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FACTOR: VII OR VIla GLA DOMAIN VARIANTS

FIELD OF THE INVENTION
The present invention relates to novel Gla domain variants of Fact or FVII (FVII) or
Factor V1la (FVl1la) polypeptides, as well as the use of such polypeptide v-ariants in therapy,

in particular- for the treatment of a variety of coagulation-related disorders.
BACKGROCUND OF THE INVENTION

components (or factors) that eventually results in a fibrin clot. Generally, the blood
components prarticipating in what has been referred to as the “coagulation caescade” are
proenzymes ox zymogens, i.e. enzymatically inactive proteins that are convexted into an
active form by~ the action of an activator. One of these coagulation factors is FVIL.

FVII £s a vitamin K-dependent plasma protein synthesized in the livesr and secreted
into the blood as a single-chain glycoprotein with a molecular weight of 53 kIDa (Broze &
Maijerus, J. Biod. Chem. 1980; 255:1242-1247). The FVII zyinogen is convertexd into an
activated form (CFVIla) by proteolytic cleavage at a single site, R152-1153, resualting in two
chains linked by~ a single disulfide bridge. FV1la in complex with tissue factor {FVIla
complex) is able to convert both factor IX (FIX) and factor X (FX) into their activated forms,
followed by reacttions leading to rapid thrombin production and fibrin formatiora (@stérud &
Rapaport Proc Natl Acad Sci USA 1977; 74:5260-5264). A '

FVII undergoes post- -translational modifications, including vxtamm K-dependent
carboxylation resualting in ten y—carboxyglutamxc acid residues in the N-terminal region of the
molecule. Thus, ressidues number 6, 7, 14, 16, 19, 20, 25, 26, 29 and 35 shown in SEQID
NO:1 are y-carbox-yglutamic acid residues in the Gla domain important for FVII activity.
Other post-translat@onal modifications inclﬁde sugar moiety attachment at two nat-urally
occurring N-glycos_ylation sites at posiﬁon 145 and 322, respectively, and at two raaturally
occurring O-glycoéylation sites at position 52 and 60, respectively. '

The gene ceoding for human FVII (hFVII) has been mapped to chromosome 13 at
g34-qter 9 (de Groucchy et al., Hum Genet 1984; 66:230-233). It contains nine exon_s and
spans 12.8 Kb (O’Haura et al., Proc Natl Acad Sci US4 1987; 84:5158-5162). The gene
ofganisation and prot ein structure of FVII afe similar to those of other vitamin K-de=pendent
procoégulant proteins, with exons la and 1b encoding for signal sequence; exon 2 thae

propeptide and Gla domain; exon 3 a short hydrophbbic region; exons 4 and 5 the epidermal
B
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growth factor-like domains; arnd exon 6 through 8 the serine protease catalytic domaain
(Yoshitake et al., Biochemistrv 1985; 24: 3736-3750).

Reports exist on experimental three-dimensional structures of hFVIla (Pikes et al.,
Proc Natl Acad Sci USA, 1999; 96:8925-30 and Kemball-Cook et al., J. Struct. Biol” ., 1999,
127:213-223); of hF VIIa in coemplex with soluble tissue factor using X-ray crystaliographic
methods (Banner et al., Narurez, 1996; 380:41 and Zhang et al., J. Mol. Biol., 1999; 285:

2089); and of smaller fragmen_ts of hFVII (Muranyt et al., Biochemistry, 1998; 37:1€0605 and

Kao et al., Biochemistry, 1999 ; 38:7097).

Relatively few proteim-engineered variants of FVII have heen repqrted (Dickinson &
Ruf, J Biol Chem, 1997;272:19875-19879; Kemball-Cook et al., J Biol Chent, 1998 =
273:8516-8521; Bharadwaj et al., J Biol Chem, 1996, 271 :30685-30691 ; Rufetal.,
Biochemistry, 1999; 38:1957-1966).

Reports exist on expresssion of FVII in BHK or other mammalian cells (WO
92/15686, WO 91/11514 and WO 88/10295) and co-expression of FVII ahd kex2
endoprotease in eukaryotic celds (WO 00/28065). I

Commercial preparati ons of recombinant human FVIla (thFVIIa) are sold vander the
trademark NovoScven®. NovoSeven® is indicated for the treatment of bleeding epi sodes in
hemophilia A or B patients. NOvoSeven® is the only rhFVIla for effective and reliable
treatment of bleeding episodes currently available on the market.

An inactive form of FVII in which arginine 152 and/or isoleucine 153 are modified
has been reported in WO 91/11 514. These amino acids are located at the activation ssite. WO
96/12800 describes inactivatiom of FVIIa by a serine proteinase inhibitor. Inactivatioen by
carbamylation of FVIIa at the ox-amino acid group 1153 has been described by Peterssen et al.,
Eur J Biochem, 1999,261:124- 129. The inactivated form is capable of competing wi-th wild-
type FVII or FVIla for binding to tissue factor and inhibiting clotting activity. The
inactivated form of FVIIa is su _ggested to be used for treatment of patients suffering —from

hypercoagulable states, such ass patients with sepsié or at risk of myocardial infarctiomor

~ thrombotic stroke.

In connection with treatment of uncontrolled bleedings such as trauma it is Tbelieved
that FVIIa is capable of activatang FX to FXa without binding to tissue factor, and th is
activation reaction is believed to occur primarily on activated blood platelets (Hedne_r et al.
Blood Coagulation & Fibrinolwsis, 2000;11;107-111). However, hFVIIa or rhFVIla Thas a

. low activity towards FX in the absence of tissue factor and, consequently, treatment eof

uncontrolled bleeding, for example in trauma patients, fequires relatively high and rrLultiple

2
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doses of hFV1la or thFV Ila. Therefore, in order to treat uncontrolled bleedings more
efficiently (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/increased clotting activity)- as
compared to rhFVIIa when administered in connection with uncontrolled bleedings.

Gla domain vari ants of FVII/FVIIa have been disclosed in WO 99/20767, US
6,017,882 and WO 00/66753, ‘where some residues located in the Gla domain were identified -
as being important for phiospholipid membrane binding and hence FX activation. In
particular, it was found that the residues 10 and 32 were critical and that increaced
phospholipid membrane binding affinity, and hence increased FX activation, could be
achieved by performing the mutations P10Q and K32E. In particular, it was found that F3X_
activation was enhanced as compared to thFVIla at marginal coagulation conditions, such as
under conditions where a low level of tissue factor is present.

WO 01/58935 discloses a new sfrategy for developing FVII or FVIIa molecules
having inter alia an increased half-life by means of directed glycosylation or PEGylation.

WO 03/093465 discloses FVII or FVIla variants having certain modifications in the
Gla domain and having onie or more N-glycosylation sites introduced outside the Gla domzain.

WO 2004/02909 1 discloses FVII or FVIla variants having certain modifications im
the tissue factor binding site.

The present inventors have now identified further residues in the Gla domain which
further increase the phospholipid membrane binding affinity and hence further increase F3X_
activation. The FVII or FWVIla variants of the invention may also exhibit reduced tissue facgor
binding affinity.

The object of the present invention is to provide improved FVII or FVIla moleculess
(FVII or FVI]a variants) which are capable of activating FX to FXa more efficiently than
hFVIla, rhFVIla or [P10Q+K32E]rhFVIia. In particular, it is an object of the present
invention to provide improved FVII or FVIIa molecules (FVII or FVIIa variants) which ares

capable of activating FX to FXa more efficiently than hFVlia, thFVIla or

. [P10Q+K32E]rhFVIla in the absence of tissue factor. These objects are addressed by the

FVII or FVIla variaats provxded herein.

BRIEF DISCLOSURE OF THE INVENTION .
In a first aspect th.e present invention relates to a Factor VII (FVTI) or Factor VIIa

(FVIla) polypeptide varianxt having an amino acid sequence comprising 1-15 amino acid

3
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modifications relative to huma.n Factor VII (hFVII) or human Factor VIIa (hFVIla) wi th the
amino acid sequence shown in SEQ ID NO:1, wherein a hydrophobic amino acid resic3ue has
been introduced by substitutiom in position 34.

In a second aspect thes invention relates to a Factor VII (FVII) or Factor VIla & FVlIla)
polypeptide variant having an @mino acid sequence comprising 1-15 amino acid
modifications relative to huma n Factor VII (hFVII) or human Factor V1la (hFVIla) wi-th the
amino acid sequence shown in SEQ ID NO:1, wherein ihe amino acid sequence compcisés an

amino acid substitution in posi-tion 36.

Tn o thivd nanan
d wiilG asped

polypeptide variant having an zamino acid sequence comprising 3-15 amino acid

modifications relative to huma n Factor VII (hFVII) or human Factor Vlla (hFVIIé) ha—ving
the amino acid sequence showm in SEQ ID NO:1, wherein amino acid sequence compr=ises an
amino acid substitution in posi tions 10 and 32 and at least one further amino acid subs titution
in a position sclected from the group consisting of positions 74, 77 and 116.

Further aspects of the invention relate to a nucleotide sequence encoding the
polypeptide variants of the inv=ention, an expression vector comprising the nucleotide
sequence, and a host cell comperising the nucleotide sequence or expression vector .

Still further aspects of the invention relate to a pharmaceutical composition
comprising the polypeptide vax-iants of the invention, use of the polypeptide variants o—f the
invention or the pharmaceuticaal composition of the invention as a medicament, as welll as
methods of treatment using the= polypeptide variants or pharmaceutical compositions o fthe
invention. .

Further aspects of the present invention will be apparent from the description  below

as well as from the appended c=laims.

BRIEF DESCRIPTION OF ~THE DRAWINGS _

Figure 1 shows the clotting time vs. concentration for variants of the inventiomn when
assayed in the “Whole Blood Assay”.

Fi gufe 2 Shows the maximum tissue factor-dependent thrombin generation ratce for
vanants of the invention deterrmined in the “Thrombogram Assay”.

Figure 3 shows the maximum phospholipid-dependent thrornbm generation rzate for

variants of the invention deterrmined in the “Thrombogram Assay .
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DETAILED DISCLOSURE OF THE INVENTION

Defi nitions

In the context of the present description and claimss the following definitions apply:

The term "FVII” or “FVII polypeptide” refers to a “FVII molecule provided in single
chaim form. One example of a FVII polypeptide is the wild-type human FVII (hFVII) having
the aamino acid sequence shown in SEQ ID NO:1. It should “be understood, however, that the
terms. “FVII polypeptide” also covers hFVII-like molecules, such as fragments or variants of
SEG ID NO:1, in particular varian ‘
15, poreferably up to 10, amino acid modifications as compamred to SEQ ID NO:1.

The term ”FVIia” or “FVIla polypeptide” refers to aFVIla molecule provided in-its
activated two-chain form. When the amino acid sequence off SEQ ID NO:1 is used to
describe the amino acid sequence of FVIIa it will be undersstood that the peptide bond
betwseen R152 and 1153 of the single-chain form has been cMeaved, and that one of the chains
com-prises amino acid residues 1-152, the other chain compr-ises amino acid residues 153-
406.

The terms “rFVII” and "rFVIIa” refer to FVII and ¥FVIla polypeptidés produced by
recoambinant techniques.

The terms “hFVII” and “hFVIa” refer to human w ild-type FVII and FVIla,
respectively, having the amino acid sequence shown in SE(Q ID NO:1 V

The terms “rthFVII” and “rhFV1la” refer to human -wild-type FVII and FVIla, having
the amino acid sequence shown in SEQ ID NO:1, produced by recombinant means. An
examnple of thFVIIa is NovoSeven®. .

When used herein, the term “Gla domain” is intendled to cover amino acid residues
1 to 45 of SEQ ID NO:1. -

Accordingly, the term “position located outside the= Gla domain” covers amino acid
residiues 46-406 of SEQ ID NO:1. | -

~ The abbreviations “FX”, “TF” and “TFPYI” mean Faactor X, Tissue Factor and Tissue
Factor Pathway Inhibitor, respectively. ' | '

The term “protease domain® is used about residues 153-406 counted from the N-
terminus. |

The term “catélytic site” is used to mean the cataly~tic ﬁia‘d consisting of S344, D242
and ¥193 of the polypeptide variant. " '
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| The term “parent” is intended to indicate the molecule to be modified/improved in
acco-rdance with the present invention. Although the parent polypeptide to be modified by the
preseent invention may be any FVII or FVIIa polypeptide, an d thus be derived from any
origin, e.g. a non-human mammalian origin, it is preferred that the parent polypeptide is
hFV 1l or hFVIIa. ,

A “variant” is a polypeptide which differs in one or- more amino acid residues from

its p arent polypeptide, normally in 1-15 amino acid residues (e.g.in 1,2,3,4,5,6,7,8,9,
10, A1, 12, 13, 14 or 15 amino acid residues), such as in 1-10 amino acid residues, e.g. in 1-8,

NTF meee <11,

- . ey .
1-6, 1-5 or i-3 amino acid residues. Not i3 hFVIIor hEFVII

The term “conjugate” (or interchangeably “conjugéted polypeptide”) is intended to
indiccate 2 heterogeneous (in the sense of composite or chimesric) molecule formed by the
covalent attachment of one or more polypeptides to one or nore non-polypeptide moieties
such as polymer molecules, lipophilic compounds, sugar moieties or organic derivatizing
agents. Preferably, the conjugate is soluble at relevant concesntrations and conditions, i.c.
solu'ble in physiological fluids such as blood. Examples of c onjugated polypeptides of the
inve=ntion include glycosylated and/or PEGylated polypepticles.

The term “covalent attachment” or “covalently atta<ched” means that the polypeptide
varizant 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. .

The term “‘non-polypeptide moiety” is intended to mean a xﬁolecule, different from
a peptide polymer composed of amino acid monomers.and 11inked together by peptide bonds,
which molecule is capable of conjugating to an attachment gzroup of the polypeptide variant
of thie invention. Preferred examples of such molecules incluide polymer molecules, sugar
moi-eties, lipophilic compounds or organic derivatizing agermts. When used in the context of a
conjpugated variant of the invention it will be understood tha t the non-polypeptide moiety is
link<ed to the polypeptide part of the ébnjugated'variant throwgh an attachment group of the
polypcptidé. As explained above, the non-polypeptide moiety can Be directly or indirectly
covalently joined to the attachment group. o

A polymer molecule” is'a molecule formed by cdwalent linkage of two or niore
moraomers, wherein none of the mﬁnomers is an amino acid residue, éxcept where the
poly/mer is human albumin or another abundant plasma prot.ein. The term “polymer” may be
usecd interchangeably with the term “polymer molecule”. Thee term is also intended to cover

carbwohydrate molecules attached by in vitro glycosylation, i .. a synthetic glycosylation

6 -
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performed in vitro normally involving covalently link<ing a carbohydrate molecule to an
attachment group of the polypeptide variant, optionaXly using a cr()ss—linking agent.

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 varian® conjugate in the form of a glycosylated
polypeptide variant) by way of in vivo glycosylation. The term “in vivo glycosylation” is
intended to mean any attachment of a sugar moiety osccurring. in vivo, 1.e. during
posttranslational processing in a glycosylating cell ussed for expression of the polypeptide

ot s a o b stoery AENT _1ielrnd
1 1 i

Varia -l‘L, ¢.g. by way ) A M _13nlrad nlu

and O-linked g
structure depends, to a large extent, on the glycosylaging organism in question.

