, glutathione, thioctic acid,
sodium thioglycolate, thioglycerol, a-monothioglycerol and
sodium thiosulfate; low molecular weight polypeptides (i.e.
<10 residues); proteins such as human serum albumin, bovine
serum albumin, gelatin or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; monosaccharides
such as xylose, mannose, fructose and glucose; disaccharides
such as lactose, maltose and sucrose; trisaccharides such as
raffinose, and polysaccharides such as dextran. Stabilizers
may e.g. be present in the range of from 0.1 to 10,000 parts by
weight based on the active protein weight.

[0074] Non-ionic surfactants or detergents (also known as
“wetting agents”) may be present to help solubilize the thera-
peutic agent as well as to protect the therapeutic polypeptide
against agitation-induced aggregation, which also permits the
formulation to be exposed to shear surface stress without
causing denaturation of the polypeptide. Suitable non-ionic
surfactants include polysorbates (20, 80, etc.), polyoxamers
(184, 188 etc.), Pluronic® polyols, polyoxyethylene sorbitan
monoethers (Tween®-20, Tween®-80, etc.).

[0075] Additional miscellaneous excipients that may be
added include bulking agents or fillers (e.g. starch), chelating
agents (e.g. EDTA), antioxidants (e.g., ascorbic acid,
methionine, vitamin E) and cosolvents.

[0076] The active ingredient may also be entrapped in
microcapsules prepared, for example, by coascervation tech-
niques or by interfacial polymerization, for example
hydroxymethylcellulose, gelatin or poly-(methylmethacy-
late) microcapsules, in colloidal drug delivery systems (for
example liposomes, albumin microspheres, microemulsions,
nano-particles and nanocapsules) or in macroemulsions.
[0077] Parenteral formulations to be used for in vivo
administration must be sterile. This is readily accomplished
by methods well-known in the art, for example, by filtration
through sterile filtration membranes.

Therapeutic Methods

[0078] Another aspect of the invention relates to therapeu-
tic methods and methods for the manufacture of a medica-
ment using the PEGylated G-CSF polypeptide of the inven-
tion. Leukopenia (a reduced level of white blood cells) and
neutropenia (a reduced level of neutrophils) are disorders that
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result in an increased susceptibility to various types of infec-
tions. Neutropenia can be chronic, e.g. in patients infected
with HIV, or acute, e.g. in cancer patients undergoing chemo-
therapy or radiation therapy. For patients with severe neutro-
penia, e.g. as a result of chemotherapy, even relatively minor
infections can be serious, and neutropenia will often require
an interruption in the chemotherapy protocol. The PEGylated
G-CSF polypeptides of the invention are particularly suitable
for prevention or treatment of infection in cancer patients
undergoing certain types of chemotherapy, radiation therapy
and bone marrow transplantations, mobilisation of progenitor
cells for collection in peripheral blood progenitor cell trans-
plantations, treatment of severe chronic or relative leukope-
nia, treatment of patients with acute myeloid leukemia, treat-
ment of AIDS or other immunodeficiency diseases, and for
antifungal therapy, in particular for treatment of systemic or
invasive candidiasis. A “patient” for the purposes of the
present invention includes both humans and other mammals,
although the therapeutic methods of the invention are prima-
rily aimed at treatment of human patients.

[0079] This aspect of the invention thus relates to a method
for increasing the level of neutrophils in a patient suffering
from or at risk of an insufficient neutrophil level, comprising
administering to said patient an effective dose of a PEGylated
G-CSF polypeptide as described above, or a pharmaceutical
composition as described above comprising the PEGylated
G-CSF polypeptide. In one embodiment of this aspect of the
invention, the patient suffering from or at risk of an insuffi-
cient neutrophil level is a cancer patient, in particular a cancer
patient being treated with chemotherapy or radiation therapy,
especially chemotherapy.

