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CHIMERIC CLOTTING FACTORS

RELATED APPLICATIONS

19001} This patont application claims the benctit of 1S, Provisional
Patent Application Serial No. 61/363,183 filed July 9, 2010; U.S. Provisional Patent
Application No. 61/363,186 filed July 9, 2014; U.S. Provisional Patent Application
No. 61/442,029 filed February 11, 2011, U.S. Provisional Patent Application No.
61/442,150 filed February 11, 2011 UK, Provisional Patent Application No.
61/442,055 filed February 11, 2011; U.S. Provisional Patent Application No.
61/467 886 filed March 25, 2011; and U.S. Provisional Patent Appilication No,
61/401,762 filed May 31, 2011, The entire contents of the above-referenced

provisional patent applications arc incorporated hercin by reference.

BACKGROUND OF THE INVENTION

{06821 Initiation of the extrinsic clotting pathway is mediated by the formation of a
complex between tissue factor, which 15 exposed as a result of njury to a vessel wall,
and Factor Via. This complex then converts Factors IX and X to their active forms.
Factor Xa converts Himtted amounis of prothrombin to thrombin on the tissue factor-
bearing cell. This resulting thrombin is then able to diffuse away from the tissuc-
factor bearing cell and activate platelets, and Factors V and VI, making Factors Va
and Villa. During the propagation phase of coagulation, Factor Xa is generated by
Factor IXa (in complex with factor Vilia) on the surface of activated platelets. Factor
Xa, in comnplex with the cofactor Factor Va, activates prothrombin into thrombin,
generating a thrombin burst. The cascade culnumates in the conversion of fibrinogen
to fibrin by thrombin, which results in the formation of g fibrin clot. Factor VU and
tissue factor are key players in the initiation of bloed coagulation.

{08337 Factor VI is a plasma glycoprotem that circulates in bloeod as a single-chain
zymogen, The zymogen is catalytically inactive. Although single-chain Factor V1
may be converted to two-chain Factor Vila by g variety of factors in vitro, Factor Xa

is an important physiological activator of Factor VI The conversion of zymogen
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Factor VU into the activated two-chain molecule oceurs by cleavage of the peptide

bond linking the Argimine residuc at amino acid position 152 and the [le residue at
amino acid position 1583, In the presence of tissue factor, phospholipids and calcium
ions, the two-chain Factor Vila activates Factor X or Facior IX. Factor Via is thought
to be the physiclogic initiator of the clotting cascade by acting at the surface of a TF-
bearing cell, typically a damaged endothelial cell, and generating the nifial amount of
throrabin that then diffuses to platelets to activate them and prime them for the
propagation phase of thrombin gencration. Therapeutically, recombinant FVila acts
by activating Factor X on the surface of activated platelets, bypassing the need for
FIXa or FVIla to generate a thrombin burst during the propagation phase of
coagulation. Since FVHa has relatively low atfinity for platelets, recombinant FVia
is dosed at supra-physiological levels. This process is thought be tissue factor-
ndependent

{0004] Human factor [X circulates as a single-chain glycoprotein (mol wit 57,000). It
is present in plasma as a zymogen and is converted {o a serine protease, Factor

IXaf (more commonty referred to as FIXa), by Factor Xla {(activated plasma
thromboplastin antecedent) in the presence of caleifum ions. In the activation reaction,
two internal peptide bonds are hvdrolyzed in Factor IX. These cleavages occur ata
specific arginyi-alanine peptide bond and a specific argimyi-valine peptide bond. This
results 1n the release of an activation peptide (mol wt approximately equal to 11,000)
from the internal region of the precursor moelecule and the generation of Factor IXap
{mol wt approximately equal to 46,000). Factor TXaB is composed of a Hght chamn
{mol wt approximately equal to 18,000} and a heavy chain (mol wt approximately
equal to 28,000), and these chains are held together by a disulfide bound.

{0603} Factor X is also synthesized as a single-chain polypeptide containing the light
and heavy chains connected by an Arg-Lys-Arg tripeptide. The single-chain molecule
18 then converted to the hght and heavy chains by cleavage of two (or more) inlernal
peptide bonds. Tn plasma, these two chains are linked together by a disulfide bond,
forming Factor X. Activated Factor X, Factor Xa, participaics in the final common
pathway whereby prothrombin is converted to thrombin, which in tarn converts
fibrinogen to fibrin,

{6006 Clotting tactors have been administered to patients to improve hemostasis for

some time. The advent of recombinant DNA technology has significanily improve
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treatment for patients with clotting disorders, allowing for the development of safe
and consistont protein thorapeutics. For example, recombinant activated factor VI
has become widely used for the treatment of major bleeding, such as that which
occurs in patients having haemophilia A or B, deficiency of coagulation Factors X1 or
V1, defective platelet function, thrombocytopenia, or von Willebrand's disease.
Recombinant factor IX is therapeutically useful as well.

{0071 Although such recombinant molecules arc cffective, there 1s a need for
improved versions which localize the therapeutic to sites of coagulation, have
improved pharmacokinetic propertics, have reduced clearance rates, have improved
manufacturability, have reduced thrombogenicity, or have enhanced activity, or more

than one of these characteristics.

SUMMARY OF THE INVENTION

{0008} The instant invention relates to chimeric clotting factors which have enhanced
activity. The present invention featurces infer ¢lia methods for making chimeric
clotting factors, the chimeric clotting factors raade using these raethods, and methods
for improving hemostasis using these clotting factors. The chimeric cloiting factors
of the invention possess enhanced pharmacokinetic properties, have reduced clearance
rates, have improved manufacturabibity, have reduced thrombogenieity, have
enhanced activity, or more than one of these characteristics. In one embodiment,
improved clotiing factors of the invention have mcreased activity where needed, e.g.,
by targeting the clotting factor to platelets or by being present in a subject in an
activatable form (a non-naturally occurring activatable form) that is activated at the
site of clot formation.

{0009} In one aspect, the invention pertains to a chimeric clotiing factor which
comprises a clotting tactor selected from the group consisting of FVI, FiX and FX
and a targeting moiety which binds to platelets and optionally 4 spacer moiety
between the clotting factor and the targeting maoiety.

{6618] In one embodiment, the clotting factor comprises a structure represented by
the formula A B C, wherein A is the clotting factor; wherein B is a spacer moiety; and

wherein C is at least one targeting moiety which binds to plateiets.

(S8
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{6811} In one embodiment, the clotting factor comprises a structure from amino
fermunas to carboxy termimis represenicd by a foromila selected from the group
consisting oL ABC, CBA

{6012 In onc embodiment, the clotting factor exhibits increased generation of
thrombin in the presence of platelets as compared to an appropriate control lacking
the at least one targeting moiety.

{013} In one cmbodiruent, the clotting factor compriscs a scaffold moicty and,
optionally, a sccond spacer moicty.

{3014} In one embodiment, the clotting factor further comprises D and E, whercin D
is a spacet motety; and E 15 a scaffold moiety and wherein the chimeric clotting factor
comprises g structure from amino terminus to carboxy torminus represenied by a
formula selecied from the group consisiing ol ABRCDEADEBC EDABCC
BADEEDCBA andCBEDA,

{0815} In one erubodiruent, E is o dimeric Fe region comprising a first Fe moiety, Fl
and a secomd Fc moiety, F2.

{3016} In onc cmbodiment, the clotting factor is expressed as a polypeptide
comprising a cleavable scFe (cscFe) linker interposed between two Fo moigties,
wherein the cscFc linker is adjacent to at least one enzymatic cleavage site which
resuits in cleavage of the escFe polypeptide linker,

{817 In one embodiment, the cscFe linker 18 adjacent to at least one cuzymatic
cleavage site which results in cleavage of the csc¥Fce Hinker,

{0018} In one embodiment, the chimeric clotting factor of claim 9, wherein the at
least one enzymatic cleavage site is an intracellular processing site.

{3019} In one embodiment, wherein the polypeptide linker is flanked by two
enzymatic cleavage sites which are recognized by the same or by different eneymes,
{0620} In one embaodiment, the polypeptide linker has a length of about 10 1o about
50 amimo acids.

{0021} In one embodiment, the polypeptide Hinker has 4 length of about 20 to about
30 amino acids.

{6622] 1n one embodiment, the polypeptide linker comprises a gly/ser peptide.
{3023} Tn one embodiment, the gly/ser peptide is of the formula (Gly,Serin, or
Ser(GlysSet)n wherein n s a positive integer selected from the group consisting of 1,

2,3,4,5,6,7,8, 9 and 10. In one embodiment, the (Glys Sern linker is selecied

PCT/US2011/043597
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from the group consisting of (Ghys Sen)6, Ser{Glys Sen)6, (Glya Serd and Ser{Glyy
Sery.,

{3824} 1o one embodiment, the clotting factor comprises two polypeptide chains.
{6025 In onc embodiment, the chimeric clotting factor has a struture selected from
the group consisting of: A linked to Fl via a spacer moiety and C linked to F2; A
finked to Fi via a spacer moiety and C linked to F2 via a spacer moiety; A linked to
Fland C 18 linked to F2 via a spaccr rooiety; A Hnked to F1 via a spacer motety and C
is Jinked to F2 via a spacer moiety.

{3026} 1n one embodiment, a chimeric clotttig factor comprises two polypeptides
wherein the fitst polypeptide comprises the moietiecs ABFL, ABFLABFL orAB
F1 D C and the second polypeptide comprises the moieties CF2L, CDFL FZ DG or
F2 D C, wherein the two polypeptide chains form an Fe region.

{0271 In one embodiment, the largeting moiety is fused to at feast one of the
polypeptide chains of the Fo region. In one erobodiment, the targeting moiety is fused
to at least one of F1 and F2 directly. In one embodiment, the targeting moiety is
fused to at least one of F1 and F2 via a spacer moicty. In onc cmbodiment, the
fargeting moiety is fused to at least one of F and F2 via a cleavable linker, Inone
embodiment, the targeting moiety is selected from the group consisting of: an
antibody molecule, an antigen binding fragment of an antibody molecule, an scFv
molecule, a receptor binding portion of a receptor, a peptide. In one embodiment,
wherein the targeting moiety binds to resting platelets. In one embodiment, the
targeting moiety selectively binds to activated platelets. In one embodiment, the
targeting moiety selectively binds to a target selected from the group consisting of:
GPIba, GPVT, and the nonactive form of GPIIL/IITa. In one embodiment, the
targeting moiety selectively binds (o a target selected from the group consisting of:
the active form of GPIb/1Ha, P selectin, GMP-33, LAMP-1, LAMP-2, CD40L, and
LOX-1. In onc embodiment, the targeting mosety binds to the GPib complex lnone
embodiment, the targeting moicty is a peptide selected from the group consisting of,
PS4, OS1, and OS2, In one embodiment, the targeting moiety comprises an antibody
variable regions from an antibody selected from the group cousisting of: SCES, MBI,
and AP3.

{6028 In one embodiment, wherein the clotting factor is Factor VIL

{0629} In one embodiment, the clotting factor s a high specific activity variant of

Factor VI, In onc embodiment, the clotting facior is Factor IX. In onc ecmbodiment,

i
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the clotting factor is a high specific activity variant of Factor IX. In one embodiment,

the clottimg factor is Factor X, In one cmbodiment, clothing factor is a high specific
ctivity variant of Factor X,

{6638} In one embodiment, the clotting factor is secreted by a cell in active form. In

one embodiment, the clotiing factor is activated in vivo,

{80311 In one embodiment, the chimeric clotting factor comprises a heterclogous

enzymatic cleavage site not naturally present in the clotiing factor,

0832} In one embodiment, the enzymatic cleavage site is genetically fused to the

amino terminus of the heavy chain moiety of the clotting factor,

{80331 In one embodiment, the clotting factor comprises a scaffold moiety is a protein

molecule which increases the hydrodynamic radius of the chimeric clotting factor. In

one embodiment, the scaffold moiety, if present, is selected from the group consisting

of albumin and XTEN®

{0034 In another aspect, the invention pertaing to a polypeptide comprising FVI,

which FVII comprises a heterologous enzymatic cleavage site activatable by a

component of the clotting cascade.

{0935} 1n one embodiment, the polypeptide comprises a scaffold motety and,

optionally, a spacer moiety.

{3036} In one embodiment, the scaffold moiety 1s a dimeric Fe region comprising a

first Fe moicty, F1 and a sceond Fe moiety, F2.

{30371 In one embodiment, the clotting factor comprises two polypeptide chains,

{0038} 1n one embodiment, the chimeric clotting factor has a struture selected from

the group consisting of: the clotting factor linked to the first Fe moisty via a spacer

motety; the clotting factor linked to the second Fo moiety via a spacer moiety; the

clotting factor is divectly linked to F1; and the clotting factor is directly linked to F2,

{0639} In one embodiment, the chimeric clotting factor further conyprises a targeting

moiety.

{3048} In one erubodiment, the chimeric clotting factor is synthesized as a single

polypeptide chain comprising a cscFe Hnker, In one embodiment, the cecFe linker is

linked to {e.g., directly linked or adjacent to) at least one enzymatic cleavage site

which resulis in cleavage of the linker.

{0041} In onc embodiment, the at least one enzyraatic cleavage site is an intraceliular

processing site. In one cmbodiment, the cscFe linker is flanked by two enzymalic

cleavage sites which are recognized by the same or by different cnzymes. In one

6
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erabodiment, the cscFe linker has a length of about 10 to about 50 amino acids. In one
embodiment, the cscFe linker has a length of about 20 to about 30 armino acids.
{0421 In one embodiment, the cecFe linker comprises a gly/ser peptide.

{6643} In one embodiment, wherein the gly/ser peptide is of the formula (GlysSern,
or Ser(GlyiSerin wherein n is a positive integer selected from the group consisting of
1,2,3,4,5,6,7, 8,9 and 10. In one embodiment, the {(Glyq Serm linker 1s selected
from the group comsisting of (Glys Serd, Scr(Glyy Sen)6, (Glyy Sen)d and Ser(Gly,
Serd,

{3044} 1n one cmbodiment, the clotting factor is a high specific activity variant of
Factor VII, Inone emobodiment, the heterologous enzymatic cleavage site present in
the chimeric clotting factor is cicaved st the site of clot formation. In one
embodiment, the cleavage site is selected from the group consisting oft a factor Xla
cleaveage site, a factor Xa cleavage site, and a thrombin cleavage site. In one
erbodiment, the enzymatic cleavage site is genetically fused to the amino terminus of
the heavy chain moiety of the clotting factor.

{3045} In onc cmbodiment, the targeting moicty binds to resting platelets. Inone
embodiment, the targeting moiety selectively binds o activated platelets.

{3046} In onc embodiment, wherein the targeting moiety selectively binds to a target
selected from the group consisting off GPIba, GPVI, and the nonactive form ot
GPRilb/iHa. In one embodiment, the targeting moiety sclectively binds to a target
selected from the group consisting oft the active form of GPIlIb/Hla, P selectin, GMP-
33, LAMP-1, LAMP-2, CD40L, and £OX-1,

{00471 In one embodiment, the scaffold moiety is a protein molecule which increases
the hydrodynamic radius of the chimeric clotting factor. In one embodiment, the
scaffold moiety, if present, is selected from the group counsisting of albumin and
XTENY

{3048} In onc aspect the invention pertains to a linear sequence of moieties from
aminoe terminus to carboxy terminus selected from the group consistingof ABC, C
BAABCDE ADEBC EDABC CRBADEEDCBA CREDA,
wherein A an activatable clotting factor, B is absent or is a linker, C is a targeting
motety, D 1s absent or is a linker, and E 15 a scaffold motety.

{0049} In onc embodiment, the clotting factor comprises a light and heavy chain of a
clotting factor and each of the light and heavy chains are expressed as separate

polypeptide chains.

PCT/US2011/043597
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{830} In one ermbodiment, the invention pertains 1o a mickeic acid molecule encoding
a chiimeric clofting factor of the invention. In one embodiment, the nucleic acid
molecule is present in a vector, In one embodiment, the vector further comprises a
nucleotide sequence encoding an enzyme which cleaves at least one of the enrymatic
cleavage sites,

[B651] In one embodiment, the invention pertains to a host cell comprising the
expression vector of the invention, In onc embodiment, the host cell expresaes an
enzyme capable of intracelhilar processing. In one embodiment, the enzyme is
endogenous to the cefl. In one embodiment, the enzyme is heterologous to the cell.
{0852} In another embodiment, the invention pertains to a raethod for producing a
chimeric clotting factor comprising culturing the host cell in culture and recovering
the chimeric cloiting factor from the medium.

{B053] In another embodiment, the invention pertains to a processed, heterodimeric
polypeptide comprising two polypeptide chains, wherein said processed,
heterodimeric polypeptide is made by expressing the vector in a celi cultwred in cell
cutture medium and isolating the mature, heterodimeric polypeptide from the culturc
medium.

#0854} In onc embodiment, the invention pertaing to & composition corprising a
chimeric clotting tactor and a pharmaceutically acceptable carrier.

{BB55] In another embodiment, the myvention pertains {0 a compostiion comprising
the nucleic acid molecule of the invention and a pharmaceutically acceptable carrier.
{0056] In another cmibodiment, the invention pertains to a method for improving
hemostasis in a subject, comprising adminisiering the composition of the invention.
{30571 1n one aspect, the invention pertains to an chineric clotting factor

which comprises # Hght chain moiety and a heavy chain motety of g clotiing

factor, and at least one targeting moiety, wherein said targeting moiety (i}
specitically binds to platelets, (1) 18 not inicrposed bebween the light and heavy
chains of the clotting factor, and wherein said chimeric clotiing factor exhibits
mereased generation of thrombin in the presence of platelets as compared o an
appropriate control lacking the at least one targeting moiety.

{3058} Tn another aspect, the invention pertains to an chimeric clotting factor,

which comprises the moietics A-B-C-D-E in lnear sequence wherein & is a

clotting fuctor, an activatable clotiing factor, or an activated clotling facior; B
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is absent or is a linker; C is a targeting moiety; D is absent or is a linker; and E is absent or is a
scaffold moiety.
{0059] In still another aspect, the invention pertains to a chimeric clotting factor, which
comprises a linear sequence of moieties from amino terminus to carboxy terminus selected
from the group consisting of: ABC; ABCDE; ADEBC, EDABC, CBADE, EDCBA, CBEDA,
wherein A is a clotting factor, an activatable clotting factor or an activated clotting factor, B is
absent or is a linker, C is a targeting motety, D is absent or 1s a linker, and E is a scaffold
moiety.
[0060] In yet another aspect, the invention pertains to a chimeric clotting factor, which
comprises a linear sequence of moieties from amino terminus to carboxy terminus selected
from the group consisting of: ABF1:F2; ABF1:CDF2; ABF1:F2DC, ABFI1DC:F2DC, wherein
A 1s a clotting factor, an activatable clotting factor or an activated clotting factor, B is absent or
is a linker, C is a targeting moiety, D is absent or is a linker, and F1 and F2 are each an Fc
moiety, and : represents dimenization mediated by the F1 and F2 chains of two polypeptide
chains.
[0061] In still another aspect, the invention pertains to a chimeric clotting factor which
comprises a light chain moiety and a heavy chain moiety of a clotting factor, and at least one
targeting moiety, wherein said targeting moiety specifically binds to platelets, wherein the
chimeric clotting factor comprises a disulfide linked Fc region which comprises two
polypeptide chains.
[0061a] Definitions of specific embodiments of the invention as claimed herein follow.
[0061b] According to a first embodiment of the invention, there is provided a chimeric clotting
factor comprising:

(1)  aclotting factor selected from the group consisting of factor VII (FVII), factor
X (FIX) and factor X (FX);

(ii) atargeting moiety which binds to platelets; and

(iii) a first Fc moiety and a second Fec moiety,

wherein the clotting factor is fused to the first Fc moiety, and

wherein the targeting moiety is fused to the second Fc moiety.
[0061¢] According to a second embodiment of the invention, there is provided a nucleic acid
molecule encoding the chimeric clotting factor of the first embodiment.
[0061d] According to a third embodiment of the invention, there is provided an expression
vector comprising the nucleic acid molecule of the second embodiment.

[006]1¢] According to a fourth embodiment of the invention, there is provided an isolated host
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cell comprising the expression vector of the third embodiment.

[0061f] According to a fifth embodiment of the invention, there is provided a method of
producing a chimeric clotting factor, said method comprising culturing the host cell of the
fourth embodiment in culture medium and recovering the chimeric clotting factor from the
medium.

[0061g] According to a sixth embodiment of the invention, there is provided a processed,
heterodimeric polypeptide comprising two polypeptide chains, wherein said processed,
heterodimeric polypeptide is made by expressing the vector of the third embodiment in a cell
cultured in cell culture medium and isolating the heterodimeric polypeptide from the cell
culture medium.

[0061h] According to a seventh embodiment of the invention, there is provided a composition
comprising the chimeric clotting factor of the first embodiment and a pharmaceutically
acceptable carrier.

[0061i] According to an eighth embodiment of the invention, there is provided a composition
comprising the nucleic acid molecule of the second embodiment and a pharmaceutically
acceptable carrier.

[0061j] According to a ninth embodiment of the invention, there is provided a method of
improving hemostasis in a subject, said method comprising administering to the subject the
composition of the seventh or eighth embodiments.

[0061k] The term “comprise” and variants of the term such as “comprises™ or “comprising” are
used herein to denote the inclusion of a stated integer or stated integers but not to exclude any
other integer or any other integers, unless in the context or usage an exclusive interpretation of
the term is required.

[00611] Any reference to publications cited in this specification is not an admission that the
disclosures constitute common general knowledge in Australia.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] Figure 1 illustrates exemplary chimeric clotting factor constructs comprising a targeting
domain. These exemplary constructs comprise an Fc region.

[0063] Figure 2 illustrates exemplary chimeric clotting factor constructs comprising a targeting
domain. These exemplary constructs comprise a cleavable single chain Fc (cscFc) in which the
scFc linker is processed by a cell in which it is expressed to form a two chain Fe region.

[0064] Figure 3 illustrates exemplary chimeric clotting factor constructs which comprise a
targeting domain and wherein the clotting factor moiety lacks a Gla domain. These exemplary

constructs comprise an Fc region.
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{B063] Figure 4 {lustrates exemplary chimeric clotting factor constructs which
comprise a targeting domaimn and wheretn the clothing factor moicty lacks a Gla
domain, These exemplary constructs comprise a cleavable single chain Fe {cscFel in
which the scFc linker is processed by a celi in which it is expressed to form a two
chain Fc region.

{0066} Figure S illustrates exemplary chimeric clotting factor constructs which are
activated (¢.g., aficr activation in vitro or by separate expression of the hight and
heavy chains of the clotting factor) or which are activatable, i.c., comprise a moicty
which is cleavable in vivo at the site of a clot (see panels D and E). Thesc exemplary
constructs coraprise an Fe region. Constructs A, B, and C did not express well in
carly experiments.

{00671 Figure 6 illustrates exemplary chimeric clotting factor constructs which are
activated {e.g., after activation in vitro or by separate expression of the light and
heavy chains of the clotting factor) or which are activatable, 1.¢., comprise a moicty
which is cleavable in vivo at the site of a clot. These exemplary constructs comprise a
cleavable single chain Fe (cscFe) tn which the seFe linker is processed by a cell in
which it is expressed to form a two chain Fe region.

{6068} Figure 7 illustrates exemplary chimeric clotting factor constructs comprising a
targeting domain.

{60621 Figure 8 illustrates exemplary chimeric clotting factor constructs which
comprise a targeting domain and wherein the clotting factor moiety lacks a Gla
domain.

{0078 Figure 9 illustrates exemplary chimeric clotting tactor constructs which are
activated (e.g., after activaiion in vitro or by separate expression of the light and
heavy chains of the clotting factor) or which are activatable, 1.e., comprise a moiety
which is cleavable in vivo at the site of 2 ¢lot.

{0711 Figure 14 shows SDS PAGE tor punification and activation of FVII-011.
{0072} Figure 11 shows SDS PAGE for purtfication of active FVI-053,

{0873} Figure 12 shows schematics of FVIL-011 and FVIL-102 and shows binding of
FVIH-011 and FVII-027 to activated platelets determined by FACS.

{30741 Figure 13 shows thrombin generation assay to measure activity of FVIH-027,
FVIE-011 and Novoseven in the presence of activated platelets.

{00775} Figure 14 shows that PAC-1 eliminates increased binding to plaiclets and

increased rates of thrombin goneration associated with FVIH-027.
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{876} Figure 15 shows constructs used in a thrombin generation assay to measure
activity of FVH-037 and Novoseven in the prosence of activated plateleis.

{68771 Figure 16 shows g thrombin generation assay £0 measure activity of FVIL-037
and Novoseven in the presence of activated platelets.

{0078] Figure 17 shows the constructs used in the thrombin generation assay {o
measure activity of FVIH-044, FVTI-045, FYTI-046, FVII-011 and Novoseven in the
presence of activated platelets shown in Figure 18,

{0879} Figure 18 shows a thrombin gencration assay to measure activity of FVIL-044,
FVH-045, FVI-046, FVIL-011 and Novoseven in the presence of activated platelets,
{00801 Figure 19 shows the constructs used in the thrombin generation assay to
measure activity of FVH-047, FVIL-048, FVIL-049, FYVI-011 and Novoseven in the
presence of activated platelets shown in Figure 20.

{0081} Figure 20 shows a thrombin generation assay to measuare activity of FVII-047,
FVIE-048, FVIL-049, FVI-011 and Novoseven in the presence of activated platelets,
{0082} Figure 21 shows the construct used in the thrombin generation assay to
measure activity of FVH-053 and FVEH-011 in the presence of activated platelets
shown in Figure 22,

{6083} Figure 22 shows a thrombin gencraiion assay (o measure activity of FVII-033
and FVIH-011 mn the presence ot activated platelets

{0084} Figure 23 shows that PAC-T ehiminates increased rale of thrombin gencration
associated with FVIE-033

{0085} Figure 24 shows the constructs used in the Western blot analysis of FVUF¢
species following transient transfection of HEK 293 celis and protein A pulldown
shown in Figure 25,

{6086} Figure 23 shows Wesiern blot analysis of FVIIFe species following transient
transtection of HEK 293 cells and protein A pulldown.

G087} Figure 26 shows Western blot of protein A smmunoprecipitation following
transient transfection of pSYN-FVII-024 with or without pSYN-PC3-003. Lane |,
pSYN-FVIL-024, non reducing; lane 2, pSYN-FVH-024, nom reducing; lane 3, pSYN-
FVIE-024, reducing; fane 4, pSYN-FVII-024, reducing.

{3088} Figure 27 shows Weslern blot analysis (Fe western) of FVIIFe species
following transient fransfection of HEK 293 cells and protein A pulldown.

{6689 Figure 28 shows FVH-039 and FVH-040 reatment by FXla.

PCT/US2011/043597
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G090} Figure 29 shows that an FV1aFc variant fargeted to active form of GPiblila
shows an increased rate of thrombin gencration.

{3891} Figure 30 shows a Rotation Thromoboclastometry (ROTEM) assay to measure
the activity of FVII-088 and wild type recombinant FVIaFc in hemophilia A human
blood. Clotting Time, Clot Forming Time and Alpha Angle parameters are shown.
{0092} Figure 31 shows exemplary cleavage sites and llustrative positions of such
cleavage sites in activatable clotting factor constracts. In this Figure FVIH is used as
an example.

{3093} Figure 32 shows cleavage of the constructs illustrated m Figure 31,

{0994} Figure 33 shows additional activatable constructs and a Western blot
itustrating their cleavage.

{00957 Figure 34 shows the results of a thrombin generation assay using the FVIL-062
and -090 constructs. FVII-062 is a negative control which lacks a thrombin cleavage
site, 50 the contsiruct canmot be activated. FVII-090 containg the ALRPR cleavage
site and 80 is activatable by thrombin,

{0096} Figure 35 illustrates the cleavage of high specific activity FVH variants. FVH
heavy chain-Fe and tight chain Fe collapse fn 1 band because the heavy chain loses a
glycosylation site atter insertion of the trypsin 170 loop and becomes smaller.

{097} Figure 36 ilfusirates the results of a thrombin gencration assay using FVIL09G
and FVH-100,

{80981 Figure 37 iltustrates the results of a thrombin generation assay using FVII-090
and FVH-115,

{0099} Figure 38 illustrates amidolytic activity of activatable FVIIFC activated with
thrombin. Amidolytic activity of the activatable variants can be measured following
thrombin activation and there Is increased amidolytic activity for the high specific
activity variants as compared to FVII-090. In these assays, after activation of the
activatable molecule by thrombin, hivudin 1s added to mhibit thrombin cleavage ot the
chromogenic substraie, In this manner, the thrombin does not interfere with the
ability to detect FV1la activity.

{6108} Figure 39 illustrates the results of an assay measuring activation of FX
by FV1a using substrate S2765, which is not cleaved by FVIla. In this assay, 10 oM
of FX was incubated with FV{iaFc¢ for 15 minutes at 37°C. The reaction was

quenched with EDTA and substrate was added. Figure 39 shows the resulis of the
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control experiment which demonstrates that FX activation by FVHaFc can be
detected.

[00101] Figure 40 shows FXa gencration activity by “activatable FVIHFe.” The
experiment shown in Figure 40 shows that there is an increase in FX activation
activity for the high specific activity variants. In this experiment, FVIIFe (100 M)
was activated with thrombin (100 nM} Hirudin was added to inhibit the thrombin,
FX (10uM) was added, followed by EDTA to inhibit the reaction, The activity of FX
was measured by detecting the FXa substrate.

[0182] Figure 41 illustrates exemiplary activatable construct formats, including
an activatable monomer structure used in FVI-118, FVIL-119, and FVII-127.

{00163] Figure 42 illustrates the efficiency of thrombin cleavage of activatable
constructs, specifically monomeric (FVII-118 and -119) as compared to the
heterodimeric (FVII-090).

{00104] Figure 43 illustrates the results of a thrombin geueration assay to
compare wild type activatable FV1iFe (FVI-118) to the high specific activity variant
(FVH-127}.

{30195} Figure 44 A illustrates several targeted constructs. {n this instance, an
SCES3 scFv which binds to the active conformation of GPlibflla was included at
various sites in the contruct. Figure 448 iilustrates the results of thrombin generation
assays in platelet-rich FVHI-deficiont plasma using these constructs. N7 is the
Novoseven control. Figure 44C illustrates the binding of recombinant FVilaFc
variants to platelets by FACs,

[00106] Figure 45A illustrates several targeted FVIHa constructs which mclude
AP3, an scFv against GPTIbIa present on resting and activated platelets. Figare 45B
shows the results of thrombin generation assays in platelet-rich FVi-deficient
plasma. Figure 45C shows the results of hinding of rFVa¥Fe variants to platelets by
FACS.

{B0187] Figure 46A shows several targeted FV1a constructs that target GPlb-
alpha using peptides that bind to that molecule, specifically, the PS4, OS1, und OS2
peptides. Figure 468 shows the resulis of thrombin generation assays in platelet-rich
FVIH-deficient plasma using the C terminal peptide constructs shown m Figure 46A.
{60108} Figure 47 A shows the results of thrombin generation assays in platelet-
rich FViH-deficient plasow using the N terminal peptide constructs shown in Figure

46A. Figure 478 shows a direct comparison of FVIL-045 and FVII-048.
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j0109] Figure 48 shows the binding of FVI-045 and FVII-048 and wild ype
FVIaF¢ to platelots as determined by FACS, The figure also shows the affinity of the
targeting peptides as reported in Bernard et al. Biochemistry 2008, 47:4674-4682,
{60110} Figure 49A shows an exemplary targeted FVIHI construct. Figure 498
shows the results of a thrombin generation assay in FV I deficient platelet-rich
plasyua. In this experiment, the assay was activated with tissue factor (top panel} or
by platelet activation (bottom pancl).

joei11] Figure 50 shows results of an experiment measwring half life of a
targeted FV I construct comprising a gla domain (FVI-011) and lacking a gla domain
(FYH-02R}.

{66112} Figure 51 A shows several FIX construct comprising targeting
moigties, in this case SCES scFv. Figure 518 shows the results of thrombin
generation assays in platelet-vich FIX-deficient plasma using the constructs of Figure
1A, Figure S1C illusirates that both FIX-068 and FIX-08Y have at least 4 times
mere activity than FIX-047 as measured by Thrombin generation.

[0113] Figure 52A shows the resuits of a thrombin gencration assay
comparing FIX-090 and Benefix. Figure 528 shows that the activity of FIX-090 1s
aimost 4 times that of Benefix.

{B0114] Figure 53A shows a targeted FIX construct comprising a peptide that
binds to GPIb, present on resting and activated platelets. Figure 53 B shows the
resulis of thrombin generation assays in platelet-rich FIX deficient plasma. Figure
53C demonstrates that FIX-089 is roughly 4-times stronger than FIX-042 as measured

by thrombin generation, while having a lower specific activity.

DPETAILED DESCREIPTION OF THE INVENTION

{60115] The present invention relaies to chimeric clotting factors. The present
mvention 18 based, at least i part, on the development of novel ways to enhance the
efficacy, pharmacokinetic properties, and/or manufacturability of clotting factors. In
one embodiment, improved clotting factors of the invention have increased activity
where needed, e.g., by targeting the clotting factor to platelets or by being present in
subject in on activatable form (a non-naturally occurring activatable form) that is
activated at the site of clot formation, This can be accomplished, ¢.g., by targeting the

clotting factors or by making them i an activatable forn.
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{8116} In one embadiment, the subject clotting factors are fargeted to the site
of coagulation. By mcorporating a targeting motety which targels the clotting facior
to resting or activated platelets, the activity of a clotiing factor can be enhanced. For
example, in the case of factor VI, unlike endogenous FVII that is likely activated by
tissue factor (TF) at endothelial cell surfaces to generate activated factor X (FXa),
exogenous FVIIa likely generates FXa/FIXa ina TF independent manner, most

g factors arc localized,

=
=

effective at the surface of activated platelets where other clottin
However, physiologically FVila acts at the surface of a TF-bearing ccll, such as an
endothelial cell, and has low affimity for platelets. It has been hypothesized that
therapeutic recombinant FVIla acts by converting Factor X into Factor Xa on the
surface of activated platelets. To overcome low platelet affinity and be effective at
treating bleeds, recombinant FV1a is dosed at supra-physiclogical levels. Therefore,
in the case of FVIla, targeting fo platelet surfaces could significantly increase the
efficacy of this molecule. Although other clotiing factors (e.g. FIX, FVI, FX) have
higher affinity to platelets, these too may exhibit enhanced activity by incorporating
platelet targeting moicties. In addition, FVila has a relatively short half-lite (~2.3
hours) in humans, This short half-life Bkely contributes to the need to dose
recombinant ¥V Ha nwitiple times to control a bleed. Thus, targeting clotting factors,
and in particular FVia, to platelets improves effictency.

LU RS The targeting moicty can be positioned at a number of placesina
chimeric cloting factor, Exemplary structures of targeted chimeric clotting factors are
set forth, e.g., in Figures 14,7, 8, 17, 19, 21,44, 46,49 51, and 53,

[00118] In another embodiment, a chimeric clotting factor of the invention is
made in a form that is activatable at the cile of coagulation. For use in bypass therapy
exogenous clotting factors are only efficacious when given in the activated form.
However, such activated clotting factors are rapidly inactivated by endogenous
pathhways {¢.g. antithrombin [, TFPI), lcading to ¢clearance of the active form and a
short effective half life. Giving higher doses does not solve this problem as it can
result in thrombogenic effects. Thus, in one embodiment, the invention periains to an
“activatable” chimeric cloiting factor constructs which comprise a heterofogous
enzymatic cleavage site not normally present in the clotting factor. These molecules
circulate as enhanced zymogens and have a longer half life due 1o the lack of
inactivation upon dosing, but can readily be activated at the site of clotting by

cleavage by an enzyme. In onc embodiment, such a heterologous enzymatic clcavage
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site is one for an engyme produced during the clotting cascade. For example, in ong
embodiment, the heterologous cleavage site of an activatable construct comprises &
Factor Xla, Xa, or thrombin cleavage site. Exemplary FXla cleavage sites mclude,
e.g.,. TOSFNDFTR and SVSQTSKLTR. Exemplary thrombin cleavage sites
include, e.g.,; DFLAEGGGVR, TTKIKPR, and ALRPR. In one embodiment, a
heterologous cleavage site is interposed between the hight and heavy chains of the
clotting factor, Inanothor embodiment, a heterologous cleavage site is not mterposed
between the two chains of the clotting factor. In one embediment, the heterologous
cleavage site is amino terminal to the heavy chain of the clotting factor.

001191 The heterologous cleavage site is present in a ¢leavable linker can be
positioned at a number of places in a chimeric cloting factor. Exemplary structures of
activatable chimeric clotiing factors ave set forth, e.g., in Figures 5, 6, 9, 29, 27, 31,
and 41. Exemplary such constructs are aclivated in the presence of clot formation and
are described in more detail below,

{00128] In one embaodiment, a chimeric clotting factor of the tnvention
compriscs a scaftold, c.g., to cnhance the hydrodynamic radius of the molecule. For
example, a chimeric clotting tactor of the invention may be a fusion protwin,
Exemplary scaffolds include, e.3., FcRa binding moieties {¢.g., complete Fe regions
or portions thereof which bind to FcRa), single chain Fe regions (ScFc regions, e.g.,
as described 1o US 2008/0260738, WO 2008/012543, or WO 2008/1439545),
cleaveable scFc regions {comprising a cscFc regions as described herein}, less
complicated proteins or portions thereof, ¢.g., XTen polypeptides”, or atbumin,
{00121} In one embodiment, a chimeric clotting factor of the invention employs
an Fe region or an FeRn binding portion thereof as a scaffold moiety. In one
embodiment, the Fe molety to which the chimeric clotting factor is fused is a naturally
accurring (or wild type (WT)) Fc moiety. In another embodiment, the Fo moiety
COMPTISes One OF THOTe Variakions m sequence.

{60122] In ancther embodiment, the Fo moiety 15 a s¢Fe moiety {e.g.,
comprising a non-cleavable or a cscFo linker). In a construct comprising a cscFe
linker an unprocessed molecule comprises a cleavable single chain Fe region in which
the compouent Fo moteties are genetically-fused i a simgle polypeptide chain
forraing a functional, single chain, dirseric Fe region. The csc¥Fe linker can link the
Fo moietics thal will comprise the dimeric Fe region of the polypeptide in tandem or

may link one Fc moicty to a non-Fc moicty of the construct, ¢.g., a clotting factor or
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targeting moiety, which is, in furn, linked 1o a second Fo moiety. The cscFc linker is
mterposed between the Fo motetics that comprise the seFe region and is tHaunked by at
least one enzymatic cleavage site, e.g., an intracellular eneymatic processing sites. In
one embodiment, the seFe linker is flanked by two enzymatic cleavage siies resulting
in the excision of the linker (e.g., all or substantially all of the linker) when the protein
encoded by the nucleic acid molecule is processed in a cell, In another embodiment,
the scFe bnkor is adjacent fo at lcast onc cnzymatic cleaveage site that allows for
exeision of the linker in vitro after the polypeptide has been seereted by a cell or
comprises at least one enzymatic cleaveage site that allows for cleavage of the linker
n vivo after the construct is admindstered fo a subject. Thus, in one embadiment,
although the such a polypeptide comprises sc¥Fe region(s} encoded in a single open
reading frame (ORF) as part of one contiguous nucleotide sequence in unprocessed
form, the cscFe linker s enzymatically eleaved (e.g., prior to administration or in vivo
afier administration), resuliing in a polypeptide which is a heterodimerte molecule
comprising an Fc region which is not fused in a single amino acid chain, ie., the
resuiting processed construct has a Fe region which comprises two polypeptide
chains. In such embodiments, all or substantially ali of the linker is excised, while in
sonie enbodinients, a portion of the cleavage site may remain, ¢.g., four arginines of
the RRRR cleavage site.

{0123] Tn one embodiment, the scFe linker 15 flanked by two processing sites
for cleavage. The two processing sites can be the same or diffevent. Inone
ermbodiment, at least one processing sife I8 a cluster of basic amino acid residues as
recognized by argimine kex2/furin enzymes. Such enzymes cleave immediately C-
ternunal to an arginine residoe. In another erobodiment, af least one cleavage site is
one that may be cleaved in vivo, for example a cleavage siie recogniced by thrombin.
{0124} In one embodiment, a chimeric clotting factor of the invention is
manutactured m an activated form in the conlext of an sc¥Fe molecule comprising a
cs¥Fe linker. For example, Factor VI s generally produced recombinantly as a
zymogen, and requires activation during manufacturing to produce the active form for
administration. In one embodiment, a chimeric clotting factor of the invention is
secreted from the cell in which it is expressed 1o active form to improve
manufacturability. As is set forth in more detail below, such clotting factors can be
produced by incorporating a single chain Fe region into the molecule. Single chain Fe

regions are formed by dimerization of Fc moicties which are present in a single
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polypeptide chain. In one ersbodiment, such a construct comprises an scFe
polypeptide boker linking the two Fo moicties of the sckFc which is adjacent to af fcast
ong intracellular processing stie, Cleavage of such a construct is delayed until late in
the secretory pathway, ¢.g., when the protein colocalizes with active processing
enzyrmes in the trans-Golgi apparatus.

