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(57) ABSTRACT 

The invention relates to polypeptide conjugates comprising 
a polypeptide exhibiting G-CSF activity and having an 
amino acid sequence that differs from the amino acid 
sequence of human G-CSF in at least one speci?ed intro 
duced and/or removed amino acid residue comprising an 
attachment group for a non-polypeptide moiety, and having 
at least one non-polypeptide moiety attached to an attach 
ment group of the polypeptide. The attachment group may 
eg be a lysine, cysteine, aspartic acid or glutamic acid 
residue or a glycosylation site, and the non-polypeptide 
moiety may e. g. be a polymer such as polyethylene glycol or 
an oligosaccharide. The conjugate, Which has a reduced in 
vitro bioactivity compared to hG-CSF, has one or more 
improved properties such as increased biological half-life 
and increased stimulation of neutrophils. 

+ Conjugated K16/34/40R 
2O- Q9OK PEG20000 

White blood cells, 109/L 
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G-CSF POLYPEPTIDES AND CONJUGATES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/760,008 ?led on Jan. 10, 2001, Which claims 
priority to and bene?t of US. Ser. No. 60/176,376 ?led on 
Jan. 14, 2000, US. Ser. No. 60/189,506 ?led on Mar. 15, 
2000, US. Ser. No. 60/215,644 ?led on Jun. 30, 2000, 
Danish Application No. PA 2000 00024 ?led on Jan. 10, 
2000, Danish Application No. PA 2000 00341 ?led on Mar. 
2, 2000, and Danish Application No. PA 2000 00943 ?led on 
Jun. 16, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates to neW polypeptides 
exhibiting granulocyte colony-stimulating factor (G-CSF) 
activity, to conjugates betWeen a polypeptide exhibiting 
G-CSF activity and a non-polypeptide moiety, to methods 
for preparing such polypeptides or conjugates and the use of 
such polypeptides or conjugates in therapy, in particular for 
the treatment of leukopenia. 

BACKGROUND OF THE INVENTION 

[0003] The process by Which White blood cells groW, 
divide and differentiate in the bone marroW is called hemato 
poiesis (Dexter and Spooncer, Ann. Rev. Cell. Biol., 3:423, 
1987). Each of the blood cell types arises from pluripotent 
stem cells. There are generally three classes of blood cells 
produced in vivo: red blood cells (erythrocytes), platelets 
and White blood cells (leukocytes), the majority of the latter 
being involved in host immune defence. Proliferation and 
differentiation of hematopoietic precursor cells are regulated 
by a family of cytokines, including colony-stimulating fac 
tors (CSF’s) such as G-CSF and interleukins (Arai et al., 
Ann. Rev. Biochem., 59:783-836, 1990). The principal 
biological effect of G-CSF in vivo is to stimulate the groWth 
and development of certain White blood cells knoWn as 
neutrophilic granulocytes or neutrophils (Welte et al., 
PNAS-USA 82:1526-1530, 1985, SouZa et al., Science, 
232:61-65, 1986). When released into the blood stream, 
neutrophilic granulocytes function to ?ght bacterial infec 
tion. 

[0004] The amino acid sequence of human G-CSF (hG 
CSF) Was reported by Nagata et al. Nature 319:415-418, 
1986. hG-CSF is a monomeric protein that dimeriZes the 
G-CSF receptor by formation of a 2:2 complex of 2 G-CSF 
molecules and 2 receptors (Horan et al. (1996), Biochemistry 
35(15): 4886-96). Aritomi et al. Nature 401:713-717, 1999 
have described the X-ray structure of a complex betWeen 
hG-CSF and the BN-BC domains of the G-CSF receptor. 
They identify the folloWing hG-CSF residues as being part 
of the receptor binding interfaces: G4, P5, A6, S7, S8, L9, 
P10, Q11, S12, L15, K16, E19, Q20, L108, D109, D112, 
T115, T116, Q119, E122, E123, and L124. Expression of 
rhG-CSF in Escherichia coli, Saccharomyces cerevisiae and 
mammalian cells has been reported (SouZa et al., Science 
232:61-65, 1986, Nagata et al., Nature 319: 415-418, 1986, 
Robinson and Wittrup, Biotechnol. Prog. 11:171-177, 1985). 

[0005] Recombinant human G-CSF (rhG-CSF) is gener 
ally used for treating various forms of leukopenia. Thus, 
commercial preparations of rhG-CSF are available under the 
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names ?lgrastim (Gran® and Neupogen®), lenograstim 
(Neutrogin® and Granocyte®) and nartograstim (Neu 
up®). Gran® and Neupogen® are non-glycosylated and 
produced in recombinant E. coli cells. Neutrogin® and 
Granocyte® are glycosylated and produced in recombinant 
CHO cells and Neu-up® is non-glycosylated With ?ve 
amino acids substituted at the N-terminal region of intact 
rhG-CSF produced in recombinant E. coli cells. 

[0006] A feW protein-engineered variants of hG-CSF have 
been reported (US. Pat. No. 5,581,476, US. Pat. No. 
5,214,132, US. Pat. No. 5,362,853, US. Pat. No. 4,904,584 
and Riedhaar-Olson et al. Biochemistry 35: 9034-9041, 
1996). Modi?cation of hG-CSF and other polypeptides so as 
to introduce at least one additional carbohydrate chain as 
compared to the native polypeptide has been suggested (US. 
Pat. No. 5,218,092). It is stated that the amino acid sequence 
of the polypeptide may be modi?ed by amino acid substi 
tution, amino acid deletion or amino acid insertion so as to 
effect addition of an additional carbohydrate chain. In addi 
tion, polymer modi?cations of native hG-CSF, including 
attachment of PEG groups, have been reported (Satake 
IshikaWa et al., Cell Structure and Function 17:157-160, 
1992, US. Pat. No. 5,824,778, US. Pat. No. 5,824,784, WO 
96/11953, WO 95/21629, WO 94/20069). 

[0007] BoWen et al., Experimental Hematology 27 (1999), 
425-432 disclose a study of the relationship betWeen mol 
ecule mass and duration of activity of PEG-conjugated 
G-CSF mutein. An apparent inverse correlation Was sug 
gested betWeen molecular Weight of the PEG moieties 
conjugated to the protein and in vitro activity, Whereas in 
vivo activities increased With increasing molecular Weight. 
It is speculated that a loWer affinity of the conjugates act to 
increase the half-life, because receptor-mediated endocyto 
sis is an important mechanism regulating levels of hemato 
poietic groWth factors. 

[0008] The commercially available rhG-CSF has a short 
term pharmacological effect and must therefore be admin 
istered once a day for the duration of the leukopenic state. 
A molecule With a longer circulation half-life Would 
decrease the number of administrations necessary to allevi 
ate the leukopenia and prevent consequent infections. 
Another problem With currently available rG-CSF products 
is that patients become neutropenic after chemotherapy even 
after administration of G-CSF. A further problem is the 
occurrence of dose-dependent bone pain. Since bone pain is 
experienced by patients as a signi?cant side effect of treat 
ment With RG-CSF, it Would be desirable to provide a 
rG-CSF product that does not cause bone pain, either by 
means of a product that inherently does not have this effect 
or that is effective in a suf?ciently small dose that no bone 
pain is caused. Thus, there is clearly a need for improved 
recombinant G-CSF-like molecules. 

[0009] With respect to the half-life, one Way to increase 
the circulation half-life of a protein is to ensure that clear 
ance of the protein, in particular via renal clearance and 
receptor-mediated clearance, is reduced. This may be 
achieved by conjugating the protein to a chemical moiety 
Which is capable of increasing the apparent siZe, thereby 
reducing renal clearance and increasing the in vivo half-life. 
Furthermore, attachment of a chemical moiety to the protein 
may effectively block proteolytic enZymes from physical 
contact With the protein, thus preventing degradation by 
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non-speci?c proteolysis. Polyethylene glycol (PEG) is one 
such chemical moiety that has been used in the preparation 
of therapeutic protein products. A G-CSF molecule modi?ed 
With a single, N-terminally linked PEG group, termed 
SD/Ol, is currently undergoing clinical trial. This PEGylated 
G-CSF molecule has been shoWn to have an increased 
half-life compared to non-PEGylated G-CSF and thus may 
be administered less frequently than current G-CSF prod 
ucts, but it does not reduce the duration of neutropenia 
signi?cantly. Thus, there is still substantial room for 
improvement of the knoWn G-CSF molecules. 

[0010] A need therefore still exists for providing novel 
molecules exhibiting G-CSF activity that are useful in the 
treatment of leukopenia, and Which have are improved in 
terms of eg an increased half-life and a reduction in the 
duration of neutropenia. The present invention relates to 
such molecules. 