[0080] The PEGylated G-CSF polypeptides of the inven-
tion are contemplated to be useful for stimulating production
of neutrophils in patients suffering from a variety of different
types of cancer, including breast cancer, non-small cell lung
cancer, small cell lung cancer, colorectal cancer, uterine can-
cer, ovarian cancer, non-Hodgkin’s lymphoma (NHL) and
Hodgkin’s disease. Similarly, the polypeptides of the inven-
tion are contemplated for administration to patients receiving
any of a variety of different types of chemotherapeutic agents,
including:

[0081] alkylating agents, e.g. mustard gas derivatives,
such as Cyclophosphamide, Chlorambucil, Ifosfamide,
Mechlorethamine or Melphalan; ethylenimines, such as
Hexamethylmelamine or Thiotepa; alkylsulfonates such
as Busulfan; hydrazines and triazines such as Altre-
tamine, Dacarbazine, Procarbazine or Temozolomide;
nitrosureas such as Carmustine, Lomustine or Strepto-
zocin; and inorganic metal complex agents such as Cis-
platin, Carboplatin or Oxaliplatin;

[0082] plant alkaloids, e.g. taxanes (e.g., Docetaxel or
Paclitaxel), vinca alkaloids (e.g., Vinblastine, Vincris-
tine or Vinorelbine), camptothecan analogs (e.g., Irino-
tecan or Topotecan) and podophyllotoxins (e.g., Etopo-
side or Tenisopide);

[0083] antitumor antibiotics, e.g. anthracyclines, such as
Daunorubicin, Doxorubicin, Epirubicin, Idarubicin, or
Mitoxantrone; chromomycins, such as Dactinomycin or
Plicamycin; and other antitumor antibiotics such as
Bleomycin or Mitomycin;

[0084] antimetabolites, e.g. folic acid antagonists, such
as Methotrexate; pyrimidine antagonists, such as
Capecitabine, Cytarabine, 5-Fluorouracil (5-FU), Foxu-
ridine or Gemcitabine; purine antagonists, such as
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6-Mercaptopurine or 6-Thioguanine; adenosine deami-
nase inhibitors, such as Cladribine, Fludarabine, Nelara-
bine or Pentostatin; and ribonucleotide reductase inhibi-
tors, such as Hydroxyurea;

[0085] topoisomerase inhibitors, e.g. topoisomerase [
inhibitors, such as Ironotecan or Topotecan; and topoi-
somerase II inhibitors, such as Amsacrine, Etoposide,
Etoposide Phosphate or Teniposide.

[0086] The PEGylated G-CSF polypeptides of the inven-
tion will be administered to patients in an “effective” or
“therapeutically effective” dose, i.e. a dose that is sufficient to
produced the desired effects in relation to the condition for
which it is administered, in particular a dose that under the
given conditions is sufficient to result in the desired stimula-
tion of neutrophils. The exact dose may depend on factors
such as the individual patient and the disorder being treated,
and will be able to be determined by one skilled in the art,
typically a medical doctor. The dosage of the PEGylated
G-CSF polypeptide may e.g. be approximately the same
order of magnitude as the current recommended dosage for
pegfilgrastim (Neulasta®), which is 6 mg per adult patient.
An appropriate dose of the PEGylated G-CSF polypeptide of
the invention is therefore contemplated to be in the range of
from about 1 mg to about 15 mg, such as from about 2 mg to
about 15 mg, e.g. from about 3 mg to about 12 mg. A suitable
dose may thus be, for example, about 3 mg, about 6 mg, or
about 9 mg. In each case, the dosages are expressed as a
standard dose per patient, where the patient is an adult or
otherwise weighs atleast 45 kg. Alternatively, the dosage may
be determined according to the weight of the patient, such that
an appropriate dose of the G-CSF polypeptide of the inven-
tion is in the range of from about 10 ng/kg to about 200 pg/kg,
such as from about 25 pg/kg to about 150 pg/kg, e.g. from
about 30 pg/kg to about 120 pg/kg. A suitable dose may thus
be, for example, about 30 pg/kg, about 60 ng/kg, about 90
ng/kg or about 120 pg/kg.

