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WO 20041111242 PCT/DK2004/000428 FACTOR VII OR Vlla GLA
DOMAIN VARIANTS FIELD OF THE INVENTION The present invention
relates to novel Gla domain variants of Factor FVII (FVI1) or s Factor Vlla

I lypeptides, as well as the use of such polypeptide variants in
t é{ré@f/g?l#%articular for the treatment of a variety of coagulgﬁgﬁq%%q‘ggﬂmzs

Fah 63108 I DEAR KERGUAI D@ ATNE ARIBNTI®ON Blood coagulation is a
process consisting of a complex interaction of various blood io

comﬁonents éor factors} that eventually results in a fibrin clot. Generally, -
FHAD ST, A& Eé?ticipating in what has been referred to as the
"coagitiatiogascadtionrelaproentyel € Odamo gfets 6f BREyRRAtCally 1) or

inactt ins that are.converted into an_active form by.the action.of.an
e o STt e ST Rk i thery:
ikpeitigelad Enttidsmimproeémveyinth eSivegihtive-tiderddisdereted is into

the blood as a single-chain glycoprotein with a molecular weight of 53 kDa

(Broze & Majerus, J. Biol. Chem. 1980; 255:1242-1247). The FVII
%ﬁ%@@&&mwmted form (FVIIa) by proteolytic

clea?/agﬂaa?lf aoagaﬁﬁac&it@;aliiil&%sbl&%slmﬂglﬂng &Bﬁiﬁ%x%i?&mmﬁi/oaﬁ b)iood
single djsulfide bri . FVlla in.complex with tissye factor (FVlla complex
TR LB B P L R SR S 5 i Bttt
chorpese@O pettnipadiyiredet bas Headiagrted apid fins Goobgnlptiod watiarcing:

ibri ' ru . Proc Natl. Acad Sci USA 1974. .
P R S SRR e R e B i
aghtemapan by dbepiiontotarisestydinto Rre i thess ireenlstion fotopsis BYRic acid

residugsyin iglc?vﬁia{ﬁﬁm&ééf&gié}ﬂ phihe ﬁ?@é‘?&%ﬂﬂ%@ié@ IR BYR S M R eted
.6,7,14, 16, 19, 20, 25, 26, 29 and 35 shown in SEQ ID 2s NO:1 are

info-brfiRgd RRafielcrhnia ShiGeRr it e 12 BSISERATTISIRARE 18Py (Broze &
I\&g&\df‘yl MBC@@BI-I%Bﬁ?ﬁ@EDmM%CﬁﬁbBE’H}QM @ug%metw‘d/ _ _into an

tt ent atur ccurrin - CcO allo osItion .
o B B B e B A TS Rk
chaias laked diviervisgladicubiiabygectiéla Mivogples voduisgufofabon &NV /||
céﬁﬁi}éﬁzﬁ%@?@@om%ﬂ%%t&&gf% End Fo3R B30 MR BeffE-tivated forms,

Grouchy et al., Hum Genet 1984; 66:230-233). It contains nine exons and
feliparidl 3 wakBops Iafitoqeridigempin pederin wd Abrbgfprmation (@sterud &
R8#abdbFrad oy Thadene/prgamsalgnenspetein structure of FVII are

evons 1 AR R CHBI- OP PG N RO W BFOp e
cahdx§dkaicomaihineXones paiant yytdropkabid redinss #ixbe N4amthal tegion of the
SRS Rlus residues number 6, 7, 14, 16, 19, 20, 25, 26, 26 and 35 shown in SEQ ID
NO:1 are y-carboxyglutamic acid residues in the Gla domain important for FVII activity.
Other post-translational modifications inclﬁde sugar moiety attachment at two naturally
occurring N-glycosylation sites at posiﬁon 145 and 322, respectively, and at two naturally
occuTing O—glycoéylation sites at position 52 and 60, respectively.

The gene coding for human FVII (kFVII) has been mapped to chromosome 13 at
q34-gter 9 (de Grouchy et al., Hum Genet 1984; 66:23 0-233). It contains ﬂiné exons and
spans 12.8 Kb (O’Hara et al., Proc Natl Acad Sci US4 1987; 84:5158-5162). The gene
organisation and protein structure of FVII ate similar td tﬁqse of other vitamin K-dependent
procoégulant proteins, with exons la and 1b encoding fof signal sequence; exon 2 the

propepﬁde and Gla domain; exon 3 a short hydropﬁobic region; exons 4 and 5 the epidermal
B
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1 WO 2004/111242 PCT/DK2004/000428 growth factor-like domains; and
exon 6 through 8 the serine protease catalytic domain (Yoshitake et al.,
Biochemistry 1985; 24: 3736-3750). Reports exist on experimental
three-dimensional structures ofhFVlla (Pike et al., Proc NatlAcad Sci
B8AM9d4*96:8925-30 and Kemball-Cook et al., J. Struct. E?igir.{%gcs;mgmzs

srpyiafseior il dpmpiot 2 enn ExavEh SEasrsitie sucrsstentalsiivgldmey
(wryistallegraphmdaieingels (Basner eval-3Nature, 1996; 380:41 and Zhang

etal., J. Mol. Biol., 1999; 285: 2089); and of smaller fragments of hEVII
Mra TS B S TS L S SR ORD A e A AR Ve (P oo,
Priodhérisybicl 959, 3897097 $oRBRinelyKanbpliotriskengingesedyaiant$999;

- lﬁ:ﬁ\élbﬁ%’ SAR_ATEROTG ARG tgg&.lﬁﬁ é%ng%aéF%iroli%%%%fa%%?yéi:a]}ographic

272:19875-19879; Kemball-Cook e 0
mothadsi Bangepet-abNeai 986 a3 SUBI cInd Kaeme1996; 2 MoB 05653889 285:

2039f, ahdlof Bionheraistntd 89038 ARAnl 966X REDOILS.EXISt Rs: 37:10605 and

expression of FV11 in BHK or other mammalian cells (WO 92/15686, WO
K&%Tglkgo@f CRile% 8@%’2&3(}%& co-expression ofFVII and kex2 is

endopReteded;irfesupatyitiengalier®d QR0 65)1 Gavemastigported (Dickinson &

‘reLShAons,olsesamblaael hupenEia INENIg)ars soldynder e

trademark NovoSeven(r). Novo r)1s indicatéd fof.

215186 émBpeé pi SBueastivii et phog Hhird BlomBl PAGIATtE3NERIO BB NR)fsttile only

Bmﬁéﬁy@@;gﬁggggg@wﬂlgﬁj@ple treatment of bleeding episodes currently
available on the market. 20 An inactive form of FVII in which arginine 152

and/ofSSEYEHY B PRFEHBMEY histewrepsrmenmplienati: (81Q.
92TH5686, aRinel Adisisiaiiel loaasl1ah U3¢ Aatiabign-SiRnWIE 96454300
. ggslprgbesjna%tltiivati n o& Fé&%&x/ rine proteinase inhibitor. Inactivation
oyPcar %ﬁ@?a |8W%%W }% g@%ﬁo acid group 1153 has been
descriBeubyrFieterepavativas. pfEeociBitene hurdAONAGLAPAN %I Bed under the
lnagtivaied. ' npeti ith wild 25 type EVII ar FVila for .
e o ey St o e e
hegroplilia {5 4B paticats (e Srsea o theanhe i Baferrestiffe andyrdonle

trdaMECOPBleLARG Siakatos SUERMAS RRHARIE WithsSeRsis:or at risk of
myocardial infarction or_thrambotic stroke. In connection with treatment of
incortb M DIEARSY EVANAY RS RN biAG00T 46 fREe Y ha e modified

hag dperbtepofiad iv WO FX1t £ Xaasithaiidicding éadisadefac actanbilite. Wo
oY ARG RR IR DR LR 067 4 RN RSN U htion by
carbamylation of FVIIa at the o-amino acid group 1153 has been described by Petersen et al.,
Eur J Biéchem, 1999;261:124-129. The inactivated form is capable of competing with wild-
type FVII or FVIla for binding to tissue factor and inhibiting clotting activity. The

-inéctivated form of FVila is suggested to be used for treatment of patients sﬁffeﬂng from

hypercoagulable states, such as patients with sepsié or at risk of myocardial infarction or

* thrombotic stroke. -

In connection with treatment of uncontrolled bleedings such as trauma it is believed |
that FVIIa is capable of activating FX to FXa without binding to tissue factor, and this
activation reaction is believed-to occur prirﬁarily on activated blood platelets (Hedner et al.
Blood Coaglulq.rion & Fibrinolysis, 2000;11;107-111). Howe{rer, hFVIla or rhFVIla has a

- low activity towards FX in the absence of tissue factor and, consetjuenﬂy, treatment of

uncontrolled bleeding, for example in tralima patients, fequires relatively high and niultiple

2 .



Blood Coagulation & Fibrinolysis, 2000; 11; 107-111). However, hFVlla or
rhFVlla has a low activity towards FX in the absence of tissue factor and,
consequently, treatment of uncontrolled bleeding, for example in trauma
patients, requires relatively high and multiple 2 doses of hFVlla or rhFVlla.
Therefore, in order to treat uncontrolled bleedings more efficiently (to
dogsnfthite/ Bioetrl6S8) thEheridumeddl doddmiprenedriehiteovalBlylRswhish
efROS8AS %8 NighActiv j sence of.tissye factor, Such .
A A A S S G e G S
Pogiiss AAHEPSSESHIOHRG R vty dhsenssmplisas foothr Sichwhproved FVIIa
meldenlnistiveld ixigbfindctierwilbinganiad b ieedings, GIRAANAN sctivity) as
coﬁ?%i?é&t% oﬁmla have been disclosed in WO 99/20767, US ‘
6,017,882 an BoIBTES o S LneRbivn e roatrlisd blerdioss
domafflavismdtiernitiets eRFEITY/ Maylaantiarahasehoimibnempieness
6,0ing ivati rticylar, it was found thatthe
e e e i e denitid
as hetng impostath nphasmhrlpidraanbreesihndiaged dFémetRA oty tauldibe

pasithle iy peramingdhamidationsd (R BRALSIRG Wi Raricular
Y Jﬁ%%]%g‘ t FX actjvation was enhanced as compared to.rcﬁ\ﬁfa at
P Rarginal &o4 ﬁ?omlwﬁw’chMiwmgrémhﬁ
achésvedftisstenimgt trei mpraﬁmtl: 1\0@@&?@9@5&@9!{&'%5 & %‘é\’f‘é{ﬁ?%%é{ FX

V. Q@g}g E | or FVlla e ving inter alia an increase
aci@éﬁ%%ﬁ t%%/ mear?\é(lloafg wglgtaéar% yéﬁo%%% ISP BRE RaEBRtSR eswsiilionsamsh as
undgeersdisions hsrerne eushotsitsavifigtoitairesaadifications in the Gla

domaippg hading: N [ 0s.iItle introd outsid
e Gl domain WO B30T AL FOATE UL e
R TSGR AR TR & isduemsete obidietgdsily cRiybve se MEGylation,

invervoes (se0as assnaisleniifie fueheyiesiduesdmihe Sla-damal iﬁ/&lﬁgns in the
Gigﬁgh%%ﬁ%%thengho%%hoggg membrane binding affinity and hence .
further increase EXaiUREBA FRECBNHBP Bitm iRiurmd St fhodHaskmain,
may X$b29RMBRI Ubied diss B Tactaty Hindingradfinishg herabieekaf dheons in
the REQSE RV BRIAR.ISiQ provide improved FVII or FVIla molecules (FVII or
FVlla variants) which are capable of activating FX to FXa more efficiently

than FeVTRCTHiveRi s [P icoomidenifjadrutizer repérticinde iGls donehieghich

furibhesrEesen pRpREBRAIRIMER FIRIACHEWY amla malecules (EV
ich are capable of activating FX to FXa more

st TR RO Mo octersess i i
Y tha s SGitee freyebirm iy Rlsy ratibifedapeb emofactor
bindjsgipdfiaityor. These objects are addressed by the . ‘

The object of the present invention is to provide improved FVII or FVIa molecules
(FVIIor FVla vériants) which are capable of activating FX to FXa more effici ently than
hFVIla, thFVIia or [P10Q+K32ErhFVIila. In particular, it is an object of the present
‘ invéntion to provide improved FVII or FVIIa molecules (FVII or FVila {fariants) which are
capable of activating FX to FXamore efﬁciently than hFVIla, thFVIla or
[P10Q+K32EthFVIIa in the absence of tissue factor. These objécts are addressed by the

FVII or FVIla variants provided herein.

BRIEF DISCLOSURE OF THE INVENTION
In one embodiment, there is provided a Factor VII (FVII) or Factor Vila (FVila)

polypeptide variant having an amino acid sequence comprising 1-15 amino acid



FVII or FVlla variants provided herein. BRIEF DISCLOSURE OF THE
INVENTION In one embodiment, there is provided a Factor VII (FVII) or
Factor Vlla (FVIla) polypeptide variant having an amino acid sequence
comprising 1-15 amino acid 3 modifications relative to human Factor VIl
(hFVII) or human Factor Vlla (hFVlla) with the amino acid sequence
shown in SEQ ID NO:I, wherein a hydrophobic amino acid residue has

ST A A R PP ORI SE AT i e
anfmavieg asgaminciacich se §EENES Wit differsiire hytlbopmibo anitoasidussiue has
be éﬁlﬁﬂ}/oedﬁ% ég%@ﬁ%ﬁ}%&{g St C}?O%r%% n%4human Factor VII (hFVII) or human

Factor Vlla own i NO:1, wherein a negatively charged

aming,agid Jesidugiasteaninthatiees d/py HUEQRINARSITION 36. In
another embodiment, there is provided a Fa(ctor [l (_FVIIgrEI%ctor,%/lla

PO RGBSR AR AT R Y SRS HTEB bt e gl dues
rel@it5tanhinandaigiachindifieations helative soUVTBMFUEDoAHihR VHtor Vila

axﬁ\lf'é%?%ﬁ\l%g%{ %LQ@.%':?.)W %‘{éﬂéﬂa s Amino.agid.seduence show ue';%xas been
CSEQ 11, 'Wherein antino acid sequence comprises an” amino acl
intsbswd v uhsposivonis poséin3d®.and at least one further amino acid

substitution_ in a position selected from the group consisting of positions

74, TIeheerbptieas fustd ormaded albacis MHENYPnerisile
(Fedqypslepeptidodinguihranolypeptiie vadanisdisclasasbped] fiimino acid
ression vector comprising t ide ,sequenc cell .
o e S S e i N T P vine
theargpiootectiselpsaderrbroim re kX8 a\Sharmareutivalncomigositisnee comprises an
anfeRRIEINGHIGBA RGRIE:Y 21 AR iSRRG BRI TuisS ARG acid substitution

olypeptide variants disclosed herein or the pharmaceutical composition

in (RSB TSR BRI SRS B AL There arc
ided thods of.t t using th | ti iant )
P A S RS BB S A B e
poljisgitse ddnersiniiwliated tothe, asexgpicsian snttaswefinsthethovadentde
JiaRIagie o admsdicanentorhe el a dissase gl a.disorder

wherein clot formation is desirable, as well as to a variant as defined
abovesil furARMRPRIo RS SRiNRdabaiafes NeRAMARIRRINAMARbsition

Further aspects of the disclosurg will be apparent fram the description ,
COBRTN Ba T AESRAE I AP A SLhREI. i OF he BoIyTSpde vaianis
disclosed herein or the pharmaceutical composition disclosed herein as a medicament. In
some embodiments, there are provided methods of treatment using the polypeptide variants

or pharmaceutical compositions disclosed herein.

Still another aspect disclosed herein relates to the use of a variant as defined
above for the manufacture of a medicament for the treatment of a disease or a disorder
wherein clot formation is desirable, as well as to a variant as defined above, or a

composition as defined above, for use as a medicament.

Further aspects of the disclosure will be apparent from the description below as well

as from the appended claims.



4 BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 shows the clotting
time vs. concentration for variants of the invention when assayed in the
"Whole Blood Assay". Figure 2 shows the maximum tissue
factor-dependent thrombin generation rate for variants of the invention
determined in the "Thrombogram Assay". Figure 3 shows the maximum
phospholipid-dependent thrombin generation rate for variants of the
invention determined in the "Thrombogram Assay". 4a WO 2004/111242

BISEY BISoB 00O O D ERE PEA BISE O SURE OF THE INVENTION
Definitions he C nte tof the resent descriptian and cal
foIIowméUI deei e I@jil 5 Wﬁ {18 %(/ ? derye fion when

iRtioRs af app he tenm il pgllypep e" rerers
aspgyadiv the ONbale Bﬁevﬁédsm’éngle chain form One example of a FVII
polypeptide |s the wild-type human FVII (hFVII) having the amino acid
sequeiSE SRR MR BN st BRSERedrH drstBtin Bowbier miafor
vathetdemhdiMibipaiiepiidensalsotso versohfbddrikeamalecules, such as
fragments or variants of SEQ ID NO: 1, in particular variants where the
sequeéngaredripnsehatieasuonphepbhlpsiuiepondent Birprafer atiyragiotorate for
vaﬁ@n@@ﬂﬂeﬁﬁ@eﬁ%ﬁ%f&%{%ﬁﬁlﬁ?ﬁ@p‘ﬁﬁgﬂ%%%' J?% al. The term
‘FVIIa" or "FVlla polypeptide” refers to a FVIla'molecule provided in its
activated two-chain form. When the amino acid sequence of SEQ ID NO:1
is used to describe the amino acid sequence of FVlla it will be understood
that the peptide bond between Ri52 and 1153 of the single-chain form has
been cleaved, and that one of the chains 15 comprises amino acid
residues 1-152, the other chain comprises amino acid residues 153- 406.
The terms "rFVII" and "rFVIIa" refer to FVII and FVlla polypeptides
produced by recombinant techniques. The terms "hFVII" and "hFVIia"
refer to human wild-type FVII and FVlla, 20 respectively, having the
amino acid sequence shown in SEQ ID NO:1 The terms "rhFVII" and
"rhFVIlIa" refer to human wild-type FVII and FVlla, having the amino acid
sequence shown in SEQ ID NO: 1, produced by recombinant means. An
example of rhFV1la is NovoSeven(r). When used herein, the term "Gla
domain” is "intended to cover amino acid residues

4a
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25 1 to 45 of SEQ ID NO: I. Accordingly, the term "position located outside

the Gla domain" covers amino acid residues 46-406 of SEQ ID NO:l. .

The abbreviations "FX", "TF" and "TFPr' mean Factor X, Tissue Factor

and Tissue Factor Pathway Inhibitor, respectively. 30 The term "protease

domali™iditied about residues.153-406 counted from the NP tiiHii /000428
DFAAEED DA&IHRSIBE OUSEHFONEENTHONatalytic triad consisting of

S344, D242 and H193 of the polypeptide variant. 5 WO 2004/111242

PCT/11K2004/000428 The term "parent' 'is intended to indicate the
DefmEiang to be modified/improved in accordance with the present

- inventiprisAifauets thie: parent Q@W@&Kb&@n@@ﬁ@ﬂ’o@ﬁ@eﬂﬁﬁﬁﬁ%@lﬁ

inventi a y FVY FYlla polypeptide, and thus be derived from
any o';?gf:r?eéig}a ri%n%t}im ﬁYﬁ?ﬁﬁ’gga e%eﬁﬁfﬁ,aitp i L rapkrs mayided in single
clpandotmpdipeptidplisof hEVII polppapiide A tharididthiscchpabpERTH@ NG having
i ' ' } i from, its parent polypeptide '
O R A BB S NP RGBS et e
tenp “F¥ T polyneptided alisisevar g ddidilesnalemtesssiet as dragmiesauigariants of
SEESIBURS): €, 6h ParkicBladvfiidnR %Q@@é@iﬁ%&@@cmﬁatwmg’sﬁlﬁ as up to
arent palypeptide is hFVII gor hFVlla. to The term "conju%ate" or
L RSRAPS RIS, oS0t BOSHISHER HEFBFUAINSERARAIO
heteroffenenousFvilibe sehsalapobmpgesie eralimeio)maletiadprmedtd in its

b ovalent attachment of one or mare pol pef%qu ne.or more
acﬁ%é?%%o@ﬁ)eptl ef%r"nn&;%;eﬂ%n élﬁcﬁ asoﬁgigr%e&u%rﬁg\%e%u es; ?ﬁég%%’lﬁés useg o

dessriscbpagizugrid ssalsties diforfaniovibbivatidmgoedtatshPpefeidaiiyndhe
baRANORIS ISPl A S IVAR L AIRCE R RONS AR SARAHANSH Shelst the chains

soluble in physiological fluids such as blood. Examples of conjugate
CHYRISEHIIEY FithesiAventidAAnErab g shaapemnrisssarsip ReY kesidpes 153-
4pnlypeptides. The term "covalent attachment” or "covalently attached" .

means that the p gpti?g iant and t% on-polypeptide moiety are

eithersg}llr%ag y %o’ﬂ}qa entfy Joifie i% 5%%%3 &ﬂr (ngﬁé g?@’ﬂ?ﬂﬁg%stl?/mduced by
regondiinntlit¢éohmarhte one another through at least one intervening moiety

20 such@eARUAEGTEARGLAHRAGE BN ISR IRARRRaRAIde

moiety" is intended to mean a molecule, different flro a peptide polymer
regRifhGiad efiasthfoin Arhmareaceahavinke SEOJEIREP By peptide
- bondsthe terms “rhFVIP” and “rhFVIia” refer to human wild-type FVII and FVIIa, having
the amino acid sequence shown in SEQ ID NO:1, produced by recombinant means. An
example of thFVIIa is NovoSeven®. , |

‘When used herein, the term “Gla domain™ is intended to cover amino acid r‘esidues

1 to 45 of SEQ ID NO:1. '

Accordingly, the term “position located outside the Gla domain” covers amino acid

residues 46-406 of SEQ ID NO:1.

~.The abbreviations “FX”, “TF” and “TFPT” mean Factor X, Tissue Factor and Tissue
Fabto;.‘ Pathway Iﬁhibitor, respectively. | ' S ‘ ‘
The term “protease domain™ is used about residues 153-406 counted from the N-
terminus. -

The term “caté.lytic site” is used to mean the catalytic ﬁia‘d consisting of S344, D242

cand H193 of thélpolypeptide variant.
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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 . 25 moieties, lipophilic

GNP ERoT organic derivatizing agents. When used in th%@?}}}&%ﬁ}ﬂg [ Bas
‘conju%ate variant of the invention it will be understood that the

non- tisersidistnisndetkisdandiente fioiypdpude e whditcd Gmpryatddn
acv@danidhnaral aR-aaehmanh KaUBRh G RANPERYHS. S SMRIBIB8 e by the

above, the non-polypeptide maiety can be directly or indirectly covalently
TSR TGRHD M AT GropE VAH ROlgRAgeer PAORERRS e sidTem A8y
orfgirmed. byashatent tinkagdied taigiay iiereeffeniing e phetevRpasios is
m rs is an amino acid residue, except where the polymer is
human albumin or another abundant plasma protein. The term "polymer"
may b “veeatinie rorryiredids wich Wigieerin Opelyrrersiolovuield Tisisltesrfiom

its!B AP IBLARAIGEL A GETy GRTPRNYAAL RS Qltaghedkby i yit
e §Iécosglatlon, i.e.a syntf){etic glycos I:?%tr?}gg\bivl%g%%{%?fdlzﬁ?ﬂ’g’ 87,89,

9 ! : V 4/111242 :
19pEr1B1dZebh 06 28mp et AP i vitish B AN invengiAg L evidupy 2 in 1-8,
1-tinkifigral Gosbahyshidiesiilechiertontn, MMM GO RBVII or hFVIIa.

polypeptide vagiant, optionpally using a gross-linkin ent. The term. '
"suga?%\:g?gﬁ/" COHY # e %Eer%g%geégb &6’8&9@?3‘@%%&?3%%3%1&?&%“ to
indonbpribateragracorniortenenpsHorhapide s esiduesrichpaliaiibf foring by the
) _ . - et ot .
Oggnjugateé%% %%e%fg) rgrlr%/ %?EH%?C%S! gjl%te&dgg g@%%%ﬁﬁggﬁ%igéﬁ%ﬁf g}qlﬁnes
suh s @B}wmﬂ&ﬁ’?}?ﬁ@wﬂ%‘ i CORBAYRED SYB BrPIcE R AR pIReBi¢sleriuatiing
agSaty. @Hﬁ@{éﬁlﬁ%l@ﬁ@nﬁk@% L% R ?&Q’«é{éwﬂ Boﬂyﬁ?xhiaﬁ(ég#m!ﬂmnditipns, i.fe.
ttranslafional processing in a glycosylating cell used for expression @
solH e PBEHEHE LA B 5P CPRIIRRG AP G @Ry Pepides of the
ingiytosylatice. ghhesekaat aliffosREChastaé podypltitee depends, to a large
exten the gl lating oraganism in question. An...N-glycgsylation .
site" r?ggertlﬁllegnse%glu&aeﬁ)r%eg#ﬁ%fg '/C?rw eﬁ%ﬁﬁlﬁ%iasﬁgﬁyegml?r%x Sé%% r&éespéﬁ}@) optide
vaggekpiddhsinne: polipertite sty arcie8lFrditsctiyrev slenithe dimesoninesgnother, or
el YR IEHRB e A16 IRFARMREHIRR P BIR ARIE AR 1A Sk RIRIRIADHENEAR Boiety

Preferahly, the amino acid residue in position +3 relative to-the
sug B P e r R e Tl Ee SROI1E residue. 15 An "O-glycosylation site™ is
the OHigramp oia-selifemidt weaeiitid esidided hhetarmmatagbraftrent from

rnan ‘ or an amino acia residu ereo? or g car
wmimyle@&@émﬁlauémmtppmww@mwéﬂmmmpwmaﬁam _
ot MR, 'i@%ﬂjéif.eﬂ&&%k'@ﬁﬁ&i&&@f&%%@%&ﬁc@la%ﬂﬁ&’%ﬂ%ﬂ%ﬂﬂﬂgm

agent. Useful attachment groups and =~ .
moiéties, lipophilic compounds or organic derivatizing agents. When used in the context of a .

| roup” is.intended to indicate a functional group, of the polypeptide ..
ap%g%%pe E%Ynagrr ﬁgrﬁ]i%?’se OF 20O acxﬁ OnoMmy sé d%nI( ‘3t5’ eﬁﬁ%ﬁ}%‘?&% bonds,

conjugated variant of the invention it will be understood that the non-polypeptide moiety is

linked to the polypeptide part of the 66njugated' variant through an attachment group of the

" . polypeptide. As explained above, the non—polypepﬁde moiety can be directly or indirectly

covalently joined to the attachment group.
A "polymer molecule” is a molecule formed by cdvalent linkage of two or more

monomers, wherein none of the monomers is an amino acid residue, except where the

'polynier 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 giycosylaﬁon

[V



20 their matching non-polypeptide moieties are apparent from the table

below. Attachment Amino acid Examples of non- Conjugation Reference

group polypeptide moiety method/ Activated PEG -NH2 N-terminal,

Polymer, e.qg. PEG, mPEG-SPA Nektar Therapeutics Lys with amide or

%?n@"‘f%‘é&?ﬁted mPEG Delgado et al, Critical group reviewEGr/DK2004/000428
pétiemapetticBragm@iriar Syste noy A RBiv i2ia 3D & bbBER rtGmDkhie to an

£5min I ktar Therapeutics GIu

a‘E'dé %LOE}S) % (ﬁ&% gg%%a%, a?ﬁénuﬁ LiSInY a 0%5 mﬁm&

with ester or ami elnvitroc ng molie

2004/1helerP @%K@@ﬁwmedﬁp@@wm@h@gﬂt@wwg molecule

a&;ﬁﬁf@égle bﬂﬁ&ﬂi&%&ﬁ@?@ggg&%ﬁ%’iméﬁ' slfige. M?ﬁm@@t@m‘
rical . maleimige or vin maleimiae reviews in sulrone
P‘%P{BFQ %%%‘%felﬁ%% ﬁ#&% %a’m%a?amgﬁmr@%&m.ﬁ@a glycosylated

POt RUI-BDM DRty (ﬁ%@)mcg}ycsgﬂam BugrrmTaiehjyieleos@alioked
G with ester.. er carbamale .carbonate

1&&%&9% Ig\%n?%%vp%%%%ng%r nf:,\(l)lel%/ajfrlln \?lh\‘/e of. aunﬁl c%‘s)y at|8P

refisasatomb ratsssiaginpEE copieting cell used for expressmn of the polypeptide

* variant, e.g. by way of N-linked and O-linked glycosylation. The exact oligosaccharide
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15

20

structure depends, to a 1arge extent, on the glycosylating organism in question.