BRIEF DISCLOSURE OF THE INVENTION 

[0011] More speci?cally, the present invention relates to 
speci?c conjugates comprising a polypeptide exhibiting 
G-CSF activity and a non-polypeptide moiety, methods for 
their preparation and their use in medical treatment and in 
the preparation of pharmaceuticals. Accordingly, in a ?rst 
aspect the invention relates to various speci?c conjugates 
comprising a polypeptide exhibiting G-CSF activity and 
having an amino acid sequence that differs from the knoWn 
amino acid sequence of human G-CSF as shoWn in SEQ ID 
NO: 1 in at least one speci?ed altered amino acid residue 
comprising an attachment group for a non-polypeptide moi 
ety, and having at least one non-polypeptide moiety attached 
to an attachment group of the polypeptide, Where the con 
jugates have a substantially reduced in vitro bioactivity 
compared to that of non-conjugated hG-CSF. The conjugate 
of the present invention has one or more improved proper 
ties-as-compared to commercially available rhG-CSF, 
including increased stimulation of neutrophils, increased 
functional in vivo half-life, increased serum half-life, 
reduced side effects, reduced immunogenicity and/or 
increased bioavailability. Consequently, medical treatment 
With a conjugate of the invention offers a number of advan 
tages over the currently available G-CSF compounds. 

[0012] In a further aspect the invention relates to polypep 
tides exhibiting G-CSF activity and Which form part of a 
conjugate of the invention. The polypeptides of the inven 
tion are contemplated to be useful as such for therapeutic, 
diagnostic or other purposes, but ?nd particular interest as 
intermediate products for the preparation of a conjugate of 
the invention. 

[0013] In a further aspect the invention relates to a 
polypeptide conjugate comprising a polypeptide exhibiting 
G-CSF activity, Which comprises an amino acid sequence 
that differs from the amino acid sequence of hG-CSF (With 
the amino acid sequence shoWn in SEQ ID NO: 1) in at least 
one amino acid residue selected from an introduced or 
removed amino acid residue comprising an attachment 
group for a non-polypeptide moiety, and a sufficient number 
or type of non-polypeptide moieties to provide the conjugate 
With an increased half-life compared to knoWn recombinant 
G-CSF products. 

[0014] In still further aspects the invention relates to 
methods for preparing a conjugate of the invention, includ 
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ing nucleotide sequences encoding a polypeptide of the 
invention, expression vectors comprising such a nucleotide 
sequence, and host cells comprising such a nucleotide 
sequence or expression vector. 

[0015] In ?nal aspects the invention relates to a compo 
sition comprising a conjugate or polypeptide of the inven 
tion, a method for preparing a pharmaceutical composition, 
use of a conjugate or composition of the invention as a 
pharmaceutical, and a method of treating a mammal With 
such composition. In particular, the polypeptide, conjugate 
or composition of the invention may be used to prevent 
infection in cancer patients undergoing certain types of 
radiation therapy, chemotherapy, and bone marroW trans 
plantations, to mobiliZe progenitor cells for collection in 
peripheral blood progenitor cell transplantations, for treat 
ment of severe chronic or relative leukopenia, irrespective of 
cause, and to support treatment of patients With acute 
myeloid leukaemia. Additionally, the polypeptide, conjugate 
or composition of the invention may be used for treatment 
of AIDS or other immunode?ciency diseases as Well as 
bacterial infections. 

DETAILED DISCLOSURE OF THE INVENTION 

[0016] De?nitions 

[0017] In the context of the present application and inven 
tion the folloWing de?nitions i apply: 

[0018] The term “conjugate” is intended to indicate a 
heterogeneous molecule formed by the covalent attachment 
of one or more polypeptides, typically a single polypeptide, 
to one or more non-polypeptide moieties such as polymer 
molecules, lipophilic compounds, carbohydrate moieties or 
organic derivatiZing agents. The term covalent attachment 
means that the polypeptide and the non-polypeptide moiety 
are either directly covalently joined to one another, or else 
are indirectly covalently joined to one another through an 
intervening moiety or moieties, such as a bridge, spacer, or 
linkage moiety or moieties. Preferably, the conjugate is 
soluble at relevant concentrations and conditions, ie 
soluble in physiological ?uids such as blood. The term 
“non-conjugated polypeptide” may be used about the 
polypeptide part of the conjugate. 

[0019] The term “polypeptide” may be used interchange 
ably herein With the term “protein”. 

[0020] The “polymer molecule” is a molecule formed by 
covalent linkage of tWo or more monomers, Wherein none of 
the monomers is an amino acid residue, except Where the 
polymer human albumin or another abundant plasma pro 
tein. The term “polymer” may be used interchangeably With 
the term “polymer molecule”. The term is intended to cover 
carbohydrate molecules, although, normally, the term is not 
intended to cover the type of carbohydrate molecule Which 
is attached to the polypeptide by in vivo N- or O-glycosy 
lation (as further described beloW), since such molecule is 
referred to herein as “an oligosaccharide moiety”. Except 
Where the number of polymer molecule(s) is expressly 
indicated every reference to “a polymer”, “a polymer mol 
ecule”, “the polymer” or “the polymer molecule” contained 
in a polypeptide of the invention or otherWise used in the 
present invention shall be a reference to one or more 

polymer molecule(s). 
[0021] The term “attachment group” is intended to indi 
cate an amino acid residue group of the polypeptide capable 
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of coupling to the relevant non-polypeptide moiety. For 
instance, for polymer conjugation, in particular to PEG, a 
frequently used attachment group is the e-amino group of 
lysine or the N-terminal amino group. Other polymer attach 
ment groups include a free carboxylic acid group (eg that 
of the C-terminal amino acid residue or of an aspartic acid 
or glutamic acid residue), suitably activated carbonyl 
groups, oxidiZed carbohydrate moieties and mercapto 
groups. Useful attachment groups and their matching non 
peptide moieties are apparent from the table beloW. 

Examples of Conjugation 
Attachment non-peptide method/ 
group Amino acid moiety Activated PEG Reference 

—NH2 N-terminal, Polymer, mPEG-SPA ShearWater 
Lys, His, e.g. PEG, Tresylated Corp. 
Arg With amide mPEG Delgado et 

or imine al., critical 
group reviews in 

Therapeutic 
Drug Carrier 
Systems 
9(3, 4):249— 
304 (1992) 

—COOH C-term, Asp, Polymer, mPEG-HZ ShearWater 
Glu e. g. PEG, In vitro Corp. 

With ester or coupling 
amide group 
Oligo 
saccharide 
moiety 

—SH Cys Polymer, PEG- ShearWater 
e.g. PEG, vinylsulphone Corp. 
With PEG- Delgado et 
disul?de, maleimide al., critical 
maleimide or In vitro reviews in 
vinyl sulfone coupling Therapeutic 
group Drug Carrier 
Oligo- Systems 
saccharide 9(3, 4):249— 
moiety 304 (1992) 

—OH Ser, Thr, Oligo- In vivo 
—OH, Lys saccharide O-linked 

moiety glycosylation 
PEG With 

ester, ether, 
carbamate, 
carbonate 

—CONH2 Asn as part Oligo- In vivo N 
of an N- saccharide glycosylation 
glycosylation moiety 
site Polymer, 

e.g. PEG 
Aromatic Phe, Tyr, Oligo- In vitro 
residue Trp saccharide coupling 

moiety 
—CONH2 Gln Oligo- In vitro Yan and 

saccharide coupling Wold, Bio 
moiety chemistry, 

1984, Jul 
31; 23(16): 
3759-65 

Aldehyde Oxidized Polymer, PEGylation Andresz et 
Ketone oligo- e.g. PEG, al., 1978, 

saccharide PEG- Makromol 
hydrazide Chem. 