[0087] The invention is further described by the following
non-limiting examples.
EXAMPLES
Example 1

Preparation and Analysis of a Partially de-PEGylated
G-CSF Variant

[0088] Sample Preparation and de-PEGylation

[0089] A G-CSF variant having the substitutions K16R,
K34R, K40R, T105K and S159K compared to wild-type
human G-CSF (SEQ ID NO:1) was produced from CHO-K1
cells substantially as described in WO 03/006501. 200 mL of
4.5 mg/mL. ofthe G-CSF variant (900 mg G-CSF) was PEGy-
lated using mPEG-SPA 5000 (Nektar Therapeutics). Briefly,
100 mL of a 13.2% (w/w) solution of mPEG-SPA 5000 was
added over a period of 10 minutes to the 200 mL of G-CSF
solution and gently stirred to ensure sufficient mixing. The
sample was allowed to incubate for 44 minutes at 21+£3° C.,
pH 8.5, with gentle stirring. The sample mixture was subse-
quently adjusted to pH 9.5 using a stock solution of 800 mM
boric acid pH 10.0. The sample was then incubated at 21+3°
C. for 24 hours without stirring. The sample was then diluted
approx. 2.5 fold with 100 mmol/kg citric acid, 20 mmol/kg
NaOH, pH 2.5, to a final pH of 3.5.

Isolation of Partially de-PEGylated G-CSF

[0090] After reduction of the pH to 3.5, the sample was
loaded immediately onto a VL.44 (Millipore) column packed
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with approx. 225 mL of SP-Sepharose HP (Amersham, GE
Healthcare) equilibrated with 20 mmol/kg citric acid, 15
mmol/kg NaOH, pH 3.4. After loading of the material, the
column was washed to remove unbound material such as free
mPEG-acid. A linear gradient of 25-100% elution buffer (20
mmol/kg citric acid, 20 mmol/kg NaOH, 200 mmol/kg NaCl,
pH 3.5) was used to elute the PEGylated G-CSF from the
column. The gradient was developed for 25 CV (column
volumes). The column step was performed at 21+3° C. and all
buffers used were adjusted to the same temperature. The
column load was 4.1 mg protein/ml resin and the flow was 8
CV/hour.

[0091] Fractions having a sample size of 40 mL were col-
lected and analysed by SDS-PAGE. Based on the SDS-PAGE
analysis a product pool of 1440 mL., corresponding to about
6.5 CV, containing isolated G-CSF having primarily 3
attached PEG groups per G-CSF molecule was made. It is
contemplated that the volume of the product pool can be
reduced by 10 increasing the steepness of the elution gradient.
[0092] The product pool was diafiltered to approx. 200 mL
and subsequently diafiltered into 10 mM sodium acetate, 43
mg/mL, pH 4.0 and concentrated to 4.9 mg/ml. using a Mil-
lipore LabScale TFF-system equipped with two 50 cm? Mil-
lipore Pellicon XI. membranes with a molecular weight cut-
off MWCO) of 30 kDa.

Results

[0093] The product pool was ultrafiltered and diafiltered
into 10 mM Na-acetate, 43 mg/ml mannitol, pH 4.0 and
subjected to physico-chemical characterization. FIG. 1 shows
a scan of the SDS-PAGE analysis of the G-CSF variant that
was PEGylated, partially de-PEGylated, and purified as
described above, the seven lanes shown being as follows:

Molecular weight marker

After PEGylation

pH9.5,T=0h

pH9.5,T=24h

Upon application on cation exchange column
Flow through from cation exchange

Purified product

R R R N

[0094] A single major band in lane 7 is observed, corre-
sponding to the G-CSF variant carrying 3 mPEG-SPA 5000
groups per polypeptide molecule. In addition, a minor band
corresponding to G-CSF carrying 4 mPEG-SPA 5000 groups
is also seen in lane 7. If desired, optimization or adjustment of
the purification procedure by methods generally known in the
art will allow this minor band corresponding to 4 PEG groups
to be reduced or substantially eliminated, although this will
lead to a slight reduction of the yield depending on the degree
of purity required.

[0095] The yield of this procedure was 450 mg of purified,
partially de-PEGylated G-CSF carrying primarily 3 PEG
groups per polypeptide molecule, corresponding to an overall
yield of 50%.

Example 2

Preparation and Analysis of a Partially de-PEGylated
G-CSF Variant

[0096] Sample Preparation, de-PEGylation and Purifica-
tion
[0097] A G-CSF variant having the substitutions K16R,

K34R, K40R, T105K and S159K 10 compared to wild-type
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human G-CSF (SEQ ID NO:1) was produced from CHO-K1
cells and subsequently PEGylated using mPEG-SPA 5000
substantially as described in Example 1 above, resulting in 29
mL of 3.5 mg/ml, PEGylated G-CSF variant. This was dia-
filtrated into 150 mM sodium borate, pH 9.5, using a Vivaspin
filter device equipped with a 10 kDa MWCO filter. The final
sample concentration was 4.7 mg/mL. The sample was then
incubated at 21+3° C. for 42 hours.

