WO 03/ 093465 PCT/ DKO3/ 00276 FACTOR VII OR Vila POLYPEPTI DE VARI ANTS FI ELD
OF THE I NVENTI ON The present invention relates to novel pol ypeptide

vari ants wboBagi4es VII (FVI1) or 5 factor Vila (FVIla) polpgpamosdexs where
said variants conprise an am no acid substitution in position 10 and 32

and re.said variants further conprise a sugar noiety covalently attached
to aWﬁﬁT%SQHQ%WI%OH@%W ARIANTS e The present invention al so

relates to use of such polypeptide variants in therapy, in particular for
the treatnment of a variety of coagul ation-related di sorders. 10 BACKGROUND
OF THEFIENEQF OMHBRINVENIIONI| ation is a process consisting of a conpl ex
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two,, chains linked by a single disulfide bridge. FVila in conplex with
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25 FVII undergoes post-translational modifications, including vitamin K-dependent
carboxylation resulting in ten y-carboxyglutamic acid residues in the N-terminal region of the
molecule. Thus, residue number 6, 7, 14, 16, 19, 20, 25, 26, 29 and 35 shown in SEQ ID NO:2
are y-carboxyglutamic acids residues in the Gla domain important for FVII activity. Other post-
translational modifications include sugar moiety attachment at two naturally occurring N-

30 glycosylation sites at position 145 and 322, respectively, and at two naturally occurring O-
glycosylation sites at position 52 and 60, respectively.

The gene coding for human FVII (hFVII) has been mapped to chromosome 13 at g34-
qter 9 (de Grouchy et al., Hum Genet 1984; 66:230-233). It contains nine exons and spans 12.8
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Commercial preparations of human recombinant FVIIa are sold as NovoSeven®.

NovoSeven® is indicated for the treatment of bleeding episodes in hemophilia A or B patients.
NovoSeven® is the only thFVIla for effective and reliable treatment of bleeding episodes
available on the market.

25 - An inactive form of FVII in which arginine 152 and/or isoleucine 153 is/are modified
has been reported in W091/1154. These amino acids are located at the activation site. WO
96/12800 describes inactivation of FVIla by a serine proteinase inhibitor; inactivation by
carbamylation of FVIIa at the o-amino acid group 1153 has been described by Petersen et al.,
Eur J Biochem, 1999;261:124-129. The inactivated form is capable of competing with wild-

30 type FVII or FVIIa for binding to tissue factor and inhibiting clotting activity. The inactivated
form of FVIIa is suggested to be used for treatment of patients being in hypercoagulable states,

such as patients with sepsis, in risk of myocardial infarction or of thrombotic stroke.



3 Acirculating rhFVIila half-life of 2.3 hours was reported in "Sunmmary
Basis for Approval for NovoSeven(r)", FDA reference nunber 96-0597.
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Furthermore, attachment of a chemical moiety to the protein or substitution of amino
25 acids exposed to proteolysis may effectively block a proteolytic enzyme from contact leading to -
proteolytic degradation of the protein. Polyethylene glycol (PEG) is one such chemical moiety
that has been used in the preparation of therapeutic protein products. WO 98/32466 suggests
that FVII, among many other proteins, may be PEGylated but does not contain any further
information in this respect. WO 01/58935 discloses a ne§v strategy for developing FVII or
30 FVIlamolecules having infer alia an increased half-life. 4 |
As indicated above, another problem in current thFVIIa treatment is the relative
instability of the molecule with respect to proteolytic degradation. Proteolytic degradation is a

major obstacle for obtaining a preparation in solution as opposed to a lyophilized product. The

advantage of obtaining a stable soluble preparation lies in easier handling for the patient, and, in



advant age of obtaining a stable soluble preparation lies in easier handling
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aspect the invention relates to a host cell conprising the nucleotide

sequence_of the invention or the expression vector of the invention. 30 In
an eveBRIEGF DISCLOYERE QEEH]%WNW%&Q@I ates to a pharmaceuti cal
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phar maceuti cal acceptable carrier or ‘excipient.
variant having an amino acid sequence comprising 3-15 amino acid modifications relative to

20 hFVII or hFVIIa having the amino acid sequence shown in SEQ ID NO:2, wherein said amino
acid sequence of the variant comprises an amino acid substitution in position 10 and 32 and
wherein a sugar moiety is covalently attached to an introduced in vivo N-glycosylation site
located outside the Gla domain.

Another aspect of the invention relates to a nucleotide sequence encoding the

25 polypeptide variant of the invention.

In a further aspect the invention relates to an expression vector comprising the
nucleotide sequence of the invention.

In a still further aspect the invention relates to a host cell comprising the nucleotide
sequence of the invention or the expression vector of the invention.

30 In an even further aspect the invention relates to a pharmaceutical composition
comprising the polypeptide variant of the invention, and a pharmaceutical acceptable carrier or
excipient.

Still another aspect of the invention relates to the polypeptide variant of the invention,

or the pharmaceutical composition of the invention, for use as a medicament.



Still another aspect of the invention relates to the pol ypeptide variant of
the invention, or the pharmaceutical conposition of the invention, for use
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20 peptide polymer composed of amino acid monomers and linked together by peptide bonds,

which molecule is capable of conjugating to an attachment group of the polypeptide variant of
the invention. Preferred examples of such molecules include polymer molecules, sugar
moieties, lipophilic compounds or organic derivatizing agents. When used in the context of a
conjugated variant of the invention it will be understood that the non-polypeptide moiety is

25 linked to the polypeptide part of the conjugated variant through an attachment group of the
polypeptide. As explained above, the non-polypeptide moiety can be directly covalently joined
to the attachment group or it can be indirectly covalently joined to the attachment group
through an intervening moiety or moieties, such as a bridge spacer or linker moiety or moieties.

A ”polymer molecule” is a molecule formed by covalent linkage of two or more

30 monomers, wherein none of the monomers is an amino acid residue, except where the polymer
is human albumin or another abundant plasma protein. The term “polymer” may be used
interchangeably with the term “polymer molecule”. The term is also intended to cover
carbohydrate molecules attached by in vitro glycosylation, i.e. a synthetic glycosylation

performed in vitro normally involving covalently linking a carbohydraté molecule to an
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Anitho aci d Bxdfpglyeosytativasite s thu/gBr 1oHP e BTERCE thrgoRteS 9§ pept | de noi ety
met hod/ - Act Fﬁ%&%ﬁ ”E{%av%mh%eﬁ{;%ogg* gsriHEeH&éd to_ﬁ_’ﬂdié‘ b furftiBnal BEGRp S¥RES SPA

Shear wat er yS rimne Tresylated nPEG Del gado et al,
cri ti galypegideuriigyinepastiguter of e ameuddidreBidug theBznfor e carBylydsats moiety,
9(3, 4?: 559- 304 (1992) ) i - ophili

capable of attaching a non-polypeptide moiety such as a polymer molecule, a lipophilic

molecule, a sugar moiety or an organic derivatizing agent. Useful attachment groups and their

20 matching non-polypeptide moieties are apparent from the table below.

Attachment | Amino acid | Examples of non- Conjugation Reference
group polypeptide moiety | method/-Activated
PEG
-NH, N-terminal, | Polymer, e.g. PEG, | mPEG-SPA Shearwater Inc.
Lys with amide or imine | Tresylated mPEG | Delgado et al, critical
group reviews in

Therapeutic Drug
Carrier Systems
9(3,4):249-304 (1992)
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Shearwat er | nc.

coupl i ng womB®e3s6s SH Cys Pol yrer,

Pol ymer,

e.g. PEG

nPEG Hz

Asp, Qu with ester or amde group Carbohydrate In vitro

e.g. PEG PEG vinyl sul - rERmacosavEs | nc.

with disul fide, phone Delgado et al, -critical maleimde or vinyl
PEG maleim de reviews in sulfone group Therap ' i st ens
Car bohy ef@@E | n| Gitemmunagou Rolmerr.oy 3 PES: A9PEGHz 1992)| Shymatgcon sef, Thr,
Sugar foi ety In) Wiy 0 | inkpflstek YiSmifd+| 9l ycosylation PEG with ester,
ether, |carbanatg, “‘carborjate -CONH2 Asn as part Sugar noiety In viyo N of
an N glycosylation glyco894Pa- Polyner, e.g. PEG tipn site Aromati¢ Phe,
Tyr, Carbohydrate In vitrjo coupling residue Trp noiety -CONH2 G n
Car bohydrate Infvitro coupling Yan and Wl d, nojety Biochem stry, 1984,
Jul 31] 23(16):|3759- 65 |AfatedhydrateOx di [Z8FHOIYNEE “|e. g. PEG PEGyl ati on
Andresz et al.,|1978, Ketongyoligo- PHG hydrazi de Makronmol. Chem
sacchanide 179:801, WD 9 /16'32{'%, WD 00/23114
-SH Cys Polymer, e.g. PEG, | PEG-vinylsul- Shearwater Inc.
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 (1992)
moiety
-OH Ser, Thr, Sugar moiety In vivo O-linked
Lys, OH- glycosylation
PEG with ester,
ether, carbamate,
carbonate
-CONH, Asn as part | Sugar moiety In vivo N-
of an N- glycosylation
glycosyla- Polymer, e.g. PEG
tion site
Aromatic Phe, Tyr, 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 Makromol. Chem.
saccharide 179:301, WO
92/16555, WO
00/23114




WO 03/ 093465 PCT/ DKO3/ 00276 8 Guanidino Arg Carbohydrate in vitro coupling
Lundbl ad and Noyes, noiety Chimcal Reagents for Protein Mdification,
CRC Pr esswbDng/09346% ori da, USA | m dazole Hi s Carbohydrate PATIDRIBO02ZZ6UpP] i ng
As for guanidine ring nmoiety For ingvivo N-glycosylation, the term
"attachment group" is used in an unconventional way to indicate the am no
aci d reGiAlldan Comst it uti hgamohkdgtycosyl| d viem ceiriag ( Wilupdtlaend NgvRénde 5

N X-S/T/ C, wherjein X is agr?g. mno acidjresidue exceplcpihhiRdSzentd forS
asparagi ne and |S/T/Cis er serine, threonine or cysteine pref erably
serine| or threonine, and|nost preferablly threonine) Pr%ﬁﬁﬁ’éﬂﬂtﬁ?a
asparagi ne resiidue of the N-glycosylatiion site is thephprels@ndthi ch it he
sugar iety is| attached|during glycosylation, suchlattachment cannot be
achi eved unl ess the other amino acid resi dues of t h&IoUd Yfosyl atijon site
IS present Accoreine whe tre—gT AL d ca sugar
noi ety HIHGQZP]I"?e c%ﬁj ugat i c)#arbgéymotébe ad r{f’l‘e”(\’f’lé’&"s*i}m n vlfg\}gﬁ%fi%cosyl ation,
the tefpng am no| aci d resijdugetgonprising an attachmgnt group for a
non- polypepti-del moiety—as—used—+ra—conmectionmw tiT al terations of the

am no aC| d sequence of the polypeptide is to be understood as neaning that
one or q*“og% Do Nagl dodyBiodUde t&&n‘ﬁtthﬂhhidnlﬂgroalp” isused maﬂ\hrgbyvm&phdtl on
site are to be alter in such a manner that 15 functd in vivo

N- gl ywaptol iadicate thi dneinb scidresidiens censtitiing %Negliéﬁ%ﬁétl%iﬂﬁ JEGUIRNELR t he

t I t d. CD, CG
S 0P SRt i SR S I S A 1 5

Sy nboﬁ Sm?e?ﬂr thl%%ﬁﬁ‘fé R Ryitéige, Iﬂﬂ%ﬁbnosmﬁe bathmsom(el, hiRlﬂﬁoMmmﬁmbbzt ure and

Am no Aci ds and Peptl des (re ue nanes etc.),
Eur. threoBine} Hdthough 88, asparaging 1esghy of o%)ga’%?nt Fitedp he OHSEW?F?%S in
Eur. J. Bio h &adreSicd uslesd thei Nt ended
to i nﬂ’rg&%lrtn@eg' 1sgﬂ;i1%}§c21a0| Hé %g@g%ae‘uo}:}bﬁ;[cg%ﬁe | ne?mgggr%up consi ot | ﬁg of

al ani el MHhido @éldé\és1d1£é$$ﬁf&1err¢-g¢}@y)sylatlorﬁ)te ispresenti ¢ acid (Asp or D),
glutamc acid (du or

hi &t i d| ne (H@r@ﬂg% wheq Q’Glnggg%hi@le?ﬂ ésg' a Sfl%ast)nﬂ%lg%'yaglg nger&)%l&a eum ne

( Leu ( GiniBo 48id résduectondyyisingraal i ne (Pro
IS t& %ﬂr{n&;neg b((e'@ Y W%ycggrlgqorﬂ %Ie%n?{&?g oroR) serl ne0 Ser or fa‘ﬁé
t hr eOélﬂteubﬁm(eﬂ'tfg‘roﬁp fofa, noquoﬂy;ep‘(lwallnomty s used Lylpq_ogpwgﬁn @Fatlwls 0

tyros Iatrrr]fno(a-lc;%/drse(c)prlena of the po?ypepﬁde is to be understood as meaning that one or more amino

acid residues constituting an in vivo N-glycosylation site are to be altered in such a manner that
15 a functional in vivo N-glycosylation site is introduced into the amino acid sequence.
In the present application, amino acid 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 names, atom names, etc.), Eur. J. Biochem., 138, 9-37 (1984) together
20 with their corrections in Eur. J. Biochem., 152, 1 (1985)). A
The term “amino acid residue” is intended to indicate an amino acid residue contained
in the group consisting of alanine (Ala or A), cysteine (Cys or C), aspartic acid (Asp or D),
glutamic acid (Glu or E), phenylalanine (Phe or F), glycine (Gly or G), histidine (His or H),
isoleucine (Ile or I), lysine (Lys or K), leucine (Leu or L), methionine (Met or M), asparagine
25 (Asn or N), proline (Pro or P), glutamine (Gln or Q), arginine (Arg or R), serine (Ser or S),
threonine (Thr or T), valine (Val or V), tryptophan (Trp ot W), and tyrosine (Tyr or Y)

residues.



WD 03/ 093465 PCT/ DKO3/ 00276 9 The term nol ogy used for identifying am no

acid positions is illustrated as follows: 1205 indicates that position 205
IS occupiwo oByIxns i sol eucine residue in the amino acid se®UEmI3/081T6wWn in
SEQ I D NO 2. 1205T indicates that t i sol euci ne resi due of position 205

has been substituted with a threonifhe residue. Alternative suybstitutions
are i ndi cafgeltepnidvlery'sed fa.identifyin@ emBioTacibpesitions iniMusEatetisfoleytence in

whi ch i sol eucine in. posjtjon 205 is substituted wi RECTAPI,
i cdasiedionss Pebpasi Al i aeeaied 0 R Sl iine Bl loEhtaReC!

K143NENTABToE AR8RG0 2. B1983tihdikktkOtatahe IdRubit ridedeaipdsiton R0pimiterwn 143
W t h“an asparagi ne residue and a substitution of the as,gar%gi ne residue in
[

posi tsulsstinitdbwith thihmonine esidueeA tersptineesubstitgdonsiaspingicated wi ti%%al ani no
acid residue is indicated in the fol b g odi ' Bhitded Wi@si ne

r edi dYOY bmeppsan gENe;ace SCAPCHS L} Wﬁlgh%ﬁ&l%}sn%m%gﬁg%ésb%@IASA{Y (1eading to

i nserdd QNefific & thidoRftieNPIIRE SWtitulionp@s idiemediyith A“de| eg. Kd#3NFNAAS BN no
acid resi gue I's indicated by an asterix._ For exanple,. del.et]j og of a valine
resi dueens a sgtitutiooef thedysise rasifiue it pepitign 14B7ith arspspaTaBiedBIG f8& ¢ | on and
substitution i ndi cat ed.kn. .t he .ol | o ag oniak B&idueUink@HoRbf an al ani ne
resi éﬂéﬁt{tﬁloﬁo(g{tﬁ? marag%%%l{i\% lg%tgﬁﬁlg%lrlﬂ ne rg‘éiiﬁﬁggg foll (;1vved b_yoi nsertion of
a | eugiim@nkiesiids acia éstdueio fididacsd id Tife followthg wadi: desegtbnaf pEymosingjiesidie

ot herwi se indicated, the nunberin m.no acid_resid . .herein is
mae afier ABi(ve in pogitien Ak h‘éﬁl%?é?‘{)b%‘gag&r@e@dﬁ]lg 0 sCrted ﬁfﬁgﬁﬁlﬁg%gb‘fﬁg 6lgpt i de
(SEQ | D,.NO.,2) E[@ b bR Esi A0 indBSatdiSt80ad dstRNRGCxamplen th speci fic
mut atROSHIQnﬁi"?rdl?%ﬁ%leéF 0 afliimgv& frgsrl(fhgddi tional differences being pqrnﬁsent
apar t gddtemof heakmeekifiueh pusitivn 142iislindidafed by 2* 2 Binpatangqys fRsREion

addition to the introducti of in viy I ] Sl at ed

out si bstitpféon atp ﬁldd%ﬁd ") ,e? W V%&W%gghﬁ%%gﬁ%yﬁ%fﬂ%ggﬁgﬁhéé%g% cations
that p1s0L afi i dsiate FIbABYGAIATXIE dlbadinaumsidoe atirosiion JUBss 1N a
simlar way, 1n addition to the nodifications perfornmed in the da domain
ai g ngdiehted AA78EBI ng t he phosphol i pid nenbrane binding affinity, the

pol ypepti de cont ai n. ot her i | : : indde6e%arki | Yy
related to ﬁl‘;f%s t?’? e.magageﬂutg?%}l%bg%ﬁ# |onﬁl?g&fi ﬁ%@%ﬁrfé?no aci d

modi f i 6@l icPRSe i Gelaasasladie s@juence df thé hEVIAF Vikdeiwteptde (SFA I NO:2ki no aci d

sequence of the polypeptide variant of the jnvention Jf il ed,
contai n ot HBe tatm é‘diégr&)ﬁi@’,ﬂ” ps wsed dn P@F‘eg%’s‘ﬂﬂﬂ chlﬁ? Zuﬁgﬁ B f%%rgl%glgg
del et %’#ﬁﬁ?t %&gﬁgﬁgd}r{ffer&%es b@ﬁﬁggpésgnt C?b% Iederht sparsRdd 2Ring beid keffdtencend/ or

Cter nore am acid'residues (e.g. by 1-10 am no acid
r es§ dp@Shstaiie, MAdiditionno dfe iatreduntionof & '@t Neglyesylatien sitss (losatedoutgidg s c 30

term nus, e.q. addition_ of a nmethion ne residue at l.nus or

i nt ro@iﬁcdqmgbfheé’omﬁil%’é‘ay P%@P%ﬁfeor{h%é?o‘ﬁﬁC%&Onf %‘élt %3?1 é){r\lfr%i aﬁéuds?o as well as

' CONSEh YAl S ATLILafth Aotk Plar bafin asdifed i thb imuificptiodor med
psS o

vvithingrou amno acids wth simlar characteristics, ,e.g. | I
performed in the Gla domain aiming at increasing the phospholipid membrane binding affinity,

the polypeptide may contain other modifications that are not necessarily related to this effect.

