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with FX are based on the therapeutic use of non-activated zymogen because it is
considered to be a safer approach. There is a need for improved or alternative FX
therapeutics.
SUMMARY

Provided herein are modified or variant Factor X (FX) polypeptides that
exhibit altered properties or activities compared to an unmodified FX polypeptide
such as increased cofactor (FVa) dependence, increased half-life, increased resistance
to inhibitors (e.g. antithrombin 11} and/or altered glycosylation. The modified FX
polypeptides provided herein can exhibit some or all of the above properties or
activities. The modified FX polypeptides can be mature, zymogen, active or activated
or catalytically active forms thereof.

In one aspect, there is provided an isolated modified Factor X (FX)

polypeptide, comprising an amino acid replacoment at a position corresponding to

position 196 in an unmodified FX polypentide based on mature numbering with

reference to aming acid positions set forth in SEQ 1) NO: 134, wherein:

corresponding aming acid positions are identified by alignment of the

unmodified FX polypeptide with the pelvpeptide whose set forth in SEQ 1D NO: 134,

the replacement is with o neutral polar aminge acid residuc that is serine (3) or

threonine (T),

the ununodified X polvoentide has the sequence of amino acids set forth in

SEQ D NO:134, or is the avmogen, agtive or catalytically active form thereof, or has

a sequence of amino acids that has at least 85%, 86%., 87%. 88%. 89%, 90%, 91%,

9296, 93%, 4%, 95%., 6%, 97, 98%. 99% or more sequence identity 1o SEQ 1D

NO: 134 or the zymogen, active or catalviicallv active Torm thereofl respectively;

tactor dependence compared to the FXa form of the FX polypeptide not containing

the amine acid replacement: and

co-factor dependence is the ratio of catalvtic activity of the modilied FXa in

the presence of Factor Va (FVa) compared to in the absence of 'V

In ong aspect. there s provided a modified active Factor X (FXa) polypentide,

comprising an amino acid replacement at a position 196 and at position 332 in an
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weid positions set focth i SEQ 1D NO: 134, wherein;

chain consisting of the sequence of

armino. acids sct forth as residues 1-139 of SEO 1D NO:134, and a heavy chain

consisting of the sequence of amino acids set forth as residues 195-448 of SEO 1

O TR AT S S——————

the modificd FXa exhibits at least 50-fold increased F'Va cofuctor dependence

compared o the unodified FXa polypeptide not containing the amino acid

replacements; and

gf,),;;.j;,ﬂ,;g;ﬁ@éa@gqg;gi Factor Va (I'Va) compared to in the absence of FVa.

In one aspect, there Is provided a nucleic acid molecule, compriging a

‘;"A;g;g;g‘g;g‘_i;;ggA(_‘z;!_‘fg";_t_ggig;g_t,igi@;ig@;gqggﬁg}g_a modiiied FX polypeptide as deseribed herein,

o one aspect, there is provided a vector, comprising the nucleie acid molecule

el herein,

as deserd

In one aspect, there is provided a method of producing a modified FX

polvpeptide as deseribed herein, comprising enltucing a cell ofa cell of any of claiws

30-33, under conditions whereby the modified FX volvoentide is produced.

modi fied FX polypeptide as described herein, a nucleic acid molecule as deseribed

in ong aspect, there is provided method of generating a modified active Factor

X (FXa) polypeptide, comprising:

) providing a modified FX polypentide as described herein, wherein the

modified FX polyvpeptide is a single chain zvmogen;
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b)Y removing the activation peptide frow the polypeptide by activation

cleavage of the zymogen, thereby pencrating a modified FXa polypeptide;

or, pomptising:

a} providing a composition comprising a modified FX zyvmogen

selected from among 4 zymoegen comprising:

a light chain having the scquence of amino acids 1-139 set forth in

SEQ D NO: 134, or a sequence of amine acids that exhibits at least 85% sequence

ilentity o the sequence of amino acids [-139 of anv of SEOQ 1D NOS: 134 and that

contains the amino acid replacement(s) sel

ected from S and T at position 196; and

a heavy chain having (he sequence of aninge acida 143-448 of any of

SEO D NOS: 136-265, or a sequence of amine acids that exhibits at least 85%

segucnee identity 1o the seauence of amino acids 143-448 of any of SEOQ 1D

NOS:136-265

at contalns amino acid replacement{s) compa

unmodified ' polvpeptide: and

b)) removing the activation peptide from the polypeptide by

polypeptide as deseribed herein for uge for treating a bieeding disorder, wherein;

the mudified X polypeptide 1s a zymogen, FXa or catalvtically active form

thereof that contains the amino acid replacement(s): and

coagulation factor, a hematologic disorder, 2 hemorrhagic disorder, Von Willebrands®

disease, a disorder that results from anticoagudant therapy with & vitamin-K

antagonist, hereditary platelet disorders, vitmnin K epoxide reductase C'1 deficiency.

samma-carboxvlase deficiency, bleeding agsociated with trauma, intury, thrombosis,

thrombucytopenia, stoke, coagulopathy, disseminated intravascular coagulation

(DHC)Y, Bernard Soulier syndrome, Glanzman thromblasiemia and storage pool




i another aspect, there is provided a of a modified FX polypeptide as

described berein in the preparation of 2 medicament for treatment of a bleeding

disorder, wherein;

the moditicd FX polypeptide is a zymogen, FXa or catalytically active form

thereof that contains the amino acid replacement{s); and

the bleedine disorder i selected from amone a disorder due to a deficicney of

a coagulation factor, a disorder due to the presence of acquired inhibitors to a

coagulation factor, a hematologic disorder, & hemorrhagic disorder, Von Willebrands”

discase, a disorder that results [rom anticoagulant therapy with a vitamin-K

antagonist, hereditary platelet disorders, vitamin K cpoxide reductagse C1 deficiency,

gamma-catboxylase deficiency, bleeding associated with trauma, injury, thrombosis,

thromboeyiopenia, stoke, coagulopathy, disseminated intravascular coagulation

i and storage pool

imblast

(D1C), Bernard Soulier syndrome, Glanzman (
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Claims:

I An isolated modified active Factor X (J'Xa) polypeptide, comprisingdan
amino acid replacement at a position corresponding to position 196 in an unmodiffed FXa
polypeptide based on mature numbering with reference o amino acid posnlons et forth
in SEQ 1D NO: 134, wherein:

corresponding amino acid positions are identified by alignment of “unmodified
FX polypeptide with the polypeptide set forth in SEQ 1D NO:134; y

the replacement is with a neutral polar amino acid residue that I serine (S) or
tlreonine (T; '

the unmodified FXa comprises a sequence of amino acids mt exhibits at Jeast
75% sequence identity to the FXa comprising a light chain com. fising the sequence of
amino acids set forth as residues 1-139 of SEQ ID NO:134, ang a heayy chain comprising
the sequence of amino acids set forth as residues 195-448 of EQ IDNO:134,0ora
catalytically active form thereof; .

the modified FXa exhibits at least 50-fold increag d FVa cofactor dependence
compared to the unmodified FXa polypeptide not conj mmg the amino acid replacement
at the position corresponding to position 196; and  #

co-factor dependence is the ratio of catalygc activity of the modified FXa in the
presence of [actor Va (FVa) compared to in thefabsence of FVa.