{B0125] In one embodiment, a cell expressing a construct encoding a
polypeptide of the mvention endogenously oxpresses an enzyme which cleaves the
scFc linker at onc or more processing sites resulting in a dimeric molecule comprising
two polypeptide chains. In another embodiment, a cell expressing a construct
cucoding a polvpeptide of the invention exogencusly expresses an enzyme which
cleaves the scFc linker at one or more processing sites,

{0126] in one embodiment, a chimeric clotiing factor of the invention can
combine two or more of these features to create an optimized construct e.g. targeting
an activatable fusion protein construct o resting platelets, such that it can be activated
officiently as well as at a higher local concentration at the site of astive coagulation.
Exemplary such combination constructs include chimeric clotting factors that arc both
fargeted and comprise an scFe linker for enhanced processing. 1n another
embodiment, a construct of the invention is targeted and activaiable.

{B0127] Exemplary constructs of the invention are illustrated in the
accompanying Figures and sequence listing. In one embodiment, the imvention
pertains to a pelypeptide having the structure as set forth in the Figures, In another
ermbodiment, the invention pertains to a polypeptide having the sequence set forth in
the accompanying sequence listing or the the nucleic acid molecule encoding such
polypeptides. In one embodiment, the invention pertains to 8 mature form of a
polypeptide having the sequence set forth in the accompanying sequence listing. Ut
will be uaderstood that these constructs and nucleic acid molecules encoding them
can be used to improve hemostasis in a subject.

{B0128] In order to provide a clear understanding of the specification and

claimy, the following definitions are provided below.

£ Definitions
160129} As used herein, the term “protein” or “polypeptide” refers to a polymer

of two or more of the patural amino acuds or pon-natural amine acids.
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j00130] The term “amino acid” includes alanine (Ala or A); arginine (Arg or
R); asparagine {Asn or N}; aspartic acid {Asp or D); cysteine (Cys or O glutanmne
{Gln or Q); glutamic acid (Glu or EY; glycine (Gly or G histidine (His or H};
isoleucine (e or 1): leucine (Lew or LY; lysine (Lys or K); methionine (Met or M);
phenylalanine (Phe or F); proline (Pro or P); serine (Ser or S); threonine (Thr or T);
tryptophan (Trp or W) tyrosine (Tyr or Y); and valine (Val or V). MNon-traditional
arnino acids are also within the scope of the invention and include norleucine,
omithine, norvaline, homoserine, and other aming acid residue analogues such as
those described in Ellman es of Meth, Enzym. 202:301-336 (1991} To generate such
non-naturally occurring amino acid residues, the procedures of Noren et @, Science
244182 {1989} and Ellman e &/, supra, can be used. Briefly, these procedures
involve chemically activating a suppressor iRNA with a non-naturaily occurring
amino acid residoe followed by in vitro transcription and translation of the RNA.
Introduction of the non-traditional amino acid can also be achieved using peptide
chemistries known in the art. As used herein, the term “polar amine acid” inchudes
amine acids that have net zero charge, but have non-zero partial charges in different
portions of their side chains {e.g. M, F, W, 8, Y, N, Q, C). These amino acids can
participate in hydrophobic interactions and electrostatic inferactions. As used herein,
the term “charged amino acid” melude amino acids that can have non-zero net charge
on thoir side chaims (e.g. R, K, H, E, D). These amino acids can participate in
hydrophobic interactions and electrostatic interactions.

{B0131] An "amino acid substitution" refers to the replacement of at least one
existing amino acid residug in a predetermined amino acid sequence {an amino acid
sequence of a starting polypeptide) with a sccond, differeunt "replacement” amino acid
residue.  An "amino acid insertion” refers (o the incorporation of at least one
additional amino acid into a predetermined amino acid sequence. While the insertion
will usually consist of the msertion of one or two amine acid residucs, the prosent
larger "peptide insertions”, can be made, e.g. insertion of ahout three to about five or
even up to about len, fifteen, or twenty amino acid residues. The inserted residue(s)
may be naturally oceurring or non-naturally occurring as disclosed above. An "amino
acid deletion” refers to the removal of at least ooe aminoe acid residue from a
predefermined amino acid sequence.

{60132} Polypeptides may be cither monomers or multimers. For example, in

onc embodiment, a protein of the invention is a dimer. A dimeric polypeptide of the
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mvention may comprise two polypeptide chains or may consist of one polypeptide
chain {c.g., m the case of an seFe molecule). In one embodiment, the dimers of the
mvention are homodimers, comprising two identical monomeric subunits or
polypeptides {e.g., two identical Fe moieties or two identical biologically active
moicties). In another embodiment, the dimers of the invention are heterodimers,
comprising two non-identical monomeric subunits or polypeptides {e.g., comprising
two different clotiing factors or portions thereof ot one clotting factor only). Sce, c.g.,
U.S. patent 74049506, incorporated herein by reference.

[60133] As used herein, the term “polypeptide linkers” retors to a peptide or
polypeptide sequence (e.g., a synthetic pepiide or polypeptide sequence) which
connects two domains in a linear amino acid sequence of a polypeptide chain. In one
embodiment, the the polypeptides of invention are encoded by nucleic acid molecules
that encode polypeptide hnkers which either directly or indirectly conmect the two Fe
moieties which make up the construct. These linkers are referred to beremn as “scFe
linkers” and the scFc linker is interposed between the two Fo moieties of a
polypeptide which comprises it. If the seFe linker conneets two Fo moictics
contiguousty in the linecar polypeptide sequence, it is a “divect” linkage. In contract,
the scFc linkers may link the first Fc moiety to a binding moiety which is, in tum,
linked to the second Fe moiety, thereby forming an indirect linkage. These scFe
tinkers pormit the formation of a smgle chain genctic construct. in one embodiment,
the polypeptides also comprise enzymatic cleavage sites which result in the scFe
linker being cleavable (a cscFe linker) and, in one embodiment, substantially excised
{e.g., during processing by a cell). Thus, the resulting processed polypeptide is a
dimeric molecule comprising at least two amino acid chains and substantially lacking
extrancous linker amino acid sequences, o some embodiments, all or substantially all
of the linker is excised, while in some embodiments, a portion of the cleavage site
may remain, ¢.g., four arginiucs of the RRRR cleavage site.

{00134] In another embodirent, another type of polypeptide finker, berein
referred to as a “spacer” may be used to connect different moieties, e.g., a clotting
factor or targeting moiety to an Fc moiety on the polypeptide. This type of linker may
provide flexibility to the polypeptide molecule. Spacers are not typically cleaved;
however in cerfain embodiments, such cleavage may be desirable. Exemplary
positions of spacers are shown in the accompanying drawings. Spacers can be located

between the clotting factors, targeting moictics, and/or scaffolds, e.g., atthe N or C
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terminus of these moieties. In one embodiment, these linkers are not removed during
progessing.

[0138] A third type of inker which may be present n a chimeric clotting
factor of the invention is herein referred to as a “cleavable linker” which comprises a
heterologous cleavage site {¢.g., a factor Xla, Xa, or thrombin cleavage site) and
which may fnchude additional spacer linkers on either the N terminal of C terminal or
both sides of the cleavage site. Exemplary locations for such sites are shown in the
accompanying drawings and include, o.g., placement adjacent to targeting moteties.
In another embodiment, such linkers may be adjacent to a clotting factor or portion
thereof, For exarople, in one embodiment, a cleavable linker may be fused to the N
terminus of the heavy chain of g clotting factor to make an activatable form of the
clotiing factor. In such cases, the cleavable Hinker may inchude additional spacer
tinkers at the N terminus of the cleavage site, but requires direct fusion at the C-
terminus of the cleavage site 1o the amino termunus of the heavy chamn of the clofting
factor.

[00136] As used herein, the term “gly-ser polypeptide linker” refers to a
peptide that consists of glyeine and serine residues. Av exemplary gly/ser
polypeptide linker comprises the amino acid sequence {Glys Ser), (SEQ 1D NO:4)
Another exemplary gly/ser polvpeptide linker comprises the amino acid sequence
S{Glyy Serd,

IR Y In one embaodiment, n=1. In one embodiment, n=2. In another
embodiment, n=3, 1.e., {Glys Ser)a. In another embodiment, n=4, i.e., (Glys Serly
(SEQ 1D NO:6). in another embodiment, n=5, In yet another embodiment, n=6. In
another ernbodiment, n=7. In vet another embodiment, n=8. In ancther embodiment,
n=9. In yet another embodiment, =10, Another exemplary gly/ser polypeptide
linker comprises the amino acid sequence Ser(GlyaSer), (SEQ 1D NO:26). Inone
cimbodiment, =1, In one combodiment, n=2. I a preferred embodirent, n=3. In
another embodiment, =4, In another embodiment, n=3. In vet another embodiment,
n=5

{36138} A polypeptide or amino acid sequence “derived from” a designated
polypeptide or protein refers to the origin of the polypeptide. Preferably, the
polypeptide or anuno acid sequence which is derived from a particular sequence has
an amine acid sequence that is essendially identical to that sequence or a portion

thereof, whercin the portion consists of at least 10-20 amino acids, preferably at lcast
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20-30 amino acids, more preferably at least 30-50 amino acids, or which is otherwise
identifiable io one of ordinary skill i the art as having s origin in the sequence.
{36139 Polypeptides dertved from another peptide may have one or more
mutations relative to the starting polypeptide, 2.g., onc or more amino acid residues
which have been substituted with another amino acid residue or which has one or
more amino acid residue insertions or deletions. Preferably, the polypeptide
comprises an amino acid sequence which is not naturally occurring. Such variants
accessarily have less than 100% sequence wdeniity or similarity with the starting
antibody. In a preferred embodiment, the variant will have an amino acid sequence
frora about 73% to less than 100% amino acid sequence identity ot similarity with the
amino acid sequence of the starting polypeptide, more preferably from about 80% to
ess than 100%, more preferably from about 85% to less than 10056, more preferably
from about 90% to less than 100% {e.g., 9196, 92%, 93%, 94%, 95%, 96%, 97%,
9894, 99%; and most preferably from about 93% to less than 100%, ¢.g., over the
length of the variant molecule. In one embodiment, there is one amino acid difference
between a starting polypeptide sequence and the sequence derived therefrom. 1dentity
or sivularity with respect to this sequence is defined herein as the percentage of amino
acid residues in the candidaie sequence thai are identical (.. same residue} with the
starting amino acid residues, after aligning the sequences and introducing gaps, if
necessary, to achieve the maxinmum porcent sequence wdentity.

{30140] Preferred polypeptides of the invention comprise an amine acid
sequence {(e.g., at least one clotting factor or Fo moiety or domain) derived froma
human protein sequence. However, polypeptides may comprise one or more amino
acids from another mammalian species. For exarnple, a clotting factor, Fo domain, or
targeting moiety may be derived from a non-human species and included in the
subject polypeptides. Alternatively, one or more amine acids may be presentin a2
polypeptide which are derived trom a non-hursan species. Pretorred polypeptides of
the fuvention are not immunogenic,

{00141} Tt will also be vnderstood by one of ordinary skill in the art that the
polypeptides of the invention may be altered such that they vary in amino acid
sequence from the naturally occurring or native polypeptides from which they were
derived, while retaining the desirable activity of the native polypeptides. For
examnple, nucleotide or amino acid substitutions leading (o conservative substitutions

or changes at "non-cssential” amino acid residucs may be made.  An isolated nucleic
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acid molecule encoding a non-natural variant of a polypeptide derived from an
mynuneglobulin {e.g., an Fc domain, moicty, or antigen binding site) can be created
by introducing one or more nucleotide substitutions, additions or deletions into the
nucleotide sequence of the immunoglobulin such that one or more amino acid
substitutions, additions or deletions are introduced into the encoded protein.
Mutations may be introduced by standard techuiques, such as site-directed
owfagenests and PCR-mediated mutagenesis.

jO0142] The polypeptides of the invention may comprise conservative aming
acid substitutions at one or more amino acid residues, e.g., at essential or non-
essential amino acid residues, A "comservative amine acid substitution” is one in
which the amino acid residue is replaced with an amino acid residuc having a simular
side chain. Familics of amino acid residues having similar side chains have been
defined in the art, including basie side chains {e.g., lysine, arginine, histidine), acidic
side chains {e.g., aspartic acid, glutamic acid), uncharged polar side chains {e.g.,
glyeine, asparagine, glutamine, scrine, threonine, tyrosine, cysteine), nonpolar side
chains {(e.g., alanine, valine, lcucine, isoleucine, proline, phenylalanine, methionine,
fryptophan), beta-branched side chains (e.g., threonine, vating, isolsucing) and
aromatic side chains {(e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a
nonessential amino acid residue in a polypeptide may be replaced with another amino
acid restdue from the same side chain family. In anothor embodiment, a siring of
amino acids can be replaced with a structurally similar string that differs in order
and/or composition of side chain family members. Alternatively, in another
embodiment, mutations may be infroduced randomly along all or part of a coding
sequence, such as by saturation mutagenesis, and the resultant mutants can be
meorporated into polypeptides of the invention and sereened for their ability to bind
to the desired target.

HUE XY in the context ot polypeptides, a "lincar sequenee” of a "sequence” is
the order of amino acids in 4 polypeptide in an amino to carboxyl terminal divection in
which residues that neighbor each other in the sequence are contiguous in the primary
structare of the polypeptide.

0144 As used heremn, the terms "hinked,” "fused”, or "fusion” refer (o Hnkage
via a peptide bonds (e.g., genetic fusion), chemical conjugation or other means. For
exarnple, one way in which molecules or nwieties can be linked employs polypeptide

linkers which link the melecules or moictics via peptide bonds. The terms
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"eenctically fused,” “genetically Hinked” or “genetic fusion” are used interchangesbly
and refer to the co-lincar, covalent linkage or attachment of fwo or more proteins,
polypeptides, or fragments thereof via their individual peptide backbones, through
genetic expression of a single polynucieotide molecule encoding those proteins,
polypeptides, or fragmenis. Such genetic fusion results in the expression of a single
contiguous genetic sequence. Preferred genetic fusions are in frame, 1.e., two or more
open reading framcs (ORFs) are fused to form a continuous longer ORF, in & manner
that maintains the correct reading frame of the original ORFs. Thus, the resulting
recombinant fusion protein is a single polvpeptide containing two or more protein
segments that correspond to polypeptides encoded by the oniginal ORFs (which
segreents are not normally so joined in nature). In this case, the single polypeptide is
cleaved during processing to yvield dimeric molecules comprising two polypeptide
chatns.

jO0145] As used herein, the term “Fe region” ts defined as the portion of a
polypeptide which corresponds to the Fo region of native imnwnoglobulin, f.e., as
formed by the dimeric association of the respective Fo domains of its two heavy
chains. A native Fc region is homodimeric and comprises two polypeptide chains. In
contrast, the term “geneticaliy-fused Fe region” or “single-chain Fe region” (sche
region}, as used herein, refers to a synthetic dimeric Fo region comprised of Fo
domains genctically hnked within a single polypeptide chain (1.c., cocoded in a single
contiguous genefic sequence).

jP0146] As used herein, the term “Fe domain” refers {o the portion of a single
mmunoglobulin heavy chain beginning in the hinge region just upstream of the
papain cleavage site (i.e. residue 216 in IgG, taking the fivst residue of heavy chain
constant region to be 114) and ending #¢ the C-terminus of the antibody. Accordingly,
a complete Fc domain comprises at least a hinge domain, a CH2 domain, and a CH3
domain.

{00147] As used herein, the term “Fo¢ domain portion™ or “Fe moiety” includes
an amino acid sequence of an Fo domaim or derived from an Fe domain. In certain
embodiments, an Fc moiety comprises at least one oft a hinge (e.g., upper, middle,
and/or lower hinge region) domain, a CH2 domamn, & CH3 domain, a CH4 domain, or
a variant, portion, or fragment thereof. In other embodiments, an Fo moiety
comprises a comnplete Fo domain (Le, a hinge domain, 8 CH2 domain, and ¢ CH3

domain}. In one cmbodiment, a Fo moiety comprises a hinge domain (or portion
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thereot) fused to a CH3 domain (or portion thereof). In another embodiment, an Fe
moicty comprises a CHZ domain (or portion thereof) fused to a CH3 domam (or
portion thereof). In another embodiment, an Fc¢ moiety consists of a CH3 domain or
portion thereof.  In another embodiment, an Fo moiely consists of a hinge domain (or
portion thereot) and a CH3 domain (or portion thereof). In another embodiment, a Fe
moiety consists of a CH2 domain (or portion thereof) and a CH3 domain. Inanother
erabodiment, a Fe moiety consists of a hinge domain (or portion thercof) and a CH2
domain {or portion thereof). In one cmbediment, an Fo moiety lacks at least a portion
of a CHZ domain {¢.g., all or part of a2 CHZ domain).

{00148] As used herein, the termo “half-1ife” refers o a biological half-life of a
particuiar polypeptide in vivo. Hali-life may be represented by the time required for
half the quantity administered io a subject to be cleared from the circulation and/or
other tissues in the animal. When a clearance curve of a given polypeptide is
consiructed as a function of time, the curve is usually biphastic with a rapid a-phase
and longer f§-phase. The n-phase typically represents an eguilibration of the
administered Fo polypeptide between the intra- and oxtra-vascular space and is, in
part, determained by the size of the polypeptide. The B-phase typically reprosents the
catabolism of the polypeptide in the intravascular space. Therefore, in a preferred
embeodiment, the term half-life as used herein refers to the half-lite of the polypeptide
in the B-phase. The typical § phase half-life of a human antibody in humans is 21
days.

{B0149] As used herein the term “moiety” refers to a component part or
constituent of a chimeric polypeplide.

{B0150] As used herein, the term “targeting moiety” refers to a molecule,
fragment thereof or a component of a pelypeptide which localizes or directs the
polypeptides of the invention to a desived site or cell. In one embodiment, a construct
of the fnvention comprises a “targeting moicty” which enhances the activity of the
polypeptide, ¢.g., by localizing the molecule to a desired site. Such a moicty may be,
e.g., an antibody or variant thereof {e.g., and scFv} or a peptide. In another
embodiment, such a targeting moiety may be a polypeptide, a receptor binding portion
of a ligand, or a higand binding portion of a receptor which is linked to a polypeptide
of the invention and binds to the desired target, e.g., on a cell or tissue. The targeting

motety may be genetically fused 1o a construct, chemically conjugated to the construct
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or linked to the construct via a spacer. For cxample, targeting moieties may be
attached to a construet of the mvention by formation of a bond between the targeting
moiety and an Fo motety of a construct, where the targeting moiety coroprises a first
functional group and the Fo modety comprises a second functional group, and where
the first and second functional groups are capable of reacting with each other to form
a chemical bond (see, e.g., UK. patent 7381408). In one embodiment, a targeting
moicty binds to platclets. Excmplary targeting motetics are described in more detail
below.

[60151] In one embodiment a targeting moicty for use in a construct of the
mveniton conprises an antibody variant. The term “antibody variant” ot “modified
antibody” imcludes an antibody which does not occur in nature and which has an
amino acid sequence or amine acid side chain chemistry which differs from thatof a
naturally-derived antibody by at least one anuno acid or amino acid modification as
described herein. As used herein, the form “antibody variant” includes synthetic
forms of antibodies which are altered such that they are not naturally occurring, ..,
antibodies that comprise at least two heavy chain portions but not two complete heavy
chains {such as, domain deleted antibodies or minibodies); multispecific forms of
antibodies {¢.g., bispecific, trispecific, eic.} altered to bind to two ot more different
antigens or to different epitopes on a single antigen); heavy chain molecules joined to
scFv molecules; single-chaim antibodics; diabodies; tnabodies; and antibodies with
altered effector function and the like.

{00152] As used herein the term “scFv molecule” includes binding molecules
which consist of one light chain variable domain (VL) or portion thereof, and one
heavy chain variable domain (VH) or portion thereof, wherein each variable domain
{or portion thereof) is derived from the same or different antibodies. scFv molecules
preferably comprise an scFv linker interposed between the VH domain and the VL
domain, Sclv molecules are known in the art and are described, ¢.g., in US patent
5,802 019, Ho et al, 1989, Gene 77:51; Burd et al. 198R Science 242:423; Pantoliano
etal 1991 Riochemistry 30:10117; Milenic et al. 1991, Cancer Research 51:6363;
Takkinen et al. 1991, Prosein Engineering 4:837.

[B0153] A “scFv hinker” as used herein refers to a moiety interposed between
the VL and VH domains of the scFv. scFv linkers preferably maintain the scFv
molecule in a antigen binding conformation. In one embodiment, a scFv linker

comprises or consists of an scFv linder peptide. In certain embodiments, a scFv Hanker
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peptide comprises or consists of a gly-ser polypeptide linker. In other embodiments, a
scFy linker comprises a disulfide bond.

[0154] The term “glveosylation” refers to the covalent linking of one or more
carbohydrates to a polypeptide. Typically, glycosylation is a posttranslational event
which can occur within the intracelular milieu of a cell or extract therefrom. The
term glycosylation includes, for example, N-linked glycosylation (where one or more
sugars arc tinked to an asparagine residuc) and/or O-linked glycosylation (where one
or more sugars are linked to an amine acid residue having a hydroxyl group {e.g..
serie or threonine). {n one embodiment, a molecule of the invention is glycosylated.
I another erabodiment, a molecule of the invention 18 aglyeosylated. Tn yot another
embodiment, a molecule of the invention has reduced glycosylation as compared to
that in a wild type Fc region.

{B0155] As used herein the term “disudfide bond” includes the covalent bond
formed between two sulfur atoms, The aminoe acid cysteine comprises a thiol group
that can form a disulfide bond or bridge with a second thiol group. In most naturally
occurring IgG molecules, the CHI and CL regions are linked by native disulfide
bonds and the two heavy chains are linked by two native disulfide bouds at positions
corresponding to 239 and 242 using the Kabat numbering system {position 226 or
229, EU numbering system}.

{B0156] The {erm “vector” or “cxpression vector” is used herein (o mean
vectors used in accordance with the present invention as a velicle for intreducing mito
and expressing a desired polynucleotide in a cell. As kvown to those skilled in the ax,
such vectors may easily be selected from the group consisting of plasmids, phages,
viruses and retroviruses. In general, vectors compatible with the instant invention will
comprise a selection marker, appropriate resiriciion sites to facilitate cloning of the
desired gene and the ability to enter and/or replicate in cukaryotic or prokaryotic cells.
{0I57] Numerous cxpression vector systems may be employed to produce the
chimeric clotting factors of the invention. For example, ove ¢lass of vector utilizes
DNA clements which are derived from animal viruses such as bovine papilloma virus,
polyoma virus, adenovirus, vaccinia viras, baculovirus, retroviruses (RS8Y, MMTV or
MOMLYV) or SV40 virus. Additionally, cells which have mtegrated the DNA mto
their chromosomes may be selected by introducing one or more markers which altow
seloction of transfected host cells. The marker may provide for protolrophy to an

auxotrophic host, biecide resistance {e.g., antibiotics} or resistance to heavy metals
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such as copper. The selectable marker gene can either be directly Haked to the DNA
sequences to be expressed, or infroduced into the same cell by cotransformation. In
one embodiment, an inducible expression system can be emploved. Additional
elemenis may also be needed for optimal synthesis of mBENA. These elements may
include signal sequences, splice signals, as well as transcriptional promoters,
enhancers, and termination signals. In one embodiment, a secretion signal, e.g., any
one of severs! well characterized bacterial Jeader peptides (¢.g., pelB, phoA, or
ompA}, can be fused in-frame to the N terminnus of a polypeptide of the invention to
obtain optimal sccretion of the polypeptide. (Let ef ad. (1988), Nevure, 331:543; Better
et af. {(198R) Science, 240:1041; Mullinax ef af., (1990). PNAS, 87:8095}.

{60158] The term “host cell” refers to a cell that has been transformed with a
vector constructed using recombinant DNA techniques and encoding at least one
heterologous gene. In descriptions of processes for isolation of proteins from
recombinant hosts, the terms “cell” and “cell culture” are used interchangeably to
denote the source of protein ualess it is clearly specified otherwise. In other words,
recovery of protein from the “cells” may mean cither from spun down whole cells, or
frovn the cell culture containing both the mediur and the suspended cells. The host
cell line used for protein expression is most preferably of mammalian origin; those
skilled in the art are credited with ability to preferestially determine particular host
cetl fines which are best suited for the desived gene product to be expressed therein.
Exemplary host cell hnes include, but are not imited to, DG44 and DUXB1L
{Chinese Hamster Ovary lines, DHFR minus), HELA (human cervical carcinoma),
CVI{monkey kidney line), COS (a derivative of CVI with SV40 T antigen), R1618
{Chinese hamster fibroblasty BALBC/3T3 (mouse fibroblast), PerC6 cells), HAK
(hamster kidney line), SP2/O (mouse myeloma), P3x63-Ag3.653 (mouse myeloma),
BFA-1c1BPT (bovine endothelial cells), RAM (human lymphocyte) and 293 (human
fidney). Hostcell limes are typically available from commercial services, the
American Tissue Culture Collection or from published literature, The polypeptides of
the invention can also be expressed in non-mammalian cells such as bacteria or yeast
or plant cells. In this regard it will be appreciated that various unicellular non-
mammahan microorganisms such as bacteria can also be transformed; i.e. those
capable of being grown in cultures or fermenration. Bacteria, which are susceptible to
rapsfornation, include members of the enlerobactieriaceae, such as sirains of

Escherichia coli or Salmonclia; Bacillaceac, such as Bacillus subtilis; Pacumococeus;
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Strepitocacens, and Haemophilus influenzae. It will further be appreciated that, when
expressod m bacteria, the polypeptides typically become part of inchision bodies. The
polypeptides must be isolated, purified and then assembled into functional molecules,
{60159] In addition to prokaryotes, eukaryotic microbes may also be used.
Saccharomyces cerevisiae, or common baker's yeast, is the most commonly used
among eukaryotic microorganisms although a number of other strains are coramonty
avatlable including Pichia pastoris. For expressionin Saccharorayecs, the plasmaid
YRp7, for example, (Stinchcomb ef af,, (1979, Nature, 282:39; Kingsman ef af,, (1979),
Gene, T:141; Tschemper ef af., (1980), Gene, 1{:157) is commonly used. This plasmid
already contains the TRP1 gene which provides a selection marker for a nuutant steain of
veast lacking the ability to grow in fryptophan, for example ATCC No. 44076 or PEP4-1
(Jones, (1977}, Genetics, 85:12). The presence of the rp/ lesion as a characteristic of the
yeast host cell genome then provides an effective enviroument for detecting
transformation by growth in the abseuce of wyptophan,

[B0160] As used herein the term “endogenous” refers to molecules {e.g. micleic
acid and/or protein molecules) that arc naturally present in a cell. In contrast, the term
“exogenaus”or “heterologous™ refers o such molecules that are not normally found ma
given context, ©.g., in a cell or in a polypeptide. For example, an exogenous or
heterologous molecule may be infroduced nte a cell and are only present after
manipelation of the ecll, c.g., by travsfoction or other forms of genetic enginecring or a
heterologous amino acid sequence may be present in a profein in which it is not
naturally found.

[00161] As used herein, the term “cleavage site” or “enzymatic cleavage site”
vefers {0 a site recognized by an enzyme. Certain enzymatic cleavage sites comprise an
mniracellular processing site. In one embodiment, a polypeptide has an enzymatic
cleavage site cleaved by an enzyme that is activated during the clotting cascade, such
that cleavage of such sites oceurs at the sife of clot formation. Exemplary such sites
nclude e.g., those recognized by thrombin, Factor Xfa or Factor Xa, Exermplary FXla
cleavage sites include, e g, TQSFNDFTR and SVSQTSKLTR. Exemplary thrombin
cleavage sites inchude, e.g, DFLAEGGGVR, TTKIKPR, LVPRG SEQ 1D KNO:35)
and ALRPR. Other enzymatic cleavage sites are known 1n the art.

{00162} As used herein, the term “processing site” ot “intraceilular processing site”
refers to a lype of cizymatic cleavage siic in a polypeptide which is the target for

enzymes that function afier translation of the polypeptide. In one embodiment, such
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enzymes function during transport from the Golgi fumen to the trans-Golgi
compartment. Infraccllular processing enzymes cleave polypeptides prior to
secrefion of the protein from the cell. Examples of such processing sites include, e.g.,
those targeted by the PACE/furin (where PACE is an acronym for Paired basic Amino
cid Cleaving Enzyme} family of endopeptidases. These enzymes are localized to the
Golgi membrane and cleave proteins on the carboxyilerminal side of the sequence
moitf Arg-[any residuc]-(Lys or Argl-Arg. As used herein the “furin” fanuly of
enzymes includes, e.g., furin, PC2, PC1/Pc3, PC4, PACE4, PC5/PCG, and
LPC/PCT/PCE/SPCT. Other processing sites are known in the art.
{30163} In constructs that include moore than one processing or cleavage sife, it
will be understood that such sites may be the same or different.
{601 64] I vitro production allows scale-up to give large amounts of the desired
aitered polypeptides of the invention. Techniques for mammalian cell cultivation
under tssue culture conditions are known in the art and include homogeneous
suspension culture, e.g. in an airlift reactor or in & continuous stirrer reactor, or
mmmobilized or entrapped cell culture, e.g. in hollow fibers, microcapsules, on agarose
microbeads or ceramic cartridges. fnecessary and/or desired, the solutions of
polypepiides can be purified by the customary chromatography methods, for example
gel filiration, ion-exchange chromatography, hydrophobic inferaction chromatography
{HIC, chromatography over DEAE-celiulose or affinity chromatography.
{B0165] As used herein, the phrase “subject that would benefit from
administration of & polypeptide” includes subjects, such as mammalian subjecis, that
would benefit from administration of polypeptides of the invention, e.g., to improve
hemostasis.,
{30166} A “chimeric protein™ or “fusion protein”, as used herein, refers to any
protein comprised of a first amine acid sequence derived from a first source, bonded,
covalently or non-covalently, to a sccond amimo acid sequence derived from a second
source, wherein the first and second source are not the same. A first source and a
second source that are not the same can include two different biological entities, or
two different proteins from the same biological entity, or a biological entity and a
non-biological entity. A chimeric protein can melude for example, o protemn derived
frora at least 2 different biological sources. A biological source can include any non-
synthetically produced nucleic acid or amino acid sequence (e.g. a genomic or cDNA

sequence, a plasmid or viral vector, a native virion or a mutant or analog, as further



(3

[y
(¥

WO 2012/006633 PCT/US2011/043597

described herein, of any of the above). A synthetic source can include a protein or
micleic acid scquonce produced chemically and not by a biclogical system (¢.g. solid
phase synthesis of amine acid sequences). A chimeric protein can also melude a
protein derived from at least 2 different synthetic sources or a protein derived from at
least one biological source and at least one synthetic source. A chimeric protein may
also corprise a first amino acid sequence derived from a first source, covalently or
non-covalently linked to a nucleic acid, derived from any source or a small organic or
inorganic melecule derived from any source. The chimeric protein may comprisc a
tinker molecule between the first and second amino acid sequence or between the first
amino acid sequence and the nucleic acid, or between the first araing actd sequenece
and the small organic or inorganic molecule.
[60167] As used herein, the term “clotting factor,” refers to molecules, or
analogs thereof, naturally occurring or recombinantly produced which prevent or
decresse the duration of a biceding episode n a subject. In other words, i means
melecules having pro-clotting activity, i.e., are respoasible for the conversion of
fibrinogen into a mesh of inscluble fibwin causing the blood to coagulate or clot.
{30168} Clotting activity, as used herein, means the ability to participate in a
cascade of biochemical reactions that culminates in the formation of a fibrin clot
and/or reduces the severity, duration or frequency of hemaorrhage or bleeding episode.
{30169] Hemostasis, as used herein, means the stopping or slowing of blecding
or hemaorrhage; or the stapping or slowing of blood flow through a blood vessel or
body part.
[30178) Hemostatic disorder, as used herein, means a genctically inherited or
acquired condition characterized by a tendency to heworrhage, either spontaneously
or as a resuli of trauma, due to av fmpaired ability or inability to form a fibrin clot,
Examples of such disorders include the hemophilias. The three main forms are
hemophiha A (factor VI deticiency), hemophilia B (tactor 1X deficiency or
"Christmas disease”) and hemophilia C (factor XI deficiency, mild bleeding
tendency), Von Willebrand disease, factor Xi deficiency (PTA deficiency), Pactor X1l
deficiency, deficiencies or structural abnormalities in fibrinogen, prothrombin, Factor
V, Factor VII, Factor X or factor XITT, Bernard-Soulier syndrome 1s a detect or
deficiency in GPIb. GPIb, the receptor for vWF| can be defective and lead to lack of
primary clot formation {printary hemostasis) and increased bleeding tendency), amnd

thrombasthenia of Glanzman and Nacgeli (Glanzmann thrombasthenia). In liver
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faibure (acute and chronic forms), there is insufficient production of coagulation
factors by the liver; this may incrcase blceding risk.

{66171} The chimeric raolecules of the invention can be used prophylacticly.
As used herein the term "prophylactic treatment” refers to the administration of a
molecule prior to a bleeding episode. in one embodiment, the subject innced of a
general hemostatic agent is undergoing, ot is about to undergo, surgery. The chimeric
protein of the nvention can be admintstered prior to or after surgery as a prophylactic.
The chimeric protein of the invention can be administered during or after surgery fo
control an acute bleeding episode. The surgery can include, but is not limited to, liver
transplantation, liver resection, or stem cell transplantation

{66172} On-demand ireatment includes treatmment for a bleeding episede,
hemarthrosis, muscle bleed, oral bleed, hemorrhage, hemorrhage into muscles, oral
hemorrthage, trauma, frauma capitis (head trawma), gastroipiestinal bleeding,
wiracranial hemorrhage, intra-abdominal hemorrhage, intrathoracic hemorrhage, bone
fracture, central smervous system bleeding, bleeding in the retropharyngesl space,
blecding in the retroperitoneal space, or blecding in the illiopsoas sheath., The subject
may be i need of surgical prophvlaxis, peri-operative management, or ticatraent for
surgery. Such surgeries include, ¢.g., minor surgery, major surgery, tooth extraction,
tonsillectomy, inguinal  hemiotomy, synovectomy, total knee replacement,
cramiotomy, osteosynthesis, frauma sorgery, nfracramal surgery, intra-abdominal
surgery, intrathoracic surgery, or joint replacement surgery.

{0173} As used herein the torm "acute bieeding " refers to a bleeding episode
regardless of the underlying cause. For exmaple, a subject may have trauma, uremia,
a hereditary bleeding disorder (e.g., factor VII deficiency) a platelet disorder, or
resistance owing to the development of antibodies to clotting factors,

{60174] Treat, treatment, treating, as used herein refers to, ¢ g, the reduction in
severity of a discase or condition; the reduction i the duration of a disease course; the
amelioration of one or more symptoms associated with a disease or condition; the
provision of beneficial effects to a subject with a disease or condition, without
necessarily curing the disease or condition, the prophylaxis of one or more symptoms

associated with a disease or condition.
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jB0175] In particular, the invention pertains o improved versions of factors
VI, IX, and X, These factors are all structurally refated in that 1o cach the amino
termimal end of the hight chain is not amenable to the incorporation of additional
moietics. Similarly, the amino terminal end of the heavy chain of these three clotting
factors is not amenable to the incorporation of additional moieties, with the exception
of cleaveable moteties, 1.e., moteties linked via a cleavage site or mojeties which
consist of a cleaveage site, The chimeric clotting factor constructs of the invention
were designed based on these shared propertics and it will bo understood that
afthough factor VI is often shown to iflustrate exemplary embodiments of the
mvention, the subject constructs may be made using factor VIL IX, ot X, For
example, one of skill in the art would understand that the FVII portion of a construct
of the invention could be substituted with a FVIIL FIX or FX portion to make an
enhanced version of one of these clotting factors.

{00176] Exeroplary chimeric clotting factor constructs of the juvention are set
forth in the accompanying Figures. Although the Figures generally illustrate the
clotting Factor as a single chain {in its zymogen form)} it will be understoed that the
clotting factor may also be present in its active form in a construct of the invention,
¢.g. as a two chain, disulfide bonded form.

{01771 In one embodinent, a chimeric clotting factor of the mvention is
expressed by a cell m active form. In another ombodiment, a chimeric clotting factor
1s expressed n inactive form and is subsequently activated under appropriate
conditions in vitre such that the active form of the clotting factor is present in the
construct. In another embodiment, a chimeric clotting factor of the invention
comprises a clotling factor i jnactive form and the clotling factor is activated in vivo
afler admindstration,

{0178] In one embodiment, an scFe scaffold can be used to produce an active
torm of a molecule. Certain clotiing factors are produced recombinantly as zymogens
and, therefore, require activation during manufacturing. Active forms of Factors VI,
¥, and X are comprised of dimeric molecules in which the heavy and light chain are
linked only by a disuifide bond.

[303179] In one embodiment, a chimeric clotting factor 1s activated prior to
administration to a subject to improve hemostasis. Methods for activating clotting

factors are known in the arl. For example, i one embodiment, a chitseric cloiting
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factor of the invention is contacted with media containing CaCly at a concentration of
approximately 5 M,

[60180] In another embodiment, a chimeric clotiing factor of the mvention is
secreted in active form by a cell in which it is expressed. In one embodiment, an
active chimeric clotting factor is made by expressing the heavy and light chain of a
clotting factor as separate polypeptides.

{00181] In another emabodiment, the N-terminus of the heavy chain of the
clotting factor is modified to comprise an intracellular processing site which delays
the activation of the clotting factor during synthesis until later in the seeretory
pathway, (i.e. until protein colocalizes with active processing enzymes in the frans-
Golgi network), leading to gregier productivity, Exemplary such intracellular
processing sites include those recognized by furin. Exemplary cleavage sites for this
faraily of enzymes include an amino acid sequence comprising the motif Arg-Xaa-
Lys/Arg-Arg.

{B0182] I a preferred embodiment, an active construct of the invention is made

in the context of an Fo fusion profein, ¢.g., using an scFc linker {¢.g., a cscfc linker}.

{30183} Exemplary constructs are shown in the accompanying figures.
{60184) 1n one embeodiment, the invention pertains to processed (e.g., mature)

polypeptides in which the at least one cleavage site adiacent to an seFc polypeptide
inker has been cleaved such that the molecule is no longer a single polypeptide chain
such that the polypeptide is coroprised of at least two polypeptide chains {owing to
cleavage at the enzymatic cleavage site(s) P1 and/or P2},

RN In one embodiment, such processed polypeptides comprise a clotiing
factor or portion thereof linked to the second Fe motety (1.¢., the second Fe moiety
when counting from (he amino lerminus o the carboxy terminus prior to cleavage of
the polypeptide linker) which has a free amino terminus after cleavage of the
polypeptide linker.

[BR186] In one embodiment, a clotting factor attached to the N-termunus of the
second Fo motety is catalytically active, e.g., has enzymatic activity. In another
embodiment, a clotting factor attached to the N-terminus of the second Fe motety is
secreted by a cell as 8 zymogen requiring further enzymatic processing of the clotting
factor in order to be fully activated.

{60187} 111 one ambodiment, the invention pertains to clotting factors which are

secreted from cells in active or activated form without the need for further activation
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during processing. For example, Factor Vil is generally produced recombinantly as a
zvmogen and requires activation during mamifacturing to produce the active form for
administration. In one embodiment, a polypeptide of the invention is secreted from
the cell in which it is expressed in active form to improve manufacturability. Asis set
forth in more detail below, such clotting factors can be produced by expressing the
light chain of a clotting factor and the heavy chain of a clotting factor separately in the
context of an scFc molecule comprising a csc¥e linker. Activation of such a construct
is delayed until late in the sceretory pathway during processing, ¢.g., when the protein
colocalizes with active processing enzymes in the trans-Golgi apparatus.