25 Thus, in addition to the amino acid modifications disclosed herein, it will be
understood that the amino acid sequence of the polypeptide variant of the invention may, if
desired, contain other alterations, i.e. other substitutions, insertions or deletions. These may, for
example, include truncation of the N- and/or C-terminus by one or more amino acid residues
(e.g. by 1-10 amino acid residues), or addition of one or more extra residues at the N- and/or C-

30 terminus, e.g. addition of a methionine residue at the N-terminus or introduction of a cysteine
residue near or at the C-terminus, as well as “conservative amino acid substitutions”, i.e.
substitutions performed within groups of amino acids with similar characteristics, €.g. sma11
amino acids, acidic amino acids, polar amino acids, basic amino acids, hydrophobic amino

acids and aromatic amino acids.



am no acids, acidic am no acids, polar am no acids, basic am no acids,

hydr ophobi ¢ am no acids and aromati ¢ am no acids. WO 03/093465

PCT/ DKO3/W023093480 Exanpl es of such conservative substit uPcormxoana7shown in
the below table. 1 Al anine (A Glycilge (G Serine (S) Threonine (T) 2
Aspartic acid (D) Qutamc acid (E) Aspar agi n_eiﬁgNi) Gutamne (Q 4

Ar gi ni ne (flaniled dfbubk crdervatiee substitifjions dre shawrcintbe 131))Wl_t'éli’}61' ne (L)

Met hionine (M Valine (V) 6 Phenylalanine (F) Tyrosine (Y) Tryptophan (W
Still _other exanples of additionalreditiecattons—are—discioseg T the
sectilorl émlahinedA)5 " Ot heBlistdi(B) cat i ons>EHESPHe t he GbEeG c%ﬁ% ' bel ow.
The t | i

Hrpuel-eottge—sequence - TS . mcended 1o 1 ndi cate a consecutive
utamic.agid )
stretlch grARENGHT (Y e ng‘l eotide 1ol ecul es. The nucl eotide seglience may

be of %enoﬁ%S&: - ) RNA, Glg@fiineYQ) hetic, synthetic origin, or any
ons t her eof i '

conbi hati The term " polvmerase-chain—reactiom—or—P

gener pl4 y| Aefieing Rp a met Hastidtnsr(HD | o an'ph’sﬁri‘ec Jion of a desired hucl eotide
sequepce—-p—vtroe—as—described,for ex h& A7 883.V95. | n general,
the PCR neSAGECIPARI ves r S%Cé’%e;%‘)cycl esalgﬁ%ﬂ%?rlnrre(rmgxt ensi néﬂ@ym hesi s,

usi ng[of gﬂg%ﬁ | ERhind@) P | Mfosine@PRbI € of Ttypluphen §Wng preferentially to a
tenpl ate hucleic acid” The term"vector' refers—to—aptasmdor—ot her

nucl eoti de sequences that are capable of replicating within a host cell or

being integrated into the.hos I , dSHE!® sedtich ddvitledef ul for
per f or ni ng%HﬁfoFelé“irgﬁ?mP]ﬁ%f?&éﬁéongﬁﬂnggﬁﬁgﬁ%i%ﬁm\%ltaﬁe corrpastei bl e host cells (a

vegt 0l H9sb dipYstoRSbitside thaGld ddnatie” bélewc| oni ng of the nucl eotide sequence,
i.e. to proJ{Jce usable quantitjes of t(ﬂe .Sﬁgu[ence et nggs;[%&%otflg‘% or
expr essi on Tok terhe “nyeleetige srauenced idpated iy LS B LIRSV ST CS Mt egr at e

t he nucl eot.i de, sequ j HOE hefkeasdimicadDNATRNAyect or wi | |
cont aﬁ“ﬁe8??*%?‘196@8]18%@%%r}[lél%%lgdgggig%gi ng ﬁg{)aﬁ%t he%f unction it is to perform

20 " Gehlsynthel@$hntetit origihced dny lcombinations thewspf. cul ture" are used

i nterchangeably herein and_ all such t »Sho 0 include

progeny r edtetpmy “TolYRPGIOHRH rS?CS"é’E}I toﬁﬁg{% g?negélﬂlc%ﬁr%%‘%gﬁggg?ﬁmt ion" and

“transf Lon' ' 881 Wirb Qusidef@ibet ofot lanpieceds  of
S S obpessiapasahly s

i ntr d 0 a ce . erably |inked" refers ta the t{glovsal ent
j oi ni ER93, Wwgateraipthe PaRcinetbod iwolvsy trnsaied cycles Ot RIEAR CSTEIEAY GHRPTLS

1 gat llls(i)nng cﬁirgogltlc Sots -esp(:i"imei:rg] caiapagloe%ffih%'rricﬁtsiing %réf&leﬂﬁéﬂﬁﬁtotaQerﬁﬁﬁteafﬁﬁléi'@ﬁci&UC h t hat

The term “vector” refers to a plasmid or other nucleotide sequences that are capable of

replicating within a host cell or being integrated into the host cell genome, and as such, are

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

20 “Cell”, “host cell”, “cell line” and “cell culture” are used interchangeably herein and

all such terms should be understood to include progeny resulting from growth or culturing of a

cell.
«“Transformation” and “transfection” are used interchangeably to refer to the process

of introducing DNA into a cell.

25 “Operably linked” refers to the covalent joining of two or more nucleotide sequences,
by means of enzymatic ligation or otherwise, in a configuration relative to one another such that
the normal function of the sequences can be performed. For example, the nucleotide sequence

encoding a presequence or secretory leader is operably linked to a nucleotide sequence coding



the normal function of the sequences can be perforned. For exanple, the
nucl eoti de sequence encoding a presequence or secretory |eader is operably
| i nked t owe opied4edt | de sequence codi ng WO 03/ 093465 PCT/ DROI/m03P&7611 f or
a polypeptide if it is expressed as ﬁDpreprotein that participates in the
secretion of the polypeptide: a pr& ter or enhancer is _op bly Ilnked to
a cogirngodpRpeded if it ekpressed ecs prepreintthai pedicinstdsdn thefseerglion @aﬁgn ce:

b bi ndi t bl d t
ol peloneideos maserorehiiogs i opyahiy RES 2 fodl B AfeREHE RS the | nk'ez--
”eanﬁaﬁs*&ﬁgtfl&{‘& e RUAIREL 'a%omsﬁaﬁ@ s iinepdribik iinkedrte acodinggequencaifd, in

t he case a secretory | eader, contiguous and in r ”adgqngélgah%?e Li nki ng
i s agdopmificieddoy td fagﬂttatotramlatwnﬁémfélﬂﬁ prerably dinkefhy m such sites

do not exist, then s c._oli J eqt lefMegr s are used,

in5 aBelpet SF%H‘F“\%FSL ﬁﬁﬁeg é‘%‘%ﬁg‘f naglﬁt f%@%@%ﬁ&g&ﬂl{)rg} the context of

t he ? Bhs hﬂ&’i%'}'éé(ﬁﬁg phee llGhkBg 1§mﬂt)1fnphﬁtedm 'hgatlon aimonvera@it destrction
rcation” is intended to cover replacenment no aci d.side chain,

su bs witesutfi sooh ifesato notexish thegisunthetiq efigonuelgptiqs aélﬁpt(?fs %ﬁq‘kﬁ’is AL SSEAd™r esi due

and/or .insertign of. .a r The terns "nutation" and
subé’f"?ﬂlﬁ‘fs[ %?t@%gd&?ﬁ@g}aﬁﬁ%ﬁ& Pgaﬁerel n. The term"introduce" refers
to introdugg u@rbog{exaaftaepfwera@m\ctnﬁeﬁ tmuemtsf ‘ngediBeationt poamgno agfd exi st i ng

am no acid residue or, alternativel i nsert a am no
acio d m@lifieation’ s intended torgover T 48?@%/ @r?%@a‘% g%t?\sﬁgirﬁo&r}%@giél d

residue b t t AH RQiRRIafld eﬁisemnto@albemtmmsme anot her
am nd"8& lag%?@ué&%lrﬁt?& ﬁ%ra%?? vely, 1by deloetl on (w thout substitution)
of the am Mheagit ‘tmiﬁtatuhjﬁ ahd)“bésm@ttonfe@te'ﬂh@ m@thangﬂ@bly heggine py |

pol ypeptide" refefs t F nol eq PIQYI. it orm

One” exanpl dhsfern FlWP 3‘7%351“? EC%HI 50 ype %b‘gd §és F%y(g ﬁ%}ﬁ{?n&b rf(f)wn in

SEQ 1R %‘Q a}n}no’sm(y kéild%% of raqieﬁﬁﬁoasi byhiaveied of drthaiditidnel reinmatiav |

pol ypept de® so covers hFVI1-1ike rol ecul es, such as fragments or

varsi aadiduedof SEQ | D NO 2, | n particular variants where the sequence

corrprl ses I eas; one v ch as cg gé?dtﬁt droskithé cat i ons
3@1 ?s t(brgmhﬁ Q[P(%f 4 aﬂp%%?& Qesuﬁfé" u i

conpar erm la pol eptl de"
r ef erSnihd aadFééldhfé We@éﬁbﬁbdﬂfmd@ ainind doid resiciie matabetnaw,ﬁlx; i efﬂ@n m Wen
the am no acid sequence of SEQ ID NO 2 .is used to describe the amno acid
sequdm@OQGSUEwtu‘aOm)tOf\ﬁth%‘éa&’ﬁ‘d@?@t‘%@d’etrﬁ%f’v?%e pepti de bond between R152
and 1153 the $ G yetbculistotidad indisglef t he
chai ns conp ggn air:n{}glt)%éc?gh%i@g’rgﬁ{%%iﬁ%gg aq:\ﬁ% ot he%rlghal n_am no acid
res dim fhed: éﬁ@exeﬁﬁbl&'béa Foinpolypeptitie is wihdtypevmaa FVIEGEVIDShewR N and FVI | a

poly peé)t II]%%\'ISO B ?tdslljlgglgl b%)(mderstood however, that the term “FVII polypeptide” also covers

hFVII-like molecules, such as fragments or variants of SEQ ID NO:2, in particular variants
where the sequence comprises at least one, such as 1-15, e.g., 1-10, amino acid modifications as
compared to SEQ ID NO:2.

25 The term “FVIIa” or “FVIIa polypeptide” refers to a FVIIa molecule provided in its
activated two-chain form. When the amino acid sequence of SEQ ID NO:2 is used to describe
the amino acid sequence of FVIIa it will be understood that the peptide bond between R152 and
1153 of the single-chain form has been cleaved, and that one of the chains comprises amino acid
residues 1-152, the other chain amino acid residues 153-406.

30 The terms “rEVII” and *rFVIIa” refer to FVII and FVIIa polypeptides produced by
recombinant techniques.

The terms “hFVII” and “hFVIIa” refer to human wild-type FVII and FVIIa,

respectively, having the amino acid sequence shown in SEQ ID NO:2



reconbi nant techniques. The terns "hFVI1" and "hFVIla" refer to human
wld-type FVII and FVIla, respectively, having the am no acid seqguence
shown i n 8BQ@30L4bO. 2 WO 03/ 093465 PCT/ DKO3/ 00276 12 The termKo3nobd7yl | " and
"rhFVIla" refer to human wild-type FM | and FVIila, having the am no acid
sequence shown in SEQ ID NO 2, produced by reconbi nant neans. An exanple

of rhFVI | aTihe tédiemsCTaVENT and “riR¥Hatisdet thbnmian wilddape EVH and!EY i haYiRE | s

i ntended to cover am no aci i S, no. SEQ | 1
Accorthg ﬁ@%@,ac%q%qP%Sﬁ?‘@Eﬁ{d%%Sigw éeprtoﬁgc%@ r%(gorrrngiﬁ rr%é‘Htcover's’AQl am ng aci d
resi ?]EF\;@I. A8 i@ SEQ ID NO. 2. The abbreviations "TF" and "TFPI" nean
Ti ssg)g actl%}szig%xﬁ)%%vssue Factor Pathway i

Ve I nhi bi t or, respect,"i‘veldg]é3 10 The
term " pr ot &ben ukerdierein, ithe tere (Glbdnmain’cisiipigaded s SOVRI GTERR ML EFSUEHhe N-

termnus. T “catalytic site" is used to nmean the catalytic triad
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as i Wengﬁiﬁgs am no acid residues, e.g. in 3-8 or 3-5 amino acid residues. In
ot her~words, a "variant" typically contains 3-15 am no acid _podifications
(for exanplle t8m fcatdlytiGsite? is 8sedgo mean thetcatalytic triad cangissing e5S3H, MF44ci d

nodi fications such as 3-10 amno acid nodifications, e.g. 3-8 or 3-5

ani n&@ﬁ@%ﬁfdb?P@XP?%ﬂgvf"éﬁti ve to the parent 25 pol ypeptide. In the

present COffiExim “hhentgE MrendBdlid inGRhicaR molwealkpabs awdiffedédnipraved in del et i ons,
substitutions and conbinations thereof. It will be .émdﬁ)r st chgﬁtig%a

polsy peebiddacensith thet preseotioventiog. Alheush the parenkPalypeales Pairedt ified in
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Mt e R ek e LR Sl blpepEae and BB i A B ek
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A “variant” is a polypeptide, which differs in one or more amino acid residues from its

20 parent polypeptide, normally in 3-15 amino acid residues (e.g.in 3,4, 5,6, 7, 8,9, 10,11, 12,
13, 14 or 15 amino acid residues), such as in 3-10 amino acid residues, e.g. in 3-8 or 3-5 amino
acid residues. In other words, a “variant” typically contains 3-15 amino acid modifications (for
example 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 or 15 amino acid modifications), such as 3-10
amino acid modifications, e.g. 3-8 or 3-5 amino acid modifications relative to the parent

25 polypeptide. In the present context, the term “modification” encompasses insertions, deletions,
substitutions and combinations thereof. It will be understood that a polypeptide variant
according to the present invention will be modified in at least three positions, namely in at least
position 10 and 32 (located in the Gla domain) and in at least one position located outside the
Gla domain, where said at least one modification creates an in vivo N-glycosylation site.

30 The term “clotting activity” is used to mean the activity measured in the “Clotting
Assay” described herein. In order to exhibit “clotting activity” a variant of the invention, in its
activated form, should have at least 10% of the clotting acitivty of rhFVIla when assayed in the
“Clotting Assay” described herein. In a preferred embodiment of the invention the variant, in its

activated form, has at least 20% of the clotting activity of thFVIla, such as at least 30%, e.g. at



30 The term"clotting activity" is used to nean the activity neasured in
the "Clotting Assay" described herein. In order to exhibit "clotting
activity"weomasisent of the invention, inits activated fecmphowd7d have
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acti vih?(/'_'I or "FXa generation activity". 20 The term"increased FX

act i il5¥ithn acti vi ty" or "increased FXa generation activity" is used to

i ndi cat e t hgtin@pNaédt abite theheni Tueevity’tin alsomséd in cantéctian edihitbe wriss a
statistically signify- cantly increased capability to activate FX to FXa as
conpasapdbility efactvatingdiX torgXadEhis astvyds also ‘?ﬂofeéln%%%?"%tvﬁgor? ?‘l@lé’ﬁ?i Sh (inits
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cantly increased capability to activate FX to FXa as compared to thFVIIa or. To what extent a

variant of the invention (in its activated form) has an increased FX activation activity may
conveniently be determined in the “TF-independent Factor X Activation Assay” described
25 herein.

The term “stronger clot” or “increased clot strength” is used to indicate that the
strength of the clot generated by the polypeptide variant is statistically significantly increased
relative to that generated by thFVIIa as determined under comparable conditions. This effect
may be determined as the Area Under the Curve (AUCrom) generated by the variant of the

30 invention, in its activated form, when assayed in the “Thrombogram Assay” disclosed herein. In
a similar way, the term “increased AUC hom” 18 used to indicate that the Area Under the Curve
generated by the variant (in its activated form) is statistically significantly increased relative to
that generated by thFVIla as determined under comparable conditions and when measured in

the “Thrombogram Assay” described herein



relative to that generated by rhFVIla as determ ned under conparable
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Det er ni nat |Mﬁmﬁlte§@ﬁlﬂﬁf%§ﬁt¥m}wf¥1 19RFdR VYR P8 g} eterm ning the
f unCtdegenaLnelélg V't]}(é) aﬁ@h{wﬂcﬁ%}@%lﬂftﬁ@ﬁol%@ﬁd%@ﬂ@ul@t%s ﬁﬁﬂhﬂ Iﬁﬂd@ﬁllaforl ifeis

usual lon o e magni tude of functional in vivao
haysf Hlbé@ueeﬁhtpﬁbﬂwbemg oledred. Peteroisiont Sﬁamfhaﬂfrhf?é is pen mere shnplehan

hal f-1i f | at -
i dsemiing it Bl b TR AL SRR RmeL Por ne
ot ”Déo%g%gmé%ntdﬁhé Bhifitldeendaichend vzsyameme @EHES)a,twb]yctﬁms tospiugen or

I'ssue factor, SEC receptor or other rece tor, & di at ed
eI [ mhhﬁtfhfmnclude “Q;lassrpdmlff-hfﬁ”dhre‘#@ﬁb%hﬁlf lifeyr ‘SERE 56 ﬁ%ﬁnf cl ear ance

depenﬁs on_§i Z8: rel at Ihgﬁ A f%s I?gﬂ{pg%ﬁdef iQbleHeA MR I thmhldfbﬁ@bt @6Ye ofchar ge,

at t acHeIaNECa ARG hy e s presence of cellular receptors for
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procoagulant, proteolytic or r ecept or._bi ndin functi onal
i n vi otbethabépton hediatad ehimimatian. anby sPecific %ufﬁﬁgﬁ ﬁ ’iﬁ% Oi#/srlﬁ’ negm% any suitabl e
meth gearance depends on size (relative to the cutoff for glomerular filtration), charge, attached
carbohydrate chains, and the presence of cellular receptors for the protein. The functionality to
be retained is normally selected from procoagulant, proteolytic or receptor binding activity. The
25 functional in vivo half-life and the serum half-life may be determined by any suitable method
known in the art.
The term “increased” as used about the functional in vivo half-life or serum half-life is
used to indicate that the relevant half-life of the polypepﬁde variant is statistically significantly
increased relative to that of thFVIIa as determined under comparable conditions (typically
30 determined in an experimental animal, such as rats, rabbits, pigs or monkeys).
The term “AUC;,” or “Area Under the Curve when administered intravenously” is used
in its normal meaning, i.e. as the area under the activity in serum-time curve, where the
polypeptide variant has been administered intravenously, in particular when administered

intravenously in rats. Typically, the activity measured is the “clotting activity” as defined



known in the art. The term "increased" as used about the functional in vivo
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renal clearance is determined by administering a labelled (e.g. radiolabelled or fluorescence

labelled) polypeptide to a patient and measuring the label activity in urine collected from the
patient. Reduced renal clearance is determined relative to a corresponding reference
25 polypeptide, e.g. thFVIIa, under comparable conditions. Preferably, the renal clearance rate of
the polypeptide variant is reduced by at least 50%, preferably by at least 75%, and most
preferably by at least 90% compared to thFVIIa.
‘The terms “at least 25% of its side chain éxposed to the surface of the molecule” and
“at Jeast 50% of its side chain exposed to the surface of the molecule” are defined with
30 reference to Example 1, where the calculations, etc. are described in detail.
Tt should be noted that when the terms “at least 25% of its side chain exposed to the
surface of the molecule” and “at least 50% of its side chain exposed to the surface of the
molecule” are used in connection with introduction of an in vivo N-glycosylation site these

terms refer to the surface accessibility of the amino acid side chain in the position where the



pati ent. Reduced renal clearance is determned relative to a correspondi ng
reference 25 pol ypeptide, e.g. rhFVIla, under conparable conditions.
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foll owm ng ‘am ho acid  residues: Aspartic aci g‘]ﬁ(;Da % g@utamc acid (E). 15
Thes term pT'dhe temépgsl’evﬂy geatgethamigo aeidgesids” g5k (PHQFIEANIPY PG ng

am no acgj r esi Si Hﬁ% ine (R and histidine (H). Variants

of thEﬁs} ﬁtyﬁlgﬁﬁgﬁ afglg%&(ﬁg es aspe}E5 the present invention relates to a

FVI1 or FVIla polypeptide 20 variant having an am no acid sequence

conprising 3-15 amno acid nodifications relative to hFVII or hFVIla
havi nYariantseefithe inyeptioBequence shown in SEQ ID NO 2, wherein said am no

acid sequenge, sogrgé&%t %@E&tﬁﬂé pre SR idveRorfidA¥ith @ FAAl 6 BVilIs bolypeptide i n

position 10 Hid
20 variant having an amino acid sequence comprising 3-15 amino acid modifications relative to

hFVII or hFVIIa having the amino acid sequence shown in SEQ ID NO:2, wherein said amino
acid sequence of the variant comprises an amino acid substitution in position 10 and 32 and
wherein a sugar moiety is covalently attached to an introduced in vivo N-glycosylation site
located outside the Gla domain.

25 The modifications perfomed in the two above-indicated regions of the parent FVII
polypeptide serve the following purposes:

The modifications performed in positions located outside the Gla domain (introduction
of in vivo N-glycosylation site(s)) are preferably of such nature that the AUC;y, the functional in
vivo half-life and/or the serum half-life of the resulting variant is increased as compared to

30 rhFVIla.