2. The isolated FXa polypeptide#f claim 1 or claim 2, wherein the modified
FX polypeptide comprises an amino acid rgblacement with S at a position corresponding
to position 196 with reference to amino position set forth in SEQ 1D NO:134, or the
same replacement at a corresponding agiino acid residue in the unmodified FX
polypeptide that does not comprise 't the position corresponding to 196.

3. " 'lTheisolated modif'a FXa polypeptide of claim | or claim 2 , comprising
a further amino acid 1ep]acemej (s) in the light chain or in the protease domain of the
heavy chain, wherein: 4

the further amino ag fd replacement(s} confers altered glycosylation, increased
resistance to an inhibitor,jicreased co-factor dependence, increased half-life and/or
increased catalytic actiyfty; and

is at a positiopfcorresponding to a position selected from among 211, 214, 216,
218,219, 273, 27643006, 326, 332, 338, 420 and 424, based on mature numbering with
reference (o amin ‘acid positions set forth in SEQ 1D NO:134,

4. A,_he isolated FXa polypeptide of claim 3, wherein;
the g#placement confers increased resistance to an inhibitor; and

t‘:inhibilor is a tissue factor pathway inhibitor (TFPI) or is anti-thrombin 1iI
(ATHDF

/5. The isolated modified FXa polypeplide of claim 7, wherein the inhibitor is
~{hwmb1n T (ATILD).
6. ‘The isolaled modified FXa polypeptide of any of claims 1-5, comprising

only one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen,

fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty amino acid
replacement(s) compared to the unmodified FXa polypeptide of the same form,
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7. The isolated modified FXa polypeptide of any of claims 3-6, wherein thy’
further amino acid replacement is selected from among amino acid replacement(s) wgh: -
S at a position corresponding to position 211; D at a position corresponding to pospfion
214; A at a position corresponding to position 214; S at a position correspondingfto
position 214; R at a position corresponding to position 216; K at a position cogfsponding
to position 216; A at a position corresponding to position 2163 S at a positiogf
corresponding Lo position 216; R at a position corresponding to position 2 ; K at a
position corresponding to position 218; A at a position corresponding to Sosition 218; 11
at a position corresponding to position 219; A at a position correspondiig to position 273;
IZ at a position corresponding to position 273; A at a position correspbnding to position
276; E at a position cortesponding to position 276; E at a position gbrresponding to
position 306; S at a position corresponding to position 326; T at #position corresponding
to position 326; V at a position corresponding to position 326;£) at a position
corresponding to position 326; N at a position correspondingflo position 326; M at a
position corresponding to position 326; K at a position cog€sponding to position 326, Y
at a position corresponding to position 326; E at a positigh cortesponding to position 326;
1D at a position corresponding to position 326; A at a pghition corresponding to position
332; D at a position corresponding to position 332; Iat a position corresponding to
position 332; S ata position corresponding to posig fon 332; G at a position corresponding
to position 332; A at a position corresponding tofosition 338; S at a position
corresponding Lo position 338; N at a positionforresponding to position 338; R at a
position corresponding to position 338; V at position corresponding to position 338; Y
al a position corresponding to position 338 M at a position corresponding to position
338; A at a position cotresponding to pofition 420; E at a position corresponding to
position 420; A at a position correspoging to position 424; and E at a position
corresponding to position 424, with geference to amino acid positions set forth in SEQ 1D
NO:134, or the same replacementff) at a corresponding amino acid residue in the
unmodified FX polypeptide.

8. The isolated ngbdified IFXa polypeptide of any of claims 1-7, comprising
an amino acid replacementf } selected from amon g amino acid replacement with A, D, E,
S or G at a position corregponding Lo 332 in the unmodified FXa polypeptide.

9. The isojfted modified FXa polypeptide of any of claims 1-8, comprising
amino acid replacenig nt(s) with S at a position coresponding to position 196 and A at a
pos; tion correspong {ng to position 332, based on mature numbering with reference to
amijno acid pO‘;iL bns set forth in SEQ 1D NO: 134 or the same amino acid replacement at a
corresponding Amino acid residue in the unmodified FXa polypeptide.

10. / The isolated modified FXa polypeptide of any of claims 1-9, comprising a
further angino acid replacement(s) that introduce a non-native glycosylation site,

._‘E. The isolated modified FXa polypeptide of any of claims 1-10, wherein the
ified I'Xa polypeptide is selected from among:

unmg

/4  a) an active FX (FXa) polypeptide comprising a light chain comprising the
goquence of amino actds set forth as residues 1-139 of SEQ ID NO:134, and a heavy

_~ha.i11 comprising the sequence of amino acids set forth as residues 195-448 of SEQ ID
¢ INO:134; or

b) a catalytically active form of a).
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12, The isolated modified FXa polypeptide of any of claims 1-11, wherein th¢
unmodified polypeptide contains a heavy and light chain and consists of the sequence Ji
amino acids set forth as residues 1-139 of SEQ ID NO:134, and the sequence of amgho
acids set forth as residves 195-448 of SEQ 1D NO:134.

13, The isolated modified FXa polypeptide of any of claims 1-10, 1;‘)1"i.si.ug
a sequence of amino acids selected from among: /

a) a sequence of amino acids comprising a light chain comprising # e sequence of
amino acids set forth as residues 1-139 and a heavy chain comprising thg sequence of
amino acids set forth as residues 195-448 of any of SEQ 1D NOS: 137 157, 169, 205-208,
214-243 and 246-265); and

b) a catalytically active form of a) that includes the aming 1cid replacement(s)
and exhibits catalytic activity. 4

14, A modified Factor X (FX) polypeptide, comyftising at least two amino
acid replacement(s) in an unmodified FX polypeptide, whefein:

the unmodified FX polypeptide has the sequencgfof amino acids set forth in SEQ
1D NO: 134, or is the zymogen, active or catalyticallydctive form thereof, or has a
sequence of amino acids that has at least 0%, 85 P56%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 7%, 98%, 99% or ore sequence identity to SEQ 1D
NO:134 or the zymogen, active or catalyhcalictwe form thereof, respectively;

the modified X polypeptide compris:
{1) an amino acid replaceny dnt ata position cortesponding to poqition 196
in an unmodified FX polypeptide based #n mature numbering with reference to amino

acid positions set forth in SEQ 1D NOA 34, wherein the amino acid replacement is with a
neutral polai amino acid selected ﬁ fin Serine (S) or Threonine (T); and

Ai1) a further aming? dC‘,Ed replacement that confers one or more of increased
co-factor dependence, increasegfresistance (o inhibitors, alteted glycosylation, increased
half-life or increased catalytigf activity, wherein:

the further amino g#id replacement is not replacement with Isoleucine (I),
Alanine (A), Serine (S) of Threonine (T) at a pogition corresponding to position 195 with
reference to amino acx ¥positions set forth in SEQ 1D NO: 134, or the same replacement at
a corresponding amt 6 acid residue in the unmodified FX polypeptide; and

the active PX (FXa) form of the modified polypeptide exhibits increased co-factor
dependence conpy aLed to the FXa form of the FX polypeptide not containing the amino
acid leplaccm At: and

Lo;,. clor dependence is the ratio of catalytic activity of the modified FXa in the
presence'f Factor Va (I'Va) compared to in the absence of I'Va; and

15, The modified FX polypeptide of claim 14, wherein the modified FX
pol epude comprises an amino acid replacement with S at a pom;on corresponding to
p ‘}mon 196 based on matare numbering with reference to amino acid positions set forth

SEQ ID NO:134, or the same amino acid replacement at a corresponding amino acid
# residue in the unmodified I'X polypeptide.

