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(57) ABSTRACT 

Gla domain variants of human Factor VII or human Factor 
VIIa, comprising 1-15 amino acid modi?cations relative to 
human Factor VII or human Factor VIIa, Wherein a hydro 
phobic amino acid residue has been introduced by substi 
tution in position 34; or having an amino acid substitution in 
position 36; and use of the variants for the treatment of 
intracerebral haemorrhage (ICH) or trauma. 
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FVII OR FVIIA GLA DOMAIN VARIANTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of Inter 
national Patent Application No. PCT/DK2004/000428 ?led 
on Jun. 18, 2004, Which claims the bene?t of Us. Provi 
sional Patent Application Ser. No. 60/479,780 ?led on Jun. 
19, 2003 and of Denmark Patent Application No. PA 2004 
00930 ?led on Jun. 15, 2004, the disclosures of each of 
Which are incorporated by reference herein in their entirety 
for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to novel Gla domain 
variants of Factor FVII (FVII) or Factor VIIa (FVIIa) 
polypeptides, as Well as the use of such polypeptide variants 
in therapy, in particular for the treatment of a variety of 
coagulation-related disorders. 

BACKGROUND OF THE INVENTION 

[0003] Blood coagulation is a process consisting of a 
complex interaction of various blood components (or fac 
tors) that eventually results in a ?brin clot. Generally, the 
blood components participating in What has been referred to 
as the “coagulation cascade” are proenZymes or Zymogens, 
i.e. enZymatically inactive proteins that are converted into an 
active form by the action of an activator. One of these 
coagulation factors is FVII. 

[0004] FVII is a vitamin K-dependent plasma protein 
synthesiZed in the liver and secreted into the blood as a 
single-chain glycoprotein With a molecular Weight of 53 kDa 
(BroZe & Majerus, J. Biol. Chem. 1980; 255:1242-1247). 
The FVII Zymogen is converted into an activated form 
(FVIIa) by proteolytic cleavage at a single site, R152-I153, 
resulting in tWo chains linked by a single disul?de bridge. 
FVIIa in complex With tissue factor (FVIIa complex) is able 
to convert both factor IX (FIX) and factor X (FX) into their 
activated forms, folloWed by reactions leading to rapid 
thrombin production and ?brin formation (Osterud & Rapa 
port, Proc Natl Acad Sci USA 1977; 74:5260-5264). 

[0005] FVII undergoes post-translational modi?cations, 
including vitamin K-dependent carboxylation resulting in 
ten y-carboxyglutamic acid residues in the N-terminal region 
ofthe molecule. Thus, residues number 6, 7, 14, 16, 19, 20, 
25, 26, 29 and 35 shoWn in SEQ ID NO:1 are y-carboxy 
glutamic acid residues in the Gla domain important for FVII 
activity. Other post-translational modi?cations include sugar 
moiety attachment at tWo naturally occurring N-glycosyla 
tion sites at position 145 and 322, respectively, and at tWo 
naturally occurring O-glycosylation sites at position 52 and 
60, respectively. 

[0006] The gene coding for human FVII (hFVII) has been 
mapped to chromosome 13 at q34-qter 9 (de Grouchy et al., 
Hum Genet 1984; 66:230-233). It contains nine exons and 
spans 12.8 Kb (O’Hara et al., Proc NatlAcad Sci USA 1987; 
84:5158-5162). The gene organisation and protein structure 
of FVII are similar to those of other vitamin K-dependent 
procoagulant proteins, With exons 1a and 1b encoding for 
signal sequence; exon 2 the propeptide and Gla domain; 
exon 3 a short hydrophobic region; exons 4 and 5 the 
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epidermal groWth factor-like domains; and exon 6 through 8 
the serine protease catalytic domain (Yoshitake et al., Bio 
chemistry 1985; 24: 3736-3750). 

[0007] Reports exist on experimental three-dimensional 
structures of hFVIIa (Pike et al., Proc Natl Acad Sci USA, 
1999; 96:8925-30 and Kemball-Cook et al., J. Struct. Biol., 
1999; 127:213-223); of hFVIIa in complex With soluble 
tissue factor using X-ray crystallographic methods (Banner 
et al., Nature, 1996; 380:41 and Zhang et al., J Mol. Biol., 
1999; 285: 2089); and of smaller fragments of hFVII (Mura 
nyi et al., Biochemistry, 1998; 37110605 and Kao et al., 
Biochemistry, 1999; 3817097). 
[0008] Relatively feW protein-engineered variants of FVII 
have been reported (Dickinson & Ruf, J Biol Chem, 
1997;272:19875-19879; Kemball-Cook et al., JBiol Chem, 
1998; 273:8516-8521; BharadWaj et al., JBiol Chem, 1996; 
271:30685-30691; Ruf et al., Biochemistry, 1999; 38:1957 
1966). 
[0009] Reports exist on expression of FVII in BHK or 
other mammalian cells (WO 92/15686, WO 91/11514 and 
W0 88/ 10295) and co-expression of FVII and kex2 
endoprotease in eukaryotic cells (WO 00/28065). 

[0010] Commercial preparations of recombinant human 
FVIIa (rhFVIIa) are sold under the trademark NovoSeven®. 
NovoSeven® is indicated for the treatment of bleeding 
episodes in hemophilia A or B patients. NovoSeven® is the 
only rhFVIIa for effective and reliable treatment of bleeding 
episodes currently available on the market. 

[0011] Mayer (Stroke, 2003, 34:224-229) speculated that 
ultra-early hemostatic treatment of intracerebral haemor 
rhage (ICH), given Within 3-4 hours of onset, may arrest 
bleeding and minimiZe hematoma groWth after ICH. On Jun. 
22, 2004, it Was reported in a stock exchange announcement 
by Novo Nordisk (Denmark) that NovoSeven® Was found 
to provide a signi?cantly improved neurological and func 
tional outcome in the treatment of ICH. HoWever, it Was also 
reported that the treatment Was associated With a non 
signi?cant increase in thromboembolic events. 

[0012] An inactive form of FVII in Which arginine 152 
and/or isoleucine 153 are modi?ed has been reported in W0 
91/ 11514. These amino acids are located at the activation 
site. W0 96/ 12800 describes inactivation of FVIIa by a 
serine proteinase inhibitor. Inactivation by carbamylation of 
FVIIa at the ot-amino acid group I153 has been described by 
Petersen et al., Eur J Biochem, 1999;261 :124-129. The 
inactivated form is capable of competing With Wild-type 
FVII or FVIIa for binding to tissue factor and inhibiting 
clotting activity. The inactivated form of FVIIa is suggested 
to be used for treatment of patients suffering from hyperco 
agulable states, such as patients With sepsis or at risk of 
myocardial infarction or thrombotic stroke. 

[0013] In connection With treatment of uncontrolled 
bleedings such as trauma it is believed that FVIIa is capable 
of activating FX to FXa Without binding to tissue factor, and 
this activation reaction is believed to occur primarily on 
activated blood platelets (Hedner et al. Blood Coagulation & 
Fibrinolysis, 2000;11;107-111). HoWever, hFVIIa or 
rhFVIIa has a loW activity toWards FX in the absence of 
tissue factor and, consequently, treatment of uncontrolled 
bleeding, for example in trauma patients, requires relatively 
high and multiple doses of hFVIIa or rhFVIIa. Therefore, in 
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order to treat uncontrolled bleedings more ef?ciently (to 
minimize blood loss) there is need for improved FVIIa 
molecules Which possess a high activity toWard FX in the 
absence of tissue factor. Such improved FVIIa molecules 
should exhibit a loWered clotting time (faster action/in 
creased clotting activity) as compared to rhFVIIa When 
administered in connection With uncontrolled bleedings. 

[0014] Gla domain variants of FVII/FVIIa have been 
disclosed in WO 99/20767, US. Pat. No. 6,017,882 and WO 
00/66753, Where some residues located in the Gla domain 
Were identi?ed as being important for phospholipid mem 
brane binding and hence FX activation. In particular, it Was 
found that the residues 10 and 32 Were critical and that 
increased phospholipid membrane binding af?nity, and 
hence increased FX activation, could be achieved by per 
forming the mutations P10Q and K32E. In particular, it Was 
found that FX activation Was enhanced as compared to 
rhFVIIa at marginal coagulation conditions, such as under 
conditions Where a loW level of tissue factor is present. 

[0015] WO 01/58935 discloses a neW strategy for devel 
oping FVII or FVIIa molecules having inter alia an 
increased half-life by means of directed glycosylation or 
PEGylation. 

[0016] WO 03/093465 discloses FVII or FVIIa variants 
having certain modi?cations in the Gla domain and having 
one or more N-glycosylation sites introduced outside the Gla 
domain. 

[0017] WO 2004/029091 discloses FVII or FVIIa variants 
having certain modi?cations in the tissue factor binding site. 

[0018] The present inventors have noW identi?ed further 
residues in the Gla domain Which further increase the 
phospholipid membrane binding a?inity and hence further 
increase FX activation. The FVII or FVIIa variants of the 
invention may also exhibit reduced tissue factor binding 
af?nity. 

[0019] The object of the present invention is to provide 
improved FVII or FVIIa molecules (FVII or FVIIa variants) 
Which are capable of activating FX to FXa more ef?ciently 
than hFVIIa, rhFVIIa or [P10Q+K32E]rhFVIIa. In particu 
lar, it is an object of the present invention to provide 
improved FVII or FVIIa molecules (FVII or FVIIa variants) 
Which are capable of activating FX to FXa more ef?ciently 
than hFVIIa, rhFVIIa or [P10Q+K32E]rhFVIIa in the 
absence of tissue factor. These objects are addressed by the 
FVII or FVIIa variants provided herein. 

BRIEF DISCLOSURE OF THE INVENTION 

[0020] In a ?rst aspect the present invention relates to a 
Factor VII (FVII) or Factor VIIa (FVIIa) polypeptide variant 
having an amino acid sequence comprising 1-15 amino acid 
modi?cations relative to human Factor VII (hFVII) or 
human Factor VIIa (hFVIIa) With the amino acid sequence 
shoWn in SEQ ID NO:1, Wherein a hydrophobic amino acid 
residue has been introduced by substitution in position 34. 