The modifications perfomed in the Gla domain of the parent polypeptide are preferably
of such nature that an increased phospholipid membrane binding affinity of the resulting
molecule is achieved and/or of such nature the resulting molecule has an improved capability to

activate FX to FXa and/or of such nature that a stronger clot is formed.
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inply due to a higher nolar ratio of the activated F 5 variant to FX
The i meféB®ed activation rate of FX then results in a h| gher armount of
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pol ypeptide hpmdbpedffinggdi fied so that the resul ting activated pol ypeptide
variant has (as conpare ‘to_ rhFVila): 10 i) an |ncre% sed bioavail ability
(AUCI, ) an#) aan inseqasedskigaysiaBiBALIA Y o) apdrbringieaseh CRRICHEY 5 3NREFR 19 ) an
i ncreased bi oayai, [ability (AUCI,) and an increased capability to activate
FXto FXa; iil %5n i ncreased b| oavailability (AUC,,,) and is capabl e of
generating &i)stii Giegewedbioavailibiliy (o Egqsed ifuifahleafigeneratingmstiongerdsted

bi oavai |l abi |i t¥ (AUC,,,) and a reduced Tma,; v) an increased functional in
vivd hal f-1ifeliafgasd A¥Erensed phosphol i pi d nenbrane binding affinity;
vi) an incr ng%y&g&l:ﬁg%aﬂla&hy}; (NJ@?} dndl 4 fe@u@ad,@n i ncreased capability

to activate o
v) an increased functional in vivo half-life and an increased phospholipid membrane

binding affinity;
vi) an increased functional in vivo half-life and an increased capability to activate FX
20 to FXa;
vii) an increased functional in vivo half-life and is capable of generating a stronger clot
(increased AUCyom);
viii)an increased functional in vivo half-life and a reduced Tiax;
ix) an increased serum half-life and an increased phospholipid membrane binding
25 affinity;
x) an increased serum half-life and an increased capability to activate FX to FXa;
xi) an increased serum half-life and is capable of generating a stronger clot (increased
AUCrom); and/or
xii) an increased serum half-life and a reduced Tumax.
30
Consequently, medical treatment with a polypeptide variant according to the invention
offers a number of advantages over the currently available rhFVIla compound (NovoSeven®),
such as administration of lower dosage, longer duration between injections, increased clot

strength and/or faster action.



vii) an increased functional in vivo half-life and is capabl e of generating
a stronger clot (increased AUConm); viii) an increased functional in vivo
hal f-1i f ewandog4sduced Trmax; i x) an increased serum hal f PCrfpKoam7an

i ncreased phospholipid nenbrane binding 25 affinity; x) an increased serum
hal f-1ife and an increased capabili tlf to activate FX to FXa; xi) an
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Under rve adm ni stered Intravenously (AUG v), i n,rgart i,cul ar
when @desd, sver mord prefesabinaiisasy 4i such as af leask By 18 partauiag yhep pgmitistpted nt s of

t he present |1n§/ention, which are preferred, are such variants 5 where the
rati JIHEVERAYSY) Hbf UG v of said variant, inits actvated form and the

AUC v of  rifVifr&t bfayah thrB @it dbrdbnecestatilyado &) comespbnd t6an mergasedt | east
1.75, nore pref erablé at least 2, such azla gt | east 3, ﬁvg{g ﬁore preferably
at 10 efusttiohal wuwte haif-hfe andips en mereasedyerim balfAHe aheampaird 19 18f ¥Hay
(intravenausly) in.rats i f ] HANhE Bio riewatthdamessali |y do
s0) c‘gf’?oé‘glﬁélﬁdl)“tagog}?r rnegerr%gaasee(})%dlhg Sgg%éilg%glh%’n vivo half-1ife and/or an
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referred enmbodi nent of the invention, the i,0 _betwee ctional in
\F/)i vo Ve half-lifecorghe seramdweHrlife fof rfe’f leiés gtdpast 512% V@Pfea?f\é\feﬁ:‘%# g eslfa!ztaigt i vat ed
form li)eg\%ler;[ 1{1}? r%lé%% h@?—gge foK'/{)heV\iaYiQnthﬁy! it dckif e@Forhd) and eHeuBlehat halfilifefdror

r hFVI I'S eas re preferably, the ratio between the rel evant
hal4 - hir(Ba bOmFMVIE iv at Teasttl, 5, isuch ssit beasti VAL e Aldesst 2agnenimere petarglyat

half-life for 15 hFVila or, rhFVIla is at least 1.5, such as at |east 1.75,
e.g. kestPesich asat %ﬁ=ﬁ§r@lﬁs erably at |least 3, such as at |least 4, e.g.

at | east 5. Asb‘graﬁ"bé Lind&stiafl ehestRReis ofite: iMaertRAtatsoqiosseds ih addtivn trthal so
possess, in addition to the above-nentioned functi ,ongll | t I ncreased

| i . 8.
AUGH v abdveanediseel funntonabita(i.ci mereased AdCs - inpyeased functional in v%(vo(half?hfe

and/or increased serum half-life), an increased phospholipid membrane binding affinity as

—

20 compared to thFVTL, an an increased capability to activate FX to Fxa, a capability of generating
a stronger clot (increased AUCinrom) and/or a reduced Tmax-
| Thus, in one preferred embodiment of the invention, the polypeptide variant has (in
addition to an increased AUC}y, increased functional in vivo half-life and/or increased serum
half-life) an increased phospholipid membrane binding affinity relative to rhFVIla. Membrane
25 binding affinity may be measured by methods known in the art, such as by the Biacore® assay
described in K. Nagata and H. Handa (Ads.), Real-Time Analysis of Biomolecular Interactions,
Springer-Verlag, Tokyo, 2000, Chapter 6 entitled “I ipid-Protein Interactions”. Alternatively,
the membrane binding affinity may be measured as described in Example 1 in WO 99/20767.
In another preferred embodiment of the invention, the polypeptide variant (in addition
30 to an increased AUCy, increased functional in vivo half-life and/or increased serum half-life),
has an increased FX activation activity as compared to thFVIIa, in particular when assayed in a
TF-independent assay, such as the “TF-independent Factor X Activation Assay” disclosed
herein. More particularly, it is preferred that the ratio between the FX activation activity of the

polypeptide variant, in its activated form, and the FX activation activity of thFVIla is at least



and/ or increased serumhalf-life), an increased phospholipid nenbrane
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enerating a stronger clot as conpared.to.rhFVila. ip This effect m e
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in the “Thrombogram Assay” described herein. Preferably, the ratio is at the most 0.9, such as

25  at the most 0.8, e.g. at the most 0.7, more preferably at the most 0.6, such as at the most 0.5.

Introduction of in vivo N-elycosvlation sites located outside the Gla domain

A number of suitable modifications leading to an increase in AUCiV, functional in vivo
half-life and/or serum half-life is disclosed in WO 01/58935. The variants disclosed in WO
30 01/58935 are the result of a generally new strategy for developing improved FVII or FV1la
molecules, which may also be used for the parent FVII or FVIIa polypeptide of the present

invention.
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 outside the active site



1.7, such as at least 1.8, e.g. at least 1.9 or at least 2. In even another
preferred enbodi nent of the invention the polypeptide variant has (in

addi ti on wo oan9d4ntr eased AUCIV, increased functional in viPeo/mkBoei7sf e

and/ or increased serum 20 haIf-IifeéG inits activated form a faster
action. This effect nay be determ ned”in the "Thronbogram Assay" descri bed
her ei fegits, and/@ciitdidoheiridgt bétheiantvesedeutlibg clefaChesmeitésiragions dre edapiificd evel
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Prefera o 1s at the nost 0.9, such as 25 at the nost 0.8, e.g.
at t her diesetto Gudh regione Fur ekanpls) ityisaontemwplated thapors; orgnerh rawvaN-gleosist 0. 5.

I ntroduction of in vivo N-lycosyl afi si,tes.locate J 3.domai n
A rianiseh St T BrEER D P e ey Sebe SRR BUIdR of B e

funct ;ienahdih® ol thd BV iT-driFvalaanéeleaile SEeltibasite fepio, the tisius chasednding WO
01/58935. The variants disclosed in WO 30 01/58935 are the result of a
gener sitd andribewidge oftthggotiversita bindingmlefyatedsfisedia Fxpmplet hereiyand 2% ecul es,

whi ch nma | S0 be ed for. parent FVI1 or FVila polypeptide of the

pr esefi nSﬁY“?‘iﬁ:%%Sﬁ&?omgg%eoS@‘{égon to be nodified is preferably sel ected from
a part of thg3Rylé7,or1é8Vil60, L1nd,dcldl eQl MGLL173, COtRIGHA oGt &1, dd 81,7188, ssue

f bi ndi ite, and/ ide th i i
etror B0 S ariler ais (s Se iy e R iR,
bi ndi Bﬁ’%lc's%’i -nggeggﬁ,'h\(?ﬁis(,/ bosy, epS73r S, §086 iNtdedmoin Bx@IDas, Aoherein. It

shoul d“bé "eénphasi z er, In Certain situations, e.g. in case an
i nact L9483, 824poV 93 S2B2LeGIAS; WdRd, (538 3280eW293,(T338yEIRS, Xd¥6. V3agbdiddst o

ot oREPBrAI £t i Bl 854, SR A 2P E I LSt iTR g '
advanigeQys) s, Wi ft,ﬁ@@'@s{?@:%@, Vi, oY VEI S, RS79,603800Q982,at383hwIssdge of

the active Site bi ng g cleft of the FVi1 or FVila nolecul e. The active
si e [Aa87,dM00tahé FUD5 gagtivé site isgiob);ndi ng site and the ridge of the active

The ol Low PASEL ALaRSs ReB T Beb R4, Sllakes e od s, gR0E 70 1159 B
Sios FRE e BT g B D S s, "
P230. FE0s 27628877, TA38, R 6 30500, B30, QA0 30853512, QB3 IE3 e R0,
282, 283, W%ﬁhdir%sﬁ%)' 86, T293, T324, E325, Y326, MB27, F328, D338,
s339. (Esyplacios it »> 93343, S344, G345, G346, P347, H348, L358, T359,

G36p, 1361N1Y36817558889, MEGH N2G36528CRE90, G216 A2937/P321T@dd3 7REthe ridgeso,

@B82, Y383, Ws86, . 15 L3887, L400 and F405 (active site region);
of the active site binding cleft).

The total number of amino acid residues to be modified outside the Gla domain in the
parent FVII or FVIIa polypeptide (as compared to the amino acid sequence shown in SEQ ID
NO:2) will typically not exceed 10. Preferably, the FVII or FVIIa variant comprises an amino
25 acid sequence which differs in 1-10 amino acid residues from amino acid residues 46-406
shown in SEQ ID NO:2, typically in 1-8 or in 2-8 amino acid residues, e.g. in 1-5 or in 2-5
amino acid residues, such as in 1-4 or in 1-3 amino acid residues, e.g. in 1, 2 or 3 amino acid
residues from amino acid residues 46-406 shown in SEQ ID NO:2.
Thus, the polypeptide variant of the invention may contain 1-10 (additional or
30 introduced) in vivo N-glycosylation sites, typically 1-8 or 2-8 (additional or introduced) in vivo
N-glycosylation sites, preferably 1-5 or 2-5 (additional or introduced) in vivo N-glycosylation
sites, such as 1-4 or 1-3 (additional or introduced) in vivo N-glycosylation sites, e.g. 1, 2 or 3
(additional or introduced) in vivo N-glycosylation sites. Analogously, the polypeptide variant of

the invention may contain 1-10 (additional or introduced) sugar moieties, typically 1-8 or 2-8



L13, K18, F31, E35, R36, L39, F40, 142, $S43, S60, K62, D63, Qb4, L65, 169,
Cro, F71, Cr2, L73, P74, F76, E77, Gr78, R79, E82, K85, (88,190, V92, N93,
E94, R271wWOA3MI3465 F275, V276, R277, F278, R304, L305, MO®CTIB(3/0012808,
D309, @12, B13, E325 and R379 (tigsue factor binding site); and 20 N173,
Al175, K199, N200, N203, D289, R290, 91, A292, P321 and T370 (the ridge
of t RE1dRedral 6r iBirbeudeiiyétigaEmoietiés, prefdinblytief at 25U (addtionsl onintteduesd) 882 si dues

to be nodified outside the Ga domain in the parent FVI i
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ycosylation site” 1 ncludes the
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cleft. These sites/regions are identified in Example 1 herein. It should be understood that when

the term “at least 25% (or at least 50%) of its side chain exposed to the surface” is used in
25 connection with introduction of an in vivo N-glycosylation site this term refers to the surface
accessibility of the amino acid side chain in the position where the sugar moiety is actually
attached. In many cases it will be necessary to introduce a serine or a threonine residue in
position +2 relative to the asparagine residue to which the sugar moiety is actually attached
(unless, of course, this position is already occupied by a serine or a threonine residue) and these
30 positions, where the serine or threonine residues are introduced, are allowed 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 creating an in vivo N-
glycosylation site include a substitution selected from the group consisting of ASIN, G58N,
T106N, K109N, G124N, K143N+N145T, A175T, 12058, 1205T, V253N, T267N,
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K109N-+K316N+G318T, K109N+G318N, K109N+D334N, G124N+K143N+N145T,

25 G124N+A175T, G124N+1205T, G124N+V253N, G124N+T267N+S269T,
G124N+S314N+K316T, G124N+R315N+V317T, G124N+K316N+G318T, G124N+G3 18N,
G124N+D334N, K143N+N145T+A175T, K143N+N145T+1205T, K143N+N145T+V253N,
K143N+N145T+T267N+8269T, K143N+N145T+8314N+K316T,
K143N+N145T+R315N+V317T, K143N+N145T+K316N+G318T, K143N+N145T+G318N,

30 K143N+N145T+D334N, A175T+205T, A175T+V253N, A175T+T267TN+S269T,
A175T+8314N+K316T, A175T+R315N+V317T, A175T+K316N+G318T, A175T+G3 18N,
A175T+D334N, 1205T+V253N, 1205T+T267N+8269T, 1205T+S3 14N+K316T,
1205T+R315N+V317T, 1205T+K316N+G318T, I205T+G3 18N, 1205T+D334N,
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that such glycosylation variants will primarily belong to the class of active polypeptide variants

as defined hereinbefore.

20 Tt will be understood that as an alternative to introduction of in vivo N-glycosylation
sites in the above-discussed positions one may introduce (either by substitution or by insertion)
cysteine residues in the same positions, where the introduced cysteine residue is then
subsequently covalently attached to a non-polypeptide moiety, such as PEG, in particular
mPEG. Thus, examples of positions, wherein a cysteine residue may be introduced include, but

25 is not limited to, positions comprising an amino acid residue having an amino acid residue
having at least 25% of its side chain exposed to the surface (as defined in Example 1 herein),
such as in a position comprising an amino acid residue having at least 50% of its side chain
exposed to the surface (as defined in Example 1 herein). The position is preferably selected
from a part of the molecule that is located outside the tissue factor binding site and/or the active

30 site region and/or outside the ridge of the active site cleft. These sites/regions are identified in

Example 1 herein. Thus, the above disclosure concerning introduction of in vivo N-glycosyla-

tion sites applies mutatis mutandis to introduction of cysteine residues.



In an even further enbodi nent, three or nore (such as three) in vivo
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03/ 09%5@&%%?@%%6 24 It wll be understood that the nodi f| cations
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Modi f | cati@BSmbaifichionGhah&GiBdomals. Wi | | be understood the variants of the
present invention conprises, in addition to at |east_ one {{]Phsg}guced in
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i
subst DBaFi Y er P33 ippartigulasD F_Leéescoqqﬁng y, 10 One very 1nteresth ing embodimerit 0
the invention, the variant comprises the following substitutions P10Q+K32+D33F.

In another preferred embodiment of the invention the further modification in the Gla
domain comprises an insertion of at least one (such as one) amino acid residue between position
25 3 and 4. It is preferred that the inserted amino acid residue is a hydrophobic amino acid residue.
Most preferably the insertion is A3AY. Accordingly, in another very interesting embodiment of
the invention, the variant comprises the following modifications A3AY+P10Q+K32E or
A3AY+P10Q+K32E+D33F.
In still another preferred embodiment of the invention the further modification in the
30 Gla domain comprises a substitution in position 34. It is preferred that a negatively charged
amino acid residue is introduced by substitution in position 34. Most preferably the substitution
is A34E. Accordingly, in still another very interesting embodiment of the invention, the variant
comprises the following modifications P10Q+K32E+A34E, P10Q+K32E+D33F+A34E,
A3AY+P10Q+K32E+A34E or A3AY+P1 0Q+K32E+D33F+A34E.



anot her preferred enbodi ment of the invention the substitution in position
32 is K32E. In a particularly preferred enbodi nent of the invention the
vari ant cwopsiosassthe foll owi ng substitutions PLOQ+K32E. PCI/DKI3AM76
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dofthi n that™ creates an i n vivo N- gl ycosyl ation site.

following modifications: P10Q+K32E+V253N.

In a further embodiment of the invention said FVII or FVIla variant comprises the
following modifications: P10Q+K32E+T267 +S269T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
25 following modifications: P10Q+K32E+T106N+1205T.
In a further embodiment of the invention said FVII or FVIla variant comprises the
following modifications: P10Q+K32E+T106N +V253N.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: P1 0Q+K32E+1205T+T267N+8269T.
30 In a further embodiment of the invention said FVII or FVIla variant comprises the
following modifications: A3AY+P10Q+K32E+T106N.
In a further embodiment of the invention said FVII or FVIla variant comprises the

following modifications: A3AY+P10Q+K32E+A175T.




10 Finally, it will be understood that the nodifications in the da domain
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nmodi ficati gns: AY+P 1. + y . verhadbapAtesahe t he
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further enbodi ment of the inventjion said.E o) Vila varian ri ses
the fol | owinragfurber snkosimentof ﬂ}?sl}&w}ﬂ%(ﬁ%}ﬂlfgéﬁ EXEIT'.V“‘F%“%’O%’P% Seggp

enbodj ment  of f.he | | gi@'_}q)ﬁ‘léum%NFVI la variant conprises the
follo 8'1%%?)@1!&?%&@1\(%%{:6(% +P 10Q+K32E+V253N. 5 In a further preferred

enbodi nent Bfa futther emvisodiment of dhedinFeitionoaid AN I ar FiTlagRriant COmprPedac t he
enbodHEREERON G H TR OQHCL P BT 40 TFVI | a var i ant Conpr i Ses. 1 he
fol I owi ng npdj #ifiat dRBSHmMAKO R O I6AEH THIG M F¥UR Nariant comprises the
following modifications: P10Q+K32E+D33F+1205T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
20 following modifications: P10Q+K32E+D33F+V253N. ‘
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: P10Q+K32E+D33F+T267+5269T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: P10Q+K32E+D33F+T1 06N-+I1205T.
25 In a further embodiment of the invention said FVII or FVIla variant comprises the
following modifications: P10Q+K32E+D33F+T106N+V25 3N.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: P10Q+K32E+D3 3F+1205T+T267N+S269T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
30 following modifications: A3AY+P10Q+K32E+D33F+T1 O6N.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: A3AY+P10Q+K32E+D33F+Al7 5T.
In a further embodiment of the invention said FVII or FVIla variant comprises the

following modifications: A3SAY+P10Q+K32E+D3 3F+I205T.
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In a tftﬂ()w%mgg;?ﬁ% (ggn?l@(?m%??ﬁﬁtﬂé/@nmqmsal d FVI1 or FVIla variant

conprises OW n cations: A3AY+P 10Q+K32E+D33F+V253N. In a
f ung her enbndi fuether erflbdsdamentmzfetm inyentai sdidRV 1T oo F VIR vasiantgormaisesdBepr i ses

Fur  nenlosnmbmotReiens: PROTRIZA AT AT FVI | or PV 1a variani comr i ses
the fol | owigrnmei Ehbadiensss theMvaRidn IAHRER bt BY3FrEHANOhRDISE the
following modifications: P10Q+K32E+A34E+V253N.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
20 following modifications: P10Q+K32E+A34E+T267+S269T.
In a further embodiment of the invention said FVII or FVIla variant comprises the
following modifications: P10Q+K32E+A34E+T106N+1205T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: P10Q+K32E+A34E+T106N+V253N.
25 In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: P10Q+K32E+A34E+1205T+T267N+S269T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: P10Q+K32E+D33F+A34E+T106N.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
30 following modifications: P10Q+K32E+D33F+A34E A175T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: P10Q+K32E+D33F+A34E I1205T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the

following modifications: P10Q+K32E+D33F+A34E V253N.



In a further enbodi nent of the invention said FVII or FVIila variant
conprises the follow ng nodifications: A3AY+P 10Q+K32E+D33F+T106N+V253N.
In a furtwerodeedaetli nent of the invention said FVII or FVI PeTXac0B3a0276
conprises the 1o follow ng nodifi ca&%ons: A3AY+P 1

OQ+K32E+D33F+I 205T+T267N+S269T. I n a®furt her enbodi ment of the invention
said FVI| o dither emabodimentod ey insedion lseid F\IL boiVbg vmmtfcpmmlfsqsﬁhe P

il L BUSIISE Sgt rort on o0 P o

10Q+K32E+A3RERNT ol emBotithBnitofithd ﬁlb@ftloﬁ@mQQJVE bt FviIatvIaﬂantrtm@hsesrthes aid VI
or FVIla variant conprises the follow ngmg)ndl fications:

PI w%hw&dﬁ@ms PHOQHK3REHRI3FeA34E  TANT805he i nvention said FVI1 or

FVIla vari apt ri ses..t he |l owi.n ' Srari 4E+V253N.
&7 ur ¢ hel® fEOH Hamet ofdft iR TR AN SEby Rl pBHER TR

Conpr iksiRwikdWoditRafictlst PYOQEK BDRHTHI XFaA3aRT 1 0BRBYLKIRE+A34E+T267+S269T. In a
further enbodi ment of the invention said FVII or EVIIg variant c nprises

the fol | owlnrafumber emberdimenisof the nyenrienspd AR or T ERVPDBHFOUPRSE e t her

enbodl nt. of Ve onprises the

foll o&? 3’1%1&0?5 %ngw@%g%%%@ﬁgﬁE I?%O%ﬁ?\é 53N%92§ Im; a further

ferrFf)dl nent m;l a ?ﬁmet mﬁcmmgﬁtlgahﬁmﬁéﬂﬂonmmdmﬂm ar iggﬁm;%gmrsﬁghﬁ he ]
ol I owi ng nodi fj cations + + . In a further

enﬂ)%difmln&moflﬁi@aﬁl?ﬁﬁeﬁ@ﬁ%wsl?pdﬁégﬁ B‘FEJF &vari ant conprises the

fol | ow ng ﬁﬁ@ érﬂﬂédlm%né&%&%éﬁ%%ﬁ“ﬂ@éﬁtﬁ%iﬂ valiBnt@ofnptikdtahe

enbodi nment I nvention sald FVII or FVIla variant conprises the 30
foll O\félhagvim@dioﬂﬁ‘mahomnMAR}HQOKBZE%E@AME\MES"M?ST In a further enbodi nent

of the inventign_said, FVII VIl a var e
modi f i cati oﬁbag’ﬁi’ﬁ @%‘EI-PBE & H’Eerf%ﬁa‘ﬂ;%ﬁ n?ﬁzlllf Vean%&r%mgl Pises k%of t he
! nve“%l%lﬁ%hﬂdﬁ%ébhoﬁ ABMN - 10exiKanE+AgapIAeEEs the fol | owing
dificatio P10Q+K32E+D33F+A34E V253N. WD 03/ 093465 PCT/ DKO3/ 00276 28

I n1a furthein efisthet cmhodlmfent ofgthe myentianawidsBY B oFGivillagraripgh qogIPyises tht
corrpr s the 32E+D33F+A34E T267+S269T. In
diRaiONe N3 AP {(CFRERNR34F

a furft 'on Sal or FVIla variant conprises
the fol | owingfiradt EmbadieAsof the hvekdid3aRHD3E lBt/E3’4E VEiBAINEhDRISE the
following modifications: A3AY+P10Q+K32E+A34E T267+S269T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
20 following modifications: A3AY+P10Q+K32E+A34E T106N+I205T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: A3AY+P10Q+K32E+A34E T106N+V253N.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: A3AY+P10Q+K32E+A34E [205T+T267N+ S269T.
25 In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: A3AY+P10Q+K32E+D33F+A34E+T106N.
| | In a further embodiment of the invention said FVII or FVIIa variant comprises the
following modifications: A3AY+P10Q+K32E+D33F+A34E A175T.
In a further embodiment of the invention said FVII or FVIIa variant comprises the
30 following modifications: A3AY+P10Q+K32E+D33F+A34E 1205T.
In a further embodiment of the invention said FVII or FVIla variant comprises the
following modifications: A3AY+P10Q+K32E+D33F+A34E V253N.
In a further embodiment of the invention said FVII or FVIla variant comprises the

following modifications: A3AY+P10Q+K32E+D33F+A34E T267+5269T.