16. The modified FX polypeptide of claim 14 or claim 15, wherein the active
FXa form of the modified polypeptide exhibits increased co-factor dependence and the
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active FX (FXa) form of the modified polypeptide exhibits at least 50-fold increased F 4
cofactor dependence compared to the FXa poiypeptxdc that is the same as the modlﬁ
FX polypeptide, but not containing the amino acid replacement(s). ‘

17. 'The modified FX polypeplide of any of claims 14-16, wherein thefactive
IFXa forn of the modified FX polypeptide exhibits increased resistance to an ighibitor and
the inhibitor is selected from among tissue factor pathway inhibitor (T [*PI) of s anti-
thrombin 111 (ATII).

18. The modified FX polypeptide of claim 17, wherein lhe} 1bitor is anti-
thrombin U1 (ATUIL. ”
19. 'The modified X polypeptide of any of claims 14- ].con’:prising only

two, three, four, [ive, six, seven, eight, nine, ten, eleven, twelve, #irteen, fourteen,
filteen, sixteen, seventeen, eighteen, nineteen, or twenty amm 01d Leplacemenl(q)
compared to the unmodified polypeptide of the same fonn

20 The modified FX polypepnde of any of claifps 24-32, comprising an
amino acid replacement(s) at an amino acid position coy qpondmg to a position selected
from among 211, 214, 216, 218, 219, 273, 2776, 300, 26, 332, 338, 420 and 424, based
ot mature nurnbering with reference to amino acid pbsitions set forth in SEQ 1D NO:134,
wherein corresponding amino acid positions are ig Entified by alignment of the
unmodified I'X polypeptide with the polypeptid ‘set forth in SEQ 1D NO:134.

21. The modified FX potypepude £f claim 33, comprising an amino acid
replacement(s) selected from among ¢ qmm gacid replacement(s) with:

S at a position corresponding to smon 211; D al a position corresponding 1o
position 214; A at a position correspog mg to position 214; S at a position corresponding
to position 214; R at a position corgs fponding to position 216; K at a position
corresponding to position 210; A A 2 position corresponding to position 216; S at a
position corresponding to p(mu f 2] 6; R at a position correspouding to position 218; K
at a position corresponding tofosition 218; A at a position corresponding to position 218;
I at a position correspondipg o position 219; A at a position corresponding to position
273; E at a position correy ondn}g to position 273; A at a position corresponding to
position 276; E at a posjd fon corresponding to position 276; E at a position corresponding
to position 306; S at afiosition corresponding to position 326; T at a position
corresponding to pofition 326; V at a position corresponding to position 326; Q at a
position cosrespoyfling to position 326; N at a position corresponding to position 326; M
at a position coyfesponding to position 326; K at a position corresponding to position 326;
Y at a positiogfcorresponding to position 326; E at a position corresponding to position
326; D at a gosition corresponding to position 326; A at a position corresponding to
position 382; D at a position cotresponding to position 332; E at a position corresponding
to posn 61 332; S at a position corresponding to position 332; G at a position
cotregonding to position 332; A at a position corresponding to position 338; S at a
po‘; fion corresponding to position 338; N at a position corresponding to position 338; R
aft “position corresponding (o position 338; V at a position corresponding to position 338;

“ata position corresponding to position 338; M at a position corresponding to position

;‘338, A at a position cotresponding to posilion 420; I at a position corresponding to

position 420; A at a position corresponding to position 424; and E at a position
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corresponding to position 424, with reference to amino acid positions set forth in SEQ IJ#
NO:134, or the same replacement(s) at a corresponding amino acid residue in the '
unmodified FX polypeptide.

22.  The modified FX polypeptide of any of claims 21-34, comprising g
amino acid replacement(s) selected from among amino acid replacement(s) wil  Sata
position corresponding to position 196, and A, E, D, G or § at a position cory gkponding to
position 332, based on mature numbering with reference to amino acid 90910119 set forth
in SEQ 1D NO:134 or the same amino acid replacement at a correspondipgf amino acid
residue in the unmodified FX polypeptide, or the same replacement(s) 3 "a corresponding
amino acid residue in the unmodiﬁcd FX polypeptide. ~

23. 'The modlﬁed X polypeptide of any of claims 1-22fcomprising amino
acid replacements with S at a position corresponding (o position, £06 and A at a position
cotresponding to position 332, based on mature numbering wigh reference to amino acid
positions set forth in SEQ 1D NO:134 or the same amino aciff replacement at a
corresponding amino acid residue in the unmodified FX pgfypeptide, or the same
replacement(s) at a corresponding amino acid residue inghe unmodified FX polypeptide.

24.  The modified FX polypeptide of any gf claims 14-23, comprising a further
amino acid replacement(s) that introduces a non-ngive glycosylation site.

25.  The modified FX polypeptide of of claims 14-24, wherein the
unmodified FX polypeptide is selected from aghong:

a) azymogen FX polypeptide comising a light chain comprising the sequence
of amino acids set forth as residues 1-1396f SIEQ 1D NO:134, and a heavy chain
comprising the sequence of amino acidgfsel forth as residues 143-448 of SEQ D NO:134,
or a sequence of amino acids that exl #its at least 75% sequence identity to the zymogen
FX polypeptide comprising a light ¢ 1ain comprising the sequence of amino acids set forth
as residues 1-139 of SEQ 1D NO'_,34 and a heavy chain comprising the sequence of
amino acids set forth as resicugy P143-448 of SEQ 1D NO:134;

b) an active FX (FX 24 polypepude comprising a light chain comprising the
sequence of amino acids st forth as residues 1-139 of SEQ 1D NO:134, and a heavy
chain comprising the segfience of arino acids set forth as residues 195-448 of SEQ ID
NO:134, or a sequencg of amino acids that exhibits at Jeast 75% sequence identity to the
FXa comprising a 1iZit chain comprising the sequence of amino acids set forth as residues
1-139 of SEQ 1D Y0:134, and a heavy chain comprising the sequence of amino acids set
forth as residueg/195-448 of SEQ 1D NO:134; and

c) a ’i"alytically active form of b).