179:301, 
WO 

92/16555, 
WO 

00/23114 
Guanidino Arg Oligo- In vitro Lundblad 

saccharide coupling and Noyes, 
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-continued 

Examples of Conjugation 
Attachment non-peptide method/ 
group Amino acid moiety Activated PEG Reference 

moiety Chemical 
Reagents for 
Protein Mod 

i?cation, 
CRC Press 

Inc., Florida, 
USA 

Imidazole His Oligo- In vitro As for 
ring saccharide coupling guanidine 

moiety 

[0022] For in vivo N-glycosylation, the term “attachment 
group” is used in an unconventional Way to indicate the 
amino acid residues constituting an N-glycosylation site 
(With the sequence N-X‘-S/T/C-X“, Wherein X‘ is any amino 
acid residue except proline, X“ any amino acid residue 
Which may or may not be identical to X‘ and Which prefer 
ably is different from proline, N is asparagine, and S/T/C is 
either serine, threonine or cysteine, preferably serine or 
threonine, and most preferably threonine). Although the 
asparagine residue of the N-glycosylation site is Where the 
oligosaccharide moiety is attached during glycosylation, 
such attachment cannot be achieved unless the other amino 
acid residues of the N-glycosylation site are present. Accord 
ingly, When the non-peptide moiety is an oligosaccharide 
moiety and the conjugation is to be achieved by N-glyco 
sylation, the term “amino acid residue comprising an attach 
ment group for the non-peptide moiety” as used in connec 
tion With alterations of the amino acid sequence of the 
polypeptide of interest is to be understood as meaning that 
one or more amino acid residues constituting an N-glyco 
sylation site are to be altered in such a mannner that either 
a functional N-glycosylation site is introduced into the 
amino acid sequence or removed from said sequence. 

[0023] In the present application, amino acid names and 
atom names (eg CA, CB, NZ, N, O, C, etc.) are-used as 
de?ned by the Protein DataBank (PDB) (WWW.pdb.org), 
Which is based on the IUPAC nomenclature (IUPAC 
Nomenclature and Symbolism for Amino Acids and Pep 
tides (residue names, atom names etc.), Eur J. Biochem, 
138, 9-37 (1984) together With their corrections in Eur J. 
Biochem, 152, 1 (1985). The term “amino acid residue” is 
primarily intended to indicate an amino acid residue con 
tained in the group consisting of the 20 naturally occurring 
amino acids, i.e. alanine (Ala or A), cysteine (Cys or C), 
aspartic acid (Asp or D), glutamic acid (Glu or E), pheny 
lalanine (Phe or F), glycine (Gly or G), histidine (His or H), 
isoleucine (Ile or I), lysine (Lys or K), leucine (Leu or L), 
methionine (Met or M), asparagine (Asn or N), proline (Pro 
or P), glutamine (Gln or Q), arginine (Arg or R), serine (Ser 
or S), threonine (Thr or T), valine (Val or V), tryptophan 
(Trp or W), and tyrosine (Tyr or Y) residues. 

[0024] The terminology used for identifying amino acid 
positions/substitutions is illustrated as folloWs: F13 indi 
cates position number 13 occupied by a phenylalanine 
residue in the reference amino acid sequence. F13K indi 
cates that the phenylalanine residue of position 13 has been 
substituted With a lysine residue. Unless otherWise indicated, 
the numbering of amino acid residues made herein is made 



US 2003/0158375 A1 

relative to the amino acid sequence of hG-CSF shown in 
SEQ ID NO: 1. Alternative substitutions are indicated With 
a “/”, e.g. Q67D/E means an amino acid sequence in Which 
glutamine in position 67 is substituted With either aspartic 
acid or glutamic acid. Multiple substitutions are indicated 
With a “+”, e.g. S53N+G55S/T means an amino acid 
sequence Which comprises a substitution of the serine resi 
due in position 53 With an asparagine residue and a substi 
tution of the glycine residue in position 55 With a serine or 
a threonine residue. 

[0025] The term “nucleotide sequence” is intended to 
indicate a consecutive stretch of tWo or more nucleotide 

molecules. The nucleotide sequence may be of genomic, 
cDNA, RNA, semisynthetic or synthetic origin, or any 
combination thereof. 

[0026] The term “polymerase chain reaction” or “PCR” 
generally refers to a method for ampli?cation of a desired 
nucleotide sequence in vitro, as described, for eXample, in 
US. Pat. No. 4,683,195. In general, the PCR method 
involves repeated cycles of primer extension synthesis, 
using oligonucleotide primers capable of hybridising pref 
erentially to a template nucleic acid. “Cell”, “host cell”, “cell 
line” and “cell culture” are used interchangeably herein and 
all such terms should be understood to include progeny 
resulting from groWth or culturing of a cell. “Transforma 
tion” and “transfection” are used interchangeably to refer to 
the process of introducing DNA into a cell. 

[0027] “Operably linked” refers to the covalent joining of 
tWo or more nucleotide sequences, by means of enZymatic 
ligation or otherWise, in a con?guration relative to one 
another such that the normal function of the sequences can 
be performed. For eXample, the nucleotide sequence encod 
ing a presequence or secretory leader is operably linked to 
a nucleotide sequence for a polypeptide if it is expressed as 
a preprotein that participates in the secretion of the polypep 
tide: a promoter or enhancer is operably linked to a coding 
sequence if it affects the transcription of the sequence; a 
ribosome binding site is operably linked to a coding 
sequence if it is positioned so as to facilitate translation. 
Generally, “operably linked” means that the nucleotide 
sequences being linked are contiguous and, in the case of a 
secretory leader, contiguous and in reading phase. Linking is 
accomplished by ligation at convenient restriction sites. If 
such sites do not eXist, then synthetic oligonucleotide adap 
tors or linkers are used, in conjunction With standard recom 
binant DNA methods. 

[0028] The term “introduce” refers to introduction of an 
amino acid residue comprising an attachment group for a 
non-polypeptide moiety, in particular by substitution of an 
eXisting amino acid residue, or alternatively by insertion of 
an additional amino acid residue. The term “remove” refers 
to removal of an amino acid residue comprising an attach 
ment group for a non-polypeptide moiety, in particular by 
substitution of the amino acid residue to be removed by 
another amino acid residue, or alternatively by deletion 
(Without substitution) of the amino acid residue to be 
removed. 

[0029] When substitutions are performed in relation to a 
parent polypeptide, they are preferably “conservative sub 
stitutions”, in other Words substitutions performed Within 
groups of amino acids With similar characteristics, eg small 
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amino acids, acidic amino acids, polar amino acids, basic 
amino acids, hydrophobic amino acids and aromatic amino 
acids. 

[0030] Preferred substitutions in the present invention 
may in particular be chosen from among the conservative 
substitution groups listed in the table beloW. 

[0031] Conservative Substitution Groups: 

1 Alanine (A) Glycine (G) Serine (S) Threonine 2 Aspartic Glutamic 

acid (D) acid 3 Asparagine (N) Glutarnine (Q) 

4 Arginine (R) Histidine Lysine 5 Isoleucine (I) Leucine (L) Methionine Valine (V) 

6 Phenyl- Tyrosine (Y) Tryptophan alanine 

[0032] The term “immunogenicity” as used in connection 
With a given substance is intended to indicate the ability of 
the substance to induce a response from the immune system. 
The immune response may be a cell or antibody mediated 
response (see, e.g., Roitt: Essential Immunology (8th Edi 
tion, BlackWell) for further de?nition of immunogenicity). 
Normally, reduced antibody reactivity Will be an indication 
of reduced immunogenicity. The reduced immunogenicity 
may be determined by use of any suitable method knoWn in 
the art, eg in vivo or in vitro. 

[0033] The term “functional in vivo half-life” is used in its 
normal meaning, ie the time at Which 50% of the biological 
activity of the polypeptide or conjugate is still present in the 
body/target organ, or the time at Which the activity of the 
polypeptide or conjugate is 50% of the initial value. As an 
alternative to determining functional in vivo half-life, 
“serum half-life” may be determined, ie the time in Which 
50% of theor cojugate molecules circulate in the plasma or 
bloodstream prior to being cleared. Alternative terms to 
serum half-life include “plasma half-life , circulating half 
life”, “serum clearance”, “plasma clearance” and “clearance 
half-life”. The polypeptide or conjugate is cleared by the 
action of one or more of the reticuloendothelial systems 
(RES), kidney, spleen or liver, by receptor-mediated degra 
dation, or by speci?c or non-speci?c proteolysis, in particu 
lar by the action of receptor-mediated clearance and renal 
clearance. Normally, clearance depends on siZe (relative to 
the cutoff for glomerular ?ltration), charge, attached carbo 
hydrate chains, and the presence of cellular receptors for the 
protein. The functionality to be retained is normally selected 
from proliferative or receptor-binding activity. The func 
tional in vivo half-life and the serum half-life may be 
determined by any suitable method knoWn in the art as 
further discussed in the Materials and Methods section 
beloW. 