51n a further enbodi ment of the invention said FVII or FVIla vari ant
conprises the follow ng nodifications: P 1 OQ+K32E+D33F+A34E T106N+V253N.
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0
T267%§¥?¥5ﬁ1‘gmn a&;@ur her Of(S?Jment of the invention said FVII| or FVIla
vari ant conprises the 20 foI | owi ng nodi fications: A3AY+P1OQ+K32E+A34E
T106N+I EFOST ] ) ur t her ’.:' rrent of the invention said FVII or FVlla
var i diterdpes ¢ P EY fodi fi cations: A3AY+P1OQ+K32E+A34E
T106N+V253h, 'f&rﬂ?er eﬁfbwﬁﬁen%ame ipPERBit iBfentibe, tha FWIIL ordfV EavatiaBMnky,dn FVI | a
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1205 Bddzio Rkt tHeaaedfic@ins dessribed nHhe SeoHBBHANAYAL 2135t CQOEED MRALINR d’\%‘“%"b?r&‘ FVI |

or FVIla_ variant .co es.the A
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OQ+K32E+D33F+A34E Al 75T. In a further er‘% odi ment of t i nvent | on sai d
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A3AY+P] QRHSPENRIBE 33 CoMaS . ofl\/ﬁS&DﬁrEQ%EHVIéﬂ&Qtﬂ M3 7Me i nvention

id FVII [ i |
B e e o g
furt hl?fZ? oo r%%ﬁA tREsVANERBEPR. said FVII or FVila variant conprises

t he ficdations: A3AY+P10OQ+K32E+D33F+A34E _T106N+I 20
T
Ina further embodiment of the present invention, the FVIL or FVIla Var?ant may,51n

addition to the modifications described in the sections above, also contain mutations, which are
20 already known to cause a decreased inhibition by TFPL One example includes the substitution

K341Q disclosed by Neuenschwander et al, Biochemistry, 1995; 34:8701-8707.

Moreover, the variant may contain modifications which are belived to increase the TF
binding affinity. Examples of such modifications include substitutions selected from the group
consisting of L39E, L39Q, L39H, 142K, I42R, S43H, 843Q, K62, K62R, L65Q, L65S, F71D,

25 F71Y, F71E, F71Q, F71N, E82Q, E82N, E82K and F275H

As already indicated above, the variant may also contain conservative amino acid

substitutions.

The non-polypeptide moiety

30 Based on the present disclosure the skilled person will be aware that amino acid
residues compfising other attachment groups may be introduced by substitution into the parent
polypeptide, using the same approach as that illustrated above with in vivo N-glycosylation

sites. For instance, one or more amino acid residues comprising an acid group (glutamic acid or



In a further enbodi ment of the invention said FVII or FVIla variant
conprises the follow ng nodifications: A3AY+P1OQ+K32E+D33F+A34E
T106N+V258M.03/6934m5 a furt her enbodi nent of the invention sa&cad/DR#Blos FVIIa
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9r OURyefGAPS sélechtd fRIm WHeSibup Ee2Sibing dPOPAymiesnibltcaleda Kpaphilic oasepoupdef er abl vy,
sai d substitutions 15 are selected fromthe group consisting of; .
V158 B g2 abietylbB Gay 36 51mwKa glyposyiation %@gwgééﬂ%’%‘f% agent. A0
VI58D+E296D+NP O B S5 GRpattidBfaMilébaded, AUBQSV and
K337 AN ﬁme?yfcﬂP%%é%s?ﬁ%@)éc%%(ﬁﬁ&g the presen(?tpMiaﬁ’verllotion, the FVI1 or FVila
vari apdred8y furicongldal vivb alfilife tddomndiepsed plasorachalfeléfer Throerriant RAEPEPEES i ons

b , al tai tati , i ch 2 |
docr GhneralliFORERSA DY IPF BB nERRABPER it aEE YA bR 1 1 o
di scl, i\r%l o{) ﬁo@&%&@%&%@f nd?lppepB@ aloesHes d 3 to 3 PBDmed cBatillle-HAGY .

Mor eov € varl ant contain nodifications which are belived, to

i nor eage mbiety] fo a hpophiliggraip and 2 JugaEnoigsy.de 2B PrEARtFNaiFnEa8PHA 3 ncl ude

substitutions selected.fromth r.ou C | ST L39@ ork 39H,
142K, sugarapoickys i p ﬁ@mﬁ%}c %&%@%E%ﬂ*@ég’@?&ﬁ&g&n@hﬁﬁn@?%1Y, T71E F71Q
F71N, o E8 2 rerERain fetpiepiind mbbesindy baldogasinultanéanaoe seqabmtially. t he vari ant
may al'SG contai n conServative am no acid substitutions. The

non- pol ypepti de noi ety 30 Based on the present disclosure the skilled
perso i 1.l be aware thataa}ergv AFLE Lash dues conprising other attachnent
gr oupdeiRass YPTERAIS AL CUYHIREAT, Ot T Of o the parent pol ypepti de,
us{;Ng the S@RRe ANRMWIREecasns Tdnjiddrioate atlipdpliiiovempind i RCejygation to a

N-glycosylation sites. For instance, .ong o&\‘/‘@re %{n no aci d r.esi dues
conprpdimey melecide 8 ‘Srasuigatign th A MET 8R B YIS BT K03/ 00276 30
aspartic acid), tyrosine or lysi B nlpviymauae shoidticoistdescrivedi Ini ons

di sc 653’8% ’3%\%&5 EBEJBE%QI‘?%&%%@%%E or 'rrtr)lrﬁegié{/bgtei ne resi dues may be

i nt r oguaendl 4 donfipatedosiiantansordingda teeidvertionanay besprodiecd Y cal¥RE Her above

the na(x)prllo-rgp(;li%ep ﬁgstc Icg?unn&)elr %E)Xdit?gnstcggdgc?\rfg £07 %eee(;(p}/e%gi'oﬁl BF theSrariant polypeptide,

20 and recovering the variant polypeptide, wherein a) the variant polypeptide comprises at least

one N- or O-glycosylation site and the host cell is an eukaryotic host cell capable of in vivo
glycosylation, and/or b) the variant polypeptide is subjected to conjugation to a non-polypeptide
moiety in vitro.
Tt will be understood that the conjugation should be designed so as to produce the

25 optimal molecule with respect to the number of non-polypeptide moieties attached, the size and
form of such molecules (e.g. whether they are linear or branched), and the attachment site(s) in
the polypeptide. The molecular weight of the non-polypeptide moiety to be used may, €.g., be
chosen on the basis of the desired effect to be achieved. For instance, if the primary purpose of
the conjugation is to achieve a conjugated variant having a high molecular weight (e.g. to

30 reduce renal clearance) it is usually desirable to conjugate as few high molecular weight non-
polypeptide moieties as possible to obtain the desired molecular weight. When a high degree of
shielding is desirable this may be obtained by use of a sufficiently high number of low
molecular weight non-polypeptide moieties (e.g. with a molecular weight of from about 300 Da

to about 5 kDa, such as a molecular weight of from 300 Da to 2 kDa).



preferably selected fromthe group consisting of a polymer nolecule, a

| i pophilic conmpound, a 5 sugar noiety (by way of in vivo glycosylation)
and an orwemBo9des i vati zing agent. Al of these agents nREZTOXIBOI276
desirable properties to the variant pol ypeptide, in particular increased
AUCLV, increased functional in vivdlhalf-life and/or increased pl asma

hal f-1ife. The variant polypeptide is nornmally conjugated to only one type
of non-pol ypepti de noi eté, but may al so be conjugated to two or nore

di f f Eogigatigptoss pélymenmplsEypept i de noieties, e.g. to a pol yner nol ecul e and
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recovering the variant polypeptide, wherein a) the variant polypeptide
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MO et ]y Y iafgoBreattoxyiié hcid €.elipslgrCOOBY. A haterd-halymenjsugmiyroer conwus@he
designed so as to produce the 25 oE)ti mal | ecule with respect to the
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site(s) in fﬁﬂ%@%&%ﬁ%@%ﬂ@? g ol 88 nclide o ght "of the non-pol ypepti de
mojsetgfoPcdifisiag df pelyalkelege oxitle (P A suiuding phlyalialons shyrok R @esichéd ef f ect

to b h d. For_1nst , if th i ' [ [
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he
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. 76 31 nj ugat.ion to a pol.yner cul e The
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suit ar?cl)ne-toxic, non-antigenic, non-immunogenic, have various water solubility properties, and are

casily excreted from living organisms.

PEG is the preferred polymer molecule, since it has only few reactive groups capable
25 of cross-linking compared to, e.g., polysaccharides such as dextran. In particular, mono-
functional PEG, e.g. methoxypolyethylene glycol (mPEG), is of interest since its coupling
chemistry is relatively simple (only one reactive group is available for conjugating with
attachment groups on the polypeptide). Consequently, as the risk of cross-linking is eliminated,
the resulting conjugated variants are more homogeneous and the reaction of the polymer
30 molecules with the variant polypeptide is easier to control.
To effect covalent attachment of the polymer molecule(s) to the variant polypeptide,
the hydroxyl end groups of the polymer molecule must be provided in activated form, i.e. with
reactive functional groups (examples of which include primary amino groups, hydrazide (HZ),

thiol, succinate (SUC), succinimidyl succinate (SS), succinimidyl succinamide (SSA),
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06/21469, WO 95/13312, EP 921 131, US 5,736,625, WO 98/05363, EP 809 996, US
5,629,384, WO 96/41813, WO 96/07670, US 5,473,034, US 5,516,673, EP 605 963, US
25 5,382,657, EP 510 356, EP 400 472, EP 183 503 and EP 154 316. |
Specific examples of activated PEG polymers particularly preferred for coupling to
cysteine residues, include the following linear PEGs: vinylsulfone-PEG (VS-PEG), preferably
vinylsulfone-mPEG (VS-mPEG); maleimide-PEG (MAL-PEG), preferably maleimide-mPEG
(MAL-mPEG) and orthopyridyl-disulfide-PEG (OPSS-PEG), preferably orthopyridyl-disulfide-
30 mPEG (OPSS-mPEG). Typically, such PEG or mPEG polymers will have a size of about 5
kDa, about 10 kD, about 12 kDa or about 20 kDa.
The conjugation of the polypeptide variant and the activated polymer molecules is

conducted by use of any conventional method, e.g. as described in the following references (which

also describe suitable methods for activation of polymer molecules): Harris and Zalipsky, eds.,
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activ y uSe of any conventi onal

net,hod, #g}orﬁaoélﬁﬁgobl}ggpéﬂa&ﬁﬁmfmﬁm_ng references (which also describe

suitab thods for activation of polyner nolecules): Harris and, Zali psky,
eds., WO 03I08iB465mBaToDR O 0ePHGylation is designed so as to produce the optimal

molecule with respect to the number of PEG molecules attached, the size and form of such

molecules (e.g. whether they are linear or branched), and the attachment site(s) in the variant
polypeptide. The molecular weight of the polymer to be used may e.g. be chosen on the basis of
25 the desired effect to be achieved.

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

30 Normally, the polymer conjugation is performed under conditions aimed at reacting as
many of the available polymer attachment groups with polymer molecules. This is achieved by
means of a suitable molar excess of the polymer relative to the polypeptide. Typically, the

molar ratios of activated polymer molecules to polypeptide are up to about 1000-1, such as up
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branched, has a hi gh nol ecul ar wei ght, preferably about 10-25 kDa, such as
about 15- 25 kDa, e.g. about 20 kDa. 30 Normally, the polynmer conjugation
is per BPHER 1AM #B¥EV t i ons ai med at react i ng as nmany of the avail able

pol ymer at t a5 Bripio SNBSS, Yivh B1RBEMERN JTRI e hiteculd YotnirSiRC ety BthrY
means of a suitable nolar excéss.of the polyner relative to the
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poly p%pgtlirgoesyﬁ{igg, ueﬁce;[r?ot?cnglf)tresgi%g%bg’t’. The' g)g)rgsgiolﬂ%ost cell may be selected from
fungal (filamentous fungal or yeast), insect or animal cells or from transgenic plant cells. In one

embodiment the host cell is a mammalian cell, such as a CHO cell, BHK or HEK, e.g. HEK

293, cell, or an insect cell, such as an SF9 cell, or a yeast cell, e.g. S. cerevisiae or Pichia
25 pastoris, or any of the host cells mentioned hereinafter.

Covalent in vitro coupling of sugar moieties (such as dextran) to amino acid residues
of the variant polypeptide may also be used, e.g. as described, for example in WO 87/05330 and
in Aplin etl al., CRC Crit Rev. Biochem, pp. 259-306, 1981. The in vitro coupling of sugar
moieties or PEG to protein- and peptide-bound Gln-residues can be carried out by

30 transglutaminases (TGases). Transglutaminases catalyse the transfer of donor amine-groups to
protein- and peptide-bound Gln-residues in a so-called cross-linking reaction. The donor-amine
groups can be protein- or peptide-bound , such as the g-amino-group in Lys-residues or it can

be part of a small or large organic molecule. An example of a small organic molecule
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exanpl e o r‘Pa ani c l'ecul e henol,
disulfide, methyl 2—pyr1 yl d1su1ﬁde p-chloromercuribenzoate, 2-chloromercuri-4-nitropheno

or chloro-7-nitrobenzo-2-oxa-1,3-diazole. Histidyl residues are derivatized by reaction with
diethylpyrocarbonateat pH 5.5-7.0 because this agent is relatively specific for the histidyl side

25 chain. Para-bromophenacyl bromide also is useful. The reaction is preferably performed in 0.1
M sodium cacodylate at pH 6.0. Lysinyl and amino terminal residues are reacted with succinic
or other carboxylic acid anhydrides. Derivatization with these agents has the effect of reversing

' the charge of the lysinyl residues. Other suitable reagents for derivatizing o-amino-containing

residues include imidoesters such as methyl picolinimidate, pyridoxal phosphate, pyridoxal,

30 chloroborohydride, trinitrobenzenesulfonic acid, O-methylisourea, 2,4-pentanedione and
transaminase-catalyzed reaction with glyoxylate. Arginyl residues are modified by reaction

with one or several conventional reagents, among them phenylglyoxal, 2,3 -butanedione, 1,2-
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method known in the art. Such methods include constructing a nucleotide sequence encoding
the polypeptide variant and expressing the sequence in a suitable transformed or transfected

25 host. Preferably, the host cell is a gammacarboxylating host cell such as a mammalian cell.
However, polypeptide variants of the invention may be produced, albeit less efficiently, by
chemical synthesis or a combination of chemical synthesis or a combination of chemical
synthesis and recombinant DNA technology.

A nucleotide sequence encoding a polypeptide of the invention may be constructed by

30 isolating or synthesizing a nucleotide sequence encoding the parent FVIL, such as hFVII with

the amino acid sequence shown in SEQ ID NO:2 and then changing the nucleotide sequence so

as to effect introduction (i.e. insertion or substitution) or removal (i.e. deletion or substitution)

of the relevant amino acid residue(s).
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i nyendii9ing BdedtRleREQEsca Geab Heifflingdsiso kfdwi aeDNAshuifing) inepivesdnesyint hesi s
or a conbrnation of chem cal, synthesis_or & contli r}?(f I on_of esc?qualb
synt hesiescyslied of wademi fragaentaian g Fﬁﬁ‘éﬁeﬁﬁ’&fo b GEFIETe e SR e ACE "encodi ng a

pol ype jS% | de of it g%ulc%¥ﬁ§% geggaﬂggg ROIFRPRYPepti®s With dsiBed pUpaitieRIn @kder

synt h¥ a nucle equence encoding the parent FVII, such as hFVI I
W th fdrnematighdaseai thckedcadad skhuffimgin tike pBre) thereleyapt p#es ofifbeinvdieptideng t he

T e It i
an, N0, Acl H76R3EGHRLIS duch WP 2D RAQKDISRlcMich. DRI bIRation can be performed in
Vitro or in vivo.
Examples of suitable in vitro gene shuffling methods are disclosed by Stemmer et al.
(1994), Proc. Natl. Acad. Sci. USA; vol. 91, pp. 10747-10751; Stemmer (1994), Nature, vol.
370, pp. 389-391; Smith (1994), Nature vol. 370, pp. 324-325; Zhao et al., Nat. Biotechnol.
25 1998, Mar; 16(3): 258-61; Zhao H. and Arnold, FB, Nucleic Acids Research, 1997, Vol. 25.
No. 6 pp. 1307-1308; Shao et al., Nucleic Acids Research 1998, Jan 15; 26(2): pp. 681-83; and

WO 95/17413.
An example of a suitable in vivo shuffling method is disclosed in WO 97/07205. Other

techniques for mutagenesis of nucleic acid sequences by in vitro or in vivo recombination are
30 disclosed e.g. in WO 97/20078 and US 5,837,458. Examples of specific shuffling techniques
include “family shuffling”, “synthetic shuffling” and “in silico shuffling”.
Family shuffling involves subjecting a family of homologous genes from different
species to one or more cycles of shuffling and subsequent screening or selection. Family

shuffling techniques are disclosed e.g. by Crameri et al. (1998), Nature, vol. 391, pp. 288-291;
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mut agenesi s in accordance with conventional nethods. Alternatively, the
nucl eot i cwoMEREe i s prepared by chem cal synthesis, ePgI/DK0308I76g an
ol i gonucl eoti de synt hesi zer, wherein oligonucleotides are designed based
on the anmino acid sequence of the dé8ired pol ypeptide, and preferably

sel e641ith2 of 1OROo0PAORRe Bitecioogh AU P pprosskeoh g el . (199%hi ch the

reconbl hant pol ypep be roduced. For exanple,_ .several small
ol i gonuet Bidtedhmslogyavaigl 7, op. P 197 Ard Nessighal. §E9° Mmﬁdﬁlg)&?&lm"?%%ﬁ Hngb be
synt hesi zed and assenbl ed by PCR, ligation or ligation chain reaction

(LCRL7(BAr&y, PNAS 88:189-193, 1991). The individual ol igonucl eotides
typical ly gonhaidsiiinginlvea\pestiding Sibfaoies oboydrappmgayythessenbl y. 10

Al ternative” nucl eoti de sequence npdi ficatjon t hods are. avai.l bel e for

pr edwlipngcleptilggimsed ela. wbd FesercerbEnmeRPTHRMOIRELHE BoE ngﬁ?rﬁsé‘, or instance
met hods, whi ch inval ve. i Resalging r&ohbaet hucldis

5, 09(§}'I§§%°ag¥§e%%ﬁ%8%g%%%alg%\%? %Q%Eﬁlg&ed{snﬁﬁﬁl i ng, gi . €. reconbi nation
bet WegR sbyienBés FOEQes RO giitsiralnsed fii fishsrshuiliog ydes Syathetly shpflingw

nucl eoti dé sequences_havi ng a_nynber of nucl eotide alterations when
conpdechdiques apdisglpsed H‘rWi%éO/ﬁ?ﬁéieoti de sequences. Gene shuffling (al so

known as : ' FRV Q| MER A proREQurEwhies isferfoanetbon
f ragnent a%ﬂﬁlgﬁgﬁéfgggsrg%{y alof t he nuc%goti de sequences, gool | one
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s Clye afbdelled Osifg b eotputer bystan,dherstopastiy: esentively v pigingothy Pegst HRysiGelN desir ed
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D1 oo e pRaETE PR S TR TnA ol Rper At (RRle P AN O 0TI, | T

least 50%i @tak&ﬁbleé@b%yﬁtﬁeﬁé, slieartct&DMuigendsiscalanotior mefhodX, dreabl y” 20 at
| east 70% i dentical, such”as at |east 80%identical,.The reco i nation can

be penkibtidrisdqnenoeiencaling therpolypeptiders inperteding 2 [FPPRRAE YK Y2 o gene
shufflin t.hqds are.di scl ose . Natl.
Aot opply a1 Pty FedfenoR Hloar G B Fosfibn 8F the fAZHkhe kA, O