An “N—glycosyiation site” has the sequence N-X-S/T/C, wherein X is any amino
acid residue except proline, N is asparagine and S/T/C is either serine, threonine or cysteine,
preferably serine or threonine, and most preferably threonine, Preferably, the amino acid
residue in position +3 relative to the asparagine residue is not a proline residue.

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

The term “attachment group” is intended to indicate a functional group of the
polypeptide variant, in particular of an amino acid residue thereof or a carbohydrate moiety,

capable of attaching a non-polypeptide moiety such as a polymer molecule, 2 lipophilic

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

their matching non-polypeptide fnoiefdes 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 Nektar Therapeutics
Lys with amide or imine | Tresylated mPEG | Delgado et al, Critical
' group L - | TeViews in -
' | Therapeutic Drug

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

, : {1992) .
-COOH C-terminal, | Polymer, e.g. PEG, | mPEG-Hz - Nektar Therapeutics
" | Asp, Glu with ester or amide ‘ : -
' .g;foup
Carbohydrate In vitro coupling -
mowty




Aromatic Phe, Tyr, Carbohydrate In vitro coupling residue Trp moiety
-CONH2 GIn 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
mgﬂ'&ﬁ%‘l ¢hem. saccharide 179:301, WO 92/16555, WO RSgiPipas/o00428
-SBuaniding g Carbohykibtedn aigr&@E06upliPBG-ungidald and NetesTherapeutics

moiety Chemical Reagerits disvlBdstein Matdifisation, CRC |PPelgsdnet,al, Critical
Florida, USA Imidazolerdiei@deutRioyhte FEGtraekbmpling jpstisws in
guaniding ring Giety FSPiPRAENDglycosylation, the term " attherapratic Drug
group” is used in an unconventional way to indicate the amifg@EErPystems
residues ¢constituting ag‘%&ﬂﬂ%on site W9 ﬁ?@@@%en&%é‘%%%ﬁ%
i i ha ﬁenﬂramlnn racldlln of
s, : : . L.,\,tp‘gop € ofthe-N=-8—
ycosylalipH site is the RN the JdBAF ﬁ}i g“l attached during
egcosyIatioX‘?”such att ent cannot bd h@\’/’ G Uhless|the other
amino acjid residues of. gﬂ%ﬂw g&%ﬁy ation site are present. Accordingly,
~when theinon- polypep|t| lt%ty IS a’sugar moiety and the} conjugation is
[ -Copg,aChieN g0 47 ViV &lgaylatlon T EFTR. amino gcid residue 10
comprising, g chrr nt group for a nor E&W&?R@éﬁ moiety" as used in
connectid Newiibsyddteratimnenad-the-aprigo acid sequence of the polypeptide
is to be undegrsigod as meaning that 8 WD 2004/111242 S
ABRINDK208400a428 | anebehyagie aming aeiresisligsconstituting an'in
regdiiie N-glycngylation sitenaterto be altered; in such a mannef that a
-CloNétional itilwivo N-glyatsitatidmasite is infraduseddnidiibe avanand Wold,
: moiety Biochemistry, 1984,
Jul 31; 23(16): 3759-
65
Aldehyde Oxidized Polymer, e.g. PEG, | PEGylation Andresz et al., 1978,
Ketone oligo- PEG-hydrazide : Macromol, Chem.
saccharide 179:301, WO
92/16555, WO
00/23114
1 Guanidino | Arg Carbohydrate In vitro coupling | Lundblad and Noyes,
- moiety ' Chemical Reagents
for Protein
Modification, CRC
Press Inc., Florida,
USA
Imidazole | His Carbohydrate { In vitro coupling | As for guanidine
ring moiety :

~ For in vivo N-glycosylation, the term “attachment group” is used in an

unconventional wa;v to indicate the amino acid residues constituting a N-glycbsylation site
(with the sequence N-X-S/T/C as indicated above). Although the asparagine residue of the N-.

glycosylation site is the one to which the sugar moiéty is attached during glycosylation, such

attachment cannot be achieved unless the other amino acid residues of the N-glycosylation

' site dre present.

. Accérdingly, when the non-polypeptide moiety is a sugar inoiety and the

conjugation is to be achieved by in vivo N-glycosylatibn, the term “amino acid regidue

10

comprising an attachment group for a on-polypeptide moiety” as used in connection with

alterations of the amino acid sequence of the polypeptide is to be understood as meaning that

8
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acid sequence.. In the present application, amino acid names and atom
names (e.g. CA, CB, CD, 5 CG, SG, NZ, N, 0, 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
PEREES Hddidue names, atom names, etc.), Eur. J. BiocherRCT1Bg2094490428
orld 98hpiogeatinerasiRdh@ieCOsReEHANS ih Bivnd BigKaefatibdAitk 498D altered
. The term "amijno acid residue" is | ded t 'ncluq[e any natural.or .
in SRHERR LI 5t o et 4 Rty sormtati e bbbl g mine
acqhsiryensiel residue contained in the group consisting of the 20 naturally
ocCuripgamine AGHhBos SRR LA RLNG GHAUR.HRISHNG E@Jﬁgﬁ‘,%n,

Ala or A), cysteine (Cys or C), asgartlc acid (Asp or D), glutamic aci

CashifolE) Mptieryi sishireuehasslefned b ihe YortpisitaiabaakidRieBHis or
@%@Mﬁﬁ@aéﬂ@ ofHHTyBiNE ﬁﬁmmﬁhi&mg%d l}ﬂéﬁ@ﬁ@ﬁﬂ%ﬁ%aﬁm
et.or M), asparagi sn.or N), is proline (Pro or P), glutamine (GIn or
RO R e N e e
(laﬂﬂ)f;oqutlmpﬁ&m&&irpzmmmﬁd Buwosing¢dhmor Npregithssy). The
termi ”%%QMS%SMBB %ﬁpﬁgﬁﬁﬁ%’%lﬂgﬁfé@ 8 ?1%5'19&58}%;}% Sg; ry toerds Aithetic amino

follows: G124 indicates that position 124 Is occupie cine residue

- aciq tREdaipl At RTiBwgicintendsddondcSE @ mrnoaidaastdrR ttizandsntibe

it elvsingntesidne0fRAsiRLiaA1RsRaen SRS It ARe group
arginine residue. Alternative substitutions are indicated witha 'l',e.g. =
591 H1EBRE HHAThihb S8 Hulhtelh HREHCAHAFASH RS D) acid
(G4 51 E p yihstijldbelinvifPheith &h,sgsicia oG hreo Gy isvdikipiEis Wb s utis1Bscine (Tle
indicated wi "+ e.g. K143N+N145S/T means an amina aci
o T ) e e R AR e s
proligevite anfsplatagine (€hidu QhndsinbeidtigitoR JofdiecdSparagnthreonine

(ﬁﬁ%siqz, 223 ROSIUAR L AR Wi ASEH P 60N HaeQRIRR Lol e agrEon of

an additional amino acid residue, e.g. insertion of an alariine reSidue after

G124, Ksgednelr sy wabesisenHSarommbroms avaitionrsis dlsiried as follows:
Gresigidesriantrbidiin micaiRtbycbiy 4 Ghdaelesibantsading Erf?m,Sﬁquence

the term. i 1in ifion X" or "inserted at position X means that t ‘
SHEID SE oS0 P eb il BEAVGEle A ACAPTUAdE oo e e
substitutaddeldtmragfisinansidos3 4 hoich rosi delstisuinaic ate chiicaed asitbrix/Farg.

letion « lyCi i ' ition 124 is.indjcat :

N e R Rt

Wi sraincier fisgainel Mvidnk mbditiienaard isdinatedcuidrars”, e.g.

- KhBYWREADebeeRide (RFR d B)Rad wR MR RRR4 A LdkBiution of the lysine

PCTIDK20Q4/000428 L . .
resn%e E} pogﬁgmn 14% with an asparagine residue and a substitution of the asparagine residue

in position 145 with a serine or a threonine residue. Insertion of an additional amino acid
residue, e.g. insertion of an alanine residue after G124, is indicated by G1 24GA7 Inéerﬁon of
two additional alanine residues after G124 is indicated b.y G124GAA, etc. When used herein,
the term “inserted in position X or “inserted at position X means that the amino acid
residue(s) is (are) inserted between amino acid residﬁe X and X+1. A deletion of ran amino
acid residue is indicated by an asterix. For example, deletion of the glycine residue in |
position 124 s indicated by G124*.

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

’ made relative to the amino acid sequence of the hFVIV/AFVIIa polypeptide (SEQ ID NO:1).



The term "differs from" as used in connection with specific mutations is
intended to allow for additional differences being present apart from the
specified amino acid difference. For instance, in addition to the
modifications performed in the Gla domain aiming at increasing the FX
FQitUH6r e polypeptide may contain other modifications tFStTANE 96t/ &0428
necesSariligme| &déitets fois tifartedlinusnireaitditidth topthfiamingtiaaids intended to
albgdiicaians, dseinsertiatel), HUlhbe HRGIIROG A 18 ANe A erence,
sequence of the polypeptide variant of the invention may, |fméle5|red,

Fergnsiancetie pidiBeatie tae meddirgions msivmankin thaerladerrideiaivast

 inbhesemayF {0k evaoR) ehdRelyHg AT RLINEMN: ARMBEGIRITIAUS: not
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by one or morge amino acid io residues (e.g. by 1-10 amino acid residues),
eSS RO Rk

% extra residues at the N- and/or C-terminus, e.g.
additiorhod, annadditionitahie sidine aditheddifeiink dieslintdbeetion: ©fiEbe
SYsleing sest enear t the C-terminus, as well as "conservative.amino
" af? subs%tl%%ns", %é‘%{g{i}ﬁ%%ﬁ%%ﬂéﬁé%?{gm?ﬁ/ (\%iﬁrﬁaé&rgu pseé?‘ée IR0 a8y if
deginss ontrisigihsr alinetinnniistiothes yhsthitatioaminectiius ondiitiamilibese may,

foRCighae) AR AcHS Ragle RNING JCacitS-hY 350RRARiG 3 INg ACiIS:

g,%}aromatic amino acids. Examples of such conservative substitutions
< nh trkd Ry acigiesityaninm addifienyliore @ Fsistpgysidues at the
NT@donDeefMinBsAspaitiditaidRielhitanic rasiehéin) B ASnemane dNhiroduction

lutamine 4 Arginine (R) Histidine (H) Lysing (K) 5 Isoleucine (1),
o S . Bl e Ty S St i

- subg{itopin. @\QuB st sxfmmd svithackiivignal fanitificalibnsidreimilar

. i tho secti fted. 26, "Madificai ethe Gl

SR R LI MBGERT IE T  o

aoifly, drediphobiseHvecids sadaenabd AmBataciftonsecutive stretch of two
Or Mo AleOHE QIQIGEINR 8N RIIEISRIC 88 RHMEREE AR ¥Uble.

genomic, cDNA, RNA, semisynthetic,, synthetic origin, or any

oambhinmatione tharant Tha +arm hantor!! rafare 0 o nlacmid.ar nthar

oo AaAudornTsSTriicTeor—T1 Tl TTOT TCTCT Tt oM e oo e —
nucled "%nel%eegﬁkt}ences theP K 4Sble 25 oﬁgﬂﬁéghng within 2788edP
o2beiAgpategratb(into thélimasticetid@ome, and as such, are useful for
Pglf( Jy I 10R 'Hgmt fur Ibt@%ﬁ%ﬂ;ﬂilﬁg m,t.iun with compatiple host-ecells{a
vector- host'sysfem) to facilitate oning_of the nucleotide sequence,

|i.é. tppigdinedRiseful quatistidisoffihe sequdnsameddirect the expression
.{OlstN 91&9&%&@&?0‘ ENCOYEHLRE s 10 Methionine (M)  Valine (V)
6, | Phenylalanine (F) Tyrosine (Y) Tryptophan (W)

Still other examples of additional modifications énre disclosed in the sections entitled
“Modifications outside the Gla domain” and “Other modifications outside the Gla domain”.

The term “nucleotide sequence” is intended to indicate a consecutive stretch of two

' or more nucleotide molecules. The nucleotide sequence may be of genomic, cDNA, RNA,

‘semisynthetic, synthetic origin, or any combinations thereof.

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

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

-useful for performing different functions in conjunction with compatible host cells (a vector-

" host system) to facilitate the cloning of the nucleotide sequence, i.e. to produce useful

© quantities of the sequence, to direct the expression of the gene product encoded by the

10



WO 2004/111242 PCTIDK2004/000428 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.
"Cell", "host cell”, "cell line" and "cell culture” are used interchangeably
WQEMUSHEA such terms should be understood to include pFOGaHEA004/000428
sepsuitngdrormggathiercultunidg efismcetio theapstonmafibn hastaell. The
y ion': ' r t . f
e ANSIR URRPEEAAGH d&;ﬁﬁg&%%@eggﬁ%ﬂge gﬁ%r% gxe %88?&% t?e%erform.

introducing DNA Into a ¢ rs to the covalent joining

of two &retherdastierdioticrelidingt apd csclbyuieanare nanAptsebenrsatibrberein and

 aIDthenesss AW ieIaHeDT elaliviedoRbeeAp RN RUE BRI BE culturing of
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nﬁimal function of the sequences can be performed. Generally, "operably
% fifiked" means that the nucleotide sequences being linked are contiguous
and, in‘Thexfaseatiba’sedrétany fiesdde? aconsigliatschaktabBadindgphate. process

ﬁﬁ&ﬂﬁf&%@ﬁf@mﬂﬂﬁg%&@y Ilgatlon_ at convenient restriction sites. If such
sites do not exist, then synthetic oligonucleotide adaptors or linkers are

Used, 1Reeahir&nbediiostdn dur doredeniioining Eikmo asnersthodsotidehe .

segREe! 8l e REIRALIVRRIONADE JEHMeNALINGAIRAREAMNGIANE to one

modification" is intended to cover replacement of an amino acid side

such bt (ROREBPAUAFHALCAEHA YeBIRRRSS daNdtfRrEPERCdntiRBeEL it

“digsidiel Dikbdserbons diamamitiedidietaaidises Thadtanredatitadnegusaiers, in
th%o introgucft:iogtof elngmino cid residue, in particular %i%%ﬁo substituti?nh&flb

ERRSS ﬁlqsg AR Scid rESIt ,mésr Alter %’ﬁvlerf% %(@Fﬁ?‘ser S dieomeas sy
ligadiciiefaineamiens msidatésidites. Thath sivirdmwiekisférenteyrémetival of an
ofBieiaRId. ReigE: 1 RASHRNRY SHRSHIMIAN A1 e AMIRSAESRRIHEDN A

to be removed by another amino acid residue, or alternatively by deletion
mehfiebut substitution) of the amino acid residue to be removed. 25 In the

presems genielether i8EPreagiivityershaulgd ke ngdrisadAs thesaigyantd

activity. agsociated with the assay in Whi%(%'] the activity is actually L
RGN R e IR AR LR 88 R R i of o
ambeastidadsiditéelelAiondd yticAssaadidheschibed inesginn bf adesitn exdikisidue.

"amid yg&%u 'tt¥" } 0 iﬁ’&"? go in its. activated {Prm. shoulld '

have at least 18%%%%%6%%_ g yiiilﬁ'lég %ctfv{%y (# ai?oa}r%f} ‘Icé%v& .Sénug’s%1 aég%lar by
sufreitotiaT @6 BRiexissisgiae epidadsiiure if. alieanpiatdrredierribedinfentadfitienal
anfivs ptianrdhguariant, in its activated form, has at least 20% of the

amidolytic activity of rhFVIla, such as atleast 30%, e.g. at least 40%
 more 3&51 ii; ove” refers to removal of an amino acid residue, in particular by
éubsﬁmﬁon of the amino acid residue to be removed by another amino acid residue, or
altematively by deletion (without substit}ztion) of the amino acid residue to be removed.

In the present context, the term “activity” should be understood as the relevant

. activity associated with the assay in which the activity is actually measured.

30

Thus, the term “amidolytic activity” is used to mean the activity measured in the

- “Amidolytic Assay” described herein. In order to exhibit “amidolytic activity” a variant of

the invention, in its activated form, should have at least :1 0% of the amidolytic activity of -

thFVIla when assayed in the “Amidolytic Assay” described herein. In-a préferred
embodiment of the invention the variant, in its activated form, has at iéast 20% of the
amidolytic activity of thFVIIa, such as at least 30%, e.g. at least 40%, more preferably at
least 50%, such as ai least 60%, e.g. at least 70%, even more preferably at Iéast 80%, such as
at least 90% of the amidolytic activity of thFVIla when assayed in the “Amidolytic Assay”

11
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least 50%, such as at least 60%, e.g. at least 70%, even more preferably

at least 80%, such as at least 90% of the amidolytic activity of rhFVIla

when assayed in the "Amidolytic Assay" 11 WO 2004/111242

PCT/DK2004/000428 described herein. In an interesting embodiment the

VAN N activated form, has substantially the same amiBoRBEXB4(M8#28
deasritd\tkeis Ushrasiareainigdohtidiactitifycofafiant] 2086 aftiveedrfitn) e

EVlla, The term "clottin Ivity" refers to the activity . .
= e S AT ATV BT B LS B ey o175
1378 g theamiselivie rtfohneiibi Viltus, a lower clotting time corresponds

toa hrgﬁ@&ﬁ@ﬁ%ﬁ@&@%&*ﬂ%’f@%"{ﬁ%%ﬁ@_&dg Hotineaan iy adis et i
indicate that the clotting time of the polypeptide variant is statistically )
AYBHIfESHRPHBEE Rty gﬁm&?féﬁi’w S oS fRpatieqy Ay, 2 lower clotting

tirfe Lokl Jehd-M Hiee il sleiter aeiivet, under comparable conditions and

when i easured in the,"Whole Bload. Assay" descrjbed herein. In the
e L e T i e e of e
palspratid: vegpabiitstaistionNa e Arend FdeareTind mbtiing tistiads gedentidtly

.ﬁﬁ?ﬁ@gﬁpf@z@ﬁgﬁxﬁvﬁ@éw&%ﬁ%%&Q%Mm%@@aaﬁs and whe
" " 1cjfsescrlbedn

determined in the "TF-independent Factor X Activation Assay

miRsERd indby hholgBlond disad Bseaiirdhmritictivity” or “increased FXa
g er_leraiiénfa pﬁ&iﬁ’éoﬂﬁeﬂé%l@?fidﬁ‘@{ﬁ?hﬁk zialya{iﬁéat i@f cmﬁléeﬂgl? tiom, s its
actiyate m, has a statistica ignjficantly. increased capability to, .
Va&@fh}%at%awﬁ@%%a@&%%ﬁ% NG RS R S AV
activ{y’1 0 FK3 28 cndidH acTotyhatdextyrtealvariaitted fithbe YE R epGindist Factor
X%%&%t&é&%}’h&icﬂ%ﬁ?@@ﬁ?d FX activation activity may conveniently

be determined in 20 the "TF-independent Factor X Activation Assay" .
describeriteraréincrrrsddinahivmisscgBniaityoraingeasethicongmstigonadivty”
is 9ANSBRIAD 6% VARROSOHE IRAInaSS, G2 BRI RG A URIARER {Really

induce a response from the immune sistem. The immune response ma

SEEETRLY R ERP LA B ATBEORSd Lk 5 §ormRe (e aggfamioe molesule,

-sukth msuhB gy (1P DEeKIBPE Biatkive b fehduehentdefimisrbOfhe invention (in its

nm enjcity). 25 Normally, reduced antibody reactivity willbean ., .
R R e R minea
the eidimdradndynt Sectiranyisiivetisio Averkiddekerived hortfie art, e.g. in vivo or

in vitrg L g Ao fRnstionaln iveRalfdifs s sddnita sl meaning,
i.e. the time at which 50% of the biological activity of the Eolypeptlde IS

om the immune
system. The immune response may be a cell or antibody mediated response (see, .g., Roitt:
Essential Immunology (10" Edition, Blackwell) for further definition of immunogenicity).
Normally, reduced anﬁBody reactivity will be an indication of reduced immuno genicity, The

immunogenicity may be determined by use of any suitabie method known in the art, e.g. in

" vivo or in vitro.

The term “functional in vivo half-life” is used in its normal meaning, i.e. the time at
which 50% of the biological activitjf of the polypeptide is still present in the body/target
organ, or the time at which the activity of the polypeptide is 50% of the initial value.

As an alternative to determining functional in vivo half-life, “serum half-life” may
be determined, i.e. the time at which 50% of the polypeptide circulates in the piasma or
blocdstream prior to being cleared. Determination of serum half-life is often more simpie

than determining the functional in vivo half-life, and the mégnitude of serum half-life is

12
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30 organ, or the time at which the activity of the polypeptide is 50% of the
initial value. As an alternative to determining functional in vivo half-life,
"serum half-life" may be determined, i.e. the time at which 50% of the
éygﬂedgtide circulates in the plasma or bloodstream prior to beinﬁ 004000428

04/111342 =~ ° o )
cleared Detérmination of serum half-life is often more S|mpIePC[

ugelYrhiENRg sicrtine s e meanis et factpestie vivadalfdife. oflsonative terms to
shalblifa 15200 290AMA 1aRAiRE HRNAAAAA00438" ustially 28090 “plasma
ndicatign flﬁle magrhl%%léde of functional in vivo half-life. Alternatlye terms
cl%arglé?ﬁ PRSI DR i tashhs Pliferrtde selrser Byl afon o r more
ofiharaficabetytabelial gleananGEnkidaeaspieee diali<iity Thaoplypesite

' lon of one pr. mare_of the reticuloendothelial systems
R G B R B o Uy
Nesegtorosediaedreidimaioee oelbyvspe diftcutobifopetificmlatddisdion), charge,

ahNRHRPM OISR SRDeRA®O E;%L%ﬁc@%iaé&’ﬁ&? }EL%}&HIQ%I%%%?&{;?%Ee

filtration), charge, attached carbohydrate chains, and the presence o

fngiigastide ordagpdrisnoramatly sefrsted, fembriarges s iiamalyizor receptor
i The lupctonal i ive hal e and the Serum Falt e may b .
activity. The functional in vivo half-life and the serum half-life may be

bﬁgP r%ﬁ%’%ﬁ TSQ%%/(Painfl%l aﬁ%mnl%éthod known in the art. The term
"incredBevteas lisedeabbutsthedabotio el imationdi i life bl Séifaor batiifalf life
is246300 ivindieale ALIBReIRYRRRIA B0 185: B VRERIHENALADN
statistically significantly increased relative to that of as reference

significanty wsrarsed rtirdodharefaerefeoregmpipmdeaydete rhiival onder
[ETQPEraHR 1oVl e gty Ritat LS BRI SRR SXREIBRAIR AMRhed in

such as ra% , rabbits, pigs or_mong‘]e),-t)g/s)= The term "AUCIiv" or "Area Under
R B R ST S PR P PRV U BERF %Y in its normal

mearilibg, teren &5 ave dAmalEnthe thetilitydwhefudrimacest verawberesiieis

' jant-has heen.administered intravenously, in particular

R S GO e the
PidypRPtEROYAR A BRIR Msenasimistiptete d Ovamisnenthn de niwsiedponheaatiministered

irAGHYTR S RO By BRYA DeRNER IR HIRES (S A C YRR ERRY RIS o
be ca culaé&gd by a computer program, such as GraphPad Prism 3.01. It

bR STHSE AR PRI T AR BAHEAeED I eTRB b Bevb R aHasy
coivEiontlydiees ol didere nonaleculps ¢£:@, beveaBribrpPsaianis 9hthe

invenyj d a reference molecule such as.rhEVila or,

PLOBIRIIEAEVS) e EREERST Be SR riibioepgeygen e AUC-
Vﬁﬂﬁﬁi iﬁ@@f@@@m@@;@@%ﬁU@gvMesfm typiotitly aohmalizedce
nibRedeuaHes v Alls AR RIBEIRIBAES OGN P RERAYB%hould be

AUC;v/dose administered.

administered. Consequently, the AUC;,~values are typically normalized (i.e. corrected for

differences in the injected dose) and expressed as AUC;,/dose administered.