{00188] In one ombodiment, a clotting factor of the mvention is a mature form
of Factor Vil or a variant thercof, Factor VH (FVH, F7; also referred to as Factor 7,
coagwlation factor VII, serum factor VI, serum prothrombin conversion accelerator,
SPCA, proconvertin and eptacog alpha) is a serine protease that is part of the
coagulation cascade. FVH includes a Gla domain, two BEGF domains (EGF-1 and

EGF-2)}, and a serine protease domain {or peptidase S1 domain) that is highly

3

conserved among all members of the peptidase 51 family of scrince proteasces, such a

wn

s

for example with chymotrypsin. FVI occurs as a single chain zymogen, an activaied
zymogen-like two-chain polypeptide and a fully activated two-chain form. As used
herein, a "zymogen-like” protein or polypeptide refers fo a protein that has been
activated by proteolytic eleavage, but still exlubits propertics that are associated with
a zvmogen, such as, for example, low or no activity, or a conformation that resembles
the conformation of the zymogen form of the protein. For example, when it is not
bound to tissue factor, the two-chain activaied form of FV1I is a zymogen-like
protein; it refains a conformation similar to the uncleaved FVII zymogen, and, thus,
exhibits very low activity. Upon binding to tissue factor, the two-chain aclivated form
of FVIL undergoes conformational change and acquires ifs full activity as a
coagulation tactor,

{00189] Exeroplary FVH varants inchide those with increased specific activity,
e.g., mutations that increase the activity of FVI by increasing its envzymatic activity
{Kcat or Km}.  Such variants have been described in the art and include, e.g., mutant
forms of the molecule as described for exanmple in Persson et al. 2001, PNAS
98:13583; Petrovan and Ruf. 20601, J. Biol Chem. 276:6616; Persson ot al. 2001 1,
Biol. Chem. 276:29193; Sogjina et al. 2001, J. Biol Chem. 276:17229; Socjima ci

al. 2002, J. Biol. Chem, 247:49027. In one embodiment, a variant form of FVII
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nchudes the mutations Exemplary mutations include V158D-E296V-M298Q. In
another erabodiment, a variant form of FVI includes a replacement of amino acids
608-6 19 (LQOSRKVGDSPN, corresponding to the 170- loop) from the VI mature
sequence with amine acids EASYPGK from the 170-loop of trypsin. High specific
activity variants of FIX are also known in the art. Fir example, Simioni et al. (2009
N.E. Journal of Medicine 361:1671) describe an R338L yutation. Chang et al. (19838
IJBC 273:12089) and Piorri et al. (2008 Human Gone Therapy 20:479) describe an
R338A mutation. QOther mutations are known in the art and include those described,
¢.g., in Zogg and Brandstetter. 2009 Structure 17:1069; Sichler etl al. 2003, §. Biok
Chem. 278:4121; and Sturzebecher et al. 1997, FEBS Lett 412:295. The contents of
these references are incorporated herein by reference.

{0601 90] Full activation, which cccurs upon conformational change from a
zymogen-like form, sccurs upon binding to is co-factor tissue factor. Also, mutations
can be fntroduced thst result in the conformation change in the absence of tissue
factor. Hence, reference to FVIia includes both two-chain forms thereof, the
zymogen-like form and the fully activated two-chain form.

{0191 In one ombodiment, a clotting factor of the mvention is a mature form
of Factor Vil or a variant thereof. FVILI functions in the intrinsic pathway of blood
coagitlation as a cofactor fo accelerate the activation of factor X by factor 1Xa, a
reaction that occurs on a negatively charged phospholipid surface i the presence of
calcium ions, FVII is synthesized as a 23531 amino acid single-chain polypeptide
having the domain structure A1-AZ-B-A3-C1-C2. Wehar, G, A, et al,, Nature
312:337-342 (1984} and Toole, 1. I et al, Nature 312:342-347 {1984). The domain
structare of FVIIH is wdentical to that of the homologous coagulation factor, factor V
(FV), Kane, W. H. et al,, PNAS (USA)} 83:6800-6804 (1986) and Jenmy, R, J. et al,,
PNAS (USA} 84:4846-4850 (1987). The PV A-domains are 330 amino acids and
have 40% amino acid identity with cach other and to the A-domain of FV and the
plasma copper-binding protein cervloplasmin. Takahashs, N, et al., PNAS (USA)
81:360-394 (1984). Each C-domain is 150 amino acids and exhibitg 40% identity to
the C-domains of FV, and to proteins that bind glycoconjugates and negatively
charged phospholhipids. Stubbs, J. D. et al., PNAS (USA) §7:8417-8421 (1990). The
FVII B-domain is encoded by a single exon and exhibits hittle homology to any
known protein mcluding FY B-domain. Gitschier, J. el al, Nature 312:326-330 {1984)

and Cripe, L. D. et al,, Biochemuistry 31:3777-3785 (1992).
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[B8192] FVUI is seereted into plasma as a heterodimer of a heavy chain
{domains Al-A2-B) and a ight chain {domains A3-C1-C2) associated through a
noncovalent divalent metal ion linkage between the Al- and A3-domains. In plasma,
PV is stabilized by binding to von Willebrand factor. More specifically, the FVII
light chain is bound by noncovalent interactions to a primary binding site in the amine
terminus of von Willebrand factor. Upon proteolytic activation by thrombin, FVII s
activated to a heterotrimer of 2 heavy chain fragments (Al a 30 kDa fragment, and
A2, a 43 kia fragment) and the light chain (A3-C1-(2, a 73 kDa chain}. The active
formy of FVIL (FVIHa) thus consists of an Al-subunit associated through the divalent
metal ton linkage to a thrombin-cleaved A3-C1-C2 light chaio and a free A2 subunit
associated with the A1 domain through an ion association. Eaton, D et al,
Biochemistry 25: 505 (1986}, Lollar, P. et al., J. Biol. Chem. 266: 12481 (1991} and
Fay, P. 1 etal, I Biol. Chem. 266: 8957 (1991). This FVIIa heteroirimer 13 unstable
and subject to rapid inactivation through dissociation of the A2 subunif nnder
physiological conditions.

[00193] In one cmbodiment, a clotting factor comprises a B-domain deleted
version of factor VIIL "B-domain” of Factor VIII, as used herein, is the same as the
B-domain known in the art that is defined by internal amino acid sequence identity
and sifes of proteciytic cleavage, e.g., residues Ser741-Argl 648 of full-length human
Factor VIIL The other human Factor VI domains are defined by the following
amino acid residues: Al residues Alal-Arg372; A2, residues Ser373-Arg740; A3,
residues Ser1690-Asn2019; C1, residues Lys2020-Asn2172; C2, residues Ser2173-
Tyr2332. The A3-CI-C2 sequence inchudes residues Ser1690-Tyr2332. The
remaining sequence, residoes Glul1649-Arg1689, 16 usually veferred to as the a3 acidic
region. The locations of the boundaries for all of the domains, including the B-
domains, for porcine, mouse and canine Factor VI are also known in the art. In one
cimbodiment, the B domain of Factor VIH 18 delcted {("B-domain-deleted factor VI
or "BDD FVIII™. Ao example of a BDD FVIL is REFACTO" (recombinant BDD
FVHI with S743/01638 fusion), which is known in the art,

{B6194] A "B-domain-deleted Factor VIHI" may have the full or partial
deletions disclosed in U8, Pat. Nos. 6,316,226, 6,346,513, 7,041,635, 5,789,203,
6,060,447, 5,595,886, 6,228,620, 5,972 888, 6,048,720, 5,543,502, 5,610,278,
5,171,844, 5,112,950, 4,868 112, und 6,458,563, cach of which is mcorporated herein

by reference in its entircty. In some cmbodiments, a B-domain-deleted Factor VI
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sequence of the present invention comprises any one of the deletions disclosed at eol.
4, line 4 to col. §, ling 28 and examples 1-5 of U.S. Pat. No. 6,316,226 {(also in US
6,346,513}, In another embodiment, a B-domain deleted Factor VI is the
8743/(31638 B-domain deleted Factor VHI {8 version Factor VIIT) {e.g., Factor VI
having a deletion from amino acid 744 to amino acid 1637, e.g., Factor VIII having
amino acids 1-743 and amino acids 1638-2332 of SEQ 1D NG: 6, i.e., SEQ I NO:
2}, Tn some embodiments, a B-domain-deleted Factor VIU of the present invention
has a deletion disclosed at col. 2, lines 26-51 and examples 5-8 of U.S. Patent No.
5,789,203 {(also US 6,060,447, US 5,595,886, and US 6,228,620). In some
embodiments, a B-domam-deleted Factor VIII has a deletion described in col, i, lines
25 to col, 2, line 40 of US Patent No. 5,972,885 col. 6, lines 1-22 and example | of
.S, Patent no. 6,048,720; col. 2, lines 17-46 of U.S. Patent No. 5,543,502; col. 4, line
22 to col. S, hine 36 of U.S. Patent no. 5,171,844; col. 2, lines SS-68, figure 2, and
example 1 of U.S. Patent No. §,112,930; col. 2, line 2 o col. 19, line 21 and table 2 of
U.S. Patent No. 4,8068,112; col. 2, line 1 to col. 3, line 19, col. 3, line 40 to col. 4, line
§7, col. 7, line 43 o col. 8, line 26, and col. 11, ling 5 to col. 13, line 39 of U.S. Patent
no. 7,041,635; or col. 4, linegs 23-53, of UK. Patent No. 6,458,363, Insome
embodiments, a B-domain-deleted Factor VIII has a deletion of most of the B domain,
bt still contains aming-terminal sequences of the B domain that are essential tor in
vivo proteolytic processing of the primeary franslation product into two polypeptide
chain, ag disclosed in WO 81/09122, which is incorporated herein by reference in ifs
entirely. In some embodiments, a B-domain-deleted Factor VIH is constructed with a
deletion of amino acids 747-1638, i.e., virtually a complete deletion of the B domain,
Hoeben R.C,, et ol J. Biol Chem. 265 (13 7318-7323 (1990), incorporated herem
by reference in its entirety, A B-domuin-deleted Factor VI may also contain a
deletion of amino acids 7711666 or amino acids 868-1562 of Factor VIH. Meulien
P., et al Protein Eng. 2(4): 301-6 (1988}, mcorporated herein by reference in its
enitrety, Additional B domain deletions that are part of the invention nclude:
deletion of amine acids 987 through 1562 or 760 through 1639 (Toole er al, Proc.
Natl Acad Sci. U.S.A. (1986) 83, 5939-5942%), 797 through 1562 (Eaton, ef al.
Biochemistry (1986) 25:8343-8347)), 741 through 1646 (Kautman (PCT pubhished
application No, WO R7/04187)), 747-1560 (Savver, ef ol., DNA (1987) 6:553-564)),
741 though 1648 (Pasck (PCT application No.88/00831}), or 816 through 1598 or 741
through 1648 (Lagner (Behring Inst. Mitt, (1988) No 82:16-25, EP 2955973, cach of
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which is incorporated herein by reference in its entirety. Fach of the foregoing
deletions may be made i any Factor VI sequence. In one embodiment, the
mvention pertains to a targeted version of FVII, wherein the targeting (1) specifically
binds to platelets, (11} is not interposed between the light and heavy chains of the
clotting factor, and wherein said chimeric clotting factor exhibits increased generation
of thrombin in the presence of platelets as compared to an appropriate control lacking
the at least onc fargeting moicty.

{B0195] In one embodiment, a clotting factor of the invention is 3 mature form
of Factor IX or a variant thereof. Factor IX circulates as a 415 amino acid, single
chain plasma zymogen (A, Vysoichin et al,, J. Biol. Chem. 268, 8436 (1993)). The
zymogen of FIX ig activated by FXla or by the tissue factor/FVUa complex. Speaific
cleavages between arginine-alanine 145-146 and arginine-valine 180-181 resultin a
light chain and a heavy chain linked by a single disulfide boud between cysteine 132
and cysteine 289 (S, Bajaj ot 51, Biochemistry 22, 4647 (1983})). The structural
organization of FIX is similar o that of the vitamin K-dependent bload clotting
proteins FVIL FX and protein C (B. Furic and B. Furie, supra). The approximately 45
amino acids of the amino termwinus comprise the gamma-carboxyglutamic acid, or gla,
domain. This is followed by two epidermal growth factor homology domains (EGF),
an activation peptide and the catalvtic "heavy chain” which ix a2 member of the serine
protease famuly (A, Yysotehin et al., . Biol. Chom. 268, 8436 (1993); S. Spitzor ot al,,
Biochemical Journal 265, 219 (1990, H. Brandstetter et al,, Proc. Natl. Acad Sci.
USA 92,9796 (1905}

[30196] In one embediment, a clotting factor of the invention is a mature form
of Factor X. Factor X is a vitamin-K dependent glycoprotein of a molecular weight
of 38.5 kba, which is secreted from fiver cells into the plasina as a rymogen, Initially
factor X is produced as a prepropeptide with a signal peptide consisting in total of 488
amine acids. The signal peptide 18 cleaved oft by signal peptidase during export into
the endoplasmatic reticulum, the propeptide sequence is cleaved off after gamma
carboxylation took place at the first 11 glutamic acid residues at the N-terminus of the
mature N-terminal chain. A further processing step occurs by cleavage between
Argl82 and Ser183. This processing step also leads concorifantly to the delstion of
the tripeptide Argl80-Lys181-Arg182. The resulting secreted factor X zymogen
consists of an N-terminal Hehi chain of 139 aminoe acids (M, 16,200) and a C-terminal

heavy chain of 306 aming acids (M, 42,000} which are covalently linked via a
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disulfide bridge between Cys172 and Cys342. Further postiranslational processing
steps inchude the beta.-hydroxylation of Aspl03 as well as N- and O-type
glycosylation,
{60197) 1t will be understond that in addition to wild type {WT) versions of
these clotting factors or biologically active portions thereof, the present invention may
also employ precursor truncated forms thereof that have activity, allelic variants and
speeics variants, varfanis cneoded by splice variants, and other vartants, including
polypeptides that have at least 40%, 45%, 50%, 55%, 65%, T0%, 75%, &0%, 83%,
0%, 95%, 96%, 97%, 98%, 99% or more sequence identity to the mature form of the
clotting factor and which retain the ability to promote ¢lot formation, For example,
modificd FVil polypeptides and variants thereof which retain at least one activity of g
FVIL, such as TF binding, factor X binding, phospholipid binding, and/or coagulant
activity of & FVII may be emploved. By retaining activity, the activity can be aliered,
such as reduced or increased, as compared to a wild-type clotting factor so long as the
level of activity retained is sufficient to yield a detectabie effect. Exemplary
sequences of clotting factors that can be used in the constructs of the invention arce
found in the accompanying sequence listing.
{01 98] Exemplary modified polypeptides include, bui are not limited to,
tissue-specific tsoforms and allelic variants thereof, synthetic molecules prepared by
transiation of macleic acids, protems generated by chemical synthesis, such as
syntheses that include ligation of shorter polypeptides, through recombinant methods,
proteins isolated from human and non-human tissue and cells, chimeric polypeptides
and modified forms thercot. The instant clotting factors may also consist of fragments
or portions of WT mwolecules that are of sufficient length or include appropriate
regions (o retain at least one activity {upon activation if needed) of a full-length
mature polypeptide. Exemplary clotting factor variants are known in the art.
{B0199] As used herein, the term “Gla domam™ refers to the conscerved
membrane binding motif which is pesent In vitamin K-dependent proteins, such as as
prothrombin, coagulation factors VI IX and X, proteins C, S, and Z. These proteins
require vitamin K for the postiranslational synthesis of g-carboxyglutamic acid, an
amino acid clustered in the N-termimnal Gla domain of these proteins. All glutamic
residues present in the domain are potential carboxyiation sites and many of them are
therefore muodificd by carboxylation. In the presence of calcium ioss, the Gla domain

interacts with phospholipid membrancs that include phosphatidyiserine. The Gla
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domain also plays a role in binding to the FV{ia cofactor, tissue factor (TF).
Complexed with TF, the Gla domain of FVila is loaded with seven CaZ+ ions,
projects three hyvdrophobic side chains in the direction of the cell membrane for
interaction with phospholipids on the cell surface, and has significant contact with the
C-terminal domain of TF.

{60200] The Gla domain of factor VI comprises the uncommon amino acid -
carboxyglutarnic acid (Gla), which plays a vital role in the binding of cloiting factors
to negatively charged phospholipid surfaces.

[860281] The GLA domain is responsible for the high-affinity binding of
calcium ions. Tt staris at the N-terminal extremity of the mature form of proteins and
ends with a conserved aromatic residue. A conserved Gla-x(33-Gla-x-Cys motif is
found in the middle of the domain which seems to be important for substrate
recogoition by the carboxylase.

j00202] Using stopped-flow flucrescence kinetic measurements in combination
with surface plasmon resonance analysis, the Gla domain has been found to be
important in the sequence of cvents whereby the protease domain of FVila mitiates
contact with sTF (Biochemical and Biophysical Research Comaunications. 20035,
337:1276). In addition, clearance of clotting factors may be significantly mediated
through Gla interactions, e.g., on liver cells and clearance receptors, ¢.g., FPCR.
{60283] Tn one embodiment, targeted clotting factors are modified to lack a Gla
domain. The Gla domain is responsible for mediating clearance of clotting factors via
multiple pathways, such as binding to liver cells, clearance receptors such as EPCR,
etc. Thus, eliminating the Gla domain has beneficial etfects on half life of ¢lotiing
factors. Though Gla dosain is also generally required for activity by localizing
clotting factors to sites of coagulation, the inclusion of a platelet targeting domain
moiety targets the Gla deleted clotting factor to platelets. In one embodiment, a
clotting factor of the invention comprises a targehing moicty and lacks a Gla domain.,
For example, in the case of Factor V1, the Gla domain is present at the amino
terminus of the light chain and consists of amine acids 1-35. The Gla domaing of
exemplary clotting factors are indicated in the accompanying sequence listing. This
domain can be removed using standard molecular biology techniques, replaced with o
targeting domain, and the modified Hght chain incorporated into a construct of the
mvention. in one embodiment, a cleavage site may be introduced into constructs

facking a Gla domain to facilitate activation of the molecule. For example, in one
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erabodiment, such a cleavage site may be introduced between the amino acids that are
cleaved when the clofting factor is activated {c.g., between amino acids 152 and 153
in the case of Factor VI, Exemplary clotting factors lacking 8 Gla domain are shown
in the accompanying figures

{h0204] in one embodiment, a cleavage site may be introduced into constructs
lacking a Gla domain (o facilitate activation of the molecule. For example, in one
ermbodiment, such a cleavage site may be introduced between the amino acids that are
cleaved whes the cloiting factor is activated (e.g., between amino acids 152 and 153
in the case of Factor V1) Exemplary clotting factors lacking a Gla domain are
shown in the accompanying figures,

{0205) Exemplary clotting factors are those of mammalian, o.g., human,
origin. The sequences of exemplary clotting factors are presented in the
accompanying sequence Hsting, e.g., alone or in the context of a chimeric clotting

factor construct.

11, Targetine Moictics

{00206] In one ombodiment, a clotiing factor of the mvention is targeted to
platelets to enhance its efficacy by localizing the clotting factor to the site of
coagitlation using a “targeting moiety” which binds to a target molecule expressed on
platelets. Preferably the targeted molecules are not expressed on cells or tissues othor
than platelets, L.e., the targeting moieties spectfically bind to platelets.

{00207} In one embodiment, recoptors/conformations found on resting platelets
are targeted. By doing so, siies for coagulation could be primed for enhanced
officacy. Targeting such molecule roay also extend half life of the clotting factor
and/or prevent clearance. Exarples of such targets include Gplb of the Gplb/VAX
complex, and GpVI and nonactive form of GPlfb/Hla.

{B0208] n onc embodiment, receptors/conformations only found on activated
platelets are targeted in order to localize the clotting factor to site of active
coagulation. Examples of such targets include, e.g., the active form of Gplib/lla as
well as CDO2P.

[B0269] In one embodiment, a polypeptide of the invention comprises o
“targeting moicty” which has affinity for and binds to platelets. For example, in one
embodiment, a targeting moiety binds to the GPIb complex, ¢.g, GPIb-alpha.

Examples of such targeting moictics include the peptides PS4, OS1, and OS2 which
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bind to both active and nonactive platelets (Benard et al. 2008 Biochemistry
47:4674); 1n another crubodirsent, a targeting moicty binds to the active
conformation of GPHblila. Examples of such targeting moieties micude SCES and
MB9 variable regions which bind active platelets only (Schwarz et al. 2004 FASEB
Journal express article 10.1096/11.04-15134je; Schwarz et al. 2006 Circulation
Research. 99:25-33; U.S. Patent publication 200702180667). In another embodiment,
a targcting moicty binds to both the active/nonactive conforration of GPHbINa. An
example of such a targeting moiety is the variable region of the AP3 antibody
{Peterson ¢t al. 2003. Hemostasis, Thrombosis, and Vascular Biology 101:937;, WQ
2010115866}, Other targets and targeting motetics are known i the art, Another
version of factor IX (the triple mutatnt VRGA/E2TTA/R338A) with augmented
clotiing activities has been described by Lin et al. 2010, Journal of Thrombosis and
Haemostasis & 1773). The contents of these references are incorporated herein by
this reference.

{00210] The chimeric clotting factors of the invention can comprise one or
more than one targeting moiety. Exemplary configurations arc set forth in the
accompanying Figures. Additionally, two or more targeting moieties may be linked
to each other {e.g., via a spacer)} in series, and the tandem array operably linked to a
construgct of the invention. When two or more fargeting moteties are present i a
chimeric clotting factor of the invention, the moictics may be the same or diffcrent.
{36211} In one embaodiment, a targeting moiety is fused to a chimeric clotting
factor of the invention by a cleaveable linker which may be cleaved to remove the
targeting moiety at the site of a clot. In ancther embodiment, a targeting moiety is not
attached via a cleaveable linker and, therefore, is not cleaved at the site of a clot.
{60212} In one embodiment, the targeting moiety is located on the N-or C-
terminus of factor VIIL In another embodiment, a targeting moiety is located on the
C-termmus of FYVH, FIX, FX, or the C-tormmus of cither or both chams of FVila,
FiXa, of FXa. In embodiments in which an Fe region or portion thereof is emploved,
the targeting molety may be positioned at the N or C terminus of the second Fe chain,
or the C-terminus of either or both Fe chains.

[B0213] In one embodunent, a targeting molety is not genetically fused directly
10 a construct, but rather is Hnked via a spacer or a chemical bond to the construct.
For example, targeting moietics may be atiached {0 a construct of the invention by

formation of a bond between the targeting moicty and an Fo moicty of a construct,
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where the targeting moiety comprises a tirst functional group and the Fe moiety
compriscs a second functional group, and where the first and second fanctional
groups are capable of reacting with each other to form a chemical bond (see, e.g., U.S.

patent 7381408},

{60214 in one embodiment, a polypeptide of the invention comprises at least
one of an antigen binding site {e.g., an antigen binding stie of an antibody, antibody

variamt, or antibody fragment), a polypeptide, a receptor binding portion of ligand, or
a ligand binding portion of a receptar which specifically binds to platelets, e.g.,
resting or activated platelets,  Exemplary targeting moieties inchude scFv molecules
or peptides which bind to molecules o be targeted. Examples of targeting moieties
are found in the instant cxamples and Figures. Other molecules useful as targeting
moicties can readily be selected by one of skill in the art based upon the teaching

herein.

A. Antiges Binding Sites Which Bind to Platelets
[08215] In certain embodiments, a polypeptide of the invention compriscs at feast
one antigen binding portion (e.g., binding sie} of an antibody. In one embodiment, the
antigen binding portion targets the polypeptide to platelets
{0216] In other embaodiments, a a polypeptide of the invention may comprise
an antigen binding portion. The tormm “antigen-binding portion” refors (o a
polypeptide fragment of an immunoglobulin, antibody, or antibody variant which
binds antigen or competes with intact antibody (7., with the intact antibody from
which they were derived) for antigen binding (V.e., specific binding). For example,
said antigen binding portions can be derived from any of the antibodies or antibody
variants described supra. Antigen binding portions can be produced by recombinant
or biochemical methods that are well known in the art. Exemplary antigen-binding
portions include Fv, Fab, Fab’, and (Fab’}; as well a3 scFv molecules.
B0217] In other embodiments, a chimeric clotiing factor of the invention may
comprise a binding site from single chain binding molecule {e.g., a single chain
variable region or scFv). Techniques described for the production of single chain
antibodies {U.S. Pat. Mo. 4,694,778; Bud, Science 242:423-442 (1988); Huston et al.,
Proc. Natl. Acad. Sci. US4 85:3879-5883 (1988); and Ward ef af., Nature 334:544-
554 (1989}) can be adapted to produce single chain binding molecules. Single chain

antibodies arc formed by linking the heavy and light chain fragments of the Fv region
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via an smino acid bridge, resulting in a single chain antibody. Technigues for the
asscmbly of functional Fv fragments m I coli may also be used (Skerra ¢f of., Science
242:1038-1041 (1988}

{60218} In certain embodiments, a polypeptide of the invention comprises one
or more binding sites or regions comprising or consisting of a single chain variable
region sequence (scFv). Single chain variable region sequences comprise a single
polypeptide having one or more antigen binding siics, e.g, a 'V domain linked by a
flexible linker to a Viy donain, The VL and/or VH domains may be derived from any
of the antibodics or antibody variants described supra. ScFv molecules can be
constructed i a Vu-linker-Vy orientation or Vi-lnker-Vu ortentation. The flexible
linker that links the V| and Vi domains that make up the antigen binding site
preferably comprises from about 10 to about 50 amino acid residues. In one
embodiment, the polypeptide linker is a ghy-ser polypeptide linker. An exemplary
gly/ser polypeptide linker is of the formula (Gly4Set)n, wherein u is a positive integer
{e.g, 1,2, 3,4, 5, or 6). Uther polypeptide linkers are known in the art.  Astibodies
having single chain variable region sequences (c.g. single chain Fv antibodics) and
methods of making satd single chain antibodies ave well-knowr in the art (sec e.g., Ho
ctal. 1989, Gene 77:51; Bird ct al. 1988 Science 242:423; Pantoliano ctal. 1991,
Biochemisiry 30:10117; Milenic et al. 1991, Cancer Research 51:6363; Takkinen et
al. 1981, Prowein Engineering 4:837).

{30219] In certain embodiments, a scFv molecule employed m a polypeptide of
the invention is a stabilized scFv molecule. In one embodiment, the stabilized ¢Fv
molecule may comprise a scFv linker interposed between a Vi domain and a Vi,
domain, wherein the Vi and Vi, domains are linked by a disulfide bond between an
aming acid in the Viand an amine acid in the Vi domain. In other embodiments, the
stabilized scfv molecule may comprise a scFv linker having an optimized length or
composition. In yet other embodiments, the stabilized acFv molecule may comprisc a
Vy or Vi domain having at least one stabilizing amino acid substitution(s). In yet
another erabodiment, a stabilized scFv molecule may have at least two of the above
listed stabilizing features.

[B0220] Stabilized sekv molecules have improved protein stability or impast
improved protein stability to the polypeptide to which it is operably linked. Preferred
schv Hiders of the invention improve the thermal stability of a polypeptide of the

invention by at least about 2°C or 3°C as comparcd to a conventional polypeptide
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Comparisons can be made, for example, between the scFv molecules of the invention.
In certain proforred embodiments, the stabilized scFv molecule comprises a
{GlysSer)y scFv linker and a disulfide bond which links Vg amino acid 44 and Vi
amino acid 100, Other exemplary stabilized scFv molecules which may be employed
in the polypeptides of the invention are described in US Provisional Patent
Application No. 60/873,996, filed on December §, 2006 or US Patent Application No.
11/725,970, filed on March 19, 2007, cach of which is incorporated herein by
reference in its entirety.

{09221} Polypeptides of the invention may comprise a variable region or portion
thereof (e.g. a VL and/or VH domain) derived from an antibody using art recognized
protocols. For example, the variable domain may be derived from antibody produced in
a non-human manimal, e.g., muring, guinea pig, primate, rabbit or rat, by imnumizing
the mamumal with the antigen or a fragment thereof. See Harlow & Lane, supra,
meorporated by reference for all purposes. The immunoglobulin may be generated by
nmudtiple subcutancous or intraperitoncal injections of the relevant antigen {e.g., purified
tumor associated antigens or colls or cellular extracts comprising such antigens) and an
adjuvant, This toounization typically elicits an immune response that comprises
production of antigen-reactive antibodies from activated splenocytes or yniphocytes.
{0222] While the variable region may be derived from polvelonal antibodies
barvesied from the serum of an invnunized mamimal, it 18 often destrable to 1solate
mdividual lymphocytes from the spleen, lyniph nodes or peripheral blood to provide
homogenous preparations of monoclonal antibodies (MAbs) from which the desired
variable region is derived. Rabbits or gninea pigs are typically used for making
polycloval antibodies. Mice are typically used for making monoclonal antibodies.
Monoclonal antibedies can be prepared against a fragroent by injecting an antigen
fragment into a mouse, proparing “hybridomas” and screening the hybridomas for an
antibody that specifically binds to the antigen. In this well known process (Kohler e/
al., (1975, Nature, 256:493) the relatively short-Hved, or mortal, lvmaphocytes from the
mouse which has been injected with the amtigen are fused with an immortal temor cell
line {e.g. a myeloma cell line), thus, producing hybrid cells or "hybridomas” which are
both immortal and capable of producing the antibody genetically encoded by the B cell.
The resulting bybrids are segregated into single genetic strains by selection, difution, and

regrowth with cach individual sirain comprising specific genes for the forpsation of a
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single antibody. They prodice antibodies which are homogeneous against a desired
anfigon and, in reference to their pure gonctic parentage, are tormed “monoclonal”
[60223] Hybridoma cells thus prepared are seeded and grown in a suitable culture
medium that preferably contains one or more substances that inhibit the growth or
survival of the unfused, parental myeloma cells. Those skilied in the art will appreciate
that reagents, cell lines and media for the formation, selection and growth of hybridomas
are conmmercially available from s mumber of sources and standardized protocols are
well established. Generally, culture medinm in which the hybridoma cells are growing
is assayed for production of monocional antibodies against the desired antigen.
Preferably, the binding specificity of the monocional antihodies produced by hybridoma
cells is determined by immunoprecipitation or by an ix visre assay, such as a
radioimmunoassay (RIA} or enzyme-linked immunosorbent assay (ELISA). After
hybridoma cells are identified that produce antibodies of the desived specificity, affinity
and/or activity, the clones may be subcloned by imiting dilution procedures and grown
by standard methods {Goding, Monoclonal dniibodies: Principles and Practice, pp 59-
103 {Academic Press, 19863}, It will fiurther be appreciated that the moneelonal
antibodies secreted by the subciones may be separated from culture mediuvm, ascites
fluid or serum by conventional purification procedures such as, for exampie, atfinity
chromatography {e.g., pratein-A, protein-G, or protein-L atfinity chromatography),
hydroxyviapatite chromatography, gel electrophoresis, or dialysis.

{30224] Optionally, antibodies may be screened for binding to platelets of &
specific activation state or to a specific region or desired fragment of the antigen
without binding to other nonoverlapping fragments of the antigen. The lafter
screening can be accomplished by determining binding of an antibody to a collection
of deletion mutants of the aniigen and detornyining which deletion mutants bind to the
antibody. Binding can be assessed, for exampie, by Western blot or ELISA. The
smallest fragment to show specific binding to the antibody detines the epitope ot 'the
antibody. Alternatively, epitope specificity can be determined by a competition assay
18 which a test and reference antibody compete for binding 1o the amigen. If the test
and reference antibodies compete, then they bind to the same epttope or epitopes
sufficiently proximal such that binding of one antibody interferes with binding of the
other,

{00225] DINA encoding the desired monoclonal antibodyor binding siie thereof

may be readily isclated and sequenced using any of the conventional procedures

.
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described supra for the isolation of constant region domain sequences {e.g., by using
oligonucleotide probes that are capable of binding specifically to gones encoding the
heavy and light chains of murine antibodies). The isolated and subcloned hybridoma
cells serve as a preferred source of such DNA. More particularly, the isolated DNA
{which may be synthetic as described herein) may be used to clone the desived variable
region sequences for incorporation in the polypeptides of the invention.
{00226] In other embodiments, the binding sitc is derived from a fally huraan
antibody. Human or substantially human antibodics may be generated in transgenic
animals (e.g., mice) that are incapable of endogenous immunoglobuiin production
{sec e.g.. U5, Pat. Nos. 6,073,181, 5,939,598, 5,591,669 and 5,389,369, cach of
which is incorporated herein by reference). For example, it has been described that
the homozygous deletion of the antibody heavy-chain joining region in chimeric and
germ-line mutant mice results in complete mhibition of endogenous antibody
production. Traunsfor of s hurman immunoglobulin gene array to such germ line
nmtant mice will result in the production of lnunan antibodies upon antigen challenge.
Another preferred means of generating human antibodies using SCIP mice is
disclosed in U.S. Pat, No. 5,811,524 which is incorporated herein by reference. [t will
be appreciated that the genetic material associated with these human antibodies may
also be isolated and manipulated as described herein.
{60227] In other aspects, the polypeptides of the fnvention may comprise
antigen binding sites, or portions thereof, derived from modified forms of antibodies.
Exemplary such forms include, ¢.g., minibodies, diabodies, triabodics, nanobodies,
camelids, Dabs, tetravalent antibodies, mtradiabodies (e.g., Jendrevko et al. 2003, |
Biol. Chem. 278:47813), fusion proteins {¢.g., antibody cyiokine fusion proteins,
proteins tused to at least a portion of an Fo receptor), and bispecific antibodies, Othe
medificd antibodies are described, for cxampie in U.S. Pat. No. 4,745,055; EP
256,654, Faulkner ot al., Nature 298:286 {1982); EP 1203,694; EP 125,023; Morntison,
J Immun, 123:793 (1979); Kohler et al,, Proc. Natl, Acad. Sci. USA 77:2197 {1980);
Raso et al., Cancer Res. 41:2073 (1981); Morrison et al,, Ann. Rev. Immunol. 2:239
{1984y, Morrison, Science 229:1202 (1985); Morrison et al,, Proc. Natl. Acad. Sci.
USA B1:6851 (1984); EP 255,694, EP 266,663, and WO 8R/03559. Reassorted
mmmunoglobulin chains also are known. See, for example, U.S. Pat. No. 4,444, 878;

WO RR/03565; and EP 68,763 and references cited therein,
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{G0228] In another embodiment, a chimeric clotting factor of the invention
compriscs an antigen binding sife or region which 15 8 diabody or an antigen binding
site derived therefrom. Disbodies are dimeric, tetravalent molecules cach having a
polypeptide similar to scFv molecules, but usually having a short {e.g., less than 10
and preferably 1-5) amino acid residue linker connecting both variable domains, such
that the Vi and Vi domains on the same polypeptide chain cannot interact. Tostead,
the Vi and Vi domam of one polypeptide chain interact with the Vi and Vi, domain
(respectively) on a second polypeptide chaia (see, tor example, WO 02/02781). In
one cmbodiment, a polypeptide of the invention comprises a diabody which is
operably linked to the N-temunus and/or C-terminus of at least one genetically-fused
Feregion {i.e., scFc region).

{60229] in certain embodiments, a polypeptide of the invention comprises a
single domain binding molecule {e.g. a single domain antibody) as a targeting moiety.
Exemplary single domain molecules include an isolated heavy chain variable domain
{(Vy) of an antibady, ie., a heavy chain variable domain, without a light chain variable
domain, and an isolated light chain variable domain (V) of an antibody, e, a light
chain variable domain, without a beavy chain variable domais,. Exemplary single-
domain antibodies employed in the binding molecules of the invention include, for
example, the Camelid heavy chain variable domain {about 118 to 136 amine acid
residucs) as described m Hamers-Casterman, ¢t al., Nature 363:446-448 {1993}, and
Bumoulin, et al., Protein Science 11:300-515 (2002). Other exemplary single domain
antibodies include single VH or VL domains, also known as Dabs® (Domantis Ltd.,
Cambridge, UK). Yet other single domain anttbodies include shark antibedies {e.g.,
shark Ig-NARs). Shark Ig-NARs comprise a homoedimer of one variable domain (V-
NAR) and five C-like constant domains (C-NAR), wherein diversity is concentrated
in an elongated CDR3 region varying from 5 to 23 residucs in length. In camelid
specics {c.g., Hamas}, the heavy chain variable region, referred o as VHH, torms the
entire antigen-binding domain, The main differences between camelid VHH variable
regions and those derived from conventional antibodies (VH) include (a) more
hydrophobic amino acids in the light chain coniact surface of VH as compared to the
corresponding region in VHH, (b) a tonger CDR3 m VHH, and (¢} the frequent
occurrence of a disulfide bond between CDR1Y and CDR3 in VHH. Methods for
making single domain binding molecules are described in US Patent Nos 6.005,079

and 6,765,087, both ot which are incorporated herein by reference. Exemplary single
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domain antibodies comprising VHH domains include Manohodies® (Ablynx NV,
Ghent, Belguam),

{66230} Exenplary antibodies from which binding sites can be devived for use
in the binding molecules of the invention are known in the art. Examples of such
targeting moieties inlcude SCES and MBS variable regions which bind active
platelets ooly (Schwarz et al. 2004 FASEB Journal express article 10.1096/{].04-
13134c; Schwarz et al. 2006 Circulation Rescarch, 99:25-33; ULS. Patont publication
20070218067). In another embodiment, a targeting moioty binds to both the
active/nonactive conformation of GPitblila. An example of such a targeting moiety
is the variable region of the AP3 antibody (Peterson et al, 2003, Hemostasis,

Thrombosis, and Vascular Biology 101:937; WO 2010115866).

B. Non-Tmmunoglebulin Platelet Binding Molecnles
{00231} In certain other embodiments, the polypeptides of the invention
comprise one or more platelet binding sites derived from a nog-impnmeglobulin
binding molecule. As used herein, the torm “non-tmmunoglobulin binding
molecules” are binding molecules whose binding sites comprise a portion {¢.g.,
scaffold or framework) which is derived from a polypeptide other than an
immunoglobulin, but which may be engineered {e.g., mutagenized) to confer a desired
binding specificity to a platelet target Other examples of binding mwolecules
comprising binding sites not derived from antibody molecules inchide receptor
binding siles and ligand binding sites which bind to platelets.
00232] Non-immunoglobulin binding molecules may be identified by
selection o Isolation of a target-binding variant from a library of binding molecules
having artificially diversified binding sites. Diversified Hbraries can be generated
using completely random approaches (¢.g., error-prone PCR, exon shuffling, or
directed cvolution) or aided by art-recognized design strategics, For example, amino
acid positions that are usually involved when the binding sile jnteracts with ifs
cognate target molecule can be randomized by insertion of degenerate codons,
frinuclectides, random peptides, or entire loops at corresponding positions within the
nucleic acid which encodes the binding site (see e.g., U.5. Pub. MNo. 20040132028}
The location of the amino acid positions can be identified by investigation of the
crystal siructure of the binding site in complex with the target nwlecule. Candidate

positions for randomization inchude loops, flat surfaces, helices, and binding cavitics
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of the binding site. In certain embodiments, amino acids within the binding site that
are likely candidates for diversification can be identified using fechnigues known in
the art. Following randonuization, the diversified library may then be subjecied to a
selection or screening procedure to obtain binding molecules with the desired binding
characteristics, e.g. specific binding platelets using methods known in the art.
Selection can be achieved by art-recognized methods such as phage display, yeast
display, or ribosome display. In onc crabodimsent, molccules known in the art to bind
to platelets may be employed in the constiucts of the invention. For example,
pentides which bind to GPlba as described in the art {¢.g., PS4, 051, or 082) may be

used (Benard et al. 2008, Rinchemistry 47.4674-4682),

IV. Activatable Clotting Factors

{30233} Clotting factors given for bypass therapy are efficacions when given in
the activated form, since exogenous clotting factors are often not activated with
sutficient kinetics to be effective. However, they are alse rapidiy inactivated by
endogenous pathways (e.g., by antithrombin 1 or TEPI}, leading to clearance of the
active form and a short effective half life. In one embodiment, a chimeric clotting
factor of the invention is “activatable.” Such activatable constructs circulate as an
enhanced zymogen with a longer half life, but can be readily cleaved at the site of
clotting when necessary.

{00234] 1n onc cmbodiment, an activatable construct of the invention compriscs
a cleavable linker comprising, e.g., a factor Xla, Xa, or thrombin cleavage site (which
is cleaved by factor XIa, Xa, or thrombin, respectively) leading to formation of the
active form of the clotting factor at the site of a clot. Exemplary factor FXIa cleavage
sites inchide, ¢.g., TOSFNDFTR and SYSOTSKLUTR, Exeraplary thrombin cleavage
sites inchide, e.g., DFLAEGGGVR, TTKIKPR, and a sequence comprising or
consisting of ALRPR (e.g. ALRPRVVGGA)).

{60235] In one embodiment, the cleavable linker may be flanked on one or
more sides {upstrcam, downstream or both) by a spacer moicty.

{00236) Tn one embodiment, the cleavable linker is interposed between the light
chain and heavy chain of the clotting factor. In another embodiment, the cleavable
linker is not interposed between the light chain and heavy chain of the clotting factor.

In one embodiment, the cleavable linker iz located amino terminal o the heavy chain.
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02371 Exemplary activatahle constructs are shown in the accompanying

Figures and following Examples.

V. Scaffold Moieties

Some embodiments of the invention comprise a scatffold moiety, which can be
selected from, e.g., a protein moisty, cscFe region, a Fe moiety, alburnin, XTEN, etc.