Ihc modif" ed F X polypeptlde of 'my 0[ ciaxmg 1-25 ii at compmes the

4 ‘27. The modified FX polypeptide of any of claims 21-41, comprising a
se(_eu(,c of amino acids selected from among;
a) a sequence of amino acids set forth in any of SEQ 1D NOS: 137-157, 169, 205-
08 214-243 and 246-265, or a sequence of amino acids that exhibits at least 75%
7 sequetice identity to any of the sequence of amino acids set forth in any of SEQ 1D NOS:
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137-157, 169, 205-208, 214-243 and 246-265 and that contains the amino acid
replacement(s);

b) a sequence of amino acids comprising a light chain comprising the sequfnce of
amino acids set forth as residues 1-139 and a heavy chain comprising the sequenge of
amino acids set forth as residues 143-448 of any of SEQ 1D NOS: 137-157, 168, 205-208,
214-243 and 246-265, or a sequence of amino acids that exhibits at least 75% sequence
identity to any of the sequence of amino acids comprising a light chain cop pmmg the
sequence of amino acids set forth as residues 1-139 and a heavy chain cgfuprising the
sequence of amino acids set forth as residues 143-448 of any of SEQ I NOS: 137-157,
169, 205-208, 214-243 and 246-265 and that contains the amino acigfreplacement(s);

¢) a sequence of amino acids comprising a light chain corgrising the sequence of

amino acids set forth as residues 1-139 and a heavy chain compgfsing the sequence of
amino acids set forth as residues 195-448 of any of SEQ ID N@S: 137-157, 169, 205-208,

'214-243 and 246-265, or a sequence of amino acids that ex#bits at least 75% sequence

identity to any of the sequence of amino acids comprisingg light chain comprising the
sequence of amino acids set [orth as residues 1-139 and# heavy chain comprising the
sequence of amino acids set forth as residues 195- 44 Of any of SEQ 1D NOS: 137-157,
169, 205-208, 214-243 and 246-265 and that cont'u the amino acid replacement(s); and

d) a catalytically active form of ¢)’ that iy Audes the modification(s) and exhibits
catalytic activity. 4

28.  The modified FX polypepii any of claims 1-27, comprising an amino
acid lepldccmcnt selected from among L # 'a position corresponding to position 195 with
reference Lo amino acid positions set 10 fiin SEQ ID NO: 134, or the same replacement(s)
at a corresponding amino acid 1e<;ldu in the unmodified FX polypeptide.

29. The modified FX g lypepude of any of claims 1-28, wherein the
unimodified poiypepﬂde isa hui fn polypeptide,

'30.  The modified P poEypept;de of any of claims 1-2973, wherein the
unmodified polypeptide is g# non-human polypeptide.

31, The modjfled FX polypeptide of any of claims 14-30 that is a zymogen
polypeptide. V4

32. The odified FX polypeptide of any of claims 14-30 that is a two-chain
polypeplide. /

33. --ie modified FX polypeptide of any of claims 14-30 that is a single-chain
polypeptide. £

34/ The modified IX polypeplide of any of claims 21-74 that is active or
activate 4

/'35.  The modified FX polypeptide of claim 34, wherein activation is effected

byg 1oteolylm cleavage by TEF/FVia or FVIla/F1Xa tenase complexes or Russell’s Viper

Yenom FX Activator.

30. The modified FX polypeptide of any of ¢claims [-35, wherein only the
primary sequence is modified.
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37, The modified FX polypeptide of any of claims 1-36,comprising a chem'él
modification or a post-transiational modification. '

38.  The modified FX polypeptide of claim 37, wherein the modified Fy
polypeptide is glycosylated, carboxylated, hydroxylated, sulfated, phosphorylatgd, \
albuminated or conjugated to a polyethylene glycol (PEG) moiety.

39, The modified FX polypeptide of any of claims 1-38 that is a€himeric or
fusion protein. V4

40.  The modified FX polypeptide of claim 39, comprising i e sequence of
amino acid residues set forth in any of SEQ 1D NOs.:505-509. '

41, A nucleic acid molecule, comprising a sequence of fhucleotides encodin ga
modified FX polypeptide of any of claims 1-40. ~

42, A vector, comprising the nucleic acid mok,m of claim 41,

43, The vector of claim 42, wherein the vectogds a prokaryotic vector, viral
vector, or a eukaryotic vector, '

44, The vector of claim 42 or claim 43, re'm the vector is a mammalian
vector.

45, The vector of claim 43 or claim 44, wherein the viral vector is selected
from among an adenovirus, an adeno-associatgll-virus, a retrovirus, a herpes virus, a
lentivirus, a poxvirus, and a cytomegalovirug

46.  Anisolated cell, comprisi the vector of any of claims 42-45.
47.  The cell of claim 46, th#

is a eukaryotic cell.

48. . The cell of claim 47 *herein the eukaryotic cell is a mammalian cell.

49. The cell of claim wherein the mammalian cell is selected from among
baby hamster kidney cells (BIMK-21) or 293 cells or CHO cells.

50. A method o thHroducing a modified FX polypeptide of any of claims 1-40,
comprising culturing a cef of a cell of any of claims 46-49, under conditions whereby the
modified FX polypeptige is produced.

51.  The ngfthod of claim 50, further comprising isolating the modified FX
polypeptide. "

52. A pie rmaceutical composition, comprising a modified FX polypeptide of any
of claims 1-40¢ a nucleic acid molecule of claim 41 or a vector of any of claims 42-45 in a
pharmaceutjally acceptable vehicle.

5 Y The pharmaceutical composition of claim 52 that is formulated for focal,
systeny€ or topical administration.

" 54. The pharmaceutical composition of claim 52 or claim 53 that is formulated
fof'oral, nasal, pulmonary buccal, transdermal, subcutaneous, intraduodenal, enteral,

iren teral, intravenous, or intramuscular administration.

55. 'The pharmaceutical composition of any of claims 52-54 that is formulated
for controlled- release.
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56.  The pharmaceutical composition of any of claims 52-55 that is founu]ate’ﬁ/
for single-dosage administration. 7

57. A method of increasing the cofactor dependence of an active Factor'Xa
polypeptide, comprising introducing an amino acid replacement in a Factor X (F)x)
polypeptide at an amino acid position corresponding to position 196 in an unmodlﬁed X
polypeptide based on mature numbering with reference to amino acid positidns set forth
in SEQ ID NO:134, whereby the active FX (FXa) form of the modified polypeptlde

exhibits increased cofactor dependence. 5
rd

58, The method of claim 57, wherein the unmodified FX polypepude has the
sequence of amino acids set forth in SEQ ID NO:134, or is the zymogen, active or
catalytically active form thereof, or has a sequence of amino ac1ds that has at least 75%
sequence identity to SEQ ID NO:134 or the zymogen, actzve OF catalytlcaily active form

thereof, respectively.

59. The method of claim 57 or claim 58, wheLem the amino replacement is
lep}acement to a neutral polar amino acid selected fmimamono asparagine (N), glutamine
(Q), serine (), threonine (T), tryptophan (W), cysteme {C) and tyrosine (Y).