The term “reduced sensitivity to proteolytic degradation® is primarily intended to
mean that the polypeptide variant has reduced sensitivity to proteolytic degradatioh in |
comparison' to hFVliia, th\/'IIa_ or [P10Q+K3 2E]thVIIa as -determiﬁed under comparable
conditions. Preferably, the proteolytic degradation is reduced by af least 10% (e.g. by 10-25%
or by 10-50%), such as at least 25% (e.g. by 25-50%, by 25-75% or by 25-100%), more |
preferably by at least 35%, such as at least 50%, (e.g. by 50-75% or by 50-100%) even more
preferably by at least 60%, such as by at least 75% (e.g. by 75-100%) or even at least 90%. ‘
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The term "reduced sensitivity to proteolytic degradation" is primarily
intended to mean that the polypeptide variant has reduced sensitivity to
proteolytic degradation in comparison to hFVlla, rhFVlla or [P |
§+K32ElthVIIa as determined under comparable 30 conditions.
Brefeidbly“the proteolytic degradation is reduced by at least tORRE Y4542
10-25Vhederin/ 18 O¥grasachingsat lisdtt iREMa] engarine6 B0kt bm@ Sigsance
tal&ﬁé’iﬁgc% %Q%imﬁﬂ%ﬁ égeég O@%%QM@@%E%%&%&@%@JJ%@% gqg{ﬁtmn in

75% or Y%) even more preferably by at least

a%%&}saﬁ@%?lﬁst%l%é densydrn syl chver s ighopolpwitde,
maemglaar?éﬁaaa&/pngmmd 1khe §?ﬁﬁihe&%ﬂ§hz§i&@@f%ﬂﬁ?, dﬁd&ﬂﬁk ; b
Its ngrma to In earance, n ace e Kl S,
N O e o P Sy R B YA e
clmﬂmd?ﬁemﬁ deamnemdyepenstsmmﬂwi aaycshﬂahhtexﬁycs ofdhestablished in

vz%ogﬁ?rp&lgfma %ﬂ% GRlzGLdamel ‘M@E@fé&i& LHW?U el thry,

shape/rigidity, nd charge. s Normally, a mo ecular weight o

ra%d&h@@éﬁguﬁm@gq@%@@éﬂdéﬂq}m teempiticn dnsrveaTangihe label

acﬁksgrmam@aea%iallaﬁq&h@mm&a&u&al}@lama&glmt@ﬁ@mwﬂwe to
in vivo assay Typlcalli rena clearance is determlned%ﬁj administering a

2 GapeiRop e TR R8s e Bgr SREE HaTAb IR PR Uit tmder
copaidetiacshdigasuPirig:thisl fatie! ramﬂmiaaﬂmwmeﬁummyﬁqmd@eaﬁaﬂmt

e e e L (s B R A Bl oo

- copmmpd tashEF ¥daditicHOPieiaiiohy He- renal clearance rate of the

polypepiide-yarianlisriqausntity alleastirR% PPN OYiaEEAThe active
75%, and most preferably by at least 90% comEared to rhFVlla or

S“ﬁﬂ@@‘g T8 perofimedryiherfreneR KUB¥EEN binding site”, "active site
regionfiRReridgeepHabiaethigo 16i6 ﬂ@ﬁﬁwlﬁ@lﬁ&ﬁ fwmﬂ@ﬁﬁegmm acid

O I TGRS A A PRI, 8BTS o IR (3, bresin

(Ynmmm@mxwanne V), phenylalanlne (F) tyrosine (Y) and tryptophan
(W). THe tem-<nedalis MaRaosdatuna A esiiuea 0GR Ge amino

following amino 20 aC|d residues: Aspartic acid (D) and glutamic aC|d (E).

acithssignesHepHne AreH Y shimsiadadEsidue” includes the following

amin%@ifén&@@;iﬁb@%iyyaia%&&mi Bine R Iandrdisteinge(fdlioakipata il acid |
|nvent_|on 2 The mogl}é%j qs Bme%{ned in the Gla domain of the

Teﬁg‘e?lgﬁ 8}96 st1

Variaﬁts of the invention

_ The modifications performed in the Gla domain of the pareﬁt polypeptide preferably
prm}ide the resulting molecule with an increased phosi)holipid membrane binding afﬁrﬁty, an
improved capability o activate FX to Fxa, aﬁd/ or an increased clotting activity. The vaﬁants
of the invention may also have a reduced tissue factor binding affinity and a redﬁced activity
when bound to tissue factor.

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

. phospholipid membrane binding affinity resultsina higher local concentration of the

activated polypeptide variants in close proximity to the other coagulation factors, partfcularly

EX. Thus, the rate of activation of FX to FXa will be higher, simply due to a higher molar
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- Prsfarakeat AR 2her Snbpisedyad

provide the resulting molecule with an increased phospholipid membrane
binding affinity, an improved capability to activate FX to Fxa, and/or an

increased clotting activity. The variants of the invention may also have a
reduced tissue factor binding affinity and a reduced activity when bound

18 %2t A4Br. 30 Without being limited by any particular thetfy/RKRg04/000428
rmséﬂﬂwudmﬂmmm Phosphakpich oo BHoAAe: bmmgaaf&réutms ina
N sul g{ﬁ hkgdrél ﬁ?l ncen&r&ltlon g]f Epe(;r CtIV tred q%l\ép

rlants In close pt‘OXI {10% oa u atlon T%ctors Picu arty

FX. THuenstealls, df a@mmwmwmmmmmﬂ; smiﬂy@aéetaaajant
adHSHSROIRE %éﬁ@@&%é&%&é%%&és@@%@%w Qx‘;gﬁmmﬁmm

activated FVII variant t The increased activation rate of FX then

CoRRgHad AN YRS Son S SreoIE dersnitsirrassibethicacs gl fasies astion.
cross-liuking, of fsmme@@mquaw'%c%ﬁmwmﬁmmlreeauﬁaus that have a

A R SR RSl B v o
omm@@waﬁma@wma@ nlpwes M}Imdmﬁseﬂmﬁmﬁw talnddori sagienation
(@ﬁ%ﬁfhmﬁHﬂé‘S{ﬂﬁéﬁQ@éﬁ%ﬁs}Hﬂﬂ? SHE (A RAIGRRL RIS ALVALANE, 1iGs

variants that have a reduced activity when bound to tissue factor
upeorERitedtisSHing aySathelieuAs LEBIBR- VI Ta, may offer certain safety

advantﬂgﬁslmatsfgﬁgf9?5@&@@%9@&&%&&&5&%&19@9 AleLIAUPEHRR variant, in

% b05|s hromboem ollsmi in particular when used for

I B A DT CBTIC BB et S PR SR s,
[HhOQHEBRYE phétéie danbodinmead ikthetivmtontimtivihe m@wﬁpm@vhanmhyed in
a BsllS ﬁew%%[%pof&{gé@ ggﬁg\%{gﬁa@%_&% R DO A Bl A oy

as rhFVlla or asani crease actlva |0n
digeloony bmgyariiaatparisaleds sajeprofereed Soatdbamde-hetieparitie Fitassption
adteR, 88 4R ol PERPRRARN L RSN REUINAHOMARRAY X IREUSEISEGivity of

herein. Morelﬁ%artlcularl it is preferred that the ratio between the FX

relTRSHBITISERIy B boR BRFRdES TR T idoagaders FAciand theivation
AEsxyaerimum aawmmra p;efarmmmm’am@aﬂaastaastsh&%wﬁmst 1.75,e.g. at

1688 yed rgngr]g TE- ? g{ﬁg tFa ctv tion As Hf eg%
ﬁere’m ore prpe?era ?/’ IS Taltio It |sa eas Iént?é PRE ata]i’e%s 27 ‘e.g. _
at |eam@mmmwmwmﬁﬁga@smma@mmmmmon activity

aleasta 20 Whan ihe %ﬁw@ﬁ%ﬁ&mw&kﬂ%ﬂ@%a is

betweent e FX activation actmg of the polypeptide variant, In its

%haaemi& SiRmostavRe e i diiyngependent

FieasUabett Sidypieally als\tasiiakedhlQcnhen reseyamhinshe 20.
e AR Bl aiqnAssay; disclosed herein, such ap at

invention possess an mcreaseé clotting activity (i.e. a reduced clotting time) as compared to

thFVIia or [P10Q+K32E]thFVIIa. In a preferred embodiment of the invention the ratio

between the time to reach clot formation for the variant (fyas.0) and the time to reach clot
foﬁna’cion for thFVIla (tw) or [P10Q+K32EthFVIla (tp10q+k328) is at the most 0.9 when
assayed in the “Whole Blood Assay” described herein. More preferably this ratio is at the
most 0:75, such as 0.7, evén more preferably the ratio is at the most 0.6, and most preferably
the ratio is at the most 0.5. ' | A |

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

meodifications described herein.
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In another highly preferred embodiment of the invention, the variants of
the 25 invention possess an increased clotting activity (i.e. a reduced
clotting time) as compared to rhFVlla or [P10Q+K32E]rhFVlla. In a
referred embodiment of the invention the ratio between the time to reach
&8@8?&5&% for the variant (tvariant) and the time to reach Bfot A4 HoM28
Vdgnuhiey He: ($iRmiolPAOQAsKE2E R lafiodnoka2Erisdat the oo

b
when A%?ﬁﬁ%%ﬂ%ﬁgg& Y_M II“QSQAP %%é%?x%%)felg%a% kz)i rﬁ@ ?ésr eti:gf t'\o/l 8 |i‘?VH or FVIa

refe(a '[‘ IS I’a'[l(_) ISatt e 30 mOSt , SUC as er] morg—:-
Pobredatidp yerimirhaiing at diomesidcavarrs avourisiateldifiyothie esib is at

mdBRiBAA8E SRRV A E ARSI RRYQ ')",esgkﬁf&ﬁ%rﬁ?&f%ﬁbfbﬁ?mim
chieé%d by the _mod'[fica ions described herein. 15 WO 2004/111242

B EFIRHEIBDRT6D hTEbsHiRRomEPRBACEprising a hydrophobic
amindraeihlydespiiobicnpositionl 3didsed polieatachal@ddn thaipes®Ninay be selected
invention relates in a first a t F or EVI ypeptide variant

D R e S e

modifiectipisiersdinbedimrv itoy YrRiSRQDNGesln whireavid substitution
in BYSHQRNADIG RRRIRAIS 26T SRige AonhRe iR ttosisash RYSkstitytian:ip

position 34. The hydrophobic amino acid residue to be introduced in _
Paisuls K 3%En 18y e e pgianshembograspt o6 Hsdamentipy, thenfanantcomprises
substthivibnR iafesebdy pobitding M) andsutisuwred pio@Hreierred embodiment,

the variant further com {iseﬁgan %%Qir&éc])‘_;citdi bstitution in positjon 10, in,

particii&f fna%d%?rﬁﬁ PO HCRIE BEHE IR T Po Sitforf a3t frpgprises
thpsybigitigrok8R Qa3 pEMtisidhr preferred embodiment of the invention, the

variary, CompriSes i RSHIIGRSR RO FHROF IS A ARNG 3 21 SR Romprises
B : t

P10Q+K32E. Accordingly, In an interesting embodiment of the invention,
antissraeapf ddmpransd bcainanrlasine PO aesidsg beagposifion 3 and 4. Tt is
préfefiial IMESHRsHBY MAMROMY el AlcNie: IRYBBHRMLIENBNAS Ak IURBE. Most

comprises. 15 an insertign of at least one (typically one) amino acid
Pf?ﬁ*gﬁaétﬁ%ms%wwgmﬁfs AREE LIS Prerare fntresHisermbedimmg of the
imeitiore Statueviiara Goyrdpapdohicrandificationd PERAANEP IMQSK pzEfexably the

nsertignsASNY AoseiinaldnaRarisHarneresting epbadiment el

the invention, the variant comprises the moaﬁglc_a lons’ ‘ v comphise a
fuig yubstitg e pEsis 3. Rreiaahivretbydraphsiveamivoyecid eesiibredd introduced

by Baskificaians phavaHan, A% Gampyise a 20 further substitution in

positign 33. Preferably, a hydroP.hoblc amino acid residue is introduced

by sutSfiditfiomaR g AR pamediEitiesrin other positions, in particulat in
positions 8, 11 and 28, such ‘as R28F or R28E. On the other hand it should be understood that

the Gla domain should not be modified to such an extent that the membrane binding
properties are impaired. Accordingly, it is preferred that no modifications are made in the
residues that become y-carboxylated, je. itis preferred that no modifications are made in
residues 6, 7, 14, 16, 19, 20, 25, 26, 29 and 35. In a similar way, it is in general not preferred
that non-polypeptide moieties, such as sugar moieties and/or };EG grc;ups, are introducéd in

the Gla domain. Conséqﬂénﬂy, it is preferred that no modifications are made in the Gla

-domain that create an in vivo N-glycosylation site.

Finally, it will be nnderstood that the modifications in the Gla domain discussed in
this section may advantageously be combined with one or more modifications in positions
located outside the Gla domain (see the sections entitled “Modifications outside the Gla

domain” and “Other modifications outside the Gla domain” below).
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The Gla domain may also contain modifications in other positions, in
particular in positions 8, 11 and 28, such as R28F or R28E. On the other
hand it should be understood that the Gla domain should not be modified
to such an extent that the membrane binding 25 .properties are impaired.
REBIUIMERit is preferred that no modifications are made inRA&/HEX|Pie09428
that become y-carboxylated, i.e. it is preferred that no modifications are

TR Db A% 80 25, 20,80, 000 25, g siplar way,
moietias adkdedRBE ¢ e psveautemebthiced rectnd Sied dmrealiy L or FVIia
popeSEAERI s ReiPHRRd IRl ol ealipns kg Imadkih heiCla 30

0

main that create an in vivo N-glycasylation site. Finally, it will be
i

mogifferdrnsdelrtiv iR Y SmE MO ST 1B1A Bothamicarie sydeuminopaid sequence
cob@RiIRE Manad R ageRlshed & ¢REMXAeE With one or more modifications

in posjtiops _lpcated outside the, GIs domain (see the sectigns. entitled . . .

oS o R 8- APl AT Dot RS s 3
a tlagatblel vl drmayerd atnétovedi dGsSiia@:, 200 A 104 24 R ROTIDKR0040B04E3

R R SN S AR A R0 A i

ingrogitiornl GanpepeelanFOih epdioity ankmpss selstHatoe repostivn Adiy

patitRARINEARA prResiflicaienmiclativaiReR) R Mo (TR CaltddV Cimprises

1), wherein said aminp_acid sequence comprises an amino acid

subSHOHRROR hotbelinasitiess ﬁ?é‘@é@f)ﬁuﬂ]ﬂ‘@% A Eid esidue top be
introd The drdriasidfstitlio entivp esisidorBGrisomtaie gativelyucbarigedaneinss. It is
acid residue, e.q. R36E or R36D, in particylar. R36E, In a.preferred,. .
oER R R A el e AR R
pasitpusifon 4.6 iR Hher EAHRy R IBQicalad¥%h amino acid substitution in

POSIion. 33 RAIRHAE I Al &ORINGHRN RIRISHE ATANRAIME tlitutions

the invention, the variant comprises substitutions in both of positions 10

PW@?%&%@S@%@M%@EIM‘N the invention may further
contaimh a patastitutiafi8:ROs dighodBndhisthRraie st duiiah @ ALgalely amino acid

h d [ i idue is i duced by substitution.in 15 positi 8,.
PSS ENISA0UI I SISO Y Ml 2 KR
regidieh 68 e3RGO Mprike-He ToH0IiPY) Ricktitblin nu RO KAREeRBGECIId
reBRQT Kterd A6 AR A Batlician intsrasting embggiment, the

variant further comprises an amino acid substitution in position 34 (i.e. the

resultifigeiitereuptaprE s msd teimrsars thesrohatwergprise the following

- substitutions P10Q+K32E+A34E+R36E or P10Q+K32E+A34D+R36E+K38E.

In an interesting embodiment of the invention, the variant further comprises an "
insertion 6f at least one (typiéally one) amino acid residue between position 3 and 4. It is
preferred that the inserted amino acid residue is a hydrophobic amino acid residue. Most
preferably the insertion is A3AY. |

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

The Gla domain may also contain médiﬁcatioﬁs in oﬂxer positions, in particular in
positions 8, 11 and 28, such as R28F or R28E. On the other hahd it should be understood that

the Gla domain should not be modified to such an extent that the membrane binding

'properties are impaired. Accordingly, it is preferred that no modifications are made in the
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20 residues 10+32+34+36 or 10+32+34+36+38). Preferably, a negatively
charged amino acid residue is introduced by substitution in position 34,
e.g. A34E or A34D. Specific examples of preferred variants are those that
cci%prlse the following substitutions P1OQ+K32E+A34E+R36E or
K33E+A34D+R36E+K38E. In an interesting embodirhEA{RBFH&/000428
resiesstibar, Ethmmanramﬂfuxghareﬁ,amml &e;ﬁeﬁ&raﬁﬂmammﬂdiﬁadﬂe@ﬁm Meade in

re(s%ge%aél)ﬁct)ﬁg % g‘lag}?gl lﬁ)s'géj g:ﬁlen Itlo&? apism eneral.not re:l rred

preferréd’ e IhSeted amino acid residue is a drop hoBIC amifo B¢
ﬂx&émgolmtd@mmwmb 4R SeEROMIEING AN/ aa&mwm anyioftdeced in

Ay IRaReRaMemifications. the YAIRNL MY SOMBHSE-enfHINg he Gla

substl ution in position 3. Preferably, a hydrophobic amino acid residue is

demesutrebereas By L B arliBbIR R FESRISNES3, in particular D33F. The Gla

domaikitany, alsmbmmbm@dﬂmti@ﬁsﬂmh@mcﬁ@sﬂlmm RaflisdciRsed in
os;sel(t#cl)nsrg 1 28F, or. 28E On the other ha nd it
B A o%%dfhaéf 3%% 0F S0 RS PR SRR R P Shitins

1oaﬁ9§>aehtdh§mtﬁ@mm&m ﬁm sindopsapbittids Medifimaioes ofrsirtin Gy,

adbgRrelRI resk DAL DE; ﬁaﬁ%aotmae%% BRI bWy O 2004/111242
PCT/DK2004/000428 residues that become y-carboxylated, i.e. it is

preferred that no modifications are made in residues 6, 7, 14, 16, 19, 20,
V&@ar&ﬁﬁm@cﬂ%ﬂﬂeﬁfb&?ﬁjﬂyiﬁé rﬁ\é\lﬁzﬁoihm M@ﬂﬁ%ﬂ@@ﬁ ?B@éﬁél?gdmwm 116

non-p ieties, such as su ties and/or groups, are

introd %%qo %%%Z%ﬂge S%%g{ﬁse&fdﬁg i?tﬁg 0 GrEREg SRR A4 Vit or Fvta
patypeificktionam e vade imthe Gid Segomaindhatisieate1andninivaid
mhEYERTNRUAR SIS nE R Wik eI S RISY R e MRARERIONS {uence

he Gla domain dlscusse this's n may dvant ageous
C‘é—"@?ﬁ@?ﬁéﬂ %mm%@@ﬂbﬁb?@lmm@aﬁ@né%%&@ﬂ@h @dﬁm&@h@smrm @cid

suslatdmain (Rasitieseeiansantiledo 9@&&%@1& Bugﬁigﬁ &Eeﬁ Leld 116.

domain" and "Other modifications outside the Gla domain " befow). to
Variarifsoraienef anbediesnhihe spimario %’éﬂlgﬁb@t?ﬁaﬂ{%ﬁ&‘m HoEiFaAQ and
thé4minb arill k6bAstinidic atedsidayvs? thi FrESent invention relates in a third

~aspect.to a EVII or epti arlant h vm

sequgfrﬁcelaf:%ﬂr’np sFrl]:g g‘?ﬂ% amln(‘gJD a%%}/ fications fe r‘lratlv q?ﬁﬁf{z}ﬁ%erd from
tha Rxphn ¢SEGIE NfB74Y, E/Tkkamdéélld@nlno acid sequence 15 comprises

an aming:AGid: SURSILHIRRINAPSIIRLD: AZANLAR flﬁgﬁé REAdERE

amino acid substitution in a position selected from group consisting of
svﬁ&%@p-;g{pqs;ﬁga&i Rgeterably, a negatively charged amino acid residue is introduced

by substitution in position 34, e.g. A34E or A34D, in particular A34E.,

In another intefesﬁng embodiment of the invention the variant further comprises an

 insertion of at least one (typically one) amino acid residue between position 3 and 4. It is

preferred that the inserted amino acid residue is a hydrophobic amino acid residue. Most

‘preferably the insertion is A3AY.

Thus, spéciﬁc examples of interesting variants inciude vatiants comprising the
following modifications A3AY+PI0Q+K32E+E116D, A3AY+P10Q+K32E+E77A and
PI0QHK32E+A34E+PT4S,

In addition fo any of the above-mentioned modifications, the variant may comprise a
further substitution in position 33. Preferably, a hydrophobic amino acid residue is introduced
by substitution in position 33, in particular D33F.
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In a preferred embodiment, the amino acid substitution in position 10 is P1
OQ and the amino acid substitution in position 32 is K32E It is further
preferred that the substitution in position 74, 77 or 116 is selected from 20
the group consisting of P74S, E77A and El 16D. In an interesting
SHdBihEAthe variant further comprises an amino acid suBSTREHSAHN00428

positiom24: 1R kb ap NRORNAY BEAAH FRNIAS RSP seIsM e iSparticular in

introduced. b stitution. in. position 34, e.g. A34E or A34D, in particular
PR iy Lh G ST R L b SaRFoAE ST VB e shoud
nfditthercdtimp tisesaan 25tans ériichcohatileast bindidey propthtiene} anpisieacid,

I it A Itis preferr he.i min .
D e, Woat i Srar oy (o o5

ispeefpiesd (Bahapir virrd% dyreeilatioraifpiesob tinttad inify eidemszinclude
variantsicomnRfismehte: dQNRing Madificalitions in the Gla domain discussed in
A3AY+P10Q+K32E+E116D, A3AY+P10Q+K32E+E77A and 30 =
K BIE AR 3R RIS DR PoBEh TR SF mera M ficatione ieppsitions
lovmetifinasida et iBaviniaiih 3eythosepiiss antfilshenmdbsiibbo onPNsIHO Gl
. Prefera a hydraphobic amino acid.residue is introduced by
déﬁﬁ&itﬁénﬁ%é’%@ﬁ%ﬁ’ﬁs5’5‘? i ihe @5@'&%55%&/111242
PCT/DK2004/000425 The Gla domain may also contain modifications in

Aihethasitions: i padigularin positions 8, 11 and 28, such as R28F or
R28E. As explained above, the Gla domain should not be modified to

such aft 85§ PiRenbrtolSnel Bid drtgsovep evteied e ihywames, Basis for
Apteieaiily NovoBetfiat| s aremagdentinbsi06e55 67, R vy 43h20:%nd

26, 29 and 35, and it 5 is preferred that an in vivo.N-glycosylation site is

D N S NSy MASH T eSO PHEe o
propigifictitieffsdn Ave Glasdpmiaie disquasadsardpitatontioniffiaylt to obtain and the

[ with. r ificatiQns_in positions ..

B A PR Ry or
liyingside the Gla domain” and "Other modifications outside the Gla domain

- belows) nidleMinchiiertionsserisiclHim A dRmainAisleHalne MY ity (such

half:life of 2.3 hours was reported in "Summary Basis for Approval for A
o BB (TR SHSF R SRS At BBRS OB T AR N I0EHs and

ifregerentigiiminlgtiaticnsathanecsssarfriedeanhadndrsustaindheidasiie durrent

négc? @ﬁgé{%&rinj ections and the potential for obtaining more optimal therapeutic FVIIa

levels with concomitant enhanced therapeutic effect, there is a clear need for improved FVII-
or FVIla-like molecules. | .

Accordingly, a further object of the present invention is to provide improved FVII or
FVII molecules (FVII or FVIla variants) with an increased bioavailability (such as an |
increased Area Under the Curve as compared to a reference molecule, such as thFVIla or
[P10Q+K32E}rhFVIla, when administered intraveﬁously) and-whjch are capable of
activating factor X to factor Xa (without binding to tissue fz;ctor) more efficiently than a
reference molecule, such as thEVIla or [P10Q+K32E]thFVIia (tﬁereby being able to treat
uncontrolled bleadings, such as a trauma, or chronic conditions such as hemophilia more
efficiently). ' v

Thué, interesting variants of the invention are those which, in their activated forms
and when compared to a reference molecule, such as rhEVila or [P10Q+K32EjthFVila,

generate an increased Area Under the Curve when administered intravenously (AUC;,). This
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15 prophylactic effect. As a consequence, adequate dose regulation is

difficult to obtain and the need for frequent intravenous administration

imposes restrictions on the patient's way of living. A molecule with a

longer circulation half-life and/or increased bioavailability (such as an

Weréefsed 1At2a Under the Curve as compared to rhFVila wheqT/DK2004/000428
cAmINSIRIRE 89d%ﬁﬁ%@@yﬂ%%ﬁgﬂ%ﬁﬁ%ﬁi%r%%z%'}ﬂ?%%r@%ﬁﬁ%ﬁﬂy,

. administrations. Given the current need for frequent injections and the
nfrshinavseaB i hsPrrisRt Bytian drethpwuhes s rbiodisviras the AUC, of
sdioRaamian e abeardddheranetiiceiiechrthamis aeaRMRNRL U as thFVIIa or

' -.or FEVlla-lik lecules. Accordingly, a further object of the
L e e S A
aidedV2) aushriantdrasith, aveintrea gecfiribivailabiliy, (sochsas aastifcemstidilar
wﬁéﬁ%&rﬁﬂ%&f@@@%@&%&@@%&d to a reference molecule, such as

Vi

rhFVlla or [PIOQ+K32E]rh a, when administered intravenously) and
which &8 ebpeitaloriiseroassrprddomdner sarad fuestiomrhput gl foand/or
ad ﬁﬁﬂ@ai@@ﬁé&ﬁﬁﬁgﬁiﬂ@g Br?bﬁﬂ%%b@ zf?éﬁ%‘?ﬂ@@xﬁﬁ(&@:ﬂ@! Quhy! séwrmﬁvgw la
r + FVlla (there eing able to treat 30 uncontrollet i
EP&%%}%?E il AGIHRED o CHIGAIE COHETHER SRR RS ahibiptsation, the
raﬁm}:ehﬁﬁmihgtﬂm)cffm iantrdstl i) fear dint sepfihBaifiEa fiortiaresthmsan its
ae@{k)élﬁgh ﬁ%r’ﬁg%!ﬁéﬁ{év LB %%g@ﬁ%;@ﬁ@&%ﬁ&%ﬁffﬁig 61 teference

molecu uch as rhFVilaor [P | a, generate an

miplersles serpe BN HeoHE BGE RRER Ui ntiblenstihd A ousisi¢ablg, the

radlo DRIS A WQRAAA EAIRAR BOTURKRA0APRO4IR LA v ANER BRI BN half
determined by intravenous administration in rats. More Eartlcularly,

iifiorehaAY TEFA RO GP e BIOSEHEMVEARDH AP Yl phifgst 1.5, such
adtivaen. MeeAUL Leadt Saitdevationtplaiistightatast lrcondine Al Gy of feast
reference molecule, such as rhFVlla or [P 10Q+K32E]rhFVIla, is at least
1.25, such as at least 1.5, e.g. at least 1.75, more preferably 5 at least 2,
such d8natwesde Bicesasn Wovaqieferdulf-Hifdedstptowints sseatleatnbrems]

CIRRHCY B i RER AR RIRIEsE rHAYERONS IO, I W%o;gﬂ%%&flffﬁ}e_ Qfies o

correspond to an increased functional in vivo half-life and/or "an increased

cheoind] malere ik b hipRalla b conirehicsurrsl astabolsarancada Hiowmic. ¢.g.
pdREAIEHSARJENEBAER. Accordingly, in another interesting embodiment of

B T T T e -
aqisekaifdifcogrotrelvsiumeh afidifevidy bloekerergeolytic enzyme from contact that
otherwise leads to proteolytic degradation of the protein.