[0021] In a second aspect the invention relates to a Factor 
VII (FVII) or Factor VIIa (FVIIa) polypeptide variant hav 
ing an amino acid sequence comprising 1-15 amino acid 
modi?cations relative to human Factor VII (hFVII) or 
human Factor VIIa (hFVIIa) With the amino acid sequence 
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shoWn in SEQ ID NO:1, Wherein the amino acid sequence 
comprises an amino acid substitution in position 36. 

[0022] In a third aspect the invention relates to a Factor 
VII (FVII) or Factor VIIa (FVIIa) polypeptide variant hav 
ing an amino acid sequence comprising 3-15 amino acid 
modi?cations relative to human Factor VII (hFVII) or 
human Factor VIIa (hFVIIa) having the amino acid 
sequence shoWn in SEQ ID NO:1, Wherein amino acid 
sequence comprises an amino acid substitution in positions 
10 and 32 and at least one further amino acid substitution in 
a position selected from the group consisting of positions 74, 
77 and 116. 

[0023] Further aspects of the invention relate to a nucle 
otide sequence encoding the polypeptide variants of the 
invention, an expression vector comprising the nucleotide 
sequence, and a host cell comprising the nucleotide 
sequence or expression vector. 

[0024] Still further aspects of the invention relate to a 
pharmaceutical composition comprising the polypeptide 
variants of the invention, use of the polypeptide variants of 
the invention or the pharmaceutical composition of the 
invention as a medicament, as Well as methods of treatment 
using the polypeptide variants or pharmaceutical composi 
tions of the invention. In a particular aspect, the polypeptide 
variants of the invention are used for the treatment of 
intracerebral haemorrhage or traumatic brain injury. 

[0025] Further aspects of the present invention Will be 
apparent from the description beloW as Well as from the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 shoWs the clotting time vs. concentration 
for variants of the invention When assayed in the “Whole 
Blood Assay”. 

[0027] FIG. 2 shoWs the maximum tissue factor-depen 
dent thrombin generation rate for variants of the invention 
determined in the “Thrombogram Assay”. 

[0028] FIG. 3 shoWs the maximum phospholipid-depen 
dent thrombin generation rate for variants of the invention 
determined in the “Thrombogram Assay”. 

[0029] FIG. 4 is a thrombogram shoWing the phospho 
lipid-dependent clotting activity of a variant of the invention 
(P10Q+K32E+A34E+R3 6E+T106N+V253N) compared to 
rhFVIIa (NovoSeven®). 

[0030] FIG. 5 is a thrombogram shoWing the tissue factor 
dependent clotting activity of a variant of the invention 
(P10Q+K32E+A34E+R3 6E+T106N+V253N) compared to 
rhFVIIa (NovoSeven®). 

DETAILED DISCLOSURE OF THE INVENTION 

De?nitions 

[0031] In the context of the present description and claims 
the folloWing de?nitions apply: 

[0032] The term “FVII” or “FVII polypeptide” refers to a 
FVII molecule provided in single chain form. One example 
of a FVII polypeptide is the Wild-type human FVII (hFVII) 
having the amino acid sequence shoWn in SEQ ID NO:1. It 
should be understood, hoWever, that the term “FVII 
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polypeptide” also covers hFVII-like molecules, such as 
fragments or variants of SEQ ID NO: 1, in particular variants 
Where the sequence comprises at least one, such as up to 15, 
preferably up to 10, amino acid modi?cations as compared 
to SEQ ID N011. 

[0033] The term “FVIIa” or “FVIIa polypeptide” refers to 
a FVIIa molecule provided in its activated tWo-chain form. 
When the amino acid sequence of SEQ ID NO:1 is used to 
describe the amino acid sequence of FVIIa it Will be 
understood that the peptide bond betWeen R152 and I153 of 
the single-chain form has been cleaved, and that one of the 
chains comprises amino acid residues 1-152, the other chain 
comprises amino acid residues 153-406. 

[0034] The terms “rFVII” and “rFVIIa” refer to FVII and 
FVIIa polypeptides produced by recombinant techniques. 

[0035] The terms “hFVII” and “hFVIIa” refer to human 
Wild-type FVII and FVIIa, respectively, having the amino 
acid sequence shoWn in SEQ ID N011 

[0036] The terms “rhFVII” and “rhFVIIa” refer to human 
Wild-type FVII and FVIIa, having the amino acid sequence 
shoWn in SEQ ID N011, produced by recombinant means. 
An example of rhFVIIa is NovoSeven®. 

[0037] When used herein, the term “Gla domain” is 
intended to cover amino acid residues 1 to 45 of SEQ ID 
N011. 

[0038] Accordingly, the term “position located outside the 
Gla domain” covers amino acid residues 46-406 of SEQ ID 
NO:1. 

[0039] The abbreviations “FX”, “TF” and “TFPI” mean 
Factor X, Tissue Factor and Tissue Factor PathWay Inhibitor, 
respectively. 

[0040] The term “protease domain” is used about residues 
153-406 counted from the N-terminus. 

[0041] The term “catalytic site” is used to mean the 
catalytic triad consisting of S344, D242 and H193 of the 
polypeptide variant. 

[0042] The term “parent” is intended to indicate the mol 
ecule to be modi?ed/improved in accordance With the 
present invention. Although the parent polypeptide to be 
modi?ed by the present invention may be any FVII or FVIIa 
polypeptide, and thus be derived from any origin, eg a 
non-human mammalian origin, it is preferred that the parent 
polypeptide is hFVII or hFVIIa. 

[0043] A “variant” is a polypeptide Which differs in one or 
more amino acid residues from its parent polypeptide, 
normally in 1-15 amino acid residues (eg in 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14 or 15 amino acid residues), such 
as in 1-10 amino acid residues, eg in 1-8, 1-6, 1-5 or 1-3 
amino acid residues. Normally, the parent polypeptide is 
hFVII or hFVIIa. 

[0044] The term “conjugate” (or interchangeably “conju 
gated polypeptide”) is intended to indicate a heterogeneous 
(in the sense of composite or chimeric) molecule formed by 
the covalent attachment of one or more polypeptides to one 
or more non-polypeptide moieties such as polymer mol 
ecules, lipophilic compounds, sugar moieties or organic 
derivatiZing agents. Preferably, the conjugate is soluble at 
relevant concentrations and conditions, i.e. soluble in physi 
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ological ?uids such as blood. Examples of conjugated 
polypeptides of the invention include glycosylated and/or 
PEGylated polypeptides. 
[0045] The term “covalent attachment” or “covalently 
attached” means that the polypeptide variant and the non 
polypeptide moiety are either directly covalently joined to 
one another, or else are indirectly covalently joined to one 
another through at least one intervening moiety such as a 
bridge, spacer, or linkage moiety. 

[0046] The term “non-polypeptide moiety” is intended to 
mean a molecule, different from a peptide polymer com 
posed of amino acid monomers and linked together by 
peptide bonds, Which molecule is capable of conjugating to 
an attachment group of the polypeptide variant of the 
invention. Preferred examples of such molecules include 
polymer molecules, sugar moieties, lipophilic compounds or 
organic derivatiZing agents. When used in the context of a 
conjugated variant of the invention it Will be understood that 
the non-polypeptide moiety is linked to the polypeptide part 
of the conjugated variant through an attachment group of the 
polypeptide. As explained above, the non-polypeptide moi 
ety can be directly or indirectly covalently joined to the 
attachment group. 

[0047] A “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 is human albumin or another abundant plasma 
protein. The term “polymer” may be used interchangeably 
With the term “polymer molecule”. The term is also intended 
to cover carbohydrate molecules attached by in vitro gly 
cosylation, i.e. a synthetic glycosylation performed in vitro 
normally involving covalently linking a carbohydrate mol 
ecule to an attachment group of the polypeptide variant, 
optionally using a cross-linking agent. 

[0048] The term “sugar moiety” is intended to indicate a 
carbohydrate-containing molecule comprising one or more 
monosaccharide residues, capable of being attached to the 
polypeptide variant (to produce a polypeptide variant con 
jugate in the form of a glycosylated polypeptide variant) by 
Way of in vivo glycosylation. The term “in vivo glycosyla 
tion” is intended to mean any attachment of a sugar moiety 
occurring in vivo, i.e. during posttranslational processing in 
a glycosylating cell used for expression of the polypeptide 
variant, e. g. by Way of N-linked and O-linked glycosylation. 
The exact oligosaccharide structure depends, to a large 
extent, on the glycosylating organism in question. 

[0049] An “N-glycosylation site” has the sequence N-X 
S/T/C, Wherein X is any amino acid residue except proline, 
N is asparagine and S/T/C is either serine, threonine or 
cysteine, preferably serine or threonine, and mo st preferably 
threonine. Preferably, the amino acid residue in position +3 
relative to the asparagine residue is not a proline residue. 

[0050] An “O-glycosylation site” is the OH-group of a 
serine or threonine residue. 