60. A method of generating a modlﬁeqﬁacuve Factor X (FXa) polypeptide,
comprising: vj

a) providing a composition c,ompmlgv amodified FX zymogen of claim 31; and

b) removing the activation peptidgs flom the polypeptide by activation cleavage
of the zymogen, thereby generating a moﬂiﬁed FXa polypeptide.

61. A method of gener di],t},g a modified active Factor X (FXa) polypeptide,
comprising:

a) providing a composit;:ﬁh comprising a modified FX zymogen selected from
among a zymogen complising 4

a light chain, havme the sequence of amino acids 1-139 set forth in SEQ ID
NQO:134, ora sequence of Amino acids that exhibits at least 75% sequence identity to the
sequence of amino acids’ 1-139 of any of SEQ ID NOS:134 and that contains the amino
acid replacement(s) g@lected from S and T at position 196; and

a heavy chain having the sequence of amino acids 143-448 of any of SEQ
ID NOS:136-265; or a sequence of amino acids that exhibits at least 75% sequence
identity to the, s’equence of amino acids 143-448 of any of SEQ ID NOS:136-265 and that
contains 5?1{; o acid replacement(s) compared to an unmodified FX polypeptide; and

b)” removing the activation peptide from the polypeptide by activation cleavage
of the Zymogen, thereby generating a modified FXa polypeptide,

62. The method of claim 60 or claim 61, wherein activation cleavage is
effécted in vivo or in vitro.

A 63.  The method of any of claims 60-62, wherein activation cleavage is

 effected by an activator selected from among TF/FVIIa or FVIIIa/FIXa tenase complexes
40°

or Russell’s Viper Venom FX Activator,
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64, The method of any of claims 60-631, further comprising removing {he /¢
activator frorm the composition. »

65, The method of any of claims 60-04, further comprising 1emovmg1
activation peptide from the composition.

66.  The method of any of claims 60-65, wherein the FX zymogengds produced
by expression of a nucleic acid encoding a polypeptide set forth in any of $£Q ID NOS:
4-133 or 136-265 and 417-540, or a nucleic acid encoding a polypeptide Maving a
sequence of amino acids that has at least 75% sequence identity to anyg ¢l SEQ 1D NOS:
4-133 or 136-265 and 417-546 and that contains an amino acid 1epla Ement(s) compared
to an unmodified FX polypeptide.

67. A method of treating a disease or condition that ig 1eating a bleeding
disorder, comprising administering to a subject a modified FXgolypeptide of any of
claims [-40 or a pharmaceutical composition of any of clm (52-56.

68.  The method of claim 67, wherein the bleed fng disorder is a congenital
bieeding disorder or an acquired bleeding disorder.

69.  The method of claim 67 or claim 68, #herein the bleeding disorder is
selected from amoug a disorder due to a deficiency of a coagulation factor, a disorder due
to the presence of acquired inhibitors to a coagul flion factor, a hematologic disorder, a
hemorrhagic disorder, Von Willebrands’ dme< e, a disorder that results from
anticoagulant therapy with a vitamin-K antag fonist, hereditary piaieiet disorders, vitamin
K epoxide reductase C1 deficiency, gammg f-carboxylase deficiency, bleeding associated
with trauma, injury, thrombosis, {lnombcytopenm stoke, coagulopathy, disseminated
intravascular coagulation (DIC), Bem td Soulier syndrome, Glanzman thromblastemia
and storage pool deficiency.

70.  ‘The method of any fof claims 67-69, wherein bleeding disorder is due to a
deficiency of a coagulation ia(, fr or due to the presence of acquired inhibitors to a
coagulation factor, whetem e co*wuiauon factor is selected from among factor VI,
factor IX, factor X, factor 3, factor V, {actor X1I, factor I and von Willebrand {aclor.

71, The metl 4 of any of claims 67-70, wherein the bleeding disorder is due
to a deficiency of a coggulation factor and the coagulation factor is selected from among
factor V1, factor VI, factor IX, factor X1,

72. ineth()d of any of claims 67-71, wherein the bleeding disorder is
selected from gfiong hemophilia A, hemophilia B or hemophilia C.

73. / The method of any of claims 67-70, wherein the bleeding disorder is due
fo a deficig fic y of a coagulation factor, wherein the disorder is a familial multiple
coagulagon factor deficiency (FMED).

/#74.  The method of any of claims 67-70, wherein the bleeding disorder is due
to e presence of acquired inhibitors to a coagulation factor, wherein the coagulation
{at Ctor is selected from among factor V1I, factor VIII, factor IX, factor X, factor XT, and

Hactor XI1.

75, The method of claim 74, wherein the acquired inhibitors are
autoantibodies,
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76.  The method of claim 74 or claim 122, wherein the bleeding disorder is ,
acquired hemophilia,

17, The method of any of claims 67-69, wherein the bleeding disordergds a
hereditary platelet disorder selected from among Chediak-Higashi syndrome, Hgrmansky-
Pudlak syndromes, thromboxane A2 dysfunction, Glanzmann’s thrombastheng 4, and
Bernard-Soulier syndrome. 4

78. The method of claim 67 or claim 68, wherein the disordegresults form
anticoagulant therapy with a vitamin-K antagonist, wherein the vitamigfK antagonist is
selected from among heparin, pentasaccharide, warfarin, small mole ile antithrombotics
and FXa inhibitors.

79, The method of any of claims 67-09, wherein the g fisorder is selected from
among thrombosis, thrombocytopenia, stroke and wagulapaﬂ il

80.  The method of any of claims 67-69, whe;m fhe disorder results ﬁom a
trauma, surgery ot wound,

81.  The method of claim 80, wherein the bj# edm g is manifested as acule
haemarthroses, chronic haemophilic arthropathy, hagfnatomas, haematuria, central
nervous system bleedings, gastrointestinal bleediggs, or cerebral haemorrhage.

82.  The method of claim 80, whereigthe bleedin g is due to dental extraction,

83.  The method of claim 80, whe fein the surgery is heart surgery, angioplasty,
lung surgery, abdominal surgery, spinal syfgery, brain surgery, vascular surgery, dental
surgery, or organ {ransplant surgery. /

84.  The method of claim §#, wherein the transplant surgery is selected from
among transplantation of bone maig Hw, heart, lung, pancreas, and liver,

85. A hodified FX poly pude of any of claims 1-40 for use in treating a
bleeding disorder.

86.  Use of a mog ied FX polypeptide of any of claims 1-40 in the preparation
of a medicament for treatgfient of a bleeding disorder.

87. The moﬁcd FEX polypeptide of claim 85 or use of claim 86, wherein the
modified FX polypepfide is a zymogen, FXa or catalytically active form thereof that
contains the aminggacid replacement(s).

88. modified FX polypeptide or use of any of claims 85-87, wherein the
bleeding diso ‘él‘ is a congenital bleeding disorder or an acquired bleeding disorder.