374, tgﬁsfoﬁﬁgdﬁgs%e@mth (1994), Nature vol. 370, pp. 324-325; Zhao et al.,
Nat. Biotechnol. 25 1998, Mar; 1

6(3): 258-61; Zhao H and Arnal ,
Nucl ei ¢ Aciltishombbetgasise beggdersipgd thapgot a ﬁb‘?Ct%s ﬁ?)‘fe’%ﬁl-of%@?&%ﬁ%neg al .,
Nucl el ¢ Aci ds Resear 9: : inf $e $odypeptide vaMants/ 17413,
A’ et Rely FERES R tne ookl sicfac errﬂgt&?\%g el osed In VO
97/ 07 2Q5ibedHaedin. Nethenivijlald hoss fumti eryeely selfwithidlespae SEESSKERYERFes by in

vitro or in vivo reconpination are 30 disclosed e.q. .1 rdQ@g81 and US
5, 837HawevermneAdiskd! iBhsFhEy gr%ﬂie ﬁ&%‘ﬁ?ﬁ’gﬂl{lﬁg@nﬁg‘."s&‘%&&%} ﬁ%ﬁ%ﬁ i y
sh Ef fl dqfihces m?c?’ 1%5%%&%011? Hfidd ddperimemstion. P& dxin@ples iiefdctingd vedtamitey
shad £ 19 ng 1nvolves subjecting a famly of honol ogous genes fromdjfferent
speci Rest inustireeconsidemd decanst v vebtos musfriepeataingt & toiptegras tﬁ@ or
sel ect i on. Fam‘TIy , e @ ber. and the
chromosome. ThE vector’s copy number, the ability to control that copy number,
expression of any other proteins encoded by the vector, such as antibiotic markers, should also
be considered. In selecting an expression control sequence, a variety of factors should also be
55 considered. These include, for example, the relative strength of the sequence, its controllability,
and its compatibility with the nucleotide sequence encoding the polypeptide, particularly as
regards potential secondary structures. Hosts should be selected by consideration of their
compatibility with the chosen vector, the toxicity of the product coded for by the nucleotide
sequence, their secretion characteristics, their ability to fold the polypeptide variant correctly,
30 their fermentation or culture requirements, and the ease of purification of the products coded for
by the nucleotide sequence.
The recombinant vector may be an autonomously replicating vector, i.e. a vector,

which exists as an extrachromosomal entity, the replication of which is independent of

chromosomal replication, e.g. a plasmid. Alternatively, the vector is one which, when



shuffling techniques are disclosed e.g. by Craneri et al. (1998), Nature,
vol . 391, pp. 288-291; WO 03/093465 PCT/ DK0O3/00276 38 Christians et al.
(1999), NaxDws®IBHrDt echnol ogy, vol. 17, pp. 259-264; ChangPet/DKo03/00699),
Nat ur e Bi ot echnol ogy, vol. 17, pp. 793-797; and Ness et al. (1999), Nature
Bi ot echnol ogy, vol. 17, 893-896. Syfthetic shuffling invol ves provi di ng
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equal ly well with the sane expressi System . ) : kill in the
art rayolhad. §suDr bEehBEREroN venasaoL S i il AP
SeqUeRGER A hIOR! e POTIOMkicH 1099, 08X DS ), MRIKISOSINcctbodeseribatind)idict,
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r epl i Axat BleiwnY ok AcadoBciaB82; 202-20ht 189baand IRIES AsHbor € lnyHERgsHke Us vector's

copy nunber, .the i) t tr t C d pressi on
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sel ecegl a@%ﬂa@rﬁﬂl@ifﬂﬁﬁ at kein imdudinepBR32% ppas bid PET126 (bethtfrnm Neyages Dect or
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filamentous single stranded DNA phages.

Other vectors for use in this invention include those that allow the nucleotide sequence

encoding the polypeptide variant to be amplified in copy number. Such amplifiable vectors are
well known in the art. They include, for example, vectors able to be amplified by DHFR

25 amplification (see, e.g., Kaufman, U.S. Pat. No. 4,470,461, Kaufman and Sharp, "Construction
Of A Modular Dihydrafolate Reductase cDNA Gene: Analysis Of Signals Utilized For Efficient
Expression”, Mol. Cell. Biol., 2, pp. 1304-19 (1982)) and glutamine synthetase ("GS")
amplification (see, e.g., US 5,122,464 and EP 338,841).

The recombinant vector may further comprise a DNA sequence enabling the vector to
30 replicate in the host cell in question. An example of such a sequence (when the host cell is a

mammalian cell) is the SV40 origin of replication. When the host cell is a yeast cell, suitable
sequences enabling the vector to replicate are the yeast plasmid 2u replication genes REP 1-3

and origin of replication.



The reconbi nant vector may be an autononously replicating vector, i.e. a
vector, which exists as an extrachronosonal entity, the replication of

whi ch i s wodependent of chronosonmal replication, e.g. a pPCADKRA00276

Al ternatively, the vector is one which, when WO 03/093465 PCT/ DKO3/ 00276
39 introduced into a host cell, is PRtegrated into the host cell genone and

repl i cat edrhogakRhayhish corhtiseGheonbRITRE)r, bipt © gurtvi théevpioduéizd whien
integrated. The vector is preferablépan exp_esispi 8%é(ﬁe tO{, %ra ei ch the
nuc| eahplémensquisfint in hadosticald supkaHHeEERHE] % AyoTelate R4S ent i on i s
oper inked to addit] By bl 8¢ PIRORUsEAN Sehé PO on of the
nucl @%&b’éé‘ﬁ%@hﬁz >a aé‘()l@ggétsgraﬁgs ty%f’r(l:adlég&%bgrigeq fromplasmd or viral
DNA. 14831 wbErs-0f0)Se drrbildcleadaifes sésistance ¢t odsigf op. axpicidls keprmyfithe host
cells nentioned herein are comyerci al l'l¥ avatill}l gblg ?rr%aecsc Libgd.dn the

| i § eteitagyddin, clsletampb@mﬁbgngma St Gy METR YAPGY i & AEStE P Rel ude, for
exanmpl e, VeCI Ol . 1FONRfileR! iH&u@é(@rag%%H%h,Z@P&t filkinen®as| BMRAL 8elebublomGvids bovi ne
papi FrERE G rus, adenovirus and cytonegal ovirus. Specific io vectors are,

€. 0. indSINNIS] pyn G Iy gB (dimB iahd 6Gen, Carl sbad, CA, USA) and pCl-neo

el ude-t hahe (G smROLiaerSy 15 AT TPt o o LB epis PhickaRe o<l !
e b g P e e Doy uBerul - vect or
foo icostesltsequedncs maydemdtivewiforrign tormsnucl¢icasid sequegee ,ncoﬁl’)é‘ﬁlﬂé‘? ion of the

of 1 RESBEiGF YEHBL SHoh softspd oot I bt hehde A BREE s aentet e

4.5 %@a@%@lﬁﬁﬁl sehdrte Probdpabt sequenur, plomditér edmnger olspstighmexBr B on

vect bacterial hosts include known bacterjal plasm ﬁ% &ulch as

pl asmegiente,cignel peptide sequente, ardiganseraiion tepmpalr-Hd PEFESL: HSSPR™ Y om
Novagen I nc.. uUS wi der host range plasm ds, such as RP4, phage
D%%e%?eé‘??s@ﬂgg\%ﬁ%oﬁtgrfo derivatives of phage |anmbda, e.g., NVP89, and
otfier DNA plag@Svarfetiebf éproviiidn ameirol equanesstnoaysbesisadineths prespidava-phages.
O her vectors for use in this inventiop include thos I e .
nucl evrchaecigbeppsersn C@H’E@‘cﬁeﬁ‘&nf‘l’?em&}fl?ﬁ’@ﬁf‘?@ém%??nar?f s%q@@%cg@gésﬁ%ﬂaﬁe?ed in
copy [ L fei20li80 ¥EGLRIGH RERrs Mkl ke ewequentéknawt to They

i ncl u‘ﬁ‘@??tf%c}hnex%%?gﬂh\%&tgrlsg a)?l}e_ to be anplified by DHFR 25 anplification
( see, contrl the Kapression of eBes Fprokaxpoticioraplaryetic cqlls of thei ArgessAng }Sf,r“TPO“S
"Construction O Modul ar Di hydraf ol ate Reductase cDNA Gene: Analysis O
Si gnatosntupgtions ereedr Efficient Expression”, Mol. Cell. Biol., 2, pp.

1%%4- 19 (1982001 &0k salibil1a Bbmeo] Saticheds ZsedifeCtEs Jransariptiorf inonsnoaligseds e. g.
US'5, 122, 464 anpd EP 338, 841). The reconbi nant vector .nma .fu&t her 1ctorrpri se a
DNA siagiudete erisiahi teje prosmojess pHP VHQ and adenovirus, e.g. the adenovirus 2 major late

promoter, the MT-1 (metallothionein gene) promoter, the human cytomegalovirus immediate-

early gene promoter (CMV), the human elongation factor 1o (EF-1a.) promoter, the Drosophila
minimal heat shock protein 70 promoter, the Rous Sarcoma Virus (RSV) promoter, the human
25 ubiquitin C (UbC) promoter, the human growth hormone terminator, SV40 or adenovirus Elb
region polyadenylation signals and the Kozak consensus sequence (Kozak, M. J Mol Biol 1987
Aug 20;196(4):947-50).
In order to improve expression in mammalian cells a synthetic intron may be inserted
in the 5’ untranslated region of the nucleotide sequence encoding the polypeptide. An example
30 of a synthetic intron is the synthetic intron from the plasmid pCI-Neo (available from Promega
Corporation, WI, USA).
Examples of suitable control sequences for directing transcription in insect cells

include the polyhedrin promoter, the P10 promoter, the Autographa californica polyhedrosis
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of ggp@bd®f prokaryotic or eukaryotic cells or their viruses, and various

conmbi nati ons thereof. 20 Exanpl es of itable c
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pr onoter, e - met al | ot'hionei n gene) pronoter,

. : t he, human

cyt onmgadedivlar us extraveliilai olyrsatils) agd ehefhies itdt desitpliogg P{’]tlaﬁ’eseﬁli?ﬂ% Ror§igat i on
factor a (EF-1 a) pronoter...the Dr | LY BLmNES e SRS PPt ei n 70
pr onﬂpé?l?m?ﬁﬁu%‘ﬂgl %S&%}?Lpiﬁtﬁdﬁ gla(yﬁggi&%‘%ﬁéir%eed}bot(gg hu n%ﬁll © 25 ubigcJ]ui tin C
(Uo C)Aﬁiepgm&ﬁgp. ainfBisb BBINCAIENESS, Hgederncoding niRhabancorINikbeidipasedenovi rus El b
regi on pol yadenyl ati on signal s and_the Kozak cons%ns e ugﬁce éKé)nZeak’ M
INbl  Boteasd@gHuicgllmgaese)livase Tho pignpkpepiide s i eﬁaﬁfyr %‘613’6 SPLEETSn | n
rragoma ér{cggin%% lo?yz%e ﬁ“m grtnly asé, "t 51%@1‘ ﬁ@ﬁ‘[ré? %L—élﬂ?l%et, QQniger acid-stable amylase,

or A. niger glucoamylase. For use in insect cells, the signal peptide may conveniently be

derived from an insect gene (cf. WO 90/05783), such as the Lepidopteran manduca sexta

adipokinetic hormone precursor, (cf. US 5,023,328), the honeybee melittin (Invitrogen),

ecdysteroid UDPglucosyltransferase (egt) (Murphy et al., Protein Expression and Purification

25 4, 349-357 (1993) or human pancreatic lipase (hpl) (Methods in Enzymology 284, pp. 262-272,
1997). A preferred signal peptide for use in mammalian cells is that of hFVII or the murine Ig

kappa light chain signal peptide (Coloma, M (1992) J. Imm. Methods 152:89-104). For use in

yeast cells suitable signal peptides have been found to be the a-factor signal peptide from S.
cereviciae (cf. US 4,870,008), a modified carboxypeptidase signal peptide (cf. L.A. Valls et al.,

30 Cell 48, 1987, pp. 887-897), the yeast BAR1 signal peptide (cf. WO 87/02670), the yeast
aspartic protease 3 (YAP3) signal peptide (cf. M. Egel-Mitani et al., Yeast 6, 1990, pp. 127-
137), and the synthetic leader sequence TAS57 (WO98/32867). For use in E. coli cells a suitable
signal peptide have been found to be the signal peptide ompA (EP581821).



in the 5 wuntranslated region of the nucl eotide sequence encodi ng the

pol ypeptide. An exanple 30 of a synthetic intron is the synthetic intron
from t he whasnddepCl - Neo (avail able from Promega Cor por aPCOMKOR09276SA) .
Exanpl es of suitable control sequencg for directing transcription in

I nsect cells include the polyhedrin %rormter, the P 10 pronoter, the

Aut ogr apha T idctori€ fequeheshd dicisiantidd B3 8B4 ol yPERidereBAgORGhert 1 vi r us

Cho IREISGLY FUOBBICATEY ARS EeBPIeSEr b R E oA e iappy ee ! AN
pol yaadﬁi‘g o@itdkggﬁ%ﬁ%%eﬁcodé;ﬁ(ﬁgml Sptide. THE 5i2RAISHFOM & PhesemOMpmaRS for use
S s inclu p

In yea ost C de t ohoters of the yeast a- mat.iggiﬁq system the
yeastpdlypepside pintmp satd beissweted &oe hF el iprdrich Wi expressest. Sweh $i peptidepast

Phs i hseoT e o pEBred B ELTrondl Panr e aror SsbleCos °f or “Use
in f '&ﬁfﬁﬁﬂﬁgg?iig&glgﬁ?ﬁde Hﬁﬁ,te.@@e'tﬁatin@ﬁhﬂgeas'fswaté@bﬁhﬂmtcﬂ al@nthtivelym nat or,

a pronoter romthe genes encoding Aspergillus oryzae TAKA anyl ase
t ri osthe sigoslyeptide ey e fraseansthes|skarce Han HEYlk such ashry oAthose gemallyany| ase, A

ni ger or .A _ni.dul.ans gl ucoany| as e i | | zonmucor
i encissarifiad Pt GRa mut SR DE il KRB RERRATE, ERRmbR, HY PO
term gaip bepti@&ﬁ%ﬁpﬂ)@§ sighal PeplidhRmany bxiressee Goantbe hoftaell ws ené whivhds er i al
host cells ’include pronoters of the |ac _system thecﬁr S ste%]grytﬁge TAC or

TRO sya$mermallinexpressedriipmthphesiaelb Accagingly the sigpal pepti € PHp Bsence
or absence. of -.a S] . ' LA 8N ! £¥RhRRA{aaNoM oSt

15 ceff ‘f??éfa‘f‘%”ﬁn%ﬁ%%&“ﬁgﬁié’?’%gr?‘“%%ﬁ'toﬁgu%ﬁoyt%gg% gegg;\}%grﬁil%lt to be ex%ressed
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m ehe | pase gr protease or a Hum col a"l anugi nosa | i pase. The si gnal

pent i sigpropmian adiemhidlly odecll ling, &y well as garsgerdo animalsdimdants. Feapples of AKA

anyl ase, A, niger neutral a-anylase, .A niger .acidsst. a or A

o er Distssteb i Rabe nchgs Saolbormivp Ragii oo S fiEoEREIAR. Eeo AR or B
convegiemt | MseD8ombifss oY SSepbRPEaNor re@6éc4i08Badi€ia, sWD BOLAMEBBE, cdldheas t he
Lepi dopt eran manduca sext'a adi pokinetic hornone precursaor, (cf.

5, 023ind28}stianh atusatey e 2 yasterialihestacHvnays @émt%nceé_zedgfgepqudqycprotomalthS
oS SIS SISl g P GRS,
in 2(Enﬁs)iﬂ$) _l:&ﬁyet&i&f%dl@@e% %@'ﬁz’@?ﬂlﬁ;\r}? l%?z)izi?ﬁl | ﬁfmmdrbf §iagk)ziaa1olqglp Bl i 8R3- 1;] or use
o1 gna2pep beat ol BHALOAEE50R) 197 fatro iR arFAolses DR B use i
electroporation (see, e.g., Shigekawa and Dower, 1988, Biotechniques 6: 742-751), or
conjugation (see, e.g., Koehler and Thorne, 1987, Journal of Bacteriology 169: 577 1-5278).
Examples of suitable filamentous fungal host cells include strains of Aspergillus, e.g. A. oryzae,
25 A. niger, or A. nidulans, Fusarium or Trichoderma. Fungal cells may be transformed by a
process involving protoplast formation, transformation of the protoplasts, and regeneration of
the cell wall in a manner known per se. Suitable procedures for transformation of Aspergillus
host cells are described in EP 238 023 and US 5,679,543. Suitable methods for transforming
Fusarium species are described by Malardier et al., 1989, Gene 78: 147-156 and WO 96/00787.
30 Examples of suitable yeast host cells include strains of Saccharomyces, €.g. S. cerevisiae,
Schizosaccharomyces, Klyveromyces, Pichia, such as P. pastoris or P. methanolica, Hansenula,
such as H. Polymorpha or Yarrowia. Yeast may be transformed using the procedures described
by Becker anci Guarente, In Abelson, J.N. and Simon, ML, editors, Guide to Yeast Genetics
and Molecular Biology, Methods in Enzymology, Volume 194, pp 182-187, Academic Press,
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car boxypepoiddasiesi gnal peptide (cf. L.A Valls et al., 3@CTaIKo348761987,
pp. 887-897), the yeast BARL signal peptide (cf. WO 87/02670), the yeast
aspartic protease 3 (YAPS) signal peptide (cf. M Egel-Mtani et al., Yeast
6, 2 7 heblbsy 1 3ades; Kinguesad , TREY
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pr ef un I |nc ng yeasts), plant, .insect gt her 15
appr G.E}Bdsﬂbﬁegmjctmk theeAherican Tb@lelcullﬁuma@dl@ﬁ‘owqc tl}/lg-%'g%zin% aﬂﬁ mal s or

pl ants. Exanpl es o [ARRSideVE€gbRet eria such
as s taapRalias ceflagyc Iaﬁlgg}géﬁgl e@?éllﬁ%(rlltdé&lp%ggﬁﬁl s, Pseudomonas or

L€ I AR IVE USGEOAGT 335, iisordbr msprs‘tldalmgomd gycqsglation The
f@%ﬁ?}?ﬁ?@sﬁﬂgg a%vector into a bacterial host cell may, for instance, be

ef f eeif ek fwtypepttiopdrsast. transformati on (see, e.g., Chang and Cohen, 1979,

Mol ecul ar ne al Cenetics 168: 511(;{53 Abr HsibrRE: 16 mbeﬂiepb@};iepuc(esee
e.g., Young® gb]inffeﬁese%fégﬁn %% rnal agt% Bact eri ol %g& (Bl 823- 829, or

%gnzz1%%fia?éline}@ﬁtfon&bgémw?twmdopmmaaa|m pirtivelees B dRpicse:

el ectroporation (see 19088,

Bi ot Mnoquésosvertmeww (% as@Wﬁ@%{qqg%gedﬁg\ﬁa}%g er and Thorne,
92187 our ?gb] {‘Q‘J"p’?‘ YRS 20651 - 5278) . Exarrpl es of suitable

fi{a S

i ncl ude strains of As
oryzae, 2 5 Methadgﬁ;lr intaorduding ek ogenaerss D ASato mamealiat h‘iﬁg 5@% lﬂ‘ﬁugﬁ:%ﬂ.‘a‘é?l cel | s
B A
liposome-mediated transfection, viral vectors and the transfection method described by Life
Technologies Ltd, Paisley, UK using Lipofectamin 2000. These methods are well known in the
25 art and e.g. described by Ausbel et al. (eds.), 1996, Current Protocols in Molecular Biology,
John Wiley & Sons, New York, USA. The cultivation of mammalian cells are conducted
according to established methods, e.g. as disclosed in (Animal Cell Biotechnology, Methods
and Protocols, Edited by Nigel Jenkins, 1999, Human Press Inc, Totowa, New Jersey, USA and
Harrison MA and Rae IF, General Techniques of Cell Culture, Cambridge University Press
30 1997). |
In the production methods of the present invention, the cells are cultivated in a nutrient
medium suitable for production of the polypeptide variant using methods known in the art. For
example, the cell may be cultivated by shake flask cultivation, small-scale or large-scale

fermentation (including continuous, batch, fed-batch, or solid state fermentations) in laboratory
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dech(% )US 5, 986, 079) , such as a Kex2 20 endoprotease (e.g. as
described i n” WD 00/ 28065) . Met hods_fo r odu g}ﬁolt\%_o
mamal i an tﬁmlsgledalltlsoli}’h@ﬂt@éé’a’é%tﬁpfl&? “b‘?‘?Bé‘brh‘éE{ne enélél %? ggﬁltg zr:kfrjlvrellsf E&% i on,

el ectroporatio ! IRds by dRehiesl ihahk litetatyre $Broze i at ed

t r2An<ShaitRo Pk}ﬁ‘er‘éﬁ“ \Iftesg) rﬂs&gbneg%?%% tr?ansfectl on net hodq;ﬁ%ixgrl bed by Life
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nel! 7k1n{)8\/:\1’n16 Alrlr)] 1t&rr110ether method whereby single chain polypeptide variant can be purified is by

incorporation of Zn ions during purification as described in US 5 ,700,914. In a preferred

embodiment the polypeptide variant is purified as a single chain polypeptide variant. The single
25  chain polypeptide variant is activated by either use of an immobilized enzyme (e.g. factors Ila,

TXa, Xa and XIIa) or by autoactivation using a positively charged ion exchange matrix or the
like. |
Tt is advantageous to first purify the polypeptide variant in its single chain form, then
PEGylate (if desired) and last activate by one of the methods described above or by
30 autoactivation as described by Pedersen et al, 1989, Biochemistry 28: 9331-36. The advantage

of carrying out PEGylation before activation is that PEGylation of the new aminoterminal

formed by cleavage of R152-1153 is avoided. PEGylation of this new amino terminal would

render the molecule inactive since the formation of a hydrogen bond between D242 and the

amino terminal of 1153 is necessary for activity.
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physiological compensation mechanisms are initiated with initial peripheral and mesenteric

vasoconstriction to shunt blood to the central circulation. If circulation is not restored,

hypovolemia shock (multiple organ failure due to inadequate perfusion) ensues. Since tissues

throughout the body become starved for oxygen, anaerobic metabolism begins. However, the

55 concomitant lactic acid leads the blood pH to drop and metabolic acidosis develops. If acidosis
is severe and uncorrected, the patient may develop multisystem failure and die.