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 most preferably thhreonine. Preferably, the amino acid
residuc in position +3 relative to the asparagine residiue is not a proline residue.

An “O-glycosylation site” 1s the OH-group «of a serine or threonine residue.

The term attachment group” is intended to indicate a functional group of the
polypeptide variant, in particular of an amino acid re-sidue thereof or a carbohydrate moiety,
capable of attaching a non-polypeptide moiety such &s a polymer molecule, a lipophilic
molecule, a sugar moiety or an organic derivatizing aagent. Useful attachment groups and

their matching non-polypeptide inoie;ies are apparemt from the table below.

Attachment | Amino acid | Examples of non- C onjugation Reference
group polypeptide moiety | rmethod/- v
Activated PEG'
-NH; . N-terminal, | Polymer, e.g. PEG, | rmPEG-SPA Nektar Therapeutics
Lys with amide or imine | Wresylated mPEG | Delgado et al, Critical
' group . ' reviews in -
' Therapeutic Drug

"Carrier Systems
9(3,4):249-304
(1992) .

‘98 moiety

-COOH C-terminal, | Polymer, e.g. PEG, | rmPEG-Hz - Nektar Therapeutics

Asp, Glu with ester or amide
group

Carbohydrate A vitro coupling
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-SH Cys Polymer, e.g. PEG, | PEG-vinylsul- Nektar Therapeutics
with disulfide, phone Delgado et al, Critical
maleimide or vinyl | PEG-maleimide reviews in
sulfone group Therapeutic Drug

Carrier Systems
Carbohydrate In vitro coupling | 9(3,4):249-304
moiety (1992)
-OH Ser, Thr, Sugar moiety In vivo O-linked
' Lys, OH- glycosylation
PEG with ester,
ether, carbamate,
carbonate
-CONH2 Asn as part | Sugar moiely I vive N-
of an N- glycosylation
glycosyla- | Polymer, e.g. PEG
tion site

Aromatic Phe, Thyr, Carbohydrate In vitro coupling

residue Trp moiety :

-CONH, Gln Carbohydrate In vitro coupling | Yan and Wold,
moiety Biochemistry, 1984,

Jul 31; 23(16): 3759-
65
Aldehyde Oxidized Polymer, e.g. PEG, | PEGylation Andresz et al., 1978,
Ketone oligo- PEG-hydrazide - Macromol. Chem.
saccharide 179:301, WO
92/16555, WO
00/23114
Guanidino | Arg Carbohydrate In vitro coupling | Lundblad and Noyes,
moiety Chemical Reagents
for Protein
Modification, CRC
Press Inc., Florida,
' USA

Imidazole | His Carbohydrate | In vitro coupling | As for guanidine

nng moiety ‘

For in vivo N-glycosylation, the term “attachment 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.

Accbrdingly, when the non-polypeptide rmoiety is a sﬁgar moiety and the

conjugation is to be achieved by in vivo N-glycosylation, the term *“amino acid residue

comprising 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

8
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one or more amino acid residues constitutings 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.

In the present application, amino ac id names and atom names (e.g. CA, CB, CD,
CG, SG,NZ, N, O, C, etc) are used as defined by the Protein DataBank (PDB)
(www.pdb.org) based on the IUPAC nomenclature (IUPAC Nomenclature and Symbolism
for Amino Acids and Peptides (residue namess, 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 in tended to inciude any naturai or synihetic arnino
acid residue, and is primarily intended to ind.icate an amino acid residue contained in the
group consisting of the 20 naturally occurrin g amino acids, i.e. selected from the group
consisting of alanine (Ala or A), cysteine (C=ys 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 (Gln or Q), argdinine (Arg or R), serine (Ser or 5), threonine v
(Thr or T), valine (Val or V), tryptophan (Trp or W), and tyrosine (Tyr or Y) residues.

The terminology used for identifyirg amino acid positions is illustrated as follows:
G124 indicates that position 124 is occupied by a glycine residuc in the amino acid scquence
shown in SEQ ID NO:1. G124R indicates thaat the glycine residue of position 124 has been -
substituted with an arginine residue. Alternattive 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 sequeence which comprises a substitution of the lysine

residue in position 143 with an asparagine res=sidue and a substitution of the asparagine residue
in position 145 with a serine or a threonine reesidue. Insertion of an additional amino acid
residue, e.g. insertion of an alanine residue a fter 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 aminq acid
residue(s) is (are) inserted between amino ac-1d residﬁc 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*.

Unless otherwise indicated, the nurrabering of amino acid residues made herein is

’ made relative to the amino acid sequence of -the hFVII/hF Vila polypeptide (SEQ ID NO:1).



20

25

WO 2004/111242 PCT/DK2004/000428

The term “differs from” as used in connection wi.th specific mutations is intended to
allow for additional differences being present apart from tThe specified amino acid difference.
For instance, in addition to the modifications performed i the Gla domain aiming at
increasing the FX activation, the polypeptide may contaim other modifications that are not
necessarily related to this effect. |

Thus, in addition to the amino acid modificationss disclosed herein, it will be
understood that the amino acid sequence of the polypepticie variant of the invention may, if
desired, contain other alterations, i.e. other substitutions, Ansertions or deletions. These may,
for exampie, inciude truncation of the N- and/or C-iermimmus by OLi€ OI MOTE dArning acid
residues (e.g. by 1-10 amino acid residues), or addition off one or more extra residues at the
N- and/or C-terminus, e.g. addition of a methionine residmue at the N-terminus or introduction
of a cysteine residue near or at the C-terminus, as well as  “‘conservative amino acid
substitutions”, i.e. substitutions pefformed within groups of amino acids with similar
characteristics, e.g. small amino acids, acidic amino acidss, polar amino acids, basic amino
acids, hydrophobic amino acids and aromatic amino acid:s.

Examples of such conservative substitutions are shown in the below table.

1 | Alanine (A) Glycine (G) Ser-ine (S) Threonine (T) |
2 | Aspartic acid (D) Glutamic acid (E)
‘ 3 | Asparagine (N) Glutamine (Q)
4 | Arginine (R) Histidine (H) Lyssine (K)
5 | Isoleucine (I) Leucine (L) Me=thionine (M) Valine (V)
6 | Phenylalanine (F) Tyrosine (Y) Trysptophan (W)

Still other examples of additional modificationss are disclosed in the sections entitled
“Modifications outside the Gla domain” and “Other mo~difications outside the Gla domain”'.
The term “nucleotide sequence” is intended to i ndicate a consecutive stretch of two

or more nucleotide molecules. The nucleotide scquence -may be of gehomic, cDNA, RNA,

'semisynthetic,.synthetic origin, or any combinations thexreof.

The term “vector” refers to a plasmid or other mucleotide 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 system) to facilitate the cloning of the nucleotide sequence, i.e. to produce useful

quantities of the sequence, to direct the expression of thee gene product encoded by the
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sequence and to integrate the nucleotide sequence into the genome of the host cell. The
vector will contain different components depending up»on the function it is to perform.

“Cell”, “host cell”, “cell line” and “cell cultur-e” are used interchangeably herein and
all such terms should be understood to include progen®y resulting from growth or culturing of
a cell.

“Transformation” and “transfection” are use interchangeably to refer to the process
of introducing DNA into a cell.

- “Operably linked” refers to the covalent joinimg of two or more nucleotide
sequences, by means of enzymaiic ligaiion or oiieiwise, in a configuration relative to one
another such that the normal function of the sequencess 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 readirmg phase. Linking is accomplished by
ligation at convenient restriction sites. If such sites do not exist, then synthetic
oligonucleotide adaptors or linkers-are used, in conjun_ction with standard recombinant DNA
methods.

In the context of the present invention the termm “modification” or “amino acid
modification” is intended to cover replacement of an amino acid side chaih, substitution of an
amino acid residue, deletion of an amino acid residue «or insertion of an amino acid residue.

The term “introduce” refers to introduction o=f an amino acid residue, in particular by
substitution of an existing amino acid residue, or altermatively by insertion of an additional
amino acid residue. _

The term “remove” refers to removal of an arnino acid residue, in particular by
substitution of the amino acid residue to be removed by another amino acid residue, or
alternatively by deletion (without substit_ution) of the mmino acid residue to be removed.

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.

Thus, the term “amidolytic activity” is used -0 mean the activity measured m the
“Amidolytic Assay” described herein. In order to exh&bit “amidolytic activity” a variant of
the invention, in its activated form, should have at least :1 0% of the amidolytic activity of
rhFVIla when assayed in the “Amidolytic Assay” des cribed herein. In a préferred
ernbbdiment of the invention the variant, in its activat ed fofm, has at léast 20% of the
amidolytic activity of thFVIIa, such as at least 30%, e=.g. at least 40%, more preferably at
least 50%, such as af least 60%, e.g. at least 70%, evemn more preferably at least 80%, such as
at least 90% of the amidolytic activity of rhF Vlla when assayed in the “Amidolytic Assay”
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described herein. In an interesting embodiment the variant, in itss activated form, has
subst antially the same amidolytic activity as thFVIla, such as ar amidolytic activity of 75-
125% of the amidolytic activity of thFVIla,

The term “clotting activity” refers to the activity meastared in the “Whole Blood
Assa~y” described herein, i.¢. the time needed to obtain clot formmation. Thus, a lower clotting
time corresponds to a higher clotting activity.

The term “increased clotting activity” is used to indica te that the clotting time of the
polypeptide variant is statistically significantly decreased relati=ve to that generated by
rhFVlia or [P10Q+K3ZEjrhFViia as determined under compara&ble conditions and wien
measured in the “Whole Blood Assay” described herein.

In the present context, the term “activity” is also used dn connection with the
variants’ capability of activating FX to FXa. This activity 1s als-o denoted “FX activation
activ-ity” or “FXa generation activity” and may be determined i-n the “TF-independent Factor
X Acctivation Assay” described herein.

The term “increased FX activation activity” or “increa_sed FXa generation activity”
is us ed to indicate that a variant of the invention, in its activatead form, has a statistically
sign-ificantly increased capability to activate FX to FXa as com pared to a reference molecule,
suclm as thVIIa or [P10Q+K32E]rhFVIIa. To what extent a vazriant of the invention (in its
activated form) has an increased FX activation activity may comveniently be determined in
the ¢ ‘TF-independeht Factor X Activation Assay” described her-ein. .

The térm ”mmunogenicity” as used in connection wifth a given substance is
intexaded to indicate the ability of the substance to induce a resgoonse from the immune
system. The immune response may be a cell or antibody mediaated response (see, e.g., Roitt:
Essential Immunology (10® Edition, Blackwell) for further deffinition of immunogenicity).
Normmally, reduced antibody reactivity will be an indiéatibn of reduced immunogenicity. The
immunogenicity may be determined by use of any suitable me-thod known in the art, e.g. in
vivo or in vitro.

The term “functional in vi{zo half-life” is used in its normal meaning, i.e. the time at
whi ch 50% of the biological activity of the polypeptide is still present in the body/target
orgam, or the time at which the activity of the polypeptide is 50O% of the initial value.

As an alternative to determining functional in vivo ha 1f-life, “serum half-life” may
be cletermined, i.e. the time at which 50% of the polypeptide c-irculates in the piasma or
bloodstream prior to being cleared. Determination of serum half-life is often more simaple

thar determining the functional in vivo half-life, and the mégn;itude of serum half-life is

12



20

25

30

VYO 2004/111242 PCT/DK2004/000428
uswally a good indication of the magnitude of functional in vive half-life. Alternative terms to
serum half-life include “plasma half-life”, “circulating half-life”, “serum clearance”, “plasma
clearance” and “clearance half-life”. The polypeptide is clearec 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 specific or unspecific proteolysis.
Normally, clearance depends on size (relative to the cutoff for glomerular filtration), charge,
attached carbohydrate chains, and the presence of cellular receptors for the protein. The
fumctionality to be retained is normally selected from procoagtalant, proteolytic or receptor
bimding activity. The functional in vive half-life and the serum halflife mayb
by~ any suitable method known in the art.

~ The term “increased” as used about the functional in wivo half-life or serum half-life
is used to indicate that the relevant half-life of the polypeptide variant is statistically
significantly increased relative to that of as reference molecule, such as rhFVIla or
[P 10Q+K32E]rhFVlla, as determined under comparable cond&tions (typically determined in
ar experimental animal, such as rats, rabbits, pigs or monkeys)).

The term “AUC;,” or “Area Under the Curve when adrministered intravenously” is
ussed in its normal meaning, i.e. as the area under the activity im serum-time curve, where the
polypeptide variant has been administered intravenously, in particular when administered
irmtravenously in rats. Typically, the activity measured is the “clotting activity” as defined
above. Once the experimental activity-time points have been determined, the AUC;y may
conveniently be calculated by a computer program, such as GexaphPad Prism 3.01'.

It will be understood that in order to make a direct conmparison between the AUC;,-

values of different molecules (e.g. between the variants of the invention and a reference

molecule such as thFVIla or [P10Q+K32E]thVIIa) the same amount of activity should be

administered. Consequently, the AUC;,~values are typically normalized (i.e. corrected for
d ifferences in the injected dose) and expressed as AUC;,/dose= administered.

The term “reduced sensitivity to proteolytic degradatiion is primarily intended to
moean that the polypeptide variant has reduced sensitivity to pmoteolytic degradatioh in
¢ omparison to hFVIIa, thVII'a. or' [PlOQ+K32E]thVHa as determined under comparable
c onditions. Preferably, the proteolytic degradation is reduced by at least 10% (e.g. by 10-25%
or by 10-50%), such as at least 25% (e.g. by 25;50%, by 25-7 5% or by 25-100%), more
pereferably by at least 35%, such as at least 50%, (e.g. by 50-7 5% or by 50-100%) even more
preferably by at least 60%, such as by at least 75% (e.g. by 75-100%) or even at least 90%. |
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The term “renal clearance® is used in its normal. meaning to indicate any clearance
taking place by the kidneys, e.g. by glomerular filtration., tubular excretion or degradation in
the tubular cells. Renal clearance depends on physical characteristics of the polypeptide,
including size (diameter), hydrodynamic volume, symm etry, shape/rigidity, and charge.
Normally, a molecular weight of about 67 kDa is consid-ered to be a cut-off-value for renal
clearance. Renal clearance may be established by any sumitable assay, e.g. an established in
vivo assay. Typically, renal clearance is determined by administering a labelled (e.g.
radiolabelled or fluorescence labelled) polypeptide toa -patient and measuring the label
activity in urine coilected from the patient. Reduced ren al clearance is determined rclative to
a corresponding reference polypeptide, e.g. thFVIla or [ P10Q+K32E]rhFVlla, under
comparable conditions. Preferably, the fenal clearance r-ate of the polypeptide variant is
reduced by at least 50%, preferably by at least 75%, ancd most preferably by at least 90%
compared to thFVIla or (Pl 0Q+K32E}thF Vlla.

The terms “tissue factor binding site”, “active ssite region” and “ridge of the active
site binding cleft” are defined with reference to Exampl e 1.

The term “hydrophobic amino acid residue” in_cludes the following amino acid
residues: Isoleucine (I), leucine (L), methionine (M), valine (V), phenylalanine (F), tyrosine
(Y) and tryptophan (W). ’

The term “negatively charged amino acid resi(iue’; includes the following amino
acid residues: Aspartic acid (D) and glutamic acid (E).