89.# The modified FX polypeptide or use of any of claims 85-87, wherein the
bleeding Aisorder is selected from among a disorder due to a deficiency of a coagulation
factor, A disorder due to the presence of acquired inhibitors to a coagulation factor, a
hem l_ologlc disorder, a hemorrhagic disorder, Von Willebrands’ disease, a disorder that
reghits from anticoagulant therapy with a vitamin-K antagonist, hereditary platelet
Msorders, vitamin K epoxide reductase C1 deficiency, gamma-carboxylase deficiency,

fbleeding associated with trauma, injury, thrombosis, thrombocytopenia, stoke,

coagulopathy, disseminated intravascular coagulation (DIC), Bernard Soulier syndrome,
Glanzman thromblastemia and storage pool deficiency.
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90.  The modified FX polypeptide or use of claim 89, wherein bieeding /
disorder is due to a deficiency of a coagulauon factor or due to the presence of agquired
inhibitors to a coagulation factor, wherein the coagulation factor is selected frgﬁl among
factor VI, factor IX, factor X, factor X1, factor V, factor XII, factor Il and v, /o’n
Willebrand factor.

91.  The modified FX polypeptide or use of claim 90, wher em the bleeding
disorder is due to a deficiency of a coagulation factor and the coagulaﬂon factor is
selected from among factor VII, factor VIII, factor IX, factor X1, /f

f

92.  The modified FX polypeptide or use of any of clalm 85-91, wherein the
bleeding disorder is selected from among hemophilia A, hemophlha B or hemophilia C,

93.  The modified FX polypeptide or use of anyféf claims 85-89, wherein the
bleeding disorder is due to a deficiency of a coagulation factor, wherein the disorder is a
familial multiple coagulation factor deficiency (FMFD).

g

94,  The modified FX polypeptide or usg/éf any of claims 85-89, wherein the
bleeding disorder is due to the presence of acquired inhibitors to a coagulation factor,
wherein the coagulation factor is selected from,.a"'mong factor VI, factor V111, factor IX,
factor X, factor X1, and factor XIL p,/

y
95.  The modified FX polypeptide or use of claim 94, wherein the acquired
inhibitors are autoantibodies.

96.  The modified FX poly pept;lde or use of claim 84 or claim 95, wherein the
bleeding disorder is acquired hemop’l/uha

97.  The modified FX- '7(‘1 ypeptide or use of any of claims 85-89, wherein the
bleeding disorder is a herecht'uy piatelet disorder selected from among Chediak-Higashi
syndrome, Hermansky- Pudlak syndromes, thromboxane A2 dysfunction, Glanzmann’s
thrombasthenia, and Bemzﬂd Soulier syndrome,

98. The modtfwd FX polypeptide or use of any of claims 85-89, wherein the
disorder results from antrcoagu}am therapy with a vitamin-K antagonist, wherein the
vitamin-K antagomst is selected from among heparin, pentasaccharide, warfarin, small
molecule antithrembotics and FXa inhibitors,

99. /The modified FX polypeptide or use of any of claims 85-89, wherein the
disorder i is qelected from among thrombosis, thrombocytopenia, stroke and coagulapathy.

12 OO The modified FX polypeptide or use of any of claims 85-89, wherein the
disorc}ez results from a trauma, surgery or wound.,

/101, The modified FX polypeptide or use of claim 151, wherein the bleeding is
mamfested as acute haemarthroses, chronic haemophilic arthropathy, haematomas,
fhaematuua central nervous system bleedings, gastrointestinal bleedings, or cerebral

/" haemorrhage.

102, The modified FX polypeptide or use of claim 100, wherein the bleeding is

due to dental extraction.
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103, The modified FX polypeptide or use of claim 100, wherein the surgery 4
lieart surgery, angioplasty, lung surgery, abdominal surgery, spinal surgery, brain sugfery,
vascular surgery, dental surgery, or organ transplant surgery.

104. The modified FX polypeplide or use of claim 103, wherein the (g 1splant

surgery is selected from among transplantation of bone marrow, heart, lung, pfacreas, and
liver. ‘




246

CLAIMS:

1. An isolated modified Factor X (FX) polypeptide, comprising an amino acid
replacement at a position corresponding to position 196 in an unmodified FX polypeptide based on
mature numbering with reference to amino acid positions set forth in SEQ ID NO:134, wherein:

corresponding amino acid positions are identified by alignment of the unmodified FX
polypeptide with the polypeptide whose set forth in SEQ ID NO:134;

the replacement is with a neutral polar amino acid residue that is serine (S) or threonine (T);

the unmodified FX polypeptide has the sequence of amino acids set forth in SEQ 1D NO:134,
or is the zymogen, active or catalytically active form thereof, or has a sequence of amino acids that
has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
more sequence identity to SEQ 1D NO:134 or the zymogen, active or catalytically active form
thereof, respectively;

the active FX (FXa) form of the modified polypeptide exhibits increased co-factor
dependence compared to the FXa form of the FX polypeptide not containing the amino acid
replacement: and

co-factor dependence is the ratio of catalytic activity of the modified FXa in the presence of
Factor Va (FVa) compared to in the absence of FVa.

2. The isolated modified FX polypeptide of claim 1 that is a FXa polypeptide, the
unmodified FXa comprises a sequence of amino acids that exhibits at least 85% sequence identity to
the FXa comprising a light chain comprising the sequence of amino acids set forth as residues 1-139
of SEQ 1D NO:134, and a heavy chain comprising the sequence of amino acids set forth as residues
195-448 of SEQ ID NO:134, or a catalytically active form thereof.

3. The isolated FX polypeptide of claim | or claim 2, wherein the modified FX
polypeptide comprises an amino acid replacement with S at a position corresponding to position 196
with reference to amino acid position set forth in SEQ ID NO:134, or the same replacement at a
corresponding amino acid residue in the unmodified FX polypeptide that does not comprise S at the
position corresponding to 196.

4, The isolated modified FX polypeptide of any of claims 1-3, comprising a further

amino acid replacement(s) in the light chain or in the protease domain of the heavy chain, wherein:



247

the further amino acid replacement(s) confers altered glycosylation, increased resistance to
an inhibitor, increased co-factor dependence, increased half-life and/or increased catalytic activity;
and

is at a position corresponding to a position selected from among 211, 214, 216, 218, 219, 273,
276, 306,326, 332, 338, 420 and 424, based on mature numbering with reference to amino acid
positions set forth in SEQ ID NO:134.

5. The isolated FX polypeptide of claim 4 , wherein:
the replacement confers increased resistance to an inhibitor; and

the inhibitor is a tissue factor pathway inhibitor (TFPI) or is anti-thrombin I1I (ATIH).

6. The isolated modified FX polypeptide of claim 5, wherein the inhibitor is anti-
thrombin 11 (ATILL).
7. The isolated modified FX polypeptide of any of claims 1-5, comprising only one, two,

three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifleen, sixteen,
seventeen, eighteen, nineteen, or twenty amino acid replacement(s) compared to the unmodified FXa
polypeptide of the same form.