Although the majority of trauma patients are hypothermic on arrival in the emergency
room due to the environmental conditions at the scene, inadequate protection, intravenous fluid
administration and ongoing blood loss worsen the hypothermic state. Deficiencies in

30 coagulation factors can result from blood loss or transfusions. Meanwhile, acidosis and |
hypothermia interfere with blood clotting mechanisms. Thus coagulopathy develops, which in

turn, may mask surgical bleeding sites and hamper the control of mechanical bleeding.

Hypothermia, coagulopathy and acidosis are often characterised as the “trauma triad of death”
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I’s"Cl ass ed as either blunt or pepetrativ Bl u esults
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o can also cause massive bleeding. The organs most likely to be damaged in a stab wound are the

2
liver, small intestine and the colon.
Cirrhosis of the liver is the terminal sequel of prolonged repeated injury to the hepatic

parenchyma. The end result is the formation of broad bands of fibrous tissue separating
regenerative nodules that do not maintain the normal organization of liver lobules and thus

s cause deteriorated liver function. Patients have prolonged prothrombin times as a result of the
depletion of vitamin K~dependent coagulation factors. Pathogenetically, liver cirrhosis should
be regarded as the final common pathway of chronic liver injury, which can result from any
form of intense repeated prolonged liver cell injury. Cirrhosis of the liver may be caused by
direct liver injury, including chronic alcoholism, chronic viral hepatitis (types B, C, and D), and

30 auto immune hepatitis as well as by indirect injury by way of bile duct damage, including
primary biliary cirrhosis, primary sclerosing cholangitis and biliary atresia. Less common
causes of cirrhosis include direct liver injury from inherited disease such as cystic fibrosis,

alpha-1-antitrypsin deficiency, hemochromatosis, Wilson’s disease, galac’;osenﬁa, and glycogen

storage disease.
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patients without fever or infections, a threshold of 5000/pl may be sufficient to prevent
spontaneous hemorrhage. For invasive procedures, 50,000/l platelets is the usual target level.
In patients who develop antibodies to platelets following repeated transfusions, bleeding can be

25 extremely difficult to control. |

Examples of diseases/disorders wherein increased clot formation is desirable include,

but is not limited to, hemorrhages, including brain hemorrhages, as well as patient with severe
uncontrolled bleedings, such as trauma. Further examples include patients undergoing living
transplantations, patients undergoing resection and patients with variceal bleedings.

30 The polypeptide variants of the invention is administered to patients in a
therapeutically effective dose, normally one approximately paralleling that employed in therapy
with tEVII such as NovoSeven®, or at lower dosage. By "therapeutically effective dose" herein

is meant a dose that is sufficient to produce the desired effects in relation to the condition for
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“as is” and/or in a salt form

The polypeptide variant of the invention can be used

thereof. Suitable salts include, but are not limited to, salts with alkali metals or alkaline earth

. . . . o
metals, such as sodium, potassium, calcium and magnesium, as well as e.g. zinc salts. Thes

25 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

ceutical composition or may be administered separately from the polypeptide variant of
either concurrently or in accordance with another treatment schedule. In addition,
sed as an

pharma

the invention,
30 the polypeptide variant or pharmaceutical composition of the invention may be u

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.
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15 art (see, for exanple, Rem ngton's Pharnmaceutical Sciences, 18th
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Phar nagepbiscal Formul ati on Devel opnent of Peptides and Proteins, S

Frokj aer and L. Hovgaar ?éot%dsriahn;rge&iga{l C%ﬁ{,&ﬁ&ﬁﬁig%ﬁ@@hdbs@ﬂéﬂfd@”dbow of

A preferred examp P
parenteral administration. Although in many cases pharmaceutical solution formulations are

ate use, such parenteral formulations may also

provided in liquid form, appropriate for immedi

25 be provided in frozen or in Iyophilized 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

ined 1 iti 1 i age conditions, as it is
compound contained in the composition under a wider variety of storag ,

recognized 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

30 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 degree

of purity with one or more pharmaceutically acceptable carriers, excipients or stabilizers



Phar maceuti cal Excipients, 3rd edition, A Kibbe, Ed., Pharmaceutical Press
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bulking agent to an additive which solubilizes the therapeutic agent or helps to prevent
denaturation or adherence to the container wall. Typical stabilizers can be polyhydric sugar

alcohols (enumerated above); amino acids such as arginine, lysine, glycine, glutamine,

25 asparagine, histidine, alanine, omithine, L-leucine, 2-phenylalanine, glutamic acid, threonine,

etc., organic sugars or sugar alcohols, such as lactose, trehalose, stachyose, mannitol, sorbitol,
.

xylitol, ribitol, myoinisitol, galactitol, glycerol and the like, including cyclitols such as inositol;

polyethylene glycol; amino acid polymers; sulfur-containing reducing agents, such as urea,

glutathione, thioctic acid, sodium thioglycolate, thioglycerol, a~monothioglycerol and sodium

30 thiosulfate; low molecular weight polypeptides (i.e. <10 residues); proteins such as human

serum albumin, bovine serum albumin, gelatin or immunoglobulins; hydrophilic polymers such

as polyvinylpyrrolidone; monosaccharides such as xylose, mannose, fructose and glucose;

disaccharides such as lactose, maltose and sucrose; trisaccharides such as raffinose, and
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chelating agents (e.g. EDTA), antioxidants (e.g., ascorbic acid, methionine, vitamin E) and

cosolvents.
The active ingredient may also be entrapped in microcapsules prepared, for example,

by coascervation techniques or by interfacial polymerization, for example

25 hydroxymethylcellulose, gelatin or poly-(methylmethacylate) microcapsules, in colloidal drug

delivery systems (for example liposomes, albumin microspheres, microemulsions, nano-

particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in

Remington's Pharmaceutical Sciences, supra.
Parenteral formulations to be used for in vivo administration must be sterile. This is

30 readily accomplished, for example, by filtration through sterile filtration membranes.
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MATERIALS AND METHODS

Accessible Surface Area (AS4)

25 The computer program Access (B. Lee and F. M.Richards, J. Mol.Biol. 55: 379-400

(1971)) version 2 (© 1983 Yale University) is used to compute the accessible surface area
(ASA) of the individual atoms in the structure. This method typically uses a probe-size of 1. 4A

and defines the Accessible Surface Area (ASA) as the area formed by the center of the probe.

Prior to this calculation all water molecules and all hydrogen atoms should be removed from

30 the coordinate set, as should other atoms not directly related to the protein.
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16, 19, 20, 25, 26, 29 and 35 are all defined as being 100% exposed.

Determining Distances Between Atoms
15 The distance between atoms is most easily determined using molecular graphics

software e.g. InsightlI® v. 98.0, MSI INC.

Active Site Region

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

20 of any atom in the catalytic triad (residues H193, D242, S344).
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i5 that obtained by thFVIla as measured by gel scanning of Coomassie stained SDS-PAGE gels,
HPLC or as measured by conserved catalytic activity in comparison to wild type using the

tissue factor independent activity assay decribed below.

Determination of the Molecular Weight of Polypeptide Variants
20 The molecular weight of polypeptide variants is determined by either SDS-PAGE, gel

filtration, Western Blots, matrix assisted laser desorption mass spectrometry or equilibrium

centrifugation, e.g. SDS-PAGE according to Laemmli, U.K., Nature Vol 227 (1970), pp. 680-85.

TF-independent Factor X Activation Assay
25 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, thF VIla or the polypeptide variant of
the invention in its activated form) is mixed with a source of phospholipid (phosphatidylcholine
and phosphatidylserine in a ratio of 8:2 or phosphatidylcholine, phosphatidylserine and

30 phosphatidylethanol in a ratio of 4:2:4) and Factor X in Tris buffer containing BSA. Aftera
specified incubation time the reaction is stopped by addition of excess EDTA. The concentration
of factor Xa is then measured from absorbance change at 405 nm after addition of a chromogenic
substrate (8-2222, Chromogenix). After correction from background the tissue factor independent

activity of thFVIla (awt) is determined as the absorbance change after 10 minutes and the tissue
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This assay is performed as described above under “Clotting Assay” but without addition

of thromboplastin.

20
Amidolytic Assay

The ability of the variants to cleave small peptide substrates can be measured using the
chromogenic substrate S-2288 (D-Ile-Pro-Arg-p-nitroanilide). The amidolytic activity may be
measured both in the presence and absence of antithrombin III (ATIII).

25 HFVIla, thFVIIa or variant is diluted to 90 nM in assay buffer (50 mM Na-Hepes pH

7.5, 150 mM NaCl, 5 mM CaCly, 0.1% BSA, 1U/ml Heparin). Furthermore, soluble TF (sTF) is
diluted to 450 nM in assay buffer. ATIII is diluted to 900 nM in assay buffer. 120 pl of assay
buffer is mixed with 20 pl of the FVIIa sample, 20 pl sTF and 20 pl ATIII or assay buffer. The
final concentrations of FVIIa, sTF and ATIII are 10, 50 and 100 nM, respectively. After 5 min

. . . o
30 incubation at room temperature with gentle shaking, followed by 10 min incubation at 37°C, the

reaction is started by addition of the S-2288 substrate to 1 mM and the absorption at 405 nm is

determined at several time points.
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buffer; coin t-xl'_yr})%m inhibitor. The platelet count is adjusted to 3 X 10%/mL using buffer or autologous
platelet poor plasma (PPP). PPP is obtained by double centrifugation of PRP at 1000 g, 15°C

20 for 10 min. FVII depletion is done by incubating PPP with a FVII specific monoclonal antibody

coupled to a solid phase. N
Per well of a 96-well microtiter plate 80 pl PRP is added and 20pL buffer containing

thFVII or variant to be tested in final concentrations between 0.1 and 100 nM. rTF is added in 5

pL assay buffer to a ﬁnal concentration of 1 pM. The assay buffer consists of 20mM Hepes,

25 150mM NaCl and 60mg/m1 BSA in distilled water. The reaction is started by adding 20uL of

the substrate solution containing 0.1 M calcium chloride. The assay plate and reagents are

prewarmed to 37°C and the reaction takes place at this temperature. The fluorimeter used is

a BMG Fluormeter with a excitation filter at 390 nm and an emission filter at 460 nm. The

fluorescence is measured in each well of 96-well clear bottom plates in 20-40 second interval

30 over 30-180 minutes. Data are analyzed using PRISM Software.
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i dol yti ¢.activisfy | i b/mlywraddédarefeer und
amy %yogé%&(i%a%élge\aénﬁ]%}e)gga@&% dodikt BB BGFOfR dorhith QIThi/lyiraidédarefeer under

culated. 15 The follow ng procedure is used: PRP
i s oht et hbincaBadn ot RYT N &Ifomed blyy momwrsheswidh TET REterg00180ff or 10

m n. Bl ood coagul ation is inhibited ei r b Si ng.cii.r : tri-
sodi ustrepiavidin-Byrse cashish nergFidasg @ﬁiﬁ%?\{ % %P%ﬁ}i’l 3’61’51%}% H{}Pg@g?ﬁ%gd)gy

conbi nat i on. of ¢t ; i r wBd b i hekhatPTHT ®ugfer,d0aNnt i s
adj us?dgiﬁa't‘%ﬁ?%ﬂ a%‘)%]t[}ﬁr}fm%g?aﬁgﬁ%gf%’r%g§wg%%9 gﬁtﬁ%ﬁyasp? at gliygt poorr | asrma

( PPP) o1 RRRIBY3 005 37 @tehniyhyfoathidines Kitr-érf-Tgett Al Dehmprp ivaddedoditey, 3015C 20

3
for 10 mn. g\ill depl etion is done bhincubatin Pwm.a FtVII. scF%cific
oo Cindmiatutstipn BOBYT . it theptady 109 thotbM Hapeis @ddeshand Qb sonss dStgEIngd |
mcrotiter plate 80 | .PRP i d buffer containing rhFVII or
var i atfendag et‘é?feé’arefiﬂﬂslflgﬁgqﬁg% ce"%?%%i hs between 0.1 and 100 nM rTF is
added in 5 pAleassady FVILEVIar aafidmainag be geatifieditoough the Gvdompia athsgy

buf fer consists of 20mMM Hepes, .25 150nM Nad [ nd GO%ggcgm B%&i%g[}sti 'l ed
wat er thaif Heongluie peaieass demar: EythisEllgd; $7G5UPoYeloTare FOResQTETFAL e 501 ut i on
contai ning Q. 1 | ¢ P The dFss@edtiba] £caAddmt Rpasizhebiatin-

pr e\A/aPIﬁﬁ’ang“S“}%ﬁ%ﬁ#ﬁg%ﬁﬁﬁm{%@s pl acee at t%i S te(%ger ature. The

f1 Y@ il &@F musRTbriab atti-BIAI frhaln nhtitetdgris wiedn2 augénmb 1@ per WalDtla/thissetsad nm

and an emssion filter at 460 nm _Thg
5 mM CaCl, is added to the THT and dilution uffers.

Whole Blood Assay
The whole blood clotting assay is performed as described by Elg et al. Thrombosis

25 Res. 2001, 101(3):159-170.

Reconstituted Coagulation Assay
The reconstituted coagulation assay is performed as described by Van‘t Veer et al.

Blood 2000, 95(4), 1330-1335.
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fluorescence is neasured in each well of 96-well clear bottomplates in
20-40 second interval 30 over 30-180 mnutes. Data are anal yzed using

PRI SM Sofwaas®934¢iD 03/ 093465 PCT/ DKO3/ 00276 57 ELI SA Ass&CTHDKMWOLI a (or
variant) concentrations are determ ned by ELISA. Wells of a mcrotiter

pl ate are coated with an anti body di Péct ed agai nst the protease donain

usi ngpgAMPLESON of 2 g/m in PBS (100 | per well). After 2 hours coating
at RT., the wells are washed 4 tines 5 with THT buffer (100 mM Nadl, 50 nM
Tris-HC1 pH 7.2 0.05% Tween-20). Subsequently, 200 | of 1% Casein (diluted
from 5%% tock using 100 MM NaCl, 50 MM Tris-HO pH 7.2) is added per well
for g1 After 1 hr incubation at RT., the wells are enptied, and 100
I of sanpl Ehd Bty simadthry of hiFviledn compliek wtifhosolublé fissne (aEWfby Ranpengt@hski n))

o o SO Bl G065 28 B0 s et B it prinsiley Ty g ol AR ARG gl g o' | o
ant' bﬁ%@ﬁh@&&&@ RIRIRY thE e@q}l%@:e He{‘eew‘é'ﬁm e ﬂlﬁeqﬁ&nmﬁmﬁﬁk&m After

her Incubation at R | owed by 4 nore washes with THT buffer,
100 1acebrdisg foesﬂ(ammm ZhEhQ;@mmd-leﬂbo e gbyanigseids prreitns 6, G Ids 1Pl

Co T ot 5oh 2000 o\t flher PR Y ek e B hygh D Gt on 2t R T

(3,3 a%révlaﬁcﬁf)rwdégllbﬂgfﬂdﬂe%tpﬂ‘é@érﬂiﬁ‘ﬂxe-ﬁﬁ@btuﬁS Denmark) is added. After
30 15 . ncubation at RT. in the dark, 100 | of 1 MH2SOX is added and

0341(50,,,n is determned. A standard curve is prepared using rhFVlla

(Novogﬂv ééx)é)o Alternatlvely FVII/FVIla or variants may be quantified
t hrou f? "8omai n rather than through the protease domain. In this

ELI SA set - uperfnlihg frastnabas Adalukitiohgbi FVILL fragnmentsaloicmaiybinkid ith 8¢ agai nst

the EGF-1i ke domain and for detection, a, calci u depe ent |ot 0
| abel ﬁ@'iiumgf:@éwlbﬂatﬂﬂsﬁf@&s@%%ﬂ DG AT ESHR IF%I ?1%66} ‘660(12 per

wel I) Fegult% }ﬂl tﬁe esﬁug%a%%%?feﬁléw of Qleiﬂ‘sﬁ‘derﬁ?imaéxéosM td e

buffe oIe clotting assay is performed as
deser klreke X EIND, e&s &44 Lzrhm AY0EBSRO,75 0RBE2, [AGOE]4, mﬁ( By 8,184, E20, Q21,

econsha Wl EREAL O SRR AE SOUP RS VR P SIS
30 VOA3/ 89345k, R BsO80838 G5 60, K62, D63, Q64, L65, Q66, S67,169, F71, 173,
P74, A75, E77, G78, R79, E82, T83, H84, K85, D86, D87, Q88, L89, 190, V92, N93, E94,
G97, E99, S103, D104, H105, T106, G107, T108, K109, 8111, R113, E116, G117, S119, L120,
20 L121, A122, D123, G124, V125, 8126, T128, P129, T130, V131, E132, 1140, L141, E142,
K143, R144, N145, A146, S147, K148, P149, Q150, G151, R152, G155, K157, V158, P160,
K161, B163, L171, N173, G174, A175, N184, T185, 1186, H193, K197, K199, N200, R202,
N203, 1205, S214, E215, H216, D217, G218, D219, 8222, R224, 8232, T233, V235, P236,
G237, T238, T239, N240, H249, Q250, P251, V253, T255, D256, E265, R266, T267, E270,
25 R271, F275, V276, R277, F278, 1280, L287, 1288, D289, R290, G291, A292, T293, L295,
E296, N301, M306, T307, Q308, D309, L311, Q312, Q313, R315,K316, V317, G318, D319,
S320, P321; N322, T324, E325, Y326, Y332, $333, D334, $336, K337, K341, G342, H351,
R353, G354, Q366, G367, T370, V371, G372, R379, E385, Q388, K389, R392, S393, E394,
P395, R396, P397, G398, V399, L400, L401, R402, P404 and P406 (A1-S45 are located in the
30 Gla domain, the remaining positions are located outside the Gla domain).
The following residues had more than 50% of their side chain exposed to the surface:
Al, A3, F4,15, E6, E7, L8, R9, P10, E14, E16, K18, E19, E20, Q21, 823, E25, E26, E29, K32,
A34, B35, R36, K38, 139, 42, $43, G47, D48, A51, $52, 853, Q56, G58, 860, K62, L65, Q66,
67,169, F71, L73, P74, A75, E77, G78, R79, E82, H84, K85, D86, D87, Q88, L89, 190, V92,



EXAMPLES Exanple 1 The X-ray structure of hFVIla in conplex with soluble
tissue factor by Banner et.al., J 5 Ml Biol, 1996; 285:2089 is used for
thi s exanwbDa3/093463 s noted that the nunbering of residues PRT/IIKVE/002T6er ence
does not follow the sequence. Here we have used the sequential nunbering
according to SEQ ID NG 2. The ganma- o8r boxy glutam c acids at positions 6,
7, 14N01689419397, 2006,2507 2610281098133, BI 16, 8119,Heine, AdzdDICBLGI2HNe81, et t er
abbreviation) or E (one letter_ abbreviation). Residue 43- not
pr eseFi 32, - 1theE kA% f‘@brfél.441b“$§rr4]eﬁ,6esi§<7pé§dtgef’ﬁ_§l’ ?)Agﬁ’l (libsjlf’ ié%?’lz%fgaf ASA
cal cualy Gigo0h 7Yl ! RYTEA 1973k 906 NRDROGS s ediBerdel G s Rona,of

i bi’ ’ rHdard’ and/

acces I"i'tTes of’ non’sta or m ssing residues described in the
et howg35, /R34 Ge8l7,iT238 249010260 Vs Y, ESAUER6Hh &LV H R ATy B2 18 A8 3I2EY t hei r

p1o 5200 G AR08 el 3obia 68 aftecpios, 18y, Gl Qs oty "o
F31, éé%g %g%,N%gg;Egsgm;!%g@ﬁg;&3543%367\&'}/?1,4,@385%389,%@2, ESM R3D48, Q49,