[0098]
exchange chromatography by dilution with 30 mM citric
acid, 10 mM NaOH, pH 2.9. The sample was then applied
onto an XK 16/20 column (Amersham Biosciences) packed
with 28 ml of SP-Sepharose HP resin. The column was
equilibrated with an equilibration buffer of 20 mM citric acid,
15 mM NaCl, pH 3.5, prior to sample loading. After loading,
the column was washed with the same buffer and eluted using
a linear gradient of from 15 mM to 200 mM NaCl in 20 mM
citric acid, pH 3.5, to separate the different PEGylated spe-
cies.

[0099] Fractions were collected in tubes and analysed by
SDS-PAGE analysis. A product pool containing the PEGy-
lated G-CSF variant primarily containing 3 attached PEG
moieties was made based on the SDS-PAGE. This product
pool was diafiltrated and buffer exchanged using Vivaspin
filter devices with a MWCO of 10 kDa. The sample was
diafiltrated into 10 mM sodium succinate, 43 mg/mL, pH 4.0,
and finally concentrated to 3.0 mg/mlL..

After incubation, the sample was prepared for cation

Positional Isomer Analysis

[0100] Using cation exchange HPL.C (CIEX-HPLC) com-
bined with a sialidase pretreatment data was obtained on the
composition of different positional PEG isomers in product
pools containing multiple PEGylated species. In addition to
heterogeneity after PEGylation due to the presence of differ-
ent positional isomers, PEGylated G-CSF is also heteroge-
neous in that it contains one O-glycosylation site (Thr133)
that can have zero, one or two sialic acid groups attached. In
order to reduce the number of peaks in the chromatogram as
a result of different numbers of sialic acid groups, a sialidase
enzyme pre-treatment step is included prior to analysis. The
sialidase treatment is performed by first diluting the G-CSF
solution, if necessary, to 1 mg/ml with a 50 mM sodium
acetate buffer, pH 5.0. after which 0.05 ul (0.25 mUnit) of
sialidase is added per pug protein, and the sample is incubated
at 37° C. for 18 hours to remove the sialic acids. The sample
is then analysed the same day or kept at 4° C. until the day of
analysis. HPLC was performed using a PolySULFOETHYL
A™ cation exchange HPLC column (PolyL.C Inc.), with UV
detection at 214 nm. Characterization of the different peaks
was performed by SDS-PAGE analysis after manual collec-
tion from the PolySULFOETHYL A™ CIEX column.

Results—PEG Loss

[0101] The buffer-exchanged sample was analysed by
SDS-PAGE to estimate the degree of PEG loss as a function
of time. The results (see FIG. 2) were similar to those illus-
trated in FIG. 1 for Example 1, with only minimal changes in
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the overall degree of PEGylation being observed between
samples incubated for 24 or 42 hours (FIG. 2, lanes 4 and 5).

Results—Assessment of Positional Isomers in Product Pools

[0102] FIG. 3 shows a cation exchange chromatogram of
the partially de-PEGylated product pool according to the
invention obtained as described above containing primarily
three PEG 5000 groups as judged by SDS-PAGE analysis.
The two major peaks each represent one major positional
isomer carrying three PEG 5000 groups. The three minor
peaks represent two positional isomers carrying four PEG
groups and one positional isomer carrying two PEG groups.
[0103] The two major peaks were collected and subjected
to native peptide map analysis to determine the position of the
attached PEG groups. It was found that the two major posi-
tional isomers are PEGylated on the following amino acid
residues:

[0104] Isomer A: N-terminal, Lys23 and Lys159

[0105] Isomer B: N-terminal, Lys105 and Lys159

These two major isomers represented more than 95% of the
positional isomers present in the sample.