A,

In ene embodiment, the scaftold is a protein moiety, Such a moiety may
comprise a complete protein or a portion therof, or a synthetic molecule. Preferred
profein moteties are of a sufficient molecular size that they improve the half life of a
chimeric clotting factor of the imvention when incorporated into g construct. For
example, in one embodiment, an artificial protein, XTEN, may be included in a
construct as a scaffold {Schellenberger et al. 2009, 27:1186). In another
emabodiment, albumin {¢.g., human serwm albumin) reay be included ina construct of

the invention. Fore rum albumin {fore

af variou

LI A haca g cheners et ie
HMA, have g structure mat s«

-

profein bravies. Examples of albumin,
e.g., tragments thereof, that may be used in the present invention are known. e.g., ULS.
Patent No. 7,592,010; 11.S. Patent No. 6,686,179; and Schulte, Thrombosis Res. 124
Suppl. 2:56-58 (2009}, each of which ts incorporated herein by reference in its
entirety.

B . scfc Regions
[30238] In one embodument, the invention provides for polypeptides
comprising at least one genetically fused Fe region or portion thereof within a single
polypeptide chain (i.c., polvpeptides comprising a single~chain Fc (scFc} region) in
one crmbodiment, comprising a cseke.
{00239] In one embodiment, a chimeric clotiing factor which comprises a
clotring factor selecied from the group consisting of FVIL, FIX and FX and a targeting
moiety which binds to platelets and optionally a spacer moiety between the clotting
factor and the targeting motety. In another embodiment, polypeptide comprising FVI,
which FVII comprises a heterologous enzymatic cleavage site activatable by a

conponent of the clotting cascade.
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[B8248] In one embaodiment, the invention provides unprocessed polypeptides
in which at teast two Fo moicties or domains {e.g., 2, 3, 4, 5, 6, or more Fe¢ moigties or
domains) within the same linear polypeptide chain that are capable of folding {e.g,
mtramolecularly or mtermolecularly folding) to form one functional scFe region
which is linked by an Fe polypeptide linker. For example, in one preferred
embodiment, a polypeptide of the invention is capable of binding, via its scFe region,
to at feast one Fe recepior {e.g. an FcRn, an FoyR receptor (e.g., FeyRUT), or a
complement protein {e.g. Cla) in order to fmprove half life or rigger an tmmune
effector function (e.g., antibody-dependent cytotoxicity (ADCC), phagocytosis, or
complement-dependent cytotoxicity {CDCC) and/or to improve manufacturability).
002431 A variety of polypeptides of aliernative designs are within the scope of
the invention. For example, in one embodiment, a polypeptide comprises the
motetics:
A-F1-P1- L-P2-B-F2 (I}

[30242] in lincar sequence from the amino to carboxy terminus wherein A, if
present, is a clotting factor or portion thereof, F1 is a fivst Fo moiety or domain, P1 is
an cnzymatic cleavage site, L is an ScFe linker, P2 is an enzymatic cleavage site B, if
present, is a clotting factor or portion thereof, F2 is a second Fe meiety or domain and
“-“ represents a peptide boud, Formula (1) comprises at least an A or B and optionally
both. A and B, if both present, can be the corresponding heavy and light chains of a
clotting factor. Formwula (1) comprises at least a Pl or P2 and optionally both, P1 and
P2, if both present, can be the same or different. Formula (I} comprises at least a F1
and F2. F1 and F2, if both present, can be the same or different.
{30243] Exemplary polypeptides according to formula @include: A-F1-P1-L-

2-F2; F1-P1-L-P2-B-F2; A-FI-PI-L-F2, FI-PI-L- B-F2; A-FI- L-P2-FZ; and Fl-
L-P2-B-F21.

[30244] In one smbediment, F1 and F2 cach comprise a CH2 and CH3 moiety.
60245 1n onc cmibodiment, atter cleavage and substantial cxcision of the

cscFe linker (L), a polvpeptide of the invention comprises twe polypeptide chains
where the first polypeptide chain comprises A linked to a first Fo motety and where
the second polypeptide chain comprises B3 Hinked to a second Fo moiety, where T'1 and
F2 dimerize to form an Fe region. In one embodiment, A and B are optionally present

and are clotting factors or portions thereof.
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jB0246] In one embodiment, A is the light chain of a clotting factor and B is the
heavy chamn of a clotting factor. In one embodiment, B s the light ¢hain of a clotling
factor and A is the heavy chain of a clotting factor. In one embodiment, when A and
B associate in the polypeptide, the polypeptide then forms a functional clotting factor,
e.g., FVIL, FIX or FX. . In one embodiment, such a polypeptide is enzymatically

active upon secretion from a cell.

i} Fe Moicties or Domains
[80247] Fe moieties useful as F1 and F2 for producing the polypeptides of the
present invention may be obtained from a number of different sources, Tn preferred
embodiments, an Fc moiety of the polypeptide is derived from a human
immunoglobulin, It is undersiood, however, that the Fc moiety may be derived from
an immunoglobulin of another mammalian species, including for example, a rodent
{e.g. a mouse, rai, rabbit, guinea pig) or non-human primate (e.g. chimpanzes,
macsque) species. Moreover, the polypeptide Fo domain or portion thereof may be
derived from any immunoglobalin class, including [gM, 1gG, IgD, 1gA and IgE, and
any iommunoglobulin tsotype, including 1gGl, 1gG2, 1gG3 and 1gG4, Tna preferred
embodiment, the human isotype [gG1 5 used.
{H0248] A variety of Fo moiety gene sequences {(e.g. human constant region
gone sequences) are available m the form of publicly acecssible deposits. Constant
region domaing comprising an Fo moiety sequence can be selected having a particular
effector function (or lacking a particular effector function) or with a particular
maodification o reduce immunogenicity. Many sequences of antibodies and antibody-
eucoding genes have been published and suitable Fe moiety sequences {e.g. hinge,
CH2, and/or CH3 sequences, or portions thereof) can be derived from these sequences
using art recognized techniques. The genctic material obtained using any of the
toregoing methods may then be altered or synthesized (o obtain polypeptides of the
present fovention, It will further be appreciated that the scope of this inveniion
encompasses alleles, variants and mutations of constant region DNA sequences.
B0249] Fe moiety sequences can be cloned, 2.g., using the polymerase chain
reaction and primers which are selected to amplify the domain of interest. To clone
an Fe moiety sequence from avn antibody, mRINA can be isolated from hybridoma,
spleen, or lymph cells, reverse transcribed into DNA, and antibody genes amplificd

by PCR. PCR amplification mcthods are described in detail in ULS. Pat. Nos.
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4,683,195; 4.683,202; 4,800,159; 4,965,18%; and in, e.g., “FPCR Protocols: A Guide to
Methods and Applications” Innis ot al. eds., Acadenuc Press, San Diego, CA (1990}
Hoetal, 1989, Gene 77:51; Horton et al. 1993, Methods Enzymol. 217:270). PCR
may be initiated by consensus constant region primers or by more specific primers
based on the published heavy and light chain DNA and amine acid sequences. As
discussed above, PCR also may be used to isolate DNA clones encoding the antibody
light and heavy chains. In this case the librarics moay be screcned by consensus
primaers or larger homologous probes, such as mouse constant region probes.
Numerous primer sets suitable for amplification of antibody genes are known in the
art{c.g., 5° primers based ovn the N-terminal sequence of purified anttbodies (Benhar
and Pastan. 1994, Protein Engineering 7:1509); rapid amplification of cDNA ends
{Ruberti, F. et al. 1994, J. Immunol. Methods 173:33); antibody leader sequences
{Larrick et al. 1989 Biochem. Biophys. Res. Commun. 160:1250). The cloning of
antibody sequences is further described m Newman ef o/, U.S, Pat. No., 3,658 370, filed
Jamuary 25, 1995, which is incorporated by reference herein.

[00254] The polypeptides of the invention may comprise two or more Fo
moicties {e.g., 2, 3,4, 5, 6,7, 8,9, 10, or moore Fe raoietics). These two or more Fo
moieties can form a Feregion. In one embodiment, the Fo moieties may be of
different types. In one embodiment, at feast one Fo moiety prasent i the polypeptide
comprises a hinge domain or portion thereof, In another embodiment, the polypeptide
of the invention comprises at least one F¢ moiety which comprises at least one CH2
domain or portion thereof. In another embodiment, the polypeptide of the invention
comprises at least one Fo moiety which comprises at least one CH3 domain or postion
thereof. In another embodiment, the polypeptide of the tnvention comprises at least
one Fe moiety which comprises at least one CH4 domain or portion thereof. In
another embodiment, the polypeptide of the invention comprises af least one Fc
motcty which compriscs at lcast onc hinge domain or portion thercot and at least one
CH?2 dormain or portion thereof (e.g, in the hinge-CH2 orientation). In another
embeodiment, the polypeptide of the invention comprises at least one Fo moiety which
comprises at least one CH2 domain or portion thereof and at least one CH3 domain or
portion thereof (e.g, n the CH2-CH3 orientation}. In another embodiment, the
polypeptide of the invention comprises at least one Fe moiety comprising at least one

hinge domain or portion thereof, at least one CHZ domain or portion thereof, and least
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one CH3 domain or portion thereof, for example in the orientation hinge-CHZ-CH3,
hinge-CH3-CHZ, or CH2-CH3-lnge.

[0251] In certain embodiments, the polypeptide comprises at least one
complete Fr region derived from one or more immunogiobulin heavy chains (e.g., an
Fe domain inchiding hinge, CH2, and CH3 domains, although these need not be
derived from the same antibody). In other embodiments, the polypeptide comprises at
least two complete Fe regions derived from one or more immunoglobulin heavy
chains, In preferred embodiments, the complete Fo moiety is derived from a liman
IgG immunoglobulin heavy chain {e.g., human 1gGl)

302521 In another embodiment, a polypeptide of the invention comprises af
lesst one Fe moicty comprising a complete CH3 domain (about amino acids 341-438
of an antibody Fe region according to EU numbering). In another embodiment, a
polypeptide of the invention comprises at least ove Fe motety comprising a complete
CH2 dornain (about amino acids 231-340 of an antibody F¢ region according to BU
mumbering). In another embodiment, a polypeptide of the invention comprises at {east
one Fo moicty comprising at feast a CH3 domain, and at least one of a hinge region
{about amino acids 216-230 of an antibody Fe region according to EU numbering},
and a CHZ domain. In one embodiment, a polypeptide of the invention comprises at
feast one Fo moiety comprising a hinge and a CH3 domain. In another embodiment, a
polypeptide of the invention comprises at feast one Fe motety comprising a hinge, a
CHo, and a CH; domain. In preferred embodiments, the Fo moiety is derived from a
human 1gG immunoglobulin heavy chain (e.g., human IgG1). In cne embodiment, an
Fc moiety comprises or consists of amino acids corresponding to EU numbers 221 to
447,

{60253} In another embodiment, a polypeptide of the invention comprises at
least one Fo moicty comprising an FcRn binding partner. An FeRn binding partoer is
a molecule or portion thereof that can be specitically boumd by the FeRn receptor with
conseqguent active fransport by the FcRn receptor of the FeRn binding partner.
Specifically bound refers to two molecules forming a complex that is relatively stable
under physiclogic conditions. Specific binding is characterized by a high affinity and
a low o moderate capacity as distinguished from nonspecific binding which usually
has a low affinity with a moderate to high capacity. Typically, binding is considered
specific when the affinity constant KA is higher than 16° M, or more preferably

higher than 10° M. If necessary, non-specific binding can be reduced without
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substantially affecting specific binding by varying the binding conditions. The
appropriate bindmg conditions such as concentration of the molccules, wonic strength
of the solution, temperature, time allowed for binding, concentration of a blocking
agent (e.g. serum albumin, milk casein}, etc., may be optimized by a skilled artisan
using routine techniques.
{B0254] The FeRn receplor has been isclated from several mammalian species
meluding humans. The sequences of the human FeRa, monkey FeRo rat FeRu, and
mouse FeRn are known (Story et al. 1994, 5. Exp. Med. 180:2377). The FcRa receptor
binds 1gG (but not other immunoglobulin classes such as IgA, IgM, Igh, and igh) at
relatively low pH, actively transports the IgG transcellularly in a huminal to serosal
direction, and then releases the 1gG at relatively higher pH found in the interstitial
fluids. It is expressed in adult epithelial tissue (U.S. Pat. Nos. 6,485,726, 6,030,613,
6,086,87S: W 03/077834, US2003-0235536A1) including lung and intestinal
epithelium (Isracl ot al, 1997, Immunclogy 92:69) renal proximal tubular epithelium
{Kobayashi et al. 2002, Am. J. Physiol. Renal Physiol. 282:F358) as well as nasal
epithelium, vaginal surfaces, and biliary trec surfaces.
{30255} FcRn binding partners of the present invention encompass molecules
that can be specifically bound by the FeRa receptor including whole IgG, the Fe
fragment of Tg(3, and other fragments that include the complete binding region ot the
FeRn receptor. The region of the Fe portion of [gG that binds to the FeRu reeeptor has
been described based on X-ray crystallography (Burmeister et al. 1994, Nature
372:379). The major contact area of the Fo with the FeRn is near the junction of the
CH2 and CH3 domains. Fe-FcRan contacts are all within a single Ig heavy chain. The
FeRu binding partners inchude whole IgG, the Fo fragment of 1gG, and other
fragments of 1gG that include the complete binding region of FeRn. The major contact
sites include amino acid residues 248, 250-257, 272, 285, 288, 290-291, 308-311, and
314 ot the CH2 domaim and amino acid residucs 385-387, 428, and 433-436 of the
CH3 domain, References made to aminoe acid mumbering of immunoglobuling or
mmmunoglobulin fragments, or regions, are all based on Kabat et al. 1991, Sequences
of Proteins of bmmunological Interest, U.S. Department of Public Health, Bethesda,
Md.
1060256} The Fe region of IgG can be modified according to well recognized
procedures such as site directed mutagenesis and the like to yield modified 1gG or Fe

fragments or portions thereof that will be bound by FeRn. Such meodifications include
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madifications remote from the FoRn contact sites as well as madifications within the
contact siles that proserve or even cobance binding (o the FeRu. For example, the
following single amino acid residues in human [gGl Fe (Foyl) can be substituted
without significant loss of Fc binding affinity for FcRn: P238A, 82384, K246A,
248A, D249A, M2524, T256A, E2584, T260A, D2654, 3267A, H268A, E2694A,
D270A, E272A, L274A, N2T76A, Y2T8A, D28GA, V282A, E283A, H2RS5A, N286A,
T289A, K290A, R292A, E203A, EZ94A, Q295A, Y296F, N297A, S298A, Y300F,
R301A, V3034, V3054, T307A, L30%A, Q311A, D312A, N31354, K317A, E3184,
K3204, K322A, 8324A, K326A, A3270, P329A, A330Q, P331A, E3334, K334A,
T335A, S337A, K338A, K340A, Q342A, R344A, E345A, Q347A, R355A, E356A,
M358A, T359A, K360A, N361A, Q362A, Y373A, 8375A, D376A, A3T8(Q, E380A,
E382A, 83834, N384A, Q386A, HE388A, N3RIA, N390A, Y39IF, K392A, LI98A,
S4004, DA0TA, D4134A, K414A, R416A, G41RA, Q4194 N4ZTA, V422A, 84244,
E430A, N434A, T437A, Q438A, K430A, 84404, S444A, and K447 A, whoere for
example PR38A represents wildtype proline substituted by alanine at position nomber
238, As an example, one specific embodiment, incorporates the N297A mutation,
removing a highly conserved N-glycosylation site. In addition fo alanine other amino
acids may be substituted for the wildtype aming acids at the positions specified above,
Mautations may be introduced singly into Fe giving rise to more than one hundred
FeRu binding partners distinct from native Fe. Additionally, combinations of two,
three, or more of these individual mutations may be introduced together, giving rise to
hundreds more FcRn binding partners. Moreover, one of the FcRa binding partners of
a construct of the invention may be mutated and the other FeRn binding partner not
mutated at all, or they both may be mutated but with different mutations. Any of the
mutations described herein, including N297A, may be used to modify Fc, regardiess
of the biologically active molecule {e.g., EPO, IFN, Factor VII, Factor IX, T20).
{66257} Certain of the above nnutations may confer new functionality upon the
FcRn binding partner. For example, one cribodiment incorporates N297A, removing
a highly conserved N-glycosylation site. The effect of this mutation is to reduce
wnmunogenicity, thereby enhancing circulating half life of the FeRn binding pariner,
and o reader the FeRu binding partner incapable of binding to FoyRI, FeyRIA,
FoyRIB, and FoyRIIA, without compromising affinity for FeRna (Routledge et al.

1993, Transplantation 6(:847; Friend ef al. 1999, Transplantation 68:1632; Shields et
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al. 1995, J. Biol. Chem. 276:6591). As a further exemple of new functionality arising
from mutations described above affinity for FeRa may be joercased beyond that of
wild type in some instances. This increased affinity may reflect an increased "on" rate,
a decreased "off" rate or both an increased "on” rate and a decreased "off” rate.
Mutations believed to impart an increased affinity for FcRn include T256A, T307A,
10 E380A, and N434A (Shields et al. 2001, 1. Biol. Chem. 276:65%91).

{G0258] Additionally, at Jeast three buman Fe garama receptors appear 0
recognize a binding site on g within the lower hinge region, generally amino acids
234-237. Therefore, another example of new functionality and potential decreased

immunogenicity may arise from mutations of this region, as for example by replacing
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amino acids 233-236 of human IgG1 "ELLG" (o the corresponding sequence from
IgG2 "PVA" {with one amine acid deletion). It has been shown that FoyRI, FoyRIL
and FeyRIT, which mediate various effector functions will not bind to TgG1 when

such mutations have been introduced, Ward and Ghetie 1995, Therapeutic
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froowmnology 2:77 and Arroour ot al. 1999, Bur, J. loownol, 29:2613.

20 66289 1n one embodiment, the FeRn binding partner is a polypeptide
includmg the sequence PKNSSMISKTP (SEQ 1D NO: 12 and optionally further
mehuding 2 sequence selected from HOSLGTQ (SEQ 1D NG: 133, HONLSDGK
(SEQ ID NO: 14), HONISDGK (SEQ D NO: 24), or VISSHLGQ (SEQ ID NO: 25)
(U.S. Pat. No. 5,739,277}

25 [80260] Two FeRa recoptors can bind a single Fo molecule. Crystaliographic
data suggest that cach FoRu molecule binds a single polypeptide of the Fe
homodimer. In one embodiment, linking the FcRa binding partner, e.g., an F¢
fragment of an 1gG, to a biologically active molecule provides a means of delivering

the biclogically active molecule orally, buccally, sublingually, rectally, vaginally, as
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an agroso! adounistered nasally or via a pulmonary route, or via an ocular route. In
another embodiment, the chimeric protein can be administered invasively, e.g,,
subcutanecusly, intravenously.

{30261 The constant region domains or portions thereot yaaking up an Fe

motiety of a polypeptide of the invention may be derived from different

2
s

immunoglobulin molecules. For example, a polypeptide of the invention may
comprise a CH2 domain or portion thereof derived from an 1gG1 molecule and a CH3

region or portion thereot derived from an fg(G3 molecule. In another example, a
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polypeptide can comprise an F¢ moiety comprising a hinge domain derived, in part,
from an [gG1 molecule and, 1o part, fromo an {gG3 molecule. As set forth herein, it
will be understood by one of ordinary skill in the art that an Fc moiety may be altered
such that it varies in amino acid sequence from a naturally occurring antibody
molecule.

[80262] In another erabodiment, a polypeptide of the fnvention comprises an
sc¥e region comprising one or more fruncated Fo moictics that are nonctheless
sufficient to confer Fo receptor (FeR) binding properties to the Fo region. For
example, the portion of an Fe domain that binds to FeRa {i.e., the FeRn binding
portion} coraprises from about amine acids 282-438 of 1gGl, EU numbering (with the
primary contact sites being aminoe acids 248, 250-257, 272, 285, 288, 290-291, 30§&-
311, and 314 of the CH2 domain and amino acid residues 385-387, 428, and 433-436
of the CH3 domain. Thus, an Fe motety of a polypeptide of the invention may
corprise or consist of an FeRn binding portion. FoRn binding portions may be
derived from heavy chains of any isotype, including 1gGl, 1gG2, 1gG3 and 1gG4. In
one cmbodiment, an FeRa binding portion from an antibody of the human isotype
IgG1 is used. In another embodiment, an FoRxn binding pottion from an antibody of
the human isotype IgG4 is used.

{0263 In one embodiment, a polypeptide of the invention lacks one or more
constant region domains of a complete Fe region, i.c., they are partially or entirely
deleted. In a certain embodiments polypeptides of the invention will lack an entire
CH2 domain (ACH2 constructs). Those skilled in the art will appreciate that such
constructs may be preferred due to the regulatory properties of the CH2 domain on the
catabolic rate of the antibody. In certain embodiments, polypeptides of the invention
comprise CH2 domain-deleted Fe regions derived from a vector (e.g., from IDEC
Pharmaceuticals, San Diegoe) encoding an Ig(G, human constant region domain (see,
e.g., WO 02/06095SA2 and WO02/096948A2). This exemplary vector is engincered
to delete the CH2 domain and provide a synthetic vector expressing a domain-deleted
IgG; constant region. It will be noted that these exemplary constructs are preferably
engineered to fuse a binding CH3 domain directly to a linge region of the respective
¥¢ domain,

{30264] In other constructs it may be desirable to provide a spacer moiety

between one or more constituent Fo meieties. Tor example, a spacet moiety may be
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placed between a hinge region and a CH2 domain and/or between a CHZ and a CH3
domains. For example, compatible constructs could be expressed wherein the CH2
domain has been deleted and the remaining CH3 domain (synthetic or unsynthetic) is
joined to the hinge region with a 5 — 20 amino acid spacer moiety. Such a spacer
moiety may be added, for instance, to ensure that the regulatory elements of the
constant region domain remain free and accessible or that the hinge region remains
flexible, Preferably, any linker peptide compatibie with the instant invention will be
relatively non-immunogenic and not provent proper folding of the scFc region.
[80265] In certain embodiments, the polypeptides of the invention may
comprise a dimeric Fo region comprising Fc moictics of the sarse, or substantially the
same, sequence composition (herein termed a “homodimeric Fe region™). In other
embodiments, the polypeptides of the invention may comprise a dimeric Fe region
comprising at least two Fo moteties which are of different sequence composition {i.e.,
herein terroed a “heterodimertic Fe region”). In one exemplary embodiment, the
heterodimeric Fc region comprises an amino acid substitution in a first Fo moiety
{e.g., an amino acid substitution of Asparagine at EU position 297}, butnotina
second Fe motety,

{0266] In certain embodiments, the Fc region is hemi-glycosylated. For
example, the heteromeric scFe region may comprise a first, glycosylated, Fe moiety
{c.g., a glycosylated CH2 region) and a second, aglycosylated, Fo motety (e.g., an
aglycosylated CH2 region), wherein a linker is interposed between the glycosylated
and aglycosylated Fe moieties. In other embodiments, the Fe region is fully
glycosylated, i.e., all of the Fc moieties are glycosylated. In still further
embodiments, the Fo region may be aglycosylated, i.e., none of the Fe moieties are
glycosylated.

{60267} In certain embodiments, an Fo moiety employed in a polypeptide of the
mycndion is altered, ¢.g., by amino acid mutation (¢.g., addition, deletion, or
substitution). For example, in one embodiment, an Fc moiety has at least one amino
acid substitition as compared to the wild-type Fe from which the Fe moiety is
derived. For example, wherein the Fo moiety s derived from a human gG1 antibody,
a vartant comprises ot lesst one amino acid mutation (e.g., substitution) as compared
to a wild fype amino acid at the corresponding position of the human 1gG1 Feregion.
{60268] The amine acid substilution(s) of an Fc varisnt may be lovated at a

position within the Fc moiety referred to as corresponding to the position number that
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that residue would be given in an Fc region in an antibody (as sct forth using the £U
munbering convention), One of skill in the art can readily gencrate alignments to
determine what the EU number corresponding to a position in an Fo motety would be,
{66269] In one embodiment, the Fe variant comprises a substitution at an amino
cid position located in a hinge domain or portion thereof. In another embodiment,
the Fe variant comprises a substitution at an amino acid position focated in a CH2
domain or portion thereof. 1n another cmbodiment, the Fe variant comprises a
substitution at an amino acid position located in a CH3 domain or portion thereof. In
another embodiment, the Fe variant compriscs a substitution at an aming acid position
located in a CH4 domain or portion thereof,
{02703 In certain embodiments, the polypeptides of the invention comprise an
Fo variant comprising more than one amino acid substitution. The polypeptides of the
mvention may comprise, for example, 2,3, 4, 5,6, 7, 8, 9, 10 or more amino acid
substitutions. Preferably, the amino acid substitutions are spatially positioned from
each other by an mterval of at least 1 amino acid position or more, for example, at
least 2, 3,4, 5,6,7, 8,9, or 10 amino acid positions or more. More preferably, the
cngingered arning acids are spatially positioned apart froma cach other by an interval
of atfeast 5, 10, 15, 20, or 25 amino acid positions or more.
H00271] In certain embodiments, the Fe vanant confers a change in at least one
effector function imparted by an Fe region comprising said wild-type Fo domain {e.2.,
an tmproverment or reduction in the ability of the Fe region to bind to Fo receptors
{e.g. FeyRI, FeyRIL, or FeyRUD) or complement proteins (e.g. Clq), or to trigger
antibody-dependent eytotoxicity (ADCC), phagocytosis, or complement-dependent
cytotoxicity (CDCC)). In other erabodiments, the Fe variant provides an engineered
cysteine residue
{08272} The polypeptides of the invention may employ art-recognized Fe
variants which is known to impart a change (¢.g., an enhancement or reduction) in
cffector function and/or FcR or FeRn binding. Specifically, a binding molecule of the

s

invention may include, for example, & change {e.g., 2 substitution) at one or more of
the amino acid positions disclosed i International PCT Publications WOBE/07089A1,
WOSG/14339A1, WOIROSTETAL, WOOE/23289A1, WOY/510642A1,
WOO9/58572A1, WOO0/09560A2, WOOG/32767AL, WOO/42072A2,

WO02/44215A2, WOO2/060919A2, WOO3/T4569A2, WO04/016730A2,

PCT/US2011/043597



(3

[y
(¥

WO 2012/006633

WOO4/020207A2, WO04/035752A2, WOO4/063351A2, WO04/074455A72,
WON4/G99249A2, WOOS/040217A2, WO04/044859, WOOS/070963A1,
WOOS/OTTI9RTAZ, WOOS/092925A2, WOOS/1237R0A2, WO06/019447 A1,
WO06/047350A2, and WOGH/085967A2; US Patent Publication Nos.
US2007/0231329, US2007/6231329, US2007/0237765, US20G7/0237766,
US2007/0237767, US2007/02431 88, US200702486063, US20070286859,
USZ0080057036 ; or US Patents 5,648,260; 5,739.277; 5,834,250; 5,809,044,
6,096,871; 6,121,022; 6,194,551; 6,242,195; 6,277,375; 6,528,624, 6,538,124;
6,737,056; 6,821,505; 6,998,253, 7,083,784 and 7,317,091, cach of which is
meorporated by reforence herein, In one erabodiment, the specific change (2.2, the
specific substitution of one or more amine acids disclosed in the art) may be made at
one or more of the disclosed amino acid positions. In ancther embodiment, a different
change at one or more of the disclosed amino acid positions (e.g., the different
substitution of one ot more anuno acid position disclosed in the art) may be made.
{00273] In certain embodiments, a polvpeptide of the invention comprises an
aming acid substitution to an Fo moicty which alters the antigen-independent effector
functions of the antibody, in patticular the circulating halt-life of the antibody.
{30274] Such polypeptides exhibit either increased or decreased binding to
FcRe when campared o polypeptides lacking these substitutions and, therefore, have
an increased or decreased half-lite m scrum, respectively. Fo variants with improved
affinity for FeRn are anticipated to have longer serum half-lives, and such molecules
have useful applications in methods of treating mammals where fong half-fife of the
administered polypeptide is desired, e.g., to treat a chronic disease or disorder
(see,e.g, US Patents 7,348,004, 7,404,956, and 7,862,820). In contrast, Fc variants
with decreased FeRn binding affinity are expected to have shorter half-ives, and such
molecules are also useful, for example, for administration to 3 manwnal where 2
shortened circulation time may be advantageous, ¢.z. for in vivo diagnostic imaging
or in situations where the starting polypeptide has toxic side effects when present in
the circulation for pwiong:,d periods. Fo variants with decreased FeRn binding
treatment of diseases or disorders m preguant women. In addiiﬂm, other applications
fn which reduced FoRn binding affinity may be desived include those applications in
which localization the brain, kidney, and/or liver is desired. In one exemplary

embodiment, the polypeptides of the invention exhibit reduced transport across the
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epithetium of kidney glomeruli from the vasculature, In another embodiment, the
polypeptides of the mvention exhibit reduced transport across the blood bram barricr
{BBB) from the brain, into the vascular space.  In one embodiment, a polypeptide
with altered FcRn binding comprises at least one Fc moiety {(e.g, one or two Fe
moieties) having one or more amino acid substitutions within the “FcRa binding
foop” of an Fe moiety. The FeRn binding loop 1s comprised of amino acid residues
280-299 {according to EU numbcering) of a wild-type, fuli-length, Fo moicty. In other
ernbodiments, a polypeptide of the invention having altered FeRn binding affinity
comprises at least one Fo moiety {e.g, one or two Fo moieties) having one or more
amino acid substitutions within the 15 A FcRn “contact zone.” As used heretn, the
term 15 A FeRn “contact zone™ includes residues at the following positions of a wild-
type, tull-length e motety: 243-261, 275-280, 282-293, 302-319, 336- 348, 367,
369, 372-389, 391,393, 408, 424, 425-440 (EU numbering). In preferred
embodiments, a polypeptide of the invention having altered FeRn binding atfinity
comprises at least one Fo moiety (e.g, one or two Fc moieties) having one or more
aming acid substitutions at an amino acid position corresponding to any one of the
following EU positions: 256, 277-281, 283-288, 303-309, 313, 338, 342, 376, 381,
384, 385, 387, 434 (e.g., N434A or N434K}, and 438, Exemplary amino acid
substitutions which altered FeRn binding activity are disclosed in International PCT
Publication No. WO05/047327 which is incorporated by referenee herein,

{B0275] A polypeptide of the iInvention may also comprise an art recognized
arnino acid substitution which alters the glveosylation of the polypeptide. For
exampie, the scFe region of the binding polypeptide may comprise an Fc moiety
having a mutation leading to reduced glycosylation (e.g., N- or O-linked
glycosylation) or may comprise an altered glycoform of the wild-type Fc moiety {e.g.,
a low tucose or fucose-free glycan).

{B0276] in other embodiments, a polypeptide of the mvention compriscs at
least one Fo moiety having engineered cysteine residue or analog thereof which is
located at the solvent-exposed surface. Preferably the engineered cysteine residue or
analog thereot does not interfere with an effector function conferred by the scFc
region. More preferably, the alteration does not interfere with the ability of the scFe

region 1o bind to Fe receptors (e.g. FoyRI, FoyRI, or FoyRIN) or complement
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proteins {¢.g. C1q), or to trigger immune cffector function {c.g., antibody-dependent
cvtotoxicity (ADCCY, phagocytosis, or complement-dependent eytotoxicity (CDCTH.
{00277 In one embodiment, an unprocessed polypeptide of the tnvention may
conwprise a genetically fused Fe region (i.e., scFc region) having two or more of ifs
constituent Fc moieties independently selected from the Fe moieties described herein.
In one embodiment, the Fo moieties of a dimeric Fe region are the same. In another
erabodiment, at least two of the Fo moictics are different. For examople, the Feo
meictics of the polypeptides of the tnvention comprise the same munber of amino
acid residues or they may differ in length by one or more aminoe acid residues {c.g., by
about 5 amino acid residues {e.g., |, 2, 3, 4, or 3 amino acid residues), about 10
residues, asbout 15 residues, about 20 residues, about 30 residues, about 40 residues, or
about 50 residues). In vet other embodimenis, the Fo moieties of the polypeptides of
the mvention may differ in sequence at one or yore amino acid positions. For
example, at least two of the Fc moieties may differ at sbout § smino acid postiions

~

{e.g, 1,2, 3, 4, or 5 amino acid positicns), about 10 positioas, about 15 positions,

about 20 positions, about 30 positions, about 40 positions, or about 50 positions).

VI, Polvpeptide Linkers

{B0278] As used herein, the term “polypeptide linkers” refers to a peptide or
polypeptide sequence {o.g., a synthetic peplide or polypeptide sequence) which
connects two domains in a lnesr amino actd sequence of a polypeptide chamn. The
polypeptides of invention are encoded by nucleic acid molecules that encode
polypeptide Hinkers which either directly or indirectly connect the two Fe moieties
which make up the construct,. These linkers are referred to herein as “scFe linkers”.
If the scFe Hnker cormects two Fe moteties condiguously in the linear polypeptide
sequence, it is a “direct” linkage. In contract, the sc¥c linkers may link the first Feo
moiety to a binding moicty which s, in furn, linked to the sccond Fe moicty, thereby
forming an jfndirect linkage. These scFe linkers (L) result in the formation of a single
chain genetic consiruct. However, in one embodiment, the scFe polypeptides also
comprise enzymatic cleavage sites which result in the scFc linker being cleavable {an
cackFe Iinker) and, in one erbodiment, substantially excised (e.g., during processing
by acell). Thus, the processed molecule is a dimeric molecule comprising at feast
two amino ackd chaios and substantially lacking extraneous linker amine acid

sequences. In some cmbodiments, ali or substantially all of the linker is excised
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while in some embodiments, a portion of the cleavage site may remain, e.g., four
argininies of the RRRRE cleavage sife.

{66279 In another embodiment, another type of polypeptide linker, herein
referred to as a “spacer” may be used to connect different moieties, e.g., a clotting
factor or a targeting moiety to an Fe moiety. This type of polypeptide linker may
provide flexibility to the polypeptide molecule. Spacers are not typically cleaved,
however such cleavage may be desirable. Excraplary positions of spacers are shown
in the accompanying drawings, Spacers can be located between the clotting factors,
targeting moieties, and/or scaffolds, e.g., at the N or C terminus of these moictics. In
one embodiment, these linkers are not removed during processing.

{60280} A third type of linker which may be present in a chimeric clotting
factor of the invention is a cleavable linker which comprises a cleavage site {e.g., a
factor Xla, Xa, or thrombin cleavage site) and which may include additional spacer
tinkers on either the N terminal of C termival or both sides of the cleavage site. These
cleavable linkers when incorporated into a clotting factor result in a chimeric
molecule having a heterologous cleavage site. Exemplary locations for such sifes are
shown in the accompanying drawings and include, o.g., adjacent 1o fargeting moicties,
i another embodiment, such linkers may be adjacent to a clotting faetor or portion
thereof. For example, in one embodiment, a cleavable linker may be fsed to the N
terminus of the heavy chain of a clotting factor to make an activatable form of the
clotting factor. In such cases, the cleavable linker may include additional spacer
linkers at the N terminus of the cleavage site, but require direct fusion af the C-
terminus of the cleavage site to the amino terminus of the heavy chain of the clotting
factor.

{60281} In one embodiment, an unprocessed polypeptide of the instant
invention comprises two or more Fo domains or moicties Hnked via a cscFc linker to
form an Fe region comprised m a single polypeptide chain. The csche hnker 13
flanked by at least one enzymatic cleavage site , e.g., a site for processing by an
miracelular enzyme. Cleavage of the polypeptide at the at least one enzymatic
cleavage site results in a polypeptide which comprises at least two polypeptide chains.
In one embodiment, an cseFe linker links FI or F2 (o, e.g., a clotting factor,
optionally via a cleavage site.

{006282] As s set forth above, other polypeptide linkers may optionally be used

in a construct of the invention, ¢.g., to connect a clotting factor or targeting moicty to

66



(3

[y
(¥

WO 2012/006633 PCT/US2011/043597

an F¢ moiety. One type of poliypeptide linker is referred to here as spacers. Some
exemplary locations of spacers that can be used in conmection with the invention
melude, e.g., polypeptides comprising GlySer amino acids such as those set forth in
the accompanying figures and described in more detail below. In one embodiment, a
spacer may be adjacent to one or more moieties each independently selected from
clotting factor, scaffold ywotety, e.g., Fe, cleavage site, and 2 targeting moiety.
{00283] In onc embodiment, the polypeptide linker is synthetic, i.¢., non-
aaturally occurring. {n one embodiment, a polypeptide linker includes peptides {or
polypeptides} (which may or may not be saturally oceurring} which comprise an
amino acid sequence that links or genetically fuses a first lingar sequence of amino
acids to a second linear sequence of amino acids to which i is not ngturally linked or
genetically fused in nature. For example, in one embodiment the polypeptide linker
may comprise non-naturally occurring polypeptides which are modified forms of
naturally occurring polypeptides (e.g., comprising a mutation such as an addition,
substitution or deletion). In another embodiment, the polypeptide linker may
comprise non-naturally occusring amino acids. In another embodiment, the
polypeptide linker may comprise naturally occurring amino acids occurring in g linear
sequence that does not occur in nature. In still another embodiment, the polypeptide
finker may comprise a naturally occurring polypeptide sequence.

{B0284] For example, m certam embodiments, a polypepiide Hinker can be used
to fuse 1dentical Fc moieties, thereby forming a homomeric scFe region. In other
ermbodiments, a polypeptide linker can be used to fuse ditferent Fo moieties {e.g. 2
wild-type Fc moiety and an Fe moiety variant), thereby forming a heteromeric scke
Tegion.

{60285} In another embodiment, a polypeptide linker comprises or consists of a
gly-ser linker. In one embodiment, an scFc or escFe linker comprises at least a
portion of an immunoglobulin hinge and a gly-ser linker, As used herein, the torm
“oly-ger linker” refers to a peptide that consists of glycine and serine residues, An
exemplary oly/ser linker comprises an amino acid sequence of the formula (GlyaSern
{(SEQ ID NO: 43, wherein is a postiive integer {e.g., 1,2,3,4,5,6,7,8, 9, 0r 103, A
preferred gly/ser tinker 1s (GlysSer) o (SEQ D NO:29), (GlySer) 4 (SEQ ID NG:6),
or (GlyaSery . (SEQ ID NO: 3} Another exemplary gly-ser linker is GGGSSGGGSG
(SEG 1D NO: 30). 1n certain entbodiments, said gly-ser linker may be inserted

between two other sequenees of the polypeptide linker {e.g., any of the polypeptide
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tinker sequences described herein). In other embodiments, a glv-ser linker is attached
at ong ot both ends of another sequence of the polypeptide hnker {(e.g., any of the
polypeptide linker sequences deseribed herein). In vet other embodiments, two or
more gly-ser Hnker are incorporated in series in & polypeptide linker. In one
embeodiment, a polypeptide linker of the invention comprises at least a portion of an
upper hinge region {e.g., derived from an IgGl, 1gG2, 1gG3, or Ig(G4 molecule), at
least a portion of a middlc hinge region (¢.g., derived frova an IgGl, 1gG2, 1gG3, or
Ig(G4 molecule) and a serios of gly/ser amine acid residues {e.g., a gly/ser linker such
as (GlysSerm) (SEQ 1D NG:4)).

{30286} Polypeptide tinkers of the invention are at least one amino acid in
length and can be of varying lengths. In one embodiment, a polypeptide linker of the
invention is from about 1 fo about 50 amino acids in length. As used in this context,
the term “about” indicates +/- two aming acid residues. Since linker length must be a
posttive interger, the length of from about 1 to about 30 amino acids in length, means
a length of from 1-3 to 48-52 amino acids in length. In another embodiment, a
polvpeptide Hndeer of the invention is from about 10-20 amino acids in length, In
another emabodiment, a polypeptide linker of the jnvention is from about |3 to about
50 amino acids in length. In another embodiment, a polypeptide linker of the
imvention is from about 20 to about 45 amino acids in length. In ancther embodiment,
a polypeptide linker of the invention s from about 15 to about 35 or about 20 1o about
30 amino acids n length. In another embodiment, a polypeptide linker of the
wnvention is fromabout 1,2, 3,4, 5, 6,7, 8,910, 11, 12, 13, 14, 13, 16, 17, 18, 19,
20,21,22,23,24, 25,26, 27, 28,28, 30, 40, 50, or 60 amino acids in length, In one
embodiment, a peptide hinker of the invention is 20 or 38 amino acids in length.
{60287} Polypeptide linkers can be fntroduced into polypeptide sequences using
techriques known in the art. Modifications can be confirmed by DNA sequence
analysis. Plasmid DNA can be used w franstorm host cells for stable production of

the polypeptides produced.