As indicated above, instability due to proteolytic deg:cadgtion is a known problem in
current thFVIIa treatment. Proteolytic degradation is thus a major obstacle for obtaining a

preparation in solution as op}iosed to a lyophilized product. The advantage of obtaining a

 stable soluble preparation lies in easier handling for the patient, and, in the case of

emergencies, quiqker action, Which potentially can become life saving. Attempts to prevent
proteolytic degradeitién by site directed mutagenesis at 'maj or proteolytic sites have been
disclosed in WO 88/10295. ‘ ’ |

WO 01/58935 discloses a number of suitable modifications leading to an increase in
AUC,, functional in vivo half-life and/or serum half-life. The variants disclosed in WO
01/58935 are the result of a generally new strategy for developing improved FVII or FVIia
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molecule, such as rhFVlla or [PI OQ+K32E]rhFVIlla, is at least 1.25. More
preferably, the ratio between the relevant half-life for the variant, in its
activated form, and the relevant half- life for the reference molecule, such

as rhFVlla or [Pl OQ+K32E]rhFVlla, is at least 1.5, such 15 as at least
Wi20gig 1B feast 2, even more preferably at least 3, such asPATI@ESLH/000428

ngedticasichbrnalway dieasephencroutasiominlblifereb@deateln deesent
. 1o epsure that renal clearance of the protein is reduced. This may be
agﬁleved by conjugating the protein to a chemical moiety which is

capablM@ﬁ@Qm&milg@rbﬂ voedviep ahdleairdnek¢on the probeince! geside
eivlene AleLbRG) E)y%sﬁ;ggf&p%ﬁag%&% 8 AP T8I,

to the protein or substitution of amino acids exposed to proteolysis may

%Wy*ﬁm@h&éaﬁ%@%ﬂzmtfm@dﬁ%@m aptpereiisdiraglsenle

r@@@@b&bﬁlﬂ@@i@dﬂ%ﬂgﬁtﬁﬁt@aﬁf&@&yﬁ@m?ﬁéﬁe@ﬁﬂ%ﬁ&d@%”‘@%@é‘ﬁle
roteol "15? %adatlon is a known obI m.in 25 current rhFVlla
1

°?Péa%n’ﬁ’°ﬁt %u@&aa%ﬂé%%% mﬁiaﬂa%gfm&ffafmmﬁwde
Tnee et e Iwﬁ@d:ﬁtuﬁ thad W‘dﬁﬁ) @lypﬂhlﬂzefdrpﬁﬁdmdttoﬁmeure that only the

a@&\ﬁmgg% §) gb%t eﬁlg emS ég&({\rat{gn Ile:r:, in aS|§rh %dh ain a

for the patle t, an |nt e cas ergencies, quicker ac on, W
nﬁa@wwﬂi%ﬂlw&M@%ét%tﬁ@@l&ﬁ@mmtﬁﬁpdév@ﬁdimm@mmmmre improved

pAReFrasiationRY-site:dingeigd, mutagenesis at major proteolytic sites have
been 3o disclosed inWQ, 88/10295. WO 01/58935 discloses a humber of

suitab® FETFIAAsERLIdERRE @ e Mesenidavienton eorg ihaionmaminageid
rebilidifecared/@rsdeuhe il difeaithie sesied) s disw @ﬁ%ﬁﬂ&%@bﬂ&é@ 93 a8 well

th II strategy far d Il
o A S S B R AR ARy
peliespiedesedefp oflvhgicsein Fditior B\likarpotype pudi/ercﬁttmd\pmseasﬁammo acid
&W&Q’c@cﬂg

residue comprising an attachment group for a non- p&fypeptr e molety In
meﬁ%db%tr%%ﬁ@%&rﬁ?ﬂﬁwla f snipe prip fieriditas prisiag g spEshivgny seupfor th

néhopehpaEptideReyas to make the molecule more susceptible to

conjugatio on tide mqiety of choice, to optimize the

conjuga |o’rr:ﬁb eme@%gg%‘s?{gd?@y g qmﬁﬁB%%W%tﬁﬁl%ﬁﬁﬁB’é’ﬁtBT to
thmamxmmsmmmtomkmﬁwbm b1\4l ta motypdtiiiemine
aéi@ﬁ’@s‘fﬁ&@ rggeﬁpﬁyﬁ% 999’ s % In%e nbdeezgu %tlé)(? in order to

conjugated is present in the mo ere a|n
render the resulting variant inactive. One example of such a mutatlon is S344A.

The amino acid residue comprising an attachment group for a non-polypeptide
moiety, whether it be removed or iniroduced, is selected on the basis of the nature of the non--
polypeptide moiety of choice and, in most instances, on the basis of the method in which
conjugation between the polypeptide variant and the non-polypeptide moiety is to be
achieved. For instance, when _the non-polypeptide moiety is a polymer molecule such as a
polyethylene glycol or polyalkylene oxide derived molecule, amino acid residues comprising
an attachment group may be selected from the grdup consisting of lysine, cys_téine, aspartic
acid, glutamic acid, histidine, and tyrosiné preferably lysine, cysteine, aspartic acid and
ghatamic acid, more preferably lysine and cysteme in particular cysteine.

Whenever an attachment group for a non-polypeptlde moiety is to be mtroduced into
or removed from the parent polypeptide, the position of the amino acid residue to be

modified is preferably located at the surface of the parent FVII or FVTla polypeptide, and
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to new conjugate molecule which has amidolytic activity and in addition
one or more improved properties as compared to rhFVlla In interesting
embodiments of the present invention more than one amino acid residue
located outside the Gla domain is altered, e.g. the alteration embraces
WthtfPai1a8 el as introduction of amino acid residues compsifitj<ag4/000428
naftaptufesbigooupifat thenaniis podpeaptidemaiehs af RagicssdnBdditiRrthain
t lland/or introduction of amino acid_residyes the eptide.
o e R SR R S B Sae

chatpotrpesrshia /B farn (vl efinarhin G s rebitueis)e Srmbrisisitiam have been

iRiasEmenh LR fentheanen-pelyRsRideMAe e AlPeIBERUMRSRTIHS 6 as
dvarlﬁnéérgjl%; be attached to a serine proteinase inhibitor to 20 inhibit the

é)oq]’t/ﬁégﬁétypeptide variant. Alternatively, one or more of the
aminoFarlsfiasie s presentibihadnalyticosiR b4kl r42:3mth D) the
utated in order to render the resulting variant inactive. One .
R R e R A R e
ﬂ'@rﬁ_@'tt@ditmgtfgm@aéf fopatsidnthotijeeptides mbistyitwhiether dife Temeved
sitsJRURANCRT IS BRIRGR 8.0mINIE PRSISLLIBRRYG Al non 25

polypegtide moiety of choice and, in most instances, on the basis of the

" metholPiFESHINEBOML GAaR AtehmsBhaRER Big selstiant FaiRmcahrtide

. chapreplypeplidedpeirtydais e Askvevads Beniesanse WheR8y substituted
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B B TSR R e A GCLNE 3 ) B LB 0t the non-
pclymptidingoty attquémien Npougdim dy bmiselecide:fidin thdagrapred is one to

wARISSHNG AN WGV ASRA G FR:A0 S HAIC RCIf MPLAINE,

an% tyrosine, pre era% y yéglne, i:y'gt'elne, aspacrluc acid an gﬁj amic ac?d, )
fuptienphaifefiihe pelivreniids (sistsi AITEPEmiet Rl psistman BV Eragtivation
oAtAchM et GroUPHRNANARRANPERIIR MIIETY | iﬁgmm&gk&%ggggﬁﬁgﬁ). In

removed from.the parent polypeptide, the position of the amino aci

hearersatepBExHRsieey iGprienrl sty Tde isnded indindiraie anss arEpra o acid
residtien rR¢H s pedypapiine fane RhaMRA04MB4RPETHIK 3ORHORRARS of

re erably occupied,b amino acjd idue hi%l'u as at least. \
P Bl R et R D Bl R o R Bhona sie

- miggs e Wt gsraiierdibiynattheds kB0%n o e sitlend raneépolyadeatdified buradesis of a

skacre et PEKARRlE fAG" MoK P80 AN NAVARERD | HRNYEGE OF)
the basis of an analysis of a 3D structure of the hFVil or hFVila molecule
as 5 &8%?%%@%@%6‘@?/8@%@@8&%%@%& NEPEGRGH S BB P remAEeng

susHRies ablytarieaiethicant ecRathOhBon, preferably by substitution of the amino -
acid residue occupﬁng such position.

The exact number of attachment groups present and available for conjugation in the
FVII or FVIla polypeptide is dependent on the effect desired to be achieved by the
conjugation. The effect to be obtained is, é.g;, dependent on the nature and degree of
conjugation (e.g. the identity of the non~poly1§eptide moiety, the number of non-polypeptide
moieties desirable or possible to conjugate to the polypeptide variant, where they should be
conjugated or where conjugation should be avoided, etc.). |

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:1)-will typically not exceed 10. Preferably, the FVII or FVIla variant comprises

an amino acid sequence which differs in 1-10 amino acid residues from amino acid residues
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FVII or FVlla molecule that is located outside the tissue factor binding site,
and/or outside the active site region, and/or outside the ridge of the active
site binding cleft. These sites/regions are identified in Example 1 herein
and in WO 01/58935. 10 In case of removal of an attachment group, the
rEfR gt * Ao acid residue comprising such group and occlifSiid p04/000428
463@@&'@1&@5 ﬁ@ﬂ:@d[ab@/e i@ﬁfﬁi@f@b!y&ub&tmseﬁhmmcﬁiddﬁﬁ&m@gniﬂms or
re&dueéhat oes n com ean tDIachment rou§ for the.n Ny

0 AC1Q TES10UCS, SUC DO A Tesigues, €
pe&cf‘sm0|ey|n qgues fon. ormal y, the amino aci éldﬁen%o’be

ammméﬂwm fomvitishaconfugsidoesi$adidadhamaiedt, 18 i@ -amino
acid regidiieJag ?'tqge%@ﬁ@ﬁ@&@éﬁgﬁlr?ﬁ{{ﬁ@ aleita i s RolRg @t'ﬁ?(addmonal)

(since conjugation at such a site m?é/ result in inactivation or reduced

noR:ROlpP B feRe it §eiAfbikn A deH i onphioapeRp Fseapids moieties,
prFEQBIItion)r mstmacnmantmrﬁepg@a@ade ibidtactanahsitel is imendBtonal)

to indicate pne or more a sidyes wh| is/ar essentla for,
O RENTCE (RN 6 WiAChd (5 TR o aS SPerut BRIy, St pe
u:aircmﬁwémtrssfd addittweabnparpofirptidntiveissite chmdthctibnhbdite 20
MiRediGRgIhRdsKNRWA;lD the art and is preferably

|dent|f|e by analysis of a structure of the FVlla-tissue factor complex
(See Banner et al., Nature 1996; 380:41-46). In case of introduction of an

PElpEH 4 m@g&;ﬂfﬁddﬁfﬁiﬁ BNNBACHL _éﬁeséﬁmoﬁqu blg%@ﬁagz%%@ﬁm?dﬁm moiety

introdyced into the relevant position, preferably by substitution of the

aminot %%ﬂ&)@&ﬁﬁﬁgi@&ﬁ BN A HRBeB BT P I moiet
smﬂash@bnbsyﬂatn@s m&;mphmdlmlﬂb&@é@mylg@émmm gheh fs\éﬂ iarvwo N-

FVII lyp sde ent on the effect desir beac ieve

B B R R B SE  Fion
logptadauatide e @émﬁm@n (e.g. the identity of the non- polypeptlde moiety,

the nuipRa! Akl YN ROPRGRNHSH AP RIS HPSEAR'SI9 R 3é%g?ca:)syla‘sfon site”

conJ ate to the polypeptide variant, where the¥should be conlugate

Sl¥ERTIB D AHER St AT SIdEdNERR) SThHa Bih TREMB T WYY
oc&ﬁtdnﬁ@Sidﬂ&S toddp-seodiiiatsnertsidantae 1@&@6@@&@%@ the wamh&béu @k term

. EVlla,polypeptide as are to the ami Cld se
R e SR st S0 e O B N e
varlanﬁ’hwwanﬁﬁmm amblwgqqgrﬁélwﬁnahndm &dmdn miarmmde moiety
1S%.C§Et:g%%ﬂg'§ JB%%@HM&@&@J@&%@& gogé ‘%!Jsﬂa?n%% site, freferably anin

K2004/000428 46-406 shown in 1, typically in 1-8 or ini
VIR G RNGHERHEs IGR &5 @y 7iiie é)o%lyi‘f?%@%ﬁﬁ? SRR Fasittadbebisepylation

sift§ i phrflinad - aAEN0.aoid asithieseeGnally? 01§ g@ﬁﬁ@@ﬁ@tﬂsms,

e lﬂgl'eg’l Q‘g)o I)Q:%s%' or? gf‘z%lsjensaég bggr? Ir?trl]'gc\ﬁllgég ;SJr%i%raE)lle 8, ]I 6, 1-4 or 1-3
glycosylation sites, in particular in vivo N-glycosylation sites, have been introduced in one or
more pds_itionss located outside the Gla domain. For example 1, 2 or 3 glycosylation sites, in
particulér in vivo N-glycosylation sites, may have been introduced outside the Gla domain, '
preferably by substitution. |

It will be understood that in order.to prei)are a i)ol_ypeptide variant wherein the
polypeptide variant comprises one or more glycosylation sites, the polypeptide Variént must
be expressed in a host cell capable of attaching sugar (oligosaccharide) moieties at the

glycosylation site(s) or alternatively subjected to in vitro glycosylation. Examples of

“glycosylating host cells are given in the section further below entitled “Coupling to a sugar

moiety”.

23



10

15

20

25

30

Analogously, the polypeptide variant of the invention may contain 1-10
(additional) 5 non-polypeptide moieties, typically 1-8 or 2-8 (additional)
non-polypeptide moieties, preferably 1-5 or 2-5 (additional)

non-polypeptide moieties, such as 1-4 or 1-3 (additional) non-polypeptide
MGEts 182 1, 2 or 3 (additional) non-polypeptide moieties Pt TRFKBes+/000428
understaenighatespokiéhaditidradin G- pkypepiite meiciiepaaientovalems -

‘ 0 ment group located outside the,Gla, domain. 10 ..
B B e oo o
ek slechbienphye préberredeentpodifinsrtivfarmipiedniopinhmedicstatent 50%
oBIRYAIOERBUSRHEBP I8 Hhe m&srﬁeq%ﬁ%}i'?éﬂ%féﬂa%lﬂ&%éﬁ%hﬁé‘ﬂﬁf ofthe

viyo glycosylation site, such as an in vivg N- glycosylation site, has been
mAIFBAAAH HieBe &ﬂ%\%&?ﬁt@?&?&ﬂ@oﬁ%@a&é&iﬁléfaaémaﬁwwﬁe region
aleiéatedtadésideidie Giithdactaesilddien useaehintha Present cortex. thould be
"natyrally occurring glycosylation site _covers.the. glycosylation site
R P A A o R R R e o v
swiias-ilyeskipatonesiien widhideedbmtiprositions 85 rullyE60javestashibterm

rd&i o MR- QECIHRG NN NaglWCRRY ko &éiiﬁm'%légaﬁcﬁ?%@@ the sugar
"~ N145 and N322. 20 Thus, in a very interesting embodiment of the

MARER AT AEACP ey BetaE Sty il hedirgarsampietniandgse serine or a
tﬂmaaﬁw?edma@@m&m;gm WldSvR gimgﬁsfliawgmlgi;esiwef@rﬁhwhaﬁé BuptiVhoiety
. glycosylation sjte, such as an in viyo O-glycosylatign site or an_in vivo,
*%.Xé‘rﬁ@ﬁéﬁ% s %rf?e%}ﬁ?f%%?ﬁgﬁfgrvéﬁﬁ ERIGRIOESARRS TSI o g g duced
are-3ilogist teltdtiniediias tirhapaitioullban 8 58 oMhelydds ylationezjies:dhavie
«fgen introduced, preferably 1-8, 1-6, 1-4 or 1-3 25 glycosylation sites, in
particular in vivo N-glycosylation sites, have been introduced in one or

more poskibasadaeatetee grsmaleh o fCambriAtoos axatinglentn 2ivr 8-
sBlERBHRSHEm IR, RSt @evéxf%d\hemﬁé%%ﬂ%%&i&@ﬁid?aif’M\f\% G58N,
I bstitution. It will

been introduced outside the Gla domain, prefera

T D08 AN RO ATT 7Sy At B0 S RAS T A AN WRES & the
T367PBIFPEIEi S Laviaks 68N PBERS Y 6T, ROISNHIEItaRaN3itess the,

[ j ' t cell le of attaching
TR L

sugar (oligosacchar ,
Peterahditad/s ubijedtely sosratre sty tosylediored by arsphettutogsdesyibiong the
PRSI RIS Aivenl) ERKCeIIN RN RIQWRNILE NGRYRIRIAPAT 1205T,
AN L e R e L G N
and com’oinatidﬁs ﬂiereof. Even more preferably, the in vivo N-glycosylation site is
introduced by a substitution selected from the group consisting of T106N, A175T, I205T,
V253N, T267TN+5269T and combinations thereof, in particular one, two or three of T106N ,
1205T and V253N. |

- In one embodiment, only one in vivo N-glycosylation site has been introduced by
substitution. In another embodiment, two or more (such as two) in vivo N-glycosylation sites
have been introduced by substitution. Examples of preferred substitutions creatijgg two in
vivo N-glycosylation sites include substitutions seiécted from the group consisting of
ASIN+GS8N, ASTN+T106N, ASIN+K109N, A5IN-+G124N, ASIN+K143N+N145T,

ASIN+ATT75T, ASINHI205T, ASIN+V253N, ASIN+T267N-+S269T,

ASIN+S314N-+K31 6T, ASIN+R3ISN+V3LTT, ASIN+K316N+G318T, ASIN+G318N,

ASTN+D334N, G58N+T106N, GS8N+K109N, G58N+G124N, G58N+K143N+N145T,
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Examples of positions wherein the glycosylation sites, in particular in vivo

N glycosylation sites, may be introduced include amino acid residues

having at least 25% of their side chain exposed to the surface (as defined

in Example 1 herein), such as at least 50% of the side chain exposed to

tWe Stiade24Ehe position is preferably selected from a part OB 2004/000428

goslecia smaGissiacatesToutsite the Jissgsgiactordyndingsite and/or the

| i I i |dg ctive site cleft
e S S e R S e
Géﬁifﬁrﬂaiﬁéé&ﬁzg%ﬁﬁiwﬂég'ﬁt W&4ﬁ §Tdi@6¢~hﬁﬁ1 me TEeEN+A175T,
ﬁ%ﬁﬁﬁ%’z’dﬁ?%@éﬂx&?ﬂ_?ﬁ%}"?%%WE&FH@%@T%%WMXE@HK?1g’r,
N-glycosylation site this term refers to the surface accessibility of the
TG Bl S LR AU BN RSN G B ARG 1D Bkl

KatoeCheEst N RINOBASE B NI DE N EC eOSRIALOTHI QAUORI I SES & POAN+V 253N,
S R R S T R PR SR e
KS9hE B AN RN 6 Tekitllons G 8y 6L 06BE DA BN G1edNoTOB INHE 4 E,

deARua e Iandnth akinelt side ghalne expaRadie gsausiace. is

Specific and preferred examples of such s ons creafing an in vivo

2N/ SEAANIHE LB, (ARG B IDSINATBR. Sl kAN §IBUG124N+G318N,

RN iNGARINEEIEN TEAGE N, KIAIN- LN 1614 3R T 45T+ V253N,
A175T,12055, 1205T, V253N, T267N, T267N+S269T, 5314N+K316S,

267N,
KIAIDRN a1 T 2RAT BRSO B 154 SN AN BAF 8 P 316K+ G318s,
RM3TENNGBTER 3 G361 DB 34N adcheambirati ons- traen K More: 20 45T+G3 18N,

afetbe Rt sveonloier e ppiodea s bl
AGTIRN 3K BRBIGTABT7 IHRST 203 17 TVAS3H -RAA BN+S 2680, A175T+G318N,
AFHNTIIE L3103 Ho?ﬁ%é@f!ﬂﬁ%?é&f 1503380 133N, @nd

combinations thereof. Even more preferably, the in vivo N-glycosylation

TR A B By BT  H GH B E SR BHOHENr 6245 EoR3ig of
VESORNT AT RE§26R05%2 525 MBS AN TGN vERAeTRansheombpinations

R e A R S et ralecsner,
TIRODUEISATHR SUBSHNAIGHT, TR ARSHIAETHBEAIENENG3 18D, Ar6TOreSEasT 63 18N,

L %@%ggﬁ;%@ﬁﬂ%bﬁwﬁ% i“z‘f?gﬂz?ﬁ%% SHLuRD.

titutions creating two'in 30 vivo N-glycosylation

SRRl LOIE RIS BRSNS LY 3 MM ISTp ROKRW Y BF +G3 18N,

RAPINAGIBNAS 1IN I OERL SPIDEELORN A pAdH B L2 AN, Qrpddanthd 3 Nected
1457, A5IN+A175T, A5IN+I205T, ASIN+V253N, ASIN+T267N+S269T,

R (R g RS OIS PR RS N 0P S IN RSN 228N T

TABON-AGEISNE269T, A175T+H205T, A175T+V253N, Al T5THT267N+S269T,
1205T+V25 3N; 1205T+T26TN+S269T and V253N+T267N+S269T, even more preferably
from the group consisting of TIO6N+1205T, T106N+V253N and 1205T+V253N.

In a- further embodiment, three or more (sﬁch as three) in vivo N-glycosylation sites
have been introduced by substitution. Examples of preferred substitutions creating three in
vivo N-glycosylation sites include substitutions selected from the group consisting of 12(55T+
V253N+T267N+8260T and T106N-+I205T+V253N. | |

As discussed above, it is prefe‘rred.that the in vivo N-glycosylation site is introduced
in a position which does not form part of the tissue factor binding site, the active site region

or the ridge of the active site binding cleft as defined herein.
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A51IN+D334N,G58N+T106N,G58N+K109N,G58N+G124N,G58N+K143N
+N145T, 24 WO 2004/111242 PCT/DK2004/000428 G58N+A175T;
G58N+1205T, G58N+V253N, G58N+T267N+S269T,

G58N+S314N+K316T, G58N+R315N+V3I7T, G58N+K316N+G318T,
TOSMNHEEIEN , PCT/BEK20064/000428

G58Nit RAPAMN L HERRHE HORBL T OB HEdi AN JHOGBHEAABN N Lk 10fns
N+A175T, T106N+1205T, T106N+V253N, T106N+T267N+S269T,

may) g kerabigorhikadash oher ipidditen ENpFIE sorrbingd B s PBRIEdespribed
substH@Nx$3 LINHd 86 hidb334Nn (eI ABA4N, KHARBKR A3 pifddbly in

K109N+AL KI109N+1205T, K109N+V253N, K109N+T267N+S269T
GOE%’(%EQI-HS‘? -[%ii ﬁéﬁv = fﬁfé&ﬁ] iléétltgkﬂr_:\s/ﬂ;}cis,mon %\I and?or ﬁ, in partichlar
PIRQOON KB IBN A G318 THK 2bON- GaliBed, KDOTi+DB8 40t BN MHIGIA BN #Nvivo
N—%flkkgs lation site, preferred modifications include one, two or three of T106N, [205T and

24N +A1_75T,GplZ4N+1205T,Q124_N+V253N,GlZ4N+T267N+8269T, '0
Va4 ratvake e thestonodifisationg 1T AR 1BAREL 39N B3N PG
1242ANAGRI8N,

R O Brereimed ehnbadiment of the invention the FVAL & PVl vastant |
cokpA SN 41 &I ETRE BN BRBKS KEHASMNEN 3G IS BERMNIPKIILE T,

ﬁg?%%‘%&*ﬂ?&l@h*&%%@%ﬁ%ﬁ%ﬁ%%%ﬁ%éé}ﬁ%“*'\'
medifiations PAQRHSIAHRARBSRIGBOBIOMTST2SIDEIN AI75T+T267N+S269

T, 1S In a further preferred embodiment the FVII or FVIla variant comprises the

A175T+S314N+K316T,A175T+R315N+V317T, A175T+K316N+G318T,Al
medificationsaR] 0Q+K32E-+A34E+R36E+1205T+V253N.

A175T bAdds; préfertdd2BRNHZED Tie FAAT DrHS2B9 Va2t B34 MK 31

6T, ...

g e RS I T 05T TS E RS 51 8T, 1205T+ G 318N, 1205T+D334
N, VZ83NutRs PNiS2EIMbodiEBRt+B3T YN oK BYBIR, variant comprises the
myRRSNGRIHONINIIHTA3414T106N+V253N. -

V253N+K316N+G31ST,V253N+G318N,V253N+D334N,T267N+S269T+S
314N Jpgg]%qﬂ}%(})referred embodiment the FVIT or FVIIa variant comprises the

md BB OS2EATHRIDENAYVALITOF2EVIERSR69T+K316N+G31ST, T267N+S
269T+G3

T oo bR prsted cbarment s I pE G YU A SRS 63

mdd@fgations P10Q+K32E+A34L+R36E+T106N+I205T.