Example 3
Comparative Example

[0106] For comparative purposes, FIG. 4 shows a cation
exchange chromatogram of a purified, PEGylated G-CSF
variant that was not subject to de-PEGylation according to the
present invention. The G-CSF variant in this case had the
same five substitutions compared to native human G-CSF as
indicated above in Examples 1 and 2, i.e. K16R, K34R,
K40R, T105K and S159K. It was prepared and PEGylated
with mPEG-SPA 5000 substantially as described in Example
1, with the exception of the fact that it was not subjected to
incubation at pH 9.5 for removal of labile PEG moieties. As a
result, the PEGylated variant comprised a mixture of a num-
ber of different PEG isomers having 2-6 attached PEG moi-
eties. This mixture of positional isomers was purified using
cation exchange chromatography substantially as described
in Example 1. A fraction containing primarily 4-5 attached
PEG moieties was isolated and, after ultrafiltration and dia-
filtration substantially as described in Example 1, was sub-
jected to CIEX-HPLC analysis as described above. This frac-
tion corresponds to the 3-PEG fraction described in Examples
1 and 2, but with additional (labile) PEG groups being
attached at one or two positions relative to the partially de-
PEGylated 3-PEG product, i.e. the purified product in this
case primarily contains 4-5 attached PEG groups.

[0107] Compared to the partially de-PEGylated product
prepared according to the invention whose composition is
shown in FIG. 3, the product shown in FIG. 4 is clearly amuch
more complex and heterogeneous mixture. Whereas the prod-
uct prepared according to the invention shown in FIG. 3
contains more than 95% of the two major positional isomers
each having 3 PEG moieties, the product shown in FIG. 4
comprises six major positional isomers each having either 4
or 5 attached PEG moieties. These six 4-5 PEG positional
isomers comprise labile PEG moieties at one or both of Ser66
or Tyr165 (data not shown), as well as stable PEG moieties at
the N-terminal and at 1 or 2 of positions K23, K105 and K159.
Due to steric hindrance, not all of these positions on a single
G-CSF polypeptide can be occupied by PEG moieties. The
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product shown in FIG. 4 thus contains a heterogeneous mix-
ture of the six following major PEG isomers:

[0108] N-terminal, K23, S66, K159,Y165 (5-PEG)
[0109] N-terminal, S66, K105, K159,Y165 (5-PEG)
[0110] N-terminal, K23, S66, K159 (4-PEG)
[0111] N-terminal, K23, S66,Y165 (4-PEG)
[0112] N-terminal, S66, K105, K159 (4-PEG)
[0113] N-terminal, S66, K105,Y165 (4-PEG)
Example 4

Stability Data

[0114] The stability of the attached PEG moieties was

tested in different aqueous formulations stored at four differ-
ent temperatures. The polypeptide was a G-CSF variant hav-
ing the five substitutions listed in Example 1 and which was
prepared, PEGylated, and subject to partial de-PEGylation
and then purified also as described in Example 1. The formu-
lations tested were as follows:

Formulation

Units A B C D
G-CSF mg/ml 2 10 2 2
Na-Acetate mM 10 10 10 10
Tween ®80 mg/ml — — 0.05 —
Tween ®20 mg/ml — — — 0.05
Mannitol mg/ml 43 43 43 43

The pH of each of the formulations was 4.0.

[0115] Using CIEX-HPLC, the distribution of PEG iso-
mers in each sample was determined after 26 days, 56 days
and 89 days to investigate the stability of the PEGylation. The
results are shown in the table below.