Vill. Enzymatic Cleavage Sites

[B0288] In one embodiment, one or more enzymatic cleavage sife(s) is Hnked to
¢.g., tlanks or is adjacent to, a cscFe linker (L) of an unprocessed polypeptide of the
mvention. Such cleavage sites can be upstream or downstrearn of the cscFc liner or

both. For example, in one embodiment of a construct encoding a polypeptide of the
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invention, a cleavage site is linked {e.g., directly or indirectly) to one or both ends of a
cacFe hnker (L)
[B0289] For example, m one embodiment, a nucleic acid molecule of the
mvention specifies a polypeptide represented by the formula:

A-F1-PI-L-P2-B-F2 (B
{60290] in linear sequence from the amino lo carboxy terminus wherein A, if
present, is a clotting factor or portion thereof, F1 is a fivst Fo moiety or domain, P1 is
an enzymatic cleavage site, L is a cscFe linker, P2 is an cozymatic cleavage site B, if
present, is a clotting factor or portion thereof, F2 is a second Fe moicty or domain and
“-“ yepresents a peptide bond, Formula (1) comprises at least an A or B and optionally
both. A and B, if both present, can be the corresponding heavy and light chains of a
clotiing factor. Formula (I comprises at least a P1 or P2 and optionally both. P1 and
P2, if both present, can be the same or different. Formula (T} comprises at least a Fl
and ¥2, Fl and F2, if both present, can be the same or difforent,
{00291} In another embodiment, a Factor Xla or Xa cleavage site may be
incorporated into a construct of the invention, e.g., in a cleavable linker. Excmplary
FX1a cleavage sites include, ¢.g, TQSFNDFTR and SVSQTSKL TR, Exemplary
thrombin cleavage sites include, e.g, DFLAEGGGVR, TTKIKFR, LVPRG SEQ 1D
NG:35) and ALRPRVVGGA Other useful cleavage sites are known in the art.
{8292] In one crbodiment, some portion of the inker may remain after cleavage at
the at least one enzymatic cleavage site. In order to mimmize the presence of
extraneous aming acid sequences, two cleavage sites may be included in 2
polypeptide of the invention, In some embodiments, all or substantially all of the
hinker is excised, while in some embodiments, a portion of the cleavage site may

remain, e.g., four arginines of the RRRR cleavage site.

Preparation of Pelvpeptides

{00293] A variety of methods are available for recombinantly producing a
chimeric clotiing factor of the invention. In one embodiment, the invention relates to
a nucleic acid construct comprising a aucleic acid sequence encoding the chimeric
proteins of the invention. It will be understood that because of the degeneracy of the
code, a variety of nucieic acid sequences will encode the amino acid sequence of the
polypepiide. The desired polynacleotide can be produced by de nove solid-phase

DNA synthesis or by PCR mutagencsis of an carlicr prepared polynucicotide.
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02941 Oligonuecleotide-mediated nmtagenesis is one method for preparing a

substitution, in-frame jnsertion, or alteration {e.g., alicred codon) to introduce a codon
encoding an amino acid substitution {e.g., into an F¢ variant moiety). For example,
the starting polypeptide DNA is altered by hybridizing an oligonucleotide encoding
the desired mutation to a single-stranded DNA template. After hybridization, a DNA
polymerase is used to synthesize an entire second complementary strand of the
teraplate that incorporates the oligonueleotide primer. In onc embodiment, genctic
engineering, e.g., primer-based PCR mutagenesis, is sufficient to incorporate an
alteration, as defined herein, for producing a polynucleotide encoding a polypeptide
of the invention.

{02951 For recombinant production, a polynucieotide sequence encoding the
chimeric protein is inserted into an appropriate expression vehicle, i. e. , a vector
which contains the necessary elements for the transcription and translation of the
mserted coding sequence, ot in the case of an RNA viral vector, the necessary
elements for replication and transiation,

[00296] The mucleic acid encoding the chimeric protein is inserted info the
vector in proper reading frame. The expression vector is then transfected into a
suitable target cell which will express the pelypeptide. Transfection techniques known
in the art inchude, but are not Himited to, calcium phosphate precipitation (Wigler et al.
1978, Ceil 14 1 725) and clectroporation (Neumann et al. 1982, EMBQO, J. 1 : 841} A
variety of hogi-expression vector systems may be uttlized to express the chimeric
proteins described herein in eukaryotic cells. In one embodiment, the eukaryotic cell
is an animal cell, including mammalian cells {e. g. 293 cells, PerCé, CHO, BHK, Cos,
HeLa cells). When the chimeric protein is expressed in a eukaryotic cell the DNA
encoding the chimeric protein may also code for a signal sequence that will permit the
chimeric protein to be scereted. One skilled in the art will understand that while the
protein 1s franslated the signal sequence 1s cleaved by the cell to torm the mature
chimeric protein, Various signal sequences are known in the art ¢. g. , native factor
Vi signal sequence, native factor 1X signal sequence and the mouse TgK Hght chain
signal sequence. Alternatively, where a signal sequence is not included the chimeric
protein can be recovered by lysing the cells.

1602974 The chimeric protein of the invention can be syuthesized in g
ransgenic antmal, such as a rodent, goat, sheep, pig, or cow. The term "ransgenic

animais"refers to non-human animals that have incorporated a forcign genc into their
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gename. Because this gene is present in germbine tissues, it is passed from parent o
offspring. Exogenous genes are infroduced into single-celled embryos (Brinster of al,
1983, Proc, Natl, Acad.Sci. USA 82 : 443R). Methods of producing transgenic
animals are known in the art. including fransgenics that produce immunoglobulin
molecules (Wagner et al. 1981, Proc. Natl. Acad. Sci. USA 78: 6376; McKnight ot al.
1983, Cell 234 1 335; Brinster et al. 1983, Nature 306: 332; Ritchie et al, 1984, Nature
312: 517; Baldassarre et al. 2003, Theriogenology 59 1 831 ; Robl ¢t al, 2003,
Theriogenology 59: 107; Malassagne ct al. 2003, Xenotransplantation 10 (3): 267},
[B0298] The expression vectors can encode for tags that permit for easy
purification or identification of the reconbinantly produced protein, Examples
inchude, but are not limited to, vector pUR27E (Ruther et al. 1983, EMBO | 2: 1791
in which the chimeric protein described herein coding sequence may be ligated info
the vector in frame with the lac 2 coding region so that a hybrid protein is produced;
pGEX vectors may be used to express proteins with a glutathione S-transterase (GST)
ag. These proteins are usually soluble and can easily be purified from cells by
adsorption to ghitathione-agarose beads followed by clution in the presence of free
glutathione, The vectors include cleavage sites (¢, g, PreCission Protease (Pharmacia,
Peapack, N. 1. }) for casy removal of the tag after purification.

{B0299] For the purposes of this invention, numerous expression veclor systems
may be cmployed. These cxpression vectors are typically replicable m the host
organisms either as episomes or as an integral part of the host chromosomal DNA.
Expression vectors may include expression control sequences including, but not

hiited to, promoters {e.g., naturaliy-associated or heterologous promoters),

8
cubancers, signal sequences, splice signals, enhancer elements, and transcription
fermination sequences. Preferably, the expression control sequences are eukaryotic
promoter systems in vectors capable of transforming or transfecting eukaryotic host
cells. Hxpression vectors may also ulilize DNA eloments which are derived trom
animal vituses such as bovine paptiloma virus, polyoma viras, adenovirus, vaccinia
virus, baculovirus, retroviruses (RSY, MMTV or MOMLV), cyiomegalovirus
{CMV), or SV40 virus. Others involve the use of polycistronic systems with internal
ribosome binding sites.

160300} Commonly, expression vectors contain selection markers (e g.,
ampicillin-resistance, hygromyin-resistance, tetracycline resistance or neomycin
resistance) to permit detection of those cells transtormed with the desired DNA
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sequences {see, e.g., {takura ef of, US Patent 4,704,362, Cells which have
mitegrated the DNA oo thew chromesomes may be sclected by introducing one or
more markers which allow selection of transtected host cells. The marker may
provide for prototrophy 1o an auxotrophic host, biocide resistance {¢.g., antibiotics) or
resistance to heavy metals such as copper. The selectable marker gene can either be
directly linked to the DNA sequences to be expressed, or introduced mio the same cell
by cotransformation.
{B0361] A preferred expression vector is NEOQSPLA (U.S. Patent No.
6,159,730). This vector contains the cytomegalovirus promoter/enhancer, the mouse
beta globin major promoter, the SV4Q origin of replication, the bovine growth
hormone polyadenylation sequence, neomycein phosphotransierase exon | and exon 2,
the dihydrofolate reduciase gene and leader sequence. This vecior has been found fo
result in very high level expression of antibodies upon mcorporation of variable and
constant region genes, transfection in cells, followed by selection in G418 coutaining
medivm and methotrexate amplification. Vector systeris are also taught in U.S. Pat.
Mos. 5,736,137 and 5,658,570, cach of which is incorporated by reference in its
cutitety herein. This systom provides for high expression levels, e.g., > 30
pe/cell/day. Other exemplary vector systems are disclosed e.g., in U.S. Patent No,
6,413 777,
{60382] In other embodiments the polypepiides of the invention of the instant
mvention may be expressed using polyeistronic constructs. In these expression
systens, multiple gene products of interest such as multiple polypeptides of multimer
binding protein may be produced from a single polycistronic construct. These
systerns advantageously use an internal ribosome entry site (IRES} to provide
relatively bigh levels of polypeptides of the invention in eukaryotic host cells.
Compatible IRES sequences are disclosed in U.S. Pat. No. 6,193,980 which is also
meorporated herein. Those skilled 1n the art will appreciate that such oxpression
systems may be used to effectively produce the full range of polypeptides disclosed in
the instant application,
{88303 Maore generally, once the vector or DNA sequence encoding a
polypeptide has been prepared, the expression vector may be mtroduced into an
appropriate host cell. That is, the host cells may be transformed. Introduction of the
plasoiid into the host cell can be accomplished by various techuigues well known o

those of skill in the art. These include, but arc not limited to, transfection (including
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clectrophoresis and electroporation}, protoplast fusion, calcium phosphate
precipitation, coll fusion with enveloped DNA, nucromjection, and infection with
mtact virus. See, Ridgway, A. A, G. "Mammalian Expression Vectors” Chapter 24.2,
pi. 470-472 Vectors, Rodriguez and Denhardi, Eds. (Butterworths, Boston, Mass.
1988). Most preferably, plasmid introduction into the host is via electroporation. The
transformed cells are grown under conditions appropriate to the production of the
light chains snd heavy chains, and assayed for heavy and/or light chain protein
synthesis. Exemplary assay technipues include enzyme-linked immunosorbent assay
(ELISA), radicimmunoassay (RI1A), or flourcscence-activated cell sorter analysis
(FACS), immunohistochemistry and the like,

{00304} As used herein, the term “transformation” shall be used in 3 broad
sense to refer to the introduction of DNA 1nio a recipient host cell that changes the
genotype and consequently resulis in a change in the recipient cell.

{00305] Along those same limes, “host cells” refers to cells that have been
transformed with vectors constructed using recombinant DNA techniques and
encoding at least one heterologous geone. In descriptions of processes for isolation of
polypeptides from recombinant hosts, the terms "cell” and "cell culture” are used
interchangeably to denote the source of polypeptide unless it is clearly specified
otherwise. In other words, recovery of polypeptide from the "cells”™ may mean either
from spun down whole colls, or from the cell culture containing both the medium and
the suspended cells.

P0386] The host cell line used for protein expression is most preferably of
mammalian origin; those skilied in the art are credited with ability to preferentially
determine particular host cell lines which are best suited for the desired gene product
to be expressed therein. Exemplary bost cell lines include, but are not Hmited 1o,
£3G44 and DUXB11 (Chinese Hamster Ovary lines, DHFR minus), HELA (luman
cervical carcinoma), CVI {(monkey kidney line), COS {a dertvative of OV with 3V46
T antigen), R1610 (Chinese hamster fibroblast) BALBC/3T3 (mouse fibroblast),
HAK (hamster kidney line), SP2/0 (mouse myeloma), P3 times 63-Ap3.653 (mouse
myeloma), BFA-1cIBPT (bovine endothelial celisy, RAJI (human lymphocyte},
Per(Co, and 293 (human kidney). Host cell lines are typically available from
commercial services, the American Tissue Culture Coliection or from published

fiterature.
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{03071 In one embadiment, a host cell endogencusly expresses an enzyme (or
the enzymes) necossary to cleave an seFe tinker {c.g., if such a tinker is present and
contains intracelivlar processing site(s)) during processing to form the mature
polyptide. During this processing, the scFe linker may be substantially removed to
reduce the presence of exiraneous amino acids. In ancther embodiment of the
mvention, a host cell §s ransformed o express one or more enzymes which are
exogenous 1o the cell such that proccssing of an seFe linker occurs or is improved.
{BO308] In one embadiment an enzyme which may be endogenously or
exagenously expressed by a cell is a member of the furin family of enzymes.
Coraplete cDDNA and amino acid sequences of human furin (ie., PACE) were
published in 1990, Van den Ouweland A M et al. (1990) Nucleic Acids Res. 18:664;
FErratum in: Nucleic Acids Res. 18:1332 {1990},

{30389] U.S. Pat. No. 5,460,950, 1ssued to Barr ef al., describes recombinant
PACE and the coexpression of PACE with a subsirate precursor polypeptide of a
heterologous protein to improve expression of active, mature heterologous protein.
IBO3 14 .S, Fat. No. 5,935,815, issucd o van de Ven ¢t al,, likewise describes
recombinant human furin (i.e., PACE) and the cocxpression of furin with a subsivate
precursor polypeptide of a heterologous protein to improve expression of active,
mature heterologous protein. Possible substrate precursors disclosed in this patent
melude g precursor of Factor IX. Other tamily mombers i the manmalian furin/
subtilisin/Kex2p-like proprotein convertase (PC) famuly in addition to PACE are
reported to inclade PCE/PC3, PC2, PC4, PCS/6 (hereinafter referred to simply as
PCS), PACE4, and LPC/PCT/PCR/SPCT. While these various members share certain
conserved overall structural features, they differ in their tissue distribution, subcellular
localization, cleavage specificities, and preferred substrates. For a review, see
Nakayama K (1997) Biochem J. 327:625-35. Similar to PACE, these proprotein
convertases generally nclude, beginning Hrom the amno terminus, & signal peptide, a
propepiide (that may be autocatalytically cleaved), a subtilisin-like catalytic domain
characterized hy Asp, His, Ser, and Asn/Asp residues, snd 2 Homo B domam that is
also essential for catalytic activity and characterized by an Arg-Gly-Asp (RGD)
sequence. PACE, PACE4, and PCS also inchude a Cys-rich domain, the function of
which is unknown. In addition, PCS has isoforms with and without a transmembrane
domain; these different isoforms are known as PC5B and PCSA, respectively.

Comparison between the amino acid sequence of the catalyric domain of PACE and
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the amino acid sequences of the catalytic domains of other members of this family of

proprotein convertases reveals the following degrees of identity: 70 pereent for PC4;
68 percent for PACE4 and PCS; 61 percent for PCL/PC3; 34 percent for PC2Z; and 51
percent for LPC/PCT/PCR/SPCT. Nakayama K (1997) Biochem J. 327:625-35.
{60311} PACE and PACE4 have been reported to have partially overlapping
but distinct substrates. In particalar, PACE4, in striking contrast to PACE, has been
reported to be incapable of processing the precursor polypeptide of FIX. Wasley L C
et al (1993} § Biol Chem. 268:8458-65; Rehemtulla A et al. (1993) Biochemistry.
32:11386-9¢.

{08312} U8, Pat. No. 3,840,529, issued to Seidah et al,, discloses nucleotide
and amino acid sequences for human PC7 and the notable ability of PC7, as compared
to other PC family members, to cleave HIV gpl60 to gpl20 and gpdl.

{30313] Nucleotide and aming acid sequences of rodent PCS were first
described as PCS by Lusson § et al. (1993) Proc Natl Acad Sct USA 90:6691-5 and as
PC6 by Nakagawa T et al. {1993) § Bicchem (Tokyo) 113:132-5. U.S. Pat. No.
6,380,171, 1ssued to Day ot al,, discloses nuclestide and aming acid sequences tor
human PC3A, the isoform without the transmerbrane domain, The sequences of
these enzymes and method of cloning them are known in the art.

{B0314] Genes encoding the polypeptides of the mvention can alsg be
expressed i non-rvammalian cells such as bacteria or yeast or plant cells. In this
regard it will be appreciated that various unicellular non-mammalian microorganisms
such as bacteria can also be transformed; L.e., those capable of being grown in cultures
or fermentation. Bacteria, which are susceptible to transformation, include members
of the enterobacteriaceae, such as straing of Escherichia coli or Salmonclia;
Baciilaceae, such as Bacillus subtilis; Fnocumococcus; Streptococeus, and
Haemophilus intluenzae. It will further be appreciated that, when expressed in
bacteria, the polypeptides typically become part of inchusion bodies. The polypeptides
must be isolated, purified and then assembled into functional molecules.

{B0315] In addition to prokaryates, eukaryotic microbes may also be used.
Saccharomyces cerevisine, or common baker's yeast, is the most commonly used
among eukaryotic microorganisms although a namber of other straius are commonly
available.

For expression in Saccharomyoes, the plasmid YRp7, {or example, (Stinchcomb et al.,

Nature, 282:39 (1979); Kingsman ct al,, Gene, 7:141 {1979); Tschemper et al,, Gene,
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100157 (1980)) is commonly used. This plasmid already contains the TRPY gene which
provides a selection marker for a mutant strain of yeast lacking the ability to grow in
fryptophan, for example ATCC No. 44076 or PEP4-1 (Jones, Genetics, 85:12 (1977,
The presence of the trpl lesion as a characteristic of the yeast host cell genome then
provides an effective environment for detecting ransformation by growth in the absence
of tryptophan.

Other yeast hosts such Pichia may also be employed. Ycast expression vectors
having expression control sequences (e.g., promoters), an origin of replication,
termination sequences and the like as desired. Typical promoters include 3-
phosphoglycerate kinase and other glycolytic enzymes. Inducible veast promoters
include, among others, promoters from alechol dehydrogenase, isocytochrome C, and
enzymes responsible for methanol, maltose, and galactose utilization.

HUIRIE Y Alternatively, polypeptide-coding mucleotide sequences can be
meorporated n ransgenes for introduction into the genome of 4 travsgenic animal and
subsequent expression in the miltk of the transgenic animal (see, e.g., Deboer ef o/,
US 5,741,957, Rosen, US 5,304,489, and Meadce ef af., US 5,849,992). Suitable
fransgenes include coding sequences for polypeptides in operable linkage with a
promoter and enhancer from a mammary gland specific gene, such as casein or beta
lactoglobulin.

{8317] in vitro production allows scale-up to give large amounts of the desired
polypeptides. Techniques for mammalian cell cultivation under tissue culture
conditions are known in the art and include homogeneous suspension culture, e.g. in
an airlift reactor or in a continuous stirrer reactor, or immobilized or entrapped cell
culture, e.g. in hollow fibers, microcapsules, on agarose microbeads or ceramic
cartridges. ¥ necessary and/or desired, the solutions of polypeptides can be purified
by the customary chromatography methods, for example gel filtration, ion-exchange
chromatography, chromatography over DEAE-~cethilose or (immunoe-jatiinty
chromatography, e.g., after preferential biosynthesis of a synthetic hinge region
polypeptide or prior to or subsequent 1o the HIC chromatography step described
herein. An affinity tag sequence {e.g a His(6) tag) may optionally be atiached or
mehuded within the polypeptide sequence to facilitate downstream purification.
{60318} In one embodiment, a host cell of the invention comprises a genetic

construct encoding a polypeptide comprising an scFe scaffold and one or more
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enzymes that can process a ¢sche linker. The construct and the enzyme(s) can be
expressod using a single vector or two veciors,

{36319} In one ombodiment, the invention pertains to nucleic acid molecules
which encode a polypeptide of the invention. In one embodiment, the nucleic acid
molecule encodes a chimeric clotting factor selected from the group consisting of
FVH, FIX and FX and which comprises a fargeting moiety which binds to platelets
and optionally a spacer moicty betwoen the clotting factor and the fargeting moicty,
In another embodinment, the invention pertains to a nucleic acid molecule

encoding a polypeptide comprising FVi, which FVH which comprises a
heterologous enzymatic cleavage site activatable by a component of the

clotting cascade.

{(0320] Once expressed, the chimeric clotting factor can be purified according
{o standard procedures of the art, including ammoraum sulfate precipitation, affinity
column chromatography, BPLC purification, gel electrophoresis and the like (see
generally Scopes, Protein Purification (Springer-Verlag, N.Y., {1982)) and see
specifically the methods used in the instant Exampics. Substantially pure proteins of
at teast about 90 t0 93% homogeneity are preferred, and 98 to0 99% o1 more

homogeneity most preferred, for pharmaceutical uses.

IX, Methods of Administering Polypeptides of the Invention

{B0321] In ancther embodiment, the invention relates to a method of treating a
subject with 4 hemostatic disorder comprising administering a therapeutically
effective amount of an enhanced cloitng factor of the Invention.

303221 Compositions for administration {o a subject include nucleic acid
molecules which comprise a nucleotide sequence encoding a chimeric clotting factor
of the fnvention (for gene therapy applications) as well as polypeptide molecules.
{0323] n onc embodiment, an enhanced cloting factor composition of the
mvention is administered in combination with at least one other agent that promotes
hernostasis. Said other agent that promotes hemostasis Is a therapeutic with
demonstrated clotting activity. As an example, but not as a limitation, hemostatic
agent can 1nchude Factor V, Factor VI Factor VI, Factor IX, Factor X, Factor XJ,
Factor X1, Factor X1, prothrombin, or fibrinogen or activated forms of any of the
preceding. The clotting factor of hemostatic agent can also include anti-fibrinolytic

drugs, ¢.g., epsilon-aming-caproic acid, trancxamic acid.
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03241 In one embodiment of the invention, the composition (c.g., the
polypeptide or nucleic acid molecule encoding the polypeptide) is one in which the
clotting factor is present in active form when administered 10 a subject. Such an
ctivated molecule may be expressed by a cell in active form or may be activated in
vitro prior to administration to a subject. In another embodiment, the composition is
one in which the clotting factor is present in activatable form and the clotting factor s
activated in vivo at the site of clotting after administration to a subjeet.
{B0325] The chimeric clotting factor of the tuvention can be administered
intravenously, subcutancously, intramuscularly, or via any mucosal surface, ¢.g.,
orally, sublingually, buccally, sublingually, nasally, rectally, vaginally or via
pulmonary route. The chimeric protein can be implanted within or linked to a
biopolyvmer solid support that allows for the slow release of the chimeric protein to the
desired site.
j00326] For oral admimstration, the pharmaceutical composition can take the
form of tablets or capsules prepared by conventional means. The composition can also
be prepared as a liquid for example a syrup or a suspension. The liquid can include
suspendling agenis (e.g. sorbito! syrup, cellulose derivatives or bydrogenated edibie
fats}, emulsifying agents (lecithin or acacia}, non-aqueous vehicles {e.g. almond oil,
oily esters, ethyvl alcohol, or fractionated vegetable oils), and preservatives (2.2
methyd or propylp-hydroxybenzoates or sorbic acid). The preparations can alse
melude flavoring, coloring and sweetening agents. Alternatively, the composition can
be presented as a dry product for constitution with water or another suitable vehicle.
{06327} For buccal and sublingual administration the composition may take the
form of tablets, lozenges or fast dissolving films according to conventional protocols.
{30328] For adminisiration by inhalation, the compounds for use according to
the present invention are conveniently delivered in the form of an acrosol spray from
a pressurized pack or nebulizer (e.g. 1n PBS), with a suitable propeliant, c.g.,
dichlorodiftuoromethane, trichlorofluoromethane, dichlorotetratluoromethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol the dosage unit can
be determined by providing a valve to deliver a metered amount. Capsules and
cartridges of, e.g., gelatin for use v an inhaler or insufflator can be formulated
containing a powder mix of the compound and a suitable powder base such as lactose

or starch.
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03291 In one embodiment, the route of administration of the polypeptides of
the mvention is parenteral. The torm parcoteral as uscd hereim meludes intravenous,
mtraarterial, infraperitoneal, mranuscular, subcutancous, rectal or vaginal
adniinistration. The intravenous form of parenteral administration is preferred. While
all these forms of administration are clearly contemplated as being within the scope of
the invention, a form for administration would be a sotation for jnjection, in particalar
for imtravenous ot intraarierial imjection or drip. Usueally, a suitable pharmaccutical
composition for injoction may comprise a buffer {e.g. acetare, phosphate or citrate
buffer), a surfactant {¢.g. polysorbate), optionally a stabilizer agent (c.g. human
athumin), etc. However, in other methods compatible with the teachings herein, the
polypeptides can be delivered directly to the site of the adverse celiular population
thereby ncreasing the exposure of the diseased tissue to the therapeutic agent.
{(0330] Preparations for parenteral administration include sierile aqueous or
non-aqueous solutions, suspensions, and emulsions. Examples of non-agueous
solvents are propylene glycol, polyethylene glycol, vegetabie oils such as olive o,
and injectable organic esters such as cthyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions, meluding saline and butfered
media. In the subject invention, pharmaceutically acceptable carriers include, but are
not limited to, 0.01-0.1M and preferably 0.05M phosphate buffer or (1.8% saline.
Other corvmon parenteral vehieles inchude sodium phosphate sohutions, Ringer's
dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous
vehicles include fluid and nutrient replenishers, elecirolyte replenishers, such as those
based on Ringer's dextrose, and the like. Preservatives and other additives may also be
present such as for example, antimicrobials, antioxidants, chelating agents, and inert
gases and the like.
{60331} More particularly, pharmaceutical compositions suitable for injectable
use mchude sterile aqueons solutions (where water soluble) or dispersions and sterile
powders for the extemporaneous preparation of sterile injectable solutions or
dispersions. In such cases, the composition must be sterile and should be fluid to the
extent that easy syringability exists. [t should be stable under the conditions of
manufacture and storage and will preferably be preserved against the contaminating
ction of microorganisms, such as bacteria and fungi. The carrier can be a solvent or
dispersion medivm containimyg, for example, water, cihanol, polyol (e.g., glycerul,

propyiene glycol, and hiquid polyethylenc glyeol, and the like), and suitable mixtures
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thereof. The proper fluidity can be maintained, for example, by the use of 3 coating
such as lecithin, by the maimtenance of the required particle size in the case of
dispersion and by the use of syrfactants.

{60332} Prevention of the action of microorganisms can be achieved by various
antibacterial and antifingal agents, for example, parabens, chlosobutanol, phenol,
ascorbic acid, thimerosal and the Iike. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyalcohols, such as mannitol, sorbitol, or
sodium chloride in the composition. Prolonged absorption of the injectable
compositions can be brought about by including in the composition an agent which
delays absorption, for example, aluminum monostearate and gelatin,

663331 In any case, sterile injectable solutions can be prepared by
incorporating an active compound {e.g., a polypeptide by itself or in combination with
other active agents) in the required amount in an appropriate solvent with one ora
cornbination of ingredients enumerated hevein, as required, followed by tiltered
sterilization. Generally, dispersians are prepared by meorporating the active
compound into a sterile vehicle, which contains a basic dispersion medium and the
required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuurm drying and freeze-drying, which vields a powder of an active
mgredient plus any additional desired ingredient from a previously sterie-filtered
solution thereof. The preparations for injections are processed, filled into contamers
such as ampoules, bags, bottles, syringes or vials, and sealed under aseptic conditions
according to methods known in the art. Further, the preparations may be packaged
and sold in the form of a kit. Such articles of manufacture will preferably have labels
or package inserts indicating that the associated compositions are useful for treating a
subject sutfering from, or predisposed to clotting disorders.

{334 The pharmaceutical composition can also be formulated for rectal
administration as a supposttory or retention enema, e.g., containing conventional
suppository bases such as cocoa butler or other glyeerides.

[B0335] Effective doses of the compositions of the present invention, for the
treatment of conditions vary depending upon many different factors, including means
of adrinistration, target site, physiological state of the patient, whether the patient is
human or an aniinal, other medications adoinisiered, aned whether treatment is

prophylactic or therapeutic. Usually, the paticnt is a human but non-human manumals
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nchuding transgonic mammals can also be treated. Treatment dosages may be titrated

using roafine methods known to those of skili in the art to oplimize safety and

efficacy.
{66336} In one embodiment, the dose of a biologically active moiety (e.g.,

I

comprising FIX} can range from about 25 to 100 [U/kg, e.g., 0.417 mg/kg to 1.67
mg/kg. Inanother emabodiment, the dose of a biologically active motety (e.g.,
comprising FVIT) can range fron about 28 to 65 1U/kg, ¢.g., 0.003125 mg/kg to
0.008125 mg/kg. In another embadiment, the dose of a biologically active moicty
{c.g., comprising FVI), can range from about 90 to 270 ug/kg or 0.090 to 0.270
mg/kg.

{63371 Diosages can range from 1000 ugr/kg to 6.1 ng/kg body weight. In one
embodiment, the dosing range is Tug'ke to 100 ug/kg. The protein can be
administered continuously or at specific timed intervals. In vitro assays may be
employed 1o determing optimal dose ranges and/or schedules for administration. o
vitro assays that measure clotting factor activity are known ia the art, ¢. g., STA-
CLOT Vila-vTF clotting assay. Additionaily, etfective doscs may be cxtrapoiated
frora dose-response curves obtained from animal models, e, g, a hemophiliac dog
{(Mount et al. 2002, Blood 99 {8): 2670},

H0338] Doses intermediate in the above ranges are also intended to be within
the scope of the invention. Subjects can bo administered such doscs daily, on
alternative days, weekly or according to any other schedule determined by empirical
analysis. An exemplary treatment entails administration in multiple dosages overa
prolonged period, for example, of at least six months. In some methods, two or more
polypeptides may be admimistered simultaneously, in which case the dosage of each
polypeptide administered falls within the ranges indicated.

{60339 Polypeptides of the invention can be administered on nmiltiple
occasions. Intervals between single dosages can be datly, weekly, monthly or yearly.
Intervals can also be irregular as indicated by measuring blood levels of modified
polypeptide or antigen in the patierd. Alternatively, polypeptides can be administered
as a sustained release formulation, in which case less frequent administration is
required. Dosage and frequency vary depending on the half-hife of the polypeptide
the patient,

{60340} The dosage and frequency of adudnistration can vary depending on

whether the treatment is prophylactic or therapeutic, In prophylactic applications,
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cornpositions containing the polypeptides of the invention or a cocktail thereof are
admimstered to a patient not alrcady i the discase state to enhance the paticnt’s
resistance or minimize offects of disease. Such an amount is defined tobe a
“prophylactic effective dose.” A relatively low dosage is administered at relatively
infrequent intervals over a long period of time. Some patients continue to receive
treatrent for the rest of their Hives.

{00341} Polypeptides of the mvention can optionally be sdministored in
combination with other agents that are effective in treating the disorder or condition in
need of treatment (e.g., prophviactic or therapeutic).

00342} As used herein, the administration of polypeptides of the invention in
conjunction or combination with an adjunct therapy means the sequential, simultaneocus,
coextensive, concuirent, concomitant or contemporanenus administration or application
of the therapy and the disclosed polypeptides. Those skilled in the art will appreciate
that the admnistration or application of the various components of the combined
therapeutic regimen may be timed to enhance the overall effectiveness of the treatment.
A skilled artisan {¢.g. a physician) would be readily be able to discern effective
combined therapeutic regimens without undue experimentation based on the selected
adjunct therapy and the teachings of the instant specification.

{0343 it will further be appreciated that the polypeptides of the instant
mvention may be used in conjunction or combination with an agent or agents (e.g. o
provide a combined therapeutic regimen). Exernplary agenis with which a
polvpeptide of the mvention may be combined include agents that represent the
current standard of care for a particular disorder being treated. Such agents may be
chemical or biclogic in nature. The term “biologic” or “biologic agent” refers to any
pharmaceutically active agent made from living organisms and/or their products
which is intended for usc as a therapentic,

{B0344] The amount ot agent {o be used in corshination with the polypeptides
of the instant invention may vary by subject or may be administered according to
what is known in the art. See for exarmple, Bruce A Chabner er al | dntineoplastic
Agents, in GOODMAN & GILMAN'S THE PHARMACOLOGICAL BASES OF THERAPEUTICS
233-1287 ((Joel G. Hardman ef ol eds., 9 ed. 1996). In anocther embodiment, an
amount of such an agent consistent with the standard of care 18 administered.

{06345] As previously discussed, the polypeptides of the present mvention,

may be administered in a pharmaccutically effective amount for the in vive treatment
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of clotting disorders. In this regard, it will be apprecisted that the polypeptides of the
mvention can be formutdated to facilitate admunistration and prorote stabibity of the
ctive agent. Preferably, pharmaceutical compositions in gccordance with the present
invention comprise a pharmaceutically acceplable, non-toxic, sterile carrier such as
physiological saline, non-toxic buffers, preservatives and the like. Of course, the
pharmaceutical compositions of the present invention may be administered in single
or raultipic doscs to provide for a pharmacoutically effeetive amount of the
polypeptide.
[B0346] I one embodiment, a chimeric clotting factor of the invention can be
administered as a nucleic acid molecule, Nugleic acid molecules can be administered
using techniques known in the art, including via vector, plasmid, liposome, DNA

gene gun, infravenously injection or hepatic artery nfusion.

injection, electroporation, g
Veetors for use in gene therapy embodiments are known in the art.

{00347] I keeping with the scope of the present disclosure, the chimeric
clotting factors of the invention may be administered to a human or other animal in
accordance with the aforementioned methods of treatment in an amount sutficient to
produce a therapeutic or prophylactic effect.

{(:0348] The chimeric proteins of the invention have many uses as will be
recognized by one skilled in the art, inchuding, but not limited to methods of treating a
subject with a discase or condition. The discase or condition can include, but is are
not limited to, hemostatic disorders.

{B0349] In one embodiment, the invention relates to a method of treating a
subject having a hemostatic disorder comprising administering a therapeutically
effective amount of at least one chimeric clotting factor of the invention.

303301 The chimeric clotting factors of the Invention ireat of prevent a
hemwostatic disorder by promoting the formation of a fibrin clot. The chimeric clotting
factor of the mvention can activate any moember of a coagulation cascade. The clotting
factor can be a participant o the extrinsic pathway, the intrinsic pathway or both.
{30351} A chimeric clotting factor of the invention can be used fo freat
hemostatic disorders, e.g., those known to be treatable with the particular clotiing
factor present in the chimeric clotting factor. The hemostatic disorders that may be
treated by adnunistration of the chimeric protein of the invention fuclude, but are not
tinsited to, hemophilia A, hemophilia B, von Willebrand's disease, Factor X

deficicney (PTA deficiency), Factor X1 deficiency, as well as deficiencies or
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structural abnormalities in fibrinogen, prothrombin, Factor V, Factor VI, Factor X, or
Factor XIIL

[$0352] In one embodiment, the hernostatic disorder is an inherited disorder. In
one embodiment, the subject has hemophilia A, and the chimeric protein comprises
Factor VI or Facter Vlia. In another embodiment, the subject has hemophilia A and
the chimeric clotting factor comprises Factor VIT or Factor VHa. In another
erabodiment, the subject has hemophilia B and the chimeric clotting factor comprises
Factor IX or Factor [¥a. In another embodiment, the subjoct has hemophilia B and the
chimeric protein comprises Factor VI or Factor Vila. In another embodiment, the
subject has inhibitory antibodies to Factor VI or Factor Vilfa and the chimeric
clotting factor comprises Factor VI or Faclor Via. In yet another embodiment, the
subject has inhibitory antibodies against Factor IX or Factor IXa and the chimeric
protein comprises Factor VII or Factor Vila.

{00353] The chimerte clotiing factor of the fnventton can be used to
prophylactically treat a subject with a hemostatic disorder. The chimeric clotting
factor of the mvention can be used to treat an acute bleeding episode in a subject with
a hemostatic disorder.

[30354] 1n one emibodiment, the hemostatic disorder is the result of a
deficiency in 3 elotting factor, e.g., Factor IX, Factor VI In another embodiment,
the hemostatic disorder can be the result of a defective clotting factor.

{B03SS] In another ernbodiment, the hemostatic disorder can be an acquired
disorder. The acquired disorder can result from an underlying secondary disease or
condition, The unrelated condition can be, as an example, but not as a limitation,
cancer, an autoimmuone disease, or pregnancy. The acquired disorder can result frow
old age or from medication o treat an underlying secondary disorder (e.g. cancer
chemotherapy}.

{B0356] The mvention also relates to methods of trealing a subjeet that docs not
have a hemostatic disorder or a secondary disease or condition resuiting o acquisition
of a hemustatic disorder. The mvention thus relates to a method of treating a subject
in nead of a general hemostatic agent comprising administering a therapeutically
effective amount of at least one chimeric elotling factor of the mnvention. For
exampile, in one embodiment, the subject in need of a general hemostatic agent is
undergoing, or is aboui Lo undergo, surgery. The chimeric clotting factor of the

invention can be administered prior to or after surgery as a prophylactic. The chimeric
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clotting factor of the invention can be administered during or after surgery to control
an acuic blecding episode. The surgery can include, but is not limited to, liver
fransplantation, liver resection, or stem cell transplantation,

{66357} In another embodiment, the chimeric clotting factor of the invention
can be used to treat a subject having an acute bleeding episode who does not have a
hemostatic disorder. The acute bleeding episode can result from severe trauma, e.g.,
surgery, an sutomobile accident, wound, laceration gun shot, or any other traumatic

event resulting in uncontrolied bleeding.

303581 This invention is further illustrated by the following examples which
should not be construed as limiting. The contents of all references, patents and
published patent applications cited throughout this application are incorporated herein

by reference.

EXAMPLES
303591 Throughout the examples, the following materials and methods were

used unless otherwise stated.

General Materials and Methods

{30360] In general, the practice of the present mvention emaploys, unless
otherwise indicated, conventional techniques of chemistry, biophysics, molecular
biclogy, recombinant DNA technology, immunclogy (especially, e.g., antibody
technotogy), and standard techniques in elecirophoresis. See, e.g., Sambrook, Fritsch
and Maniatis, Molecular Clening: Cold Spring Harbor Laboratory Press (1989);
Antibady Engincering Protocols (Methods in Molecular Biology}, 510, Paul, 5,
Humana Pr (1996); Antibody Engincering: A Practical Approach (Practical Approach
Serigs, 169), McCafferty, Ed., [r] Pr {1996); Antibodies: A Laboratory Manual,
Harlow er o/, CS H.L. Press, Pub. {1999); and Current Protocols in Molecular
Biology, eds. Ausubel ef ¢, John Wiley & Sons (1992).

Example 1. Heterodimerie Constructs comprising FYI-Fe and MB9-Fe at the
amino terpiinus of the second ¥Fe chain

Cloning of pSYN-FVII-027
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003611 The FVII-027 construct comprises cscfc for cleavage when processed
during mamifachure m a cell. The construct comprises a targeting moicty, a sefFv
moiety that binds to GPIIbilia, MBS,

{66382] Plasrnid (pSYN-FVII-027) was generated for the expression FVI-Fe
and MB9-Fe heterodimer, where MB9 is a scFv previously shown to bind to receptor
GPHb/IHa on activated platelets. Protein from pSYN-FVI-027 15 expressed in the cell
as a single polypeptide where the C-forminus of the FVH-Fe subunit is linked to the
N-terminus of the MB9-Fe subunit by a (GGGGR)g, polypeptide linker. Furthermore,
RRRRS and RKRRKR sequences were inserted at the 5° and 37 end of the
polypeptide linker, respectively, for infracellular cleavage by proprotein convertases
following the last Arg at each sequence. Consequently, cells will express a Z chain
FVI-Fo/MB9-Fe heterodimer where the FVII-Fe chain has a RRRRS sequence at the
C-terminus, but the remainder of the linker and the RKRRER sequence have
otherwise been removed.