S31ANFKRIALHISRAMRALBNAYA I N Lo MR LA TR ANEA LT +G

318N, R315N+V317/T+D334N and G318N+D334N. More preferably, the
medifisations hd UraBdidcidd tomle 410N t¥AsMNing of TLOBN+AL75T,

OO 267 20T A ST A T GOSN AL T 28 N2
m@#“q‘ﬁb%‘fzf\@é %?%%6@11%%1@%#%%3\@253I\’|+T267N+8269T,

even hpiegsve fendbiyedrdrovth engravpconsistifithek TN 188503y in addition

T +V252N a 53N r adi e L
b G R G o Gl R A AN VR Bt aci
regigugy beiftetibAOENeIniad Hrpekethe insutrstiicrideaie Rsalbrdlnrde droBlapbic
anYivO R Oh¥sasylalien pasinplute;sibsitutionsselentiad Homheharptdiemred

consisting of 1205T+ - ‘
embod?mentg cvff tl1ie %Vention the FVII or FVIia variant comprises modifications selected

from:
AZAY+P10Q+K32E+A34E+R3 6E+TI 06N +IZOST;‘
ASAY+P10Q+K32E+A34E+R36E+T106IN+V253N;
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V253N+T267N+S269T and TIO6N+I205T+V253N. As discussed above, it

is preferred that the in vivo N-glycosylation site is introduced in a position
which does not form part of the tissue factor binding site, the active site
region or the ridge of the active site binding cleft as defined herein. 25
WeR0413421 242 PCT/DK2004/000428 It will be understBEAMHER0AH(00428

of the sRdifigatigpspEntioneeRIbE-aBve vestans may be combined
with e j ition t ' ined with the above-described
Ao RN R T R

substitutions’in p , In"particular A34E/L and/or R36E,
and preddydbBiNQtBAMIhAGSh-WithdNe EINE-described substitutions in

positions 13286132 B DAILEWn Prit35and/or K32E. Among the

above-identified modifications for introduction of an in vivo

N-glyco3atiBH0SEK PREMAA TSR E ALY iRIGEe one, two or three of Tl
06N, 1206F-andQVRI3N: iz pericdsr Twessfthesenmodifications, ie.
T106N+] 06N+V253 [205T+V253N, Thus, in one preferred
emboéﬂﬁgé%%}%@m&%#ﬁ%{%éﬁzro&@wﬁﬁ%m io comprises the
modifications P10Q+K32E+A34E+R36E+T106N+I205T. In a further
f odiment the EVI1I. or EVlla variant comprises the
Zibd fg‘{%p VA L BE+TIOBN4-V253N. In a further :
preferfed Bntberdimegstioaioy the prassn dnvertams, donipiiSes Eivéla variant may, in
adagiicAlie R T A ARG IREGD S HRAGETIZOAHY 2N od 2t M AutiiIR Which

preferred embodiment the FVII or FVIla variant comprises the
s ERfbakBNE PO iR b insionela M RSaBa Py ackiidiefop rsmarplgthose
despibed & thie BYikor FVIla variant comprises the modifications '

PIOQJ%K32E+A§4lﬂ;rTIO6NiFV253N. In a thhetrdprefer(rheg etmbodiment.the
FVII of BVITAVAfant CoMprises the T20 modicatone creation i a position
schI@Q HieBA e #8up ¢0RCBTAIEIN. 158 2028y B &b G ffodinde .
| i a1 T o
A S NS fom e i
oY TP BN EB Rk BTN S e Yl riEfenasly, said substitutions are

SRR B ARLHRAGES OB BN moadutihes prgfesrad
VRS R MG g SO BB NI I Bffained above, any
VoskDaEaoI2 0128800 MBSO RHOHE FREH 1A ARl end K337A.

In a further embodiment of the present invention, the FVII or FVIia variant may, in
addition to the modifications described in the sections above, also contain other mutations,
such as the substitution K341 Q disclosed by Neuenschwander et al, Biochemistry, 1995;
34:8701-8707. Other possible additional substitutions include D196K, D196N, G237L,
G237GAA and combinations thereéf. | .

'Additional detailed information on conjugation of FVII and FVIia variants to non-
polypeptide moieties is found in WO 01/58935 and WO 03/093465, to which reference is

made and which are incorporated herein by reference.

Methods of preparing a conjugated variant of the invention

In general, a conjugated variant according to the invention may be produced by

‘culturing an appropriate host cell under conditions conducive for the expression of the variant

polypeptide, and recovering the variant polypeptide, wherein a) the variant polypeptide

comprises at least one N- or O-glycosylation site and the host cell is an eukafyotic host cell
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be combined with insertion of at least one amino acid residue, typically a
single amino acid residue, between position 3 and 4, where the inserted
residue is preferably a hydrophobic 30 amino acid residue; Most

preferably the insertion is A3AY. Thus, in additional preferred

B Beid&HE of the invention the FVII or FVIla variant compPiSE®K2004/000428

caniflizalions sejesiertibRMid/or b) the variant pol¥pepmde is subjected to conjugation
; A3AY+P10% E+A34E+R36E+T106N+I1205
ORIRY PP Q&‘é‘?&lﬂéﬁ@i”ﬁscs E+TIOBN+V253N: 26 WO 2004/1.11242
PCT/DK2004/000428 A3AY+P10Q+K32E+A34E+R36E+I205T+V253N:;
CA%%Y?_ E}J%Da K_éﬁei ecuT106N+|205T
+P10 SE LA 4L+T106N+V253N
A3AY Alpstymenpplesdgto-bo owplad2e 8N vBriant polypeptide may be any suitable

podher ii310E K3dEHA3 MR P E@@hoﬁ%g%-ﬁlymer or hetero-polymer, typically
AY+P100Q+ K3§E+A34L+R36 +T106N+V253

3
W}A&’éﬁxwlﬁ’f & inh9 rangapabp i 0-09% 880 Diarmestyan dhnekfioRr20.000 Da,
moxﬁsrdéﬁtéyﬁiamwh 10EQHeua F00the) [)&IFHDA;)%WEE Ré B;@fﬁfwfﬁi the range of
the EVII or EVlla vari m the modifications
* gw sefcr ? 5 R s e ra ve§%lslga%/orl1{t]]§ﬁamu % 3% Lirssdy

hqzﬁewm»meﬁa@asfetm qertidinsiscdetiliyvelighe f[bﬁlwp&bﬁalmrﬁﬁnmi(@m:plﬁz
aﬂﬁeﬁngsa%ilaggﬂ{b}\é\é{;w%éa%ﬁi@uﬁ@ﬂ@e@m@&%@%#@Pf%&%ﬁ%‘se

t least one modification in a position is selected from the group
cegiairsratisErby Tsiehtstistrbyiogs, %ESTBMYT\B‘%P@BW@EWBM Examples

of preEﬂ[ﬁ@Sybﬁhﬂ#ﬁ@@&lﬂﬁﬂﬂ@@nﬂ%@ﬁ%l?&s(ﬁ Giﬁ@ﬁ? Mﬁﬁﬁrﬁﬁ%kp(l e. poiy—

158 D, M29 K.337A.,
N e R AL A A St %‘?F?‘Eﬂé’ﬂ?&ﬁf‘ﬁ isaHRAGAR of v
001.158&*!5 2H6DraMD0 B BOME+ BB TP, hYdDRPHIrARGRE MQ&Qﬁ@d‘ﬁ&?ﬂA
V158 + V 58D+ 296D+M29
Bt E&?@P %Q %X‘?Xgpmﬂ?urt% gm T 100 ?%fed om

L305V+K337A, L305V- a dimentor thé préesern
theRraRBGAOSHEnR P Rst yalaylene ceide ﬂ’éﬁ]m@@mw@@fﬂﬂ@mmmw),

sudl@ﬁﬁ:!&@@ﬂﬂl@?ﬁ geelippmehave ol Iﬁ&ﬁgﬁ@g‘?}rﬁgf (@F@t'ﬂ@ﬁch%' eRas poly-

enschwander et al,

K341 Q disclosed b
g%?ﬁ%%ﬂ?J#V@@@y—g%ﬁéﬁ%%eﬂm}m@haa lreshalcagtsempleinacid
anincitide PlPGKI1IR6MNIG2 30 a2hyd 2| GARaa i Godirationgiieargodextran,

or any other biopolymer suitable for reducing immunogenicity and/or increasing functional i

vivo half-life and/or serum half-life. Another example of a polymer molecule is human
albumin or another abundant plasma protein. Generally, polyalkylene glycol-derived
polymers are biocompatible, non-toxic, non-antigenic, non-immunogenic, water soluble, and
are easily excreted from living organisms. | k |

PEG is the preferred polymer molecule since it has only few reactive groups
capable of cross-linking compared to, e.g., polysaccharides such as dextran. In particular,
monofunctional PEG, e.g. methoxypolyethylene glycol (mPEG), is of interest since its
coupling chemjstzjy 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 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.
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Additional detailed information on conjugation of FVII and FVlla variants to

non- polypeptide moieties is found in WO 01/58935 and WO 03/093465,

to which reference is made and which are incorporated herein by

reference. 30 Methods o preparing a conjugated variant of the invention In

genavat/1aleshjugated variant according to the invention mayHergrszivesoh428
whith RHEW G RAGRPERAIRIE RIS b PReh mﬁ&%%@'%ﬂxg%ﬂg%ydmm

xpression of the variant polypéeptide, and recovering the variant =~

ag%?yﬁé%‘ﬁa‘éﬁ%m@r@%}m&mﬂwpsa%%ﬁ&%%@mﬁm@s% TeernBANSSA),

sorchigiddpriationsiEray hec-hosidebiseaewmyoichestasl 27 WO
4/111242 P 1K2004/000428, capa in.vivq glycosylation,
b AR SRR DA e (NS),
aldshvgo piemideyiaolyaie (NPEGod) trgafign (FRESY)ySinbholetivied fihgmer
R FRQUSGHIE LS £AHRIRI é%ﬁ%ﬁ%@@%&?ﬁﬁ@& BRAYRGRMAL. Usa,

suitable polymer molécule, such as a natural or synthetic homo-poﬁ?mef

b PRREpLY ernaypicaniickitla Wolecular weight in the range of about
e f ?%%ﬁplfg%s% D f ; bly i E&trhﬁigr&uabésmof%e in the
range. of abou - , even more preferably in the range o

P R s ket s R Bl SoeemRe e s et

Thatrpatitics ) sedripotredimimicbpnetorayith a certain molecular weight, the
word " '5@8@ (13F: rage molecular.weight.and
reflectgp;#gﬁfgct thaé%ﬁg?gl ﬁ%gignga%?% aertszqe]?tcg‘?1 r%%%if%% ar vx%eﬁllé'ﬁ?r PEGs:

NASRBGHGEIP BARER. FoEEsadeRBR, BSAHHcS iR HoRRBISG-PEG,

b e O i GDI-PEC:

A B B DR G A SRy P RRATER such s

PEGIASI aup thEsadihplesofsUisahis palimen MSI8GUESTR QugePAMASke

. les, selected from th up consisting of polyalkylene oxide

e IR A B PR PR St o

. mpEdys itEuip ropianistgisrooid Pediabiranoktg R BB Sistdlin WiyD1/58935 and

20

waiceabiEa4A), poly-carboxylate, poly-(vinylpyrolidone),
polyethylene-co-maleic acid 20 aggdride, polystyrene-co-maleic acid

anhy Rt oeEsarplch Rl actig ehPBEpphansys Bekisala orafyredifer coupling to
cysiejelyssianay kaibladais eslusing: Ty POTRAIGKYI AN H/N- NeARINNEG)

R e e S R

- m@einargtnP B Al lend B)colddethvpgridphdiselSdarB OIS S RIBE, preferably

25
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ox‘ﬁ%ﬁf}ﬂ&qad}gﬁfﬂfgﬂgﬁﬁ@ (69@‘3%%@9.%&@&3‘%%@% %%G polymers will
have a size of about 5 kDa, about 10 kD, about 12 kDa or about 20 kDa. ‘

The skilled person will be aware that the activation method and/or conjugation

.chemistry to be used depends on the attachment group(s) of the variant polypeptide

(examples of which are given further above), as well as the functional groups of the polymer
(e.g. being amine, hydroiyl, carbé){yl, aldehyde, sulfydryl, succinimidyl, maleimide,
vinysulfone or haloacetate). The PEGylétion may be directed towards conjugation to all
available attachment groups on the variant poiypeﬁtide (i.e. such attachment groups that are
exposed at the surface of the polypeptide) or may be directed towards oﬁe or more specific
attachment groups, e.g. the N-terminal amino group as described in US 5,985,265 or to

cysteine residues. Furthermore, the conjugation may be achieved in one step or in a stepwise

- manner (e.g. as described in WO 99/55377).
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25 are easily excreted from living organisms. PEG is the preferred
polymer molecule, since it has only few reactive groups capable of
cross-linking compared to, e.g., polysaccharides such as dextran. In

articular, monofunctional PEG, e.g. methoxypolyethyiene glycol
%ﬁﬁ@f‘:ﬁ‘,l@“&f interest since its coupling chemistry is relativel§ERiaHg4/000428

(On|ymé’f@mﬁ@m@yﬁdﬁ@gzﬂlﬁbtﬁﬁwﬁé@ﬂﬂW@&M@%ﬁ@ﬁhaﬂy
epfige). Conpseqguent eris OsS:-INKING IS,
e T 3 o R b € e
aged yeubReieRinepishteranotecutetonthitthodasimhtas by pesplithe. iSonjugation

ﬁ%‘@f e E&E@Ifégﬁlﬁf { H I P} ule(s
1o Ihe(\)/arﬁ?%t pol ertige, ,ﬁ%ﬁrﬁ%ﬁ%%ﬁ%ﬁ%sggﬁﬁg gﬁﬁgﬁg‘@ s
Vﬁﬁ%’i’&&ﬂ&%&t‘b’é prdvidstions &Eﬁ%&fé%o’r?é?m, i.e. 28 WO 2004/111242

PCTIDKRAD0RA42 0w AR S, InEH WAL IALP S @R PRIES O TiGhy a1
mi(gglu&ie jmar ino groyps, E drazide (HZ), thiol, succinate (SUC),

S Rt el eE LR MU e (st form of such
mgmmmcgjmapmma@sﬁmmmﬁmmyj Mﬂi&fﬁté&c%}:ﬁﬁ@@jm%aﬁam

. henzatriazole carbonate, (BTC), .

L T ——
ofihe dresgi-atieet rocbs pehdnyiedble activated polymer molecules are

Commﬂ@@ﬂz\é&ﬁilﬁﬁiﬁa&ﬁ%ﬁ@ﬁ‘tygk@ﬁ Iﬂ%f@%%eﬂ#%& i ;?thALmtffin (e.g.

USA, or from PolyMASC Pharmaceuticals plc, UK. Specific éxamplés 0

the SRR ASIPO SIRMCH S BR MG AGHSES bt fhe pelyinenTaolspulse mbich may
bdhiventiarbenehielstribed: ih thelNaltardlole suia-REPRIRERHNG-E5 Q02

abgﬂ% : 5t1%:>Th§ra €l)g{é[}cé%[é%:orporated herein by reference. Specific
examples of activate polymers include the following linear PEGs:

NHS-PEG il 1SRRG E BRAIREG BB RE RIS SoREGNS SAREGeacting
asSark) . - , R- BLC-PEG

EPO)E%E%%@CQC% 21%% ‘Nsr%icgg%‘ @éﬁ%yé%?"%ﬁﬁ?’ﬁ? PalEd glggules.
TR selievRE BHMSEAS ofpaiehie meley eagerpedfetpelPEGS stivhtodis

oBBGENHS Rediihosmbiteiased dnddS 4 .
fo AL WRIEkhRIE i g; Ofateqa herz}gﬂ?y regﬁm%ﬁ%ﬁl%%gg Bl P

relbsing UsSri Bosetobdliled BEE§RA A Wk ristrms ses the ration
mobfugatishanbtived barevistectineyWe 16 hins9 36-and- WO 103/093465i1 order to
ovbeResHinexamnigs of activated PEG polymers particularly preferred for
coupling to 20 cysteine residues, include the following linear PEGs:
vinylstiid asoredepudnietwyorgirgdedhtyiniaptzmfonouple £ qalSrmPEG)ules
to MalGIpeHIE Gr Okl RiG) SRR ers are well known to the skilled person; see
also WO 01/58935. .

Subsequent to the conjugation, residual activated polymer molecules are blocked
according to methods k:_lown.i,n the art, e.g. by addition of primary amine to the reaction
mixture, and the resulting inactivated polymer molecules are removed by a suitable method.

It will be understood that depending on the circumstances, e.g. the amino acid
sequence of the variant polypeptide, the nature of the activated PEG compound being used
and the specific PEGylation conditions, inchuding the molar ratio of PEG fo polypeptide,

varying degrees of PEGylation may be obtained, with a higher degree of PEGylation

- generally being obtained with a higher ratio of PEG to variant polypeptide. The PEGylated

variant polypeptides resulting from any given PEGylation process will, however, normally
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maleimide-mPEG (MAL-mPEG) and orthopyridyl-disulfide-PEG

(OPSS-PEG), preferably orthopyridyl-disulfide-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. 25 The skilled person will be

A0 e activation method and/or conjugation chemistiyt8HI4&ae28
colepestls iorhastiatiaokineon gf copiisleadithelvesaidat peliipenittd exawmplesterent

i I further above), as well as the functional groups of the

dg%%g?%%q %%%’g amine, hydroxyl, carboxyl, aldehyde, sulfydryl,

succinimidyl, maleimide, vinysulfone or haloacetate). The PEGylation
ongyiRediresias ipyyapds conjugation to all 30 available attachment groups

on the variant polypeptide (i.e. such attachment groups that are exposed

at the SFEE BRIREHOR)BEGHRIET BT R BE chirdErEp esnarrenBraiRg oRe RS more
glspesyliatiattrhthe ntgoups sey@erthechib-tarnni bl AminoRIop Rk desstletherted

] 985,265 or to,cysteine.resid Furthermore, the conjugatiqn

i S B S B o e it Bkl Jev e sl from
fupned Giborssery fuee WO ReDAiked 24 2:RCA RRL 0000 428eHoplant cells. In
O&Ee@m@amaptﬁyﬁ@mmqﬂmvwﬂgs%\&k@rcg}{%%kas%aﬁﬁié, g

usually treated with a reducing agent, such as dithiothreitol (DDT) prior Yo
Hﬁ%é?éﬁ@ﬂa Fie el Rk At 1 Sifsuartysetisletisoyansaromyces
ytone e el (s place 1 sutobls pUftora at6.0 ot
cysteing residue typica es. place in.a suitable buffer at pH 6-9 at .
e SRR £ A R BES ER RP CHBRE VG- P BTREC s pesidues
O%MQmth%WMM$ dlesigiediiedSdoqumalict e §7/05330
MQ_ ?Jlimé%lﬁg%?((w kt:l}]l{ .eﬁtog%éﬂ,epng ?’{]&f E)% .géglggu_%q}%ﬁ& for

the size and form of suc ozlecu es (e.g.' whethér they are linear or
Tt dnEumation thelattihahens dates) dh veriavtnd iV Boly B¥Blide. The
molecular weight of the polymer to be used may e.g. be chosen on the
Aba is to of the desired effect to be achieved. In connection with
LTGRO (8 AP &R 5% chment group on the protein (e.g. the
N-termitatamdnicofiscepe iptaysbmbitvantag deysdbah tennehtiRhce with the
C ich jpear or branched, has a high molecular weight,
mg%r%%%rﬁ%f‘g %ﬁqa%é?%g,&such as about 15-25 kDa, e.g. about 20 kDa.
15 Normally, the polymer conjugation is performed under conditions

. MRURGS 3 iaaplingoasNIgRp AL AR IR PRlVEIRLAachment groups as

25

30

possible with polymer molecules. This is achieved by means of a suitable

molar EREEELBIRHLe YaRARH ihrmRrac endorsepnamipmtuansyiped form,
maydapratioseobaatiyatedipesieiaralsauiasio poypantide S slude -

constructing a nucleotide sequence encodihg the polypeptide variant and expressing the

sequence in a suitable transformed or transfected host. Preferably, the host cell is a gamma-

carboxylating host cell such as a mammalian cell. However, polypeptide variants of the
invention may be produced, albeit less efficiently, by chermnical synthesis or a combination of

chemical synthesis or a combination of chemical synthesis and recombinant DNA

. technology.

A nucleotide sequence encoding a pol)}pepﬁde of the invention may be constructed
by isolatiﬁg or synthesizing a nucleotide sequence encoding the parent FVII, such as hFVII
with the amino acid sequence shown in SEQ ID NO:1 and then changing the nucleotide
sequence so as to effect introduction (i.e. insertion or substitution) or removal (i.e. deletion or

substitution) of the relevant amino acid residue(s).
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to about 1000-1, such as up to about 200-1, or up to about 100-1. In some
cases the ration 20 may be somewhat lower, however, such as up to

about 50-1, 10-1, 5-1, 2-1 or 1-1 in order to obtain optimal reaction. It is
also contemplated according to the invention to couple the polymer
WORMEHES24® the polypeptide through a linker. Suitable linkeP§ HIFEeH000428

knownrig, ﬁlﬁé&ﬂ%&ﬁf&f&@ HSSg(ﬁIV%LﬁgnYMQYB&{ﬁg? ﬁ ST d?rlépt%g%éﬁgéetx?es;s in

the conjugation, residual activated polymer molecules are bloc

acoRrdBRAn S FBHSBHeRhBRRIMS td taradvg b iha durienide praseaep smispared by

chientieal @@ﬂi@m %XW@sbxiﬂ@dﬂbﬁg@ﬁw&Bd | lﬁd@@ﬁ&'ﬁﬁ@&%@@)ﬂﬁf&% allfgtﬁﬁiéked Stides
ar. rem uitable method. It will that depending

a d% ums aacest?l NS iTE e 2 %ﬁg %?i%@’%ﬂﬁn?%d prelerably

Seﬂnglj@ﬁmde coﬁemahatmeﬁmmmaﬁalmmh@hrﬁ@bmmﬁﬁ p3bypeptide

wiL fiB At PR eapdionsunslud g e Molar . 2L ESPdR
poly eptlde varying d reeso PEGyla on may drI\JN
qﬁigﬂﬁ&r"éﬂé@ﬁé %WEW%W@@@%W%H@%&B%MMM@h@manmon),

1i@hiBES I%Mﬁfi?éliaﬁﬁh’%%ﬁéﬂﬁclﬁ? ey pled »ﬁﬁﬁ%@@y%ﬁt@ﬁgg 383,

ng.from a iven ation process will, however, normally
1 T EHiSICoA FOPOABE TS & RECHABEL
ccn’k@tedmﬂtmyafssmnﬁmgated polypeptide variants having slightly different

degre%%gg a|13 = 4@3&COH1%smg t%ad]rggaé 1%11%'2? té/ngs{g] 0?%%%%3}& ac og) { e
vivo glycosyiation o e comprisingone or m ’
m%jl?@bé‘;'mm@ﬁ%mnmbmlmadmmeeﬁﬁtUdmgrﬁqem?anmvector and

opRPI¥RERIAS PYshE! NSRHRL: IRaGMGaSYIAlNG: RGNS AT B 8RS iRbired

host The expression host cell may be selected from fungal (filamentous
garet eststilinsect or animal cells or from transgenic plant cells. In

one erhestimgilidh e iestcolliva cmmaliainesaty SuRbRSactRQ S ssion
BtrH or HEK e. K 293, cell, r an.insect ceIITgwch as ?n SF9 cell,
cogr3 AL Ao SR e FARIRTSy pIOH S BRRORS! opip ey be

mmeomwsbeﬂ@hwm@meddwanaﬂ@n@mh@eeﬁmtsmﬁrmmﬁpﬂmgmﬁﬁmgﬂrenﬁty,
m@%@{ﬁf&%ﬁ&%H?@ﬁ%ﬂ%ﬂ&%ﬁ&ﬁ%ﬁ&ﬁ%&%@‘%@&%ﬁe ng'aa“;
as descri or exampl

olypeptide may also be used, e.g efn

390 B ftRReR ﬁmcbm@@ﬁnwvc@i@m@moqsﬁe@sglawqmm the

hoae@mlg@c&%@a@a/&%ﬁeﬁédf@fgea@mmﬁhmﬁf@%@ﬁm)I&M%ch it has been
t%E%rco?glatlon of variants of FVII or FVIla. Attachment ofserineprotease

r Attachment of a serine protease inhibitor can be performed in
" accordhaceatithsthesferably an expression vector, in which the nucleotide sequence

encoding the polypeptide variant of the invention is operably linked to additional segments
required for transcription of the nucleotide sequence. The vector is typically derived from
plasmid or viral DNA. A number of suitable expression vectors for expression in the host
cells mentioned berein are commercially available or described in the literature. Detailed
information 6n suitable vectors for expressing FVII may be found in WO 01/58935,
incorporated by reference. ‘ 4

The term “control sequences” is defined herein to include all components which are
necessary or advantageous for the expressioﬁ of the polypeptide variant of the invention.
Each conifol sequence may be native or foreign to the nucleic acid sequence encoding the
polypeptide variant. Such control sequences include, but are not Iﬁmited to, a leader sequence,

polyadenylation sequence, propeptide sequence, promoter, enhancer or upstream activating
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method described in WO 96/12800. 20 Methods of preparing a

polypeptide variant of the invention The polypeptide variant of the present

invention, optionally in glycosylated form, may be produced by any

suitable method known in the art. Such methods include constructing a

NiErttitd8&quence encoding the polypeptide variant and eRprFERKH g {9428
seRbeneq uamaé pepd Guitabledepnsiarmedipidranstesied. st rilreferabie Retrol
sealggﬁc gll IS a gamma- carboxylating host cell such as a mammalian cell.

owevel?,(:ﬁlo ypgr?%gt?/rariants of the invention may be produced, albeit

less eﬂi@@‘iﬁl%lﬁﬁi}bﬁ@ﬁmﬁlsmmw@ sracorshinaieneid chémizatent

mSHMBE SIS0k comPInAioN Rf shem e?écﬁygamﬁﬁﬁ@@@(@@@g,ﬂ B{Q%%@by
&%chnology. 30 A nucleotide sequence encoding a polypeptide of'the

i{&iton may be constructed by isolating or synthesizing a nucleotide

sequenkerroRodifgstiedaasonifc\ikosioh asbliNta pilh hiacingaCithether

sequence.shown,in SEQ ID NO:1 and th hanging the nucleotide .
P Y S e o B ecnen, SRR i S BR S rRsibth g pafonall
inﬁéﬁ@@aﬂ@@ﬁﬁbl&mﬁm tbalstitedion)ighdhpepeidu arttcataind meitide is present
wAERAUS Q2001242 PTR2002/000428, The nucleotde .,
sequence Is conveniently modified by site-directed mutagene&s?n

signal pratifed s ed nthamib hapnsarso arizad by the vell chhsemul eapigesion of the
PEPSHHEEEE 8 RACPRERLEY REBRIcRENOHIBSIF & @)X YRIRELAY associated with

hﬁaﬂﬂzn cleotide synthesizer, wherein oliggg:ucleotides are designed based
SV BARIOREHE Loty SR A S RS Y ) s Blypspide
orgeigdiirippthosgovodohisithdb gresfavhedebindties hast sghnedtiedthenally

' eptide will he produced. For example, several small
o N R S B ol For

fughattdorraiion drastahip Menblprtidegp oty MEPLEBRAM reaction), ligation

- or ligaiep hatd Raqiary SR BaRa%cE ad Sel : .
oy 1991). Liagy individua|_al<’;,|igoﬁu%@ﬁ%ﬁ:ﬁ@%ﬁ%ﬁdﬁﬁwm

(e ROy E RIE SRATRrHL TS Hachiing Y etiek plaskibrel fispamal, or other

apswﬁhasisn‘siiﬂ-éﬁmete&m&ﬁiagaﬁla&iﬂ ﬁtﬂﬁ@ﬁ%ﬁfc@ﬁmggbrtﬁ?tﬂll@kﬁ&%ﬁan :
uence encaqding the eptide is inserted into a recombinant vector