The term “positively chargéd amino acid resid_ue” includes the following amino acid

residues: Lysine (K), arginine (R) and histidine (H).

Variaﬁts of the invention

. The modifications performed in the Gla doma_in of the parent polypeptide preferably
provide the resulting molecule with an increased phospoholipid membrane binding affinity, an
improved capability to activate FX to Fxa, and/or an imcreased clotting activity. The vaﬁants
of the invention may also have a reduced tissue factor Tinding affinity and a reduced activity
when bound to tissue factor.

Without being limited by any particular theorZy, it is presently believed that enhanced

phosphohpld membrane binding affinity results in a hi_gher local concentration of the
activated polypeptide variants in close proximity to the other coagulation factors, pamcularly

FX. Thus, the rate of activation of FX to FXa will be Inigher, simply due to a higher molar

14



10

15

20

25

30

VWO 2004/111242 PCT/DK2004/000428
ratio of the activated FVII variant to FX. The increased activation r ate of FX then resultsin a
higgher amount of active thrombin, and thus a higher rate of cross-li-nking of fibrin.

Consequently, it is contemplated that medical treatment w ith a polypeptide variant
according to the invention may provide advantages over the currenitly available rhFVIla
coxnpound (NovoSeven®), such as a lower dose, increased efficacy and/or faster action.

Further, 1t is believed that tissue factor-independent variarats, i.e. variants that have a
reduced activity when bound to tissue factor compared to wild-type human Factor VIla, may
offer certain safety advantages in terms of reduced risk of undesire~d blood clot formation
(e. g thrombosis or ihromboembolisin), in particular when used for ireatment of ¢
un controlled bleeding events such as trauma.

Thus, in a highly preferred embodiment of the invention, <the polypeptide variant, in
its activated form and when compared to a reference molecule, succh as rhFVlla or
[P 10Q+K32E)rhFVIla, has an increased FX activation activity, in -particular when assayed in
a tissuc factor-independent assay, such as the “TF-independent Factor X Activation Assay”
dissclosed herein. More particularly, it is preferred that the ratio bet-ween the FX activation
activity of the polypeptide variant, in its activated form, and the F=X activation activity of a
reference molecule is at least 1.25 when assayed in the “TF-independent Factor X Activation
A sssay” disclosed herein. More preferably, this ratio is at least 1.5, such as at least 1.75, e.g. at
least 2, even more preferably at least 3, such as at least 4, most pre=ferably at least 5.

When the reference rholecule is thFVIla, the ratio betwee=n the FX activation activity
of the polypeptide variant, in its activated form, and the FX activation activity of thFVIlais
preferably at least about 5, typically at least about 10, when assayed in the “TF-independent
Factor X Activation Assay” disclosed herein, such as at ]east abowst 15 or 20.

In another highly preferred embodiment of the invention,. the variants of the

imvention possess an increased clotting activity (i.e. a reduced clotting time) as compared to

ThFVIla or [P10Q+K32E}rhF Vila. In a preferred embodiment of the invention the ratio

between the time to reach clot formation for the variant (tyaran) arx.d the time to reach clot
fomation for thFVIIa (t,,) or [P10Q+K32EJthFVIla (tp1oq+k32e) 1 S at the most 0.9 when
asssayed in the “Whole Blood Assay” described herein. More prefesrably this ratio is at the
most 0.75, such as 0.7, evén more preferably the ratio is at the maowst 0.6, and most preferably
the ratio is at the most 0.5. ' . |

One or more of the above-mentioned properties may be aachieved by the

modifications described herein.
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Variants of the invention comprising a hydrophobic amino acid i -esidue in position 34

As indicated above, the present invention relates in a fir st aspect to a FVII or FVIla
polypepkide variant having an amino acid sequence comprising 1 -15 amino acid
modifications relative to hFVII or hFVIla (SEQ ID NO:1), whereein a hydrophobic amino
acid resi due has been introduced by substitution in position 34.

The hydrophobic amino acid residue to be introduced ira position 34 may be selected
from thes group consisting of I, L, M, V, F, Y and W, preferably 1, L and V, in particular L.

Ina pfeferred embodiment, the variant further comprise=s an amino acid substitution
in posiii on 10, in paiticular P16Q, and/or an amino acid substitution in position 32, in
particular K32E. In a particular preferred embodiment of the inv-ention, the variant comprises
substitu-tions in both of positions 10 and 32, such as P10Q+K32kE.

Accordingly, in an interesting embodiment of the invemtion, the variant comprises
the subsstitutions P10Q+K32E+A34L.

In a particular interesting embodiment of the invention,. the variant further comprises
an inser-tion of at least one (typically one) amino acid residue between position 3 and 4. It is
preferre=d that the inserted amino acid residue is a hydrophobic amino acid residue. Most
preferably the insertion is A3AY. Accordingly, in a particular imteresting embodiment of the
invention, the variant comprises the modifications A3AY+P10Q+K32E+A34L.

In addition to any of the above-mentioned modificatioras, the variant may comprise a
further =substitution in position 33. Preferably, a hydrophobic amaino acid residue is introduced
by subsstitution in position 33, in particular D33F. | '

The Gla domain may also contain modifications in othér positions, in particulaf in
positiors 8, 11 and 28, such'as R28F or R28E. On the other han d it should be understood that

the Gla_ domain should not be modified to such an extent that th e membrane binding

propert.ies are impaired. Accordingly, it is preferred that no modifications are made in the

residuess that become y-carboxylated, i.e. it is preferred that no tmodifications are made in
residuess 6, 7, 14, 16, 19, 20, 25, 26, 29 and 35. In a similar way, it is in general not preferred
that nom-polypeptide moieties, such as sugar moieties and/or PEEG groups are introduced in
the Glaa domain. Consequently, it is preferred that no modificati_ons are made in the Gla
domair that create an in vivo N-glycosylation site. _

Finally, it will be understood that the modifications in the Gla domain discussed in
this section may advantageously be combined with one or mores modifications in positions
located outside the Gla domain (see the sections entitled “Modg’ﬁcatibns outside the Gla

domairt” and “‘Other modifications outside the Gla domain” below).
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Var£ants of the invention comprising an amino acid substitution in position 36

As indicated above, the invention relates in a sccond aspect tc a FVII or FVIla
polypeptide variant having an amino acid sequence comprising 1-15 amino acid
modifications relative to hFVII or hFVIIa (SEQ ID NO:1), wherein said amino acid sequence
comuprises an amino acid substitution in position 36.

Preferably, the amino acid residue top be introduced by substitution in position 36 1s
a nesgatively charged amino acid residue, e.g. R36E or R36D, in particular R36E.

~Ina preferred embodiment, the variant further comprises an &mino act
in p osition 10, in particular P10Q, and/or an amino acid substitution im position 32, in
particular K32E. In a particular preferred embodiment of the inventiom, the variant comprises
substitutions in both of positions 10 and 32, such as P10Q+K32E.

The variant of the invention may further contain a substitutiosn in position 38. It is
preferred that a negatively chérged amino acid residue is introduced b y substitution in
position 38, e.g. K38E or K38D, in particular K38E.

Accordingly, interesting variants are those that comprise the following substitutions
P10Q+K32E+R36E or P10Q+K32E+R36E+K38E.

In a particular interesting embodiment, the variant further co-mprises an amino acid
substitution in position 34 (i.e. the resulting variant comprises subs.titutions in the following
resi dues 10+32+34+36 or 10+32+34+36+38). Preferably, a negativelsy charged amino acid
resi due is introduced by substitution in position 34, e.g. A34E or A34-D.

Specific examples of preferred variants are those that compraise the following

. sub stitutions P10Q+K32E+A34E+R36E or P10Q+K32E+A34D+R3GE+K38E.

In an interesting embodiment of the invention, the variant further comprises an
insertion 6f at least one (typiéally 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 insertion is A3AY.

In addition to any of the above-mehtjoned modifications, the variant may comprise a
further substitution in position 33. Preferably, a hydrophobic amino a.cid residue is introduced
by substitution in position 33, in particular D33F. _

The Gla domain may also contain modifications in other possitions, in particular in
positions 8, 11 and 28, such as R28F or R28E. On the other hénd it skhould be understood that
the Gla domain should not be modified to such an extent that the mermbrane binding '

properties are impaired. Accordingly, it is preferred that no modificatzions are made in the
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residues that beccome y-carboxylated, i.e. it is preferred that no modificatiomis are made in
residues 6, 7, 14,16, 19, 20, 25, 26,29 and 35. In a similar way, it is in gereral not preferred
that non-polype ptide moieties, such as sugar moieties and/or PEG groups, are introduced in
the Gla domain. Consequently, it is preferred that no modifications are maede in the Gla
domain that cre ate an in vivo N-glycosylation site. |

Finally, it will be understood that the modifications in the Gla dormain discussed in
this section max advantageously be combined with one or more modificati_ons in positions
located outside the Gla domain (see the sections entitled “Modifications omutside the Gla
domain’ and “«&Other modifications outside the Gia domain” below).

Variants of the invention comprising amino acid substitutions in positions 74, 77 or 116

As ind_icated above, the present invention relates in a third aspect to a FVII or FVlla
polypeptide variant having an amino acid sequence comprising 3-15 amineo acid
modifications r elative to hFVII or hFVIIa (SEQ ID NO:1), wherein said ammino acid sequence
comprises an armino acid substitution in position 10, 32 and at least one fu-rther amino acid
substitution in @ position selected from the group consisting of position 74-, 77 and 116.

In a preferred embodiment, the amino acid substitution in position 10is P10Q and
the amino acid substitution in position 32 is K32E
| It is fumrther preferred that the substitution in position 74, 77 or 11 6is selected from
the group consiisting of P74S, E77A and E116D.

In an ®nteresting embodiment the variant further comprises an ammino acid
substitution in -position 34. Preferably, a negatively charged amino acid re=sidue is introduced
by substitution in position 34, e.g. A34E or A34D, in particular A34E.

In anoether interesting embodiment of the invention the variaht fu_rther comprises an
insertion of at Meast one (typically one) amino acid residue between positicon 3 and 4. It is
preferred that the inserted amino acid residue is a hydrophobic amino acicl residue. Most
preferably the 3nsertion is AJAY.

Thus, spéciﬁc examples of interesting variants inciude variants c-omprising the
following mod._ifications A3AY+P10Q+K32E+E116D, A3AY+P10Q+K3 2E+E77A and
P10Q+K32E+.A34E+P74S.

In addition to any of the above-mentioned modifications, the varziant may comprise a
further substitcation in position 33. Preferably, a hydrophobic amino acid xesidue is introduced

by substitutiom in position 33, in particular D33F.

18



20

25

30

WO 2004/111242 PCT/DK2004/00C)428
The Gla domain may also contain modifications in other positions, in particularin
positions 8, 11 and 28, such as R28F or R28E. As explained above, the Gla domain should
not be modified to such an extent that the membrane binding properties are impaired, i -e.
preferably no modificat ions are made in residues 6, 7, 14, 16, 19, 20, 25, 26, 29 and 35 , and it
1s preferred that an in vEvo N-glycosylation site is not created in the Gla domain.

Finally, it will be understood that the modifications in the Gla domain discussed in
this section may advant ageously be combined with one or more modifications in posit&ons
located outside the Gla domain (see the sections entitled “Modifications outside the Gda
domain " and “Other m odifications oulside inhe Gla domain’ below).

Modifications outside the Gla domain

A circulating rhFVIla half-life of 2.3 hours was reported in “Summary Basis ~for
Approval for NovoSeven®”, FDA reference number 96-0597. Relatively high doses amd
frequent administratiorm are necessary to reach and sustain the desired therapeutic or
prophylactic effect. As a consequence, adequate dose regulation is difficult to obtain a nd the
need for frequent intrawvenous administration imposes restrictions on the patient’s way of
living.

A molecule writh a longer circulation half-life and/or increased bioavailabilitys (such
as an increased Area U nder the Curve as compared to thFVIIa when administered
intravenously) would decrease the number of necessary administraﬁdns. Given the cuxrent
need for frequent injections and the potential for obtaining more optimal therapeutic F<VIla
levels with concomitarat enhanced thérapeutic effect, there is a clear need for improve«d FVII-
or FVIla-like molecules. A

Accordipgly, a further object of the present invention is to provide improved FVII or
FVII molecules (FVII or FVIla variants) with an increased bioavailability (such as an_ |
increased Area Under the Curve as compared to a reference molecule, such as thFVII aor
[P10Q+K32E]rhFVIia, when administered intravenously) and which are capable of
activating factor X to factor Xa (Without binding to tissue f_éctor) more efficiently thama
reference molecule, such as thFVIIa or [P10Q+K32E}thFVlla (thereby being able to treat
uncontrolled bleadingss, such as a trauma, or chronic conditions such as hemophilia maore
efficiently). ‘

Thus, interes&ing variants of the invention are those which, in their activated forms
and when compared to a reference molecule, such as rhFVila or [P10Q+K32ErhFVE]a,

generate an increased Area Under the Curve when administered intravenously (AUCs5y). This
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can conveniently be determined by intravenous administration in rats. More particularly,
interesting variants of the present invention are those where the ratio between the AUC;, of”
said variant, in its actvated form, and the AUC;, of a reference molecule, such as rhFVIla ox
[P10Q+K32E}thFVIla, is at least 1.25, such as at least 1.5, e.g. at least 1.75, more preferably
at least 2, such as at least 3, even more preferably at least 4, such as at least 5, in particular
when administered (intravenously) in rats.

| This effect will offten correspond to an increased functional in vivo half-life and/or
an increased serum half-life as compared to a reference molecule, such as rhFVIla or

P T I S Y Y
uiC InvEinioil, wmid

v rvy £
1

[P10Q+K3ZEjrhFViia. Accordingly, in another iuterestiig embodiinent o
ratio between the functional 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 thFVIIa or [P10Q+K32E]rhFVIIa, is at least 1.25. More preferably, the
ratio between the relevant half-life for the variant, in its activated form, and the relevant haalf-
life for the reference mole cule, such as thFVIIa or [P10Q+K32E]rhFVIla, is at least 1.5, suach
as at least 1.75, e.g. at leasst 2, even more preferably at least 3, such as at least 4, e.g. at leasst
5.

One way to incresase 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). _

Furthermore, attachment of a chemical moiety to the protein or substitution of amino
acids cxposed to proteolysis may effectively block a proteolytic enzyme from contact that
otherwise leads to proteol ytic degradation of the protein.