8. The isolated modified FX polypeptide of any of claims 1-6, comprising a further
amino acid replacement selected from among amino acid replacement with:
S at a position corresponding to position 211; D at a position corresponding to position 214; A at a
position corresponding to position 214; S at a position corresponding to position 214; R at a position
corresponding to position 216; K at a position corresponding to position 2106; A at a position
corresponding to position 216; S at a position corresponding to position 216; R at a position
corresponding to position 218; K at a position corresponding to position 218; A at a position
corresponding to position 218; H at a position corresponding to position 219; A at a position
corresponding to position 273; E at a position corresponding to position 273; A at a position
corresponding to position 276; E at a position corresponding to position 276, E at a position
corresponding to position 306; S at a position corresponding to position 326; T at a position
corresponding to position 326; V at a position corresponding to position 326; Q at a position
corresponding to position 326; N at a position corresponding to position 326; M at a position
corresponding to position 326; K at a pésition corresponding to position 326; Y at a position
corresponding to position 326; E at a position corresponding to position 326; D at a position
corresponding to position 326; A at a position corresponding to position 332; D at a position
corresponding to position 332; E at a position corresponding to position 332; S at a position

corresponding to position 332; G at a position corresponding to position 332; A at a position
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corresponding to position 338; S at a position corresponding to position 338; N at a position
corresponding to position 338; R at a position corresponding to position 338; V at a position
corresponding to position 338; Y at a position corresponding to position 338; M at a position
corresponding to position 338; A at a position corresponding to position 420; E at a position
corresponding to position 420; A at a position corresponding to position 424; and E at a position
corresponding to position 424, with reference to amino acid positions set forth in SEQ 1D NO:134, or
the same replacement(s) at a corresponding amino acid residue in the unmodified FX polypeptide.

9. The isolated modified FX polypeptide of any of claims 1-8, comprising an amino acid
replacement with S or T at a position corresponding to position 196, and an amino acid replacement
selected from among amino acid replacement with A, D, E, S or G at a position corresponding to 332
in the unmodified FX polypeptide.

10.  The isolated modified FX polypeptide of any of claims 1-9, comprising amino acid
replacements with S at a position corresponding to position 196 and A at a position corresponding to
position 332, based on mature numbering with reference to amino acid positions set forth in SEQ 1D
NO:134 or the saime amino acid replacement at a corresponding amino acid residue in the unmodified
FXa polypeptide.

I1.  Themodified FX of any of claims 1-10, comprising the amino acid replacements
corresponding to 196S and 332A, wherein the modified FX is a factor FXa.

12, Theisolated modified FX polypeptide of any of claims !-11, comprising a further
amino acid replacement(s) that introduce a non-native glycosylation site.

13.  The isolated modified FX polypeptide of any of claims 1-11, wherein the unmodified
FX polypeptide is selected from among:

a) an active FX (FXa) polypeptide comprising a light chain comprising the sequence of
amino acids set forth as residues 1-139 of SEQ ID NO:134, and a heavy chain comprising the

sequence of amino acids set forth as residues 195-448 of SEQ 1D NO:134; or
b) a catalytically active form of a).

14,  The isolated modified FX polypeptide of any of claims 1-12; wherein the unmodified
polypeptide contains a heavy and light chain and consists of the sequence of amino acids set forth as
residues 1-139 of SEQ ID NO:134, and the sequence of amino acids set forth as residues 195-448 of
SEQ ID NO:134.

15.  The isolated modified FX polypeptide of any of claims 1-12, comprising a sequence

of amino acids selected from among;:
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a) a sequence of amino acids comprising a light chain comprising the sequence of amino
acids set forth as residues 1-139 and a heavy chain comprising the sequence of amino acids set forth
as residues 195-448 of any of SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265); and

b) a catalytically active form of a) that includes the amino acid replacement(s) and
exhibits catalytic activity.

16. A modified active Factor X (FXa) polypeptide, comprising an amino acid
replacement at a position 196 and at position 332 in an unmodified FXa polypeptide based on
mature numbering with reference to amino acid positions set forth in SEQ ID NO:134, wherein:

the replacement at position 196 is serine (S), and the replacement at 332 alanine (A), aspartic
acid (D), glutamic acid (E), serine (S) or glycine (G);

the modified FXa polypeptide contains only up to seven amino acid replacements;

the unmodified FXa comprises a light chain consisting of the sequence of amino acids set

forth as residues 1-139 of SEQ ID NO:134, and a heavy chain consisting of the sequence of amino
acids set forth as residues 195-448 of SEQ 1D NO:134;

the modified FXa exhibits at least 50-fold increased FVa cofactor dependence compared to
the unmodified FXa polypeptide not containing the amino acid replacements; and

co-factor dependence is the ratio of catalytic activity of the modified FXa in the preéence of

Factor Va (FVa) compared to in the absence of FVa.

17.  The modified FXa polypeptide of claim 16, wherein the replacement at position 332 is

18.  The modified FX polypeptide of any of claims [-15, wherein the unmodified FX
polypeptide is selected from among:

a) a zymogen FX polypeptide comprising a light chain comprising the sequence of
amino acids set forth as residues 1-139 of SEQ ID NO:134, and a heavy chain comprising the
sequence of amino acids set forth as residues 143-448 of SEQ ID NO:134, or a sequence of amino
acids that exhibits at least 85% sequence identity to the zymogen FX polypeptide comprising a light
chain comprising the sequence of amino acids set forth as residues 1-139 of SEQ ID NO:134, and a
heavy chain comprising the sequence of amino acids set forth as residues 143-448 of SEQ ID
NO:134;

b) an active FX (FXa) polypeptide comprising a light chain comprising the sequence of

amino acids set forth as residues 1-139 of SEQ ID NO:134, and a heavy chain comprising the
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sequence of amino acids set forth as residues 195-448 of SEQ 1D NO:134, or a sequence of amino
acids that exhibits at least 75% sequeﬂce identity to the FXa comprising a light chain comprising the
sequence of amino acids set forth as residues 1-139 of SEQ ID NO:134, and a heavy chain
comprising the sequence of amino acids set forth as residues 195-448 of SEQ ID NO:134; and

c) a catalytically active form of b).

19. The modified FX polypeptide of any of claims 1-16 that comprises the sequence of
amino acids of the polypeptide of any of SEQ ID NOs: 92-96 and 224-228.

20. The modified FX polypeptide of any of claims 1-16, comprising a sequence of amino
acids selected from among:

a) a sequence of amino acids set forth in any of SEQ ID NOS: 137-157, 169, 205-208,
214-243 and 246-265, or a sequence of amino acids that exhibits at [east 75% sequence identity to
any of the sequence of amino acids set forth in any of SEQ 1D NOS: 137-157, 169, 205-208, 214-243
and 246-265 and that contains the amino acid replacement(s);

b) a sequence of amino acids comprising a light chain comprising the sequence of amino
acids set forth as residues 1-139 and a heavy chain comprising the sequence of amino acids set forth
as residues 143-448 of any of SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265, or a
sequence of amino acids that exhibits at least 75% sequence identity to any of the sequence of amino
acids comprising a light chain comprising the sequence of amino acids set forth as residues 1-139
and a heavy chain comprising the sequence of amino acids set forth as residues 143-448 of any of
SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265 and that contains the amino acid
replacement(s);

¢) a sequence of amino acids comprising a light chain comprising the sequence of amino
acids set forth as residues 1-139 and a heavy chain comprising the sequence of amino acids set forth
as residues 195-448 of any of SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265, or a
sequence of amino acids that exhibits at least 75% sequence identity to any of the sequence of amino
acids comprising a light chain comprising the sequence of amino acids set forth as residues 1-139
and a heavy chain comprising the sequence of amino acids set forth as residues 195-448 of any of
SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265 and that contains the amino acid
replacement(s); and

d) a catalytically active form of ¢) that includes the modification(s) and exhibits catalytic
activity,

21.  The modified FX polypeptide of any of claims 1-20 comprising an amino acid

replacement corresponding to 1951 with reference to amino acid positions set forth in SEQ ID
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NO:134, or the same replacement(s) at a corresponding amino acid residue in the unmodified FX
polypeptide.