Cegg e(%%%ﬁy' ﬁ(a(le%(f}{%s con%/r% ‘2%%33%%%% He %éses%’ﬁﬂp SRR ST

stipigs GhAHe des e Bursfom drHodisc Eeig Persons: Skitipthirythe arpwit-

negﬁi%m@ig,fs%%i?g'ﬁgaﬁﬂ'@@?cgﬁpﬁg{zﬁnﬁfég '§%Rlb1e filamentous fangal host

cells include strains of Aspergillus, e.g. A. oryzae, A. niger, or A. nidulans, Fusarium or

Trichoderma. Examples of suitable yeast host cells include strains of Saccharomyces, e.g. S.
cerevisiae, Schizosaccharomyces, Klyveromyces, Pichia, such as P. pastoris ot P,
methanolica, Hansenula, such as H. Polymorpha or Yarrowia. Examples of suitable insect

host cells include a Lepidoptora cell line, such as Spodoptera frugiperda (319 or S£21) or

- Trichoplusioa ni cells (High Five) (US 5,077,214). Examples of suitable mammalian host

cells include Chinese hamster ovary (CHO) cell lines, (e.g. CHO-K1; ATCC CCL-61), Green
Monkey cell lines (COS) (e.g. COS 1 (ATCC CRL-1650), COS 7 (ATCC CRL-1651));
mouse cells (e.g. NS/O), Baby Hamster Kidney (BHK) cell lines (e.g. A’I‘CC CRL-1632 or
ATCC CCL~10), and human cells (e.g. HEK 293 (ATCC CRIL-1573)). Additional suitable

cell lines are known in the art and available from public depositories such as the American

. Type Culture Collection, Rockville, Maryland. Also, mammalian cells, such as a CHO cell,

33



10

15

20

25

30

control sequences and hosts for expressing the polypeptide. The
recombinant vector maybe an autonomously replicating vector, i.e. a
vector, which exists as an extrachromosomal entity, the replication of
which is mdependent of chromosomal replication, e.g. a plasmid.
RRAHAIVER? the vector is one which, when introduced into &G4/ H0428
matﬂégrmt&hlﬁeﬁadb@mmsw&hg?emma@nosram;d&teﬂfém}emg widedbigbed in
U%W%W%@d‘é}t%‘%’ t has b mtelﬁrgtn ofme ctor éa eprefer?bly

an expression vector, In w e sequenc
po|ypéptniéevéqmrqaﬁqwecrﬁt;@mrdnaighmfm@mmeut@rﬁm@l mﬁwe the

pESPEPRINS atRa e th IR IERNSE HRIN-OFINER %ﬁ@%&@ %%'Aﬁ?czﬂ_eﬁ‘% PACE

vec r is typically derived from 25 plasmid or viral DNA. A number of
SHRAGRS S OSSN GRS o roeRpre RS ATHERRLE LIS AREHghatch as a
Kbﬂwdeﬁmmmmmmyﬁmadamaemw in the literature. Detailed -
inform E%‘ S Iu:{]tn%blguvectors fgr exp Fﬁﬁe "1]1% F%!el rﬁ?rofi %%ﬁ%@ﬁ% é% \‘%\/gﬂ a5 other

01/58 mcorporate ence. term "6

mé@rﬁwé@rhwmmm@m mﬁmnam@wmdnam 8bM8Eessanysois found in
WaSlBaRRBsoHR IR SxRGS BIPRRENG Polypeptide variant of the

invention. Each control sequence may be native or foreign to the nucleic
acid sequence encoding the polypeptide variant. Such control sequences

Pingludcoltishbrempbdituicst e adeatdainSaAtRRGSe Polyadenylation
sequepce tid uence, promoter, enhancer or upstream
act.vaﬁh %%[%5'6@5654%qafﬁfé‘%@%%%@&?ﬁmﬁgmgsa%sw Rfjifufer to a
Plpepadw’seq wempesiting, trempusipticrptdypeintatonafitet nfitieinmentiva aedirol
pIRERYERGRSHDGMIS AR OMQIEL: AW éqlgnvarlety of expression control

sequences maybe used in the present Invention, e.g. any of the control

seq ueﬁb@ﬁ%@%ﬁ@mmasaqﬁm@mwm aesfarbng & e

lnné@gggg@gg%&nggaq{,&agmmlon encoding a polypeptide variant,
whether prepared by sijte-directed mutagenesis, synthesis, PCR or other

methot¢ MAYPIPREREHPIRRIEHRS BicRitihe o dirprlanraideesaatsof the
msa@mahpepnd@haihmagm pempdatﬁsxpﬁeamhwmmﬁa@amﬁmﬂd&ﬂame
tréﬁtﬁ? Fo% cgﬁ%%lflré% ellsexlrrénvt\éqlxg egttnlﬁaex 1eﬁ11 é Ce g/&?}p? cpatlents

peptide present & one recognize

' P@ﬁpﬁ%gsﬁéihfgﬂm@ﬂpbmpﬁ@mmﬂmm aﬁfj'epmd@aﬁaiyddmg, or other

upiRMAIeLRSHR1 DRENALY assasated Wil oﬂ%%ﬁ)x@opﬁtﬁ%lqga% éﬁﬁuon or

originating from another source than hFVTI) to the polypeptide or may be

IEs ASETEERE ‘?‘Wé‘?e?&f&@ﬁ%f&%”cﬁ@%%ﬁ?@ﬂ 9@%%% Hormally -

Trauma is defined as an injury to living tissue caused by an extnnsic agent. It is the

_ 4™ leading cause of death in the US and places a large financial burden on the €Conomy.

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

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

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

sclerosing cholangitis and biliary atresia. Less common causes of cirthosis include direct
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- mglRd i raling A B SRS

expressed from the host cell or one which is not normally expressed from
the host cell. For 15 further information on suitable signal peptides, see

WO 01/58935. Any suitable host may be used to produce the polypeptide
variant, including bacteria (although not particularly preferred), fungi
WHeRIaIdyéhasts), plant, insect, mammal, or other appropridt€ HRlFAH4/000428

lieeHmArF el ings. a8 e lae Vansaanigia 'ﬁm&%}ﬁ@mﬁnm}gm%mi ency,

cells.are preferred. Examples of bacterial host cells include gram-positive
PERCEETRISIRTPaY DL AieaT Balatasereiy and phesneBr s raningase.
TRsspidomtands the Biscptorytie, o GratigNegatiye bacieiiopauskas

- strains,Qf E..colt. Examples of suitable filamentous fungal host cells -,
STlbg 53 et a%ﬁ‘i%g?}e epéess\nl 6]%;;611@0 refz%:é#f} rpﬂ%}ﬁzi%é%g?nant of the

_include strains of Aspe Zae, A.
invgatienfor dhe MaohBdbnnel Exsiplasnifouiteiieymant dussests indistéer

wHRIASTRL RAGGHBRITNGESHR O RilIGGFRMSIARGRIRO g%@ﬁ%o%sfelates toa

Klyveromyces, Pichia, such as P. pastoris or P. 25 methanolica,
ﬁ%@ﬁwﬁ&m&%&%@?ﬂm@%f@mﬁm@ is

iciperti (510 & SIZ0) or Tachodlucion 1 Gals o Fay (Lo ot o e

ugiperda or or Trichoplusioa nj ce i ive

pé%%%%iﬁ S S %?%&ﬁgléifgarﬂ?ﬁ%ﬁ?ﬁ% ﬁgée bgé‘ffglﬂ‘i’&ude Chinese

hamstéxawalss (€ HigpssldivederierdeinMitds AT O Bfilathl) iGkarble

. ines: T 11650), COS 7 CC ..

e o o h Bl b S i o T Bt

wittes(ergurrdelieRblerdmes sushre e -Tothanekaumenindiide(patents

whtlel 20BUATE LSk EdR) phdaliional suitablescaldInes AR MA Mriceal
blg]ﬁ'art ;agd %/alla le from public depositories such as the American Type
ke oM ABACREER VIR ISR AR i eaemniine Btlcdheas a
p@¥eptdts BTNy 2004/ 111 B ARl itz 43410063 8n iy Rewnenhilied, c.g.
- ialyltransferase,.e.g..1.6-sialyltransferase, .e.g..as described in
A S A s
polypepirieoldarde yeopdtsrabthedryasdosaeeationitistey bepofipastiowar

tﬂa@mpm%memgﬂy@ﬁe@m;{a@ inv miﬂ@m&%&gsfo%win

an endo%otease, in particular a PACE 5 (paired basic amino aci

heBmYeHitg oY i) 2N vas creatised ks dovge, Brdfhererusisaalyicaiketive
deRUBpIGIESe46: - RSABSCHRAT MY Q PRIBRAGER- IMEIROGRIY in relation to the

introducing exogenequs DNA into the abqve cell types, as well as other
c<Hiin O PR BRIk B BAEIA SHLSAFL 2B e Sipistances, nd
wilhtiantserisifebilechinond/ illdd589BSainediparated feekaiquay. refatRnioethtose

sﬁﬁﬂ%ﬁ%i@%ﬁ?@@xﬂﬂ%%@ f%@é@&nié‘ enéia%gn n%ri g%x%%& of the condition or

indication being treated. It will be apparent to those of skill in the art that an effective amount

of a polypeptide variant or composition of the invention depends, inter alia, upon the disease,

the dose, the administration schedule, whether the polypeptide variant or composition is

- administered alone or in 60njunction with other therapeutic agents, the plasma hélfulife of the

compositions, and the general health of the patient.

The polypeptide variant of the invention is preferably administered in a compositioh
including a pharmaceutically acceptable caxﬁer or excipient. “Pharmaceutically acceptable”
means a carrier or excipient that does not cause any untoward effects in patients to whom it is
administered. Such pharmaceutically acceptable carriers and excipients as well as suitable
pharmaceutical formulation methods are well known in the art (see, for example, ‘

Remington's Pharmaceutical Sciences, 18th edition, A. R. Gennaro, Ed., Mack Publishing
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In a further aspect, the present invention relates to a composition, in
particular to a pharmaceutical composition,. comprising a polypeptide
variant of the invention and a pharmaceutically acceptable carrier or

excié)ient. is The polypeptide variant or the pharmaceutical composition
ARSFatHd W %he invention may be used as a medicament. DU {BipY4/000428

Grmprevet Piop Sriesasmtiteizuapetion evgolypeptid® stitratmdPotins, S.
FikRRtiaRd B the phalmraceslicR)comRRSUIRR O NG dYEINORk 3 harmaceutical

articular useful for the _treatment of uncontrollable bleeding events in

rg@f'ﬁlétspgf ?ﬂé%r‘énﬁ%ﬁgﬁe@&aﬁﬁm@&ﬁ%&gﬁ@ﬂ anticoagulant
treatm@ht, migheritiosisipatieihs witbniasceabblerding, ior S1BRF HRRSR form

testnal.bleedi in_patients undergojng orthotopic liver )
Bt P P st B g o
matHe bt sodavemetaTvam s wefind hagesiumjury wellivinggisiussalts. These
sdaused Ig,[bﬁﬁqu}g}%&ggﬁt It b%' fhenid j ath in the
US and places a large financailgl _burdenlo%%zajeg%rﬁ%%ﬁé.ﬁsz ?glﬁ?ha is

classifitlf LR BRAL CompRienel/ be murntiadney besdmsnisterdraighe or in

cOgmpiResKith sgahaaeageaasttdINeahaRMRANRABINHRNERS as part of the
S &geneétlrati\égetﬁggmc% as tt,ge conseq%en e.of an agent penetrating the body
andrdestoying 4 SOTPoS 0D 9 WAy St AU RenFr dske ffpgn the polypepiide
virigaindririgectiiaumiten eynbereatiged by cordeioti sty anishe Gedtatie
' : Is, machinery accidents, and st X .
S e e e B B R e vmton
MRERFE AR ArdTuaRes o Rger, Gerames-viral hepatitis (types B, C, and D),

and autoipamureeRaptiH SN R RN HREHINYR RYEYO RIS -YGH other

damage nch:@gngg rimary biliary cirhosis, primary sclerosing cholangitis
AREAifia %}“ﬁt iEe11988 T5ARRUcTRls fa et Pemmbdier sy apk sikstrns WO
arR0R4fibhd, 24 2ACTHD KAGRHD OR428;. liver injury from inherited disease

such ic fibrosis, alpha- 1.-antitrypsin deficiency, hemochromatosis, .

Wilsoi%gdy?zlté%néefeaéfglc%ogn r%slitﬁoélnc %F)%%%%ﬁ%%’&ﬁ%’g ofat of the invention

W&ﬁ’s@mﬁmk@wfﬁ@mmk)me@rlftw’@tigg,lgtepbiﬁgeﬂpmrhmimmpressed
sdl’ﬂt.i%E%Ié?&%ed@cﬁrﬁ%ﬂede%é%m‘?hg'i?a?ﬁ@ﬁlﬂ%‘iﬁ&g%ﬁ%%?%&%a?ed and will be

Iﬁ)]olype tide variant of the 5 invention for the manufacture o
a

A Sp sl adthent of diseases or disorder wherein clot
formatinpasicdail @ ehAnstitelurtibcoagrastiaf he Rrasemdpoepiondelates: of

mioa method for treati mammal.having a disea r disgrder wherein
e e A B Loe] et AR
vatiartoRz hatfephiliesd oamtuétshel procedures known in the art. The polypeptide
variant may be in a stable soluble form by the removal or shielding of proteolytic degradation

sites as described herein. The advantage of obtaining a stable soluble preparation lies in

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

potentially can become life saving. The preferred form will depend upon the particular
indication being treated and will be apparent to one of skill in the art. ' |
The administration of the formulations of the present invention can be performed in
a variety of ways, including, but not limited to, orally, stbcutancously, intravenously,
intracerebrally, intranasally, transdermally, intraperitoneally, intramuscularly,
intrapulmonary, vaginally, rectally, intraocularly, or in any other acceptable manner, The

formulations can be administered continuously by infusion, although bolus injection is

36



10

15

20

25

30

polypeptide variant or the pharmaceutical composition of the invention. 10
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
ROAURE 2 Urther examples include patients undergoing liifRg/DK2004/000428

aqpepigplarisits tehpanentselideminghestctivh angpateniswplihtataric@éakome
inBRANG - ARAINGE MJBSH ﬁ?@zﬁﬁb’%@%’ﬁ%é%@@ﬂ%ﬁ'SPsﬁﬂ%CO”temp'ated

that the 15 polypeptidesof the invention will be useful for increased clot
formation is hemophilia, e.g. von Willebrand disease, hemophilia A,
Phemophilia B or hemophilia C. The polypeptide variants of the invention

d t tient th tically effecti Il
o B0 HOR eGP B R Py SR o

aqyonsSeltdiofr) dwatekbﬁvepdﬁsagé mmmammuygfﬁeanuﬁyzﬁsdgse
pHICHRIBe R Ee MR A SRR S SHETGIS IR B ?‘%Hgff QﬁﬁdaeS"ed 8}%%@@15@

relation to the condition for which it is administe ose

usieh BN Pt sisne ey M bnpnaidetirdmanie bylprrhdiduddm. In
thR@EEUSRY 1o QMMQTHENGHES HY eimalpdbedase Bhoulthbe ceraefsed to
reve r.less the severity or spread of the condition or

i carﬁb el g@’f’e%%%ﬂ%%ﬁ%&?&ﬁ%dtﬁb@é BATRRAFIOMMBIAFE frigider

vm@fﬁéstmgmdrﬂcﬁs af & pokypepidd atlast ekilledipasitigntpithephilized
r.ali n the disease, the dose, th

P e P e IR SRS R T S gmtist s
prmﬁ%m%%@%mjtﬂmﬁﬁy\ﬁhﬂﬁ@iﬁmh’éoapeum&gem@whe
plﬁﬂ%@lh@dﬁwﬁ:égpﬁﬁe CANPRSHeNss %ﬁl%a@&@gf% bealth.ef {Q‘ﬁéo atient.

The polypeptide variant of the invention is preferably admlnlstered In a
PRSIAINSS AL 80 S Ming a pharmaceutically acceptable carrier or

eXCIplamtasPhﬁpmaﬁ&wk;ﬂH@yae@@mph@ fdﬂﬁ@f&%@a@@fﬂﬁﬂhﬁﬁ@(ﬁﬁiﬁiﬁt% or
adloes rggkt S %‘\{J m%/ untca)l\évglrdr(()aﬁ;r(;:-a1 ts era |ents Whorr][ g d
qaamlnls erea. FprafmEte ARy ac@ed{%ﬁé TR BRgsdhp datte
dwﬂmmmwmmawmmmbammmomm avelpienswn in
stmm@/@%atgmm@tﬁm eI ERAIAREUIE AL RIR06SS, A lample

edition ennaro, Ed., Mack Publishing 35
busiesig Resaisa i @Gﬁﬁbwmsm%mwé@éweaﬂmﬁﬁmmts or

d&&g@i@pmailamﬁ RHdRS anek B:(@E@l%e&xs Raeiiaer aBH ds HdRYSRREEhts or
ds. T or & FranmsJE% é}b dbook of Pharmaceutical

Al §%||%]ilgn R e 880 ﬁ]étﬁhaceutlcal Press [2000]). The
polypélﬂt@i@dmfannmfdin er maamtairfmamlaaamsedxtaﬂd $SoradiaiOrisn-Aisalt FVII

vl DeeR ol SUARLS AR YsbiRA L 3308 A3 HIRY 69,5385 Wil

metais or alkaline eart
03/093465, incorporated herein by reference.

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

The active site region is defined as any residues having at least one atom within 10
A of any atom in the catalytic triad (residues H193, D242, $344), |
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metals, such as sodium, potassium, calcium and magnesium, as well as

e.g. zinc salts. These salts or complexes may by present as a crystalline

and/or amorphous structure. The pharmaceutical composition of the

invention may be administered alone or in conjunction with other

WerdyediitHgents. These agents may be incorporated as pdi€ BPERSO4eP0428
Marnmeprarmtetted SeanipasitioRrorentac Megdainistered separately

fromt I fl f i ntion, either concurrently or.
o UL DY S SN 5 g s

Egamaltt drieae pratoltriaicarapsdrRYest the invention may be used as an

adjuvapiia&hee heraries-ofeoRatienh ferdienrapsenofihadigagnt
invention jncludes bqth humans and other 15 mammals. Thus, the ~
STl P R P R PR BF By P ipalypeptide variant of

thepiplieationsy withdrtividgrbloddumanl éh endpybEhenpliasp aceDECPAGE and

eelua]o ol gﬁcomprising the polypeptide variant of the invention may be
formulated | 'g variety of forms, e.g. as a liquid, gel, lyophilized, or as a
pompré@mc?%tﬁiaf Ressiesvé dbfolviemiintepentaipondtmagatitio) Tarduced

pfa&@%era%fmﬁ@@a%@a@ew BRa29 a@m@a%mﬂ&muec?em E Bpled to

particular, the pharmaceutical composition comprising the polypeptide
ﬂ%ﬂaéﬁ{%fi PHSTRVERAS TS BS A8 SR IctRRIng K Sionmssticottainss| SR RHGE gels,
HiRlem of henpalypeptigleovariadtanaly iRty ks ednpaasya e WiRf type using the
tiPSr%cggyrreusl ngvgg3 I{pﬂ%@}%ﬁ%:t.slhe dgoﬁl%? %tl e variant may be in a stable

Soluble orm%}y & removalor Shiet e§ f ‘r%teolytic degradation 25 sites

as described herein. The advantage of obtaining a stable soluble

DRIGRARANON JaR N RRRiEE WRAGING SOF, fn%ti,edglta%pd, in the case of

emergencies, quicker action, which poténtially can become life saving.
The proRsislersien Vgl erlyRiEdarerisninie determitddnovitbaigS-PAGE, gel
fitteated wadenBhesanparenkiaaneal akihindhead sJheasminstatinneb

the. formulations o resent.invention can be_ performed in 30 a variety
ARG, BTG ETTTARES, SN S AP 27 (970 3. 60
8iatravenously, intracerebrally, intranasally, transdermally,

intraperitoneally, intramuscularly, intrapulmonary, vaginally, rectally,

intraocularly, or in any other acceptable manner. The formulations can be
Dgwstmnstisveds ddamwhnsizahMpibasidtindtaeifbidolus injection is 36 WO

2004/ REAAARAANAAL g iy BIEadisagh O RRIRUES M Neisestuen

kn?ﬁn in the art, such as %um s or implantation. In some instances the
1 -
WES I

SR ISHERE el BE SFAOR el St s desenbindrapily |Pakehd7.882.

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

Briefly, the molecule to be assayed (either hFVIIa; thFVIla or the polfpeptide variant
of the _invention in its activated form) is mixed with a source of phospholipid (preferably
phosphatidylcholine and phosphatidylserine in a ratio of 8:2) and relipidated Factor X in Tris
buffer containing BSA. After a 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 for
backgropnd the tissue factor independent activity of thFVIIa (aw) is determined as the

absorbance change after 10 minutes and the tissue factor independent activity of the polypeptide
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5 A preferred example of a pharmaceutical composition is a solution, in

particular an aqueous solution, designed for parenteral administration.

Although in many cases pharmaceutical solution formulations are

provided in liquid form, appropriate for immediate use, such parenteral

Pt ibé2may also be provided in frozen or in lyophilized ¥6PHpo4w0428
VAo of badevanitondmpasitioisordestrhuntideos € phioriencs ehdblge dftterOfarinuics.
The AHE DR IR LRADARER LG BIRRHY, AR AGUUE SAMPRYA g the activity of

contained in the composition under a wider variety of storage conditions,
thE¥Hadsdefististtrasphose skilled in the art that lyophilized preparations

are generally more stable than their liquid counterparts. Such lyophilized
Cg%ﬁa;[ggigns are reconstituted prior to use by the addition of one or more

SENE p‘iwarmaceutically acceptable diluents such as sterile water for

injectiGheoristérgadtithySiblofichh safiversoitstiberetif wagennfpargiiesalsstage
assaGy E@@tﬂé%ﬂﬁ{iﬁg {ﬁﬁg@@g%@&&\éﬁ%&l' QZ%%J%@B %ﬂ%@.scg%%aa yn%?eu% Medinor).

solutions by mixing, as appro(prlate‘, e polypeptide varianthaving
FagtogNod-deatgted lnmpritlaimn(Omedeamblaspheiiehnaatiesiptitotastable
eRABRIE QKEIPIB MM PESRb liZars Sy Risalk e RIRYestiBthe Al Wimkigh

are. termed. "excipi nts'?é for example 20 buffering agents, stabilizing
RSt E)Org%ee?%%ﬁgglﬁ bfdKitiers, non-ionic surfactants or detergents,

antioxfiaiisndnditumt ierenfsealatiroebiadditivatis Bhfas (BUkng Bgentsate,

i i nisantioxidant C ts., Detailed

S L A B B T oot aaded
thogripinslad ord iasibatetbah a9 tefend epreparations, is found in WO

01/ 58%%@M£WB8§49%9&@8%8%&991&86{%%% Oy diseencs: 1iRd 0 a

invention is further described by the following non- |m|{|ng exan%p es.
finglePraRp AN R B seadiertive igiterbbionlding Hitivktsiemboplastin,

regiontis defiieshns Mg sidies hambanatieast PRerRIQm LRy 40s Aol

ny atqm in the catalytic triad égiesmues H193, D242, 5344). 37 WO

w00 eSO A o B R i SR SML i Sensitivity

to Proteolytic Degradation Proteolytic degradation can be measured using
wihe.a5say grgribed in US 5,580,560, Example 5, where proteolysis is

IS

autoproteolysis. Furthermore, reduced proteolysis can be tested in an in
Vivo n%&@gltpjgm@acﬁvity of FVHa and variants thereof were measured in one-stage

assays and the clotting times were recorded on a Thrombotrack IV coagulometer (Medinor).
100 pl of FV1la orvariants thereof were diluted in a buffer containing 10 mM glycylglycine,
50 mM NaCl, 37.5 mM CaCl,, pH 7.35 and transferred to the reaction cup. The clotting

‘reaction was initiated By addition of 50 pl blood containing 10% 0.13 M tri-sodium citrate as

anticoagulant. Data was analysed 'usiﬁg Excel or PRISM software.

Amidolytic Assay )

~ The ability of the variants to cleave small pepfide substrates can be measured using
the phromogenic substrate S-2288 (D-Tle-Pro-Arg-p-nitroanilide), FVIla is diluted to about
10-90 nM in assay buffer (50 mM Na-Hepes pH 7.5, 150 mM NaCl, 5 mM CaCls, 0.1%
BSA, 1U/ml Heparin). Furthermore, soluble TF (sTF) is diluted to 50-450 nM in assay
buffer. 120 pl of assay buffer is mixed with 20 pl of the FVIIa sample and 20 ul STF. After 5

min incubation at room temperature with gentle shaking, followed by 10 min incubation at
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5 radiolabelled samples and comparing proteolysis of rhFVlla and the
polypeptide variant of the invention by withdrawing blood samples and
subjecting these to SDS-PAGE and autoradiography. Irrespective of the
assay used for determining proteolytic degradation, "reduced proteolytic
JehraladbH2is intended to mean a measurable reduction in BfeEREg+/000428
3 TEmibarsactionds thatesbainddtion dirhviR 228 nedstratotd ) gaViscdnhingsofption
aidoomassiesiaingd RRIEFAGEIRIEEIPLC 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
ENgigiisad Polypeptide Variants is The molecular weight of polypeptide

variants is determined by either SDS-PAGE, gel filtration, Western Blats,
matrix assfg{%ﬁgﬁr;%‘é‘r’%‘é%@?‘b TR LR oL FE?HBW@P%EH%[}WS ofa.
mggnthitoplatiorcegiEDEIPHRGE hedp diiegabagaisinik; jiokeashlabiraMelng a

5 O v 1 ’ | ‘ iy Oﬂggll hC la 1.1’(1j il TOOT
B B Ry P G

epEnink d s s absarueshedvelisestuath BIAbuBiodh OfishNAOY 30 3O Tris-

H@@ﬁﬁ%ﬁ%@ﬁ@@f@&g—eﬁﬁrimgﬁw&ﬁ 18649, 6 QL1 ﬁ(%%i%ed frr]om 2.5% stock

TF-independent FactorXActivation Assay 2s This assay has bee

s LHdalviNaetaitn Yages 358a81A Rdruliedpearal]l DBMcOhemiRo0ty
iIndlRBNBATR 3053 vRIiS e éﬁﬁ;ﬂ?@@]%@'ﬁ)ﬁ?&%@éﬁ?ﬁi@ﬁ&&lﬂﬁh{? B8 i ditution

rhFVlla or theopol peptide variant of the invention'in its activated form) is
DYt ATt b S et adpeb e pretereingstionsifdtiaat Frsin écmperature,
thphasphatioyisennaine vatorol Brrrendie isaled Feeias-KiBilisdBody

buffer containing BSA. After a sgecified incubation time the reaction is

TEzEp agrEy At kesloma Eorembise dsidk dritranentamrhdtonseation at
Rifiefolmeagied fors whaebareearangeat dOR1 braadterAddilional.aisn

chromogenic, substrate (S-2222, Chromogenix). After correction for
PESHETo At L By BB B CRD o e (Afsenotir 1
indetietionineR. @S fhidowhbbybamneteangsxaierid? pimttesand sheNissues’ 5 5°-

ctor independent activity, of th lypeptide 38 WO 2004/111242 .
R 00T VaA B DR A L AR A incubaton ot .1

indletdarkinst) as ¢hié SbdstbanceldbhngeGIites, ) Gsminttamed Restatitrd curve is

pr%yé@gﬁn g’?ggl'\éi@(ig{f c’gge o@%/)peptide variant, in its activated form, and
the activity of r Nais defined as a,,rj’*t/at. 5 Clotting Assay
Alternatively, FVIUFVIla or variants may be quantified through the Gla domain

rather than through the protease domain. In this ELISA set-up, wells are coated overnight

- with an antibody directed against the EGF-like domain and for detection, a calcium-

dependent biotin-labelled monoclonal anti-Gla domain antibody is nsed (2 pg/ml, 100 pl per
well). In this set-up, 5 mM CaCl, is added to the THT and dilution buffers.