Asindicated above, instability due to proteolytic degradation is a known problem in
current rthFV1Ia treatment. Proteolytic degradation is thus a major obstacle for obtaining a
preparation in solutién as opposed to a lyophilized product. The advantage of obtaining a
stable soluble preparatiom lies in easier handling for the patient, and, in the case of
emergencies, quicker acti on, which potentially can become life saving. Attempts to preveant
proteolytic degradzition by site directed mutagenesis at major proteolytic sites have been
disclosed in WO 88/10295. ' ' A

WO 01/58935 d-scloses a number of suitable modifications leading to an increas.e in
AUC,,, functional in vives 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 FVII or FVINa
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molecules, which may also be us ed for the parent FVII or FVIIa polypeptide of the present
invention,

More specifically, by remmoving and/or introducing an amino acid residue
comprising an attachment group for a non-polypeptide moiety in the parent FVII or FVIla
polypeptide it is possible to speckfically adapt the polypeptide so as to make the molecule
more susceptible to conjugation to a non-polypeptide moiety of choice, to optimize the
conjugation pattern (e.g. to ensur-e an optimal distribution and number of non-polypeptide

moieties on the surface of the FV'II or FVIla polypeptlde variant and to ensure that only the

new conjugate molecule which h as amidolytic activity and in addition one or more improve=d
properties as compared to thFVIKa

In interesting embodiments of the present invention more than one amino acid
residue located outside the Gla deomain is altered, e.g. the alteration embraces removal as wesll
as introduction of amino acid resddues 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 rnay comprise other substitutions that are not related to
introduction and/or removal of arnino acid residues comprising an attachment group for the
non-polypeptide moiety.

Also, the polypeptide variant may be attached to a serine proteinase inhibitor to
inhibit the catalytic site of the po lypeptide variant. Alternatively, one or more of the amino
acid residues present in the catalytic site (3344, D242 and H193) may be mutated in order teo
render the resulting variant inactive. One example of such a mutation is S344A.

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 nom--
polypeptide moiety of choice and, in most instances, on the basis of the method in which
conjugation between the polypepetide variant and the non-polypeptide moiety is to be
achieved. For instance, when the non-polypeptlde moiety is a polymer molecule such as a
polyethylene glycol or polyalkylene oxide derived molecule, amino acid residues compnsnng
an attachment group may be sele cted from the group consisting of lysine, cysteme, aspartic
acid, glutamic acid, histidine, and tyrosiné preferably lysine, cysteine, aspartic acid and
glutamic acid, more preferably ly-sine and cysteme in particular cysteine.

Whenever an attachmen t group for a non—polypepnde moiety is to be mtroduced imneto
or removed from the parent polypeptide, the position of the amino acid residue to be

modified is preferably located at the surface of the parent FVII or FVIIa polypeptide, and
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more preferably occupied by an amino acid residue which has at least 25% of its side claain
exposed to the surface (as defined in Example 1 herein), preferably at least 50% of its si.de
chain exposed to the surfac € (as defined in Example 1 herein). Such positions have beer
identified on the basis of ara analysis of a 3D structure of the hFVII or hFVIla molecule as
described in WO 01/58935 .

Furthermore, the position to be modified is preferably selected from a part of the
FVII or FVIla molecule that is located outside the tissue factor binding site, and/or outsside
the active site region, and/oOr outside the ridge of the active site binding cleft. These

crhmnfim i e maam o o des . - y
SIlES/TEEIONS are identificd in E)\ample

in and in WQ 01/58035%

1l YYN/ ViiJUT O, )

In case of removal of an attachment group, the relevant amino acid residue
comprising such group and occupying a position as defined above is preferably substittated
with a different amino acid_ residue that does not comprise an attachment group for the mon-
polypeptide moiety in question. Normally, the amino acid residue to be removed is one= to
which conjugation is disad-vantageous, e.g. an amino acid residue located at or near a
functional site of the polypreptide (since conjugation at such a site may result in inactivation
or reduced activity of the resulting conjugate due to, €.g., impaired receptor recognitiora). In
the present context the termn “functional site” is intended to indicate one dr more amino acid
residues which is/are essemtial for or otherwise involved in the function or performance of
FVII or FVIIa. Such amino acid residues are a part of the functional site. The functionaal site
may be determined by methods known in the art and is preferably identified by analysi s of a
structure of the FVIIa-tisstae factor complex (See Banner et al., Nature 1996; 380:41-4&5).

In case of introdu-ction of an attachment group, an amino acid residue comprissing
such group is introduced iato the relevant poéition, preferably by substitution of the amino
acid residue occupying such position.

The exact number of attachment groups present and available for conjugation in the
FVII or FVIIa polypeptides 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 ident-ity of the non-polypeptide moiety, the number of non-polypeptide
moieties desirable or possible to conjugate to the polypeptide variant, where they shou.1d be
conjugated or where conjugation should be avoided, etc.). |

The total number of amino acid residues to be modified outside the Gla doma_in 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 conmprises

an amino acid sequence which differs in 1-10 amino acid residues from amino acid ressidues
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46-406 shown in SEQ IID NO:1, typically in 1-8 or in 2-8 amino acid residues, e.g. ira 1-5 or

in 2-5 amino acid residuess, such as in 1-4 or in 1-3 amino acid residues, e.g.in 1,2 ©r3
amino acid residues from amino acid residues 46-406 shown in SEQ ID NO:1.

Analogously, th_e polypeptide variant of the invention may contain 1-10 (ad ditional)
non-polypeptide moietiess, typically 1-8 or 2-8 (additional) non-polypeptide moieties,
preferably 1-5 or 2-5 (ad ditional) non-polypeptide moieties, such as 1-4 or 1-3 (addi-tional)
non-polypeptide moieties, e.g. 1, 2 or 3 (additional) non-polypeptide moieties. 1t wil-1be
understood that such additional non-polypeptide moieties are covalently attached to an
¢ the Gla domain.

Polypeptide variants of che invention where the non-polypeptide moiety is a sugar n2oiely

In a preferred emmbodiment 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 besen introduced and/or removed, preferably introduced, in a goosition
located outside the Gla domain. ’

When used in the present context, the term “naturally occurring glycosylati on site”
covers the glycosylation_ sites at postions N145, N322,'852 and S60. The term “natumrally
occurring in vivo O-glycosylation site” includes the positions S52 and S60, whereas- the term
“naturally occurring in 12ivo N-glycosylation site” includes positions N145 and N3222.

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, prefer-ably an in )
vivo glycosylation site, such as an in vivo O-glycosylation site or an in vivo N-glycoosylation
site, in particular an in v=ivo N—glycosylation site. Typically, 1-10 glycosylation sitess, in
particular in vivo N-glycosylation sites, have been introduced, preferably 1-8, 1-6, L -4 or 1-3
glycosylation sites, in particular in vivo N-glycosylation sites, have been introducedl in one or
more positionss located outside the Gla domain. For example 1, 2 or 3 glycosylatiomn sites, in
particuleir in vivo N-glycosylation sites, may have been introduced outside the Gla Jomain,
preferably by substitution. '

It will be undewstood that in order.to prepare a polypeptide variant whereim the
polypeptide variant conaprises one or more glycosylation sites, the polypeptide vari ant must
be expressed in a host ¢ ell 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 tc a sugar

moiety ™.
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Examples of positions wherein the glycosylation sites, ira particular in vivo N-

glycosyl ation sites, may be introduced include amino acid residues having at least 25% of
their side chain exposed to the surface (as defined in Example 1 Inerein), such as at least 50%
of the sicie chain exposed to the surface. The position is preferably selected from a part of the
molecules 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 defined in Exarmple 1 herein. It should be
understosod that when the term “at least 25% (or at least 50%) of Ats side chain exposed to the
surface” is used in connection with introduction of an in vivo N-g=lycosylation site this term

£,

wwnfren 1. «f ele
ICICIS o t ibility

the surface acccssi Fihn nsminn 0ol A chain in +h osition .'vhm- th

{ the amino acid side chain in the posi ere the sugar
moiety i s actually attached. In many cases it will be necessary to introduce a serine or a
threonin e residue in position +2 relative to the asparagine residues to which the sugar moiety
is actual 1y attached, and these positions where the serine or threomine residues are introduced
are allovved to be buried, i.e. to have less than 25% of their side chains exposed to the
surface.

Specific and preferred examples of such substitutions cr eating an in vivo N-
glycosyRation site include a substitution selected from the group <onsisting of ASIN, G58N,
T106N, K109N, G124N, K143N+N145T, A175T, 12058, 1205T, V253N, T267N,
T267N+S269T, S314N+K3168S, S314N+K316T, R315N+V317S, R315N+V317T,
K316N+G318S, K316N+G318T, G318N, D334N and combinati ons thereof. More
preferabsly, the in vivo N-glycosylation site is introduced by a subdstitution selected from the
group consisting of ASIN, G58N, T106N, K109N, G124N, K143N-+N145T, A175T, 1205T,
V253N, T267N+S269T, S314N+K316T, R315N+V317T, K31 6TN+G31 8T, G318N, D334N
and combinations thereof. Even more preferably, the in vivo N-glycosylation site is
introducsed by a substitution selected from the group consisting o-f T106N, A175T, 1205T,
V253N, T267N+S269T and combinations thereof, in particular one, two or three of T106N,
1205T amd V253N.

In one embodiment, only one in vivo N-glycosylation si te has been introduced by
substitu-tion. In another embodiment, two or more (such as two) @n vivo N-glycosylation sites
have beeen introduced by substitution. Examples of preferred sub stitutions creating two in
vivo N-gglycosylation sites include substitutions selected from the group consisting of
ASIN+EG58N, ASIN+T106N, A5IN+K 109N, ASIN+G124N, A SIN+K143N+N145T,
AS5IN+.A175T, ASIN+I205T, ASIN+V253N, ASIN+T267N+S2697T,

ASIN+S314N+K31 6T, ASIN+R315N+V317T, ASIN+K316N+-G318T, A5IN+G318N,
ASIN+ID334N, G58N+T106N, G58N+K109N, G58N+G124N, «G58N+K143N+N145T,
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GS8N+AI175T; G58N+I205T, G58N+V253N, G58N+T267N+S2 69T,

G58N+S314N+K316T, G58N+R315N+V317T, G58N+K316N+C5318T, G58N+G3 18N,
G58N+ID334N, TI0O6N+K 109N, T106N+G124N, T106N+K143M+N145T, TI06N+A175T,
T106N+-1205T, TI06N+V253N, T106N+T267N+S269T, TI06N—+S314N+K316T,
T106N+R315N+V317T, T106N+K316N+G318T, T106N+G318°N, T106N+D334N,
K109N-+G124N, K109N+K143N+N145T, K109N+A175T, K109N+1205T, K109N+V253N,
K109N—+T267N+S269T, K109N+S314N+K316T, K109N+R315IN+V317T,
K109N-+K316N+G318T, K109N+G318N, K109N+D334N, G12=<4N-+K143N+N145T,
G124AN—+A175T, G124N+I205T, G124N+V253N; G124N+T2A7IN+S260T, |
G124N—+8314N+K316T, G124N+R315N+V317T, G124N+K316N+G3 18T, G124N+G318N,
G124N—+D334N, K143N+N145T+A175T, K143N+N145T+12057T, K143N+N145T+V253N,
K143N—+N1 45T+T267N+S269T, K143N+N145T+S314N+K3167T,
K143N-+N145T4+R315N+V317T, K143N+N145T+K316N+G3 1 8T, K143N+N145T+G318N,
K143N-+N145T+D334N, A175T+1205T, A175T+V253N, A175T+T267N+S5269T,
A175T—+S8314N+K316T, A175T+R315N+V317T, A175T+K316 N+G318T, A175T+G318N,
A175T—+D334N, 1205T+V253N, 1205T+T267TN+S269T, 1205T+ S314N+K316T,
1205T+R315N+V317T, 1205T+K316N+G318T, 1205T+G318N, 1205T+D334N,

V253N +T267N+S269T, V253N+S314N+K316T, V253N+R315 N+V317T,

V253N +K316N+G318T, V253N+G318N, V253N+D334N, T26 7N+S269T+S314N+K316T,
T267TN-+S269T+R315N+V317T, T267N+S269T+K3 16N+G3187T, T267N+S269T+G318N,
T267N—+8269T+D334N, S314N+K316T+R315N+V317T, S314EN+K316T+G318N,
S314N-+K316T+D334N, R315N+V31 TT+K316N+G31 ST, R315N+V317T+G318N,
R315N+V317T+D334N and G318N+D334N. More preferably, %the substitutions are selected
from thae group consisting of TI06N+A175T, TI06N+I1205T, T1 06N+V253N,

T106N +T267N+S269T, A175T-+I205T, A175T+V253N, A175T+T267N+S269T,
IZOST—E—V253N; 1205T+T267N+8269T and V253N+T267N+S26G9T, even more preferably
from thhe group consisting of TI06N+1205T, T1I06N+V253N anc 1205T+V253N.

In a. further embodiment, three or more (such as three) Z» vivo N-glycosylation sites
have beeen introduced by substitution. Examples of preferred subwstitutions creating three in
vivo N—glycosylation sites include substitutions selected from thee group consisting of 1205T+
V253NI+T267N+S269T and T106N+1205T+V253N.

As discussed above, it is prefeﬁed that the in vivo N-gl=ycosylation site is introduced
in a poesition which does not form part of the tissue factor bindimg site, the active site region

or the xidge of the active site binding cleft as defined herein.
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It will be understood that any of the modifications mentioned in the above sections

may be combined with each other, in addition to beingg combined with the above-described
substitutions in position 34 and/or 36, in particular A3 4E/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-identified modi fications for introduction of an in vivo
N-glycosylation site, preferred modifications include o©ne, two or three of T106N, 1205T and
V253N, in pérticular two of these modifications, i.e. T 106N-+1205T, T106N+V253N or
1205T+V253N.

Tloso Zon nenn amends :
110US, ifi il }JTCLCI’I’Cd mbodi

comprises the modifications P10Q+K32E+A34E+R36E+T106N+1205T.

ant nftho 1nvza )
1ent of the inveention t

In a further preferred embodiment the FVII ox FVIla variant comprises the
modifications P1 0Q+K32E+A34E+R3 6E+T106N+V253N.

In a further preferred embodiment the FVII ox FVIla variant comprises the
modifications P10Q+K32E+A34E+R36E+1205T+V253N.

In a further preferred embodiment the FVII o1 FVIIa variant comprises the
modifications P10Q+K32E+A34L+T106N+1205T.

Tn a further preferred embodiment the FVII o1 FVIIa variant comprises the
modifications P10Q+K32E+A34L+T106N+V253N. -

In a further preferred embodiment the FVII ox FVIIa variant comprises the
modifications P10Q+K32E+A34L+1205T+V253N.

. In a further preferred embodiment the FVII o r FVIIa variant comprises the
modifications P10Q+K32E+A34L+R36E+T106N+I2€5T.

In a further preferred embodiment the FVII o-r FVIla variant comprises the
modifications P10Q+K32E+A34L+R36E+T106N+V253N.

In a further preferred embodiment the FVII oer FVIla variant comprises the
modifications P1 OQ+K32E+A34L+R36E+1205T+V253N.

As is also explained above, any one or more -of these modifications 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 insertién is A_3AY. Thus, in additional preferred
embodiments of the invention the FVII or FVIla variant comprises modifications selected
from:

A3AY+P10Q+K32E+A34E+R36E+T106N+-1205T;

A3AY+P10Q+K32E+A34E+R36E+T106N+V253N;
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A3AY+P10Q+K32E+A34E+R36E+1205T+V253N;
A3AY+P10Q+K32E+A34L+T106N+1205T;
A3AY+P10Q+K32E+A34L+T106N+V'253N;
A3AY+P10Q+K32E+A34L+1205T+V253N;
A3AY+PI0Q+K32E+A34L+R36E+T1 06N+1205T;
A3AY+P10Q+K32E+A34L+R36E+T1 06N+V253N;
A3AY+P10Q+K32E+A34L+R36E+I205T+V253N.