[0034] The term “increased” as used about the functional 
in vivo half-life or serum half-life is used to indicate that the 
relevant half-life of the conjugate or polypeptide is statisti 
cally signi?cantly increased relative to that of a reference 
molecule, such as a non-conjugated hG-CSF (e.g. Neupo 
gen®) as determined under comparable conditions. For 
instance, the relevant half-life may increased by at least 
about 25%, such as by at least about 50%, eg by at least 
about 100%, 200%, 500% or 1000%. 
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[0035] The term “renal clearance” is used in its normal 
meaning to indicate any clearance taking place by the 
kidneys, eg by glomerular ?ltration, tubular excretion or 
tubular elimination. Renal-clearance depends on-physical 
characteristics of the conjugate, including siZe (diameter), 
symmetry, shape/rigidity and charge. Reduced renal clear 
ance may be established by any suitable assay, eg an 
established in vivo assay. Typically, renal clearance is deter 
mined by administering a labelled (e.g. radioactive or ?uo 
rescent labelled) polypeptide conjugate to a patient and 
measuring the label activity in urine collected from the 
patient. Reduced renal clearance is determined relative to a 
corresponding reference polypeptide, eg the corresponding 
non-conjugated polypeptide, a non-conjugated correspond 
ing Wild-type polypeptide or another conjugated polypeptide 
(such as a conjugated polypeptide not according to the 
invention), under comparable conditions. Preferably, the 
renal clearance rate of the conjugate is reduced by at least 
50%, preferably by at least 75%, and most preferably by at 
least 90% compared to a relevant reference polypeptide. 

[0036] Generally, activation of the receptor is coupled to 
receptor-mediated clearance (RMC) such that binding of a 
polypeptide to its receptor Without activation does not lead 
to RMC, While activation of the receptor leads to RMC. The 
clearance is due to internalisation of the receptor-bound 
polypeptide-With subsequentlysosomal degradation. 
Reduced RMC may be achieved by designing the conjugate 
so as to be able to bind and activate a suf?cient number of 
receptors to obtain optimal in vivo biological response and 
avoid activation of more receptors than required for obtain 
ing such response. This may be re?ected in reduced in vitro 
bioactivity and/or increased off-rate. 

[0037] Typically, reduced in vitro bioactivity re?ects 
reduced ef?cacy/ef?ciency and/or reduced potency and may 
be determined by any suitable method for determining any 
of these properties. For instance, in vitro bioactivity may be 
determined in a luciferase based assay (“Primary assay 2”; 
see Materials and Methods). Another method for determin 
ing the in vitro bioactivity is to determine the binding af?nity 
of a conjugate of the invention using the cell-based assay 
described in the Materials and Methods section (“Secondary 
assay”). 
[0038] It has been found that a relatively loW in vitro 
bioactivity, compared to the activity of hG-CSF (SEQ ID) 
NO: 1), is advantageous in terms of both a long plasma 
half-life and a high degree of stimulation of neutrophils. 
Thus, in a preferred embodiment, the in vitro bioactivity of 
a conjugate of the invention is in the range of about 2-30%, 
preferably about 3-25%, of the bioactivity of hG-CSF 
(Where the hG-CSF used as the reference polypeptide has 
SEQ ID NO: 1, optionally With an N-terminal methionine 
residue) as determined by the luciferase assay described 
herein, or, alternatively, using the cell-based receptor bind 
ing af?nity assay (“Secondary assay”). The in vitro bioac 
tivity of the conjugate is thus preferably reduced by at least 
70%, such as by at least 75%, eg by at least 80% or 85%, 
as compared to the in vitro bioactivity of hG-CSF, deter 
mined under comparable conditions. Expressed differently, 
the conjugate may have an in vitro bioactivity that is as small 
as about 2%, typically at least about 3%, such as at least 
about 4% or 5%, of that of the Wild-type polypeptide. For 
instance, the in vitro bioactivity may be in the range of about 
4-20% of that of hG-CSF, determined under comparable 
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conditions. In cases Where reduced in vitro bioactivity is 
desired in order to reduce receptor-mediated clearance, it 
Will be clear that suf?cient bioactivity to obtain the desired 
receptor activation must nevertheless be maintained, Which 
is Why the bioactivity should be at least about 2% of that of 
hG-CSF and preferably slightly higher as explained above. 

[0039] Preferably, the off-rate betWeen the polypeptide 
conjugate and its receptor is increased by a magnitude 
resulting in the polypeptide conjugate being released from 
its receptor before any substantial internalisation of the 
receptor-ligand complex has taken place. The receptor 
polypeptide binding affinity may be determined as described 
in the Materials and Methods section-herein. The off-rate 
may be determined using the Biacore® technology as 
described in the Materials and Methods section. The in vitro 
RMC may be determined by labelling (e.g. radioactive or 
?uorescent labelling) the polypeptide conjugate, stimulating 
cells comprising the receptor for the polypeptide, Washing 
the cells, and measuring label activity. Alternatively, the 
conjugate may be exposed to cells expressing the relevant 
receptor. After an appropriate incubation time the superna 
tant is removed and transferred to a Well containing similar 
cells. The biological response of these cells to the superna 
tant is determined relative to a non-conjugated polypeptide 
or another reference polypeptide, and this is a measure of the 
extent of the reduced RMC. 

[0040] Normally, reduced in vitro bioactivity of the con 
jugate is obtained as a consequence of its modi?cation by a 
non-polypeptide moiety. HoWever, in order to further reduce 
in vitro bioactivity or for other reasons it may be of interest 
to modify the polypeptide part of the conjugate further. For 
instance, in one embodiment at least one amino acid residue 
located at or near a receptor binding site of the polypeptide 
may be substituted With another amino acid residue as 
compared to the corresponding Wild-type polypeptide so as 
to obtain reduced in vitro bioactivity. The amino acid residue 
to be introduced by substitution may be any amino acid 
residue capable of reducing in vitro bioactivity of the 
conjugate. Conveniently, the introduced amino acid residue 
comprises an attachment group for the non-polypeptide 
moiety as de?ned herein. In particular, When the non 
polypeptide moiety is a polymer molecule such as PEG, the 
amino acid residue to be introduced may be a lysine residue. 

[0041] The term “exhibiting-G-CSF-activity” is intended 
to indicate that the polypeptide or conjugate has one or more 
of the functions of native G-CSF, in particular hG-CSF With 
the amino acid sequence shoWn in SEQ ID NO: 1, including 
the capability to bind to a G-CSF receptor (Fukunaga et al., 
J. Bio. Chem, 265:14008, 1990). The G-CSF activity is 
conveniently assayed using the primary assay described in 
the Materials and Methods section hereinafter. The polypep 
tide “exhibiting” G-CSF activity is considered to have such 
activity When it displays a measurable function, eg a 
measurable proliferative activity or a receptor binding activ 
ity (eg as determined by the primary assay described in the 
Materials and Methods section). The polypeptide exhibiting 
G-CSF activity may also be termed “G-CSF molecule” 
herein for the sake of simplicity, even though such polypep 
tides are in fact variants of G-CSF. 

[0042] The term “parent G-CSF” or “parent polypeptide” 
is intended to indicate the molecule to be modi?ed in 
accordance With the present invention. The parent G-CSF is 
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normally hG-CSF or a variant thereof. A “variant” is a 
polypeptide Which differs in one or more amino acid resi 
dues from a parent polypeptide, normally in 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, or 15- amino acid-residues. 
Examples of rh-GCSF include ?lgrastim (Gran® and 
Neupogen®), lenograstim (Neutrogin® and Granocyte®) 
and nartograstim (Neu-up®). 

[0043] Conjugate of the Invention 

[0044] As stated above, in a ?rst aspect the invention 
relates to a conjugate comprising a polypeptide exhibiting 
G-CSF activity, Which comprises an amino acid sequence 
that differs from the amino acid sequence of SEQ ID NO: 1 
in at least one amino acid residue selected from speci?ed 
introduced or removed amino acid residues comprising an 
attachment group for a non-polypeptide moiety, and at least 
one non-polypeptide moiety attached to an attachment group 
of the polypeptide. The amino acid residues to be introduced 
and/or removed are described in further detail in the fol 
loWing sections. It,Will be understood that the conjugate 
itself also exhibits G-CSF activity. 

[0045] By removing and/or introducing an amino acid 
residue comprising an attachment group for the non 
polypeptide moiety it is possible to speci?cally adapt the 
polypeptide so as to make the molecule more susceptible to 
conjugation to the non-polypeptide moiety of choice, to 
optimiZe the conjugation pattern (eg to ensure an optimal 
distribution of non-polypeptide moieties on the surface of 
the G-CSF molecule and to ensure that only the attachment 
groups intended to be conjugated are present in the mol 
ecule) and thereby obtain a neW conjugate molecule Which 
has G-CSF activity and in addition one or more improved 
properties as compared to G-CSF molecules available today. 

[0046] While the polypeptide may be of any origin, in 
particular mammalian origin, it is presently preferred to be 
of human origin. 