Thrombogram Assay

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

phosphatidylserine and phosphatidylethanol in a ratio of 4:2:4).
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The clotting activity of the FVIla and variants thereof were measured in
one-stage assays and the clotting times were recorded on a
Thrombotrack IV coagulometer (Medinor). Factor Vil-depleted human
plasma (American Diagnostica) was reconstituted and equilibrated at

W8 Bature for 15-20 minutes. 50 microliters of plasmBGFAREHEH D028
transf%@%tt%iééﬁge&hﬂ@ﬁéi&ﬂmiaﬂﬂuuwgﬂﬁbmmtimbs&@tfe\m_e;tealcimn
celiteRdTR@lRINe BUel (P-4 mﬁ&%@iﬂuﬁ&heﬁoﬁ%sﬁg%ﬁaﬁ%a Wity is
adde

117 m aCI,é mg/ml BSA, pH 7.35). The samples were o the

GRS PR firslgnsos e BoterpereurrHiamitsspreastruorescence over
tighpdiirthiy weysiretoratitlac il aRRBRCER1LIPHVaSRAI L IS (iNa), and

trafion of.4.5 mM. The reaction was initiated py adding 100 gl )
SR R W S R
W§M§@Wﬁ@§%@dﬂﬂlﬁ})mbdnmwemromboplastin. Data was
analysed Asing R SMseiivam Whals Blood &Ségﬁ%‘é’e&hee ?L%t}é’lg%og%

. activity of FVlla and variants thereof were measured in one-stage™ a

inbihiton 61 bt isTeae ishibéchssamsrrbrminenilsd veetuiticodbuterhatetl of a

ogMelinielotild@led ik ViR Osyaransiharenf wenerdi t&&%% gﬁb{ﬁﬁ% yariant to

containin mM glyeylglycine, 50 mM NaCl, 37.5 mM Cz :
b%\%# %alﬁg%rré;%%m?ﬁé%r%é%c‘f%o%ﬂf&l Prerribifd F¥eBerombinagt hispadssye factor
(E8risiedded 5051 il esdCowtiiairiing Med/wehddh dttinsodiyN CitkRt e A BBffer consists
SHic0PE t £aiRy n d usj xcel or PRISM software,,
o Amidolyt%%}slsay Th\g@g ﬁﬁ‘&%ﬁ%t%‘ g)J I\%;%rﬁsf gi 13?(131}3?\(/2“%&&? 5{II%8 prifaon is started
by pfsling Al el theeswhetsata rodrtismepriainiolsr Ombhenitusulbbloatie. SIRO88ay plate

alOrdlgdRiOA BrRwiaanilicde) S 7200 |
ass{a%eguﬁer %EO mM @N%?Zp%z%puﬂég%%g% a%:él? %Pl\tglﬂl\s/?tgg%e%&e' The

fheprigncteryRe 35, h BYES S AToReE it Sx Sbitioneltiter @09 mneHnde rnission
ﬁmm?mm?mﬁwﬁelre ﬁﬁ@@ﬁm@mmg@mmt Wity 8RokOhiates at
sam an .. er min Incupation at room
2 o e e ol e e B Sl
2004/111242 PCT/DK2004/000428 37C, the reaction is started by -
TR P INE 2 2 A8 SHRSHBIE-L0.L M 9&9}*}5&?&5\;}%’%@5}% at 405 nm is

determined at several time points. ELISA AsSay 5 F (or variant)

conceNFRTGRLSROYERIPAINE ATIVE I vive i dmerminie thenstaiiedinding of

| w‘xb&ajtpeimmmmdﬁmwﬂi%&ga%%mm@w&%&%rdﬁ&@iﬂ%ﬂﬂ&&uble

25

30

tissue factor that contains the extracellular domein was coupled to 270 response units on a

Biacore CMS5 chip using NHS/EDC coupling. Soluble tissue factor was coupled at a pH of
4.5 to enable interaction with the chip surface. ‘

In this assay, tissue factor binding of factor VII protein was compared at 2 single
concentration of FVIIa or variant to allow a relative cempaﬁson of the variants to wild-type.
This concentration was‘detemain_ed by means of a standard curve of wild type FVIIa that was
flowed over the chip in concentrations between 75 and. 0 p.g/nil. FVIIa was removed by
addition of 10mM EDTA. It was determined in this manner that a concentration of 15pg/ml
gave binding in the linear range. Variants of FVIla were then flowed over the chip at 15

pg/ml to determine the relative binding strength of FVIIa or variants fo tissue factor.
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solution of 2 pg/ml in PBS (100 | per well). After overnight coating at R.T.
(room temperature), the wells are washed 4 times with THT buffer (100
mM NaCl, 50 mM Tris- HC1 pH 7.2 0.05% Tween-20). Subsequently, 200

dPidoeGagein (diluted from 2.5% stock io using 100 MM N er
E (9- ] H 7.2) is added per.well for blocking. After 1 hr w?c% “g%gl%%gtoe“g

.T., the'wells are emptied, and 100 | of sample (optionally diluted in
dilution buffer (THT + 0.1 % Casein)) is added. After another incubation of
EdigkPom temperature, the wells are washed 4 times with THT buffer,

and 100 1 of a biotin-labelled antibody directed against the EGF-like

domaif i 4hH pregaseel ERdiaiicemplenviicabsilotiseg SymoThy Banner et al.,
Jiatwest, hysbmesevmsbescwith ThiTchmiiar, 2004.0f SUrRIRVILIN bRtEEe

radjsh peroxidase (DAKO A/S, Glostrup, Denmark, 1/10000 diluted) is
mﬁd%%%‘%ﬁ%nem yidiind ﬁ)c(ﬁ%{%ﬁ%t R.T., followed by 4 more washes

with THT buffer, 100 Al of TMB (3,3',5,5'- tetramethylbenzidine,

Sg'ﬁ-fd?:‘é -Eﬁgjg.A/S, Denmark) is added. After 30 min incubation at R.T. in
the dark, 100 pl of | M H2SO4 is added and OD450, is determined. A
standé’r@”feam@gi@mm@pé%doamgtWWmm&wmpggmmmmng

dEAHRMIR RENAHGRIR IR D AR Ted iR léggogea Giadomalo. x3thes £3

h rough the protease domain. In this ELISA set-up, wells are coaté
et s SR i bug et S 1 e oS F A 526,
RSIERAORE 19 KalCiDAY,; elepfﬂﬁi@;ﬁjﬂmﬂsl,abﬁjW@,Q?Q,@Bﬁﬁ@ﬂtt'}@ﬁml& Q49,

| tibady i 1001 p this set-up, 5 mM
A R R P e O bbby At Ay -
EEHECTREMIRR, HRVH i Of 55 D6/ AP RINIISENIERPO TRV B NE9BLIBN| GO 7, E99,

i - odlif : :
D Ry i B E T 1.
AE‘?@? Mofeefit?th ¥é&2asSagedi(th i 2 Fild0. Mt E biRa N 4bdnt} s Fhike 8143,

RIMENIFME; dealstetiplateles, p@@%nbas?@(liﬁ @hlsg,rmiﬁﬁﬁﬁﬁ%jﬁg1ssé P160. K161,

| e (0] na e 1actor (sucn as innovin irom bade benrin
B e e P it oo RaGPon 205,
Iz_gsz,saizpmgphaﬂu@,lﬂmméizmm@aﬁdmsmge,mdaghasphaﬁw,lemnqm?,
Ti@g?"f%@,_%ﬁé?ﬂﬂéﬁgy ii%%f” 3%??3%%%%4!%9{)62% D870, R271,

reaction is started by ion of a'flubregehic In'su étraga ‘an

PR RibH T E2 Thd-ABbre38 brctd & Ri8sRPEE. cotftindG98lyTans HR95, £296,

N3o1owBIE avisiolyticsacshay i 1determings hyrealcutatingvaeslepeohife.
Sf%o%ﬁgem curve (the increase in fluorescence over time). In this way
& i ant

AT S it s S B oY

R353, G354, Q366, G367, T370, V371, G372, R379, E385, Q388, K389, R392, $393, E394,
P395, R396, P397, G398, V399, L400, L401, R402, P404 and P406 (A1-545 are located in
the Gla domain, the remaining positions are located outside the Gla domain). ‘
The following residues were determined to have more than 50% of their side chain
exposed to the surface: Al, A3, F4, L5, E6, E7, L8, R9, P10, E14, E16, K18, E19, E20, Q21,
S23, E25, E26, E29, K32, A34, E35, R36, K38, 139, 142, 843, G47, D48, AS1, S52, 853,
Q56, G58, 860, K62, L65, Q66, S67, 169, F71, L73, P74, A75, E77, G78, R79, E82, H84,
KSS, D86, D87, Q88, .89, 190, V92, N93, E94, G97, T106, G107, T108, K109, S111, E116,
S119, L121, A122, D123, G124, V131, E132, 1141, B142, K143, R144, N145, A146, S147,
K148, P149, Q150, G151, R152, G155, K157, P160, N173, G174, A175, K197, K199, N200,
R202, 5214, B215, H216, G218, R224, V235, P236, G237, T238, H249, 250, V253, D256,
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s the thrombin generation rate (maximal increase in thrombin activity) and
the total thrombin work (area under the curve (AUC)) can be calculated.
Frozen citrated FVII-depeleted plasma is thawed in the presence of corn

in. inhihjtor (100 g/ml serum) to inhibit the contact path f
%%lﬂﬁ%llo@? o each well of a 96-well microtiter plate is ad;xé%dyr@g( fj004/000428

T4 aRd 2o FBlfdr i ATRVAZS L vAfidht 1650 B%%é?éaliﬂﬁ% Q308,
Deondentraions, ofshetwees, @:41and31G0mivo, ReCo ki DA D ERHTRIBAIS 61384,

t TE)d | a final tion gf
o R R R S SR B R s
argopaieddistitcdladamnin b vactionispotitited vy lackiedp@eldsitiedSla domain).
substrate solution containing 0.1 M calcium chloride. The assay plate and
reagents are pre-warmed to 37C and the reaction takes place at this
Tigsua Sttt &8 ®'uorimeter used is a BMG Fluormeter with an

excitationafiteteah 390 wih G AR LE0iss8 thitahet AR B rMes in hFVIT

fluoresce is measured in.each well of 96-well.clear bottom plates at
o A TR A SO D BT B A R R O geceptor
bR S MG DAtV AEeS, Fiss RS TaBtts, BibRiRé0s i Pace HIssmEis2cR6BQ6E RESaH9,
ciFpseefoony) R SHitase PlesmanieRea0es IS Y82 NeAli8s Ry,
e of wild-t rVi theteo

determine the rélative binding d-type FactorVila arid variants
Afd% ditible Y KU & Tt e BaRtb R SBAM8ICl 156 083 f3c 03 MR Ebhiaing, E325
arieexiracellular domain was coupled to 270 response units on a Biacore

CMS5 chip using NHS/EDC coupling. Soluble tissue factor was coupled at

a pH of 4.5 to enable interaction with the chip surface. 25 In this assay,
Adissgitattgivbinding of factor VII protein was compared at a single

concepAlon LIRS YAURILIO AN A selaivs, comparisan e o,
variants to wil -type. IS concentration was determined by means of a

digipnse afd ¢ drfowrani atympéortiv eetlatiozied fnaiduco FEI M AR 344): 1153,
Qfoneetations betweey 15, ¢ omlcr]avas campvied Py Addiiorod o,

DTA. It was determined in this manner that a concentration o

10mM E f
A&%&,@M%f&% bhdidd TR-tHd e At Warn o P97 WePe RRgh S232.
TaweEd3ayweisercitip, ai2ss, 9gse)to3deteraineiie pelativeingiag, sirasoth4e,

VDA o0 LA LRt b P GAT R 338, 5939
CHOV/Kh €8 RRARItR3IEIBIE TiSSBrofRSHHN, B BanAeR SIH9, GIBMBIMION362,
s RASEAR s sisarhiny %ﬁwlﬁsﬁ%rgag@%:i@ﬁ?%%?ﬁ%%s:r, L400

calculations in this example, see’ WO 01/58935
and F405,

The Ridge of the Active Site Binding Cleft

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

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

The expression cassette for expression of thFV1I was designed and cloned as
deseribed in Example 2 of WO 01/58935.
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Surface Exposure Performing fractional ASA calculations resulted in the

following residues being io determined to have more than 25% of their

side chain exposed to the surface:.Al, N2, A3, F4, L5, E6, E7, L8, R9,

P10, 512, L13, E14, E16, K18, E19, E20, Q21, 523, F24, E25, E26, R28,

POPORUNIES D33, A34, E35, R36, K38, L39, W41, 142, 5AEENE28Yp0428
Epmp®d9, A51, 552,.553, Q56, G58, 560, K62, D63, Q64, L65, Q66,
ORI b s TR i3 U100 R B4, K85, D85,

D87, Q88, L89,190, V92, N93, E94, G97, E99,"is S103, D104, H105, _

T106, e3P PYERAD S Mg 3PE) £ Rowes| upod faresnerplipg cqnsfructs having

vixibAPF R 23t 2dinY 2eb kb, shBABuled 2810ht 39, udthg kidmddd s,

L141, E142, K143, R144, N145, A146, 5147, K148, P149, Q150, G151,

R152, G155, K157, V158, P160, 1(161, E163, L171, N173, G174, A175,
Emﬂ%e'ﬁlSS, 1186, H193, K197, K199, N200, R202, N203, 1205, 5214,
LA DAY CRIB, R P32 RA21, 5232, T233, V235, P236,

237, 20 1238, T239, N240, H249, 250,_P251, V253, T255, D256,

E265, REasitog CHOK BIEL HTh-Gpirgerind 2t fpgontipece I8 F-25
f1hekS 2 88 M2 208, (882489 8ak-2 960533 985 MR p%éﬁ)ghﬁﬁ%zmone
) 308, D 09, L311, Q312 Q313, R315, K316, V317, G318, D319, 53 _O,
d‘gé‘gf?‘iﬁ ey ntieonlupnt, dhe eonlusabimonmedll lnxerds ransfeqieglyyith 5 ng
oIGRAR] d¥BE blaRBATcER54] D3661G6Re THITeMFhihcGBIRiRRTR1iE3nt

389.R392 5393, E394, 2'5.P395. R396, P397, G398, V399,
O oty e st S T o &t P
trgnefeeiinaimirgpositibnasaredgvarsdicl tsite ¢l 6 BII8Ma)eiibmgaio BIBH
dsEREURSINETE ' 9 IS | i

.exposed to thégg};ijﬁfggieﬂ:g l&%\t&?@éﬁ&?_{%@g@%@ﬁIé%fgé@%ﬁ%g‘ﬂ%ﬁ&%&‘%e applied to
the sellsviigh fho guggose oBgepembing p polfgtakigtransfiectants, When weig; CHO K1

" cdlBQuiltiBe DGy Eaty CirlD Geshirhed Dén 3 RO ADROMERE: OB 0REP Inis is

58"@3/5 7, 1%9,.F71, L73, P74, A75, E77, G78, R79, E82; H84, K85, D86,
uEEY 58 188 18D “WoB o3, E94, G97, T106, G107, T108: K109, SI 11,
E116, 5119, L121, A122, D123, G124, V131, E132, 1,141,E142, K143,
E&Lé;é‘le@l“& A146, 5147, K148, P149, Q150, G151, R152, G155, K157,
P160, N173, G174, A175, 1(197, K199, N200, R202, S214, E215, H216,
Geyongior pp G RPBE cab 3ty x3prer9ag privaeptigoseriaps3, D256, 42 WO

2004/ 11421 2r PEH/RK 2004100042531 138 4wERdm B 41 FRdBdif 8875 om?
D289, R290, G291, A292, T293, L295, N301, M306, Q308, D309, L31 1,

tisspsyBisheneipag 55l AN, 131§ Napt egsotsiaiaahy [938),
pekidfilin 80 o £ R Epd63van ROZoma W RIV0r, 30 63398 RNz Althted and -
IR RS IATR4, arclacaled in fhe Gla ot e PRI PEIOTS
colonies of 20-100 cells are present in the wells and those wells containing only one colony

are labelled. Afier a further two weeks, the media in all wells containing only one colony is
substituted with 200 pl fresh medium. After 24 hours, a medium sample is withdrawn and

“analysed by e.g. ELISA. High producing clones are selected and used for large scale

production of FVII or variants.

Exaﬁpie 6

. Purification of polypeptide variants and subsequent activation

FVII and FVII variants are purified as follows: The procedure is performed at 4°C.
The harvested culture media from large-scale production is ultrafiltered using a Millipore
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_of an expression cassette

5 Tissue Factor Binding Site It was determined using ASA calculations

that the following residues in.hFVIlI change their ASA in the complex.

These residues were defined as constituting the receptor binding site:

L13, K18, F31, E35, R36, L39, F40, 142, S43, 560, K62, D63, Q64,

WL iR 70, F71, C72, L73, P74, F76, E77, G78, R79, BF§Z/IKg804/000428
TEfew 9w, Widp3 N2 eoffiRiliconRpmbrezs ART GoR2AT: RS tR30& um,

cibrdlas Mide0 1ol SHM ARPBe Qﬁqg a@%jc&i L2313 zﬁ?é%&ﬁ%&&%&ﬁ&ﬂ){% is

- Site Region 15 The active site region is defined as any residue having at
EEEOR LTS RN A SHBRSR Y. o Al iripeligtian ReehearadT

cdlimh(resitibesdd 103, 02421 S3%4 lxlﬂ:é&m&l;ﬁig Vs)%ﬁ%&%@&ihélﬂﬁ, deiagﬁﬁm with

17 7.C1 17 T181, /188, : : .
188 R T 6 S oo M R S S R & v s
elgizg usimp 33 34is\2E3EMIN a6, GRBM T288, PHIV6.N240, H241,

T203 T o A 08 S Sl E o o of
2 paveclensh & alsms depandenbantiClprdamaimmyibrds 6 G¥BoagtEGied fypharose FF.
Ab‘&&&s.%&t@f@ﬁi&&@%&lﬁéﬁéﬂﬁiﬁ@&;ﬁﬁ %A, e\etf_é&%@t@ﬁgﬁtg\(ﬁﬁﬁm Tris,

3 ‘ . e of the Active Site Bindin
1 Bt o R e VAl PR AR et By Thenf 100
mivisReCtion dhe i B\liasstd ot lre-TBAKpAID/A6 aplieaiAloHEh LAY 8Q%olumn
isNARRRRS (230 BR9 L AR LI I AN TRIORG Bxampie A Resion,
?OI’ expression o rh I?In mammalian ceﬁs e

clgtedrwitldA0endE MeC kot lampfeiatn 6F mdVitisei désigned and cloned as

deSCﬁB@ﬂléﬁlﬁ&Qﬁ%lﬁa@o@f&%@, %&%%%éaﬁ%%@@%ﬂé&%&%ered to below 10
PCT/D§§004/000428 Example 3 Construction of expression cassette

B AT RSB PR IBT S g Scn doCrrerRisHa Bsbermsiin! (ROR)
sePiERwasiusaddprifeneding S0naUMehaving ] vaissH B ¥il0paeneedingnd
3 AR S A e Rl R 0SNG RUBNIRHEL MENOUS: S 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 vsing a gradient of 0-100% of 500 mM
NaCl, 10 mM Tris pH 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 m! gel. The
column 1s then washed with 140 mM NaCl, 10 mM glycylglycine pH 8.6 and FVII is eluted
with 140 mM NaCl, 15 mM CaCl,, 10 mM glycylglycine pH 8.6. The eluaté 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 pHis
adjusted to 5.5 for storage at —80°C.

Example 7
Experimental results — FX activation activity
Subjecting the variants of the invention to the “TF-independent Factor X Activation

Assay”, the following resulis were obtained (the results being expressed as a percentage of the

\activity of the P1 OQ+K32E variant as a reference):
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Example 4 Expression ofpolypeptide variants in CHO KI cells The cell line
CHO KI (ATCC # CCL-61) is seeded at 50% confluence in T-25 flasks
using MEMa, 10% FCS (Gibco/BRL Cat # 10091), P/S and 5 g/ml

Qk&flllo uinone i o and allowed to grow until confluent. The confluent mono
cell W &' tansfected with 5 g of the relevant plasmid descroBlEAgtR00428
using-the-Lipofectamine 2000 transfection agent..(Life Technolagies)
‘according to the manufacturer's instructionsFeperdsidiF Agiaipost
transtettith a sample is drawn and quantifieo(%@iiﬁg"’é%@%)ﬁmgA

selection (e.g. Hygromycin B) may be applied to is the Eiis with the
Ppipp8seibfrgemarating a pool of stable transfectants. \Migen using CHO Kl

A@g@@@%hgﬁ@fmcin B resistance gene as selectgble marker on the
lasmid, this i

is is usually achieved within one week. Example 5 20

asmid,
P %’Q‘@?ﬁ%‘@éﬁ%ﬁ cells stably expressing polypepfide variants. A vial
POIGHR@R KL rapistotant pool is thawed and the cells sgggled in a 175 cm2
[ k containing 25 ml of MEMa, 10% FCS, phylloquinone (5 gg/ml),
P aﬁgg#%‘%%ﬁ%%%+@?§feptomycin and grown for¥4 hours. The cells
PH-HaYBsAsHiiRited and plated in 96-well microtiten pdates at a cell
density of V2-1 cell/well. After a week of growth, 25 colonies of 20-100
Tddid are present in the wells and those 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 gl fresh medium. After 24 hours, a
mediufts Empsiaidinmibeakerasautinhpoeaianseod te insmtionghowed a
subkealikiGingSionsear ¢ Jetesiechanduaerl el LFEReAle iRrOddGHianiel BV
el \grégtgig lzg%t%%nil urification ofpolypeptide variants and B
SUBSEGent acti Iahd FVII variants are purified as follows: The
procedure is performed at 4C. The harvested culture media from
@ﬁgﬁg%cale production is ultrafiltered using a Millipore 44 WO
2004/111242 PCT/DK2004/000428 TFF system with 30 kDa cut-off
EpenteriahemiandsiingerédnoerhaliBhdt headedian, citrate is added

to 5 miveaRetBe Ridds 8LiHSIRGLLR G G hoeRRIB ML AQRFUCIMIAL iShat they

IQ\Q/,er d to below 10 mS/cm. Subsequently, the sam(PIe IS apgjlli]ed toa
e)%_ uteda s ﬁt_qtiy increased clotting activity (i.e. reduced clotting time) as compared to

thFVIla as well as [P10Q+K32E]rhFVIla. The experimental results are shown in Fig. 1 and
Table 2 below.

—t

Clotting time (Whole Blood Assay)

Val‘iant . tvaﬁant/ twt
thFVIia (reference) 1
A3AY+P10Q+K32E+B116D 0.4
ABAY+P10QHK32E+A34L 0.3
P10Q+K32E+A34E+P74S 0.3
A3AY+P10Q+K32B+E77A 0.4
Table 2
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column, equilibrated with 50 mM NacCl, 10 mM TrispH 8.6. After washing

the column with 5 100 mM NaCl, 10 mM Tris pH 8.6, followed by 150 mM
NaCl, 10 mM Tris pH 8.6, FVIl is eluted using 10 mM Tris, 25 mM NacCl,

35 mM CaCl2, pH 8.6. For the second chromatographic step, an affinity
colitf14'dtepared by coupling of a monoclonal Calcium-ddsenigr+/000428
antiEB2domain antibody to CNBr-activated Sepharose FF. About 5.5 mg

antibady,is-couRledpen LD ] hie eelmngs,sgymbrated with 10 mM
Tris, ig 100 mM NaCl, 35 mM CacCl2, E_H 7.5."NaClis added to the sample

to a conBEhtrsH &t 4 06-IAreEsar Bens sl (e dfflriting sy Jegrribed
abdite iGN RaplitdtandaitikosarepionfeweslermitnsmesheswihiOveMon

NaCl, 3 . 10 mM Tris.pH 7.5, and the FVII protein is, eluted
R P50t NECC BT A Seeg et compared o
rhERS erttoeftep vici tite ebhd ictivitprofSiveTshln flbds o Wereclic dselewilkBirated in

S Isiadi . ample is.then
RN sep@‘a%;%%%%‘%#%ﬁ%%@%%ﬁﬁ%ﬁﬁ%%a i
acfiyaligmastiytyin thendhyiadensadent gy Hrdediveiinr A5598 to obtain
efficient activation. After application, the column is washed with 50 mM

NaCl, 10 mM Tris pH 8.6 for aboutAdOrtarikcawigw of 3-4 column

Vmddames (cv) per hour. The FVdnitsatein.isebitedadsing a gradient of

0-100% of 500 mM 20 NaCl, 10 mM Tris pB-8;6 over 40 cv. FVII
containing fractions are pooled. For the final chromatographic step, the
Newrtgueti@ifydtiowered to below 10 MSIOMI0GU)sequently, the sample is

pRRplieshio a Q-sepharose column (gg%iﬁn@t&foo'th 140 mM NacCl, 10 mM
lycylglycine pH 8.6) at a concentration of 3-5 mg protein per ml gel. The

AZONIMANQ RS BisHEd with 140 mNENAE (190%IM glycylglycine pH 8.6

P AVTSHRYEisnglutack 25pwith 140 MM Nagdlp 15miCacCl2, 10 mM
H 8.6. The eluate is diluted to 10 mM CaCl2 and the pH is

lycylglycine
P A T B Ftcen 50 15 Adé406.01% and the pH s
- adjusted to 5.5 for storage at -80C. Example 7 30 Experimental results -
T4pit 8Ctivation activity Subjecting the variants of the invention to the
"TF-independent Factor X Activation Assay", the following results were
obtained (the results being expressed as a percentage of the activity of
EXAmPle 0+ K32E variant as a reference): 45 10 2004/111242
EpETHRHACEAIBO04R81EE: independenticX aciveiignan/atant (ava,;

i *
ant/art(?s%)é%%% %Qgs‘,phoiipid(PL)—dependent and tissue factor(TF)-dependent

thrombograms (see the description of the Thrombogram Assay above), the maximum rate of

thrombin generation was determined for FVIla variants at different concentrations of variant -
proteins. By plotting the maximum thrombin generation rates (expressed as FU (fluorescence
units) per sec’) as a function of the variant concentration in pM, the results shown in Figure 2
(maximum tissue factor-dependent thrombin generation rate) and Figure 3 (maxifnum
phospholipid-dependent thrombin generation rate) were obtained.