22.  The modified FX polypeptide of any of claims 1-21, wherein the unmodified
polypeptide is a human polypeptide.

23.  The modified FX polypeptide of any of claims 1-22 that is selected from among a
single chain zymogen polypeptide, a two-chain polypeptide and a single-chain polypeptide.

24.  Themodified FX polypeptide of any of claims 1-23 that is a FXa activated
polypeptide.

25.  The modified FX polypeptide of any of claims 1-24, wherein only the primary
sequence is modified.

26.  The modified FX polypeptide of any of claims 1-25 , wherein the modified FX
polypeptide is glycosylated, carboxylated, hydroxylated, sulfated, phosphorylated, albuminated or
conjugated to a polyethylene glycol (PEG) moiety.

27. The modified FX polypeptide of any claims 1-26 that is a chimeric or fusion protein.

28. The modified FX polypeptide of claim 27, comprising sequence of acid residues set

forth in any of SEQ ID NOs.:505-509.

29. A nucleic acid molecule, comprising a sequence of nucleotides encoding a modified

FX polypeptide of any of claims 1-20.

30. A vector, comprising the nucleic acid molecule of claim 26.
31. The vector of claim 30, wherein the vector is a prokaryotic vector, viral vector, or a

eukaryotic vector.

32.  The vector of claim 30 that is a viral vector s selected from among an adenovirus, an

adeno-associated-virus, a retrovirus, a herpes virus, a lentivirus, a poxvirus, and a cytomegalovirus

vector.
33.  Anisolated cell or cell culture, comprising the vector of any of claims 30-32.
34.  The cell or cell culture of claim 33, that is a eukaryotic cell or comprises eukaryotic
cells..
35.  The cell or cell culture of clziim 34, wherein the eukaryotic cell is a mammalian cell.
36. The cell or cell culture of claim 35, wherein the mammalian cell is selected from

among baby hamster kidney cells (BHK-21) or 293 cells or CHO cells.

37. A method of producing a modified FX polypeptide of any of claims 1-25, comprising

culturing a cell of a cell of any of claims 30-33, under conditions whereby the modified FX
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polypeptide is produced.

38. The method of claim 37, further comprising isolating the modified FX polypeptide.

39. A pharmaceutical composition, comprising a modified FX polypeptide of any of
claims 1-28, a nucleic acid molecule of claim 29 or a vector of any of claims 30-32 in a
pharmaceutically acceptable vehicle.

40. A method of generating a modified active Factor X (FXa) polypeptide, comprising:

a) providing a modified FX polypeptide of claim 23, wherein the modified FX
polypeptide is a single chain zymogen;

b) removing the activation peptide from the polypeptide by activation cleavage of the
zymogen, thereby generating a modified FXa polypeptide;

or, comprising:

a) providing a composition comprising a modified FX zymogen selected from
among a zymogen comprising:

a light chain having the sequence of amino acids 1-139 set forth in SEQ ID NO:134,
or a sequence of amino acids that exhibits at least 85% sequence identity to the sequence of amine
acids 1-139 of any of SEQ ID NOS:134 and that contains the amino acid replacement(s) selected
from S and T at position 196; and

a heavy chain having the sequence of amino acids 143-448 of any of SEQ 1D
NOS:136-265, or a sequence of amino acids that exhibits at least 85% sequence identity to the
sequence of amino acids 143-448 of any of SEQ ID NOS:136-265 and that contains amino acid
replacement(s) compared to an unmodified FX polypeptide; and

b) removing the activation peptide from the polypeptide by activation cleavage
of the zymogen, thereby generating a modified FXa polypeptide.

41.  The method of claim 40, wherein activation cleavage is effected in vivo or in vitro.

42.  The method of claim 40 or claim 41, further comprising removing the activation
peptide from the composition.

43, The method of any of claims 40-42, wherein the FX polypeptide comprises the an
amino acid replacement corresponding to 196S.

44.  The method of any of claims 40-43, wherein the FX zymogen is produced by
expression of a nucleic acid encoding a polypeptide set forth in any of SEQ 1D NOS: 4-133 or 136-

265 and 417-546, or a nucleic acid encoding a polypeptide having a sequence of amino acids that has
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at least 95% sequence identity to any of SEQ 1D NOS: 4-133 or 136-265 and 417-546 and that

contains an amino acid replacement(s) compared to an unmodified FX polypeptide.

45. A composition, comprising a modified FX polypeptide of any of claims 1-28 for use
for treating a bleeding disorder, wherein:

the modified FX polypeptide is a zymogen, FXa or catalytically active form thereof that
contains the amino acid replacement(s); and

the bleeding disorder is selected from among a disorder due to a deficiency of a coagulation
factor, a disorder due to the presence of acquired inhibitors to a coagulation factor, a hematologic
disorder, a hemorrhagic disorder, Von Willebrands’ disease, a disorder that results from
anticoagulant therapy with a vitamin-K antagonist, hereditary platelet disorders, vitamin K epoxide
reductase C| deficiency, gamma-carboxylase deficiency, bleeding associated with trauma, injury,
thrombosis, thrombocytopenia, stoke, coagulopathy, disseminated intravascular coagulation (DIC),

Bernard Soulier syndrome, Glanzman thromblastemia and storage pool deficiency.

46.  Use of a modified FX polypeptide of any of claims 1-28 in the preparation of a

medicament for treatment of a bleeding disorder, wherein:

the modified FX polypeptide is a zymogen, FXa or catalytically active form thereof that

contains the amino acid replacement(s); and

the bleeding disorder is selected from among a disorder due to a deficiency of a coagulation
factor, a disorder due to the presence of acquired inhibitors to a coagulation factor, a hematologic
disorder, a hemorrhagic disorder, Von Willebrands’ disease, a disorder that results from
anticoagulant therapy with a vitamin-K antagonist, hereditary platelet disorders, vitamin K epoxide
reductase C1 deficiency, gamma-carboxylase deficiency, bleeding associated with trauma, injury,
thrombosis, thrombocytopenia, stoke, coagulopathy, disseminated intravascular coagulation (DIC),

Bernard Soulier syndrome, Glanzman thromblastemia and storage pool deficiency.

47.  Themodified FX polypeptide of claim 45, wherein the bleeding disorder is a

hemophilia.

48.  The use of claim 46, wherein the bleeding disorder is a hemophilia.