[0047] In preferred embodiments of the present invention 
more than one amino acid residue of the polypeptide With 
G-CSF activity is altered, eg the alteration embraces 
removal as Well as introduction of amino acid residues 
comprising an attachment group for the non-polypeptide 
moiety of choice. 

[0048] In addition to the amino acid alterations disclosed 
herein aimed at removing and/or introducing attachment 
sites for the non-polypeptide moiety, it Will be understood 
that the amino acid sequence of the polypeptide of the 
invention may if desired contain other alterations that need 
not be related to introduction or removal of attachment sites, 
ie other substitutions, insertions or deletions. These may, 
for example, include truncation of the N- and/or C-terminus 
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. 

[0049] The conjugate of the invention has one or more of 
the folloWing improved properties as compared to hG-CSF, 
in particular as compared to rhG-CSF (e.g. ?lgrastim, 
lenograstim or nartograstim) or knoWn hG-CSF variants: 
increased ability to reduce the duration of neutropenia, 
increased functional in vivo half-life, increased serum half 
life, reduced renal clearance, reduced receptor-mediated 
clearance, reduced side effects such as bone pain, and 
reduced immunogenicity. 
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[0050] It Will be understood that the amino acid residue 
comprising an attachment group for a non-polypeptide moi 
ety, Whether it be removed or introduced, Will be selected on 
the basis of the nature of the non-polypeptide moiety of 
choice and, in most instances, on the basis of the method by 
Which conjugation betWeen the polypeptide and the non 
polypeptide moiety is to be achieved. For instance, When the 
non-polypeptide moiety is a polymer molecule such as a 
polyethylene glycol or polyalkylene oxide derived molecule 
amino acid residues comprising an attachment group may be 
selected from the group consisting of lysine, cysteine, aspar 
tic acid, glutamic acid, histidine and arginine. When conju 
gation to a lysine residue is to be achieved, a suitable 
activated molecule is eg mPEG-SPA from ShearWater 
Corp., oxycarbonyl-oxy-N-dicarboxyimide-PEG (US. Pat. 
No. 5,122,614), or PEG available from PolyMASC Phar 
maceuticals plc. The ?rst of these Will be illustrated further 
beloW. 

[0051] In order to avoid too much disruption of the 
structure and function of the parent hG-CSF molecule, the 
total number of amino acid residues to be altered in accor 
dance With the present invention, eg as described in the 
subsequent sections herein, (as compared to the amino acid 
sequence shoWn in SEQ ID NO: 1) Will typically not exceed 
15. The exact number of amino acid residues and the type of 
amino acid residues to be introduced or removed depends in 
particular on the desired nature and degree of conjugation 
(eg the identity of the non-polypeptide moiety, hoW many 
non-polypeptide moieties it is desirable or possible to con 
jugate to the polypeptide, Where conjugation is desired or 
should be avoided, etc.). Preferably, the polypeptide part of 
the conjugate of the invention or the polypeptide of the 
invention comprises an amino acid sequence Which differs in 
1-15 amino acid residues from the amino acid sequence 
shoWn in SEQ ID NO: 1, typically in 2-10 amino acid 
residues, eg in 3-8 amino acid residues, such as 4-6 amino 
acid residues, from the amino acid sequence shoWn in SEQ 
ID NO: 1. Thus, normally the polypeptide part of the 
conjugate or the polypeptide of the invention comprises an 
amino acid sequence Which differs from the amino acid 
sequence shoWn in SEQ ID NO: 1m 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14 or 15 amino acid residues. 

[0052] The polypeptide part of the conjugate Will typically 
have an amino acid sequence With at least about 80% 
identity With SEQ ID NO: 1, preferably at least about 90%, 
such as at least about 95%. Amino acid sequence homology/ 
identity is conveniently determined from aligned sequences, 
using eg the ClustalW program, version 1.8, June 1999, 
using default parameters (Thompson et al., 1994, ClustalW: 
Improving the sensitivity of progressive multiple sequence 
alignment through sequence Weighting, position-speci?c 
gap penalties and Weight matrix choice, Nucleic Acids 
Research, 22: 46734680) or from the PFAM families data 
base version 4.0 (http://pfam.Wustl.edu/) (NucleicAcia's Res. 
Jan. 1, 1999; 27(1):260-2) by use of GENEDOC version 2.5 
(Nicholas, K. B., Nicholas H. B. Jr., and Deer?eld, D. W. II. 
1997 GeneDoc: Analysis and Visualization of Genetic Varia 
tion, EMBNEW NEWS 4:14; Nicholas, K. B. and Nicholas 
H. B. Jr. 1997 GeneDoc: Analysis and Visualization of 
Genetic Variation). 

[0053] In a preferred embodiment one difference betWeen 
the amino acid sequence of the polypeptide and the amino 
acid sequence shoWn in SEQ ID NO: 1 is that at least one 
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and often more, eg 1-15, amino acid residues comprising 
an attachment group for the non-polypeptide moiety has 
been introduced, preferably by substitution, into the amino 
acid sequence. Thereby, the polypeptide part is altered in the 
content of the speci?c amino acid residues to Which the 
non-polypeptide moiety of choice binds, Whereby a more 
ef?cient, speci?c and/or extensive conjugation is achieved. 
For instance, When the total number of amino acid residues 
comprising an attachment group for the non-polypeptide of 
choice is altered to an optimised level, the clearance of the 
conjugate is typically signi?cantly reduced, due to the 
altered shape, siZe and/or charge of the molecule achieved 
by the conjugation. Furthermore, When the total number of 
amino acid residues comprising an attachment group for the 
non-polypeptide of choice is increased, a greater proportion 
of the polypeptide molecule is shielded by the non-polypep 
tide moieties of choice, leading to a loWer immune response. 

[0054] The term “one difference” as used in the present 
application is intended to alloW for additional differences 
being present. Accordingly, in addition to the speci?ed 
amino acid difference, other amino acid residues than those 
speci?ed may be mutated. 

[0055] In a further preferred embodiment one difference 
betWeen the amino acid sequence of the polypeptide and the 
amino acid sequence shoWn in SEQ ID NO: 1 is that at least 
one and preferably more, eg 1-15, amino acid residues 
comprising an attachment group for the non-polypeptide 
moiety has/have been removed, preferably by substitution, 
from the amino acid sequence. By removing one or more 
amino acid residues comprising an attachment group for the 
non-polypeptide moiety of choice it is possible to avoid 
conjugation the non-polypeptide moiety in parts of the 
polypeptide in Which such conjugation is disadvantageous, 
eg in amino acid residues located at or near a functional site 
of the polypeptide (since conjugation at such a site may 
result in inactivation or reduced G-CSF activity of the 
resulting conjugate due to impaired receptor recognition). In 
the present context the term “functional site” is intended to 
indicate one or more amino acid residues Which is/are 
essential for or otherWise involved in the function or per 
formance of hG-CSF. Such amino acid residues are a part of 
the functional site. The functional site may be determined by 
methods knoWn in the art and is preferably identi?ed by 
analysis of a structure of the polypeptide complexed to a 
relevant receptor, such as the hG-CSF receptor (See Aritomi 
et al. Nature 401:713-717, 1999). 

[0056] In a still further preferred embodiment, the amino 
acid sequence of the polypeptide differs from the amino acid 
sequence shoWn in SEQ ID NO: 1 in that a) at least one 
speci?ed amino acid residue comprising an attachment 
group for the non-polypeptide moiety and present in the 
amino acid sequence shoWn in SEQ ID NO: 1 has been 
removed, preferably by substitution, and b) at least one 
speci?ed amino acid residue comprising an attachment 
group for the non-polypeptide moiety has been introduced 
into the amino acid sequence, preferably by substitution, the 
speci?ed amino acid residues being any of those described 
in the subsequent sections herein. This embodiment is 
considered of particular interest in that it is possible to 
speci?cally design the polypeptide so as to obtain an optimal 
conjugation to the non-polypeptide moiety of choice. For 
instance, by introducing and removing selected amino acid 
residues as disclosed in the folloWing sections it is possible 
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to ensure an optimal distribution of attachment groups for 
the non-polypeptide moiety of choice, Which gives rise to a 
conjugate in Which the non-polypeptide moieties are placed 
so as to a) effectively shield epitopes and other surface parts 
of the polypeptide and b) ensure an optimal Stokes radius of 
the conjugate, Without causing too much structural disrup 
tion and thereby impair the function of the polypeptide. 

[0057] The conjugate of the invention Will in general 
comprise a suf?cient number and type of non-polypeptide 
moieties to provide the conjugate With an increased func 
tional in vivo half-life and/or serum half-life as compared to 
hG-CSF, e.g. ?lgrastim, lenograstim or nartograstim, and 
preferably as compared to rhG-CSF comprising a single 
N-terminally attached 20 kDa PEG moiety. The increased 
functional in vivo half-life is conveniently determined as 
described in the Materials and Methods section herein. 