{00363] As a first step a series of intermediate plasniid were generated using
the following primers:

HindIIi-3allI-BpsEIl-Fc-F

n

SPCCEEAACTCCTES

FTOG

AGTCAAGCTTG

CATCCCUCELCCACCEEAACTCYCCACCGCCIGATCCACCCCCACCIGAT

Cal

SR

COGEAGACACGGAGAGG

TCAGACARAACTCACACATGCCCACT

ACTGACGA

HindlIi~-Kozak-FVIiT-F:

GAATTCTCATTTACC

CGACAAGCTTGCCGCCACCATGETCTCCCAGECCCTCAGE

FVIT-HC-Bsy

T oy
ACCACTECC

TOACTTITCOTCCOATCCCCCOLCACCOCANCCTCCA

COGCCTGATCCACCCCCACCTGATCCGLLGLCACCGGACCCACCTCCGCLGRAGCCACCGCCACLGGRA

ARTGGGEECTCGT AGG

A SUal PCR reaction was carried out with 25 pmol of Hindlil-Sall-BpEI-Fc-F and

BamHI-linker-Fe-R and template pSYN-Fe-001 using the following cycle: 95° C 2

minutes; 30 cycles of (85° C 30 seconds, 54° C 30 seconds, 72° C 1 minute). The
expected sized band (~700 bp) was gol purified with a Gel Extraction kit (Qiagen,

Valencta, Califl} and cloned into the Hindl and BamHBI restriction sites of
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pBUDCE4 (Invitrogen, Carlsbad, Calif} to generate intermediate pSYN-FVII-007.
Primoors HindlH-Sall-BpEl-Fo-F and BamBI-inker-Fo-R amplify the Fe region
starting at amino acid 221 (EU numbering) and add a Hindlll and a Sall restriction
enzyme site immedistely upstream of site Fe region, as well as a DNA fragment
encoding a (GGGGS)y, linker followed by a BamHI site immediately downstream of
the Fe coding region. Next, a 30 ul reaction was carried out with 25 pmol of Bell-Fe-F
and scFe-EcoRI-R, and template pSYN-Fe-011 using the same cyeles as above, The
expected sized band (~700 bp) was gel purified as above, cut with restriction enzysies
BamHl and EcoRl, and cloned in the Bell/EcoR] restriction sites of pSYN-FVH-007
to generate the intermediate plasmid pSYN-FVI-008. The prirer pair Bell-Fe-F and
scFe-EcoRI-R amplifies the Fe region while adding a Bell and EcoRI restriction sites
immediately upstream and downstream of the Fo coding region, respectively. To
generate the last intermediate plasmid, a 50 ul PCR reaction was carried out with 25
poe] of HindHi-Kozak-FVII-F and FVIH-HC-BspEI-R and template pSYN-FVI-001
using the following cycle: 95° C 2 minutes; 30 eycles of (95° C 30 seconds, 55° C 30
seconds, 72° C 90 seconds). The primer pair amplifies the FVH coding region while
adding a DNA fragment al the 37 end of the molecule encoding a (GGGGS s,
polypeptide linker followed by a fragment of the Fe region ending at amino acid 221
{(EU numbering). Primer HindlH-Kozak-FVII-F generates a HindlI! restriction site at
the 5° of the molecule followed by a Kozak sequence directly upstream of the FVH
coding region. The FVIL-HC-BspEI-R primer introduces DNA cncoding the
polypepiide linker as well as the Fe portion. The expected sized band (~1500 bp) was
gel purified as above and cloned into the Hind![I/BspEl sites of pSYN-FVI-G08 10
generate pSYN-FVI-011.

{00364] Next, 2 DNA fragments were synthesized: Genescript-FVIE-027-1 and
Genseript-FVII-026-2. Genescript-FVIL-027-1 consists of a DNA fragment encoding
a portion of the Fc region (starting at nucleotide 1306, EU numbering) followed by
the sequence RRRRS(GGGGS),;,-RKRRKR followed by a portion of the MBY scFv
(residues 1-142). An EcoRlI sife was iniroduced in the coding sequence of MBS using
the degeneracy of the genetic code to preserve the proper amino acid sequence and
overlaps the last 6 bases of Genescript-FVII-027-1. In addition, the first 6 bases at the
57 include a Sapl site found within the Fe region. Genseript-FVH-026-2 consists of a

DNA fragment encoding a portion of the MBY (residucs 143-273) followed by a
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(GGGGR)e polypeptide Hoker followed by the Fo region and an EcoR{ site. An
EcoRl site was miroduced i the coding sequence of MBS using the degencracy of the
genetic code to preserve the proper amino acid sequence and overlaps the first 6 bases
of Geneseript-FVI-026-2.

{60365] Genescript-FVI-027-1 was cloned into the Sap! and EcoRI sites of
pSYN-FVII-01] to generate pSYN-FVII-036. Next, Genseript-FVII-026-2 was
cloned into the EcoRI site of pSYN-FVI-036 to gencrate pSYN-FVH-027. Correet
orientation of the last cloning step was confirmed by restriction enzyme analysis and
DNA sequencing.

Example 2. Heterodimeric Constructs comprising FVIi-Fe and MBY-Fe, MBY at
the carboxy terminus of the second Fe chain

Cloning of FVII-037

{60366] The FVII-037 construet is made using an scFe seaffold which i3 not
cleaved during processing. In this construct the targefing moiety, again the MBO scFv
which binds to GPHbIa is attached to the c-terminus of the second Fo moiety.
[80367] Synthesis of DNA fragment Genseript-FVIL-037 was cutsourced
{Genscript) This fragment comprises a portion of the Fe region {residues 434 to 447,
EYU numbering} followed by a {GGGGS)4x polypeptide Huker and the MB9 scFv. A
Sapl/EcoRI fragment of Genseript-FVI-037 was subcloned into the Sapl/EcoRI of
pSYN-FVH-311 (refer to POB3D) to generate and intermediate construct. A Sapl
fragment from pSYN-FVI-011 was subcloned into the Sapl sites of the miermediate
construct o generate pSYNFVIE-037.

Example 3. Heterodimeric Constructs comprising FVIL-Fe and a peptide against
GPEb at the carboxy terminus of the second Fe chaim

Cloning of THE pSYN-FVII-04 1 intermediaie construct.

{B0368] In order to make this construet, the FVIL-041 construct was first made
as an intermediate. Synthesis of DNA molecule Gensceript-FVH-041 was outsourcec
{Genscript). This fragment was digesied with Sapl and cloned into Sapl sites of
pSYN-FVIL-011 to generate pSYN-FVIH-041. This process introduces a unique Sall
site {residues 412-413 EU numbering, GTG GAC to GTC GAC) in the second Fe.
Cloning of pSYN-FVII-044-, -045 and -046.

160369} The FVH-041 construct was used as the starting material to generate
several constructs that comprise targeting moteties which are peptides that bind to

GPIb. The PS4 peptide is used in the -044 construct, the OS1 peptide in the -045
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construct, ad the O82 peptide in the 046 construct. In these constructs an sc¥e
scaffold is used and the poptides are attached via a hinker to the C-termunus of the
second Fe motety.

{60370} Synthesis of Genscript-FVI1-044, -045 and -046 was outsourced
{Genseript). These DNA fragments were cleaved with Sall/EcoR and subcloned into
the Sall/EcoRI sites of pSYN-FVI-041 {0 generate pSYN-FVII-044, -045 and -046.
Exampie 4. Heterodimeric Constructs comprising FVIii-Fc and a peptide against
GPIb at the amine ferminus of the second Fe chain

Cloning of the pSYN-FV11-043 iniermediate.

00371] In order to make this construct, the FVII-043 consinict was first made
as an intermediate. Synthesis of DNA fragment Genscript-FVIL-043 was outsourced
{Genscript). This fragment comprises a DNA molecule encoding a portion of the Fc
region (residues 232 to 447, EU numbering) followed by a (GGGGE)x polypeptide
tinker and another portion of the Fe region (residues 221 10 238, EU numbering). This
DNA fragment was digested with BspEl and Rsrll and subcloned into the BspE/Rsell
sites of pSYN-FVH-042 to gencrate pSYN-FV1I[-050. This process introduces a
unique Sall stie (residues 412-413 EU numbering, GTG GAC 1o GTC GAC) in the
first Fe. A Hindlil/EcoRI fragment of pSYNFVH-050 was subcloned into the
HindllI/EcoRI sites of pSYN-FVIL(11 to generate pSYN-FVI-043.

Cloning of pRYN-EVH-047, -48 and -049.

{80372] The FVII-043 construct was used as the starting material to generate
several constructs that comprise targeting moieties which are peptides that bind to
GPIb. The PS4 peptide is used in the -047 construct, the OS1 peptide in the -048
construct, and the OS2 peptide in the -049 construct. In these constructs an scle
scaffold s used and the peptides are inderposed between the scFe linker and a linker
which is attached to to the N-terminus of the second Fo moiety.

{373 Syathesis of DNA molecules Genseript-FV =047, -048 and -049 was
outsourced {Genscript). A Sal/Rstl fragment from Genscript-FVII-047, -048 and -
049 was subcloned into Sall/Rsrll sites of pSYN-FVI-043 to generate pSYN-FVi-
047, -048 and 049, respectively.

Example 5. Heterodimerie Constructs comprising a Gla-deleted FVI-Fe and a
targeting molecule

Cloning of the FVH-028 ntermediate
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j00374] In order to make this construct, the FVII-028 construct was first made
as an infermediate. Synthesis of DNA fragment Genseript-FVIE-028 was oufsourced
{Genscript). This fragment was cut with Hindlil/Xbal and subcloned into pSYN-
FVIE-011 to generate pSYN-FVU-028.

Cloning of FVII-053

{B0375] The FVII-028 construct was used as the starting material to generate a
construct that comprises a targeting moiety and craploys a clotting factor that lacks a
Gia domain. For this consiruct, amine acids 1-35 were removed from FVI] and an
RKRRKR insertion was added aftor residue R152 (WT FVI numbering) to facilitate
mtracellular activation. The MBY scFv served as the targeting moiety,

{00376} DNA nwlecule Genscript-FVI-025 was outsourced and an
Xbal/BsiW] fragment from this molecule was subcloned into Xbal/BsiWi sites of
pSYN-FVII-028 to generate pSYN-FVII-053

Example 6. Heterodimeric Constructs comprising a Factor VI heavy and light

chains as two separate polypeptides.

Cloning of SYN-FVIT-024 mtermedigte construct

{33771 The FVIH-024 construct is onc in which the heavy and hght chains of
factor FV1I are not contiguous in a single chain molecule. The construct employs
cscFe such that the cscFe linker is cleaved by proteases in the trans-Golgi network
This cleavage results in linker removal as well as activation of FVIL, resulting in the
expression of activated FVilaFc.

{G0378] The coding sequence of FVII was obtained by reverse transcription
coupled to polymerase chain reaction from a human Hver mRNA library (Ambion,
Austin, Texas) using the following primocrs:

FyII-F1

GGRGAATGTCAACAGGCAGEE

FVII-P1

CTTGGCTTTCTCTCCACAGET

jB8379] A 50 pl reaction was carried out with 10 pmol of each primer using the
Superscript OQune-step RT-PCR with Platinum Tag systern {Invitrogen, Carlsbad,
Calif.) according to the manufacturer’s standard protocol in a MJ thermocycler. The

cyele used was 50° C for 30 minutes for the reverse transcription followed by
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denaturing at 94° C for 2 minuies and 30 cveles of (94° C 30 seeonds, 53° C 30
seconds, 72° C 90 seconds) followed by 10 minutes at 72° € The expecied sized band
{~1400 bp) was gel-purified with 2 Gel Extraction kit (Qlagen, Valencia, Califly and
cloned in pCR2.1 TOPO using the TOPO TA Cloning kat (Invitrogen, Carlabad,
Calif) to produce the intermediate plasmid pSYN-FVI-001. To construct a plasmid
for the expression of a two-chain FVII-Fe and Fc heterodimer, the FVII coding

sequence was PCR-amplified using the following primers:

HindlII-Kozak-rvIiI-F

CACTCCGGAGCTGGECACGETGEECATGIGTGASTTTTCTCGGEARATGGGGCTCGCAGG

{60388] The forward primer HindlI1-Kozak-FVI-F adds a Hindlll restriction
sife followed by a Kozak sequence immediately upstream of the FVH coding region,
The reverse primer Bspel-Fo-FVII-R adds a fragment of the constant region of [g(1
{(the Fc region) comprising amino acids 221-233 (EU numbering). This process also
incorporates a BepEl restriction site at amino acids 231-233 using the degeneracy of
the genetic code to preserve the correct amno acid sequence (EU numbering), A 50 ul
reaction was carried out with 15 pmol of each primer and template pSYN-FVI-001
ysing Platinum Pfx DNA Polymerase system according to mamsfaciurer’s protocot in
a MJ Thermocycler using the following cyeles: 95° C 2 minutes; 30 cyeles of (95° C
15 seconds, 49° C 30 seconds, 68° C 90 seconds); 68° C 10 minutes. Plasmid pSYN-
FIX-027 (pBUD FIXFe/Fo) was digested with Hindll and BspEl and the expected
sized band for the vector (approximately S800 bp) was purified away from tho FIX
insert {expected size band approximately 148G bp) with a Gel Extraction kit (Qtagen,
Valenecia, Calif. ). Next, the PCR-amplified FVIH sequence was subcloned into HindIT
and EcoRI sifes of the vector derived from pSYN-FIX-027 after removing the FIX
insert. This generated pSYN-FVII-002 (pBUD FVIIFc/Fc) Next, A (GGGGS )
polypeptide linker was added between FVII and the Fe region coding sequences i

pRYN-FVI-002 using the following primers:

FVITl-linker-t:

GTCTGATCCCCCGOCACCGGAACCTCCACCGCCTGATCCACCCCCACCTGAT

N N T TV (R S SR T T T (R S TS (N T S T £
GCCGGAGCCACUGCCACCEGGAAATGGEGGCTCGCAGGAGS

Fe-linkar-Fs
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5 GACARARCTCACACATGCCCACT
Fo-linker—-R:
GUAGARTICECATTTACCCGGAG
{60381} Two 12 ul PCR reactions were carried out with either 12 pmol of
FVIH-linker-F and FVII-Linker-R (reaction 1) or Fe-linker-F and Fe-linker-R (reaction
10 2)using Expand High Fidelity System (Boehringer Mannheim, Indianapolis, Ind.)
aceording to manufacturer’s standard protocol in a MI Thermoceyeler. The first and
second reactions were carried out with 1 pg of pSYN-FVII-002 as template using the
following cycle: 94 °C. 2 minutes; 14 cycles of (94°C, 30 seconds, 55°C. 30 seconds,
727 2 mimtes); 72°C. 10 minutes. The expected sizved bands (532 bp for reaction 1
15 and 670 bp for reaction 2} were gel purified with a Gel Extraction kit (Qiagen,
Valencia, Calif}, then combined in & PCR reaction with 25 prool of FVH-linker-F and
Fe-linker-R as before, but with 30 rounds of amplification. The expected sized band
(1200 bp) was gel purified with a Gel Extraction kit ((Qiagen, Valencia, Calif.) and
digested with restriction cnzymes Kpnl and EcoRL The expeeted sized band (920 bp)
20 was gel purified as before and cloned into the Kpnl/EcoRI sites of pSYN-FVI-002 o
generate pSYN-FVIL-003 (pBUD FVIIF/6x(GGGGSYFe).

Cloning of pSYN-FVII-024 to express a two-chain heterodimer

{B0382] Plasoud (pSYN-FVII-024) was generated for the expression of a two-
chain heterodimer where one chain consists of the FVI light chain (residues 1-152)
25 tollowed by a2 (GGGGSY;, linker followed by the Fo region, while the other chain
contains a FVII heavy chain {vesidues 153 to 406) followed by a (GGGGS e, linker
followed by the Fe region. The plasmid is designed to express the heterodimer as a
single polypeptide where the C-terminus of the FVII heavy chain-linker-Fe chain is

connected to the N-terminus of the heavy chain-linker-Fe chain by the following

30 polypeptide sequence: RRRRE-{GGGGS) 6-RKRRKR, where the RRRRS and
RKRRER sequences arg proprotefn convertase cleavage sites. Intracellular cleavage
by proprotein convertases following the last Arg at each cleavage site can result in
removal of the polypeptide linker. Consequently, cells will express a 2 chain
heterodimer where the FVIT Hght chatn-linker-Fo chain has a RRRES sequence at the

35 C-ierminus, but the remainder of the Haker and the RKRRKR sequence have

otherwise been removed. Construction of the pSYN-FVIE-024 and several
migrmediate plasmids required the use ot the following primers:

HindIii-Sall-BpEI-Fo-F
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5 AGICAAGCTIGILCGACTCCGE
BamiI-linker (PACEL) ~Fc-R
CATCGGATCCCICGICACCEEAACT ICTALCECCIGATC CATCCTUATC FGATCCGCCGUT AL DGLTCC
GBUGGOGLOGTTTACT COCAGACAGGEAGAGE
HindIII-Kozak-FVII-F
10 COACAAGCTTGUCGLCACCATGGICTICCTAGRCCCTCAGS
CLGALCCTOC ABCCLCTCACE
CACCGEACCCACTTCOGCCCEAGCCACCGCCACCTCOGOC
15
T GEAGGTT
GGUAAGI
Fiz-EcoRI-R
APGRCTGAATTCTICATTTACCCGGAGAC!

26 00383 To generate the first miermediate plasmid, a PCR reaction was
performed with 25 pmol of primers Hind[I-Sall-BpEI-Fe-F and BambI-
hnker{(PACE}-Fe-R and template pSYN-Fe-001 using Expand High Fidelity System
{Bochringer Manunheim, Indianapolis, Ind.} according to manufacturer’s standard
protocol in a MY Thermocycler. The following eyeles were used: 93° C 2 minutes; 30

25 cyeles of (957 C 30 seconds, 587 C 30 seconds, and 72° C 1 minute); 72° C 10
minutes. The correct sized band (approximately 730 bp) was gel purified as above and
cloned into the HindI I BamHMI sites of pBUDCE4 veetor Invitrogen, Carlsbad,
Calif), generating pSYN-FVIE-014. PCR amplification with primers HindTI-Sali-
BpElL-¥Fc-F and BamHI-linker(PACE1}-Fc-R generated 3 DNA fragment encoding g

30 portion of the Fe region (Amino A XY} followed by an RRRRS sequence and

{GGGGS) polypeptide Huker, Primer HindHBI-Sall-BpEl-Fe-F ntroduces a HindIi
and Sall restriction site at the 3° end of the molecule, while primer BamHI-
linker(PACEI}-Fe-R introduces a BamHI at the 37 end that overlaps the codons
encoding the last 2 residues of the GGGGS Hoker (residues GS with codons GGA
35 TCCY . Next, another POR reaction was porformed as above with priraers HindH1-
Kozak-FVII-F and BspEl-Fe-linker-FVIHLC-R and template pSYN-FVIL-002 using
the same conditions described for cloning of pSYN-FVH-014, but with an annealing
temperature of 57° C The expected sized band (approximately 700 bp) was gel
purificd and cloned into the HindlI! and BspEl sites of pSYN-FVII-(14 to gencraie
40 pSYN-FVI-023. Primers HindITI-Kozak-FVII-F and BspEl-Fe-linker-FVIILC-R

93



WO 2012/006633 PCT/US2011/043597

(3

amplified a DNA fragment encoding the FY light chain followed by a (GGGGS Y,
polypeptide lnker and a portion of the Fe region up to amino acid 232 (EU
numbering). Primer HindI-Kozak-FVH-F introduces a Hindi restriction site at the
5" end of the molecule followed by a Kozak sequence while primer BspEl-Fe-linker-
FVIILC-R adds a Bspel site at the 37 end of the molecule.

19 In the final step a PCR reaction was carried out as above with primers BamHI-
2xlink-pace-HC-F and Fe-EcoRI-R and template pSYN-FVH-003 with the following
cycles: 95° C 2 minutes; 30 cycles of (95° C 30 seconds, 55° C 30 seconds, and 72° C
2 punute);, 72 © C 7 minutes. This PCR reaction generated a DNA molecule encoding
a {GGGGS Y, polypeptide linker followed by a RKRRKR sequence followed by the

1§ FVH heavy chain. Primers BamHI-2xlmk-pace-HC-F and Fe-EcoRI-R introduce &

BarHI site and an EcoRJ site at the 37 and 37end of the molecule, respectively. The

expected sized band (approximately 1606 bp) was cloned into the BamHI and FcoRI

sites of pSYN-FVII-023 to gencrate pRYN-FVII-024.

20 Cloning of intermediate pSYN-FVI-873

A silent mutation was introduced in the first Fo moiety of FVIE-024 by PCR-based
site-directed mutagenesis methods, resulting in the generation of a Sall site at DNA
region encoding amino acids n position 412 and 413 (EU numbering). This generated
the intermediate constract FVIE-073

25 Cloning of pSYN-FVII-857
The synthesis of the DNA sequence conyirising nuclcotides from the Sall to BsiWl

105 of pSYN-FVIL-057 was outscurced. This DNA was subcloned into the

Sall/BsiWI sites of pSYN-FVI-073 10 generate pSYN-FVIE-057
Cloning of pSYN-FVIH-838, pSYN-FVH-039, pSYMN-FVIL-068, pSYN-FVIi-61

30 apd pSYN-FVII-062
These constructs were cloned as described for pSYN-FV-057 (outsourced synthesis
of DNA from Sall to BstW1 and subcloned into pSYN-FVII-073)
Cloning of pSYN-FVIL-064
The synthesis of the DNA sequence comprising nucleotides from the Sall to Rsril
35 sites of pSYN-FVII-066 was outsourced. This DNA was subcloned into the Sall/Rsril

sites of pSYN-FVI-043 to generate pSYN-FVII-(66
Cloning of pSYN-FVII-867
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The synthesis of the DNA sequence comprising nucleotides from the Sall to EcoRl
sites of pSYN-FVII-067 was outsourced. This DNA was subcloned muto the
Sall/EcoRI sites of pSYN-FVII-041 to generate pSYN-FVI-067

Cloning of pSYMN-FVI-H90

The synthesis of the DNA sequence comprising nucleotides from the BamHl to
BstWI sttes of pSYN-FVII-090 was outsourced. This DNA was subcloned into
pSYN-FVII-061 by 3-way ligation (where the outsourced DNA was cut with
BamHI/BsiW] and pSYN-FVII-061 with BamHL/BsiWI/Notl) to generate pSYN-
FVI-090

Cloning of pSYN-FVI-180

A portion (aminoe acids 311 to 322 of the FVH mature sequence} of the 170 loop of
FVII was replaced with the 170 loop of trypsin {amino acids EARYPGK). This
mutation was introduced by standard overlapping PCR methods using the pSYN-
FYI-090 a8 temaplate and backbone structure 1o generate pSYN-FVII-100

Cloning of pSYN-FVII-115

A triple point mutation (VIS8D, E296Y and M293Q; mature FVIH sequence
rurnbering) was introduced into the FVII coding region of pSYN-FVII-090 by PCR-
based site-directed nuilagenesis 1o generate pSYN-FV-115

Cloning of pSYN-FYI-118

The synthesis of the DNA sequence comprising nucleotides from the Xbal to BaW]
sites of pSYN-FVII-118 was outsourced. This DNA was subcloned into the
Xbal/BsiWl sites of pSYN-FVi-011 to generate pSYN-FVIL-11¥

Cloning of pSYN-FVII-119

The synthesis of the DNA sequence comprising nucleotides froms the Xbal to Baiwl
sites of pSYN-FVII-119 was outsourced. This DNA was subcloned into the
Xbal/BsiWI sites of pSYN-FVII-011 to generate pSYN-FVI-119

Cloning of pSYN-FV11-127

A DNA fragraent comprising the 170 foop of trypsin was generated by PCR using
pSYN-FVIL-100 as template. This PCR reaction generated BsiWl and BspEl
restriction sites at the 57 and 3, respectively, The DNA fragment was subcloned into
the BeyWE/BapEl sites of pSYN-FVII- 118 {0 gencrate pSYN-FVII-127,

Cloning of pSYN-FIX-042

PCT/US2011/043597
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A Hindlf/BspEl fragment from pSYN-FIX-030 (as described in US Patent 7566565}
was subcloned into the HindIl/BspEl sites of pSYN-FVII-011 {0 generate pSYN-
FIX-042

Cloning of pSYMN-FIX-068

A HindHI/BspEl fragment from pSYN-FIX-030 (plasmid described in full in
U87566565) was subcloned into the HindITI/BspEI sites of pSYN-FVII-066 to
generate pSYN-FIX-068

Cloning of pSYN-FIX-083

A BspEl-EcoR] fragment from pSYN-FIX-067 was subeloned into BspEI-EcoRI sites
of pSYN-FIX-053 to generate pSYN-FIX-088

Cloning of pSYM-FIX-{89

A BspEI-EcoRI fragment from pSYN-FIX-048 was subcloned into BspEI-EcoR1 sites
of pSYN-FIX-053 to generate pSYN-FIX-089

Cloning of pSYN-F1X-09¢

A DNA fragment comprising the FIX coding region from the Xbal site to the C-
terminus of the protein followed by a 6x(GGGGGS) linker, the SCES coding
sequence and an EcoRI site was outsourced for synthesis and subcloned tnto the
Xbal/EcoRI sites of pSYN-FiX-053 1o generate pSYN-FIX-090. The SCES sequence
is set forth below:

AQVOLOE

GGGLVQPGC SRYAMSWVRQAPGRGPEWVSGI S YYADSVRGRE

TVERDNSKNTLYLOMNEL TAVYYCARGATYTEREDVPDOTSFDYWGOGTLVIVSSCEASAPKLER
GEFSEARVISELTQDPAVSVALGOTVRITCOGDSLRNFYASWYQORPGQAPTLY RPSGIPDRES
ASEEGN TLTCAQAEDEADYYCLLYYCCGQRQUVEFCECTKLTVIRQPRKAAPEVTILFPPS SAA

Cloning of pSYN-FVII-§%4

TASL

A DNA fragment comprising a sequence encoding a 6x{(GGGGS) linker followed by
the SCES coding sequence was synthesized (outsourced) and cloned into the
EcoRV/EcoR] sites of a pSYN-FVIH-011 variant that had been proviously modified to
generate an EcoRY site at the C-terminus of the FVIE coding region

Cloning of pSYN-FVI{-088

The synthesis of the BNA sequence comprising nuclectides from the Sall to Rsrll
sites of pSYN-FVII-088 was outscurced. This DNA was subcloned inte the Sali/Rsrii
sites of pSYN-FVII-066 to generate pRYN-FVII-088

Cloning of pSYN-FVI-125

A DNA fragment was PCR amplified from pSYN-FVII-088, comprising the AP3

region and part of the linker. This PCR reaction generated Bambl and EcoR] sites at
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the 5° and 3° of the DINA fragment, respectively, This DNA fragment was subcloned
into the BamM/EcoR1 sites of pSYN-FVIE-011 to generate pSYN-FVII-125

Cloning of pSYN-FVI{E-041

The coding sequence of human recombinant B-domain deleted FVIIT was obtained by
reverse transeription-polymerase chain reaction (RT-PCR) from human liver poly A
RNA (Clontech) using FVIi-specific primers. The FVIII sequence includes the
native signal sequence for FYIIL The B-domain deletion starts after serine 743
(S743; 2287 bp) and ends before ghitamine 10638 (Q1638; 4969 bp) for a total deletion
of 2682 bp (5 version).

The coding sequence for hursan recombinant F¢ was obtained by RT-PCR
from a human leukocyte cDNA library (Clontech) using Fe specific primers. Primers
were designed such that the B-domain deleted FVIH sequence was fused directly 1o
the N-ternunus of the Fo sequence with no intervening Hinker, The FVHIFc DNA
sequence was ¢loned into the mammalian dual expression vector pBUDCE4.1
(lavitrogen) under control of the CMV promoter.

A second identical Fe sequence including the mouse Igk signal sequenee was
abtained by RT-PCR and cloned downstream of the second promoter, EF Lo, in the
expression vector pBUDCE4. 1. This final construct was designated pSYN-FVII-
{13,

A second plasmnid was created from similar constructs using PCR and standard
maolecular biology fechmigues, in order to express rEVIIBDD-Fe-Fo in which the
tFVHIBDDFcC coding sequence was fused 1o the second Fe sequence with a
{(GGGGR)4 linker, allowing for production of only the (FVHIBDD-Fe monomer-
dimer hybrid iu transient transfection. This construct was designated pSYN-FVIII-
041,

Cloning of pSYMN-FYHI-049

Generated mtermediate phYN-FVI-0438 by cloning Nhel/Xhel fragment from
pBUD-CE4. 1 into pSYN-FVII-013, The synthesis of a DNA fragment comprising
the region from Rsrll to Xbal sites of pSYN-FVII-049 was cutsourced. This
fragment was subcloned into the Rsril/Xbal sites of pSYN-FVIII-048 to gencrate
pSYN-FVIII-049

Cloning of pSYN-FYHE-108

A Sall/Rsri fragment from pSYN-FVH-066 was subcloned into pSYN-FVIH-049 (o
generate pSYN-FVHI-108

O
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5 Example7. Additional Attempts at Expression of Activated Constructs
{B0384] Several other constracts were made with the goal of expressing
activated FVIL However, these constructs did not successtully express activated
molecules. By Western blot it was demonstrated that that the FVIT heavy chain
cannot be expressed with a free N terminus using a common method of fusing a

10 beterologous signal peptide to the N-terminus of the heavy chain

Cloning of pSYN-FVII-010

{BO385] The FVII-010 construct is one in which the heavy chain of factor VII

was expressed in the context of an scFe scatfold and the light chain was expressed

separately.

15 [66386) PCR-amplify with primer pairs FVIFHC-Hind3-lggKss-F/FVH-HC-
BspELR, using pSYRK-FVIH-001 {sce supra.}. Clone in BspEI/HindIi sites of pSYN-
FVH-008 (see supra), generating pSYN-FVII-009.

{O0387] PCR sroplify FVI light chain from pSYN-FVII-003 (refer 1o POS30)

with primers FVIL-LO-NotE-F/ FVI-LOC-Xho!-R and clone in pSYN-FVIL-009 to
20 generate pSYN-FVI010

Primers

FVH-HC-BspEI-R

AGGAGTTCCGGAGCTGGGCACGGTOGGGCATGTGTGAGTTITIGTCGGATCC

CCCGUCACCGOAACCTCCACCGCCTGATCCACCCCCACCTGATCCGCCGCC
25 ACCGGACCCACCTCOCGCCGGAGCCACCGCCACCGGGAAATOGGGGOTCGCA

GGAGG

FVH-HC-Hind3-iggKss-f
ACTGACAAGCTTGCCGCCACCATGGAGACAGACACACTCCTGCTATGGGET

30 ACTGCTGCTCTGGGTTCCAGGTTCCACTGGTATTGTGGGGGGCAAGGTGTG
C

FVIELC-Noti-F
ACTGACGCGGCCGCGCCGCCACCATGGTCTCCCAGG

FVH-LOC-Xhol-R
ACTGACCTCGAGTTATCGGCCTTGGGGTITIGLUTGE

40 Cloning of pSYN-FVII-013
160388] The FVIL-013 construct is one in which the light chain was expressed

in the context of an scFc scaffold and the heavy chain was expressed separately.
{06389} PCR-amplily with primer pair FVH-LC-linker-BamHI-R/ HindiII-
Kozalk-FVI-F from pSYN-FVIL-001 (refor to POZ30) and clone in BareHI/HmdHE
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sites of pSYN-FVII-011, generating pSYN-FVII-012, PCR-amplify FVH-HC from
PRY N-FVIL-009 using primer pair FVIH-HC-Not-F/FVIL-HC-Xhol-R ad subelone m
pRYN-FVII-012 to generate pSYN-FVII-013

Primuers

10 FVIH-LC-6xlinker-BamHI-
ACTGACGGATCCCCCGCCACCGGAACCTCCACCGUCTGATCCACCCCCA
CCTGATCCGUCGCCACCGGACCCACCTCCGCCGGAGUCACCGUCACCTCG
GCCTTGOGGGTTTGOTGGO
Hindlll-Kozak-FVII-F

1§ CGACAAGCTIGCCGCCACCATGGTCTCCCAGGCCCTCAGG
FVIL-HC-Notl-F
ACTGACGCGGCCGCGCCGUCACCATGGAGACAGAC
FVILHC-Xhol-R
ACTGACCTCGAGTTAGGGAAATGGGGCTCGCAGGAG

» Cloning of pSYN-FVII-018
{38390] For the FVIE-018 construct, the heavy chain of FV1I was epressed as
an Fe fusion proiein and the light chain of FVH was separately expressed as a separate
Fe fusion protein,

25 6039y Primers FYI-HC-Hind3-1ggKss-F/scFe-EcoRE-R were used to PCR

amplify HCFVIE-inker-Fe, using pSYN-FVII-010 as template. Subelone in
Hindlil/EcoRT sites of pBUDCE4. This makes pSYN-FVI-017. Next, PCR-amphiy
from pSYN-FVIE-013 with primers FYIL-LC-Notl-F/FC-XHOI-R andd subclone in
Xhol/Notl sites of FVI-017. This makes PSYN-FVII-018

30 Primers
scFe-EcoRI-R
ACTGACGAATTCTCATTTACCCGGAGACAGOGAG

Fe-Xhol-R

35 AGCTCTCGAGTCATTITACCCGGAGACAGGG
Example §. Attempis at Expression of Activaiable Constructs
Cloning of FVII-039 040
40 100392 Several constructs were made in an attempt o generate constructs in

which Factor VI can be activated in vivo at the site of clotting using an appropriate

cleavage site, in this case the DFTR Factor Xla cleavage site.

30393] The 039 construct was made in the context of an scFe scaffold. The

construct included the FVII light chain, the FX1a cleavage site, and the FVII heavy
45 chain wilh a 1153V mutatios in linear sequence attaclied lo the N-terminus of the first

Fe moicty,
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The 040 construct was also made in the context of an scFe scaffold. The construct
inchided the FVI light chaimn with an R152 deletion, the FXla cleavage site, and the
FVII heavy chain with an 1153V mutation in Unear sequence attached to the N-
erminas of the first Fe moiety. The DEFTR cleavage sequence is a natural FXa
sequence found in FIX. In FI1X, the DFTR sequence is followed by a valine, so an
F152V mutation was introduced in pSYN-FVII-(39, -040 to increase FXIa cleavage
cfficicncy

{B0394] Synthesis of DNA molecule Genscript-FVII-039 and -040 was
outsourced {Genseript). An Xbal/BsiWi fragment from Genseript-FV1L-39 and -040
was subcloned into Xbal/BsiWl sites of pSYN-FVI-011 to generate pSYN-FVII-039

and -040, respectively

Esample 9. Transient Transfection of Constructs

{00395] For expression of constructs, HEK-293-F cells were grown in
suspension in Freestyle media (Invitrogen) supplemented with vitamin K3 (For FVIX
and FIX transtections only) (Sigma Aldrich, St. Louis, MO} to 2 pg/liter {growth
media) as suspension cells at 37° C/10% COn. Cells we subcultured every three to
four days by seeding at cell density of 5x10° cells/ml.

{B0396] Twenty-four hours prior to transfection cells were seeded atf a density
of 7x10° cells/ml in growth media supplemented with LONG™R3IGF-1 (Sigma
Aldrich, St. Louis, MO) to 20 pg/liter (ransfection media}. On the day of
transfection, a transfection solution was made with a volume equal to 5% of the total
volume of the cell culture to be transfected. In the transfection solution DNA was
added (final concentration 20 mg/L) to a freshly made solution of PEI (60 mg/L) in
transtection media. The solution was swirled for 30 seconds and incubated for five
minutes at room temperature before adding directly to the cell culture. Four hours
tater a volume equal to the cell culture volume of OptiCHO {Invitrogen)
supplemented with vitamin K3, LONG™MR3IGF-1 and 200 mM L-glutarmine was
added to the cells. The cell culture was allowed to grow as shown above and daily
media samples were taken o assess protein expression. On the day of harvest, the
cells were spun down and the roedia filtered in preparation for protein purification or

protein analysis by protein A pulldown/western blot.
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Exapmple 1{. Protein Purification of FVIIFc Molecules {except FVII-028 and
FYIE-853) and FIXFe molceales

{6397} FVIIFc molecules were purified from conditioned media using the
following columns: 1) Anion exchange chromatography with pseudo-affinity clution
{e.g. (¥ sepharose 4FF (GE Healtheare) followed by elution with varying levels of
CaCly o selectively elute the most active species), followed by 2} shFcRn (soluble
human FeRuy affinity (NHS- coupled shFeRn with sepharose 4FF beads)
clromatography, binding Fe-containing proteins at low pH (c.g, pH ¢.2) and cluting at
neutral pH (e.g. pH 8.0). In some cases, an additional step was included utilizing
cation exchange chromatography with NaCl elution, These purification steps utilized
standard methods known to those in the art to generate purified proteins of >95%
purity by SEC analysis and SDS-PAGE. FiXFc proteins were purified as previously
described in US Patent 7,566,563,

Example 11. Protein Purification of FVIE-028 and FVI-0583

{G0398] FV1-028 and -033 were purified from conditioned media using the
following columns: 1) Hydrophobic mteraction chromatography (e.g. Phenyl FF (high
sub} {GE Healtheare)), followed by 2} Aniovn/cation exchange chromatography with
salt clution. These puritication steps utitized standard methods known to those in the
art to generate purified proteins of >95% purity by SEC analysis and SDS-PAGE.
Example 12, Purification of FIX-090

{30399] FIX-090 was purified through a 2-step chromatography process, first
using an immunouffinity chromatography step with an anti-GLA domain antibody,
followed by anion exchange chiromatography using pseudoaftinity elution similar to
FIXFc proteins described above. These purification steps utilized standard methods
known to those in the art to generate purified proteins of >93% purity by SEC
analysis and SDS-PAGE. |

Example 13: Porification of FViEFe proteins

{30400] FVUIFC proteins were purified from clarified and chemically defined
harvest media using a two or three column purification process, including & FVIIL-
specific affinity purification step {(MeCue 2009) followed by a combination of anion
exchange with standard NaCl elution and/or shFcRn (soluble human FeRn) affinty
{(NHS- coupled sh¥cRn with sepharose 4FF beads) chromatography, binding Fe-

containing proteins &t low pH (e.g. pH 0.2) and eluting ut neotral pH (e.g. pH 3.0).

PCT/US2011/043597
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5 These purification steps utilized standard methods known to those in the art to

gencrate purificd proteins of >95% purity by SEC analysis and SDS-PAGE.

Example 14. Activation of FVEH construcis
30481 ] Fractions chuted from the FeRn column containing FVIIFc were

18  pooled, and total protein was concentrated to 4 mg/ml. The CaCl, concentration was
raised to 5 mM and the sample was incubated at 4°C for 24 to 48 hours until at least
80% of FVITF¢ was activated. The extent of activation was assessed by SIS PAGE

(Figure 1}

15 Examplie 13. FVila activity assays, soluble tissue factor methed
{60402} Specific activity of the FVilaFc variants was determined by the soluble
tissue tactor method. Unlike lipidated full fength tissuc factor, soluble tissuc factor
{exiracellufar portion of tissue factor) can’t activate FVIT into FVIa, but it acts as an
activator of the conversion of factor X into factor Xa by FVHa. To determine the

20 specific activity of FVIllaFc variants, A STACLOT® FVILITF kit (Diagnostica Stago,

Asnieres, France) was used following manufacturer’s rocommendations. Table ]

sumniarizes the data and shows comparabie specific activity for all variants,

Tabile 1. Specific activity of FVI[aF¢ variants based ou the sofuble tissue factor
15 method

FVllaFc Uin
30 FYi-011 991
FVI-024 829
FVI-027 790
15 FVil-037 1131
FVi-044 1300
FVII-045 906
FVil-046 1145
40 FVIL047 824
FVil-048 973
FVi-049 1130
45 Vil053 920
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Example 18. FACs assays to study binding of FVTiaFc and platclets
16 [60403] In this example, the following reagents and methods were used:

Reagents
ADP: Sigma Aldrich, cat# A2754, stock | mM, working concentration 10 uM
SFLLRN peptide: in-house synthesis, stock concentration 5 mg/mi (6.7 mM),
working concentration 56 ug/ml (67 uM)
15 FVI aniibody-FITC-labeled: Affinity Biologicals SAFVIL-APFTC
Platelet buffer: 15 mM HEPES, 138 mM NaCl, 2.7 mM KCY, | mM MgCl2, 5 mM
CaCl2, 5.5 mM dextrose and mg/ml BSA, pH 7.4
Method
s Count platelets
20 e Add 20 ul of ~2-4x10° cells/ml gel-purified platolets to 1 mi of platelet buffer
s Make 100 ul aliquot for cach sampic
+  Add agonist and FVHaFc {to desired concentration} as needed incubate at 370 for
15 minutes
¢ Add equal volume of HBS/S mM CaCly/1.5% formaldehyde, incubate 20° at RT
25 s Spm 15 at3000g
e Wash in HBS/5mM CaCiZ/1 mg/ml BSA, spin again and resuspend in 100 ul of
platelet buffer.
s Add 2.5 ul of FVII antibody-FITC-labeled and imcubate for 30 © at room

teraperature.