In a further embodiment of the present invention, the FVII or FVIIa variant may, in
addition to the modifications described in the se ctions above, also contain mutations which
are already known to increase the intrinsic activity of the polypeptide, for example those
described in WO 02/22776.

For example, the variant may comprise= at least one modification in a position
selected from the group consisting of 157, 158, 296, 298, 305, 334, 336, 337 and 374.
Examples of preferred substitutions include sub stitutions selected from the group consisting
of V158D, 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+E29 6D+M298Q+L305V,
V158D+E296D+M298Q, M298Q, L305SV+K337A, L305V and K337A.

In a further embodiment of the present invention, the FVII or FVIla variant may, in
addition to the modifications described in the sections above, also contain other mutations,
such as the substitution K34] Q disclosed by Neuenschwander et al, Biochemistry, 1995;
34:8701-8707. Other possible additional substit-utions include D196K, D196N, G237L,
G237GAA and combinations thereéf. | »

Additional detailed information on corajugation of FVII and FVIla 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 t he invention

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 vartant
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
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capable of in vivo glycosylation, and/or b) the varian.t polypeptide is subjected to conjugation

to a non-polypeptide moiety in vitro.

Conjugation to a polymer molecule

The polymer molecule to be coupled to the variant polypeptide may be any suitable
polymer molecule, such as a natural or synthetic hormo-polymer or hetero-polymer, typically
with a molecular weight in the range of about 300-14€00,000 Da, such as about 500-20,000 Da,

more preferably in the range of about 500-15,000 D=z, even more preferably in the range of

herein in connection with a certain molecular weigh-t, the word “about” indicates an
approximate average molecular weight and reflects €he fact that there will normally be a
certain molecular weight distribution in a given poly/mer preparation.

Examples of homo-polymers include a polsyol (i.e. poly-OH), a polyamine (i.e. poly-
NH;) 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.

Examples of suitable polymer molecules imclude polymer molecules selected from
the group consisting of polyalkylene oxide (PAO), i_ncluding polyalkylene glycol (PAG),
such as polyethylene glycol (PEG) and polypropyleme glycol (PPG), branched PEGs, poly-
vinyl alcohol (PVA), poly-carboxylate, poly-(vinylpyrolidone), polyethylene-co-maleic acid
anhydride, polystyrene-co-maleic acid anhydride, deextran, 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 exampele of a polymer molecule is human
albumin or another abundant plasma protein. Gener ally, polyalkylene glycol-derived
polymers are biocompatible, non-toxic, non-antigeraic, non-immunogenic, water soluble, and
are easily excreted from living organisms. ‘ _ 7

PEG is the preferred polymer molecule, sirce it has only few reactive groups
capable of cross-linking compared to, e.g., pblysaccharides such as dextran. In particular,
monofunctional PEG, e.g. methoxypolyethyiene gls/col (mPEG), is of interest since its
coupling chemistry is relatively simple (only one re=active group is available for conjugating
with attachm'eﬁt groups on the polypeptide). Conseeaquently, 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 polypeptide is easier to control.

To effect covalent attachment of the polynmer molecule(s) to the variant polypeptide,

the hydroxyl end groups of the polymer molecule mnust be provided in activated form, i.e.
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with reactive functional groups (examples of which incRude primary amino groups, hydrazide
(HZD), thiol, succinate (SUC), succinimidyl succinate (S S), succinimidyl succinamide (SSA),
sucezinimidyl propionate (SPA), succinimidyl butyrate (SBA), succinimidyl
carbboxymethylate (SCM), benzotriazole carbonate (BT«C), N-hydroxysuccinimide (NHS),
aldezhyde, nitrophenylcarbonate (NPC), and tresylate (T RES)). Suitable activated polymer
molRecules are commercially available, e.g. from Nektar- Therapeutics, Huntsville, AL, USA,
or £orom PolyMASC Pharmaceuticals pic, UK.

Specific examples of activated linear or branclied polymer molecules for use in the
pressent invention are described in the Nelttar Molecule Engineering

Catalo

g 2003 (Neltar
Therapeutics), incorporated herein by reference.

Specific examples of activated PEG polymers include the following linear PEGs:
NHCS-PEG (e.g. SPA-PEG, SSPA-PEG, SBA-PEG, SS—PEG, SSA-PEG, SC-PEG, SG-PEG,
andl SCM-PEG), and NOR-PEG, BTC-PEG, EPOX-PEEG, NCO-PEG, NPC-PEG, CDI-PEG,
AL-D-PEG, TRES-PEG, VS-PEG, IODO-PEG, and MAL-PEG, and branched PEGs such as
PE«G2-NHS and those disclosed in US 5,932,462 and UJS 5,643,575, both of which are
inc-orporated herein by reference. Additional publicatio ns disclosing useful polymer
mo lecules, PEGylation chemistries and conjugation m ethods are listed in WO 01/58935 and
WO 03/093465.

Specific examples of activated PEG polymers particularly preferred for coupling to
cyssteine residues, include the following linear PEGs: v-inylsulfone-PEG (VS-PEG),
prc:ferabiy vinylsulfone-mPEG (V S-mPEG); maleimid-e-PEG (MAL-PEG), preferably
ma_leimide-mPEG (MAL-mPEG) and orthopyridyl-dismlfide-PEG (OPSS-PEG), preferably
ort_hopyridyl-disulfide-mPEG (OPSS-mPEG). Typicalky, such PEG or mPEG polymers will
hawe a size of about 5 kDa, about 10 kD, about 12 kDa_ or about 20 kDa. ‘

The skilled person will be awarc that the activ=ation method and/or conjugation
chemistry to be used depends on the attachment group&(s) of the variant polypeptide
(exzamples of which are given further above), as well ass the functional groups of the polymer
(e._g. being amine, hydroXyl, caxbdxyl, aldehyde, sulfycryl, succinimidyl, malcimide,
viraysulfone or haloacetate). The PEGylétion may be darected towards conjugation to all
available attachment groups on the variant polypeptide (i.e. such attachment groups that are
expposed at the surface of the polypeptide) or may be darected towards oﬁe or more specific
att achment groups, e.g. the N-terminal amino group ass described in US 5,985,265 or to
cyssteine residues. Furthermore, the conjugation may b-€ achieved in one step or in a stepwise

manner (e.g. as described in WO 99/55377).
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For PEGylation to cysteine residues (see above) the FVII or FVlIla variant is usually
treateed with a reducing agent, such as dithiothreitol (DDT) prior to PEGylation. The reducing
agent is subsequently removed by any conventional method, such as by desalting. Conjugation
of PEEG to a cysteine residue typically takes place in a suitable buffesr at pH 6-9 at temperatures
varyimg from 4°C to 25°C for periods up to 16 hours.
It will be understood that the PEGylation is designed so as to produce the optimal
mole cule with respect to the number of PEG molecules attached, the size and form of such

mole cules (e.g. whether they are linear or branched), and the attacchment site(s) in the variant

alvmar ta ha
i (O o0

polypeptide. The molecular weight of the polyme us

vpeptide. Them
of the desired effect to be achieved.

In connection with conjugation to only a single attachmemt group on the protein (e.g.
the N-terminal amino group), it may be advantageous that the pols/mer molecule, which may
be liriear or branched, has a high molecular weight, preferably about 10-25 kDa, such as
about 15-25 kDa, e.g. about 20 kDa.

Normally, the polymer conjugation is performed under conditions aimed at reacting
as many of the available polymer attachment groups as possible w~ith polymer molecules.
This is achieved by means of a suitable molar excess of the polymmer relative to the
polypeptide. Typically, the molar ratios of activated polymer molecules to polypeptide are up
to ab out 1000-1, such as up to about 200-1, or up to about 100-1. Xn 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.

1t 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.

Subsequent to the conjugation, residual activated polymesr molecules are blocked
accoxding to methods known in the art, e.g. by addition of primars/ amine to the reaction
mixtuire, and the resulting inactivated polymer molecules are rerﬁoved by a suitable method.

~ It will be understood that depending on the circumstancess, e.g. the amino acid
sequernce of the variant bolypeptide, the nature of the activated PEEG compound being used
and the specific PEGylation conditions, including the molar ratio of PEG to polypeptide,
varying degrees of PEGylation may be obtained, with a higher degree of PEGylation
genexally being obtained with a higher ratio of PEG to variant pol ypeptide. The PEGylated

variant polypeptides resulting from any given PEGylation processs will, however, normally
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cormprise a stochastic distribution of conjugated polypeptide variants having slightly different
degzrees of PEGylation.

Co-upling to a sugar moiety

In order to achieve in vivo glycosylation of a F VII molecule comprising one or more
gly-cosylation sites the nucleotide sequence cncoding th ¢ variant polypeptide must be inserted
in & glycosylating, eucaryotic expression host. The expression host cell may be selected from
furmgal (filamentous fungal or yeast), insect or animal cells or from transgenic plant cells. In
HE=XK 293, cell, or an insect cell, such as an SF9 cell, or a yeast cell, e.g. Saccharomyces
cer—evisiae or Pichia pastoris, or any of the host cells meentioned hereinafter.

Covalent in vitro coupliﬁg of sugar moieties (s uch as dextran) to amino acid residues
of sthe variant polypeptide may also be used, e.g. as described, for example in WO 87/05330
and in Aplin et al., CRC Crit Rev. Biochem, pp. 259-3046, 1981. See also WO 03/093465 for

fur-ther information on in vitro glycosylation of variants of FVII or FVIla.

Att-achment bf serine protease inhibitor
Attachment of a serine protease inhibitor can bee performed in accordance with the
me=thod described in WO 96/12800.

Methods of preparing a polypeptide variant of the iravention

The polypeptide variant of the present invention, optionally in glycosylated form,
ma_y be produced by any suitable method known in the art. Such methods include
corstructing a nucleotide sequence encoding the polypeptide variant and expressing the
secgyuence in a éuitable transformed or transfected host. Preferably, the. host cell is a gamma-
car-boxylating host cell such as a mammalian cell. Howeever, polypeptide variants of the
inv-ention may be produced, albeit less efﬁcier_)tly, by chemical synthesis or a combination of
chesmical synthesis or a combination of chemical synthessis and recombinant DNA V
tec_hnology. |

A nucleotide sequence encoding a polypeptide- of the invention may be constructed
by isolatihg or synthesizing a nucleotide sequence enco ding the parent FVII, such as hFVII
witch the amino acid sequence shown in SEQ ID NO:1 and then changing the nucleotide
seqguence so as to effect introduction (i.e. insertion or suabstitution) or removal (1.e. deletion or

subystitution) of the relevant amino acid residue(s).
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The= nucleotide sequence is conveniently modified by site-dirrected mutagenesis in

accordance wvith conventional methods. Alternatively, the nucleotide ssequence is prepared by
chemical syrthesis, e.g. by using an oligonucleotide synthesizer, whexein oligonucleotides
are designed based on the amino acid sequence of the desired polypeptide, and preferably
selecting tho=se codons that are favored in the host cell in which the recombinant polypeptide
will be produaced. For example, several small oligonucleotides codingg for portions of the
desired polypeptide may be synthesized and assembled by PCR (poly merase chain reaction),
ligation or li_gation chain reaction (LCR) (Barany, Proc Nat! Acad ScE USA 88:189-193,

1001). The imdividual oligonucleotides typically contain 5° or 3’ ove
complement ary assembly.

Once assembled (by synthesis, site-directed mutagenesis or aanother method), the
nucleotide sezquence encoding the polypeptide is inserted into a recormmbinant vector and
operably linEced to control sequences necessary for expression of the EVII in the desired
transformed host cell.

Per=sons skilled in the art will be capable of selecting suitable vectors, expression
control sequ-ences and hosts for expressing the polypeptide. The reccombinant 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, es.g. a plasmid.
Alternativelsy, the vector is one which, when introduced into a host ce-1], is integrated into the
host cell gemome and replicated together with the chromosome(s) into which it has been
integrated. _

The vector is preferably an expression vector, in which the nucleotide sequence
encoding the polypeptide vaﬁant of the invention is operably linked teo additional segments
required for transcription of the nucleotide sequence. The vector is typically derived from
plasmid or v~iral DNA. A number of suitable expression vectors for ex<pression in the host
cells mentiomed herein are commercially available or described in the= literature. Detailed
information on suitable vectors for expressing FVII may be found in "WO 01/58935,
incorporated by reference.

The term “control sequences” is defined herein to includc alk components which are
necessary or- advantageous for the expression of thé polypeptide variaant of the invention.
Each control sequence may be native or foreign to the nucleic acid se quence encoding the
polypeptide variant. Such control sequences include, but are not lifnit:ed to, a leader sequence,

polyadenyla-tion sequence, propeptide sequence, promoter, enhancer ©r upstream activating
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sequence, signal peptide sequence, and transcription terminator. A\t a minimum, the control
sequences include a promoter.

A wide variety of expression control sequences may be 1ased in the present
Lnvention, e.g. any of the control sequences disclosed in WO 01/58935, incorporated by
reference.

The nucleotide sequence of the invention encoding a pol ypeptide. variant, whether
prepared by site-directed mutagenesis, synthesis, PCR or other m ethods, may optionally
rnclude 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 ch_osen for expression of the
polypeptide variant. The signal peptide may be homolo'gous (i.e. mormally associated with
hFVII) or heterologous (i.c. originating from another source than hFVII) to the polypeptide
or may be homologous or heterologous to the host cell, i.e. a sign_al 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, sec WO 01/58935.

Any suitable host may be used to produce the polypepticle variant, including bacteria
(although not particularly preferred), fungi (including yeasts), pla_nt, insect, mammal, or other
appropriate animal cells or cell lines, as well as transgenic animalls or plants. Mammalian -
cells are preferred. Examples of bacterial host cells include gram—positive bacteria such as
strains of Bacillus, e.g. B. brevis or B. subtilis, Pseudomonas or S'treptomyces, or gram-
niegative bacteria, such as strains of E. coli. Examples of suitable filamentous fungal host
cells include strains of Aspergillus, e.g. A. oryzae, A. niger, or A. nidulans, Fusarium or
Trichoderma. Examples of suitable yeast host cells inclﬁde strain s of Saccharomyces, e.g. S.
cerevisiae, Schizosaccharomyces, Klyveromyces, Pichia, such as _P. pastoris or P.
»nethanolica, Hansenula, such as H. Polymoi*pha or Yarrowia. Exxamples of suitable insect
host cells include a Lepidoptora cell line, such as Spodoptera fruzgiperda (Sf9 or Sf21) or
Trichoplusioa ni cells (High Five) (US 5,077,214). Examples of ssuitable mammalian host
cells include Chinese hamster ovary (CHO) cell lines, (e.g. CHO-K1; ATCC CCL-61), Green
Monkey cell lines (COS) (e.g. COS 1 (ATCC CRL-1650), COS 7 (ATCC CRL-1 651));
mnouse cells (e.g. NS/O), Baby Hamster Kidney (BHK) cell lines (e.g. ATCC CRL-1632 or
ATCC CCL-10), and human cells (e.g. HEK 293 (ATCC CRL-1573)). Additional suitable
<ell lines are known in the art and available from public depositoxries suéh as the American

“Type Culture Collection, Rockville, Maryland. Also, mammalian_ cells, such as a CHO cell,
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may be modified to express sialyltransferase, e.g. 1,6-sialyltransferase, e.g. as described in
US 5,047,335, in order to provide improved glycosylation of the polypeptide variant.