From these results it is evident that the FVIla variant P10Q K32E A34E R36FE has a
differentiated thrombin generation ability depending on the whether the reaction is PL-
dependent or TF-dependent. The maximum TF-dependent thrombin generation rate of this
variant-is decreased by approximately 10-fold (punctuated line in Figure 2) when compared
to the FVIla variants P10Q K32E or ASAY P10Q K32E A34L. Also, lag tizﬁe, time to peak,
peak height and (to a lesser extent) AUC are reduced for P10Q K32E A34E R36E compared
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s rhFVila 10 PIOQ+K32E (reference) 100 A3AY+PIOQ+K32E+A34L 216
P1O0Q+K32E+D33F+A34E 194 P1OQ+K32E+A34E+P74S 190 io
P1OQ+K32E+A34E+R36E+K38E 144 P10Q+K32E+A34D+R36E 140
Table 1 is As it appears from the above results, the variants of the

WO EiHdwed a substantial improvement in FX activatioh G¢hi4g0042s

tethn ple doaiFeritreb bébovas. bornpiaasddshiPTF-ODerdaR By khe PL-
g@w@mgél I %n g ﬁ' ity in-the. " I od

d _ssg%/g%u&bjecti ng va%?ggjd%%%}ég?ﬂéon to %_glé\%v%ﬂé%%ﬁ%ﬁ A%s%;%}g Otée'r
VAEGal e 4B thisyeermisiteere Sigsitbast (Pincrciaskbes iRy -devendeut activity
eﬁeﬁiﬁﬁﬁ@m{ﬁam&@@d@%@@mﬂ?@@z&téﬁiﬁéﬂ@?éﬁé@@|has e 1 and

P1OQ+K32E]rhEVlla. T xperime u re shown in Fig. 1 and

[Table @?osw. 55 EROS ?T%f’e"mﬁ%?e&m@féaﬁ RANGRR amRARG directly
toriie\iErePd (K ESPLE BB BANS RIOQ hi32k g TS Befeddent thrombin generation
rdiedd VRGP AR Hl@féerﬁ:%p&f#%%]%gu%g%‘%%ggx%g %:\)’No variants (i.e. the

A3AY+PIOQ+K32E+E77A 0.4 35 Table 2 4
regeerd SR PUBUrE0TADBV#ijHe 8 QAR a3 eBtiryliatdity e tirctly.

afiGhatig AsEayraMhen-AsRaNeeH @@sﬂﬁt@&ﬂ%@ﬁﬁ&%%ﬂ&éﬁ% {fRer34p
"Clotting Assay" described above in the Materials and Methods section) it
S’\%gg‘gﬁ%em that variants of the invention 5 having the R36E substitution

have a significantly reduced clotting activity when compared to

Example 11
Experimental results — FVIIa binding to tissue factor in the Biacore Assay

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

following results were obtained:

N Average response units
Variant A ' (nh=35)
Wild-type FVIIa 888
P10Q; K32E 714
A3AY; P10Q; K32E; A34L : 967+
P10Q; K32E; A34E; R36E ' 414
Table 4 - *n=2

In consistency with the TF-dependent thrombin generation rate data from the
I‘hrdmﬁogram Assay (Example 10), the results in Table 4 indicate that the R36E substitution
confers less binding to tissue factor. 7

In the same Biacore Assay, FVIla variants having the same modifications as the
variants listed in Table 4 to gether with two additional modifications introducing two
glycosylation_ sites (T106N and either V253N or 1205T) were also tested for binding to tissue

factor. The results are showﬁ in Table 5 below.

48



10

15

20

rhFVII or to other variants of the invention., See Table 3 below.
Nevertheless, as illustrated in Example 7 above, variants having the

R36E substitution have an increased Factor X activation activity in the
"TF-independent Factor X Activation Assay". 10 Average Clotting Activity
V&AM ttHit3/mg az;.,t/units/mgt) (n = 2-3) NovoSeven(r) (r&fetdHieay+/000428
52,119 (100 %) 15 P1OQ+K32E 52,714 (101 %)

A3AY+P10Q+K32E+A34L 56,948 (107 %) P10%+K63§E+@§§11§+R36E
Va0 (2.7 %) PIOQ+K32E+A34D+RIGE+KSEE T.242(2)4 96) 20 Table 3

A

Example 10 Experimental results - thrombin generation in the

Thrornbogram Assay Using both phospholipid(PL)-dependent and tissue
T Wé&ﬂependent 25 thrombograms (see the ded 7iption of the
T0@mentb@ram Assay above), the maximum rate of #wpmbin generation

S ™ f la variants at different concentrations of variant
Pl BRI A g

roteins. e maximum thrombin generatfor rates (expressed
PHEFE3ERcFe8aENY858NIts) per sec) as a function of4#& variant

A@R@?%@Q@%i@;@%ﬂeﬂ%ﬂs\é@%” in Figure 2 (gﬁximum tissue
factor-dea:)_endent thrombin generation rate) and Figure 3 (maximum 30

PIY it tededs diPRnBR Generation rate) widfe obtained. From
these results it is evident that the FVlla variant P10Q K32E A34E R36E
T I%ﬁls differentiated thrombin generation ability depending on the whether

R& feaction is PL- dependent or TF-dependent. The maximum _
TF-dependent thrombin generation rate of this variant is decreased by

e ) B A D A S TR BB e
saffpEatpis (erpbarilgegienaidnblaronibansksed dtitmal cvuGydatiorestasethe
priQERAGEMSIRG i385 /RARR SAPRAIRD A4V Or390%/ 1 1ieddes o (further)

PCT/DK2004/000425 to the other variants (results not shown). In contrast
reqyiien PR HapRan Pidia A tgep the atscna Hin vstint Bt il orh g pogrce of
thARAGRIGE s A BRUivedach iouaat afdhesatiken MriaNsHesiethibimding

I H L.e. thi iant,has full PL -d ity .
o B e B R O R ey B it

n
even e ependent activity IS Su
that do not have this substitution.
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5 In the same experiment, the variant P10Q K32E A34E R36E was
compared directly to the variant P | OQ K32E A34E P74S, which has a
high TF-dependent thrombin generation rate as shown in Figure 2. The
differences in TF-binding between these two variants (i.e. the reduced
TF-binding of the variant P 10Q K32E A34E R36E) is believed to be

CLAi®fsly attributable to the presence of the R36E substitution, possibly in
synergy with the A34E io substitution. Example 11 Experimental results -
Flrlla binding to tissue factor in the Biacore Assay is Subjecting variants of

1. the nVectoVid @S8dy dryFavisasd ol 5WI0) RE9papts: GadarBiafong an amino acid

syste ing a TF. chip as.descrjbed jn the Materials and Methods
s AN AL B LB B e AV A PGB e g of
humMarfantn¥H) (WNdEypeybia 18RS AVORKBY Baj MoAd Ay SPIDIQ; XG2E wherein a
A34l 967* 25 P100Q; K32E; A34E; R36E 414 Table 4 *n=2. In.consistenc
e TR b AB Bo ReTATOHASCHeRS PR R ostich 36.
Thrombogram Assay (Example 10), the results in Table 4 indicate that the
R3GE substitution, confers, less binding to tissue factor. In the same . .
2. a1 RO PN NS AR T Ao GRG0 g ot ifers i

1-1vandntsitistecsidutabitad vio gethe awvitlo twil addittonalotodiieaiacsr VII (hWFVII) or
and either V253N or 1205T)

intraduci g%lg{)ﬁ lation. si ge \
humv?/légeagﬁ%{)]gté?slv for %fng ﬁw‘ﬁnténtlgs%s -f 5%@:%& The results are shown in

Table 5 below. 48 WO 2004/111242 PCTJDK2004/000428 Average

response units Variant, (n = %és T%6N'V2§§N 717 T106N;1205T 6 . .
5 o R oD T S R R0 e 1t it n
I-6 amino acid residues relative to the amino acid sequence of human Factor VII (hFVII) or
human Factor VIIa (hFVIla) shown in SEQ ID NO:1.
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A3AY; PIOQ; K32E; A34L; T106N; V253N 522 10 P10Q); K32E; A34E;
R36E; T106N; 1205T 216 Table 5 These results are consistent with those
of Table 4 and show that compared to the is same variants (or the
wild-type) in Table 4 without the additional glycosylation sites, the
presence of two new glycosylation sites in the variants of Table 5 provides
a (farther) reduction in tissue factor binding. As was the case for the

variants of. Table 4, the presence of, the R36E syubstitution i
b glyagy s s RS e N TSV AP GG bR that is
substantially lower than the tissue factor binding of the other glycosylation

varignts 20 that.do not have this, substitution., 49, CLAIMS. actor VII
S A O SHEBIES Do SERaE SA RO Rk i

sequence that differs in 1-15 amino acid residues relative to the amino

acid-sequence of human Factor VAl (hFVII) or human Factor Vi FVlla) .
6. shc?\g\;slrﬁ3 inagﬂg)ol%a‘%?ﬁ?\?v esréi_é ’aﬂ'ﬁ%a% |?/)é[1 Feharge aﬁ%gcé§§$3§f83 nin

positias Béen introduced by substitution in position 36. 2. The variant of claim
1, wherein said variant has an amino acid sequence that differs in 1-10
amino acid residues relative to the amino acid sequence of human Factor

7. VIl ThevHiart biieem Bactonvikh B apsitowmin SEQ ID NO: 1. 3. The
variant of claim 1, wherein said variant has an amino acid sequence that
differs in 1-6 amino acid residues relative to the amino acid sequence of

8. hunbhe Factor of IElghE\A] comrismgricastbstivitio(hA%4Ia) shown in SEQ ID
NO: 1. 50 4. The variant of any of claims 1-3, wherein said substitution is
R36D. 5. The variant of any of claims 1-3, wherein said substitution is

9. R36Hhe gamthes oxbmct, anypfisiagibelsah futthions ddiisRdpEN amino
acid substitution in position 34. 7. The variant of claim 6, comprising the
substitution A34L. 8. The variant of claim 6, comprising the substitution

10. A34eyarinet vd danodiltainm® domyhrisingfirheudstiprtiong A3MERRGHE .

subsl@ut}_&?i}%r'@ﬂfo?xfﬂjqé(nﬁfélt‘?zpreceding claims, further comprising an
amino acid substitution in position 10 and/or 32. 11. The variant of claim
10, comprising the substitution K32E.

11. The variant of claim 10, comprising the substitution K32E.

12. The variant of claim 10, comprising the substitution P10Q.

13.  The variant of claim 10, comprising the substitutions P10Q+K32E.

14, The variant of claim 13, comprising the substitutions P10Q+K32E+A34E+R36E.

15. The variant of claim 13, comprising the substitutions P10Q+K32E+A34L+R36E.
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12. The variant of claim 10, comprising the substitution P1.0Q. 13. The
variant of claim 10, comprising the substitutions P1 OQ+K32E. 14. The
variant of claim 13, comprising the substitutions P1
OQ+K32E+A34E+R36E. 15. The variant of claim 13, comprising the
substitutions P1 OQ+K32E+A34L+R36E. 51 16. The variant of any of the
preceding claims, wherein at least one amino acid residue comprising an
attachment groutp for a non-ponPeptide moiety has been introduced ina
16. positin' b el s RichRGaFHINE CarBexyReeinetdray apaeImng 2ciwssidue
comM@tidnt o aladohHenWhsipifosaid ABERIRENIA BIRS ARIBY Stroduced in a
N-glycosylation, site. 18. The variant of claim 17, wherein said attachment
Posﬁ’r%?h FEA SIS NcghoryBasioxakie mud il depainbstitution. 19. The
variant of claim 18, wherein at least one said in vivo N-glycosylation site is
17 introduced. by a substitution selected from the group consisting of A51N, ‘
- G5ENS THBBA O ICIBN G IPENIKCRA RIS T XevB s arpiysdya Dogly cosylation
site V253N, T267N, T267N+S269T, S314N+K316S, S314N+K316T,
R315N+V317S, R315N+V317T, K316N+G318S, K316N+G318T, G318N,
D334N and combinations thereof. 20. The variant of claim 19, comprising
18. at |qast ertuaulrsiBEoselRcien FamARR BIIP FaNBISWA%Pivo N-glycosylation
. TlOG?Q,l 3§'T nd, V253N. 21. The variant of claim 20, comprising two in
site J0 %Eié SYIRGEREARs introduced by substitutions selected from the
group consisting of TL06N+I1205T, T106N+V253N and 1205T+V253N. 22.

The variant of claim 21, comprising the substitutions i o
19. 1o et iiataishap et Vandfebramiaton site is
intr@lh4m¢liT ising s;dil&iﬁubﬁiﬁ'l itgtilRnt RN _Kéﬁ@%%ﬁ%ft%é@ﬁhﬂﬁ?@%@%&

[ m, 21, comprising the substitutions
K1 L e Ao U o o s v EAGRY oF 2N 5269,
S31¢DMRASHTY H1a SNbRRUGDNR3 PINQ¥ KGR RABIN+RIGER FIDGINHR05TS,

B B SRR e e

20.  The variant of claim 19, comprising at least one substitution selected from the group
consisting of T106N, 1205T and V253N.’

21. The variant of claim 20, comprising two in vivo N-glycosylation sites introduced by
substitutions selected from the group consisting of TI06N+1205T, T106N+V253N and
[205T+V253N.

22. The variant of claim 21, comprising the substitutions
P1OQ+K32E+A34E+R3GE+T106N+1205T,

23. The variant of claim 21, comprising the substitutions

P10Q+K32E+A34E+R36E+T106N+V253N.

24, The variant of claim 21, comprising the substitutions

P1OQ+K32E+A34E+R36E+1205T+V253N.
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27. The variant of claim 21, comprising the substitutions
P1OQ+K32E+A34L+R36E+1205T+V253N. 28. The variant of any of the
preceding claims, further comprising an insertion of at least one amino
acid residue between position 3 and 4. 29. The variant of claim 28,
comprising an insertion of one amino acid residue between positions 3
and 4. 30. The variant of claim 28 or 29, wherein a hydrophobic amino
acid residue is inserted between positions 3 and 4. 31. The variant of

25. claiPso A alir @i FserrTing the substitgiovariant of claim 31,

P10QHRepEempasings ke ubstitutiarsy PLOQ+K32E+A34E+R36E. 33. The
variant of claim 31, further comprising the substitutions

P1OQ+K32E+A34L+R36E. 34. The variant of claim 31, further comprising
26. the ‘SHbsMianT PIRQHKIREHABIEHRIAGATIGEN+205T. 53 35. The

vaariant of claim 31, further comprisqilr%/rq the substitutions
Iglﬂaﬂz-ﬁﬁ‘éﬂﬁ\ﬁ%%@@ﬁﬂf@ﬁ ‘253N. 36. The variant of claim 31,

further comprising the substitutions
27 Plﬁ_ggKSZE{rAﬁ.éE+R36E+12Q5_T+V253N. 37. The variant of claim 31,
+furthéF CORTINGhGIHHE SlmiitRitHag the substitutions

P10RL R ARSI FRBAETT 106 1205T. 38. The variant of claim 31,
further comprising the substitutions
P10Q+K32E+A34L+R36E+T106N+V253N. 39. The variant of claim 31,

28. furthrae capiSINGNSISHOPHESBORS claims, further comprising an insertion of at least
P1OQ+K32E+A34L+R36E+I1205T+V253N. 40. The variant of any of the

one SRIO A ARSI DANRRSIMROSIFVRA&REi4 in its activated form. 54 41. A

nucleotide sequence encoding a variant as defined in any of claims 1-40.
29 42.,@9 exFressi v,ecéor comprising the nucleotide sequence of claim 41.
43. WHSEHERH o‘:’ﬁbﬂ Ry ABIMIIEARIPSHAR LSRR BT A4ibFatdue between
poseixpresaiahavector of claim 42, wherein said host cell is a
gamma-carboxylating host cell capable of in vivo

30.  The variant of claim 28 or 29, wherein a hydrophobic amino acid residue is inserted

between positions 3 and 4.
31. The variant of claim 30, wherein said insertion is A3AY.

32.  The variant of claim 31, further comprising the substitutions
P10Q+K32E+A34E+R36E.

33.  The variant of claim 31, further comprising the substitutions
P10Q+K32E+A34L+R36E.

34.  The variant of claim 31, further comprising the substitutions
PIOQ+K32E+A34E+R36E+TI06N+1205T.
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glycosylation. 44. A composition comprising a variant as defined in any of
claims 1-40 and at least one pharmaceutically acceptable carrier or
excipient. 45. Use of a variant as defined in any of claims 1-40 for the
manufacture of a medicament for the treatment of a disease or a disorder
wherein clot formation is desirable. 46. Use according to claim 45, wherein
said disease or disorder is selected from the group consisting of
hemorrhages, including brain hemorrhages, severe uncontrolled
33 bleedihgalatch" Sekiacim SHISE B Mt tetsHBBIRsIng
P1omasplantatians RE sesqotign-variceal bleeding, and hemophilia. 47. Use
according to claim 46, wherein said disease or disorder is trauma. 48. Use
according to claim 46, wherein said disease or disorder is hemophilia. 49.
36. A vatarhasdeimesin ANy Riehinghidleha ONGsHIRN as defined in
l)iogaim 44, for use as a medicament. 50. A variant as defined in any of

3%%&%*4@@1%%%@?@%9&3%@% of a disease or disorder wherein clot

formation is desirable. 51. A variant as defined in any of claims 1-40 for
37 useé' the Ireatnﬁg tofa cgsease or disorder selected from the group
- consi¥tingy grhe g?ﬁﬁ’aagle UTHRSTEARPHRAS HishiBhHugeassevere
PrOGORtliedleedings T3veR-a2tmuma, bleedings in patients undergoing
transplantations or resection, variceal bleeding, and hemophilia. 55 WO

2004/111242 PCT/DK2004/000428 SEQUENCE LISTING <110>
38. MastygenAgp® dMalifem Holdirg sdighidiaaniogudaspaohdortensen

ndersen, Ki il r rnxs, Claus <120> FVII or FVlla Gla Domain
PlO@g%;gg*éfgfg;\%g%‘ éY%éi%s 60/479.780 <151> 2003-06-19
<150> DK PA 2004 00930 <151> 2004-06-15

39, The variant of claim 31, further comprising the substitutions
P10Q+K32E+A34L+R36E+H205T+V253N.

40.  The variant of any of the preceding claims, wherein said variant is in its activated

form.
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<160> 1 <170> PatentIn version 3.2 <210> 1 <211> 406 <212> PRT
<213> Homo sapiens <400> 2 Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro
Gly Ser Leu Glu Arg Glu 1510 15 Cys Lys Glu Glu GIn cys Ser Phe Glu
Glu Ala Arg Glu lle Phe Lys 20 25 30 Asp Ala Glu Arg Thr Lys Leu Phe
Trp lle Ser Tyr Ser Asp Gly Asp 35 40 45 GIn Cys Ala Ser Ser Pro Cys
41. GInAsrckhtiGhsSpreByschysditgpaGiniB0 £5d60nteinGhy SEcFymdlé-49s
Phe Cys Leu Pro Ala Phe Glu Gly Arg Asn 65 70 75 80 Cys Glu Thr His
Lys Asp Asp GIn Leu lle Cys Val Asn Glu Asn Gly 85 90 95 Gly Cys Glu
42. GInAyepyeSamAssttisThpiGing thelnyslaog Bere@yect0d ¢a51140 Arg
Cys His Glu Gly Tyr Ser Leu Leu Ala ASp.Giy Val Ser Cys Thr 115 120
125 Pro Thr'Val Glu Tyr Pro Cys Gly Lys lle Pro lle Leu Glu Lys Arg 130
43. 135/ Host Asth wimSeriLy P rodint@lyspagehe v GlinGl loyshéah@ysdvo vector

of ctfm 1@5%’1@5&1@ %iB3gs LR 28%4{%&-]c%ﬁ?o{i’ﬁéﬁr{%ﬁﬁ%ﬁ’g‘@?ﬁ%‘%@fﬁ in vivo

Gly Glu cys Pro Trp GIn Val Lou™Leu Leu Val A
glycppslation. Cys Gly Gly Thr Leu lle Asn Thr lle Trp Val Val Ser Ala Ala 180
185190

44, A composition comprising a variant as defined in any of claims 1-40 and at least one

pharmaceutically acceptable carrier or excipient.

45.  Use of a variant as defined in any of claims 1-40 for the manufacture of a medicament

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

46.  Use according to claim 45, wherein said disease or disorder is selected from the group
consisting of hemorrhages, including brain hemorrhages, severe uncontrolled bleedings, such
as trauma, bleedings in patients undergoing transplantations or resection, variceal bleeding,

and hemophilia.
47.  Use according to claim 46, wherein said disease or disorder is trauma.
48. - Use according to claim 46, wherein said disease or disorder is hemophilia.

49, A variant as defined in any of claims 1-40, or a conﬁposition as defined in claim 44,

for use as a medicament.

50. A variant as defined in any of claims 1-40 for use in the treatment of a disease or

disorder wherein clot formation is desirable.

- 51. A variant as defined in any of claims 1-40 for use in the treatment of a disease or
disorder selected from the group consisting of hemorrhages, including brain hemorrhages,
severe uncontrolled bleedings, such as trauma, bleedings in patients undergoing

transplantations or resection, variceal bleeding, and hemophilia.
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His Cys Phe Asp Lys lle Lys Asn Trp Arg Asn Leu lle Ala Val Leu 195
200, 205 Gly Glu His Asp Leu Ser Glu His Asp Gly Asp Glu GIn Ser Arg
Arg 210 215 220 Val Ala GIn Val lle lle Pro Ser Thr Tyr Val Pro G1y Thr
Thr Asn 225 230 235 240 His Asp lle Ala Lou Leu Arg Leu_His GIn Pro
Val AHEE24Thr Asp 245 250 255 His Val Val Pro Leu Cys LeUTRYe2®iti000428
Arg Thr Phe Ser Glu Arg Thr 260 265 270 Lou Ala Phe Val Arg Phe Ser
Leu Val Ser Gly Trp Gly GIRQUBNCEELLSAZB&280 285 Asp Arg Gly Ala Thr
<Na:L el Glekerpliet Val Lou Asn Val Pro Arg 290 295 300 Leu Met Thr
Gin A reteBIinGInLSer Arg Lys Val Gly Asp Ser 305.310 315 320
Pro As,gg,:la 3§ 3y QDT NBLPRE Cys Ala Gly Tyr Ser Asp Gly.Ser 325
330 33Brigs, As@er Cys Lys Gly Asp Ser Gly Gly Pro His Ala Thr His.
<65 349:345 3P0 MO TR TERVEYE LRY Thr Gly lle Val Ser Trp Gly Gin
Gly Cys _355 360 365 Ala Thr Val Gly His Phe Gly Val Tyr Thr Arg Val
*‘@@éeﬁ?’r‘%ﬂ"ﬁé“s?o. 375380 Glu Trp Leu GIn Lys Leu Met Arg Ser Glu
<P A P&WGI%,V&JJ Leun 385 390 395 400 Leu Arg Ala Pro Phe Pro 405
<Pye 3003-06-19° _
<150> DK PA 2004 00930
<151> 2004-06-15
<160> 1

<170> PatentIn version 3.2

<210> - 1
<211l> 406
<212> PRT
<213> Homo sapiens
<400> 2 )
‘ é1a Asn Ala pPhe Leu Glu Glu Leu Arg Pro G‘Iy Ser Leu Glu Arg Glu

5 10 15

Cys Lys Gly %U GIn Cys ser phe gg_u Glu Ala Arg Glu Ile Phe Lys
. : 30

Asp Ala ggu Arg Thr Lys iLeu de Trp Ile Ser Tyr Ser Asp Gly Asp
45

Gin ggs Ala ser Ser Pro cs:ygfs Gin Asn Gly Gly ser Cys Lys Asp Gln
’ 60 B

~ Leu Gln Ser Tyr Ile Cys Phe Cys Leu Pro Ala phe Glu Gly Arg Asn
65 70 ‘ A 75 _ 80

Cys Glu Thr His Lys Asp Asp Gln Leu Ile Cys Val Asn Glu Asn Gly

Gly cys Glu Gln Tyr cys Ser As'p- Wis Thr Gly Thr Lys Arg Ser Cys
100 A P e Y 7 118 Y

Arg cys His ¢lu Gly Tyr Ser Leu Leﬁ Ala Asp.Gly val Ser Cys Thr
115 - 120 P Y 125 4 :

Pro Thr 'val Glu Tyr Pro Cys Gly Lyé Ite Pro Ile Leu Glu Lys Ar
C 130 . 135 - 140 Y °

Asn Ala Ser Lys Pr;o Gin Gly Arg IT.e Qa? Gly &1 L s val ¢ s Pro
145 ~ " 150 155 y g 7® 160



WO 2004/111242 PCT/DK2004/000428

Lys Gly Glu Cys Pro Trp Gin val Leu Leu Leu val Asn Gly Ala Gln
165 170 175

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

. His Cys Phe Asp Lys Ile Lys Asn Trp Arg Asn Leu Ile Ala val Leu
R 5.° 1Y 200 : 205

G1y Glu His Asp Leu Ser Glu His Asp Gly Asp Glu GIn ser Arg Arg
. 210 215 220 .

val Ala Gin val Ile Ile Pro Ser Thr Tyr val Pro Gly Thr Thr Asn
225 230 . 235 . 240'

His Asp Ile Ala Leu Leu Arg Leu His Gln Pro val val Leu Thr Asp
245 250 : 255

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

Leu Ala pPhe val Arg Phe Ser Leu val Ser Gly Trp Gly GIn Leu Leu
275 280 . 285

Asp Arg Gly Ala Thr Ala Leu Glu Leu Met val Leu Ash val Pro Arg
290 295 300 :

Leu Met Thr Gln Asp Cys Leu GIn GIn Ser Arg Lys val Gly Asp Ser
305 310 ‘ 315 320

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

Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly Pro His Ala Thr His.Tyr
340 ' 345 R 350"

Arg Gly Thr Trp Tyr Leu Thr Gly Ile val éer Trp Gly GIn Gly Cys
355 . 360 " . 385 o

Ala Thr val Gly His Phe Gly val Tyr Thr Arg val ser GIn Tyr Tle
370, 375 380

Glu Trp Leu GIn Lys Leu Met Arg Ser Glu Pro Arg Pro-G]yIVa1 Leu
385 390 _ 395 400

Leu Arg Ala Pro Phe Pro
405
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