30 = Amnalyze by FACs

Example 17. Thrombin Generation assay

[B0404] In this example, the following reagents and methods were used:
35

Reagenis

FVHTL catHHCV-0100, 1ot#20413, 5. mg/ml
Prothrombin: HTL cat#HCP-0010, loth 20128, 4.8 mg/ml
FX: HTL, catl HCX-0050, ot#X0401, 5.4 mg/ml

40 ATHL HTY catf HCATHI-0120, loth Y0401, 8.2 mg/ml
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TFPL: Arerican Diagnostica, cati# 4900PC, lot# 081031, 100 ug/ml

Reader: Fluorskan, Thermo Electron Fluorometer

Thrombin Calibrator: Thrombinoscope, cat# TS20.00

Fluca: Thrombinoscope, catf TS50.00

Platelet buffer: 15 mM Hepes pH 7.4, 138 mM NaCl, 2.7 mM KCl, } mM MgCI2, 5.5
mM Dextrose, supplemented with | mg/ml BSA before using

ADP: Stgma Aldrich, cat# A2754, stock T mM, working concentration 10 uM
SFLLRN peptide: in-house synthests, stock concentration 5 mg/mi (6.7 mM],

working concentration 58 ug/mi (67 uM)

Primary stock (mg/ml) Working [final]

solution ug/ml
(ug/ml}

Y 54 105.6 4.4

FH 4.8 1280 54

FX 5.4 120 3

ATHI 8.2 1800 75

TEPI 0.1 1.44 0.06

Platelet 2-10E8R 1.74E8 0.6E8

FvilaFe I mg/mi (10 uM) 1200 M 200 oM

FyllaFc 1 mg/mi (10 oM) 200 oM 62.5 oM

FVllaFc I mg/mi (10 uM) 62.5 nM 12.5 oM

Method

[00495] -Set up software according to manufacturer’s recommendations

{(0486] -Prewarm water and Fluca buffer

{(0487] -Malve clotting factor mix. Dihute stock concentration of FV, FII, FX|

AT and TFP] to make working solution. Need 5 uliwell, so for a 30 well assay
prepare 180 ul of each Mix all the clotting factor solutions in a single bulk solution
[30488] -Premake FVHaFe dilutions, Make 1200 nM sohution (12 ul into 88 ul
of butfer) in 100 ul and dilute 4-fold twice (25 ulinto 75 ul of buffer) to obtain 200
nM and 62.5 nM solutions

(0409] -Make calibrator solution (1 mi of warm water in calibrator vial}
{60410] -Add 20 ul of buffer or calibraior io the wells
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j00411] -Add 25 ul of clotting factor mix to the wells {or 25 ul of buffer to
calibrator wells)

{30412} ~Add 20 ul of FVIIaFc¢ to the wells {or buffer to calibrator wells)
{60413} ~Add 35 ul of platelets (previously add ADP and SFLLRN). Add
platelets to calibrator well

10 [Bk414] -Put plate in instrument, prepare Fluca buffer and start reaction (add 20

ul Fluca/welly S minutes after putting plate into instrument.

Example 18, Analysis of protein generated from transient transfections
15

{00415] For analysis of profein from fransient transfections, conditioned media
from transfections of pSYN-FVIL-010, 011, -013, -018, -003, -019 -020 and -024
were subjected 1o protein A inmmunoprecipitation. Briefly, cell culture supernatant
was mixed with approximately 58 ul of protein A-Sepharose 509 sharey and

20 ncubated at 4°C with rocking for 1 hour, then centrifuged to pellet the protein A
beads. Beads were washed twice by resuspending in 1 mi of PBS, spinming and
aspirating. The beads were resuspended with sodium dodecylsulfate-polyacrylamide
gel clectrophoresis (SDS-FAGE) under reducing or nonreducing conditions, heated

for 5 minutes at 100°C, spun down and loaded on SDS-PAGE gels and run according

b
(]

to standard protocols. Gels were transferred to nitroceliulose membranes and Western
Blots were performed to detect the Fo region or the FVII light chain. For Fe detection,
the antibody used was a goat anti-buman [gG (Fc specific)-horseradish peroxidage
copjugate (Pierce ImmunoPure antibody, catalog #31413). For FVII light chain
detection an anti light chain monoclonal antibody was used (Green Mountain, clone
30 6MA-219), The antibodies were diluied 1:15,000 {for Fe detection)} or 1:200 {for light
chain detection) in PBST (PBS with 0.1% Tween-20) with 3% nounfat dry milk and
mcubated with the membrane for I hour at room teraperature. The membrane was
then washed in PBST 3 times for 19 minutes and signal was detected by a
chemiluminescent method for Fe detection. For FVIT light chain detection, the
35 membrane was further incubated for one hour in a solution containing HRP-labeled
goat anti-mouse antibody (Southern Biotech, # 1010-05) diluted 1:5000 in PBST, The
membrane was also washed in PBST 3 times for 10 minutes and the signal was

detecied by a chemiluminescent method. Chemiluminescent detection was performed
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using ECL Plus Western Blotting Detection System {(Amersham Biosciences catalog
#RPN2132) according to manufactarer’s protocol. Signal was visualized ina Storm
840 Phosphorimager (Molecular Devices).

{60416} The effect of PC3 on the processing of the proprotein convertase
cleavage sites in the FV11-024 linker was tested as shown in Figure 26, Under
nonreducing conditions the effect of PC5 on cleavage site processing can not be
detected becaunse the FVIT light chain-Fe and FVI heavy chain-Fe subunits remain
tinked via 2 disulfide bosds in the Fo region (lanes 2 and 3). Usder reducing
conditions we observed partial processing of FVIE-024 generated from cells not
cotransfected with PCS (lane 4), but full processing when the cells were cotransfocted
with PC5 {lane 3}, Full processing of the linker results in secretion of activated FVII
{(FVIa)}, since a free N-terminus of the heavy chain is required and sufficient to

activate the protein.

Example 19, Cleavage of FVIH-03% and ¥FVI-840 by FXia

[00417] The activation FVH-039 and FVII-040 by FX1a, as a result of the FX1a
cleavage site inserted immediately upsiream of the FVH light chain in these proteins,
was characterized In vitro. A 1.5 uM solution of FVH-039, FVH-040 or FVIL011
{nom activated) containing 15 oM FXJa in 80 mM Tris-HCL 100 mM NaCl, 10 mM
CaCly, pH 7.4 was incubated for 5 or 20 minutes, and cleavage of FV1i¥c was
determined by SDS PAGE under reducing conditions, followed by SYPRO Ruby
staining (Invitrogen). FXla failed to cleave FVII-039, FVII-040 and nonactivated

FVH-011, as shown i Figure 28,

Example 20, Alternative Activatable FVIiFe constructs

Failure of FXIa to cleave FVI-039 and FVH-040 may have been caused by
maccessibility of the protease to the cleavage site by steric bindrance. To mmprove
FXla or thrombin cleavage site accessibility, the sites will be placed upstream of the
heavy chain in a structure where the heavy chain is not preceded by the Tight chaim
{Light chain-linker-Fe-scFelinker-FX1a/thrombin cleavage site-heavy chain-linker-
Fe). In some embodiment, the heavy chain will comprise the [152V mutation, Once

the best cleavage site 1s determined, a cscFe will be introduced so that the cell secretes
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a heterodimeric protein with the following structure: light chain-linker-Fe which is
disulfide bonded to a second chain: FXIa/thrombin cloavage site-heavy cham-tinker
Fe.

{06418] In order to tmprove the level of sctivation observed with the
constructs shown in Figure 2§, a second generation of activatable variants illustrated
m Figure 31 (similar in structure to those shown in Figure 6E} was used to increase
accessibility of the cleavage site. In this cxample, FXIa and thrombin cleavage sites
were used for these constructs (See Figure 31). Constructs were fransiently transfocted
as previously deseribed. FVIIFc was captured from media with protein A, FVIiFc
bound to the beads was put in buffer and FXIa or thrombin was added and incubated.
FVIIFc was eluted from beads with SDS PAGE loading buffer at 100 C for 5 minutes.
The gel was loaded and western blot performed to detect Fe as previously described
and the results are shown in Figure 32, As shown in Figure 32, both the thrombin and
factor Xla cleavage sites could be cleaved to yield FVII heavy and light chain
meldecules in the presence of the appropriate enzyme. Best cleavage was observed for
constructs FVIH-060 and FVH-061, whilc no cleavage was observed for the negative

control (FVIE-062) in the presence of thrombin,

Example 21. A Factor VI Activatable Construct

{30419] The constructs depicted in Figure 33 were (FVIE-096, FVI-UE9 and
FVIE-062) were cloned, expressed and purificatied as previously described (these
proteins do not require activation) . Due to a cloning error a “VVGGA” sequence was
mserted after the ALRPR thrombin cleavage sequence of FVIH-060 and FVIL-061, but
while this insertion would be expected to affect the activity, it wounld not be predicted
to affect the assessroent of cleavage by thrombin in SDS-PAGE based assays. This
sequence was removed in FVIH-089 and FVII-090. To 125 nM of FVII-090, FVII-
089, FV 1062, or plasma-derived FVIH (FVI) increasing concentrations ot thrombin
were added and fncubated for 10 voinutes at 37°C. The mixture was run on SDS-
PAGE gel to determine cleavage by thrombin (Figure 33). Generation of FVI light
chain-Fc and FVH heavy chain-Fc was observed for FVEH-089 and FVII-090 after
meubation with thrombin, The fact that there was no cleavage of plasma-derived
FVIE or the FVH-062 negative control by thrombin shows specificity. No significant

difference in cleavage efficiency was observed fur FVI-089 and FVIH-090.
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[B8428] Thrombin gencration assays were used to measure activity of
activatable variant FVI-090. A thrombin genoration assays in FVIH-deficient
platelet-rich plasma was performed as previously described, but replacing clotting
factors and platelets with FVIil-deficient plateletrich plasma. The results depicted in
Figure 34 are from an assay in which thrombin generation was activated with S0 aM
of FVHaFc. As shown in Figure 34, thrombin is generated by 50 nM of FVIilaFe.

The addition of 200 oM FVII-090 (not FV-062, the negative conirol) to 50 nM of
FVllaFc results in a significant increase in thrombin generation, suggesting that FVi-
390 becomes activated by thrombin generated by FVHaFe. FVH-080 in the absence of
any FVIlaFe activation also shows increased thrombin generation relative to FVII-062
in the absence of activation. This could be caused by activation of FVI-090 from
small amounts of thrombin generated by residual levels of tissue factor or contact

pathway activation.

Example 22, A High Specific Activity Factor VII Activatable Construct

{00421} To make the high specific activity version of Factor VII, FVII-100,
amino acids 311 to 322 of the FVH mature sequence (LQOQSRKVGDSEN,
corresponding to the 170- loop) from FVILO9G | were replaced with amino acids
EASYPGK from the 170-loop of trypsin. This substitetion has been shown to confer
high specific activity.

jP0422] An additional high specific activity version of Factor VIE FVH-115,
was constructed. In this version, the 170 loop is wild type, but there are three point
mutations in the heavy chain of FVIL VISED, E296V and M298Q. FVII-160 and
FVIE-113 are illustrated in Figure 41

{60423} In a soluble tissue factor assay, the specific activity of FV-011{wild
type FVilakc) s 10,0600 Wimg, FVIH-090 has a specific activity o 0.32 [U/mg, FVH-
100 has a specific activity of 0.235 [U/mg, and FVII-1135 has a specific activity of 14
TU/me. Thus, each of the activaiable forms (prior to activation by the appropriate
enzyme) is essentially inactive in this assay.

[B30424] In the context of activated FVII, such high specific activity variants
have the potential to be more efficacious, but also to be more susceptible to inhibition
by proteins such as andithrombin, This ithibition depends on FV1a being active,

therefore, high specific activity variants which are activatable (dosed as nonactive
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proteins) should be more resistant to antithrombin inhibition while having the
potential to have high specific activity once activated at the site of injory.

{60425] The cleavage of purified FVIL-090 and FVH-100 and 115 (high
specific activity variants} by thrombin was tested as previously described. The results
are shown in Figure 35. SDS PAGE analysis showed how the 3 proteins were cleaved
by thrombin with comparable efficiency. For FVII-100, FVH heavy chain-Fe and
light chain Fc collapse in T band because a glycosylation site is removed from the
heavy chain after insertion of the trypsin 170 loop, reducing the mass of the FVILHC-
F¢ band which therefore migrates faster on the gel and comigrates with the FVIL LC-
Fe band.. Thrombin generation assays were used to measure activity of activatable
variant FVIL-090 and high specific activity variant FVH-100. As set forth previously
herein, thrombin generation was tested in a reconstifuted systern with lnnman platelets,
Factor X, Factor V, prothrombimn, antithrombin and tissue-factor pathway inhibitor,
Activity was measured with or without 3 nM thrombin activation.

00426] As shown in Figare 36, activity of FVII-090 is cnhanced in the
presence of thrombin, suggesting activation of FVIL-0%90 by thrombin. However,
activity is significantly increased in the context of the high specific activity variant
FVH-100 with thrombin activation. High activity with longer initiation time for FVI-
100 in the absence of thrombin, suggests that residual levels of tissue factor, thrombin
or contact pathway activation can generate enough thrombin to activate FVIE-100

-
J
i

without exogenous addition of thrombin. Figure 37 shows that similar results were

obtained for the other high spectfic activity variant, FVIL-115,

Example 23, Confirmation of activity of activatable variants using various
assays

{60427} In this example, chromogenic assays were used to measure FVH
activity, Une of the assays used measures the amidolytic activity of FViaFc by
measuring the cleavage of a chromogenic substrate by FVHa., Another of these
measures the FX activation activity by measuring the ability of FVila to activate FX,
as determined by measuring levels of a chiromogenic substrate that s cleaved by
activated FX {(FXa),

{60428] In amidolytic assays, the chromogenic substrate Chromozyme t+-PA

was used. FV1a cleaves this substrate in a dose dependent manner. The substrate is
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also cleaved by thrombin, but the cleavage by thrombin can be inhibited by hirudin
{data not shown)},

[B0429] As shown in Figure 38, amidolytic activity of the activatable variants
can be measured following thrombin activation and there is increased amidolytic
activity for the high specific activity variants as compared to FVII-090. In these
assays, after activation of the activalable molecule by thrombin, hurudin 1s added to
mhibit thrombin cleavage of the chromogenice substrate. Tu this manner, the thrombin
does pot mterfere with the ability to detect FV1la activity.

[0430] The activation of FX by FVHa is also enhanced in the high specific
activity FVII activatable variants, To measure activation of FX by FVIla, substrate
S2765 was used. This chromogenic substrate is also recognized by FX. In the assay,
10 uM of FX was incubated with FVIiaFc for 15 minutes and the reaction was
quenched with EDTA. Figure 39 shows the results of the conirol experiment which
dernonstrates that FX activation by FVilaFe can be detected.

{00431} The experiment shown in Figure 40 shows that there is an increase in
FX activation activity for the high specific activity activatable variant FVI-100. In
this experiment, FVIIFe (100 nM) was activated with thrombin (100 aM) for 20
minutes at 37C. Hirudin was added to inhibit the thrombin. FX {10uM} was added
and incuhated tor 15 minutes at 37C, followed by EDTA to inhibit the reaction.
52763 subsirate was added and FXa gencration was detected by momitoring substrate

At ac ~r
¢icavage

Example 24. Monomeric Fe molecules can also be synthesized in activatable
form

[60432] Three monomeric constructs were made as shown in Figure 41, In
FVIE-118, an ALRPR cleavage site was inserted between the light chain and heavy
cham. lu FVH-119, the sequence GGUGS-ALRPR was inscried between the Hight
chain and heavy chain. For FVI-127, the construct was made like FVI-118, but with
the sarne high specific activity muiation used in FVIE-100. The specific activity of the
non-activated purified forms of these constructs was tested in a soluble tissue factor
assay and compared to FVII-011 (wild type FVHaFc which had an activity of 19,000
/gy, FVIH-118 had an activity of 4.5 IU/mg and FVII-127 had an activity of 1.8
/g, demonstrating that these molecules had essentially po activity in their

activatablc form.

PCT/US2011/043597



[y
(¥

WO 2012/006633 PCT/US2011/043597

j30433] Thrombin cleavage reactions of FYVU-118, FVI-119 and FVII-090
followed by SDS PAGE analysis were performed as previousty deseribed. As shown
in Figure 42, the cleavage site in an activatable construct can be cleaved in the context
of both the monomer and heterodimer Fo molecules. In the figure, the decrease in the
intensity of the nonactivated FVIIFc band with increasing thrombin concentration is
similar for the FVII-118, FVII-119, and FVIL-090 constructs.

30434] Another activatable monomeric construct, FVIL-127, was made and
tested. FVI-127 has the backbone of FVIL-118, but the same 170 loop substitution
used in FVI1I-100 to confer high specific activity. As shown in Figure 43, the activity
of FVII-127 is significantly increased as compared 1o FVU-118 lacking the high
specific activity amino acid substitution, High activity with longer initiation time for
FVIE-127 in the absence of thrombin, suggests that residual fevels of tissue factor,
thrombin or coniact pathway activation can generate enough thrombin to aclivate
FYI-127 without exogenous addition of thrombin, FVII-127 activity is accelerated

by thrombin,

Exarmaple 28, FYila¥Fc variants targeied to the active form of GPHbiia

I this example the constructs illustrated in Figure 44A were cloned, transiently
expressed, purified and activated as previously described. FVIE-066 was cotrastected
with PCS {o fully process the escle linker, deseribed in the protem sequence,
connecting the first F¢ moiety to the platelet targeting moiety. These constructs
ermployed the targeting moiety SCES, a scFv against the active conformation of
GPHbIITa, SCES has been shown to crossreact with mouse and human receptor, The
SCES targeting moiety was placed at the N-terminus (FVII-066) or C terminus (FVII-
067) of the second Fe moiety of FVHaFc, In addition, the SCES was placed atf the C-
terminus of FVIa (FVIL-094). FVllaFc (FVI1-011) and Novoseven were used as
controls. As shown m Figure 448, these proteins were tested by thrombin generation
assays in FViI-deficient human plasma as previously described. These experiments
revealed increased rates of thrombin generation for all the profeins containing the
SCES targeting moiety relative to the controls. The highest rates of thrombin
generation were observed for FVIT-066, followed by FVI-094 and FVI-067,
suggesting that the placerment of the SCES targeting moicty can have a significant
effoct on the activily of the protein. Binding of these proteins to activated human

platelets was determined by FACS assays as previoushy described (Figure 44C). All
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the FViia proteins containing the SCES targeting moiety showed increased binding o
platelets relative to the FYHaFc control. This shows that attaching the SUES fargeting
motety to FV1a can increase s affininity from platelets, Since the SCES targeting
moiety has been shown to interact with the mouse GPHbIa receptor, FVI-066 was
ested in thrombin generation assays using mouse FVI-deficient platelet rich pasma,
as well as In a reconstituted system using human purified components and plaielets, as
previously deseribed (Figure 29). We observed mercased rates of thrombin generation

for FVIL-066 relative to the controls in both systems.

Example 26, Additional FViiaFe vavianis targeied to the active form of
GPHbBia

In this example, construct FVII-027 illustrated in Figure 12A was cloned, expressad
{with PCS cotransfection to fully process the cscFe linker, described in the protein
sequence, convecting the first Fo motety to the platelet targeting moiety), purified and
activated as previously described. This construct employs the targeting moiety MB9,
a scFv that has been shown to bind fo the active conformation of GPiblla. FACS
assays were performed as previously described 1o assess binding to activated
platelets, and FVH-027 was shown to bind to activated platelets with higher affinity
than the FVII-011 controd (Figure 12B). Thrombin generation assays were performed
with reconstituted porified human proteins and platelets as previously deeribod
Figures [3A, 138 and 13C). FVII-027 showed increased rates of thrombin
generation relative to the controls. Figure 13D illustrates that FVI-027 hag four times
more activity than FVIH-011 or Novoseven, based on thrombin generaiion assays.
Figure 14 illustrates that the enhanced platelet binding and thrombin generation
activity of FVH-627 were abrogated by PACL, an antibody that competes with MB9
for binding to the activated form of GPHbllla, demonstrating the effects arc mediated
by the mitcraction of MBY with the achivated torm of GPLbila. The MB9 targeting
moiety was also placed at the C-terminus of the second Fe motety of FVilaFe to
generate FVI-037 illustrated in Figure 15, Thombin generation assays in a FVIH-
deficient reconstituted system with platelets revelaed increased rates of thrombin

generation for FVII-037 relative o the Novoseven control (Figure 16)

Example 27, Fuctor VH constracts turgeted to both sctivated and nonactivated

platelets

PCT/US2011/043597



[w—
(¥

WO 2012/006633 PCT/US2011/043597

[60435] In this example, the constructs ilhustrated in Figure 43A were
cloned, expressed, purificd and activated as proviously described. FVIE-088 was
cotransfected with PCS to fully process the cscFe linker, described i the protein
sequence, connecting the first Fo moiety to the platelet largeting moiety. FVI-088
and FVII-125 employed the AP3 targeting moiety, a scPv that binds to both active
and nonactive conformations of human GPIIbHIa. The results in Figure 45B show
throrabin gencration assays in FVIH-deficient platclet-rich plasma, and both FVIE-088
and FVI-125 showed increased rates of thrombin generation refative to the controls,
demonstrating that targeting FV1laFc or FViHa to the active and nonactive
conformation of GPHbIila results m increased activity. Binding of FVI-088 and
FV1aFe wo activated human platelets was tested by FACS (Figure 45C). These data
reveal that FVII-088 binds to platelets with higher atfinity than FVHaFc (FVII-0113,
showing that the AP3 targeting moiety can increase the affinity of FVIIaFe for
platelets.

Reatation Thromboelastometry (ROTEM®, Pentapharm GmbH, Munich,
Germany ) iz another mothod to evaluate platelet-targeted FVila constructs, since it
atiows for the characterization of several coagulation parameters in whole blood {(in
the presence of platelets). The ability of FVII-088 and wild type recombinant FyHaFe
(tFVHHaFc) to form firm and stable clots was evaluated by ROTEM with Calcium
Chloride as activator (NATEM) following mamufacturer’s rocommendations.
Hemophilia A blood from a human donor was spiked with FVIIF¢ to a final
concentration of 100, 30 or 16 nM. The NATEM reaction was initiated by the
addition of CaCl. Coagulation parameters, including Clotting Time (relates to
coagulation inttiation time), Clot Formation Time {relates to rates of coagulation) and
Alpha Angle (relates to tates of coagulation) were assessed as shown in Figure 30,
FVII-088 showed a significant reduction in the Clotiing Time and Clot Forming Time
and an increase in the alpha angle relative o wild type r8VHaFe, consisient with
enhanced coagulation kinetics for FVII-088. These data demonstrate that FVI-088
has enhanced activity relative to wild type FVIIaFc in agreement with the thrombin

generation assay data

Example 28. Use of peptides for targeting FVIia to platelets
1304361 The constructs llustrated in Figare 46A were cloned, expressad,

purified and activated as previously described. These proteins were made using
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peptides that bind to platelet receptor GPlb-aipha (found in both activated and
nonactivated platelets), specifically P84, OS |, and 082 as platelet targeting moictics.
In making these molecules the peptide was attached to either the N or the C torminus
of the second Fo moiety of the construct, The FVI-044 construct employed the PS4
peptide attached to the C terminus of the second Fe moiety of the construct; FVH-043
employed the OS1 peptide attached to the C terminus of the second Fe moiety of the
consiruct; and the FVII-046 consiruct employed the OS82 molecule attached to the C
terminus of the second Fo moicty of the construct. In contrast, the FVIT-047 construct
emploved the PS4 peptide attached to the N terminus of the second Fo moiety of the
construct; the FVII-048 molecule employed the OS1 peptide atiached to the N-
terminus of the second Fo moiety of the construct: and the FVII-049 molecuie
employed the OS2 peptide attached to the N-terminus of the second Fe moiety of the
consiruct. Thrombin generation assays were performed vsing FVIIl-deficient platelet
rich plasma as previously described. As shown in Figure 468, when the assay was
performed with limiting concentrations of FVHa, cach of the FVH-044, FVII-045, and
FVIE-046 C-terminal fusion constructs exhibited enhanced thrombin gencration as
compared to the Novoseven control. A simtlar result is shown in Figure 47A for the
N-terminal fusion constructs. Figure 478 shows that the FVIL-045 construct may be
marginally better than the FVIE-048 construct in this assay, but that again both the N
and C terminal fusions are better than the Novoseven control.In addition, there is a
correlation between the published GPlb-alpha affinity for each peptide (Figure 48)
and the increase in the activity associated with that peptide when recombinantly fused
¢ FVIilaFe. Figure 48 shows the binding of FVII-049, FVII-048 and wild type
FVHaFc (FVII-011 control) to activated platelets as determined by FACS as well as
the affinity for the targeting peptides reported in Bernard et al. Biochernistry 2008,
47:4674-4682. FACS data revealed increased affinity of FVIL-045 and FVII-048 for

platelets relative to the FVI-U1T control

Example 29, An FVIIIFc variant targeted to the active form of GPHBiHa
{88437} The constructs illusirated in Figure 49A were made as previously
described. FVHI-041 is wild type FVIHFe, while FVII-108 has a2 SCES platelet
targeting moiety at the N-terminus of the second Fo moiety. For expression, FVIH-
108 was cotransfocted with PCS to fully process the cscFe linker, described in the

protein scquence, connecting the first Fo moiety to the platelet targeting moicty.
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These proteins were tested in thrombin generation assays using FV il deficient
platelet rich plasma as previously described, but m addition the thrombin generation
assay was also activated with tissue factor As shown in Figure 498, no significant
improvement was seen using the targeied version of FVIIFc. It is noteworthy that
the thrombin generation assays described herein measure thrombin generation on the

surface of platelets and, therefore, are an accurate measure of activity.

Example 3. Making and testing a version of FVII targeted to platelets that
facks a Gla domain

304381 In this example a version of FviiaFc tllustrated in Figure 21was
generated. This protein has the MBS scFv at the N-terminus and a deletion that
removes the Gla domain. FVE-033 contains an RKRRKR sequence inserted between
the Hght and heavy chain for intracellitlar activation. FVII-053 was transiently
expressed (cotrasnfecied with PCS for processing of the RKRRKR sequence which
results in activation of the protein) and purified as previously described. Thrombin
generation assays with purified components and platelets reveal that FVI-053 has
some activity (Figure 22}, even though this activity is comapromised relative to the
FVH-011 control {Figure 2213). Dasa in Figure 23 show how the PACT antibody,
which conpetes with MB9 tor GPIbIIIa binding, inhibits thrombin generation
activity associated with FVIE-033, suggesting that platelet targeting is important for
activity, Another construct identical to FVII-033, but without the RKRRKR inserfion
was generated (FVIL-028) and tested in a Pk study in the nonactivated together with
nonactivated FVIE-011. As shown in Figure 30, the terminal half-life of the targeted,
Gla-less FVII-028 molecule was nearly three times tonger (28.3 hours) than that of
the FVI-011 control (7.1 hours), suggesting that removing the Gla domain increases

the terminal half-life of FVIFe

Example 31, Platelet Targeted FIX Molecules

{00439] In this example, the FIX constructs itustrated in Figore 51A were
made and tested. FIX-068 was cotransfected with PCS to fully process the cscFe
hnker, deseribed in the protein sequence, connecting the first Fe motety to the platelet
targeting moiety, FIX-068 has the SCES platelet targeting moicty at the N-ferminus of
the second Fo moiety, while FIX-088 has SCES at the C-lerminus of the second Fo

moicty. FIX-020 is a FIX construct without an Fe domain and has the SCES moiety

11
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attached at the C-terminus of the FiX protein. FIX-042 is a FIXFc as a single chain Fc
without a targeting woicty and was made as a conirol. BeneFIX (Phizer) was also used
as a control. To remove trace amounts of activated FIX (FIXa) from the BeneFIX
sample that cause misleading results in thrombin generation assays, the BeneFIX
sample was treated with the irreversible active site inhibitor glutamyl-glyeyl-arginyl-
chloromethytketone (Hematologic Technologies). BeneFIX was incubated with an
execss amaount of the inhibitor for 180 minutes at room temperature, The saraple was
then dialyzed to remove unbound inhibitor. The treated BeneFIX is hereafter referred
to as BeneFIX., The specitic activities of the molecules made were FIX-042, 6
TU/mmok; FIX068E, 5.1 TU/mmol; FIXA088, 3.5 [U/mmol; FIX-090, 13.8 H/mmol, and
BeneFIX, 12 [/pmol. When these constructs (FIX-06E, FIX-088 gnd FIX-042) were
ested in a thrombin generation assay in platelet-rich FIX-deficient plasma as shown
in Figure 31B, each of the targeted molecules had a higher activity than the FIX-042
confrol. Figure 51C tHlustrates that both FIX-068 and FIX-08R have at least 4 times
mere activity than FIX-042 as measured by thrombin generation. Since the specific
activity of FIX-042 is higher than FIX-068 and FIX-088, the increased activity
abserved in the thrombin generation assays may be underestimated, and therefore the
increased activity by platelet targeting may be greater than 4-fold.

{#0440] As shown in Figure 52A, FIX-090 {which lacks an Fc) also shows
mereased activity relative to BeneFIX, suggesting that targeting FIX to platelets i the
absence of Fe also increases activity. Figure 52B shows that the activity of FIX-090
is at least 4 times that of BeneFIX. Since both FIX-090 and BeneFiX have similar
specific activities, the 4-fold increase in activity in thrombin generations assays must

be caused by the platelet targeting effect

Example 32. Use of peptides for targeting FIX to platelets

{B0441] in this example, the FIX-089 construct iltostrated in Figure 53A was
cloned, transiently expressed and purified as previousty described. The molecule
comprises the OS1 peptide, which binds to GPib-alpha receptor, attached to the N-
terminus of the second Fe motety of the construct. The specific activity of the FIX-
89 conatruct was 2.4 TU/mmol as compared to 6 TU/nmol for the control FIX-042
molecule.

0442} As shown in Figure 538, the FIX-089 molecule is more active than the

FIX-042 control in thrombin generation assays with FIX-platclet rich plasma; this is
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5 particularly evident at limiting concentrations of FIX. Figure 53C demonstrates that
FIX-089 1s voughiy 4-tiraes stronger than FIX-042 as measured by thrombin
generation, while having a lower specific activity, This further suggests that targeting
o GPIb increases the activity of FIXFc.
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FVII-027 amino acid sequence. Signal sequence is shown in dotted underline,

propepiide is double underlined, Imi(er region connecting FVIT or MBO to Fe region is

underlined, and hnker wnh propm-em convertase proc eﬂ.:,mg_ sites is shown in bold
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FVH-037 amino acid sequence. Signal sequence is shown in dotted underline,

15 propeptide is double underlined, linker region connecting FVI or MB9 to Fe region is
underlined, and linker conneciing both Fcs sites is shown in bold
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FVIE-044 amino acid sequence. Signal ;‘equence is shown in dotted underline,

16 propeptide is double underlined, linker region connecting FVI or PS4 to Fe region is
underlined, linker connecting both Fes si 1es ts shown in bold, and PS4 peptide is
italicized
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FVH-045 amino acid sequence. Signal sequence is shown in dotted underline,
25 propeptide is double underlined, linker region connecting FVII or OS1 to Fe region is
undmimcd linker connecting both Fes sites is shown in bold, and OS1 peptide is

30

POGR IVGGKVCPE

NLIAVLGEHD LSEHDGDECS 0
LPERTFSERT LAFVRESLVS SOLLDRGA E )
ITEYMFCAGY ¢D:E‘I\E~)C{<\J DSGGPIIAIIIY 2 GC -V ).’T'Q\]CJ\L

AKTKPREEQY
QVYTLPESRD
YSKLITVEKSE
443 3 s S ‘JE,: FPPK:—K:)
YRVVSY

GGGGE

TVi RCRVINKA A

wh
o)

g@uqta

Lh
LA

JBCGYY

60



WO 2012/006633 PCT/US2011/043597

5 atcacggagt acatgttctyg tgooguota ] q;b» yeaagdgacte choosayyyy
gacagLggag goeocacatgo of . ofe s
AYgYgetgege aacaeygtygyq 2 .LL:;., tgTacaccaq

Jgagt

aagggcagec
agasctagyt

agTgggaga

o

e}
(oINS

20

b Qo
o)

[
N

IS

o3

FVH-046 amino acid sequence. Signal sequence is shown in dotted underline,
propeptide is double underlined, linker region connecting FVIL or OS2 to Fe region is
4% underiined, linker connecting both Fes sites is shown i bold, and OS2 peptide is
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FYIH-047 amino acid sequernce. Signal sequence is shown i dotied underline,
propeptide is double underlined, linker region connecting FVII or PS4 to Fe regions is
underlined, and PS4 peptide 15 italicized
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(3

FVIE-048 amino acid sequence. Signal sequence is shown in dotied underline,
propeptide is double underlined, hinker region connecting FVI or OS1 to Fe regions
r'undethﬁﬁd and OS1 peptide is italicized
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FVII-049 amine acid sequence. Signal sequence is shown in dotted underline,
20 propeptide is double underlined, linker region connecting FVII or C82 to Fe regions
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L ATTATTACGCT GTGTGCAATG ABAGGCALAT

981 AGTGCAMGET
041 AAGGEGECAGC CAGGTGTACA
AGAACCAGET CAGCCTGACC TG GTCA
15 51 AGTGEGAGAG CAATGGGCAG CCEGAGAACAR
1 CCGACEGCTC CTTC TACAGCAAGC

&
T( COAGCGAT
CACGCCTCCC

TTEGACT
et tee

CAAGAGCAGE TCGGCAGCAGE

1551
Yena COTATE ARG AR AGCTON
1681 GEACCGT
1741 C CCTGA T}G”‘T“
1801 CATGCGTGRT GGTGGACGTS TEGTACGT

16 1951 ACGOOGTGGR GETGO ATWT L\ACAGCAC
1221 ACOGTGICET CAGC ARGGAGTACA
1 TCCARAGOCA
2

Amﬁm(-m( TGS

N

2251 GGAACGTCTT CTCATGOTCC GTGATGCOATG CARCORCTAD ACGCAGAABGA
2341 cCT GTC ST ARAGECGETC GOGGTTCAGG TOAGGAGAG
2401 TCCOGTEGCE GAGES CEOTEGCETA :

20 2451 GGCGGTGE CTCCGRCGEA GOTGERTC!
2521 TTCCOGTGAC QEGAGATCC
2551 GOCOAG COTEEROGEA CORTC
2641 CCORANATCC AA wcpxc‘ivcc r‘l; GETCTC COGGACCCCT GAGCT
2701 GGACGTC AMCC CTEAGCTCAA GTTCAACTGE TACE

25 3751 ac uTAA' ('GF'G\" IAGGA GCAGTACAAC AGCACHT
2821 WTC AGOACTGEOT GAATGGOARG GAGTACRAG
2931 COATCGAGAA RACCATCTCC
2941 COCCCATC

oG- SOTTOTA

GAGRACAACT ACAAGACTAC
AGCAAC ca ¢ EAGTA GG &,AGL,?\(‘
HTG”" TGAGG : CAGARGAGCC
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TGCTGA ATGTACAGGT
TAGATATAGE AATATCTGAT
CRATATTGAR FAG”F(, A
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ARAGAGGTAT
A2 GA&. AATG TATGGAAGAR

CGAGAAC

C“-‘" Y AC ANCTGARTTT ° AET A AGTS TCCAR
GGCAGT £

AGEAARAGRAC
TTGTAARAAT
le}—" ABNCCAG

ACTGAGGGAT
TETCGEAL (’AC
GATGTGEGAC

SRAORCAT

r\A SCAGUAUE
GTGC‘TC‘A Gac

CACTCAAAGC

GARNCCATIT TEGA AQC C‘AAT(.A’“
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CGAATTATTC
CTTCTEGAAC
GACARGEANT
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"GCA
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TGGACGRACT

GCTATGTAL G

ATCAGH
CATGTCTTCG ATCTAC

C]—x"‘(“’” ATARACAACAT GTTCTG
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AAGAACACGC

TGCC‘"?C‘F"‘ "G

.l'u'{'l'(:AAu GC WGAGC
CACCAGCCGE AGCGACETGT
SETCACCETC

5 1501 CAAGEAGATR G
1561 TAGOT &
1621 GETATE T
1681 GGT GO JGGGTGGAT
1741 AT CI

16 1801 G G
1861 GOC AG AGTORATCT
1921 AGTACAT 3ECCGEETTCA
2

AGEA CAT’C‘":.‘
CGACCRGAT
(“AT’“CG"

CTCAGGGEA

A AACTGA
'l“G"f‘l'sJ»\ "-‘-GT»""

GARGAAGG TG AATTTTICAG

GIGTCT GTEGCCTTEE GACAGACAGT

e

1 T GRA G ¢
1 T . TCCC AGACCGATTE TEXGC
20 01 GO ABR TCC CTEGRAC “TCA GAT GRGGCTGACT
2461 A CCT GCTGTACTAC AGCAG STTCGGCGAE. GOCACCAAGE
2531 ETCAGCCC coTeec TCOTETTCCCR COOTOTTOTE
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1 ku’”""“f"_[‘ CCC AGGCCCTCAG GOTCOTCTEC CTTCTed
TARCCCAGGA GGAAGCCCAC GGELETCCTELe _T\_CCC"""V"“(, G"" ‘GZCM&C
(,("'_[(,("" GCCGEGEOTCC CTGEAGCAGEG AGTECUAAGGA GGEA
GATCTTCRAAG GACGCGGAGA GGAC uAH'
GTETGCCTCA AGTCCAT :L\. AGAATGCEGGE CTCCTGCAAG
CTCCOTEOCT TCEAGGGACE GAACTETGAG
AACCAGAN (_(, SCEECTC! SCAGTACTGC

TG CCCTTCAGCEG CCTECC

121 G
81 TOCTTCEA
41 TCTTACAGTG
1 GAGCAGCOTCC
ACGCACARGS

o (—m. T‘m e

TGGATT

LA
o)
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421 Lx(:"‘"‘_»“ CCATA ¢ (:‘:(JCAJCAA_ CGETG AGGS COTGGECA
431 GI GTGT COTGTACACC T A ATC uP ﬂmf\“ b TCTAGAA
541 A "—\AZ\GnAﬁ’"G CCAG \,nAHL C CC‘ ﬂm\f‘"bA AT TGG‘GGG ARGG w:T'G CCARAGGE

3GGACCCTG
AACTGGAGG

€01 GAGTETCCAT
661 ATCARCACCH
721 AAC

781 C

AATGGAGCTC AGTIGTGTEG
CACTGTTICG ACARAATCAR
CGAGCACGAC CTCAG GC ACGACGGGEA
CATCCCCAGC ACGTACGTCC CGGGCACCAC
CCAGCCOGTG GTCUTCACTG ACCATGTGGET
TGAGAGGACG CTEGCCTTCG TGCGCT "T"‘

COEY Q"FFL C
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COAAGOA (‘Th
GGTACCTGAZ GGEGCATC
TGTACACCAG

GCCTAGGAGT

321 GCCCCAT

1 ”LL"‘IG "C CGGATCAGGT
1381 GGGG TCACAL

CCCCCARMA
GGTGGACGTG
TGCATAAT

441 CCACC
501 COCAAG

561 AGTCACT

e

CTCCCGGACC
CAACTTCAAC 3
GGAGCAGTAC AA CnC'FACG T

GET

1LE21 GCCAAGA CA CAGCGTCCTC
1681 ACCGETCCTGEC GCT! (_n"J\TCGC AAGGAGTACA CTCCAA C‘AAZ\
174el GCCCTCOCAG AMARCC TCCAMAGCCA

GTGTACA GAG CTC CCA
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GTCR TCCCAGCGAT ATX AG T :GAGF—‘,"'%
CACGCCTCCC GTET TCG ACT Tk.G:—x"’GGC
e NN e R e

\,A}sﬁt:\_Cnu TGGCAGCAGG
ACGCAGANGA
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TA\,AKJ\_.
1 GTGATGECAT
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5 2231 GOTGOCORAS A GOARCGGCAR
2241 TEOARCGROC 20
2401 ACCETE A
2451 GEGTEGAGGC GGCGTGTACT :
2521 CCTTCEGCAG CTGEAGATCA elele
16 2831 GCAGOGGCGE SGTGCAGC TGCAGCAGAG CGCC
264 G CCOEEACTAG SOTGCARGG CCAGCAGCTA CACCTTC!
276 e COCEEOCACE L\.'lG‘AC”G GATCAGCGAC
2761 ATCTAC GCOGIG AACGAG TCARGGGCRAR GG
. 2821 ACCGCCGACE CCAGCAGCAG ATGCRGH CORGLCTORE O
]3 2831 AGCGCCETGT ACTTCOTGCGC ACTACGCCAT Gi
GGCCAGGGCA CCAGCETGAC GGTGGCECTE GOTCOGACAE AG
GeG 3 GATCAGATGG GGCGOTEGAG GTTCCGETES O

GCATCGGAAC
CTCATGATCT
CCTGAGGTCA

20

TCABC TG GTACGTGGAC

A(‘”g

TG ACAARG A GTA(“P\ A CAGCACG T‘AC‘
3 G “’lGCAL (GGAG
3361 TGCAN CCA AMACCATCTC CAARGCCAAA

3421 GGG "
E ARACCAGETCA

TGEGGAGAGCA

COCHECATGA
COTGATCRE CCAGCRACAT
GGAGBACRAC TACARGACCA CGCCTCCCGT
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=GCAGCC

GACGGCTCCT C,T»\C\.AAC‘C‘TK ACCGTGGACA AGAGCAGGTG GCAGCAGGGEG
AATGETTTTIC! GATGCA GCTTTGCACA CAC GCAGAAGAGT

CTCTCCOTET ATGA
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"CT ey
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TCTTTeTe

ATGTAGAGAA
TTTTGCTGETA
GGATAG

TEGETOTE TOCARE
TARGALCATG ) i
"‘TC‘"‘ Z‘GGC“ LCT\.A}* ATG
GEARGCCATA
CTG
CTCATTGEGAG

ACAGACC TTGCACAAAT
n\:AAAnC‘ 3 CAGAA ACAAAGAACT

T
421 GAGAAN

70

CTCGEET CACACAGTCA ATGGTTATET ABACAGGTC
TEATTC TCAGTCTATT GGCATGETEAT 'If_sq A S *C_}GC

GRS ACA CATTICTICT Gf
"T’"G( CP WTA AC TA CTGCTCAAAC ACTCTTGATG
GTTTTCTCAT ATCTCTTCICC ACCAACATGA Ttauk,k. GGAA
CTETCCAGAG GAACC C"‘AA TACGRATGAS ARATRATGARA
TGATCTTACT TGGATGTGGET CAGGTTTGEAT
{ \_Fus]-\,'l"l‘ usLLf{A’GC“x TCOTAMALCT

821 ACCAC
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TTACTTTATG
CCATATANCA
CCARMAGGETG
ATTCAAATAT AAATGGACAG
ATCH CCTGACCQCGS TATTACTCTA
CAGGACTCAT TGECCCTIOTC CTCAT T
AGATANTCTC AGACAAGAGGE
GGTACCTCAC AGAGAATATA
ATCCAGAGTT
TGCAGTTIGTC
AGACTGACTT
AAGACACACT CACCCTATTC O TCTCAG
GTCTATG GATTCTIGGEGE TGCIACAACT
ACTTGT GACAAGAACA
TGCTG AGTALARACA
CTTGARACGC CATCALCEGG
TATGAT GATACCATAT
ATGANRAT CAGAGCCT
'GGAGLRGG CTCTGEGGATT
WETGEC AG :
CC
CAAGTTGAAG
TATTCTAGCC
TTTETC
ATGGCACCC ACTARAGATG
TGEAARAA GATGTGCACT
AACCCT GCTCA
TTTCACCAT CTTTCATCGAG ACCAALAAG
CAGGGCTCC CTGCAATATC CAGATGGANG
AATCAR TEECTACATA ATGEGATACAC

GTATCTGITC AGCATGGECA

CACTAYT

CATGTIOT

i

CTGATGGE C

CCTCTCETCC CT
-
T
o

<
GA

TGCAACATCA

AT 7 ST
CHEATGTICA

¢
2

s

TATCECTTCC
CAGGATCALA

ATTCATTTCA GTTCACTGTA CGAARA
TACAATCTCT TGAGACA GTGEGARA

TGECGEETEGE AATGCT

KR T

GGCGAGCAT
ATARGT :

SCCCTG
GAGTACCAAG
CEECATCARG
CATCATGTAT
3721 CCAGCAMATT CTCECAAC CTTAATGETC TTCITTGECA
3781 AAACACAATA TITTAACCC TCCAATTATYT CCTCGATACA
3841 TATAGCATTC GCAGCACTCT T AWTGGAG
2931 ATGCTATTG! G AGCAATA
: CTEETCTCCT TCAARAGCTC
CAATAAT CCAAA

n

CTACATGECTG

2601 TIGGUACK

3661 CTCTACAT

A

GA

AACTACT CAGGGH
4 BAGG CTCORGCAGT CAAZATEG

4 TTTTCAGEGA AATCAAGAC
4321 CAGAT

4381 CACA CTCCTGEECE

CCCCCAR AGEACAC TCCCGGACCT
GTGEACETG! CCAL { : AAGTTCAACT
A CCAAGA GAGTUAGTACA

GTCOTCA COGTCC CTEAATGE

4 TCCARTAAAG
4 CEAGE AL

ACCOTGACCT
AUCLTEAUCL

SGTTAN

S

ANGGTEECEE GGEEET

GGEGEE
CACATGC CCACC
CCCCARAN CCCARGC
GETGEACGETGE AGUCACGAAG
GGTC CCCAACACARA
CAGCETCCTC ACCETCCTGEC
CTCCAACAAA GCCOTCCCAG
A 'GAGAACCA CAGGETGTACA
AGRARCCAGGT CAGCCTGACC TGCOCTGGTCA
AGTGGGERAGAG CAATGCGCAG CCGEAGAACA

[
o
o

TCAG
AGETCA
TGETACGTGG

AACAGCACGT

Q

CCGACGG TACAGCAAGC
GGAACGTCTET GTGATGCATG
GOCTCTCCCT ARNTGA
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GOGAAGTTEG AGACACACTG
Ter TCACT
TAAALCATTT GAACGATITT
TGACTGTAGA AGATGGHGCTA
GTTTCGTTAA CGAGAGA
ACABRRGAATC \GATCAA
TETTTTOTEY ATTTGATGAC
TCCCCAATCT AGCTGGAGTS

CTATGETT

ACCCOTOR COGAAT

GATATACCTT
GAGAAACTGT
CAGACTITCG

CTGGTGATTA

ACGAGGAC
CARGAAGT
TACTAITCT
GAAGAAGGEAA
ARDN
ATGECATGAG TAGCTCCCT

A CAAGAN AGTTGETITTC
GTGGAGAAL

ATAATATCAT

o Yere]
AL

GACAAG

A AR
TGAARATATG
TAAAGAGAAT
TACCTGGECTT AGTAATGEGC
GCAATGAAAR CATCCATT
AGGAGTATAA AATGGCAC
TACCATCCAS

CAGACT
TCOTGECGATA
CCCAACTCAT
ATTTAAN TAGTTGCAGT
TACTGC

GGACT
TACCAGC?