[0051] The term “attachment group” is intended to indi 
cate a functional group of the polypeptide variant, in par 
ticular of an amino acid residue thereof or a carbohydrate 
moiety, capable of attaching a non-polypeptide moiety such 
as a polymer molecule, a lipophilic molecule, a sugar moiety 
or an organic derivatiZing agent. Useful attachment groups 
and their matching non-polypeptide moieties are apparent 
from the table beloW. 
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Conjugation 
Attachment Examples of non- method/ 
group Amino acid polypeptide moiety Activated PEG Reference 

iNHZ N-terminal, Polymer, e.g. PEG, mPEG-SPA Nektar Therapeutics 
Lys 

4COOH C-terminal, 
Asp, Glu 

iSH Cys 

‘OH Ser, Thr, 
Lys, OHi 

4CONH2 Asn as part 
of an N 

glycosylation 
site 

Aromatic Phe, Tyr, 
residue Trp 
401m2 Gln 

Aldehyde Oxidized 
Ketone oligo 

saccharide 

Guanidino Arg 

ImidaZole His 
ring 

With amide or imine 

group 

Polymer, e.g. PEG, 
With ester or amide 

group 
Carbohydrate 
moiety 
Polymer, e.g. PEG, 
With disul?de, 
maleimide or vinyl 
sulfone group 
Carbohydrate 
moiety 

Sugar moiety 
PEG With ester, 
ether, carbamate, 
carbonate 
Sugar moiety 
Polymer, e.g. PEG 

C arb ohydrate 
moiety 
C arb ohydrate 
moiety 

Polymer, e.g. PEG, 
PEG-hydrazide 

C arb ohydrate 
moiety 

C arb ohydrate 
moiety 

Tresylated mPEG 

mPEG-HZ 
In vitro coupling 

PEG-vinylsulphone 
PEG-maleimide 
In vitro coupling 

In vivo O-linked 
glycosylation 

In vivo N 
glycosylation 

In vitro coupling 

In vitro coupling 

PEGylation 

In vitro coupling 

In vitro coupling 

Delgado et al, Critical 
revieWs in 
Therapeutic Drug 
Carrier Systems 
9(3,4): 249*304 
(1992) 
Nektar Therapeutics 

Nektar Therapeutics 
Delgado et al, Critical 
revieWs in 
Therapeutic Drug 
Carrier Systems 
9(3,4): 249*304 
(1992) 

Yan and Wold, 
Biochemistry, 1984 
Jul. 31; 23(16): 3759*65 
AndresZ et al., 1978, 
Macromol. Chem. 
179: 301, WO 
92/16555, WO 
00/231 14 
Lundblad and Noyes, 
Chemical Reagents 
for Protein 
Modi?cation, CRC 
Press Inc., Florida, 
USA 
As for guanidine 

[0052] For in vivo N-glycosylation, the term “attachment [0054] In the present application, amino acid names and 
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group” is used in an unconventional Way to indicate the 
amino acid residues constituting a N-glycosylation site (With 
the sequence N-X-S/T/C as indicated above). Although the 
asparagine residue of the N-glycosylation site is the one to 
Which the sugar moiety is attached during glycosylation, 
such attachment cannot be achieved unless the other amino 
acid residues of the N-glycosylation site are present. 

[0053] Accordingly, When the non-polypeptide moiety is a 
sugar moiety and the conjugation is to be achieved by in 
vivo N-glycosylation, the term “amino acid residue com 
prising an attachment group for a non-polypeptide moiety” 
as used in connection With alterations of the amino acid 
sequence of the polypeptide is to be understood as meaning 
that one or more amino acid residues constituting an in vivo 

N-glycosylation site are to be altered in such a manner that 
a functional in vivo N-glycosylation site is introduced into 
the amino acid sequence. 

atom names (e.g. CA, CB, CD, CG, SG, NZ, N, O, C, etc) 
are used as de?ned by the Protein DataBank (PDB) (WWW 
.pdb.org) 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, l (1985)). 

[0055] The term “amino acid residue” is intended to 
include any natural or synthetic amino acid residue, and is 
primarily intended to indicate an amino acid residue con 

tained in the group consisting of the 20 naturally occurring 
amino acids, i.e. selected from the group consisting of 
alanine (Ala or A), cysteine (Cys or C), aspartic acid (Asp 
or D), glutamic acid (Glu or E), phenylalanine (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 
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(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. 

[0056] The terminology used for identifying amino acid 
positions is illustrated as folloWs: G124 indicates that posi 
tion 124 is occupied by a glycine residue in the amino acid 
sequence shoWn in SEQ ID NO: 1. G124R indicates that the 
glycine residue of position 124 has been substituted With an 
arginine residue. Alternative substitutions are indicated With 
a “/”, e.g. N145S/T means an amino acid sequence in Which 
asparagine in position 145 is substituted With either serine or 
threonine. Multiple substitutions are indicated With a “+”, 
e.g. K143N+N145S/T means an amino acid sequence Which 
comprises a substitution of the lysine residue in position 143 
With an asparagine residue and a substitution of the aspar 
agine residue in position 145 With a serine or a threonine 
residue. Insertion of an additional amino acid residue, e.g. 
insertion of an alanine residue after G124, is indicated by 
G124GA. Insertion of tWo additional alanine residues after 
G124 is indicated by G124GAA, etc. When used herein, the 
term “inserted in position X” or “inserted at position X” 
means that the amino acid residue(s) is (are) inserted 
betWeen amino acid residue X and X+1. A deletion of an 
amino acid residue is indicated by an asterix. For example, 
deletion of the glycine residue in position 124 is indicated by 
G124*. 

[0057] Unless otherWise indicated, the numbering of 
amino acid residues made herein is made relative to the 
amino acid sequence of the hFVII/hFVIIa polypeptide (SEQ 
ID NO:1). 

[0058] The term “differs from” as used in connection With 
speci?c mutations is intended to alloW for additional differ 
ences being present apart from the speci?ed amino acid 
difference. For instance, in addition to the modi?cations 
performed in the Gla domain aiming at increasing the FX 
activation, the polypeptide may contain other modi?cations 
that are not necessarily related to this effect. 

[0059] Thus, in addition to the amino acid modi?cations 
disclosed herein, it Will be understood that the amino acid 
sequence of the polypeptide variant of the invention may, if 
desired, contain other alterations, i.e. 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 (eg by 1-10 amino acid residues), or 
addition of one or more extra residues at the N- and/or 

C-terminus, e.g. addition of a methionine residue at the 
N-terminus or introduction of a cysteine residue near or at 

the C-terminus, as Well as “conservative amino acid substi 
tutions”, i.e. substitutions performed Within groups of amino 
acids With similar characteristics, eg small amino acids, 
acidic amino acids, polar amino acids, basic amino acids, 
hydrophobic amino acids and aromatic amino acids. 

[0060] Examples of such conservative substitutions are 
shoWn in the beloW table. 

1 Alanine (A) Glycine (G) Serine (S) Threonine (T) 
2 Aspartic acid Glutalnic acid 

(D) (E) 
3 Asparagine (N) Glutalnine (Q) 
4 Arginine (R) Histidine (H) Lysine (K) 
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-continued 

5 Isoleucine (I) 
6 Phenylalanine 

(F) 

Leucine (L) 
Tyrosine (Y) 

Methionine (M) 
Tryptophan (W) 

Valine (V) 

[0061] Still other examples of additional modi?cations are 
disclosed in the sections entitled “Modi?cations outside the 
Gla domain” and “Other modi?cations outside the Gla 
domain”. 

[0062] 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, synthetic origin, or any com 
binations thereof. 

[0063] The term “vector” refers to a plasmid or other 
nucleotide sequences that are capable of replicating Within a 
host cell or being integrated into the host cell genome, and 
as such, are useful for performing different functions in 
conjunction With compatible host cells (a vector-host sys 
tem) to facilitate the cloning of the nucleotide sequence, i.e. 
to produce useful quantities of the sequence, to direct the 
expression of the gene product encoded by the sequence and 
to integrate the nucleotide sequence into the genome of the 
host cell. The vector Will contain different components 
depending upon the function it is to perform. 

[0064] “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. 

[0065] “Transformation” and “transfection” are used inter 
changeably to refer to the process of introducing DNA into 
a cell. 

[0066] “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. 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 oligonucle 
otide adaptors or linkers are used, in conjunction With 
standard recombinant DNA methods. 

[0067] In the context of the present invention the term 
“modi?cation” or “amino acid modi?cation” is intended to 
cover replacement of an amino acid side chain, substitution 
of an amino acid residue, deletion of an amino acid residue 
or insertion of an amino acid residue. 

[0068] The term “introduce” refers to introduction of an 
amino acid residue, in particular by substitution of an 
existing amino acid residue, or alternatively by insertion of 
an additional amino acid residue. 

[0069] The term “remove” refers to removal of an amino 
acid residue, 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. 
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[0070] In the present context, the term “activity” should be 
understood as the relevant activity associated With the assay 
in Which the activity is actually measured. 

[0071] Thus, the term “amidolytic activity” is used to 
mean the activity measured in the “Amidolytic Assay” 
described herein. In order to exhibit “amidolytic activity” a 
variant of the invention, in its activated form, should have at 
least 10% of the amidolytic activity of rhFVIIa When 
assayed in the “Amidolytic Assay” described herein. In a 
preferred embodiment of the invention the variant, in its 
activated form, has at least 20% of the amidolytic activity of 
rhFVIIa, such as at least 30%, eg at least 40%, more 
preferably at least 50%, such as at least 60%, eg at least 
70%, even more preferably at least 80%, such as at least 
90% of the amidolytic activity of rhFVIIa When assayed in 
the “Amidolytic Assay” described herein. In an interesting 
embodiment the variant, in its activated form, has substan 
tially the same amidolytic activity as rhFVIIa, such as an 
amidolytic activity of 75-125% of the amidolytic activity of 
rhFVIIa. 

[0072] The term “clotting activity” refers to the activity 
measured in the “Whole Blood Assay” described herein, i.e. 
the time needed to obtain clot formation. Thus, a loWer 
clotting time corresponds to a higher clotting activity. 

[0073] The term “increased clotting activity” is used to 
indicate that the clotting time of the polypeptide variant is 
statistically signi?cantly decreased relative to that generated 
by rhFVIIa or [Pl0Q+K32E]rhFVIIa as determined under 
comparable conditions and When measured in the “Whole 
Blood Assay” described herein. 

[0074] In the present context, the term “activity” is also 
used in connection With the variants’ capability of activating 
FX to FXa. This activity is also denoted “FX activation 
activity” or “FXa generation activity” and may be deter 
mined in the “TE-independent Factor X Activation Assay” 
described herein. 

[0075] The term “increased FX activation activity” or 
“increased FXa generation activity” is used to indicate that 
a variant of the invention, in its activated form, has a 
statistically signi?cantly increased capability to activate FX 
to FXa as compared to a reference molecule, such as 
rhFVIIa or [Pl0Q+K32E]rhFVIIa. To What extent a variant 
of the invention (in its activated form) has an increased FX 
activation activity may conveniently be determined in the 
“TE-independent Factor X Activation Assay” described 
herein. 