[0058] The conjugate of the invention may comprise at 
least one non-conjugated, conjugatable attachment group for 
the non-polypeptide moiety. In the present context the term 
“conjugatable attachment group” is intended to indicate an 
attachment group that is located in a position of the polypep 
tide Where it is accessible for conjugation, and that but for 
special precautions is conjugated to the relevant non 
polypeptide moiety When subjected to conjugation. For 
instance, such attachment group may be part of an amino 
acid residue involved in or otherWise essential for the 
polypeptide to exert its activity. A convenient Way to avoid 
conjugation of an otherWise conjugatable attachment group 
is to shield the attachment group by means of a helper 
molecule, eg as described in the section entitled “Blocking 
of the functional site”. It Will be understood that the number 
of non-conjugated, conjugatable attachment groups depends 
on the speci?c G-SCF polypeptide and the location of the 
conjugatable attachment groups. For instance, the polypep 
tide conjugate comprises one or tWo non-conjugated, con 
jugatable attachment groups, and at least one, and preferably 
tWo or more conjugated attachment groups. 

[0059] The four helices of G-CSF comprise amino acid 
residues 11-41 (helix A), 71-95 (helix B), 102-125 (helix C), 
and 145-170 (helix D) (Zink et al. (1994) Biochemistry 33: 
8453-8463). Surprisingly, it has been found that advanta 
geous results may be obtained When non-polypeptide moi 
eties are attached to amino acid residues located in one or 
more of the helices of G-CSF, even though modi?cation of 
protein helices, eg the helix structures of four-helix bundle 
proteins such as G-CSF, is generally considered to be 
accompanied by a risk of disturbance of protein function. In 
one embodiment, the polypeptide conjugate of the invention 
therefore comprises at least one non-polypeptide moiety 
attached to an attachment group of an amino acid residue 
located in one-of the-four helices, in-particular in one or 
more of the B, C or D helices. Preferably, hoWever, non 
polypeptide moieties are not attached to residues G4, P5, A6, 
S7, S8, L9, P10, Q11, S12, L15, K16, E19, Q20, R22, K23, 
L108, D109, D112, T115, T116, Q119, E122, E123 and 
L124, since these have been identi?ed as being located in the 
receptor binding interface (Aritomi et al., Nature 401:713 
717, 1999). 

[0060] Conjugate of the Invention, Wherein the Non 
Polypeptide Moiety is Attached to a Lysine or the N-Ter 
minal Amino Acid Residue 
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[0061] In one aspect the invention relates to a polypeptide 
conjugate comprising 

[0062] i) a polypeptide exhibiting G-CSF activity, 
comprising an amino acid sequence that differs from 
the amino acid sequence shoWn in SEQ ID NO: 1 in 
at least one substitution selected from the group 
consisting of T1K, P2K, L3K, G4K, PSK, A6K, 
57K, 58K, L9K, P10K, Q11K, $12K, F13K, L14K, 
L15K, E19K, Q20K, V21K, Q25K, G26K, D27K, 
A29K, A30K, E33K, A37K, T38K, Y39K, L41K, 
H43K, P44K, E45K, E46K, V48K, L49K, LSOK, 
H52, $53K, L54K, I56K, P57K, P60K, L61K, $62K, 
$63K, P65K, $66K, Q67K, A68K, L69K, Q70K, 
L71K, A72K, G73K, $76K, Q77K, L78K, $80K, 
F83K, Q86K, G87K, Q90K, E93K, G94K, $96K, 
P97K, E98K, L99K, G100K, P101K, T102K, 
D104K, T105K, Q107K, L108K, D109K, A111K, 
D112K, F113K, T115K, T116K, W118K, Q119K, 
Q120K, M121K, E122K, E123K, L124K, M126K, 
A127K, P128K, A129K, L130K, Q131K, P132K, 
T133K, Q134K, G135K, A136K, M137K, P138K, 
A139K, A141K, $142K, A143K, F144K, Q145K, 
$155K, H156K, Q158K, $159K, L161K, E162K, 
V163K, $164K, Y165K, V167K, L168K, H170K, 
L171K, A172K, Q173K and P174K, and 

[0063] ii) at least one non-polypeptide moiety 
attached to a lysine residue of the polypeptide. 

[0064] hG-CSF contains four lysine residues, of Which 
K16 is located in the receptor-binding domain and the others 
are located in positions 23, 34 and 40, respectively, all 
relatively close to the receptor-binding domain. In order to 
avoid conjugation to one or more of these lysine residues 
(since this may inactivate or severely reduce the activity of 
the resulting conjugate) it may be desirable to remove at 
least one lysine residue, e.g. tWo, three or all of these 
residues. Accordingly, in another, more preferred aspect he 
invention relates to a polypeptide conjugate as de?ned 
above, Wherein at least one of the amino acid residues 
selected from the group consisting of K16, K23, K34 and 
K40 has been deleted or substituted With another amino acid 
residue. Preferably, at least K16 is substituted With another 
amino acid residue. 
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[0066] The polypeptide of the conjugate according to the 
second of the aspects described in the present section (i.e. at 
least one introduced and one removed lysine) preferably 
comprises at least one, such as one, tWo, three or four, of the 
substitutions selected from the group consisting of K16R, 
K16Q, K23R, K23Q, K34R, K34Q, K40R and K40Q, more 
preferably at least one of the substitutions K16R and K23R, 
Whereby conjugation of these residues can be avoided. 
Preferably, the polypeptide comprises at least one substitu 
tion selected from the group consisting of K16R+K23R, 
K16R+K34R, K16R+K40R, K23R+K34R, K23R+K40R, 
K34R+K40R, K16R+K23R+K34R, K16R+K23R+K40R, 
K23R+K34R+K40R, K16R+K34R+K40R and K16R+ 
K23R+K34R+K40R. These substitutions are likely to give 
rise to the least structural difference compared to the native 
or parent polypeptide. 

[0067] In addition to the substitutions listed above, the 
polypeptide conjugate of the invention may also include one 
or more substitutions selected from R22K, R146K, R147K, 
R166K and R169K. 

[0068] While the non-polypeptide moiety of the conjugate 
according to this aspect of the invention may be any mol 
ecule Which, When using the given conjugation method has 
lysine as an attachment group such as a carbohydrate moiety, 
it is preferred that the non-polypeptide moiety is a polymer 
molecule. The polymer molecule may be any of the mol 
ecules mentioned in the section-entitled “Conjugation to-a 
polymer molecule”, but is preferably selected from the 
group consisting of linear or branched polyethylene glycol 
or another polyalkylene oxide. Preferred polymer molecules 
are e.g. mPEG-SPA from ShearWater Corp. or oxycarbonyl 
oxy-N-dicarboxyimide PEG (US. Pat. No. 5,122,614). 

[0069] It Will be understood that any of the amino acid 
changes, in particular substitutions, speci?ed in this section 
can be combined With any of the amino acid changes, 
preferably substitutions, speci?ed in the other sections 
herein disclosing speci?c amino acid modi?cations, includ 
ing introduction and/or removal of glycosylation sites. 

[0070] Conjugate of the Invention, Wherein the Non 
Polypeptide Moiety is a Molecule Which has Cysteine as an 
Attachment Group 

[0071] In another aspect the invention relates to a conju 
gate comprising 

[0072] i) a polypeptide exhibiting G-CSF activity, 
Which comprises an amino acid sequence that differs 
from the amino acid sequence of hG-CSF-shoWn-in 
SEQ ID NO: 1 in at least one substitution selected 
from the group consisting of T1C, P2C, L3C, G4C, 
PSC, A6C, 57C, 58C, L9C, P10C, Q11C, S12C, 
F13C, L14C, L15C, E19C, Q20C, V21C, R22C, 
Q25C, G26C, D27C, A29C, A30C, E33C, A37C, 
T38C, Y39C, L41C, H43C, P44C, E45C, E46C, 
V48C, L49C, LSOC, H52C, 553C, L54C, I56C, 
P57C, P60C, L61C, S62C, 563C, P65C, S66C, 
Q67C, A68C, L69C, Q70C, L71C, A72C, G73C, 
S76C, Q77C, L78C, 580C, F83C, Q86C, G87C, 
Q90C, E93C, G94C, S96C, P97C, E98C, L99C, 
G100C, P101C, T102C, D104C, T105C, Q107C, 





US 2003/0158375 A1 

E98Q, E122Q, E123Q and E163Q. Preferably, the amino 
acid substitution in one or more of the above positions may 
in addition be combined With at least one of the following 
substitutions: D109N, D112N, E19Q, E122Q and E123Q. 
Substitution With any of these amino acid residues is likely 
to give rise to the least structural difference. 