A51, , D63, |, 165, 66, S67, 169, F71, L73,
P74, R3I%], A3DB, RETH P4R% and PHX, (A118843 medocakaiin ting@la dogrin, tgsremagong 9o, V92,

NO3, E94, (97, E99, SI10 04, H105, T106, Gl07, T108, K109, S111, R113,
E116,P@ti%s%ﬂ?ggteaf%?ae%g%m% 2. D123, Gl24, V125, S126, T128, P129,
T130, V131, E132, 1140, L141, E142, K143, R144, N145, Al146, S147, K148,

P149, Q150, G151, R152, Gl55, K157, V158, P160, K161, E163, L171, N173,
GL76t, Tistirsladr8Rindinggie 1186, H193, K197, K199, N200, R202, N203, 1205,

G237, To38, DGR cABhtong ik Joll S eI in g FpLhangCHlig ATEC
-Cré SZ : 11%18 %om gzaxR?Hése r&s2dtles WeéR/definB2 29 consAitBing 1RG0 ceptRSndin® 88 LD28K]8,R290,

Qo153 FRAISSS, K3ad 3546, 142374, S6A3007. TdoBiot e 10860, Fiisbil. EBDE 7400

Y332, , : ; ; 6 R6%7, G367,
T370, U1 GT3,R TR0 KELESs B aroR BRe PRS2 TR ST reoe,
P397, FERQR3I043D05, MBI, TRAN Q3I0RAD209,FIRIL, BFd3,FZA26 apAIR3%95 are | ocated in
the 30 G a domain, the remaining positions are |ocated outside the 3 a
dormain). The follow ng residues had nore than 50% of their side chain
exposed..t Oc; face: A, A3, F4, L5, E6, E7, L8, RO, P10, El14, EIl6,
K18, %%Lé)%‘iz%ﬁeg% S23, E25, E26, E29, K32, ~A34, E35, R36, K38, L39, 142,
S43, A7, DIBe adthr sitgsegiorss3lefingbas apygesidsohavieazat leagimneaten wilhgya 169, F71,

G o st AT Mk fiep Fr ot thEEaty P fad tHR1auBP A1 03242 8844) 135 13067, V92,
2 V168, 1169, 1170, L171,Q176, L177, C178, G179, G180, T181, V188, V189, $190, A191,
A192, H193, C194, F195, D196, K197, T198, W201, V228, 1229, 1230, P231, 5232, T233,
Y234, V235, P236, G237, T238, T239, N240, H241, D242, 1243, A244, 1.245, 1.246, V281,
S282, G283, W284, G285, Q286, T293, T324, E325, Y326, M327, F328, D338, 8339, C340,
K341, G342, D343, S344, G345, G346, P347, H348, L358, T359, G360, I361, V362, 8363,
25 W364, G365, C368, V376, Y377, T378, R379, V380, Q382, Y383, W386, L387, L400 and

F405.

" The Ridge of the Active Site Binding Cleft
The ridge of the active site binding cleft region was defined by visual inspection of the

30 FVIla structure 1IFAK pdb as: N173, A175, K199, N200, N203, D289, R290, G291, A292,
P321 and T370.



59 N93, E94, (07, T106, G107, T108, K109, 5111, E116, S119, L121, Al22,
D123, GL24, V131, E132, L141, E142, K143, R144, N145, A146, S147, K148,
P149, QL5®P 0G0%les R152, GL55, K157, P160, N173, G174, ALPEI/IHDIDI27K199,
N200, R202, S214, E215, H216, (18, R224, V235, P236, (237, T238, H249,
@50, V253, D256, T267, F275, R277,60278, L288, D289, 5 R290, G291, A292,
T29 L2 2 N301, MB06, QB08, D309, L311, QB12, B13, R315, K316, G318,
EX 9l E325, D334, K341, G354, G367, V371, E385, K389, R392, E394,
R396Des1§3@v7an @a@mﬁz@a@enméxmmmmhfw imagrapdionsedt ed in the d a

d th t fARRIl [

T ssue’ FackDRARgeesiarpin R PR ASH Elpdiiiy HE shte b urlpom, - 1°

resi fjag(?l d&'%ﬂ@d@h FMIEVE RAMIR Haleé EhodEhgndl peptive (Hegpl @xl., 1986sBNASs| dues
in

wer e as co stltutlng t he receptor bi nd|n

te F31,
E35, 85334612) 885 sylﬁtt&slzec&ﬁx or§a3o fedlitaterggh e)mggssm@lgf B %glﬁs‘c#grsfg?_m?l C72,
L73, P74 F76, E77 GI8, R K4k, M271,

A7 AATESfagt © bwas %d@‘;ﬁg&’%&g@éﬂ’?gg&ﬂw& %%GHS%(%% ngeo D309, B12,
Q813JAE§%%13©§7 R3£20; 19‘6@)*946; 59) 50 tRetghera isTiperfect netsh §0 the GOBYNSH i s def | ned

as any resi havi ng | east one atomw thin a | A from any
at omséquendeaipstacagh pf ih@ A"JFG slartcpden Feedy opppyFRdi nggéﬂ %]?ngat

V168, 1169, L170, 1171 7B aeGibirds@ASdoRd B uérﬂl&fﬂlsedﬁhBQ
3190CD Was 09 ledlLQ ‘%%‘%asﬁééw‘g’%g‘% e T 108 B0 v%\é]& 1229

%g’om%ﬁ%s prégéﬁzhurffﬁﬁé'enes YadH4er, ‘kﬁi@ﬁansﬂ%ﬁ@@al eascodonpwgre insetigd ahgignd p a1
D24 43,

A244, | 245, L246 V28 , T293.
T3240f E@’@@en n@g@g fmglzepn f@%@gte e gg ’t%%iﬁtldna%ﬁa Th%fﬁgy 310 5344

G345, ssoadt nglzgé‘/@m@g&e F25Q5cr 60 £dREM0-mYBBRA aa@'ﬂnclzéumand G365,
C368 V380, (B82, Y383, \\B86 and F405.

The Iﬁngg,eaﬂ lifibBusteg endeprBiere imBertivigrgndilend HindlTh siies at %‘F% c‘ifﬁ e site

bi ndi left fined b 30 FVII

otr ulsé'a%péw%m@ru&%arg@r‘m e e AR I s tieet0 o
A292 o RORE AR ‘éréggc MR éé}@%@ﬁgoB@E{cag@gg@Q@zggctmt@cMGﬁ@T@é%agn of
r} S on C§ or

re expression of rhFVII i he DNA
sequ@g@ggaagcnmmtggcgtsﬁggaltdgcmcgccggamﬁﬁza%tﬁﬁﬁgaﬁgﬁ%“%ﬁgng Cﬁ%agé?acéﬁ%a%ﬁ%
aaagaggaacagtgcagctttgaggaagcccgggagattttcaaagacgctgagcggaccaaactgttttggattagctatagcgatggc

gatcagtgcgcctccagcccttgccagaacgggggctcctgcaaagaccagctgcagagctatatctgcttctgcctgcctgcctttgagg
ggcgcaattgcgaaacccataaggatgaccagctgatttgcgtcaacgaaaacgggggctgcgagcagtactgcagcgatcacacggg
20 cacgaagcggagctgccgctgccacgaaggctatagcctcctggctgacggggtgtcctgcacgcccacggtggaatacccttgcggg
aagattcccattctagaaaagcggaacgctagcaaaccccagggccggatcgtcggcgggaaggtctgccctaagggggagtgcccct
ggcaggtcctgctcctggtcaacggggcccagctgtgcggcgggaccctcatcaataccatttgggtcgtgtccgccgctcaotgcttcg
ataagattaagaattggcggaacctcatcgctgtgctcggcgaacacgatctgtccgagcatgacggggacgaacagtcccgccgggtg
gctcaggtcatcattccctccacctatgtgcctggcacgaccaatcacgatatcgctctgctccgcctccaccagcccgtcgtgctcaccga
25 tcacgtcgtgcctctgtgcctgcctgagcggacctttagcgaacgcacgctggctttcgtccgctttagcctcgtgtccggctggggccag
ctgctcgaccggggcgctaccgctctcgagctgatggtgctcaacgtcccccggctgatgacccaggactgcctgcagcagtcccgcaa
agtgggggactcccccaatatcacggagtatatgttttgcgctggctatagcgatggctccaaggatagctgcaagggggactccggcg
ggccccatgccacgcactatcgcgggacctggtacctcaccgggatcgtcagctggggccagggctgcgccacggtggggcactttg
gcgtctacacgcgcgtcagccagtacattgagtggctgcagaagctcatgcggagcgaaccccggcccggggtgctcctgcgggccc

30 ctitcccttgataaaagctt

A vector for the cloning of the generated PCR product encompassing the expression
cassette for hFVII was prepared by cloning the intron from pCINeo (Promega). The synthetic

intron from pCI-Neo was amplified using standard PCR conditions and the primers:



| engt h cDNA encoding hFVII with its native short signal peptide (Hagen et
al ., 1986. PNAS 5 83:2412), was synthesized in order to facilitate high
expressi owoion/opansral i an cells. First the ATG start codon ®CHIDEOB/00%TS
nodi fied according to the Kozak consensus sequence (Kozak, M JMdl Bi ol
1987 Aug 20; 196(4):947-50), so that @lhere is a perfect match to the

CONS i)} Fpﬁ%.”?ﬂ%ﬁi@'ﬁ@éﬁﬁ%@@@AﬁT@@@@Aﬁ(ﬂM@@MA Scomddl y the open

reading frane o e native CcDNA was rrodified(g%&r@kimgabias in the
codoiCARaber I76wsr TEGEECEATHE TTAMAGET G TAL FAMD 11 ghl y expressed human
genes. Further, two translational stop codons were inserted at the end of

the open reading frane in order to facilitate efficient translational stop.
The filliheSH AR HpPCrRAdeR¥R Ths fragmanptwasicaeeith Myk] angebrenkibbefesssenbl ed from
70 [ [

- mer ol i gonucl eotides and, finally anplif] ed. usi end priners
i nserctdnmg WDHM-WMERI(q’btémﬁ‘égoﬁ’tﬁ’f’ﬁ%’g@%efﬁ?’rﬁh@ mﬁﬁ’g” respectively using

st andar d Pﬁ technl. dues . WM Chev B Siis chfhell Befwen fifel BANHNEhESERJEDS6Es of 5
ggat cccgecaceatggt cagecaggecct ccgect cct gt gect get cct gggget gcagggcet gect gget ge

cgt ClHFgl GR&f6g in plasmid PF#226.
ggaggaagcccat ggcgt cct gcat cgccggcecgeccgggccaat gect tt ct ggaagagcet ccgecct gget cect
ggaacgcgaat gc

aaaggfg}gl ggtgcagctttgaggaagcccgggagattttcaaagacgctgagcggaccaaactgttttggatt
agct a%@%a ggc
gabcqg@g@@baw¢pagpqﬂmkguﬁagaac§§@b§étt@ﬂgcaaagaccagctgcagagctatatctgcttctgc
ctgcctgectttgag

i -61) 1 X, in T-25 flasks
ggcgcaatt gcjé}lgégﬁé@g%%&t(@;&%g(g%aﬂ}15(§af{dggg%%%ga°g%%%eél§§§ gcgagacagt act gca
gcgatl%?%gﬁﬂgﬂ% 2o, FCS (Gibco/BRL Cat # 10091), P/S and 5 pg/ml phylloquinone and
cacgaagcyggagct'gccgct gccacgaaggcet at agect cct ﬂ?Ct gacgggtgt gt cct gscacg%:ghcacggt gga
at ac c4iloin@d @@ grow until confluent. The confluent mono cell Iayer 1s trans ected with™d pg e

e sdalionid danbed B AR RE LRSS ERARDSSRARR LGSR SGAAAAY! ot gocet aag

ggﬁa%érﬁﬁﬁ%ﬁész 6L QiR BFHO A OERAFES BEEELDgY Avemty fiuec hata posittansfgdiwyt gt ccg
ccgctcactg t g

at aagasanangEatregy cyd awantificdusige eg g FEIRD gecagnizipgihs BOEL dapein Yodlgacgaac

agtccegecgggt g . . inB b lied to the cells with the
gct Ca‘égﬁjtsa%gsg?%{ﬁl%v tcsce%egpa? &ec%t%yﬁ%rgagg C garll% K acegac'}l3 at cgct ct gct ccgect ccaccag
cccgt GghaslFFaes&a=ba pool of stable transfectants. When using CHO K1 cells and the

e e baangteh gessiancd sond aeRORR hARErARAC HRAGAE RO L6 RARRIL! 2occt oot

ctgctcgacc cgct accgct ct cgagct gat ggt gct caacgt cccccggct gat gacccaggact gcctg
cagocag?@@c(glgg’ge&'

agtgggggactcccccaatatcacggagtatatgttttgcgctggctatagcgatggctccaaggatagctgcaa

gggggact ccggcg
ggcccExamplet gcact at cgcgggacct ggt acct caccgggat cgt caget ggggecagggcet gegecacgg

t gggggféﬁé}a}ign o) tC'HO K1 cel%s stalg[lj{ exprfssingtpolypeptide zariatnts. t
gcgt ctacacgcgcgt cagccagt acat't gagt ggct gcagaagct cat gc a cggcccggggt ge
t cct gcgggeca vidofdHOdCcrangfeciond noRitis 814“&?@@@‘3)\?}131‘06&3 g‘%gg‘ig’oanf 'r%gc 1R

gener ated PCR prqduct 0 Si t he.ex [ a?('%&ﬁlﬁl fiefiFVI 1 was

pr épailagk wtqgmagﬂgénltqu/?ﬁl}ﬁgﬁ/wﬁg%wlﬁ%‘gﬁ‘%%ig%‘%gg > " The ?}e/nt het’i c 6niant ron
from pehs ol d b8 nUSt IMh&ira MRl PER heemrsted | ditusedeand pldted i J6mer s:
e B Al syt pnaar e el

AGCT GHTARCEATIGREaNEE el Gensiyof-/41 ogh el]cg;ﬁ}ebqtﬁl,egkygf gugwth, colonies of 20-

T 100 -clz-e S a-geAﬁresecragIn %Av;re-ﬁszi an Thos8 wells containing only one colony are labelled. After

a further two weeks, the media in all wells containing only one colony is substituted with 200

30 pl fresh medium. After 24 hours, a medium sample is withdrawn and analysed by e.g. ELISA.

High producing clones are selected and used to produce FVII or variant on large scale.



resulting in a 332 bp PCR fragnent. The fragment was cut with Nhel and

BamH before 5 cloning into pCDNA3. 1/ HygR (obtai ned from I nvitrogen)

resul ti ngworn3@sast. The expression cassette for hFVI1 was Permed/omssween
the BanH and Hindl |l sites of PF#B% resulting in plasm d PF#226. Exanpl e
3 to Expression of pol ypeptide varian 3 in CHO KI cells The cell |ine CHO K1
(ATCC # CCL-61) is seeded at 50% confluence in T-25 flasks wusing MEMa, 10%
FCS (? bco L Cat # 10091), P/S and 5 g/ m phylloqui none and allowed to
gr ow AP Cdnf | uent. The confluent nono cell | ayer is transfected with 5 g

of th?umf@dtwhamzao@b Med)aﬁtaﬁﬁrahﬂedbs@bmauﬁiangnthe Li pof ect ami ne 2000
transfection 1gent L| fe 15 technol Ogéof ord| t.o '%1 r@ lfl @(g\t,ﬁrer' S
i nstructi onEVIIand V@EﬁntWGPW Berkes 18W§*f Hr%‘i? i§ pryfermedat and
quant ngjvgs(iie&lédlfﬁge %é&afeﬁ;ﬁgglwﬂéhnguﬁrgﬁlteﬁg dsifd Wﬂh&fre RV A
thi's re eva

I'me porn ectl Hygronycin may be applied to
t he ceydidn withtBOtKiba cmwfﬁﬁslhcori meebeangs. |An@era;opmtra@¢n the ediuny egfaseisant s.

o epodte S S iR B R AL SRS P PG P ' ©
Exanphg m‘é/gﬁ %@E%&H%h%ﬁé iCalplisd & @QL%Fl@afSS’eQ&%dlﬁnﬁ odgriipRited vith

vari ant s transféectant pool is thawed and the cell s seeded
in a 310mMAGL Kud Tas5pH &6 kAft@rW@hmgrt@e ogumn vwith 108vaM Nach FeeM Tris

Foto 2atibmtafonet [ i Rackab BRTLE syt rydl ey SER ARG AT oo
m cr o NN 5 &M ehCB 1I§H|8|6 density of-1 cell/well. After a week of growth,
col oni es of 20- 100 cells are pr esent |n the wells and those | |

cont ai ni ng &at @e@mndﬁh@ﬁ}ﬂt%r@hl@ﬁépslaé‘cﬁ finifst ealuma i RIEPHEY DY GRy- §19§a t he
di || | 200 30 |
][nre elsﬁn}l,?glaaaﬁ?lvt%l étnc%ﬁgrﬂdem 5.]1&1(%91 d¥) %ﬂ{aarﬁf?)lo Y% CRBE H@tﬁ&‘é&é&%@%ﬂaﬁ%é br.

our s, dicum sarrp e I's wthdrawn and anal ysed by
e. 9. Rbods.5nid ﬁhlbaammupgd@bmesesar &hs eblMesie@nhlbmteddvﬁlnIQmMﬂfue, FVII or

t | 03/ 093465 PCT/ DKO3/ 00276 62
\F/>3rr1% y H@%glrl]\éﬁ\%éﬁp’cﬁ W%S@Cbéﬁ&rﬁ NaChisadded ofhe samame 12 eonFae %{ﬁr’%lf%llﬁoand FVI |
vari ag}%ﬁ&\ﬁ{ H'Eﬂefﬂl-?%l Ayste tl)% 7.6 @ﬁ’te? IRePHE&tibA oP el safpRd tiRlcoftfmn iEhe 5

har ve ure rom arge-scale production is ultrafiltered using
a Ml IWaplﬁHdanﬂFEOO s Nadi,\distrhM30a®lpal CcmM Bfi§ piél g, mn@thedia‘«%mmﬁelg is dptedr

concentratijon ium tr ded to 5 MM and the pHis
adj us Path 1t0(9r8Mc62N (IFIP gﬂgﬁ\g ?qutmﬁmg?fw ty is lowered to bel ow

For the third chromatographic, the conductivity of the sample is lowered to below 10

20 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 NacCl, 10 mM Tris pH 8.6) at a density around 3-5 mg
protein per ml gel to obtain efficient activation. After application, the column is washed with 50
mM NaCl, 10 mM Tris pH 8.6 for about 4 hours with a flow of 3-4 column volumes (cv) per
hour. The FVII protein is eluted using a gradient of 0-100% of 500 mM NaCl, 10 mM Tris pH

25 8.6 over 40 cv. FVII containing fractions are pooled.

For the final chromatographic step, the conductivity 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 concentration of 3-5 mg protein per ml gel. The column is
then washed with 140 mM NaCl, 10 mM glycylglycine pH 8.6 and FVII is eluted with 140 mM

30 NaCl, 15 mM CaCl,, 10 mM glycylglycine pH 8.6. The eluate is diluted to 10 mM CaCl, and
the pH is adjusted 6.8-7.2. Finally, Tween-80 is added to 0.01% and the pH is adjusted to 5.5
for storage at —80°C.