[0076] 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 (l0Lh Edi 
tion, Blackwell) for further de?nition of immunogenicity). 
Normally, reduced antibody reactivity Will be an indication 
of reduced immunogenicity. The immunogenicity may be 
determined by use of any suitable method knoWn in the art, 
eg in vivo or in vitro. 

[0077] The term “functional in vivo half-life” is used in its 
normal meaning, i.e. the time at Which 50% of the biological 
activity of the polypeptide is still present in the body/target 
organ, or the time at Which the activity of the polypeptide is 
50% of the initial value. 
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[0078] As an alternative to determining functional in vivo 
half-life, “serum half-life” may be determined, i.e. the time 
at Which 50% of the polypeptide circulates in the plasma or 
bloodstream prior to being cleared. Determination of serum 
half-life is often more simple than determining the func 
tional in vivo half-life, and the magnitude of serum half-life 
is usually a good indication of the magnitude of functional 
in vivo half-life. Alternative terms to serum half-life include 
“plasma half-life”, “circulating half-life”, “serum clear 
ance”, “plasma clearance” and “clearance half-life”. The 
polypeptide is cleared by the action of one or more of the 
reticuloendothelial systems (RES), kidney, spleen or liver, 
by tissue factor, SEC receptor or other receptor mediated 
elimination, or by speci?c or unspeci?c proteolysis. Nor 
mally, clearance depends on siZe (relative to the cutoff for 
glomerular ?ltration), charge, attached carbohydrate chains, 
and the presence of cellular receptors for the protein. The 
functionality to be retained is normally selected from pro 
coagulant, proteolytic 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. 

[0079] 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 polypeptide variant is statistically 
signi?cantly increased relative to that of as reference mol 
ecule, such as rhFVIIa or [Pl0Q+K32E]rhFVIIa, as deter 
mined under comparable conditions (typically determined in 
an experimental animal, such as rats, rabbits, pigs or mon 
keys). 
[0080] The term “AUCiV” or “Area Under the Curve When 
administered intravenously” is used in its normal meaning, 
i.e. as the area under the activity in serum-time curve, Where 
the polypeptide variant has been administered intravenously, 
in particular When administered intravenously in rats. Typi 
cally, the activity measured is the “clotting activity” as 
de?ned above. Once the experimental activity-time points 
have been determined, the AUCiv may conveniently be 
calculated by a computer program, such as GraphPad Prism 
3.01. 

[0081] It Will be understood that in order to make a direct 
comparison betWeen the AUCiV-values of different mol 
ecules (eg between the variants of the invention and a 
reference molecule such as rhFVIIa or [P10Q+K32E] 
rhFVIIa) the same amount of activity should be adminis 
tered. Consequently, the AUCiV-values are typically normal 
iZed (i.e. corrected for differences in the injected dose) and 
expressed as AUCHJ dose administered. 

[0082] The term “reduced sensitivity to proteolytic deg 
radation” is primarily intended to mean that the polypeptide 
variant has reduced sensitivity to proteolytic degradation in 
comparison to hFVIIa, rhFVIIa or [Pl0Q+K32E]rhFVIIa as 
determined under comparable conditions. Preferably, the 
proteolytic degradation is reduced by at least 10% (eg by 
10-25% or by l0-50%), such as at least 25% (eg by 
25-50%, by 25-75% or by 25-l00%), more preferably by at 
least 35%, such as at least 50%, (eg by 50-75% or by 
50-l00%) even more preferably by at least 60%, such as by 
at least 75% (eg by 75-l00%) or even at least 90%. 

[0083] 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 
degradation in the tubular cells. Renal clearance depends on 
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physical characteristics of the polypeptide, including siZe 
(diameter), hydrodynamic volume, symmetry, shape/rigid 
ity, and charge. Normally, a molecular Weight of about 67 
kDa is considered to be a cut-olf-value for renal clearance. 
Renal clearance may be established by any suitable assay, 
eg an established in vivo assay. Typically, renal clearance 
is determined by administering a labelled (e. g. radiolabelled 
or ?uorescence labelled) polypeptide to a patient and mea 
suring the label activity in urine collected from the patient. 
Reduced renal clearance is determined relative to a corre 
sponding reference polypeptide, e.g. rhFVIIa or [P10Q+ 
K32E]rhFVIIa, under comparable conditions. Preferably, 
the renal clearance rate of the polypeptide variant is reduced 
by at least 50%, preferably by at least 75%, and most 
preferably by at least 90% compared to rhFVIIa or [P10Q+ 
K32E]rhFVIIa. 
[0084] The terms “tissue factor binding site”, “active site 
region” and “ridge of the active site binding cleft” are 
de?ned With reference to Example 1. 

[0085] The term “hydrophobic amino acid residue” 
includes the folloWing amino acid residues: Isoleucine (I), 
leucine (L), methionine (M), valine (V), phenylalanine (F), 
tyrosine (Y) and tryptophan (W). 
[0086] The term “negatively charged amino acid residue” 
includes the folloWing amino acid residues: Aspartic acid 
(D) and glutamic acid (E). 
[0087] The term “positively charged amino acid residue” 
includes the following amino acid residues: Lysine (K), 
arginine (R) and histidine (H). 
Variants of the Invention 

[0088] The modi?cations performed in the Gla domain of 
the parent polypeptide preferably provide the resulting mol 
ecule With an increased phospholipid membrane binding 
af?nity, an improved capability to activate FX to Fxa, and/or 
an increased clotting activity. The variants of the invention 
may also have a reduced tissue factor binding af?nity and a 
reduced activity When bound to tissue factor. 

[0089] Without being limited by any particular theory, it is 
presently believed that enhanced phospholipid membrane 
binding af?nity results in a higher local concentration of the 
activated polypeptide variants in close proximity to the other 
coagulation factors, particularly FX. Thus, the rate of acti 
vation of FX to FXa Will be higher, simply due to a higher 
molar ratio of the activated FVII variant to FX. The 
increased activation rate of FX then results in a higher 
amount of active thrombin, and thus a higher rate of cross 
linking of ?brin. 

[0090] Consequently, it is contemplated that medical treat 
ment With a polypeptide variant according to the invention 
may provide advantages over the currently available 
rhFVIIa compound (NovoSeven®), such as a loWer dose, 
increased e?icacy and/or faster action. 

[0091] Further, it is believed that tissue factor-independent 
variants, i.e. variants that have a reduced activity When 
bound to tissue factor compared to Wild-type human Factor 
VIIa, may offer certain safety advantages in terms of 
reduced risk of undesired blood clot formation (e.g. throm 
bosis or thromboembolism), in particular When used for 
treatment of acute uncontrolled bleeding events such as 
trauma, including traumatic brain injury, or intracerebral 
haemorrhage. 
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[0092] Thus, in a highly preferred embodiment of the 
invention, the polypeptide variant, in its activated form and 
When compared to a reference molecule, such as rhFVIIa or 
[P10Q+K32E]rhFVIIa, has an increased FX activation 
activity, in particular When assayed in a tissue factor-inde 
pendent assay, such as the “TF-independent Factor X Acti 
vation Assay” disclosed herein. More particularly, it is 
preferred that the ratio betWeen the FX activation activity of 
the polypeptide variant, in its activated form, and the FX 
activation activity of a reference molecule is at least 1.25 
When assayed in the “TF-independent Factor X Activation 
Assay” disclosed herein. More preferably, this ratio is at 
least 1.5, such as at least 1.75, eg at least 2, even more 
preferably at least 3, such as at least 4, most preferably at 
least 5. 

[0093] When the reference molecule is rhFVIIa, the ratio 
betWeen the FX activation activity of the polypeptide vari 
ant, in its activated form, and the FX activation activity of 
rhFVIIa is preferably at least about 5, typically at least about 
10, When assayed in the “TF-independent Factor X Activa 
tion Assay” disclosed herein, such as at least about 15 or 20. 

[0094] In another highly preferred embodiment of the 
invention, the variants of the invention possess an increased 
clotting activity (i.e. a reduced clotting time) as compared to 
rhFVIIa or [P10Q+K32E]rhFVIIa. In a preferred embodi 
ment of the invention the ratio betWeen the time to reach clot 
formation for the variant (tvan-am) and the time to reach clot 
formation for rhFVIIa (tWt) or [P10Q+K32E]rhFVIIa (tP 1OQ+ 
K32E) is at the most 0.9 When assayed in the “Whole Blood 
Assay” described herein. More preferably this ratio is at the 
most 0.75, such as 0.7, even more preferably the ratio is at 
the most 0.6, and most preferably the ratio is at the most 0.5. 

[0095] One or more of the above-mentioned properties 
may be achieved by the modi?cations described herein. 

Variants of the Invention Comprising a Hydrophobic Amino 
Acid Residue in Position 34 

[0096] As indicated above, the present invention relates in 
a ?rst aspect to a FVII or FVIIa polypeptide variant having 
an amino acid sequence comprising 1-15 amino acid modi 
?cations relative to hFVII or hFVIIa (SEQ ID NO: 1), 
Wherein a hydrophobic amino acid residue has been intro 
duced by substitution in position 34. 

[0097] The hydrophobic amino acid residue to be intro 
duced in position 34 may be selected from the group 
consisting of I, L, M, V, F, Y and W, preferably I, L and V, 
in particular L. 

[0098] In a preferred embodiment, the variant further 
comprises an amino acid substitution in position 10, in 
particular P10Q, and/or an amino acid substitution in posi 
tion 32, in particular K32E. In a particular preferred embodi 
ment of the invention, the variant comprises substitutions in 
both of positions 10 and 32, such as P10Q+K32E. 

[0099] Accordingly, in an interesting embodiment of the 
invention, the variant comprises the substitutions P10Q+ 
K32E+A34L. 