[0085] While the non-polypeptide moiety of the conjugate 
according to this aspect of the invention, Which has an acid 
group as an attachment group, can be any non-polypeptide 
moiety With such property, it is presently preferred that the 
non-polypeptide moiety is a polymer molecule or an organic 
derivatiZing agent, in particular a polymer molecule, and the 
conjugate is prepared eg as described by Sakane and 
Pardridge, Pharmaceutical Research, Vol. 14, No. 8, 1997, 
pp 1085-1091. 

[0086] It Will be understood that any of the amino acid 
changes, in particular substitutions, speci?ed in this section 
can be combined With any of the amino acid changes, in 
particular substitutions speci?ed in the other sections herein 
disclosing speci?c amino acid changes, including introduc 
tion and/or removal of glycosylation sites. 

[0087] Other Conjugates of the Invention 

[0088] In addition to the non-polypeptide moieties speci 
?ed above eg in the sections entitled “Conjugate of the 
invention . . . .” the conjugate of the invention may contain 

further carbohydrate moieties as a consequence of the 
polypeptide being expressed in a glycosylating host cell and 
glycosylation achieved at the glycosylation sites or intro 
duced glycosylation site(s). 

[0089] Conjugate of the Invention Wherein the Non 
Polypeptide Moiety is a Carbohydrate Moiety 
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[0091] It Will be understood that in order to prepare a 
conjugate according to this aspect the polypeptide must be 
expressed in a glycosylating host cell capable of attaching 
oligosaccharide moieties at the glycosylation site(s) or alter 
natively subjected to in vitro glycosylation. Examples of 
glycosylating host cells are given in the section further 
beloW entitled “Coupling to an oligosaccharide moiety”. 

[0092] Alternatively, the conjugate according to this 
aspect comprises a polypeptide exhibiting GCSF activity, 
Which-comprises an amino acid sequence that differs from 
that shoWn in SEQ ID NO: 1 in at least one substitution 
selected from the group consisting of PSN, A6N, P10N, 
P60N, L61N, L78N, F113N and E162N, in particular from 
the group consisting of PSN, A6N, P10N, P60N, L61N, 
F113N and E162N, such as from the group consisting of 
P60N, L61N, F113N and E162N. 

[0093] Alternatively, the conjugate according to this 
aspect comprises a polypeptide exhibiting G-CSF activity, 
Which comprises an amino acid sequence that differs from 
that shoWn in SEQ ID NO: 1 in at least one substitution 
selected from the group consisting of D27N+A29S, D27N+ 
A29T, D 104N+L106S, D 104N+L106T, D109N+A111S, 
D109N+A111T, D112N+A114S and D112N+A114T, more 
preferably from the group consisting of D27N+A29S, 
D27N+A29T, D104N+L106S, D104N+L106T, D112N+ 
A114S and D112N+A114T, such as from the group consist 
ing of D27N+A29S, D27N+A29T, D104N+L106S and 
D104N+L106T. 

[0094] In addition to a carbohydrate molecule, the conju 
gate according to the aspect of the invention described in the 
present section may contain additional non-polypeptide 
moieties, in particular a polymer molecule, as described in 
the present application, conjugated to one or more attach 
ment groups present in the polypeptide part of the conjugate. 

[0095] It Will be understood that any of the amino acid 
changes, in particular substitutions, speci?ed in this section 
can be combined With any of the amino acid changes, in 
particular substitutions, speci?ed in the other sections herein 
disclosing speci?c amino acid changes. 

[0096] Circularly Permuted Variants 

[0097] In a further embodiment, the polypeptide part of 
the polypeptide conjugate of the invention may be in the 
form of a circularly permuted variant of a polypeptide 
sequence otherWise disclosed herein. In such a circularly 
permuted polypeptide, the original N-terminus and C-termi 
nus are joined together either directly by a peptide bond or 
indirectly via a peptide linker, While neW N- and C-termini 
are formed betWeen tWo adjacent amino acid residues that 
originally Were joined by a peptide bond. Since the original 
N- and C-termini Will normally be located at some distance 
from each other, they Will typically be linked by means of a 
peptide linker having a suitable length and composition so 
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that the structure and activity of the conjugate is not 
adversely affected. It Will be clear that the neW N-terminus 
and C-terminus should not be formed betWeen an amino acid 
residue pair Where this Would interfere With the activity of 
the polypeptide. Circularly permuted G-CSF receptor ago 
nists are disclosed in US. Pat. No. 6,100,070, to Which 
reference is made for further information on selecting pep 
tide linkers and the location of the neW N-terminus and 
C-terminus as Well as methods for producing them such 
variants. 

[0098] White Blood Cell and Neutrophil Formation of 
Conjugates of the Invention 

[0099] In a further embodiment, the polypeptide conjugate 
of the invention may be characteriZed as being a conjugate 
exhibiting G-CSF activity and comprising a polypeptide 
With an amino acid sequence that differs in at least one 
amino acid residue from the amino acid sequence shoWn in 
SEQ ID NO: 1 and having at least one non-polypeptide 
moiety attached to an attachment group of the polypeptide, 
the polypeptide conjugate further ful?lling at least one of the 
folloWing criteria (A)-(D): 

[0100] (A) after one subcutaneous administration of 
100 microgram per kg body Weight to rats (based on 
the Weight of the polypeptide part of the conjugate) 
it: 

[0101] i) increases formation of White blood cells 
With at least about the same rate and to at least 
about the same level (measured as number of cells 
per liter of blood) as administration of 100 micro 
gram of non-conjugated hG-CSF per kg body 
Weight for a period of 6 hours, preferably 12 hours 
after administration, and 

[0102] ii) increases the level of White blood cells 
(measured as number of cells per liter blood) 
above the level of White blood cells prior to 
administration for a period of at least about 96 
hours, preferably for at least about 120 hours; 

[0103] (B) after one subcutaneous administration of 
25 microgram per kg body Weight to rats (based on 
the Weight of the polypeptide part of the conjugate) 
it: 

[0104] i) increases formation of White blood cells 
With at least about the same rate and to at least 
about the same level (measured as number of cells 
per liter of blood) as administration of 100 micro 
gram of non-conjugated hG-CSF per kg body 
Weight for a period of 6 hours, preferably 12 hours 
after administration, and 

[0105] ii) increases the level of White blood cells 
(measured as number of cells per liter blood) 
above the level of White blood cells prior to 
administration for a period of at least about 72 
hours, preferably at least about 96 hours, more 
preferably at least about 120 hours; 

[0106] (C) after one subcutaneous administration of 
100 microgram per kg body Weight to rats (basd on 
the Weight of polypspaide part of the conjugate) it: 

[0107] i) increases formation of neutrophils With at 
least about the same rate and to at least about the 

Aug. 21, 2003 

same level (measured as number of cells per liter 
of blood) as administration of 100 microgram of 
non-conjugated hG-CSF per kg body Weight for a 
period of 6 hours, preferably 12 hours after admin 
istration, and 

[0108] ii) increases the level of neutrophils (mea 
sured as number of cells per liter blood) above the 
level of neutrophils prior to administration for a 
period of at least about 96 hours, preferably at 
least about 120 hours; 

[0109] (D) after one subcutaneous administration of 
25 microgram per kg body Weight to rats (based on 
the Weight of the polypeptide part of the conjugate) 
it: 

[0110] i) increases formation of neutrophils With at 
least about the same rate and to at least about the 
same level (measured as number of cells per liter 
of blood) as administration of 100 microgram of 
non-conjugated hG-CSF per kg body Weight for a 
period of 6 hours, preferably 12 hours after admin 
istration, and 

[0111] ii) increases the level of neutrophils (mea 
sured as number of cells per liter blood) above the 
level of neutrophils prior to administration for a 
period of at least about 72 hours, preferably at 
least about 96 hours, more preferably at least 
about 120 hours. 

[0112] Non-Polypeptide Moiety of the Conjugate of the 
Invention 

[0113] As indicated further above the non-polypeptide 
moiety of the conjugate of the invention is preferably 
selected from the group consisting of a polymer molecule, a 
lipophilic compound, a carbohydrate moiety (eg by Way of 
in vivo glycosylation) and an organic derivatiZing agent. All 
of these agents may confer desirable properties to the 
polypeptide part of the conjugate, in particular increased 
functional in vivo half-life and/or increased serum half-life. 
The polypeptide part of the conjugate is normally conju 
gated to only one type of non-polypeptide moiety, but may 
also be conjugated to tWo or more different types of non 
polypeptide moieties, eg to a polymer molecule and an 
oligosaccharide moiety, to a lipophilic group and an oli 
gosaccharide moiety, to an organic derivatiZing agent and an 
oligosaccharide moiety, to a lipophilic group and a polymer 
molecule, etc. The conjugation to tWo or more different 
non-polypeptide moieties may be done simultaneously or 
sequentially. 