10 n5/cm Subsequently, the sanple is applied to a Q sepharose FF col um,
equilibrated with 50 MM NaCl, 10 MM Tris pH 8.6. After washing the colum
wi th 100 wloBlagi465s 10 mM Tris io pH 8.6, followed by 150 neCRa®03/0006nmM Tri s
pH 8.6, FVII is eluted using 10 MM Tris, 25 mM Nad, 35 nM CaC 2, pH 8.6.
For the second chromatographic step,3an affinity colum is prepared by
coupldﬂ] a nonocl onal Cal ci umdependent anti d a-domain anti body to
CNBr-activat ed Sepharose FF. About 5.5 ng antibody is coupled per m
resin. The colum is equilibrated with 10 nM Tris, 15 100 mM Nadl, 35 nM

CaCl2, pH 7. i s, add t . Lad:4 ;0of 100 mM
NG Tad i IR g By Y pSOER e yasiRPEE R GBEACRIO 1)

s anplgauchBecRbiding 3-35 a@sdasd wodifichBhsrilatiiacio, dGmrHdc0a FIR(WFMIDMM Tris pH
7.5, a%cf t he Il proteinis eluted wth 100 EMM%% q@wzci%vﬂlr%&e, 75 mvi
Tr s hphtait FactoFyilal(hEVia) hayingthe s seamence 5o MRk R R % RS sanpl e
is lowered to_.bel ow 10 LI : stitaGoR h pSsitaa W0sdndd t O

8. 6. #ﬁé‘l@ﬁﬂﬁ?gs asuefl%ee%ﬁg%gﬁﬁélgb ?%5%&%%22%%%0¥%§€mcol unn 1équi librated with
50 midoNa@iwheddin Bivhgki infoigth i8cdipleatly attatiid id an introduasd 3 Bvadl-elyeRvEtittper ni
gel to obtain efficient activation. After application, the colum is washed
wi t h sie locatedqutside the Ghaslorpig- pH 8.6 for about 4 hours with a flow of 3-4
colum volumes (cv) per hour. The FVII protein is eluted using a gradi ent
of 0-100% of 500 mM NaCl, 10 mM Tris pH 25 8.6 over, 40 ¢cv__EVII| contai ning
f r @CtJ. Ohe vatignt pebrdidg td-claint hewhéreial saishubstieteyy Bpepisioa d8ps P10 conductivity
is lowered to below 10 nS/cm  Subsequently, the sanple is applied to a

Q sepharose colum- (equilibrated with 140 nM NaCl, 10 niM gl yc%ilagl yci ne pH
8. 6) ' 0B 2 h@et @idsupsitution Pedositibhd209KaRB. is  t hen
mshe%brv%%t\ﬁﬂ%%%ﬁ#w@kgg@?ﬁ%gmw gl ycylglycine pH 8.6 and FVII is eluted with
140 MM 30 NaCl, 15 mM CaCl2, 10 nmM gl ycyl gl ycine pH 8.6. The eluate is
diluted to 10 nM Cadl 2 and h J i : itdeioR @h bsitionveen- 80
i's ad‘hé‘@%"&“@ﬁ@i"é@&ﬁi" f‘%ofpfhe ge%g!%}}lgg?g%gt%%ﬁ%ugsaﬁ? (Z)I?t%tslﬁip ageb at -80C. WD
03(?0%§ﬁ§Q%gdr/s%Qﬁl§§i’@&7&lin@%siﬁbﬁBB/EsK32E.A Factor VIl (FVI1) or Factor Vila
(FVIla) pol ypeptide variant having an am no acid sequence conprising 3-15
am no acid nodifications relative to human Factor VII (hFVI1) or 5 hunan
Factor -\l 1a (hFVIl1a. | bi | B4 val@Weomprisis@ 1eBstNO: 2,
wher e"rﬂ‘esvﬁlr1 4 cor%)n E%hggg%lg é%g%lpgtc%gh%ﬁﬁf conpri ses gn ani no acid
subst phdMuitBer dnfing asit hatifiddlioama the3Aagdnaimher ei n a sugar noiety is
covalently attached to an introduced in vivo N-glycosylation site |ocated
out side the 3 a domain.

20 6. The variant according to claim 5, wherein said further modification in the Gla domain

comprises an amino acid substitution in position 33.

7. The variant according to claim 6, wherein a hydrophobic amino acid residue is introduced by

substitution in position 33.

25
8. The variant according to claim 7, wherein said substitution is D33F.

9. The variant according to claim 8, wherein said variant comprises the substitutions

P10Q+K32E+D33F.

30
10. The variant according to any of claims 5-9, wherein said further modification in the Gla

domain comprises insertion of at least one amino acid residue between position 3 and 4.



|0 2. The variant according to claim1l, wherein said substitution in
position 10 is PIOQ 3. The variant according to claiml or 2, wherein said
substi t utwonsjogs4pdsi tion 32 is K32E. 4. The variant accor ¢ca@Kod/oery of the
precedi ng clains, wherein said substjtution in position 10 15 is P10Q and
said substitution in position 32 is 2E. 5. The variant according to any
of thg. Phe¢astinPaccotdhEt cliffiel @iwhesdn shid fiuritmn moddfiqativs esthaGle dewein one
further amno acid podificatign i.n the G a domai,n. %LO 6. The vari ant
accormsﬁﬂnﬁrﬁ@m?%?nev%%iaﬁd§%r°l“gueftl?wff?8rpo PEi®4f% on in the A a domain
conprises an amno acid substitution in position 33. 7. The vari ant
according to claim®6, wherein a hydrophobic amno acid residue is

i nt r o Ted vinyant sedosding 6t cleim I & opbkivthetsin 8 Bydphehic mménoasid waiduiscor di ng to
claim?7, wherein sai.d substitution is D33F. 9. The variant according to

cl &i ringertedheisen pesiign épﬁént conprises the substitutions PLOQ+K32E+D33F.
30 10. The variant according to any of clains 5-9, wherein said further
modi fication in the a domain conprises insertion of at |east one am no
aci d 1% Jhdwveride aoweding 6s ¢leino h2,3vkatein 42id WoerBMO9 2865 -PCT/ DK03/ 00276 64 11.
The variant according to claim 10, wherein said further nodification in the
G a domain conprises insertion of one am no acid residue between position
3 andi 4 Thi aridR8catadinané clais 08, 0ivigeih Gaid vatiant LOmprisdsithe wodifesations hydr ophobi ¢
amno acid residue is 5 inserted between position 3 and 4. 13. The vari ant
acor ABAYPO0QTESHE.12, wherein said insertion is MAY. 14. The vari ant
according to claim 13, wherein said variant conprises the nodifications io0
A3AY+P10Q+K32E. 15. The variant according to claim 13, wherein said variant
conpr i § GhelvhGartacédrilingtid olain 123whertin SOiQwE 2 -«0BBFseslthe r@diffuationsar i ant
according to any of clainms 5-15, wherein said further nodification in the
da déﬁ&ﬂﬂ@@ P2EERBIR anino acid substitution in position 34. 17. The
variant according to claim 16, wherein a negatively charged am no acid
residue is introduced by substitution in position 34. 20 18, The_vari ant
accor U, Mhetvariaitaceording tovhey of ¢laiswi 1% whetdin saisl Serthes medification in the Gla

domain comprises an amino acid substitution in position 34.

17. The variant according to claim 16, wherein a negatively charged amino acid residue is
introduced by substitution in position 34.

20

18. The variant according to claim 17, wherein said substitution is A34E.

19. The variant according to claim 18, wherein said variant comprises the substitutions
P10Q+K32E+A34E.

25

20. The variant according to claim 18, wherein said variant comprises the substitutions

P10Q+K32E+D33F+A34E.

21. The variant according to claim 18, wherein said variant comprises the modifications

30 A3AY+P10Q+K3 2E+A34E.

22. The variant according to claim 18, wherein said variant comprises the modifications

A3AY+P10Q+K32E+D33F+A34E.



.19. The variant according to claim 18, wherein said variant conprises the
substitutions Pl OQ+K32E+A34E. 25 20. The variant according to cl aim 18,
wher ei n swDd3veIbENt conpri ses the substitutions PlOQHK3PEFTIBIBHFB4E. 21.
The variant according to claim 18, V\% rein said variant conprises the

nodi fications 30 A3AY+P1OQ+K32E+A34E-” 22. The variant according to claim
18, whgIHieVasiahtthcvadirgtb ang b clamess-2hevimvein fshiddbitirsnodification in the Gla
A3AY+P10Q+K32E+D33F+A34E.. WD 03/ 09346 DKQ3/ 00276 65 23. The vari ant
accor §PHanCOmpHSeSH S@ﬁaﬁuﬁensl%E?SIWEqCE%%%WP%FOW Pé Pg%qsit&b% ’n the
G a donmisgconprises a substitution in a position selected fromthe group
consisting of position 8 11 and 28. 5 24. The variant according to claim
23, wherein said substitution in position 28 is RR8F or R28E. 25. The

vari ant .according tq.an f. the precedi cl.ai.nms,. wher eiqy . i.fications
ar ¢ el TR apaiTEgb Spimp: Whgrid S BHOR p SNGHTL RRASR T A o
vari apbgpccording to any of the preceding clains, wherein said in vivo

N-gl ycosylation site is introduced by substitution. 27. The vari ant
according to claim 26, wherein said in vivo N-glycosylation site is

intro d_15into a positi C | Si L: i I Hai;Rg at
| east 355 % tACEPY én£ ar % ogglﬁ g%ﬁfngg%gﬂggé&gglgﬁ%@ﬁggﬁ)ﬁgﬁ In Iggarrpl e
1 her eésiues 887, 13D E6, V8! D@IYS, 26,00radBg. to claim 27, wherein said in vivo

N-glycosylation site Is introduced into a position conprising an am no
acilel resi due having at | east 50%of its side chain exposed 20 to the

surf aéﬁé’ﬁ%@?@%ﬂ e{l\?\gredlrn‘% ?%glg}bgﬂ}e#rg&ﬂﬁfg'aaiﬁng,gwhé 8 YA 3R NAGRRbSI At O any

of cl vivo N-glycosylation site i's i ntroduced
by a subitintietivcedbsg ehtstitigdnf r om t he group consisting of A51IN, G58N, T106N,
K109N, G124N, K143N+N145T, A175T, 1205S, 1205T, V253N, T267N, T267N+S269T,
25 S314N+K316S, S314N+K316T, R315N+V317S, R315N+V317T, K316N+G318S,

K31ENHESHAT, %@o de3B3AN ARt 6; Wl @RSVt AIRL BGosyRHon Sifkis idfddapéd
accor di ng t%anc al mr29, wherein §aicf in vivo N-g %ogyl.at ion site is
i nt1s odnto @gpositign aomptising tokingm anid resided hivinget leest gobugf itseide cheinggpotedas 1N,

8N, tc-)r gh%%ll}lffaclé gsg laléﬁneeilizlrél1 %!Xample 1 herein).

28. The variant according to claim 27, wherein said in vivo N-glycosylation site is introduced
into a position comprising an amino acid residue having at least 50% of its side chain exposed

20 to the surface (as defined in Example 1 herein).

29. The variant according to any of claims 26-28, wherein said in vivo N-glycosylation site is
introduced by a substitution selected from the group consisting of ASIN, G58N, T106N,
K109N, G124N, K143N+N145T, A175T, 12058, 1205T, V253N, T267N, T267N+5269T,

25 S314N+K316S, S314N+K316T, R315N+V317S, R315N+V317T, K316N+G318S,
K316N+G318T, G318N, D334N and combinations thereof.

30. The variant according to claim 29, wherein said in vivo N-glycosylation site is introduced
by a substitution selected from the group consisting of ASIN, G58N, T106N, K109N, G124N,

30 K143N+N145T, A175T, 1205T, V253N, T267N+S269T, S314N+K316T, R315N+V317T,
K316N+G318T, G318N, D334N and combinations thereof.



30 KL143N+N145T, A175T, 1205T, V253N, T267N+S269T, S314N+K316T, R315N+V317T,
K316N+G318T, G318N, D334N and conbi nations thereof. WO 03/093465

PCT/ DKO3/W023093466 31. The variant according to clai m 30, PaR@@B00Zai d in
vivo N-glycosylation site is int roducgd by a substitution selected from
the group consisting of T106N, A175T,6 1205T, V253N, T267N+S269T and

conbi BAtTHRRSHAReCERHingTo 3Rim Bhewkatinaaid iacborNighyotyatimysiefis timdnesd1 6- 31,
wherein one in vivo N-glycosylation site ) i y

subst by @Sﬂhﬁﬁwﬁ@a.%ﬁﬁf@d%&m hSErAPCOP SRS ‘?‘%lawgﬁgéllrglitzw}{%féhg wher ei n
two o AV fon sites have been introduced by
subst?gwj(;%nj&I&ng%9&&13}&\8}385?%%%{accordi ng to claim 33, wherein two in vivo

N-gl ycosyl ation sites have been introduced by substitution. 35. The

vari ant according tq claim33 . or 34, wherei.n said.in.vivo I | ation
si t &s3hahhe vam@tw@ewd}q&tpaaﬁegﬂaw obys YT 8RS % f%ﬁcofs}&%ﬁ?%/%ge §Poup

consi gLt MgF8Non. ASINFTI06N, ASIN+KI109N, AS1IN+GL24N,
A51ME&%§E§@X§¢?}A51N+AJ?%5T, ASIN+I 205T, ASIN+V253N, ASIN+T267N+S269T,

ASIN+S314N+K316T, ASIN+R315N+V317T, ASIN+K316N+G318T, ASIN+G318N,

GosN AL 7O Ve3R8 £ EbGRISTAL A P PRTEOR0 T, SN 6,
GO BN+ HRL N Bdeh intr SRR K3 behdtitatib8 T, GBB8N+G318N, G58N+D334N, T106N+K109N,
T106N+G124N, T106N+K143N+N145T, T106N+A175T, T106N+1205T, T1. 06N+V253N,

T106N+T267N+S269T, T106N+S314N+K316T, T106N+R315N+V317T,

croons kN ApeoR RN Rl vRTBBNEPIRAY MDA itesHave boon

K109 Ninkrfdd dét: bstiteliOAN+S314AN+K316T, KIO9N+R315N+V317T,
KI109N+K316N+G318T, KLO09N+G318N, KL09N+D334N, G124N+K143N+N 45T,
GL24N+AL75T, GL24N+1205T, GL24N+V253N, GL24N+T267N+S269T,

S S R LA IR SRR e %
K148 NbbidinFodinad vy SA6DiTutidat 48bbibd A6iTHES groNpkBnGiting K ASNYNEAEN+R315N+V317T,
AL75TASIOR F 0807 NS BN A SR Pz e g K LSRRI S BoshekR M,

A51N+I205T, ASIN+V253N, A5IN+T267N+S269T, ASIN+S314N+K316T,

A5IN+R315N+V317T, ASIN+K316N+G318T, ASIN+G318N, A5IN+D334N,

G58N+T106N, G58N+K 109N, G58N+G124N, G58N+K143N+N145T, G58N+A175T,

20 G58N-+I205T, G58N+V253N, G58N+T267N+S269T, G58N+S314N+K316T,
G58N+R315N+V317T, G58N+K316N+G318T, G58N+G318N, G58N+D334N,

T106N-+K 109N, T106N+G124N, TI06N+K143N+N145T, TI06N+A175T, TL06N+1205T,
T106N+V253N, TLO6N+T267N+8269T, T106N+S314N+K316T, TI06N+R315N+V317T,
T106N+K316N+G318T, T106N+G318N, T106N+D334N, K109N+G124N,

25 K109N+K143N+N145T, K109N+A175T, K109N+1205T, K109N+V253N,
K109N+T267N+S269T, K109N+S314N+K316T, K109N+R315N+V317T,
K109N+K316N+G318T, K109N+G318N, K109N+D334N, G124N+K143N+N145T,
G124N+A175T, G124N+1205T, G124N+V253N, G124N+T267N+S269T,
G124N+S314N+K316T, G124N+R315N+V317T, G124N+K316N+G318T, G124N+G318N,

30 G124N+D334N, K143N+N145T+A175T, K143N+N145T+1205T, K143N+N145T+V253N,
K143N+N145T+T267N+S269T, K143N+N145T+S314N+K316T,
K143N+N145T+R315N+V317T, K143N+N145T+K316N+G318T, K143N+N145T+G318N,
K143N+N145T+D334N, A175T+205T, A175T+V253N, A175T+T267N+S269T, -
A175T+S314N+K316T, A175T+R315N+V317T, A175T+K316N+G318T, A175T+G318N,




Al75T+S314N+K316T, A175T+R315N+V317T, A175T+K316N+G318T, A175T+G318N, WO
03/ 093465 PCT/ DK03/ 00276 67 Al75T+D334N, |205T+V253N, |205T+T267N+S269T,
| 205T+S3MNHEBIBT; | 205T+R315N+V317T, | 205T+K316N+G318T, PCTZOGKISGRISN,

| 205T+D334N, V253N+T267N+S269T, V253N+S314N+K316T, V253N+R315N+V317T,
V253N+K316N+G318T, V253N+G318N, V253RHD334N, T267N+S269T+S314N+K316T, 5
T267 NA$28P RS NE0AALAD, 53 N2 BTS2 BOTINKBON- RDFB TS 3 IFR6ABISIE O T+G3 18N,

ST NRETERIEDSEND | Fb EARIVEE RO BRCRABT ORRb AT P E o
RILSNGYSHEFHEPREN RS, (3IANEIINNK 6T 3625 3fheryatant 7according to claim

35, whérein said in vivo glycosylation sites have been introduced by
subst V2E3IN-6KS 166e+@81 85 V253N+GRe8Ns VRPN IARI4AY, (T26gNoS 260106/ TEF16T,
T

M 7S THETMOET IEU R AR NS IN DU T st eer 1 &

37. ThegHMard AT+ RBsaKOSs MO 36T KB BEN-+ VB ETTiS3 1418#K 3 1 6TMGIENY- gl ycosyl at i on
sites have been introduced b%/_ substitutions selected fraomthe group

consi 8314NgKBF6THIBENNL ROLIN+VIHDBNFAIEEG3ARE, BIEETVHGINGS38YT. "38. The
aria I n i 6-37, wherein three or nore in vivo N
\2/0 Igl %6@@%&%%ﬂ%§@£¢a@%@ggﬁlﬁfr oduced by Isubsti tution. 39. | Th\(;I '

variant according to claim 38, wherein three in vivo N-glycosylation sites
have been introduced by substitution. 25 40. The \éﬂr I, ant, g:ﬁcor ding to

cl ab nB3G&a hsrvagignt ageendaafoskaim 3onwheigh RidyryYrehyqosration sites RavrPeeheen

1205 TR e B R e B e T ot “accor ding 1o
?2¥ mofr}1 gdsm—#\zgss,g’?} Oﬂﬂmmf T1 W’EZ@VI\E@ZGW,&IM%&TS&Z@’E, Alﬂﬁﬁf‘déii"&at regi n30
ol d WATSEREI6 TN R0 a0 Ty et B i s L G LR SR R E Ve e
activity of rhFVIla when assayed in the "Am dolytic Assay" described

herein. WO 03/093465 PCT/ DKO3/ 00276 68 43. The variant according to any of
t hes pB@CHH viyiant aicoslingtoetaiing? 6 wherewnsaichintvivd N-glyepsgletion/sites have bich has at

L\gg:‘; -inltgoé)u(c)éd ‘tE}D gubggit%%igﬁsns%le%{:e%lf}/c)lr}l ﬁieogroﬁph&\r/llsfsﬁin\gb%%l6§I§@m§T! n the "Cotting

T106N+V253N and 1205T+T267N+S269T.

38. The variant according to any of claims 26-37, wherein three or more in vivo N-

20 glycosylation sites have been introduced by substitution.

39. The variant according to claim 38, wherein three in vivo N-glycosylation sites have been

introduced by substitution.

25 40. The variant according to claim 38 or 39, wherein said in vivo N-glycosylation sites have
been introduced by substitutions selected from the group consisiting of

[205T+V253N+T267N+S269T and T106N+I205T+V253N.

41. The variant according to any of the preceding claims, wherein said variant is in its activated

30 form.

42. The variant according to any of the preceding claims, wherein said variant, in its activated
form, has at least 10% of the amidolytic activity of thFVIIa when assayed in the “Amidolytic

Assay” described herein.



described herein. 5 44. A nucl eoti de sequence encoding a variant as defined
in any of clainms 1-43. 45. An expression vector conprising a nucleotide
sequence WO 0d@dd4ned in claim44. io 46. A host cell conpriPsirmKod/omrel eoti de
sequence as defined in claim44 or a 8expressi on vector as defined in
claima45. 47. The host cell accordi ngé to claim46, wherein said host cell
is a ganmacar boxyl ating cell capable of in vivo glycosylation. 15 48. A

phar tical conposition c risi a,variant .as defi.ned.i.n any_of clains
s, Hitedgnaions o aly SLHReptarie M SR SellGiahini R AN o7 S
as defdRethad B 1848 109 oFHR dIBttidg 4StiviS of3hPVHE FBRE Wisag@ inGREPORitiHg0Rssas”
defined in 20 claim48, for use as a nedicanent. 50. Use of a variant as
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49. A variant as defined in any of claims 1-43, or a pharmaceutical composition as defined in

20 claim 48, for use as a medicament.

50. Use of a variant as defined in any of claims 1-43 for the manufacture of a medicament for

the treatment of a disease or a disorder wherein clot formation is desirable.

25 51. Use according to claim 50, wherein said disease or disorder is selcted from the group
consisting of hemorrhages, including brain hemorrhages, severe uncontrolled bleedings, such as
trauma, bleedings in patients undergoing living transplantations, bleeding in patients
undergoing resection and variceal bleedings.

30 52. Use according to claim 51, wherein said disease or disorder is trauma.

53. Use according to claim 52, wherein said disease or disorder is blunt trauma.

54. Use according to claim 52, wherein said disease or discorder is penetrative trauma.



15 59. The nethod according to claimb57, wherein said disease or discorder
IS penetrative trauma. 20
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55. A method for treating a mammal having a disease or a disorder wherein clot formation is
desirable, comprising administering to a mammal in need thereof an effective amount of the
variant as defined in any of claims 1-43 or the pharmaceutical composition as defined in claim

48.

56. The method according to claim 55, wherein said disease or disorder is selcted from the
group consisting of hemorrhages, including brain hemorrhages, severe uncontrolled bleedings,
such as trauma, bleedings in patients undergoing living transplantations, bleeding in patients
undergoing resection and variceal bleedings.

57. The method according to claim 56, wherein said disease or disorder is trauma.

58. The method according to claim 57, wherein said disease or disorder is blunt trauma.

59. The method according to claim 57, wherein said disease or discorder is penetrative trauma.