[0100] In a particular interesting embodiment of the inven 
tion, the variant further comprises an insertion of at least one 
(typically one) amino acid residue betWeen position 3 and 4. 
It is preferred that the inserted amino acid residue is a 
hydrophobic amino acid residue. Most preferably the inser 
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tion is A3AY. Accordingly, in a particular interesting 
embodiment of the invention, the variant comprises the 
modi?cations A3AY+Pl0Q+K32E+A34L. 

[0101] In addition to any of the above-mentioned modi 
?cations, the variant may comprise a further substitution in 
position 33. Preferably, a hydrophobic amino acid residue is 
introduced by substitution in position 33, in particular D33F. 

[0102] The Gla domain may also contain modi?cations in 
other positions, in particular in positions 8, 11 and 28, such 
as R28F or R28E. On the other hand it should be understood 
that the Gla domain should not be modi?ed to such an extent 
that the membrane binding properties are impaired. Accord 
ingly, it is preferred that no modi?cations are made in the 
residues that become y-carboxylated, i.e. it is preferred that 
no modi?cations are made in residues 6, 7, l4, l6, 19, 20, 
25, 26, 29 and 35. In a similar Way, it is in general not 
preferred that non-polypeptide moieties, such as sugar moi 
eties and/or PEG groups, are introduced in the Gla domain. 
Consequently, it is preferred that no modi?cations are made 
in the Gla domain that create an in vivo N-glycosylation site. 

[0103] Finally, it Will be understood that the modi?cations 
in the Gla domain discussed in this section may advanta 
geously be combined With one or more modi?cations in 
positions located outside the Gla domain (see the sections 
entitled “Modi?cations outside the Gla domain” and “Other 
modi?cations outside the Gla domain” beloW). 

Variants of the Invention Comprising an Amino Acid Sub 
stitution in Position 36 

[0104] As indicated above, the invention relates in a 
second aspect to a FVII or FVIIa polypeptide variant having 
an amino acid sequence comprising 1-15 amino acid modi 
?cations relative to hFVII or hFVIIa (SEQ ID NO: 1), 
Wherein said amino acid sequence comprises an amino acid 
substitution in position 36. 

[0105] Preferably, the amino acid residue top be intro 
duced by substitution in position 36 is a negatively charged 
amino acid residue, e.g. R36E or R36D, in particular R36E. 

[0106] In a preferred embodiment, the variant further 
comprises an amino acid substitution in position 10, in 
particular PlOQ, and/or an amino acid substitution in posi 
tion 32, in particular K32E. In a particular preferred embodi 
ment of the invention, the variant comprises substitutions in 
both of positions 10 and 32, such as P10Q+K32E. 

[0107] The variant of the invention may further contain a 
substitution in position 38. It is preferred that a negatively 
charged amino acid residue is introduced by substitution in 
position 38, eg K38E or K38D, in particular K38E. 

[0108] Accordingly, interesting variants are those that 
comprise the folloWing substitutions P10Q+K32E+R36E or 
P10Q+K32E+R36E+K38E. 
[0109] In a particular interesting embodiment, the variant 
further comprises an amino acid substitution in position 34 
(i.e. the resulting variant comprises substitutions in the 
folloWing residues l0+32+34+36 or l0+32+34+36+38). 
Preferably, a negatively charged amino acid residue is 
introduced by substitution in position 34, eg A34E or 
A34D. 

[0110] Speci?c examples of preferred variants are those 
that comprise the folloWing substitutions P10Q+K32E+ 
A34E+R36E or Pl0Q+K32E+A34D+R36E+K38E 
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[0111] In an interesting embodiment of the invention, the 
variant further comprises an insertion of at least one (typi 
cally one) amino acid residue betWeen position 3 and 4. It is 
preferred that the inserted amino acid residue is a hydro 
phobic amino acid residue. Most preferably the insertion is 
A3AY. 

[0112] In addition to any of the above-mentioned modi? 
cations, the variant may comprise a further substitution in 
position 33. Preferably, a hydrophobic amino acid residue is 
introduced by substitution in position 33, in particular D33F. 

[0113] The Gla domain may also contain modi?cations in 
other positions, in particular in positions 8, 11 and 28, such 
as R28F or R28E. On the other hand it should be understood 
that the Gla domain should not be modi?ed to such an extent 
that the membrane binding properties are impaired. Accord 
ingly, it is preferred that no modi?cations are made in the 
residues that become y-carboxylated, i.e. it is preferred that 
no modi?cations are made in residues 6, 7, l4, l6, 19, 20, 
25, 26, 29 and 35. In a similar Way, it is in general not 
preferred that non-polypeptide moieties, such as sugar moi 
eties and/or PEG groups, are introduced in the Gla domain. 
Consequently, it is preferred that no modi?cations are made 
in the Gla domain that create an in vivo N-glycosylation site. 

[0114] Finally, it Will be understood that the modi?cations 
in the Gla domain discussed in this section may advanta 
geously be combined With one or more modi?cations in 
positions located outside the Gla domain (see the sections 
entitled “Modi?cations outside the Gla domain” and “Other 
modi?cations outside the Gla domain” beloW). 

Variants of the Invention Comprising Amino Acid Substi 
tutions in Positions 74, 77 or 116 

[0115] As indicated above, the present invention relates in 
a third aspect to a FVII or FVIIa polypeptide variant having 
an amino acid sequence comprising 3-l5 amino acid modi 
?cations relative to hFVII or hFVIIa (SEQ ID NO: 1), 
Wherein said amino acid sequence comprises an amino acid 
substitution in position 10, 32 and at least one further amino 
acid substitution in a position selected from the group 
consisting of position 74, 77 and 116. 

[0116] In a preferred embodiment, the amino acid substi 
tution in position 10 is PlOQ and the amino acid substitution 
in position 32 is K32E 

[0117] It is further preferred that the substitution in posi 
tion 74, 77 or 116 is selected from the group consisting of 
P74S, E77A and E116D. 

[0118] In an interesting embodiment the variant further 
comprises an amino acid substitution in position 34. Pref 
erably, a negatively charged amino acid residue is intro 
duced by substitution in position 34, eg A34E or A34D, in 
particular A34E. 

[0119] In another interesting embodiment of the invention 
the variant further comprises an insertion of at least one 
(typically one) amino acid residue betWeen position 3 and 4. 
It is preferred that the inserted amino acid residue is a 
hydrophobic amino acid residue. Most preferably the inser 
tion is A3AY. 

[0120] Thus, speci?c examples of interesting variants 
include variants comprising the folloWing modi?cations 
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[0121] In addition to any of the above-mentioned modi 
?cations, the variant may comprise a further substitution in 
position 33. Preferably, a hydrophobic amino acid residue is 
introduced by substitution in position 33, in particular D33F. 

[0122] The Gla domain may also contain modi?cations in 
other positions, in particular in positions 8, 11 and 28, such 
as R28F or R28E. As explained above, the Gla domain 
should not be modi?ed to such an extent that the membrane 
binding properties are impaired, i.e. preferably no modi? 
cations are made in residues 6, 7, 14, 16, 19, 20, 25, 26, 29 
and 35, and it is preferred that an in vivo N-glycosylation 
site is not created in the Gla domain. 

[0123] Finally, it Will be understood that the modi?cations 
in the Gla domain discussed in this section may advanta 
geously be combined With one or more modi?cations in 
positions located outside the Gla domain (see the sections 
entitled “Modi?cations outside the Gla domain” and “Other 
modi?cations outside the Gla domain” beloW). 

Modi?cations Outside the Gla Domain 

[0124] A circulating rhFVlla half-life of 2.3 hours Was 
reported in “Summary Basis for Approval for 
NovoSeven®”, FDA reference number 96-0597. Relatively 
high doses and frequent administration are necessary to 
reach and sustain the desired therapeutic or prophylactic 
effect. As a consequence, adequate dose regulation is diffi 
cult to obtain and the need for frequent intravenous admin 
istration imposes restrictions on the patient’s Way of living. 

[0125] A molecule With a longer circulation half-life and/ 
or increased bioavailability (such as an increased Area 
Under the Curve as compared to rhFVlla When administered 
intravenously) Would decrease the number of necessary 
administrations. Given the current need for frequent injec 
tions and the potential for obtaining more optimal therapeu 
tic FVlla levels With concomitant enhanced therapeutic 
effect, there is a clear need for improved FVH- or FVlla-like 
molecules. 

[0126] Accordingly, a further object of the present inven 
tion is to provide improved FVH or FVII molecules (FVH or 
FVlla variants) With an increased bioavailability (such as an 
increased Area Under the Curve as compared to a reference 

molecule, such as rhFVlla or [P10Q+K32E]rhFVlla, When 
administered intravenously) and Which are capable of acti 
vating factor X to factor Xa (Without binding to tissue factor) 
more e?iciently than a reference molecule, such as rhFVlla 
or [P10Q+K32E]rhFVlla (thereby being able to treat uncon 
trolled bleadings, such as a trauma, or chronic conditions 
such as hemophilia more ef?ciently). 

[0127] Thus, interesting variants of the invention are those 
Which, in their activated forms and When compared to a 
reference molecule, such as rhFVlla or [P10Q+K32E] 
rhFVlla, generate an increased Area Under the Curve When 
administered intravenously (AUCiV). This can conveniently 
be determined by intravenous administration in rats. More 
particularly, interesting variants of the present invention are 
those Where the ratio betWeen the AUCiv of said variant, in 
its actvated form, and the AUCiv of a reference molecule, 
such as rhFVlla or [P10Q+K32E]rhFVlla, is at least 1.25, 
such as at least 1.5, e. g. at least 1.75, more preferably at least 
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2, such as at least 3, even more preferably at least 4, such as 
at least 5, in particular When administered (intravenously) in 
rats. 