Others/not
Formulation Temp. Day 3PEG characterized 2PEG
A — 0 923 7.8 0
-80° C. 26 93.3 6.6 0
53¢ C. 93.5 6.4 0.1
25° C. 94.1 5.5 0.3
35° C. 943 4.7 0.8
-80° C. 56 95.4 4.7 0
53¢ C. 95.3 4.7 0
25° C. 95.3 3.8 0.9
35° C. 95.3 3.0 1.7
-80° C. 89 96.1 3.9 0
53¢ C. 95.9 4.1 0
25° C. 96.1 3.1 0.8
35° C. 95.5 2.7 1.8
B — 0 92.4 7.6 0
-80° C. 26 93.5 6.5 0.0
53¢ C. 93.4 6.5 0.1
25° C. 94.0 5.7 0.3
35° C. 94.2 5.0 0.8
-80° C. 56 95.1 49 0
53¢ C. 95.4 4.7 0
25° C. 95.2 4.3 0.6
35° C. 96.2 2.4 1.4
-80° C. 89 95.9 4.1 0
53¢ C. 95.9 4.1 0
25° C. 96.8 3.2 0
35° C. 95.5 2.6 1.9
C — 0 92.1 7.9 0
-80° C. 26 93.8 6.1 0
53¢ C. 94.1 5.8 0
25° C. 94.0 5.7 0.3
35° C. 94.6 4.5 0.8
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-continued
Others/not
Formulation Temp. Day 3PEG characterized 2 PEG
-80° C. 56 95.1 4.9 0
5° C. 95.1 4.9 0
25° C. 94.1 4.8 1.1
35° C. 95.1 3.0 1.9
-80° C. 89 95.9 4.1 0
5° C. 95.9 4.1 0
25° C. 96.1 3.2 0.7
35° C. 95.5 2.7 1.8
D — 0 92.6 7.5 0
-80° C. 26 93.8 6.1 0.1
5° C. 93.6 6.3 0.1
25° C. 93.7 6.1 0.3
35° C. 94.4 4.9 0.8
-80° C. 56 95.3 4.7 0
5° C. 95.2 4.8 0
25° C. 95.2 4.0 0.8
35° C. 95.5 3.3 1.3
-80° C. 89 96.0 4.0 0
5° C. 96.0 4.0 0
25° C. 96.2 3.1 0.7
35° C. 95.7 25 1.8
[0116] The above results show that regardless of the formu-

lation and the storage temperature, the PEGylation is highly
stable, with the proportion of 3 PEG isoforms being very
close to 95% at all temperatures when sampled at either 26, 56
or 89 days. The only difference readily seen from the table is
a slight decrease over time, using the -80° C. data as a
reference, in the proportion of the other/non-characterized
forms, mainly for samples stored at 25° C. or 35° C., and a
corresponding increase in the proportion of 2 PEG isomers
for these samples.

[0117] By comparison, the table below shows similar data,
determined after 20 and 83 days of storage, for the same
G-CSF variant in a formulation similar to those described
above, but prepared without the de-PEGylation step of the
present invention, i.e. corresponding to the product described
in comparative Example 3 above. The formulation in this case
had a pH of 4.0 and consisted of 15 mM sodium acetate, 45
mg/ml mannitol, and 5 mg/ml of the PEGylated G-CSF vari-
ant, which at the beginning of the experiment contained pri-
marily (98-99%) 4-5 attached PEG moieties. The table below
shows the distribution of the PEG isoforms as determined
after 83 days at the four temperatures indicated as well as after
20 days at two of these temperatures. It is seen that the

12
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proportion of the G-CSF polypeptides containing 4-5 PEG
moieties decreases just slightly after 83 days when stored at
5° C., while there is a substantial loss of 4-5 PEG isoforms
and a corresponding increase in 3 PEG isoforms when stored
at 25° C., and a far greater loss of 4-5 PEG isoforms and
corresponding increase in 3 PEG isoforms at 35° C. This
illustrates that in the absence of the de-PEGylation method of
the present invention, a PEGylated G-CSF polypeptide pre-
pared as described above contains labile PEG groups that
over time and depending on the temperature will be detached
from the polypeptide when stored in an aqueous formulation.

Others/not

Temp. Day 4-5 PEG 3 PEG characterized
— 0 98.6% 0 1.4%
-80° C. 20 98.1% 0.5% 1.4%
35°C. 96.0% 2.9% 1.1%
-80° C. 83 97.9% 0.6% 1.6%
5°C. 97.6% 1.0% 1.5%
25°C. 90.6% 8.4% 1.1%
35°C. 78.1% 21.5% 0.5%

[0118] While the foregoing invention has been described in

some detail for purposes of clarity and understanding, it will
be clear to one skilled in the art from a reading of this disclo-
sure that various changes in form and detail can be made
without departing from the true scope of the invention. It is
understood that the examples and embodiments described
herein are for illustrative purposes only and that various
modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the
spirit and purview of this application and scope of the
appended claims. All publications, patents, patent applica-
tions, and/or other documents cited in this application are
incorporated herein by reference in their entirety for all pur-
poses to the same extent as if each individual publication,
patent, patent application, and/or other document were indi-
vidually indicated to be incorporated herein by reference in
its entirety for all purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1
<210> SEQ ID NO 1