[n order to increase secretion it may be of particular interest to produce the
polypeptide variant of the invention together with an endoprotease, in particular a PACE
(paired basic amino acid converting enzyme) (e.g. as described in US 5,986,079), such as a
Kex2 endoprotease (e.g. as described in WO 00/28065).

Methods for introducing exogeneotas DNA into the above cell types, as well as other
information regarding expression, productiom and purification of FVII variants, is found in

WO 01/58935, incorporated herein by reference.

Pharmaceutical composition of the invention and its use

In a further aspect, the present invemtion relates to a composition, in particular to a
pharmaceutical composition, comprising a p olypeptide variant of the invention and a
pharmaceutically acceptable carrier or excipient.

The polypeptide variant or the pharmmaceutical composition according to the
invention may be used as a medicament.

Due to the improved properties mertioned above, the polypeptide variants of the
invention, or the pharmaceutical compositiom of the invention, are particulai useful for the
treatment of uncontrollable bleeding events in trauma patients, thrombocytopenic patients,
patients in anticoagulant treatment, and cirrhaosis patients with variceal bleeding, or other
upper gastrointestinal bleedings, in patients wundergoing orthotopic liver transplantation or
liver resection (allowing for transfusion free surgery), or in hemophilia patients.

Trauma is defined as an injury to liwing tissue caused by an extrinsic agent. It is the

' 4™ Jeading cause of death in the US and places a large financial burden on the economy.

Trauma is classified as either blunt or penetrative. Blunt trauma results in internal
compression, organ damage and internal haemorrhage whereas penetrative trauma (as the
consequence of an agent penetrating the body and destroying tissue, vessels and organs)
results in external haemorrhage. '

Trauma may be caused by numerows events, e.g. traffic accidents, gunshot wounds,
falls machinery accidents, and stab wounds.

Cirrhosis of the liver may be caused by diréct liver injury, including chronic
alcoholism, chronic viral hepatitis (types B, <C, and D), and autoimmune hepatitis as well as
by indirect injury by way of bile duct damagge, including primary biliary cirrhosis, primary

sclerosing cholangitis and biliary atresia. Less common causes of cirrhosis include direct
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liver injury from inherited disease such as cystic fibrosis, alpha-1-antitrypsin deficiency,
hemochromatosis, Wilson’s disease, galactosemia, and glycogen storage disease.
Transplantation is the key intervention for treatirg late stage cirrhotic patients

Thus, in a further aspect the present inv-ention relates to a polypeptide variant of the
invention for the manufacture of a medicament £or the treatment of diseases or disorder
wherein clot formation is desirable. A still further aspect of the present invention relates to a
method for treating a mammal having a disease or disorder wherein clot formation is
desirable, comprising administering to a mammaal in need thereof an effective amount of the
polypeptide variant or the pharmaceutical compsition of the invention.

Examples of diseases/disorders wherein_ increased clot formation is desirable
include, but is not limited to, hemorrhages, inclu ding brain hemorrhages, as well as patient
with severe uncontrolled bleedings, such as traurma. Further examples include patients
undergoing living transplantations, patients unde rgoing resection and patients with variceal
bleeding. Another widespread discase/disorder ira which it is contemplated that the
polypeptides of the invention will be useful for imcreased clot fonnatioﬁ is hemophilia, e.g.
von Willebrand disease, hemophilia A, hemophil ia B or hemophilia C.

The polypeptide variants of the inventiom are administered to patients in a
therapeutically effective dose, normally one appreoximately paralleling that employed in
therapy with rFVII such as NovoSeven®, or at loswer dosage. By "therapeutically effective
dose" herein is meant a dose that is sufficient to produce the desired effects in relation to the
condition for which it is administered. The exact dose will depend on the circumstances, and
will be ascertainable by one skilled in the art usin g known techniques. Normally, the dose
should be capable of preventing or lessening the severity or spread of the condition or
indication being treated It will be apparent to tho se of skill in the art that an effective amount
of a polypeptide variant or composmon of the inv-ention depends, inter alia, upon the disease,
the dose, the administration schedule, whether thes polypeptide variant or composition is
administered alone or in conjunction With other thaerapeutic agents, the plasma hélf—life of the
compositions, and the general health of the patien t.

The polypeptide variant of the invention is preferably administered in a composition
including a pharmaceutically acceptable carrier or- excipient. “Pharmaceutically acceptable”
means a carrer or excipient that does not cause aray untoward effects in patients to whom it is
administered. Such pharmaceutically acceptable c arriers and excipients as wel] as su1tdb1e
pharmaceutical formulation methods are well kno—wn in the art (see, for example,

Remington's Pharmaceutical Sciences, 18th editiomn, A. R. Gennaro, Ed., Mack Publishing
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Company [1990]; Pharmaceutical Form.ulation Development of Peptides and Proteins, S.

Frokjaer and L. Hovgaard, Eds., Taylor & Francis [2000]; and Handbook of Pharmaceutical
Excipients, 3rd edition, A. Kibbe, Ed., Pharmaceutical Press [20007).

The polypeptide variant of the invention can be used “as is” and/or in a salt form
thereof. Suitable salts include, but are not limited to, salts with alkali metals or alkaline earth
metals, such as sodium, potassium, calcium and magnesium, as well as e.g. zinc salts. These
salts or complexes may by present as a Crystalline and/or amorphous structure.

The pharmaceutical composition of the invention may be administered alone or in
conjunction with other therapeutic agents. These agents may be incorporated as part of the
same pharmaceutical composition or may be administered separately from the polypeptide
variant of the invention, either concurrertly or in accordance with another treatment
schedule. In addition, the polypeptide variant or pharmaceutical composition of the invention
may be used as an adjuvant to other therapies. |

A "patient"” for the purposes of the present invention includes both humans and other
mammals. Thus, the methods are applicable to both human therapy and veterinary
applications, in particular to human therapy.

The phaimaceutical compositiox comprising the polypeptide variant of the invention
may be formulated in a variety of forms, e.g. as a liquid, gel, lyophilized, or as a compressed
solid. The preferred form will depend up«on the particular indication being treated and will be
apparent to one skilled in the art.

In particular, the pharmaceutical composition comprising the polypeptide variant of
the invention may be formulated in lyophilised or stable soluble form. The polypeptide
variant may be lyophilised by a variety of procedures known in the art. The polypeptide
variant may be in a stable soluble form by the removal or shielding of proteolytic degradation
sites as described herein. The advantage of obtaining a stable soluble preparation lies in

easier handling for the patient and, in the case of emergencies, quicker action, which

‘potenually can become life saving. The pxeferred form will depend upon the partlcular

indication being treated and will be apparent to one of skill in the art.

The administration of the formul ations of the present invention can be performed in
a variety of ways, including, but not limited to, orally, subcutaneously, intravenously,
intracerebrally, intranasally, transdermally, intraperitoneally, intramuscularly,
intrapulmonary, vaginally, rectally, intrao<ularly, or in any other acceptable manner. The

formulations can be administered continuously by infusion, although bolus injection is
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acceptable, using techniques well known in the art, such as pumps or implantation. In some

nstances the formulations may be directly ampplied as a solution or spray.

Parentals

A preferred example of a pharmace=utical composition is a solution, in particular an
aqueous solution, designed for parenteral ad-ministration. Although in many cases
pharmaceutical solution formulations are provided in liquid form, appropriate for immediate
use, such parenteral formulations may also t»e provided in frozen or in lyophilized form. In
the former case, the composition must be thawed prior to use. The latter form is often used to
enhance the stability of the active compoundl contained in the composition under a wider
variety of storage conditions, as it is recogni=zed by those skilled in the art that lyophilized
preparations are generally more stable than their liquid counterparts. Such lyophilized
preparations are reconstituted prior to use by~ the addition of one or more suitable
pharmaceutically acceptable diluents such as sterile water for injection or sterile
physiological saline solution.

In case of parenterals, they are prepared for storage as lyophilized formulations or
aqueous solutions by mixing, as appropriate, the polypeptide variant having the desired
degreé of purity with one or more pharmacewtically acceptable carriers, excipients or
stabilizers typically employed in the art (all osf which are termed "excipients"), for example
buffering agents, stabilizing agents, preservatives, isotonifiers, non-ionic surfactants or
detergents, antioxidants, and/or other miscellzaneous additives such as bulking agents or
fillers, chélating agents, antioxidants and cosolvents.

Detailed information on parental forn:ﬁulationé suitable for administration of FVII
variants, as well as sustained release preparatiions, i_s found in WO 01/58935 and WO

03/093465, incorporated herein by reference.

The invention is further described by~ the following non-limiting examples.
MATERIALS AND METHODS
Active Site Region

The active site region is defined as aray residues having at least one atom within 10

A of any atom in the catalytic triad (residues F1193, D242, S344).
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Measurement of Reduced Sensitivity to Proteolytc Degradation

Proteolytic degradation can be measured. using the assay described in US 5,580,560,
Example 5, where proteolysis is autoproteolysis.

Furthermore, reduced proteolysis can be tested in an in vivo model using
radiolabelled samples and comparing proteolysis of thFVIla and the polypeptide variant of
the invention by withdrawing blood samples and subjecting these to SDS-PAGE and
autoradiography.

Irrespective of the assay used for determ-ini ng proteolytic degradation, “reduced

avage combar

proteolytic degradation” is intended to mean a mesasurable rech
that obtained by rhFVIla as measured by gel scanming of Coomassie stained SDS-PAGE gels,
HPLC or as measured by conserved catalytic actiwity in comparison to wild type using the

tissue factor independent activity assay decribed below.

Determination of the Molecular Weight of Polypeprtide Variants

The molecular weight of polypeptide variants is determined by either SDS-PAGE, gel
filtration, Western Blots, matrix assisted laser desoaption mass spectrometry or equilibrium
centrifugation, e.g. SDS-PAGE according to Laemymli, U.K., Nature Vol 227 (1970), pp. 680-
85.

Determination of Phospholipid Membrane Bindin_g Affinity
Phospholipid membrane binding affinity may be determined as described in'Nelse;stuen
et al., Biochemistry, 1977; 30;10819-10824 or as described in Example 1 in US 6,017,882.

TF-independent Factor X Activation Assay

This assay has been described in detail on page 39826 in Nelsestuen et al., J Biol
Chem, 2001; 276:39825-39831.

Briefly, the molecule to be assayed (either hFVIIa; thFVIIa or the polypeptide variant
of the invention in its activated form) is mixed with_ a source of phospholipid (preferably
phosphatidylcholine and phosphatidylserine in a rat-io of 8:2) and relipidated Factor X in Tris
buffer containing BSA. After a specified incubatior time the reaction is stopped by addition of
excess EDTA. The concentration of factor Xa is thesn measured from absorbance change at 405
nm after addition of a chromogenic substrate (S-2222, Chromogenix). After correction for
background the tissue factor independent activity of thFVIla (a,,) is determined as the
absorbance change after 10 minutes and the tissue faactor independent activity of the polypeptide
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varlant of the invention (ayaray) is also determined as the absorbance change afier 10 minutes.
The ratio between the activity of the polypeptide varizant, in its activated form, and the activity of

thFVIlais defined as ayasa0/awr.

Clotting Assay
The clotting activity of the FVIla and variamts thereof were measured in one-stage
assays and the clotting times were recorded on 2 Th—ombotrack IV coagulometer (Medinor).

Factor VlI-depleted human plasma (American Diagrostica) was reconstituted and
equilibrated at room temperature for 15-20 minutes. 50 microliters of
transferred to the coagulometer cups.

FVIla and variants thereof were diluted in GSlyoxaline Buffer (5.7 mM barbiturate,
4.3 mM sodium citrate, 117 mM NaCl, 1 mg/ml BS A, pH 7.35). The samples were added to
the cup in 50 ul and incubated at 37°C for 2 minutes_

Thromboplastin (Medinor) was reconstitute d with water and CaCl, was added to a
final concentration of 4.5 mM. The reaction was init3ated by adding 100 pl thromboplastin.

To measure the clotting activity in the abserace of TF the same assay was used

without addition of thromboplastin. Data was analyseed using PRISM software.

Whole Blood Assay _

The clotting activity of FV1la and variants thhereof were measured in one-stage
assays and the clotting times were recorded on a Thrombotrack IV coagulometer (Medinor).
100 pl of FVIIa or-variants thereof were diluted mn a Bbuffer containing 10 mM glycylglycine,
50 mM NaCl, 37.5 mM CaCl,, pH 7.35 and transferr-ed to the reaction cup. The clotting

reaction was initiated By addition of 50 ul blood contzaining 10% 0.13 M tri-sodium citrate as
anticoagulant. Data was analysed using Excel or PRI=SM software.

-Amidolytic Assay '

The ability of the variants to cleave small pe::ptide substrates can be measured using
&the chromogenic substrate $-2288 (D-Ile-Pro-Arg-p-mitroanilide). FVIIa is diluted to about
10-90 oM in assay buffer (50 mM Na-Hepes pH 7.5, 150 mM NaCl, 5 mM CaCl,, 0.1%
IBSA, 1U/ml Heparin). Furthermore, soluble TF (sTF)) is diluted to 50-450 nM in assay
buffer. 120 pl of assay buffer is mixed with 20 ul of tzhe FVIla sample and 20 pl sTF. After 5

Tin incubation at room temperature with gentle shaking, followed by 10 min incubation at
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37°C, the reaction is started by addition of the S-2288 substate to 1 mM and the absorption

at 405 nm is determined at several time points.

ELISA Assay
FVII/FVIIa (or variant) concentrations are determimed by ELISA. Wells of a
microtiter plate are coated with an antibody directed against the protease domain using a
solution of 2 pug/ml in PBS (100 pl per well). After overnight coating at R.T. (room
temperature), the wells are washed 4 times with THT buffer (100 mM NaCl, 50 mM Tris-
HCl pH 7.2 0.05% Tween-20). Subseguen tly, 200

Ml y

using 100 mM NacCl, 50 mM Tris-HC! pH 7.2) is added per well for blocking. After 1 hr
incubation at R.T., the wells are emptied, and 100 pl of sam_ple (optionally diluted in dilution
buffer (THT + 0.1% Casein)) is added. After another incuba tion of 1 hr at room temperature,
the wells are washed 4 times with THT buffer, and 100 pl o=f a biotin-labelled antibody
directed against the EGF-like domain (1 pg/ml) is added. A fter another 1 hr incubation at
R.T., followed by 4 more washes with THT buffer, 100 pl o f streptavidin-horse radish
peroxidase (DAKO A/S, Glostrup, Denmark, 1/10000 dilute=d) is added. After another 1 hr
incubation at R.T., followed by 4 more washes with THT bumffer, 100 pl of TMB (3,3°,5,5’-
tetramethylbenzidine, Kem-en-Tech A/S, Denmark) is added. After 30 min incubation at R.T.
in the dark, 100 pl of 1 M H,SO; is added and ODjsoyy is destermined. A standard curve is
prepared using rhFVIla (NovoSeven®).