[0128] This effect Will often correspond to an increased 
functional in vivo half-life and/or an increased serum half 
life as compared to a reference molecule, such as rhFVlla or 
[P10Q+K32E]rhFVlla. Accordingly, in another interesting 
embodiment of the invention, the ratio betWeen the func 
tional in vivo half-life or the serum half-life for the variant, 
in its activated form, and the functional in vivo half-life or 
the serum half-life for a reference molecule, such as rhFVlla 
or [P10Q+K32E]rhFVlla, is at least 1.25. More preferably, 
the ratio betWeen the relevant half-life for the variant, in its 
activated form, and the relevant half-life for the reference 
molecule, such as rhFVlla or [P10Q+K32E]rhFVlla, is at 
least 1.5, such as at least 1.75, eg at least 2, even more 
preferably at least 3, such as at least 4, eg at least 5. 

[0129] One Way to increase the circulation half-life of a 
protein is to ensure that renal clearance of the protein is 
reduced. This may be achieved by conjugating the protein to 
a chemical moiety Which is capable of conferring reduced 
renal clearance to the protein, e.g. polyethylene glycol 
(PEG). 
[0130] Furthermore, attachment of a chemical moiety to 
the protein or substitution of amino acids exposed to pro 
teolysis may effectively block a proteolytic enZyme from 
contact that otherWise leads to proteolytic degradation of the 
protein. 
[0131] As indicated above, instability due to proteolytic 
degradation is a knoWn problem in current rhFVlla treat 
ment. Proteolytic degradation is thus a major obstacle for 
obtaining a preparation in solution as opposed to a lyo 
philiZed product. The advantage of obtaining a stable soluble 
preparation lies in easier handling for the patient, and, in the 
case of emergencies, quicker action, Which potentially can 
become life saving. Attempts to prevent proteolytic degra 
dation by site directed mutagenesis at major proteolytic sites 
have been disclosed in WO 88/10295. 

[0132] WO 01/58935 discloses a number of suitable modi 
?cations leading to an increase in AUCiv, functional in vivo 
half-life and/ or serum half-life. The variants disclosed in 
WO 01/58935 are the result of a generally neW strategy for 
developing improved FVH or FVlla molecules, Which may 
also be used for the parent FVH or FVlla polypeptide of the 
present invention. 

[0133] More speci?cally, by removing and/or introducing 
an amino acid residue comprising an attachment group for a 
non-polypeptide moiety in the parent FVII or FVlla 
polypeptide it is possible to speci?cally adapt the polypep 
tide so as to make the molecule more susceptible to conju 
gation to a non-polypeptide moiety of choice, to optimiZe 
the conjugation pattern (eg to ensure an optimal distribu 
tion and number of non-polypeptide moieties on the surface 
of the FVH or FVlla polypeptide variant and to ensure that 
only the attachment groups intended to be conjugated is 
present in the molecule) and thereby obtain a neW conjugate 
molecule Which has amidolytic activity and in addition one 
or more improved properties as compared to rhFVlla 

[0134] In interesting embodiments of the present inven 
tion more than one amino acid residue located outside the 
Gla domain is altered, eg the alteration embraces removal 
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as Well as introduction of amino acid residues comprising an 
attachment group for the non-polypeptide moiety of choice. 
In addition to the removal and/or introduction of amino acid 
residues the polypeptide variant may comprise other substi 
tutions that are not related to introduction and/ or removal of 
amino acid residues comprising an attachment group for the 
non-polypeptide moiety. 
[0135] Also, the polypeptide variant may be attached to a 
serine proteinase inhibitor to inhibit the catalytic site of the 
polypeptide variant. Alternatively, one or more of the amino 
acid residues present in the catalytic site (S344, D242 and 
H193) may be mutated in order to render the resulting 
variant inactive. One example of such a mutation is S344A. 

[0136] The amino acid residue comprising an attachment 
group for a non-polypeptide moiety, Whether it be removed 
or introduced, is selected on the basis of the nature of the 
non-polypeptide moiety of choice and, in most instances, on 
the basis of the method in Which conjugation betWeen the 
polypeptide variant 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 poly 
alkylene oxide derived molecule, amino acid residues com 
prising an attachment group may be selected from the group 
consisting of lysine, cysteine, aspartic acid, glutamic acid, 
histidine, and tyrosine, preferably lysine, cysteine, aspartic 
acid and glutamic acid, more preferably lysine and cysteine, 
in particular cysteine. 

[0137] Whenever an attachment group for a non-polypep 
tide moiety is to be introduced into or removed from the 
parent polypeptide, the position of the amino acid residue to 
be modi?ed is preferably located at the surface of the parent 
FVII or FVIIa polypeptide, and more preferably occupied by 
an amino acid residue Which has at least 25% of its side 
chain exposed to the surface (as de?ned in Example 1 
herein), preferably at least 50% of its side chain exposed to 
the surface (as de?ned in Example 1 herein). Such positions 
have been identi?ed on the basis of an analysis of a 3D 
structure of the hFVII or hFVIIa molecule as described in 
W0 01/ 58935. 

[0138] Furthermore, the position to be modi?ed is prefer 
ably selected from a part of the FVII or FVIIa molecule that 
is located outside the tissue factor binding site, and/or 
outside the active site region, and/or outside the ridge of the 
active site binding cleft. These sites/regions are identi?ed in 
Example 1 herein and in WO 01/58935. 

[0139] In case of removal of an attachment group, the 
relevant amino acid residue comprising such group and 
occupying a position as de?ned above is preferably substi 
tuted With a different amino acid residue that does not 
comprise an attachment group for the non-polypeptide moi 
ety in question. Normally, the amino acid residue to be 
removed is one to Which conjugation is disadvantageous, 
eg an amino acid residue located at or near a functional site 
of the polypeptide (since conjugation at such a site may 
result in inactivation or reduced activity of the resulting 
conjugate due to, e.g., 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 FVII or FVIIa. 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 
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identi?ed by analysis of a structure of the FVIIa-tissue factor 
complex (See Banner et al., Nature 1996; 380:41-46). 

[0140] In case of introduction of an attachment group, an 
amino acid residue comprising such group is introduced into 
the relevant position, preferably by substitution of the amino 
acid residue occupying such position. 

[0141] The exact number of attachment groups present 
and available for conjugation in the FVII or FVIIa polypep 
tide is dependent on the effect desired to be achieved by the 
conjugation. The effect to be obtained is, e.g., dependent on 
the nature and degree of conjugation (e. g. the identity of the 
non-polypeptide moiety, the number of non-polypeptide 
moieties desirable or possible to conjugate to the polypep 
tide variant, Where they should be conjugated or Where 
conjugation should be avoided, etc.). 

[0142] The total number of amino acid residues to be 
modi?ed outside the Gla domain in the parent FVII or FVIIa 
polypeptide (as compared to the amino acid sequence shoWn 
in SEQ ID NO:1) Will typically not exceed 10. Preferably, 
the FVII or FVIIa variant comprises an amino acid sequence 
Which differs in 1-10 amino acid residues from amino acid 
residues 46-406 shoWn in SEQ ID NO:1, typically in 1-8 or 
in 2-8 amino acid residues, eg in 1-5 or in 2-5 amino acid 
residues, such as in 1-4 or in 1-3 amino acid residues, eg 
in 1, 2 or 3 amino acid residues from amino acid residues 
46-406 shoWn in SEQ ID NO:1. 

[0143] Analogously, the polypeptide variant of the inven 
tion may contain 1-10 (additional) non-polypeptide moi 
eties, typically 1-8 or 2-8 (additional) non-polypeptide moi 
eties, preferably 1-5 or 2-5 (additional) non-polypeptide 
moieties, such as 1-4 or 1-3 (additional) non-polypeptide 
moieties, eg 1, 2 or 3 (additional) non-polypeptide moi 
eties. It Will be understood that such additional non-polypep 
tide moieties are covalently attached to an attachment group 
located outside the Gla domain. 

Polypeptide Variants of the Invention Where the Non 
Polypeptide Moiety is a Sugar Moiety 

[0144] In a preferred embodiment of the invention, an 
attachment group for a sugar moiety, such as a glycosylation 
site, in particular an in vivo glycosylation site, such as an in 
vivo N-glycosylation site, has been introduced and/or 
removed, preferably introduced, in a position located outside 
the Gla domain. 

[0145] When used in the present context, the term “natu 
rally occurring glycosylation site” covers the glycosylation 
sites at postions N145, N322, S52 and S60. The term 
“naturally occurring in vivo O-glycosylation site” includes 
the positions S52 and S60, Whereas the term “naturally 
occurring in vivo N-glycosylation site” includes positions 
N145 and N322. 

[0146] Thus, in a very interesting embodiment of the 
invention, the non-polypeptide moiety is a sugar moiety and 
the introduced attachment group is a glycosylation site, 
preferably an in vivo glycosylation site, such as an in vivo 
O-glycosylation site or an in vivo N-glycosylation site, in 
particular an in vivo N-glycosylation site. Typically, 1-10 
glycosylation sites, in particular in vivo N-glycosylation 
sites, have been introduced, preferably 1-8, 1-6, 1-4 or 1-3 
glycosylation sites, in particular in vivo N-glycosylation 
sites, have been introduced in one or more positionss located 
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outside the Gla domain. For example 1, 2 or 3 glycosylation 
sites, in particular in vivo N-glycosylation sites, may have 
been introduced outside the Gla domain, preferably by 
substitution. 

[0147] It Will be understood that in order to prepare a 
polypeptide variant Wherein the polypeptide variant com 
prises one or more glycosylation sites, the polypeptide 
variant must be expressed in a host cell capable of attaching 
sugar (oligosaccharide) moieties at the glycosylation site(s) 
or alternatively subjected to in vitro glycosylation. 
Examples of glycosylating host cells are given in the section 
further beloW entitled “Coupling to a sugar moiety”. 