<211> LENGTH: 174

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gln Ser Phe Leu Leu Lys

1 5 10

15

Cys Leu Glu Gln Val Arg Lys Ile Gln Gly Asp Gly Ala Ala Leu Gln
30

20 25
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13

-continued

Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu Val
35 40 45

Leu Leu Gly His Ser Leu Gly Ile Pro Trp Ala Pro Leu Ser Ser Cys
50 55 60

Pro Ser Gln Ala Leu Gln Leu Ala Gly Cys Leu Ser Gln Leu His Ser
65 70 75 80

Gly Leu Phe Leu Tyr Gln Gly Leu Leu Gln Ala Leu Glu Gly Ile Ser
85 90 95

Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gln Leu Asp Val Ala Asp
100 105 110

Phe Ala Thr Thr Ile Trp Gln Gln Met Glu Glu Leu Gly Met Ala Pro
115 120 125

Ala Leu Gln Pro Thr Gln Gly Ala Met Pro Ala Phe Ala Ser Ala Phe
130 135 140

Gln Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gln Ser Phe
145 150 155 160

Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gln Pro

165 170

1.-39. (canceled)

40. A method for increasing the level of neutrophils in a
patient suffering from or at risk of an insufficient neutrophil
level, comprising administering to said patient an effective
dose of a PEGylated G-CSF polypeptide produced by a
method comprising:

subjecting a G-CSF polypeptide to a PEGylation reaction

with an amine-specific activated polyethylene glycol
(PEG) to produce a PEGylated G-CSF polypeptide
intermediate having at least one PEG moiety attached to
the epsilon amino group of a lysine residue or the N-ter-
minal amino group and at least one PEG moiety attached
to a hydroxyl group, and

subjecting the PEGylated G-CSF polypeptide intermediate

to an elevated pH of above 8.0 for a period of time
suitable to remove PEG moieties attached to a hydroxyl
group, and

reducing the pH to a reduced pH of about 8.0 or lower,

thereby producing the PEGylated G-CSF polypeptide.

41. The method of claim 40, wherein the insufficient neu-
trophil level is a result of chemotherapy or radiation therapy.

42.-47. (canceled)

48. A method for increasing the level of neutrophils in a
patient suffering from or at risk of an insufficient neutrophil
level, comprising administering to said patient an effective
dose of a composition comprising a homogeneous mixture of
positional PEG isomers of a PEGylated G-CSF polypeptide
variant, wherein at least about 80% of the positional PEG
isomers of the mixture consist of two positional PEG isomers
each having PEG moieties consisting of two PEG moieties

bound to epsilon amino groups of lysine and one PEG moiety
bound to the N-terminal amino group.

49. (canceled)

50. The method of claim 40, wherein the amine-specific
activated PEG is selected from the group consisting of
mPEG-succinimidyl propionate (mPEG-SPA), mPEG-suc-
cinimidyl butanoate (mPEG-SBA), or mPEG-succinimidyl
a-methylbutanoate (mPEG-SMB).

51. The method of claim 50, wherein the amine-specific
activated PEG is mPEG-SPA with a molecular weight of
about 5 kDa.

52. The method of claim 40, wherein the G-CSF polypep-
tide is a G-CSF variant comprising the substitutions K16R,
K34R, K40R, T105K and S159K relative to wild-type human
G-CSF.

53. A method for increasing the level of neutrophils in a
patient suffering from or at risk of an insufficient neutrophil
level, comprising administering to said patient an effective
dose of a composition comprising a mixture of positional
PEG isomers of a PEGylated G-CSF polypeptide, wherein
the G-CSF polypeptide comprises the substitutions K16R,
K34R, K40R, T105K and S159K relative to wild-type human
G-CSF, and wherein at least about 80% of the positional PEG
isomers of the polypeptide are lysine/N-terminal positional
PEG isomers having three attached PEG moieties.

54. The method of claim 53, wherein the insufficient neu-
trophil level is a result of chemotherapy or radiation therapy.

55. The method of claim 48, wherein the insufficient neu-
trophil level is a result of chemotherapy or radiation therapy.
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