[0114] Methods for Preparing a Conjugate of the Invention 

[0115] In the folloWing sections “Conjugation to a lipo 
philic compound”, “Conjugation to a polymer molecule”, 
“Conjugation to an oligosaccharide moiety” and “Conjuga 
tion to an organic derivatiZing agent” conjugation to speci?c 
types of non-polypeptide moieties is described. In general, a 
polypeptide conjugate according to the invention may be 
produced by culturing an appropriate host cell under con 
ditions conducive for eXpression of the polypeptide, and 
recovering the polypeptide, Wherein a) the polypeptide com 
prises at least one N- or O-glycosylation site and the host 
cell is a eukaryotic host cell capable of in vivo glycosylation, 
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and/or b) the polypeptide is subjected to conjugation to a 
non-polypeptide moiety in vitro. 

[0116] Conjugation to a Lipophilic Compound 

[0117] The polypeptide and the lipophilic compound may 
be conjugated to each other, either directly or by use of a 
linker. The lipophilic compound may be a natural compound 
such as a saturated or unsaturated fatty acid, a fatty acid 
diketone, a terpene, a prostaglandin, a vitamin, a carotenoid 
or steroid, or a synthetic compound such as a carbon acid, an 
alcohol, an amine and sulphonic acid With one or more alkyl, 
aryl, alkenyl or other multiple unsaturated compounds. The 
conjugation betWeen the polypeptide and the lipophilic 
compound, optionally through a linker, may be done accord 
ing to methods knoWn in the art, eg as described by 
BodansZky in Peptide Synthesis, John Wiley, NeW York, 
1976 and in WO 96/12505. 

[0118] Conjugation to a Polymer Molecule 

[0119] The polymer molecule to be coupled to the 
polypeptide may be any suitable polymer molecule, such as 
a natural or synthetic homo-polymer or heteropolymer, 
typically With a molecular Weight in the range of about 
300-100,000 Da, such as about 500-20,000 Da, more pref 
erably in the range of about 1000-15,000 Da, even more 
preferably in the range of about 2000-12,000 Da, such as 
about 3000-10,000. When used about polymer molecules 
herein, the Word “about” indicates an approximate average 
molecular Weight and re?ects the fact that there Will nor 
mally be a certain molecular Weight distribution in a given 
polymer preparation. 

[0120] Examples of homo-polymers include a polyol (i.e. 
poly-OH), a polyamine (i.e. poly-NH2) and a polycarboxylic 
acid (i.e. poly-COOH). A hetero-polymer is a polymer 
Which comprises different coupling groups, such as a 
hydroxyl group and an amine group. 

[0121] Examples of suitable polymer molecules include 
polymer molecules selected from the group consisting of 
polyalkylene oxide (PAO), including polyalkylene glycol 
(PAG), such as linear or branched polyethylene glycol 
(PEG) and polypropylene glycol (PPG), polyvinyl alcohol 
(PVA), poly-carboxylate, poly-(vinylpyrolidone), polyethyl 
ene-co-maleic acid anhydride, polystyrene-co-maleic acid 
anhydride, dextran, including carboxymethyl-dextran, or 
any other biopolymer suitable for reducing immunogenicity 
and/or increasing functional in vivo half-life and/or serum 
half-life. Another example of a polymer molecule is human 
albumin or another abundant plasma protein. Generally, 
polyalkylene glycol-derived polymers are biocompatible, 
non-toxic, non-antigenic, non-immunogenic, have various 
Water solubility properties, and are easily excreted from 
living organisms. 

[0122] PEG is the preferred polymer molecule, since it has 
only feW reactive groups capable of cross-linking compared 
to polysaccharides such as dextran. In particular, monofunc 
tional PEG, e.g. methoxypolyethylene glycol (mPEG), is of 
interest since its coupling chemistry is relatively simple 
(only one reactive group is available for conjugating With 
attachment groups on the polypeptide). Consequently, the 
risk of cross-linking is eliminated, the resulting polypeptide 
conjugates are more homogeneous and the reaction of the 
polymer molecules With the polypeptide is easier to control. 
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[0123] To effect covalent attachment of the polymer mol 
ecule(s) to the polypeptide, the hydroxyl end groups of the 
polymer molecule are provided in activated form, i.e. With 
reactive functional groups. Suitable activated polymer mol 
ecules are commercially available, eg from ShearWater 
Corp., Huntsville, Ala., USA, or from PolyMASC Pharma 
ceuticals plc, UK. Alternatively, the polymer molecules can 
be activated by conventional methods knoWn in the art, eg 
as disclosed in WO 90/1-3540.Speci?c examples of acti 
vated linear or branched polymer molecules for use in the 
present invention are described in the ShearWater Corp. 
1997 and 2000 Catalogs (FunctionaliZed Biocompatible 
Polymers for Research and pharmaceuticals, Polyethylene 
Glycol and Derivatives, incorporated herein by reference). 
Speci?c examples of activated PEG polymers include the 
folloWing linear PEGs: NHS-PEG (e.g. SPA-PEG, SSPA 
PEG, SBA-PEG, SS-PEG, SSA-PEG, SC-PEG, SG-PEG, 
and SCM-PEG), and NOR-PEG), BTC-PEG, EPOX-PEG, 
NCO-PEG, NPC-PEG, CDI-PEG, ALD-PEG, TRES-PEG, 
VS-PEG, IODO-PEG, and MAL-PEG, and branched PEGs 
such as PEG2-NHS and those disclosed in US. Pat. No. 
5,932,462 and US. Pat. No. 5,643,575, both of Which are 
incorporated herein by reference. Furthermore, the folloW 
ing publications, incorporated herein by reference, disclose 
useful polymer molecules and/or PEGylation chemistries: 
US. Pat. No. 5,824,778, US. Pat. No. 5,476,653, WO 
97/32607, EP 229,108, EP 402,378, US. Pat. No. 4,902,502, 
US. Pat. No. 5,281,698, US. Pat. No. 5,122,614, US. Pat. 
No. 5,219,564, WO 92/16555, WO 94/04193, WO 
94/14758, WO 94/17039, WO 94/18247, WO 94/28024, 
WO 95/00162, WO 95/11924, WO 95/13090, WO 
95/33490, WO 96/00080, WO 97/18832, WO 98/41562, 
WO 98/48837, WO 99/32134, WO 99/32139, WO 
99/32140, WO 96/40791, WO 98/32466, WO 95/06058, EP 
439 508, WO 97/03106, WO 96/21469, WO 95/13312, EP 
921 131, US. Pat. No. 5,736,625, WO 98/05363, EP 809 
996, US. Pat. No. 5,629,384, WO 96/41813, WO 96/07670, 
US. Pat. No. 5,473,034, US. Pat. No. 5,516,673, EP 605 
963, US. Pat. No. 5,382,657, EP 510 356, EP 400 472, EP 
183 503 and EP 154 316. 

[0124] The conjugation of the polypeptide and the acti 
vated polymer molecules is conducted by use of any con 
ventional method, eg as described in the folloWing refer 
ences (Which also describe suitable methods for activation of 
polymer molecules): R. F. Taylor, (1991), “Protein immo 
bilisation. Fundamental and applications”, Marcel Dekker, 
N.Y.; S. S. Wong, (1992), “Chemistry of Protein Conjuga 
tion and Crosslinking”, CRC Press, Boca Raton; G. T. 
Hermanson et al., (1993), “Immobilized Af?nity Ligand 
Techniques”, Academic Press, The skilled person Will 
be aWare that the activation method and/or conjugation 
chemistry to be used depends on the attachment group(s) of 
the polypeptide (examples of Which are given further 
above), as Well as the functional groups of the polymer (e.g. 
being amine, hydroxyl, carboxyl, aldehyde, sulfydryl, suc 
cinimidyl, maleimide, vinysulfone or haloacetate). The 
PEGylation may be directed toWards conjugation to all 
available attachment groups on the polypeptide (i.e. such 
attachment groups that are exposed at the surface of the 
polypeptide) or may be directed toWards one or more 
speci?c attachment groups, eg the N-terminal amino group 
(US. Pat. No. 5,985,265). Furthermore, the conjugation 
may be achieved in one step or in a stepWise manner (eg as 
described in WO 99/55377). 


























