[0148] Examples of positions Wherein the glycosylation 
sites, in particular in vivo N-glycosylation sites, may be 
introduced include amino acid residues having at least 25% 
of their side chain exposed to the surface (as de?ned in 
Example 1 herein), such as at least 50% of the side chain 
exposed to the surface. The position is preferably selected 
from a part of the molecule that is located outside the tissue 
factor binding site and/or the active site region and/or 
outside the ridge of the active site cleft, as de?ned in 
Example 1 herein. It should be understood that When the 
term “at least 25% (or at least 50%) of its side chain exposed 
to the surface” is used in connection With introduction of an 
in vivo N-glycosylation site this term refers to the surface 
accessibility of the amino acid side chain in the position 
Where the sugar moiety is actually attached. In many cases 
it Will be necessary to introduce a serine or a threonine 
residue in position +2 relative to the asparagine residue to 
Which the sugar moiety is actually attached, and these 
positions Where the serine or threonine residues are intro 
duced are alloWed to be buried, i.e. to have less than 25% of 
their side chains exposed to the surface. 

[0149] Speci?c and preferred examples of such substitu 
tions creating an in vivo N-glycosylation site include a 
substitution selected from the group consisting of A51N, 
G58N, T106N, K109N, G124N, Kl43N+Nl45T, A175T, 
I205S, I205T, V253N, T267N, T267N+S269T, S314N+ 
K316S, S314N+K316T, R315N+V317S, R315N+V317T, 
K316N+G318S, K316N+G318T, G318N, D334N and com 
binations thereof. More preferably, the in vivo N-glycosy 
lation site is introduced by a substitution selected from the 
group consisting of ASIN, G58N, T106N, K109N, G124N, 
Kl43N+Nl45T, A175T, I205T, V253N, T267N+S269T, 
S314N+K316T, R315N+V317T, K316N+G318T, G318N, 
D334N and combinations thereof. Even more preferably, the 
in vivo N-glycosylation site is introduced by a substitution 
selected from the group consisting of T106N, A175T, I205T, 
V253N, T267N+S269T and combinations thereof, in par 
ticular one, tWo or three of T106N, I205T and V253N. 

[0150] In one embodiment, only one in vivo N-glycosy 
lation site has been introduced by substitution. In another 
embodiment, tWo or more (such as tWo) in vivo N-glyco 
sylation sites have been introduced by substitution. 
Examples of preferred substitutions creating tWo in vivo 
N-glycosylation sites include substitutions selected from the 
group consisting of A51N+G58N, A51N+T106N, A51N+ 
K109N, A5lN+Gl24N, A51N+K143N+N145T, A51N+ 
A175T, A51N+I205T, A5lN+V253N, A5lN+T267N+ 
S269T, A51N+S314N+K316T, A51N+R315N+V317T, 
A51N+K316N+G318T, A51N+G318N, A5lN+D334N, 
G5 8N+T106N, G5 8N+K109N, G58N+G124N, G5 8N+ 
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[0151] In a further embodiment, three or more (such as 
three) in vivo N-glycosylation sites have been introduced by 
substitution. Examples of preferred substitutions creating 
three in vivo N-glycosylation sites include substitutions 
selected from the group consisting of I205T+V253N+ 
T267N+S269T and T106N+I205T+V253N. 

[0152] As discussed above, it is preferred that the in vivo 
N-glycosylation site is introduced in a position Which does 
not form part of the tissue factor binding site, the active site 
region or the ridge of the active site binding cleft as de?ned 
herein. 

[0153] It Will be understood that any of the modi?cations 
mentioned in the above sections may be combined With each 
other, in addition to being combined With the above-de 
scribed substitutions in position 34 and/or 36, in particular 
A34E/L and/or R36E, and preferably in combination With 
the above-described substitutions in position 10 and/or 32, 
in particular P10Q and/or K32E. Among the above-identi 
?ed modi?cations for introduction of an in vivo N-glyco 
sylation site, preferred modi?cations include one, tWo or 
three ofTl06N, I205T and V253N, in particular tWo ofthese 
modi?cations, i.e. Tl06N+I205T, T106N+V253N or 
I205T+V253N. 
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[0154] Thus, in one preferred embodiment of the inven 
tion the FVII or FVIIa variant comprises the modi?cations 

P10Q+K32E+A34E+R36E+Tl06N+I205T. 
[0155] In a further preferred embodiment the FVII or 
FVIIa variant comprises the modi?cations P10Q+K32E+ 
A34E+R36E+Tl06N+V253N. 

[0156] In a further preferred embodiment the FVII or 
FVIIa variant comprises the modi?cations P10Q+K32E+ 
A34E+R36E+I205T+V253N. 

[0157] In a further preferred embodiment the FVII or 
FVIIa variant comprises the modi?cations P10Q+K32E+ 
A34L+Tl06N+I205T. 

[0158] In a further preferred embodiment the FVII or 
FVIIa variant comprises the modi?cations P10Q+K32E+ 
A34L+Tl06N+V253N. 

[0159] In a further preferred embodiment the FVII or 
FVIIa variant comprises the modi?cations P10Q+K32E+ 
A34L+I205T+V253N. 

[0160] In a further preferred embodiment the FVII or 
FVIIa variant comprises the modi?cations P10Q+K32E+ 
A34L+R36E+Tl06N+I205T. 

[0161] In a further preferred embodiment the FVII or 
FVIIa variant comprises the modi?cations P10Q+K32E+ 
A34L+R36E+Tl06N+V253N. 

[0162] In a further preferred embodiment the FVII or 
FVIIa variant comprises the modi?cations P10Q+K32E+ 
A34L+R36E+I205T+V253N. 

[0163] As is also explained above, any one or more of 
these modi?cations may in addition be combined With 
insertion of at least one amino acid residue, typically a single 
amino acid residue, betWeen position 3 and 4, Where the 
inserted residue is preferably a hydrophobic amino acid 
residue. Most preferably the insertion is A3AY. Thus, in 
additional preferred embodiments of the invention the FVII 
or FVIIa variant comprises modi?cations selected from: 

[0165] 
V253N; 

[0166] 
V253N; 

[0167] 
[0168] 
[0169] 
[0170] 
I205T; 

[0171] 
V253N; 

[0172] 
V253N. 

Other Modi?cations Outside the Gla Domain 

[0173] In a further embodiment of the present invention, 
the FVII or FVIIa variant may, in addition to the modi?ca 
tions described in the sections above, also contain mutations 
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Which are already knoWn to increase the intrinsic activity of 
the polypeptide, for example those described in WO 
02/22776. 

[0174] For example, the variant may comprise at least one 
modi?cation in a position selected from the group consisting 
of 157, 158, 296, 298, 305, 334, 336, 337 and 374. Examples 
of preferred substitutions include substitutions selected from 
the group consisting ofVl58D, E296D, M298Q, L305V and 
K337A. More preferably, said substitutions are selected 
from the group consisting of V158D+E296D+M298Q+ 
L305V+K337A, V158D+E296D+M298Q+K337A, 
V158D+E296D+M298Q+L305V, V158D+E296D+M298Q, 
M298Q, L305V+K337A, L305V and K337A. 

[0175] In a further embodiment of the present invention, 
the FVII or FVIIa variant may, in addition to the modi?ca 
tions described in the sections above, also contain other 
mutations, such as the substitution K341Q disclosed by 
NeuenschWander et al, Biochemistry, 1995; 34:8701-8707. 
Other possible additional substitutions include D196K, 
D196N, G237L, G237GAA and combinations thereof. 

[0176] Additional detailed information on conjugation of 
FVII and FVIIa variants to non-polypeptide moieties is 
found in WO 01/58935 and WO 03/093465, to Which 
reference is made and Which are incorporated herein by 
reference. 

Methods of Preparing a Conjugated Variant of the Invention 

[0177] In general, a conjugated variant according to the 
invention may be produced by culturing an appropriate host 
cell under conditions conducive for the expression of the 
variant polypeptide, and recovering the variant polypeptide, 
Wherein a) the variant polypeptide comprises at least one N 
or O-glycosylation site and the host cell is an eukaryotic host 
cell capable of in vivo glycosylation, and/or b) the variant 
polypeptide is subjected to conjugation to a non-polypeptide 
moiety in vitro. 

Conjugation to a Polymer Molecule 

[0178] The polymer molecule to be coupled to the variant 
polypeptide may be any suitable polymer molecule, such as 
a natural or synthetic homo-polymer or hetero-polymer, 
typically With a molecular Weight in the range of about 
300-l00,000 Da, such as about 500-20,000 Da, more pref 
erably in the range of about 500-l5,000 Da, even more 
preferably in the range of about 2-12 kDa, such as in the 
range of about 3-10 kDa. When the term “about” is used 
herein in connection With a certain molecular Weight, the 
Word “about” indicates an approximate average molecular 
Weight and re?ects the fact that there Will normally be a 
certain molecular Weight distribution in a given polymer 
preparation. 

[0179] 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 
comprising different coupling groups, such as a hydroxyl 
group and an amine group. 

[0180] Examples of suitable polymer molecules include 
polymer molecules selected from the group consisting of 
polyalkylene oxide (PAO), including polyalkylene glycol 
(PAG), such as polyethylene glycol (PEG) and polypropy 
lene glycol (PPG), branched PEGs, poly-vinyl alcohol 
(PVA), poly-carboxylate, poly-(vinylpyrolidone), polyethyl 
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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, Water soluble, 
and are easily excreted from living organisms. 

[0181] PEG is the preferred polymer molecule, since it has 
only feW reactive groups capable of cross-linking compared 
to, e.g., polysaccharides such as dextran. In particular, 
monofunctional PEG, e.g. methoxypolyethylene glycol 
(mPEG), is of interest since its coupling chemistry is rela 
tively simple (only one reactive group is available for 
conjugating With attachment groups on the polypeptide). 
Consequently, as the risk of cross-linking is eliminated, the 
resulting conjugated variants are more homogeneous and the 
reaction of the polymer molecules With the variant polypep 
tide is easier to control. 

[0182] To e?fect covalent attachment of the polymer mol 
ecule(s) to the variant polypeptide, the hydroxyl end groups 
of the polymer molecule must be provided in activated form, 
i.e. With reactive functional groups (examples of Which 
include primary amino groups, hydraZide (HZ), thiol, suc 
cinate (SUC), succinimidyl succinate (SS), succinimidyl 
succinamide (SSA), succinimidyl propionate (SPA), succin 
imidyl butyrate (SBA), succinimidyl carboxymethylate 
(SCM), benZotriaZole carbonate (BTC), N-hydroxysuccin 
imide (NHS), aldehyde, nitrophenylcarbonate (NPC), and 
tresylate (TRES)). Suitable activated polymer molecules are 
commercially available, eg from Nektar Therapeutics, 
Huntsville, Ala., USA, or from PolyMASC Pharmaceuticals 
plc, UK. 