Alternatively, FVIU/FVIIa or variants may be quantified through the Gla domain
rather than through the protease domain. In this ELISA set-wep, wells are coated overnight
with an antibody directed against the EGF-like domain and For detection, a calcium-
dependent biotin-labelled monoclonal anti-Gla domain antib ody is used (2 pg/ml, 100 pl per
well). In this set-up, 5 mM CaCl, is added to the THT and df Iution buffers.

Thrombogram Assay

The effect of hFVIla, thFVIla or FVIla variants on thrombin generation in human
plasma is tested in a modified version of the assay described on page 589 in Hemker et al.
(2000) Thromb Haemost 83:589-91. Briefly, the molecule to be assayed (either hFVIla,
thFVIIa or a variant) is mixed with FVII-depleted platelet poox plasma (PPP) containing either
relipidatéd recombinant tissue factor (such as Innovin from Dade Behring) or phospholipid
(phosphatidylcholine and phosphatidylserine in a ratio of 8:2, ©r phosphatidylcholine,

phosphatidylserinc and phosphatidylethanol in a ratio of 4:2:4)p.
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The reaction is started by addition of a fluoregenic thrormbin substrate and calcium

chloride . The fluorescence is measured continuously and the throsmbin amidolytic activity is
determired by calculating the slope of the fluorescence curve (thee increase in fluorescence over
time). I this way the time until maximum thrombin amidolytic aactivity is obtained (Troa), and
the thrormbin generation rate (maximal increase in thrombin activ=ity) and the total thrombin
work (ar-ea under the curve (AUC)) can be calculated.

Frozen citrated FVII-depeleted plasma is thawed in the Presence of corn trypsin
inhibitomr (100 pg/ml serum) to inhibit the contact pathway of coagulation. To each well of a
96-well microtiter plate is added 8011 plasma and 20pl buffer ¢ ontaining thFVII or variant to
be tested in final concentrations of between 0.1 and 100 nM. Recombinant human tissue factor
(rTF) is added in 5 pl assay buffer to a final concentration of 1 ®M. The assay buffer consists
of 20mN1 Hepes, 150mM NaCl and 60mg/ml BSA in distilled vvater. The reaction is started
by addirag 20pl of the substrate solution containing 0.1 M calcivam chloride. The assay plate
and reag=ents are pre-warmed to 37°C and the reaction takes pla«ce at this temperature. The
fluorimester used is a BMG Fluormeter with an excitation filter st 390 nm and an emission
filter at <460 nm. The fluorescence is measured in each well of @ 6-well clear bottom plates at

20-40 sexcond intervals over 30-180 minutes. Data are analyzed using PRISM Software.

Tissue fcactor binding surface plasmon resonance assay (Biacor-e Assay)
Surface plasmon resonance analysis was used to deterrmine the relative binding of

wild-typee Factor VIIa and variants thereof to soluble tissue facteor. Recombinant soluble

tissue fa ctor that contains the extracellular domain was coupled to 270 response units on a

Biacore CMS chip using NHS/EDC coupling. Soluble tissue factor was coupled at a pH of
4.5 to eraable interaction with the chip surface.

In this assay, tissue factor binding of factor VII proteimx was compared at a single
concentr-ation of FVIIa or variant to allow a relative compaﬁsom of the variants to wild-type.
This comcentration was determined by means of a standard curv—e of wild type FVIla that was
flowed over the chip in concentrations between 75 and 0 pg/ml. FVIla was removed by
addition of 10mM EDTA. It was determined in this manner tha_t a concentration of ] Spg/ml
gave bin.ding in the linear range. Variants of FVIIa were then flowed over the chip at 15

pg/ml tow determine the relative binding strength of FVIIa or var-iants to tissue factor,
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EXAMPLES

Example 1

The X-ray structure of hFVIla in. complex with soluble tissue factor by Banner et al.,
J Mol Biol, 1996; 285:2089 is used for this example. For further information on the
calculations in this example, see WO 01/58935,

Surface Exposure

Performing fractional ASA calculations resulted in the following residues being
determined to have more than 25% of thedr side chain exposed to the surface: A1, N2, A3,
F4,15,E6, E7, L8, R9, P10, S12, L13, E14, E16, K18, E19, E20, Q21, S23, F24, E25, E26,
R28, E29, F31,K32, D33, A34, E35, R36, K38, L39, W41, 142, S43, $45, G47, D48, Q49,
AS51, 852, 853, Q56, G58, S60, K62, D63, Q64, L65, Q66, S67,169, F71, L73, P74, A75, .
E77, G78, R79, E82, T83, H84, K85, D86, D87, Q88, L89, 190, V92, N93, E94, G97, E99,
$103, D104, H105, T106, G107, T108, K 109, S111, R113, E116, G117, S119, L120, L121,
Al22, D123, G124, V125, 8126, T128, P129, T130, V131, E132, 1140, L141, E142, K143,
R144, N145, A146, S147, K148, P149, Q 150, G151, R152, G155, K157, V158, P160, K161,
E163,L171,N173, G174, A175, N184, T 185, 1186, H193, K197, K199, N200, R202, N203,
1205, 5214, E215, H216, D217, G218, D219, $222, R224, $232, T233, V235, P236, G237,
T238, T239, N240, H249, Q250, P251, V253, T255, D256, E265, R266, T267, E270, R271,
F275,V276, R277, F278, L.280, L287, L2 88, D289, R290, G291, A292,T293, 1295, E296,
N301, M306, T307, Q308, D309, L311, @312, Q313, R315, K316, V317, G318, D319,
S$320, P321,N322, T324, E325, Y326, Y332, $333, D334, $336, K337, K341, G342, H351,
R333, G354, Q366, G367, T370, V371, G 372, R379, E385, Q388, K389, R392, S$393, E394,
P395, R396, P397, G398, V399, L400, L4-01, R402, P404 and P406 (A1-S45 are located in
the Gla domain, the remaining positions are located outside the Gla domain).

The following residues were detexmined to have more than 50% of their side chain
exposed to the surface: Al, A3, F4,L5, EG, E7, L8, R9, P10, E14, E16, K1 8, E19, E20, Q21,
523, E25, E26, E29, K32, A34, E35, R36, K38, 1.39, 142, S43, G47, D48, A51, §52, S53,
Q36, G58, 560, K62, L65, Q66, S67, 169, F71, L73, P74, A75, E77, G78, R79, E82, H84,
K85, D86, D87, Q88, 1.89, 190, V92, N93, E94, G97, T106, G107, T108, K109, S111, El16,
S119,1L121, A122, D123, G124, V131, E1 32,1141, E142, K143, R144,N145, A146, S147,
K148, P149, Q150, G151, R152, G155, K157, P160, N173, G174, A175, K197, K199, N200
R202, 8214, E215, H216, G218, R224, V2235, P236, G237, T238, H249, Q250, V253, D256,

3
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T267, F275,R277, F278, L288, D289, R290, G291, A292, T293, L295, N301, M306, Q308,

D309, L311, Q312, Q313, R315, K316, G318, D319, N322, E325, D334, K341, G354,
G367, V371, E385, K389, R392, E394, R396, P 397, G398, R402, P404 and P406 (A1-543

are located in the Gla domain, the remaining possitions are located outside the Gla domain).

Tissue Factor Binding Site

It was determined using ASA calculations that the following residues in hFVII
change their ASA in the complex. These residues were defined as constituting the receptor
binding site: L13, K18, F31, E35, R36, 139, F4 0,142, 843, 860, K62, D63, Q64 165, 169,
C70,¥71, C72,L73, P74, F76, E77, G78, R79, E82, K85, Q88, 190, V92, N93, E94, R271,
A274,F275, V276, R277, F278, R304, L305, M1306, T307, Q308, D309, Q312, Q313, E325
and R379.

Active Site Region

The active site region is defined as any~ residue having at least one atom within a
distance of 10 A from any atom in the cataiytic triad (residues H193, D242, S344): 1153,
Q167,V168,L169, L170, L171, Q176,L177, C178, G179, G180, T181, V188, V189, S190,
Al91, A192, H193, C194, F195, D196, K197, 1198, W201, V228, 1229, 1230, P231, S232,
T233,Y234,V235,P236, G237, T238, T239, IN240, H241, D242, 1243, A244,1.245, 1246,
V281, S282, G283, W284, (G285, Q286, T293, T324, E325,Y326,M327, F328, D338, S339,
C340, K341, G342, D343, S344, G345, G346, P347, H348, L358, T359, G360, 1361, V362,
8363, W364, G365, C368, V376, Y377, T378, R379, V380, Q382, Y383, W386, L387, L400
and F405. '

The Ridge of the Active Site Binding Clefi

The ridge of the active site binding cleft region was defined by visual inspection of
the FVIla structure 1IFAK.pdb as: N173, A175 , K199, N200, N203, D289, R290, G291,
A292, P321 and T370. |

Example 2
Design of an expression cassette for expressiom of rhFVII in mammalian cells

The expression cassette for expressior1 of thFVII was designed and cloned as
described in Example 2 of WO 01/58935.
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Example 3

Construction of expression cassette encoding variants of t#e invention
Sequence overhang extension (SOE) PCR was us-ed for generating constructs having

variant FVII open reading frames with substituted codons “by using standard methods.

Example 4
Expression of polypeptide variants in CHO K1 cells

The cell linc CHO K1 (ATCC # CCL-61) is seede=d at 50% confluence in T-25
flasks using MEMa, 10% FCS (Gibco/BRT. Cat # 10091), P/S and S5 pg/ml phylloguinone
and allowed to grow until confluent. The confluent mono cell layer is transfected with 5 pg
of the relevant plasmid described above using the Lipofect-amine 2000 transfection agent
(Life Technologies) according to the manufacturer’s instnmctions. Twenty four hours post
transfection a sample is drawn and quantified using e.g. an. ELISA recognizing the EGF1
domain of hFVII. At this time point relevant selection (e.g . Hygromycin B) may be applied to
the cells with the purpose of generating a pool of stable tra_nsfectants. When using CHO K1
cells and the Hygromycin B resistance gene as selectable rmarker on the plasmid, this is

usually achieved within one week.

Example 5
Generation of CHO K1 cells stably_ekpressing pobypeptides variants.

~ A vial of CHO-K1 transfectant pool is thawed and the cells seeded in a 175 cm?®
tissue flask containing 25 ml of MEMa, 10% FCS, phylloequinone (5 pg/ml), 100 U/
penicillin, 100pg/1 streptomycin and grown for 24 hours. T he cells are harvested, diluted and
plated in 96-well microtiter plates at a cell density of ¥4-1 <ell/well. After a week of growth,
colonies of 20-100 cells are present in the wells and those —wells containing only one colony
are labelled. After a further two weeks, the media in all we=lls containing only one colony is

substituted with 200 pl fresh medium. After 24 hours, a meedium sample is withdrawn and

~ analysed by e.g. ELISA. High producing clones are selecte=d and used for large scale

production of FVII or variants.

Example 6
Lurification of polypeptide variants and subsequent activaction
FVII and FVII variants are purified as follows: Tlae procedure is performed at 4°C.

"The harvested culture media from large-scale production iss ultrafiltered using a Millipore
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TFF system with 30 kDa cut-off Pellicon membraness. A fter concentration of the medium,
citrate is added to 5 mM and the pH is adjusted to 8.65. If necessary, the conductivity is
lowered to below 10 mS/cm. Subsequently, the sampole is applied to a Q-sepharose FF
column, equilibrated with 50 mM NaCl, 10 mM Tris pH 8.6. After washing the column with
100 mM NaCl, 10 mM Tris pH 8.6, followed by 150 mM NaCl, 10 mM Tris pH 8.6, FVIl is
eluted using 10 mM Tris, 25 mM NaCl, 35 mM CaC.1,, pH 8.6.

For the second chromatographic step, an affinity column is prepared by coupling of
a monoclonal Calcium-dependent antiGla-domain arxtibody to CNBr-activated Sepharose FF.
About 5.5 mg antibody is coupled per m! resin. The column is equilibrated with 10 mM Tris,
100 mM NaCl, 35 mM CaCl,, pH 7.5. NaCl is added._ to the sample to a concentration of 100
mM NaCl and the pH is adjusted to 7.4 -7.6. After O/N application of the sample, the column
is washed with 100 mM NaCl, 35 mM CaCl,, 10 mM Tris pH 7.5, and the FVII protein is
eluted with 100 mM NaCl, 50 mM cifrate, 75 mM Tris pH 7.5.

For the third chromatographic, the conductivi ty of the sample is lowered to below 10
mS/cm, if necessary, and the pH is adjusted to 8.6. The sample is then applied to a Q-
sepharose column (equilibrated with 50 mM NaCl, 1€ mM Tris pH 8.6) at a density around
3-5 mg protein per ml gel to obtain efficient activatiosn. After application, the column is
washed with 50 mM NacCl, 10 mM Tris pH 8.6 for albbout 4 hours with a flow of 3-4 column
volumes (cv) per hour. The FVII protein is eluted usi-ng a gradient of 0-100% of 500 mM
NaCl, 10 mM Tris pH 8.6 over 40 cv. FVII containin g fractions are pooled.

For the final chromatographic step, the cond uctivity is lowered to below 10 mS/cm.
Subsequently, the sample is applied to a Q-sepharose= column (equilibrated with 140 mM
NaCl, 10 mM glycylglycine pH 8.6) at a concentratiosn of 3-5 mg protein per ml gel. The
column is then washed with 140 mM NaCl, 10 mM g=lycylglycine pl 8.6 and FVII is eluted
with 140 mM NaCl, 15 mM CaCl,, 10 mM glycylgly~cine pH 8.6. The eluate is diluted to 10
mM CaCl, and the pH is adjusted 6.8-7.2. Finally, Tvween-80 is added to 0.01% and the pHis
adjusted to 5.5 for storage at —80°C.

Example 7
Experimental results — FX activation activity

Subjecting the variants of the invention to.the “TF-independent Factor X Activation
Assay”, the following results were obtained (the resultss being expressed as a percentage of the

activity of the P10Q+K32E variant as a reference):
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TF-independ ent FX activation

Variant (avan'ant//aPlOQK_nE) *100

thFVII a 10
P10Q+K32E (reference) 100
A3AY—+P1 0Q+K32E+A34L 216
P10Q+K32E+D33F+A34E 194
P10Q+K32E+A34E+P74S 190
P10Q+K32E+A34E+R36E+K38E - 144
P10Q+K32E+A34D+R36E 140
Table 3

As it appears from the above results, the variants of &he invention showed a
substartial improvement in FX activation activity as comparesd to thFVIla and also as
compaded to [P10Q+K32EJrthFVIla.

Example 8
Experiamental results - clotting activity in the “Whole Blood Assay”’

Subjecting variants of the invention to the “Whole Bslood Assay” revealed that they
exhibit-ed a significantly increased clotting activity (i.e. reduc ed clotting time) as compared to
thFVILaas well as [P10Q+K32E]JrthFVIIa. The experimental mresults are shown in Fig, 1 and
Table 2 below.