[0183] Speci?c examples of activated linear or branched 
polymer molecules for use in the present invention are 
described in the Nektar Molecule Engineering Catalog 2003 
(Nektar Therapeutics), incorporated herein by reference. 

[0184] 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. Additional 
publications disclosing useful polymer molecules, PEGyla 
tion chemistries and conjugation methods are listed in WO 
01/58935 and WO 03/093465. 

[0185] Speci?c examples of activated PEG polymers par 
ticularly preferred for coupling to cysteine residues, include 
the folloWing linear PEGs: vinylsulfone-PEG (VS-PEG), 
preferably vinylsulfone-mPEG (VS-mPEG); maleimide 
PEG (MAL-PEG), preferably maleimide-mPEG (MAL 
mPEG) and orthopyridyl-disul?de-PEG (OPSS-PEG), pref 
erably orthopyridyl-disul?de-mPEG (OPSS-mPEG). 
Typically, such PEG or mPEG polymers Will have a siZe of 
about 5 kDa, about 10 kD, about 12 kDa or about 20 kDa. 

[0186] The skilled person Will be aWare that the activation 
method and/or conjugation chemistry to be used depends on 

Nov. 9, 2006 

the attachment group(s) of the variant 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, succinimidyl, 
maleimide, vinysulfone or haloacetate). The PEGylation 
may be directed toWards conjugation to all available attach 
ment groups on the variant 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 as described in US. 
Pat. No. 5,985,265 or to cysteine residues. Furthermore, the 
conjugation may be achieved in one step or in a stepWise 
manner (eg as described in WO 99/55377). 

[0187] For PEGylation to cysteine residues (see above) the 
FVII or FVIIa variant is usually treated With a reducing 
agent, such as dithiothreitol (DDT) prior to PEGylation. The 
reducing agent is subsequently removed by any conven 
tional method, such as by desalting. Conjugation of PEG to 
a cysteine residue typically takes place in a suitable buffer at 
pH 6-9 at temperatures varying from 40 C. to 250 C. for 
periods up to 16 hours. 

[0188] It Will be understood that the PEGylation is 
designed so as to produce the optimal molecule With respect 
to the number of PEG molecules attached, the siZe and form 
of such molecules (e. g. Whether they are linear or branched), 
and the attachment site(s) in the variant polypeptide. The 
molecular Weight of the polymer to be used may eg be 
chosen on the basis of the desired effect to be achieved. 

[0189] In connection With conjugation to only a single 
attachment group on the protein (e. g. the N-terminal amino 
group), it may be advantageous that the polymer molecule, 
Which may be linear or branched, has a high molecular 
Weight, preferably about 10-25 kDa, such as about 15-25 
kDa, eg about 20 kDa. 

[0190] Normally, the polymer conjugation is performed 
under conditions aimed at reacting as many of the available 
polymer attachment groups as possible With polymer mol 
ecules. This is achieved by means of a suitable molar excess 
of the polymer relative to the polypeptide. Typically, the 
molar ratios of activated polymer molecules to polypeptide 
are up to about 1000-1, such as up to about 200-1, or up to 
about 100-1. In some cases the ration may be someWhat 

loWer, hoWever, such as up to about 50-1, 10-1, 5-1, 2-1 or 
1-1 in order to obtain optimal reaction. 

[0191] It is also contemplated according to the invention 
to couple the polymer molecules to the polypeptide through 
a linker. Suitable linkers are Well knoWn to the skilled 
person; see also WO 01/58935. 

[0192] Subsequent to the conjugation, residual activated 
polymer molecules are blocked according to methods knoWn 
in the art, eg by addition of primary amine to the reaction 
mixture, and the resulting inactivated polymer molecules are 
removed by a suitable method. 

[0193] It Will be understood that depending on the cir 
cumstances, eg the amino acid sequence of the variant 
polypeptide, the nature of the activated PEG compound 
being used and the speci?c PEGylation conditions, includ 
ing the molar ratio of PEG to polypeptide, varying degrees 
of PEGylation may be obtained, With a higher degree of 
PEGylation generally being obtained With a higher ratio of 
PEG to variant polypeptide. The PEGylated variant 



US 2006/0252128 A1 

polypeptides resulting from any given PEGylation process 
Will, however, normally comprise a stochastic distribution of 
conjugated polypeptide variants having slightly different 
degrees of PEGylation. 

Coupling to a Sugar Moiety 

[0194] In order to achieve in vivo glycosylation of a FVII 
molecule comprising one or more glycosylation sites the 
nucleotide sequence encoding the variant polypeptide must 
be inserted in a glycosylating, eucaryotic expression host. 
The expression host cell may be selected from fungal 
(?lamentous fungal or yeast), insect or animal cells or from 
transgenic plant cells. In one embodiment the host cell is a 
mammalian cell, such as a CHO cell, BHK or HEK, e.g. 
HEK 293, cell, or an insect cell, such as an SP9 cell, or a 
yeast cell, e.g. Saccharomyces cerevisiae or Pichia pasloris, 
or any of the host cells mentioned hereinafter. 

[0195] Covalent in vitro coupling of sugar moieties (such 
as dextran) to amino acid residues of the variant polypeptide 
may also be used, eg as described, for example in WO 
87/05330 and in Aplin et al., CRC Crit Rev. Biochem, pp. 
259-306, 1981. See also WO 03/093465 for further infor 
mation on in vitro glycosylation of variants of FVII or 
FVIIa. 

Attachment of Serine Protease Inhibitor 

[0196] Attachment of a serine protease inhibitor can be 
performed in accordance With the method described in W0 
96/ 12800. 

Methods of Preparing a Polypeptide Variant of the Invention 

[0197] The polypeptide variant of the present invention, 
optionally in glycosylated form, may be produced by any 
suitable method knoWn in the art. Such methods include 
constructing a nucleotide sequence encoding the polypep 
tide variant and expressing the sequence in a suitable 
transformed or transfected host. Preferably, the host cell is a 
gamma-carboxylating host cell such as a mammalian cell. 
HoWever, polypeptide variants of the invention may be 
produced, albeit less ef?ciently, by chemical synthesis or a 
combination of chemical synthesis or a combination of 
chemical synthesis and recombinant DNA technology. 

[0198] A nucleotide sequence encoding a polypeptide of 
the invention may be constructed by isolating or synthesiZ 
ing a nucleotide sequence encoding the parent FVII, such as 
hFVII With the amino acid sequence shoWn in SEQ ID N011 
and then changing the nucleotide sequence so as to effect 
introduction (i.e. insertion or substitution) or removal (i.e. 
deletion or substitution) of the relevant amino acid resi 
due(s). 
[0199] The nucleotide sequence is conveniently modi?ed 
by site-directed mutagenesis in accordance With conven 
tional methods. Alternatively, the nucleotide sequence is 
prepared by chemical synthesis, eg by using an oligonucle 
otide synthesiZer, Wherein oligonucleotides are designed 
based on the amino acid sequence of the desired polypep 
tide, and preferably selecting those codons that are favored 
in the host cell in Which the recombinant polypeptide Will be 
produced. For example, several small oligonucleotides cod 
ing for portions of the desired polypeptide may be synthe 
siZed and assembled by PCR (polymerase chain reaction), 
ligation or ligation chain reaction (LCR) (Barany, Proc Natl 
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Acad Sci USA 88:189-193, 1991). The individual oligo 
nucleotides typically contain 5' or 3' overhangs for comple 
mentary assembly. 
[0200] Once assembled (by synthesis, site-directed 
mutagenesis or another method), the nucleotide sequence 
encoding the polypeptide is inserted into a recombinant 
vector and operably linked to control sequences necessary 
for expression of the FVII in the desired transformed host 
cell. 

[0201] Persons skilled in the art Will be capable of select 
ing 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, eg a 
plasmid. Alternatively, the vector is one Which, When intro 
duced into a host cell, is integrated into the host cell genome 
and replicated together With the chromosome(s) into Which 
it has been integrated. 

[0202] The vector is preferably an expression vector, in 
Which the nucleotide sequence encoding the polypeptide 
variant 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 commer 
cially available or described in the literature. Detailed infor 
mation on suitable vectors for expressing FVII may be found 
in WO 01/58935, incorporated by reference. 
[0203] The term “control sequences” is de?ned herein to 
include all components Which are necessary or advantageous 
for the expression of the polypeptide variant of the inven 
tion. Each control sequence may be native or foreign to the 
nucleic acid sequence encoding the polypeptide variant. 
Such control sequences include, but are not limited to, a 
leader sequence, polyadenylation sequence, propeptide 
sequence, promoter, enhancer or upstream activating 
sequence, signal peptide sequence, and transcription termi 
nator. At a minimum, the control sequences include a 
promoter. 

[0204] A Wide variety of expression control sequences 
may be used in the present invention, e. g. any of the control 
sequences disclosed in WO 01/58935, incorporated by ref 
erence. 

[0205] The nucleotide sequence of the invention encoding 
a polypeptide variant, Whether prepared by site-directed 
mutagenesis, synthesis, PCR or other methods, may option 
ally include a nucleotide sequence that encode a signal 
peptide. The signal peptide is present When the polypeptide 
variant 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 variant. The signal peptide may be homologous (i.e. 
normally associated With hFVII) or heterologous (i.e. origi 
nating from another source than hFVII) to the polypeptide or 
may be homologous or heterologous to the host cell, i.e. a 
signal peptide normally expressed from the host cell or one 
Which is not normally expressed from the host cell. For 
further information on suitable signal peptides, see WO 
01/58935. 

[0206] Any suitable host may be used to produce the 
polypeptide variant, including bacteria (although not par 






