Clotting time (Whole Blood Assay)

Vanant : tvm’iant/ 1:wt
thFVIL a (reference) 1
A3AY +P10Q+K32E+E116D 0.4
A3AY +P10Q+K32E+A34L 0.3
P10Q+K32E+A34E+P748 0.3
A3AY +P10Q+K32E+E77A 0.4
Table 2
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Example 9

Exprerimental results — clotting activity in the “Clorting Asscay”

When assayed in a TF-dependent clotting assay (th € “Clotting Assay” described
abo-ve in the Materials and Methods section) it was evident that variants of the invention
having the R36E substitution have a significantly reduced cRotting activity when compared to
thE"VII or to other variants of the invention. See Table 3 below. Nevertheless, as illustrated in
Example 7 above, variants having the R36E substitution hav’e an increased Factor X

acti-vation activity in the “TF-independent Factor X Activation Assay”.

, Average Clotting Activity

Variant (units/mgyarjam/units/m. guy)
(n=2-3)

NowoSeven® (reference) 52,119 (100 %)
P1OQ+K32E 52,714 (101 %)
A3 AY+P10Q+K32E+A34L 56,948 (107 %)
P100Q+K32E+A34E+R36E 1,439 (2.7 %)
P10»Q+K32E+A34D+R36E+K38E 1,232 (2.4 %)
Tab 1¢ 3
Example 10

Exprerimental results — thrombin generation in the Thromboggram Assay

Using both phospholipid(PL)-dependent and tissue factor(TF)-dependent
throsmbograms (see the description of the Thrombogram Ass ay above), the maximum rate of
throsmbin generation was determined for FVIIa variants at di fferent concentrations of variant
proteins. By plotting the maximum thrombin generation ratess (expressed as FU (fluorescence
units) per sec”) as a function of the variant concentration in DM, the results shown in Figure 2
(maximum tissue factor-dependent thrombin generation rate)) and Fi gure 3 (maximum
pho spholipid-dependent thrombin generation rate) were obtained.

From these results it is evident that the FVIIa variart P10Q K32E A34E R36E has a
differentiated thrombin generation ability depending on the wwhether the reaction is PL-
dependent or TF-dependent. The maximum TF-dependent tixrombin generation rate of this
vari ant is decreased by approximately 10-fold (punctuated lime in Figure 2) when compared
to thae FVIla variants P10Q K32E or A3AY P10Q K32E A341L. Also, lag time, time to peak,
pealx height and (to a lesser extent) AUC are reduced for P133Q K32E A34E R36E compared
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to the other varjants (results not shown). In contrast to the TF -dependent activity, the PL-
dependent activity of “the P10Q K32E A34E R36E variant is equivalent tO that of the other
variants tested in this example (see Figure 3), i.e. this variant has full PL—dependent activity
even though the TF-despendent activity is substantially reduced.

In the same e=xperiment, the variant P10Q K32E A34E R36E wa_s compared directly
to the variant P10Q K_32E A34E P74S, which has a high TF-dependent ttarombin generation
rate as shown in Figur-e 2. The differences in TF-binding between these twvo variants (i.e. the
reduced TF-binding o=f the variant PlOQ K32E A34E R36E) is believed teo be directly

attributable to the pressence ¢

Hs

sibly in synergy with the A34E

£
<
(%]
[
o
s
o
v

substitution.

Example 11

Experimental results — FVIla binding to tissue factor in the Biacore Assa~y

Subjecting variants of the invention to assay by surface plasmon resonance on a
Biacore system using a TF chip as described in the Materials and Method s section, the

following results were= obtained:

Average response urits

Variant (n=5)
Wild-type FVIIa 888

P10Q; K32E 714

A3AY; P10Q; K32E; _A34L : 967%

P10Q; K32E; A34E; R36E 414

Table 4 . * gy =2

In consistenc=y with the TF-dependent thrombin generation rate L ata from the
Thrombogram Assay ((Example 10), the results in Table 4 indicate that thes R36E substitution
confers less binding to= tissue factor.

In the same Bsiacore Assay, FVIla variants having the same modi fications as the
variants listed in Tables 4 together with two additional modifications introctucing two
glycosylation sites (T1. 06N and either V253N or 1205T) were also tested f-or binding to tissue

factor. The results are =shown in Table 5 below.
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Average response units

Variant (n=15)
T106N; V253N 717
T106N; 1205T 612
P10Q; K32E; T106N; 1205T 502
P10Q; K32E; TIOGN; V253N S 498
A3AY; P10Q; K32E; A34L; T106N; V253N 522
P10Q; K32E; A34-E; R36E; T106N; 1205T 216
Table 5

These res-ults are consistent with those of Table 4 and show that comypared to the
same variants (or t-he wild-type) in Table 4 without the additional glycosylation sites, the
presence of two new glycosylation sites in the variants of Table 5 provides a ( further)
reduction in tissue factor binding. As was the case for the variants of Table 4, the presence of
the R36E substitution in a glycosylation variant also results in a level of tissue factor binding
that is substantialls lower than the tissue factor binding of the other glycosyla#ion variants

that do not have th.is substitution.
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CLAIMS

1. A Factor VII (FVII) or Factor Vila (FVIla) polypeptide variant having an amino acid
sequence comprising 1-15 amino acid modifications relat:ave to human Factor VII (hFVII) or
human Factor VIla (hFVIla) with the amino acid sequenc € shown in SEQ ID NO:1, the

variant comprising an amino acid substitution in position 36.

2. The variant of claim 1, wherein a negatively chargged amino acid residue has been

introduced by substitution in position 36.

3. The variant of claim 2, wherein said substitution iss R36D.
4, The variant of claim 2, wherein said substitution iss R36E.
5. The variant of any of claims 1-4, further comprisirg an amino acid substitution in

position 34.

6. The variant of claim 5, wherein a negatively charg ed amino acid residue has been

introduced by substitution in position 34.

7. The variant of claim 6, wherein said substitution iss A34E.
8. The variant of claim 7 comprising the substitutionss A34E+R36E.
9. The variant of claim 5, wherein a hydrophobic ami_no acid residue has been

introduced by substitution in position 34.

10. The variant of claim 9, wherein said substitution is selected from the group consisting

of A341, A34L, A34M, A34V, A34F, A34Y and A34W.

11.  The variant of claim 10, wherein said substitution i.s selected from the group

consisting of A341, A34L and A34V.
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12. The variant of claim 11, wherein said substitution is A34L

13.  The variant of claim 12, comprising the substitutions A34L+R36E.

14.  The variant of any of the preceding claims, fuarther comprising an amino acid

substitution in position 10 and/or 32.

15.  The variant of claim 14, comprising the substitution K32E.

16. The variant of claim 14, comprising the substitution P10Q.

17. The variant of claim 14, comprising the subst itutions P10Q+K32E.

18.  The variant of claim 17, comprising the subst itutions P10Q+K32E+A34E+R36E.

19. The variant of claim 17, comprising the subst-itutions P10Q+K32E+A34L+R36E.

20.  The variant of any of the preceding claims, wherein at least one amino acid residue

comprising an attachment group for a non-polypeptide moiety has been introduced in a

position located outside the Gla domain.

21. The variant of claim 20, wherein said attachment group is an in vivo glycosylation
site.
22.  The variant of claim 21, wherein said glycosylation site an in vivo N-glycosylation

site introduced by substitution.

23.  The variant of claim 22, wherein said in vivo IN-glycosylation site is introduced by a
substitution selected from the group consisting of A5 1N, G58N, T106N, K109N, G124N,
K143N+N145T, A175T, 12058, 1205T, V253N, T2677N, T267N+S8269T, S314N+K316S,
S314N+K316T, R315N+V317S, R315N+V317T, K3 16N+G318S, K316N+G318T, G318N,
D334N and combinations thereof.
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24.  The variant of claim 23, comprising at least one substitu_tion selected from the group

consistingg of T106N, 1205T and V253N.

25. Thhe variant of claim 24, comprising the substitutions
P10Q+K32E+A34E+R36E+T106N+I205T.

26. Thhe variant of claim 24, comprising the substitutions
P10Q+K32E+A34E+R36E+T106N+V253N.

27. The variant of claim 24, comprising the substitutions
P10Q+K32E+A34E+R36E+I1205T+V253N.

28. The variant of claim 24, comprising the substitutions
P10Q+K32E+A34L+R36E+T106N+1205T.

29. The variant of claim 24, comprising the substitutions
P1OQ+K®2E+A34L+R36E+T106N+V253N.

30. The variant of claim 24, comprising the substitutions

P10Q+K3ZE2E+A34L+R36E+1205T+V253N.

31. Thie variant of any of the preceding claims, further comprising an insertion of at least

one amino acid residue between position 3 and 4.

32. Thae variant of claim 31, comprising an insertion of one a_mino acid residue between

position 3 and 4.

33. Thae variant of claim 31 or 32, wherein a hydrophobic amaino acid residue is inserted

between p-osition 3 and 4.

34, Th_e variant of claim 33, wherein said insertion is A3AY.

35.  Th.evariant of claim 34, comprising the modifications

A3AY+PL 0Q+K32E+A34E+R36E.

52
AMENDED SHEET



WO 2004/11 1242 PCT/DK2004/000428

36. The wariant of claim 34, comprising the modifications
A3AY+P10Q+K32E+A34L+R36E.

37. The wariant of claim 34, comprising the modifications
A3AY+P10QQ+K32E+A34E+R36E+T106N+I1205T.

38.  The wariant of claim 34, comprising the modifications

A3AY+P10QQH+K3I2E+A34E+R36E+T106N+V253N.

39. The wariant of claim 34, comprising the modifications
A3AY+P10QQ+K32E+A34E+R36E+I205T+V253N.

40. The wariant of claim 34, comprising the modifications
A3AY+P10Q+K32E+A34L+R36E+T106N+I1205T.

41. The v=ariant of claim 34, comprising the modifications
A3AY+P10Q+K32E+A34L+R36E+T106N+V253N.

42.  The v-ariant of claim 34, comprising the modifications

A3AY+P10Q+K32E+A34L+R36E+I205T+V253N.

43.  The v-ariant of any of the preceding claims, wherein no modifications are made in

positions 6, 77, 14, 16, 19, 20, 25, 26, 29 and 35 relative to SEQ ID NO:1.

44.  The v ariant of any of the preceding claims, wherein said variant is in its activated

form.

45.  The vaariant of any of the preceding claims, wherein the rati o between the FX
activation act ivity of said variant, in its activated form, and the FX activation activity of
thFVIIa is at Jeast 5 when assayed in the “TF-independent Factor 3X Activation Assay”

disclosed herezin

46. A nuc leotide sequence encoding a variant as defined in any- of claims 1-45.
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47.  An expression v-ector comprising the nucleotide sequence of clainm 46.
48. A host cell compprising the nucleotide sequence of claim 46 or the expression vector
of claim 47.

49, The host cell of claim 48, wherein said host cell is a gamma-carbo-xylating cell

capable of in vivo glycossylation.

50. A composition comprising a variant as defined in any of claims 1--45 and at least one

pharmaceutical acceptalble carrier or excipient.

51.  Useofavariant as defined in any of claims 1-45, or a compositior as defined in claim

50, as a medicament.

52. Useofavariant asdefined in any of claims 1-45 for the manufactuare of a medicament

for the treatment of a di.sease or a disorder wherein clot formation is desiraable.

53.  Use according to claim 52, wherein said disease or disorder is sele=cted from the group
consisting of hemorrhagges, including brain hemorrhages, severe uncontroRled bleedings, such
as trauma, bleedings in Jpatients undergoing transplantations or resection, =variceal bleeding,

and hemophilia.

54.  Use according to claim 53, wherein said disease or disorder is trauma.
5S. Use according to claim 53, wherein said disease or disorder is hemmophilia.
54
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SEQUENCE LISTTING

<110> Maxygen ApS
Maxygen Holdings Ltd.
Haaning, Jesper Mortensen
Andersen, Kim vilbour
Bornas, Claus

<120> FVII or FVIIa Gla Domain variamts
<130> 0274wo310

<150> Uus 60/479,780
<151> 2003-06-19

<150> DK PA 2004 00930

<1i5%> 2004-06-15
<160> 1
<170> PatentIn version 3.2

<210> 1

<211> 406

<212> PRT

<213> Homo sapiens

<400> 2 _
Ala Asn Ala Phe Leu Glu Glu Leu Arg P ro Gly sSer Leu Glu Arg Glu
-1 5 190 15

Cys Lys Glu Glu GIn Cys Sser Phe g;u G lu Ala Arg Glu %(1)9 Phe Lys
20 _ :

Asp Ala gﬂu Arg Thr Lys Leu Pge Trp I7le ser Tyr‘zgr Asp Gly Asp
5 4

Gln Cys Ala ser ser Pro %ls Gln Asn Gly Gly (S;gr Cys Lys Asp Gln
<0 4 .

Leu GIn ser Tyr Ile Cys Phe Cys Leu P ro Ala Phe Glu Gly Arg Asn
65 70 , 75 | 80

Cys Glu Thr His Lys Asp Asp GIn Leu Ile Cys Vval Asn Glu Asn Gly
85 99 95

Gly Cys Glu GIn Tyr Cys Ser Asp His Thr Gly Thr Lys Arg Ser Cys
100 105 110

Arg Cys His Glu Gly Tyr Ser Leu Leu ATla Asp Gly val ser Cys Thr
115 120 125 :

Pro Thr 'val Glu Tyr Pro Cys Gly Lys I7le Pro Ile Leu Glu Lys Arg
130 | . 135 ‘ 140

Asn Ala ser Lys pro GIn Gly Arg Ile vaal Gly Gly 'Lys val Cys Pro
145 . © 150 155 160
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Lys Gly Glu Cys Pro Trp Gln val Le u Leu Leu val Asn Gly Ala Gln
165 170 175

Leu Cys Gly Gly Thr Leu Ile Asn Thr Ile Trp val val ser Ala Ala
180 185 190

His Cys Phe Asp Lys Ile Lys Asn Trp Arg Asn Leu Ile Ala val Leu

195 200 : 205
Gly Glu His Asp Leu Ser Glu His Asp Gly Asp Glu Gln Ser Arg Arg
210 215 220
val Ala Gln val Ile Ile Pi'o Ser Thr Tyr val Pro Gly Thr Thr Asn
225 230 235 240

His Asp Ile Ala Leu Leu Arg Leu Hi= GIn Pro val val Leu Thr Asp
245 250 255

His val val Pro Leu Cys Leu Pro Gla Arg Thr Phe Ser Glu Arg Thr
260 265 270

Leu Ala Phe val Arg Phe ser Leu va7l ser Gly Trp Gly GIn Leu Leu
275 280 285

Asp Arg Gly Ala Thr Ala Leu Glu Leu Met val Leu Asn Val Pro Arg
290 295 300

Leu Met Thr GIn Asp Cys teu Gln Glr Ser Arg Lys val Gly Asp ser
305 310 : 315 320

Pro Asn Ile Thr Glu Tyr Met Phe Cys Ala Gly Tyr Ser Asp Gly Ser
325 330 335

Lys Asp Ser Cys Lys Gly Asp Ser Glw Gly Pro His Ala Thr His Tyr
340 345 o 350

Arg Gly Thr Trp Tyr Leu Thr Gly Ile val Ser Trp Gly GIn Gly Cys
355 360 7365 .

Ala Thr val Gly His phe Gly val Tyr Thr Arg val ser GIn Tyr Ile
370 373 | 380 .

Glu Trp Leu GIn Lys Leu Met Arg Ser Glu Pro Arg Pro-Gly val Leu
385 390 . 395 400

Leu Arg Ala Pro pPhe Pro
405
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