ATCAGTGEGA TTTTTT

CCTTCACACC GTGAAC
ACCCOCAGRG :G

AGGACCTCTA
GACCGETCAGTY
CTGAGGTCAC

> CGACGGCTCC
GGG
CGCAGAAGAG

SOTGR

CCCTCATGAT

AGCCGCEGEEA GGAGCATT
ACCAGGACTG GCTGRAATGEC
CCCOCATCGA GAAAACZCATC

COCTEC ATCCCGOEAT

Lol
ARGGCT TCCCAGCGRAC

ACTACAAGAC CACGCCTOCC
TCACCGETGEA CRAGRGCAGG
AGGCTCTGECA CRACCACTAC
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sequance foxr

1L ATGCAAAT
ACCAGARGE TGEE TGCAGTGGAA
GGCTGAGUTEC CTETEGEACEE AACATTTCCT
TETACANANAD

GGCCACCCTGE GATGGETCTG

C

CL: TG J\T’a_\ T
,4 ARGAAG

ACTGGARAGC TTCTGAGGGA
Gﬁ’"t“aﬁh 5T CTT\,\.CTCGT‘

TAAL “"T p
CCRARGGARAAA
GGAAAAC . CAGAA
CTCGEECCTE GCCTARAAATG
TGATTGCATGE CCACAGGARA
TG ARGTGCACTC AATATTCCTC

> ""C A GT CCTTGGAAAT K
GACCTTGGAC AGTTTCTACT G
GOTTATGTCA

GA GCGGEAAG L\’"T

C Psbn(‘ ’(‘

TGATCTTACT

PCCARN

GOGETACATT AC
1 CCCGATGAC?
. AAGTACARLAA

TATGGCATAC
CTTGEGEACCT
\ AGCAAGCAGA
lkn(.: ”\ C
ATTCAAATAT
CCTGACCIGC

C‘\.s,k’[‘ ST

GAATATA
BAGCOTOC

CAGG l‘C TA':"’?

STEARGET

CTacas

TCCAC CTECTTICTIT ¢

CATTACACT TAAGAACATG G

TTGTTTG C
, kTGT" 'I‘.

\./ W A\/T i
L;—[K TL LPAV
SVYRHVIGMG
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RE \’z-.;(I.P PYT
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PREGVKELEKDF
LIC VKEC‘VDQ
NIMHSINGYV
DESCETVEMS

SKNNAIEPRE

GROVIVOER
MDTLEGLVMA
VEMLPSKAGT
LARLHY
GREWQTY
NG um 3Cs
WLQVDEQ
C; UT ‘3‘(7’ 7’-\1

1 EQYNE 'T‘"RV'\'
SkDH LTRNOY
WOQOGHNVE

TGO
CTCATTGGAG
TTGCACAALT
ACAARGAACT
CACACAGTCA
TCAGTCTATT
GRAGGTCACA
ACTTTCC

2

ATCTCTTCCC
ﬁﬁAPLFﬂAAﬂ

AGTTG
FGEACT
TTGAACAATG
ACAGATGARA
TTACTTTATG
CONTATAACA
CCARMARGETG
ABRDTGGA ”A"
ACTCTA

CTCATCTECT

GG AATGTCATCC

CAA &€

TGCCACAACT

GACARNGANCA
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TGGA '\:GG aC

ACT CTWQAL
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CAGGTTTGAT
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GATTTTIGA

CGACACTAYTT TTZ
CATGTTOTAR GAALCAG
CAGGAATTTA CTGATG

TTTATGATGA

L3NS N R

CTTTACTCAG

2 TGEGG! TATAAGAGCA
2 CCTCT CTATTCCTTC
2 GAGCAGAACC TAGRAAMLAC
2 PEUCAACATCA TATGGCACCC
Z CTGATGTTGA CCTGEAAARA

2 ACACTAACAC ACTGARACCCT
2 TTTTCACCAT CTTIGATCGAG
3 C (“ C‘TGC‘AJATATV"
3 TGECTACATA

,_E(aCTC

3241 A;.'TC' TTCA

2231 TACAATITCT

3361 TGGCGEGETGG GCG ("'A

3 [ CCClTG

34 CAS

3 TCAR
2 "G ZCATC
T ATCATGTAT
T AATGETC
o ATTATY
C GCAGCA TGGAG

GAATGEG,
TGT
GGAGACCTCA
A.Z‘ CITCACAGS
AT TCCTCAT

CAATA
CTCCT
GETGALATZAT

AGTAACTACT
CTOCAGORGT

1‘ f‘u-\ AG ‘uT TTTT ‘LZ\G SGA

4

4 uA

4 COGTGECTC AGCAC L TG;—\A
4 . P

CCTCATGATC

T
ITGG

CCAGH
CCOCATOGAG
CCTRCCOCCh

AT
AAGAC
CACCETCEAC
GGCTCTECAC
CCEGRGCEGT
GEEATCCEAC
GETECAGCTE

17 ;-_.(-,C

QEOTEGTONA

OB R

SAAC

[CERTI

i a

TCCAAGAACA
451 TACTGORCCC
1 GACTACTGGS
1 CTTGAAGARG

GTEEOCT

STCA C’C
AGRAGCACGT

AGTCAGG J-\TL
GAAGCCAGEA

O ‘A' 1L“Cu, A

T
TATG (‘]—\AL,\

FEIRCL RS I IRCE NN

H A:\.GC(‘GC A

CAMAACTCAC
COTCTTOCCE
CETGCTGETG
CETGRAGETG

A\ GTGGAL

530 ac (“G’"h TGTCETCAGC
AGTACAAGTGE CAAGETCTCC

AMNGCCAAAGE
GATGA G‘L TGACCAMGA?

QCAGCCOCGA
CREGTC
GGAGAGCAAT
TTC
CA

oo oy o
S
S

CTETEG,

TCCCETET
AGCAGGTGEGC

CACTACACGC

ooy
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MTTGT;
ACTARAGATG
GATGTGCACT CAGG
GCTCATGGGA GACAAGTGAL

KO PR R YR A T
AKGC CTAATGAARC

ACCAARRAG ”:“L:’T‘A\ TCAC
CAGATGGAAG ATC cTT
ATEEATACAC IQC"IG Ty
AGCATGGECA GCARTGAARR
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CLAIMS

1. A chimeric clotting factor comprising:
(i) a clotting factor selected from the group consisting of factor VII (FVII), factor
1X (FIX) and factor X (FX);
(i)  atargeting moiety which binds to platelets; and
... .(ii)  afirst Fc moiety and a second Fc moiety,
wherein the clotting factor is fused to the first Fc moiety, and

wherein the targeting moiety is fused to the second Fc moiety.

2. The chimeric clotting factor of claim 1, wherein said chimeric clotting factor exhibits
increased generation of thrombin in the presence of platelets as compared to a corresponding

clotting factor lacking a targeting moiety.

3. The chimeric clotting factor of claim 1 or claim 2, further comprising a cleavable scFe
(cscFc) linker interposed between the first Fc moiety and the second Fe moiety, wherein the
cscFe linker comprises at least one enzymatic cleavage site which results in cleavage of the

cscFe linker.

4. The chimeric clotting factor of claim 3, wherein the at least one enzymatic cleavage site

is an intracellular processing site.

5. The chimeric clotting factor of claim 3 or claim 4, wherein the cscFc linker is flanked

by two enzymatic cleavage sites which are recognized by the same or by different enzymes.

6. The chimeric clotting factor of any one of claims 3 to 5, wherein the cscFc linker has a

length of about 10 to about 50 amino acids.

7. The chimeric clotting factor of any one of claims 3 to 6, wherein the cscFc linker has a

length of about 20 to about 30 amino acids.

8. The chimeric clotting factor of any one of claims 3 to 7, wherein the cscFc linker

comprises a gly/ser peptide.

9. The chimeric clotting factor of claim 8, wherein the gly/ser peptide is comprised of a
formula {GlysSer)n or Ser(GlysSer)n, wherein n is a positive integer selected from the group

conzistingof' 1,2,3,4,5,6,7,8,9 and 10.
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10.  The chimeric clotting factor of claim 9, wherein the gly/ser peptide having the formula
(Glys Ser)n is selected from the group consisting of (Glys Ser)s, Ser(Glys Ser)s, (Glys Ser)y and
Ser{Gly4 Ser)s.

11.  The chimeric clotting factor of claim 1 or claim 2, wherein the clotting factor comprises

two polypeptide chains.

12.  The chimeric clotting factor of claim 1 or claim 2, wherein the chimeric clotting factor
has a structure selected from the group consisting of:

the clotting factor fused to the first Fc moiety and the targeting moiety fused to the
second Fc moiety;

the clotting factor fused to the first Fc moiety via a spacer moiety and the targeting
moiety fused to the second Fc moiety via a spacer moiety;

the clotting factor fused to the first Fc moiety and the targeting moiety fused to the
second Fc moiety via a spacer moiety; and

the clotting factor fused to the first Fc moiety via a spacer moiety and the targeting

moiety fused to the second Fc moiety.

13.  The chimeric clotting factor of claim 12, which comprises two polypeptides wherein:

(1) the first polypeptide comprises the clotting factor, a spacer moiety and the first
Fc moiety, and the second polypeptide comprises the targeting moiety and the second Fe
moiety;

(i)  the first polypeptide comprises the clotting factor, a first spacer moiety and the
first Fc moiety, and the second polypeptide comprises the targeting moiety, a second spacer
moiety and the second Fc moiety;

(1it)  the first polypeptide comprises the clotting factor and the first Fc moiety, and the
second polypeptide comprises the targeting moiety and the second Fc¢ moiety; or

(iv)  the first polypeptide comprises the clotting factor and the first Fc moiety and the
second polypeptide comprises the targeting moiety, a spacer moiety, and the second Fc moiety,
and

wherein the two polypeptides form a covalent bond.

14.  The chimeric clotting factor of claim 1 or claim 2, wherein the targeting moiety is fused

to the second Fc moiety directly.
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15.  The chimeric clotting factor of claim 1 or claim 2, wherein the targeting moiety is fused

to the second Fc moiety via a spacer moiety.

16.  The chimeric clotting factor of claim 1 or claim 2, wherein the targeting moiety is fused

to the second Fc moiety via a cleavable linker.

17.  The chimeric clotting factor of any one of claims 1 to 16, wherein the targeting moiety
is selected from the group consisting of: an antibody molecule, an antigen binding fragment of

an antibody molecule, an scFv molecule, a receptor binding portion of a receptor and a peptide.

18.  The chimeric clotting factor of any one of claims 1 to 17, wherein the targeting moiety

binds to resting platelets.

19.  The chimeric clotting factor of any one of claims 1 to 17, wherein the targeting moiety

selectively binds to activated platelets.

20. The chimeric clotting factor of claim 18, wherein the targeting moiety selectively binds
to a target selected from the group consisting of: GPIba, GPVI, and the nonactive form of
GPIIb/TIa.

21.  The chimeric clotting factor of claim 19, wherein the targeting moiety selectively binds
to a target selected from the group consisting of: the active form of GPIIb/IIIa, P selectin,
GMP-33, LAMP-1, LAMP-2, CD40L and LOX-1.

22.  The chimeric clotting factor of claim 18, wherein the targeting moiety binds to the GPIb

complex.

23.  The chimenic clotting factor of claim 17, wherein the targeting moiety is a peptide

selected from the group consisting of: PS4, OS1 and OS2.

24.  The chimeric clotting factor of claim 17, wherein the targeting moiety comprises an
antibody variable region from an antibody selected from the group consisting of: SCES, MB9
and AP3.

25.  The chimeric clotting factor of any one of claims 1 to 24, wherein the clotting factor is
Factor VII.
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26.  The chimeric clotting factor of any one of claims 1 to 24, wherein the clotting factor is a

high specific activity variant of Factor VII.

27.  The chimeric clotting factor of any one of claims 1 to 24, wherein the clotting factor is
Factor IX.
28.  The chimeric clotting factor of any one of claims 1 to 24, wherein the clotting factoris a

high specific activity variant of Factor IX.

29. The chimeric clotting factor of any one of claims 1 to 24, wherein the clotting factor is
Factor X.
30. The chimeric clotting factor of any one of claims 1 to 24, wherein the clotting factor is a

high specific activity variant of Factor X.

31. The chimeric clotting factor of any one of claims 1 to 24, wherein the clotting factor is

secreted by a cell in an active form.

32. The chimeric clotting factor of any one of claims 1 to 24, wherein the clotting factor is

activated in vivo.

33.  The chimeric clotting factor of any one of claims 1 to 32, wherein the chimeric clotting
factor comprises a heterologous enzymatic cleavage site not naturally present in the clotting

factor.

34.  The chimeric clotting factor of claim 33, wherein the clotting factor comprises a heavy
chain and a light chain, and the heterologous enzymatic cleavage site is genetically fused to the

amino terminus of the heavy chain of the clotting factor.

35. A nucleic acid molecule encoding the chimeric clotting factor of any one of claims 1 to

34.
36.  An expression vector comprising the nucleic acid molecule of claim 35.

37.  The expression vector of claim 36, wherein the vector further comprises a nucleotide

sequence encoding an enzyme which cleaves at least one of the enzymatic cleavage sites.

38.  Anisolated host cell comprising the expression vector of claim 36 or claim 37..
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39.  The host cell of claim 38, which expresses an enzyme capable of intracellular

processing.

40.  The host cell of claim 39, wherein the enzyme is endogenous to the cell.

41, The host cell of claim 39, wherein the enzyme is heterologous to the cell.

42. A method of producing a chimeric clotting factor, said method comprising culturing the

host cell of any one of claims 38 to 41 in culture medium and recovering the chimeric clotting

factor from the medium.

43. A processed, heterodimeric polypeptide comprising two polypeptide chains, wherein
said processed, heterodimeric polypeptide is made by expressing the vector of claim 36 or
claim 37 in a cell cultured in cell culture medium and isolating the heterodimeric polypeptide

from the cell culture medium.

44, A composition comprising the chimeric clotting factor of any one of claims 1 to 34 and

a pharmaceutically acceptable carrier.

45. A composition comprising the nucleic acid molecule of claim 35 and a pharmaceutically

acceptable carrier.

46. A method of improving hemostasis in a subject, said method comprising administering

to the subject the composition of claim 44 or claim 45.

Date: 30 November 2015
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Generic examples: Activated FVIHl constructs, activatable FVIl constructs
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FVila HC (or FX HC, FiXa
FVlla LC {or FX LC, FIXa LC,

F)

cleavable linkers

1 D

Activated FVIl constructs, activatable FVII constructs with single chain
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include additional spacer linkers on N-
terminus, but requires direct fusion at

thrombin cleavage site, efc.), may
C-terminus to HC
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5 Processing site A, B, C (could be

e Same or different)

7
g Fc moiety
Z
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/

Intracellular processing (alternatively,
could be treated after secretion)

2 ‘Optional linkers {e.g., cscFc or spacer)
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Activated FVIl constructs, activatable FVH constructs
with non-F¢ fusions

A) B) C) g FVila HC (FIXa HC, FXa
24 HC efto)
FVila LC (FiXa LC, FXa HC
elc)

N

Targeting moiety (platelet receptor
schv, peptide, elc.)

Cleavable linker (e.g. Xla, Xa,
thrombin cleavage site, etc.), may
include additional spacer linkers on
either/both sides (e.g. GlySer spacers)

Optional spacer linker or cleavable
linker (e.g. Xla, Xa, thrombin cleavage
site, etc.}, may include additional
spacer linkers on either/both sides
{e.g. GlySer spacers)

§ Scaffold, e.g., XTEN, albumin,
& or other polypeptide sequence

- /
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HIC caplure step, non reducing gel
12345678 9101112131415

FeRn column purification, non-reducing gel
3 0 Phen Rt

20%Tris-glycine SDS-PAGE

{nonreducing)
FcRn column purification, reducing gel
A ——

4-20%Tris-glycine SDS-PAGE
(reducing)

PCT/US2011/043597

1. Seeblue?

2. Harvest

3. FViiFe-0583 HIC Load

4. FVHFc-053 HIC FT

5. FVIiFc-053 HIC wash
Fraction #A2

6. FVHFc-053 HIC wash
Fraction #A3

7. FVHFc-053 HIC wash
Fraction #A4

8. FVHFc-053 HIC wash
Fraction #A5

9. FVHFc-055 HIC wash
Fraction #AG

g, FviiFe-053 HIC wash
Fraction #A8

10, FVHFc-053 HIC wash
Fraction #B87

11. Emply

12, FVIIFe-053 HIC Elution
Fraction #86

13, FVIIFe-053 HIC Elution
Fraction #B5

14 FVliFc-053 HIC Elution
Fraction #B4

15, FVilFe-053 HIC Elution
Fraction #B3
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Binding of FVII-011 and FVH-027 to activated
platelets determined by FACs

FViia ﬂx{GGGGS}CSCFC linker

N

Z
FC ; Ox(GGGGS) spacer linker

Targeling moiety
MBS: sckv against activated

pSYN-FVII-011 pSYN-FVI-027 GPlibllia

-

Binding of FVII-011 and FVHi-027 to activated
platelets determined by FACs

40 — —O— FVH-011
-0 FVHI-027

30

20

10

Median Flucrescence Lnits

Oj I I I I [ [ 1
G 200 400 600 800 1000 1200 1400

FVilaFe nM
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Thrombin generation assay to measure activity of FVI-027, FVI-011
and Novoseven in the presence of activated platelsts
350

« ® FVi-027 200 nM
300 FVI-011 200 ni
: A Novoseven 200 niM
250

2007

150

nii Thrombin

100

50

I [
0 10 20 30 40 50 60 70

Thrombin generation assay to measure activity of FVII-027, FVI-011
and Novoseven in the presence of activated platelets

250
@ FVi-027 50 nM
FVI-011 50 nM
200 A Novoseven 50 nM

nM Thrombin

Minutes




WO 2012/006633 PCT/US2011/043597
14/68

Thrombin generation assay to measure activity of FVI-027, FVII-011
and Novoseven in the presence of activated platelets
140+
® FVil-027 12.5nM Py

1207 FVI011 12,5 nM
A Novoseven 12.5 nh

_—
L]
i

e
[
|

niM Thrombin
e

L
<
|

Minutes

1.

Thrombin generation assay to measure activity of FVH-027, FVI-011
and Novoseven in the presence of activated platelets

2501

® FVii-627 50 nM

FVE-011 200 nM

2001 A Novoseven 200 nM

&0 70
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PAC-1 eliminates increased binding to platelets and increased
rates of thrombin generation associated with FVII-027

6 —
5 —

I MNo PAC-1
4 PAC-1

Median Fluorescence UNits
[S%]
|

. % % %
No FVil FVil-011 FVII-027

PAC-1 eliminates increased binding to platelets and increased
rates of thrombin generation associated with FVII-027
1804

160+
140+
1204

° ® FVi-027
FVII-027/PAC-1

A FVILO1!

v FVI-011/PAC-1

ni Thrombin
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Thrombin generation assay to measure activity of FVI-037
and Novoseven in the presence of activated platelets

|Vl ﬂx(GGGGS) cseFc linker

7K

) FC
?

”

’ Bx{GGGGS) spacer linker

|:| Targeting moiety

MBO: scFv against activated
FViI-037 GRlibia

N J

Thrombin generation assay to measure activity of FVIl-037
and Novoseven in the presence of activated platelets

250 1

@ FVH-037 200 nM
200 1 Novoseven 200 ni
150 1

100 1

ni Thrombin

0 10 20 30 40 5 80 70
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Thrombin generation assay to measure activity of FVI-037
and Novoseven in the presence of activated platelels
1604

140 1 @ FVH-037 50 nM
Novoseven 50 ni

e e

< el

] L]
1 f

nM Thrombin

0 10 20 30 40 50 60 70

Thrombin generation assay to measure activity of FVil-037
and Novoseven in the presence of activated platelets

120 1
@ FVi-037 125 nM
100 Novosaven 12.5 nM °

80 A

60 4

nM Thrombin

0 10 20 30 4 50 80 70
Minutes
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Thrombin generation assay to measure activity of FVHE-044,
FVI-045, FVI-046, FVI-011 and Novoseven in the presence
of activated platelets

FVII-044
FVII-045
FVil-046 N FVila ﬂ(@@@@s} finker
7
B § sxicaas)spacer inker
é

O Targeting Peptide against GPEb>I<

|

Peptide® iih:;g FVilke
PS4 64 044
081 0.74 -045
082 31 (048

* Benard et al. Biochemistry 2008, 47: 4674-4682

s ? ?
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Thrombin generation assay to measure activity of FVII-044,
FVIi-045, FVIl-046, FVi-011 and Novoseven in the presence
2001 of activated platelets
FVI011 200 nM
FVII-044 200 nM
FVI-045 200 nM
FVH-046 200 nM
Novoseven 200 nM

o
[en)
O«DHO

100 1

niM Thrombin

50 1

o 10 20 30 40 50 8 70
Minutes

Fig. 1

Thrombin generation assaya measure activity of FVII-044,
FVI-045, FVI-046, FVI-011 and Novoseven in the presence
of activated platelets

140
0 . @ FVIL011 50 niv
120 A FVI-044 50 nM
IO 0 A FVI-045 50 nM
ALARAIE W v FVII-046 50 nM
£ 100 5 ‘(\\\‘v\ @y L0 O Novoseven 50 al
E g0 B, &,
£ S
= 50 - i3
=
&~
40
20 -
IR (WS
0

Minutes
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nM Thrombin

nM Thrombin
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Thrombin generation assay to measure activity of FVIi-044,
FVI-045, FVI-046, FVI-011 and Novoseven in the presence

of activated platelets

1407 @ FVILO11 125 nM A
FVH-044 12.5 nM
1201 A FVI-045 12.5 nM
v EVI-046 12.5 nM
1001 O Novosaven 12.5 nM
Ve ¥
804
60+ WaTF R A0
el 62 Q0N
4- SISt Res.
(. LN
204
04 73 .
80 70
Thrombin generation assay to measure activity of
FVi-045, FVI-011 and Novoseven in the presence
140 - of activated platelets
@ FViI-011 50 ni
120 1 AA FVIE-045 12.5 nM
A A Novoseven 50 nM
100 4
804 R A A
60 A
I-
40 1 Lk
m‘A_ 5
20 1 5
-----
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Thrombin generation assay to measure activity of FVII-047,
FVII-048, FVII-049, FVII-011 and Novoseven
in the presence of activated platelets

FVI-047
FVI-048
FVI049 |FViia ﬁx(GGGGS) inker

%
g T} 6xGeGES) spacer linker
%

O Targeting Peptide against GPlb *

|

Peptide* ifjﬁ:g FviiFe
PS4 54 -047
081 0.74 048
082 31 049

*Benard et al. Biochemistry 2008, 47: 4674-4682
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Thrombin generation assay to measure activity of
FVIL-047, FVI-048, FVII-049 and FVi-011
in the presence of activated platelets

1601
140 ® FVI-011200 i
v O FVI-047 200 nM

1201 2 v EVI048 200 nM
o A FVI-049 200 M
S 100
5
=801
§mm
= 60
Lo

40-

PSR AG
ascay RIABHNG

Minutes

Thrombin generation assay to measure activity of
FVI-047, FVI-048, FVII-049, and FVII-011 in the
100- presence of activated platelets

® FVil-011 50 nM
O FVII-047 50 nM
® v FViI-048 50 nM
A FVI048 50 nM

80-

i Thrombin

70

Minutes
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Thrombin generation assay {0 measure aclivity of
FVI-047, FVI-048, FVII-049, and FVI-011
in the presence of activated platelets

FVIR011 12.5 nM
FVI-047 12.5 nM
FVI-048 12.5 nM
FVH-049 12.5 nM

nM Thrombin

70

Thrombin generation assay to measure activity of
FVI-047, FVi-048, FVI-049, and FVE-011

100- in the presence of activated platelets
504 @ FVil-011 50 niv
o O FVH-047 12.5nM

£ e °® ° v EVI-048 12.5 nM
= Savlva A FVI-04912.5 nM

601 ITATTY.
g \\\\\—g_g“\“g:'yvv:' v
= y
s 40
=

201

0 -

0 10 20 30 40 50 & 70
Minutes
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Thrombin generation assay to measure activity of FVII-053
and FVII-011 in the presence of activated platelets

FViia fruncation lacking residues 1-35
7 (GLA domain) containing an RKRRKR
nsertion foliowing residue R152 (WT FVIl
numbering} for infraceliuiar activation

——

FC molety

RN

7,

Targeting moiety MB9: sckv against activated

t

GPlbila

&
s

Ax(GGGGSoseke linker

FVIi-053

Ex{GGGGS) spacer linker
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Thrombin generation assay to measure activity of FVI-053
and FVI-011 in the presence of activated platelets
2501

® ® FVi-011 200 nM
o Vi-053 200 nM

2001

e
o
pas}

1001

n# Thrombin

50 1

0 10 20 30 40 5 80 70
Minutes

Thrombin generation assay to measure activity of FVI-053
and FVII-011 in the presence of activated platelets
140+

1201 PY ® FVil-011 50 nM
FVE-053 50 nM

nM Thrombin

0 10 2 % o s e 7
Minutes
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Thrombin generation assay to measure activity of FVII-053
and FVI-011 in the presence of activated platelets

1001
® EViL01 1250
801 FVI053 12.5 nM o4
£
=
£ 601
e
s
z ()
= >
=
20 7 .o
R :
¢+ e EEE - I ' ] |
0 10 20 20 0 5 o -

Minutes

Thrombin generation assay to measure activity of FVI-053
and FVI-011 in the presence of activated platelets
100+

® FVIL011 125 i
40 FVI1-053 200 i °

nl Thrombin

0 10 20 30 40 50 80 70
Minutes
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PAC-1 eliminates increased rate of thrombin
generation associated with FVI-053

351
® FVi053
30 FVI053 7 PAC-1
v o%e
254
[
£
& 201
©
= 151
=
101
5_
0 VR - - : ; i .
¢ 10 20 30 40 50 80 70
PAC-1 eliminates increased rate of thrombin
500 - generation associated with FVI-053
® FVi-011

250 1 FVI-011 / PAC-1

ni Thrombin

Minutes




WO 2012/006633 PCT/US2011/043597

28/68

Western blot analysis of FVIiFc species following transient
transfection of HEK 293 cells and protein A pulidown

FVH-014 FVI-010 FViI-013
Heavy chain and light Heavy chain-scFc and  Heavy chain and light
chain expressed as fight chain expressed chain-scFe expressed
single chain separately separately

FVI light chain

| Vit heavy chain

Bx(GGGGS) spacer linker

[/
e
2
%
FVI-018 FVI-003
Heavy chain-Fe and Heavy chain and light 2 K{GGGGS) csce linker
light chain-Fc chain expressed as
expressed separately single chain ’
<«
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Western blot analysis of FViiFc species following transient
transfection of HEK 233 cells and protein A pulidown

FC westemn

123456 1234 56
- . |

non reducing

interpretation of bands
FVilscke

Light chain-sckc
Light chain-Fe
FVil-Fe

FC

FVi-FoFe

F¢ dimer

Light chain-Fe dimer
Light chain-Fo:HC-F¢
Light chain-scFc dimer

T ZommoD oo @

Proteins loaded in gel
FVH-010
FVI-01
FVB-013
FVI-018
FVH-003
No DNAin transfection

o s W M
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Western blot of protein A immunoprecipitation following transient
transfection of pSYN-FVII-024 with or without pSYN-PC5-003. Lane 1,
Seeblue Plus2 marker; lane 2, pSYN-FVII-024, non reducing; lane 3,
pSYN-FVII-024+pSYN-PCE-003, non reducing; lane 4, pSYN-FVII-024,
reducing; lane 5, pSYN-FVII-024+pSYN-PC5-003, reducing.

FVI light chain

7
g FC molely
2

2 SEX{GGGESeseke linker

FVi-024

§ o cooes)spacer inker

BE C(leavage sile RRRR
2 3 4 5 Cleavage sile RKRRKR
W

Nonprocessed single chain
(lane 4}

dProcessing intermediate
FVIl heavy chain-Fc
FVIH light chain-Fc
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Western blot analysis (Fc western) of FVIIFc species following
transient transfection of HEK 293 cells and protein A pulldown

FVIl light chain

| FVil heavy chain

é FC moiety
%
g 6x(GGGGS) spacer linker

FViHight chain C
~ terminal fragment

1t 2 3 4 5 6 7 8

SeeaBlue Plus2
FVI019
FVI-020
FVI-011
Empty
FVI-019
FVI-020
FVIG1

O3 GO o o B

non reducing reducing

27
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FVII-038 and FVI-040 Treatment by FXla
FVI light chain

e V1 light chain with
P
R152 deletion

| FVIl heavy chain with
=] 1153V mutation

0 GGGDFTR (FXla cleavage sile)

7 -
/] FC moiety
é

2 4x(GGEES) schclinker

’ Ox{GGGGS)spacer linker

FVH-039 FVH-040

S i G R :

12345678 9 101112 1314 15

.« FViHla-HC-
single chain F¢

Mark-12 {Invitrogen) 9. FVI-011, activated

FVI-011 10. Mark-12 (Invitrogen}
FVH-011+FXla, 5 incubation 1. FVI-040

FVIFO11+FXla, 207incubation 12, FVI040+FXia, 5 incubation
FVI-039 13. FVI040+FXla, 20 incubation
FVI-039+FXla, 5 incubation 14, FVI-011, activated
FVIH039+F Xla, 20" incubation 15, FXla

FXla

1.
2.
3.
4.
5.
8.
7.
8.




WO 2012/006633

ni Thrombin
e O
L) N L) n
Lo ] Lo <o [}

(#7]
<>

%

n# Thrombin

20

0
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Human plaielets. purified components Mouse platelst rich plasma
\ 160 —e— Novo 200n#4
—— FVil011 200 nM
ﬂ(‘ « Novoseven 200 nM g 140 8 o PVAR066 200 nid
-+ FVI066 200 nM 21201 4 === FVH-066, no platslet
E100{ +1 —= Plalelet, no FVI-066
= 801 ¢
= oa0q e
€ 40
b g 2 R0 0 9950
10 20 39 40 50 80 70 00 10 20 30 40 50 &0 70
Minutes Minutas
—— FY1-011 80 nM 140
» * Novoseven 50 nM ci20{ & —— Novo 50 ni
P - FVI1-066 50 nM S 100l 5% ~o FVI066 50 nM
] s v 8
‘ S 80{ , %
& onl § .
= 40) ¢ 2
y 20 §
T40 20 30 40 50 80 70 % 10 20 30 40 50 60 70
Minutes Minutes
i 120
i, < o St
- '“\:l 0661,55n!\/1,( » m m( fg a0 fk ~o- FV066 12.5 nM
) 3
. o’ o 40 g °
L L= s
p = a0
W20 306 40 80 &0 70 OO 10 20 30 40 50 &0 70
Minutes Minutes
Targeting moiely SCES: scFv
Fvila

FVEE-QS‘\G

SCES

moiety

/ against GPibilla

-scFv against active GPlibilla
~Crossreacts with mouse and human
raceptors
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Activatable Constructs
FXla cleavags sies
LC-TX(GGGGS)-SVSQTSKLTR-IVGE: FVIl057

Thrombin cleavage siles
LC-Tx{GOOGS-DFLAEGGEVR-IVEG FVILD58
LC-TX(GGGES)-TTKIKPR-IVGS | FYH-059
LC-TX(GGGGS)-ALRPRYVGGAVVGG ; FVIL-G60
LC-Tx(GGGES-ALRPRVWGGA-IVGG | FYI-061

Negative control
LC-8x(GGGGS)-IVGG: FVi-062

FVII-HC \ !

VLG = 22 |

PCT/US2011/043597

FXia or thrombin
cleavage sites
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FVI080: thrombin-activaiable (ALRPR

cleavage site)

FVIl-862. negative control, no thrombin
1207 cleavage site, can't be activaled

A
1001 A;‘:r& 0 FVilaFc (50nM)
A
v FViiaFc (50nM; + EVI-082 (200rM)

4 FviiaFe (50nMy + FVIR030 {200nM)

v FVIR062 (200 ni}

ni Thrombin
75D

5

o FVI-080 (200 nb)

¢ o RV

70
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CFVIKO90  FVIMOD  FVIM15

Thrombinunils 0 28 21 g . 25

noncleaved —

FVIl heavy chain-Fe——>

EVI ight chain-Fo—

FVIE heavy chain-Fc and
fight chain Fe collapse in
1 band because the
heavy chain loses a
glycosyiation site after
insertion of the trypsin
170 loop and becomes
smaller
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1200 o pyi090+ombin
O FYHAG0+thrombin
|1 A Thrombin alone
1001 ¢ rueoe ﬁ m
o OFVIR00 %
go{ @ NoFViiorthrombin . "

ni Thrombin

s
40 " ©
201
0 10 20 30 40 50 g0 7
Minutes

3




WO 2012/006633 PCT/US2011/043597

41/68

& FVH-080
A FYi-115
O HoFVH
Vv FVH-080+thrombin
O Fyii-115+thrombin
O HNo FVli+thrombin

140
120
100
L=
el
= &80
o
-
o
b= 50
=
&«
43
; Wi %0
20 1 |_|L—;\-\\\\\\\. AN
M — SETT )
AN P S
.... RIS
0 PRRLEQ ] ” .
0 20 40 60 &0

Minutes
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Amidolvtic activity of activatable FVliF¢ activated with thrombin

42/68

PCT/US2011/043597

-Activatable FVIFC (100nk}
-Thrombin {100nM)

0.300

o0
37C Hisudin

5
37C

——  Add substrate

0.280
0.260

{240
0.220

2 0.200

<0180
0.160

0.140

0.120

15 e
0.10@1_.&"'—
0,080

0:00:00

(:10:00

G:20:00

{:30:00
Time

0:40:00

FVHI-080 {normal aclivity “activatabie)

0:50:00

FVH-100 (high specific activity “activatable”)

1:00:00
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Activation of FX by FVlla

{.400
0.350
0300 o o o 9 f [ ] [ ] [} 8 5 ! A!
0.250 R B e
£3 ° n A A v v g U
& 0.200 A v "
n A v |7 o |P -
0.150 1o yay v E—
0100 Hr—v—o—2
E [m]
0o5048—8—8 003808 0000 00 0
£.000
0:00:00 0:01:00 0:02:00 0:03:00 0:04:00 0:05:.00
Time
16 ubl FX and FVla tilration
o 400nk
B 200nM
A {(0nM
v 50ni
o Z5nM
¢ No Fviia
® NoFX, 400nM FVila
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Thrombin generation assay to compare wild type activatable FVIIF¢ (FVii-
118} to high spacific aclivity variant (FVH-127)
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Target FVlia to active conformation of Glibliia via scFv {8CES)

FVil- FVI-087  FVI-094 FVI-011 N
FViLiight chain ~ ' 066 08 O ovoseven

FVH heavy chain N

Linker
FC moiety

finker

D -Targeting moiety
SCES: schv against active conformation of GPIiblis
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Thrombin generation assays in platelet-rich
FVill-deficient plasma
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Binding or rFVllaFc variants to platelets by FACs
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Target FVlla to all conformations of Gliblla via scFv (AP3)

FVil-088 FVH-125 FYI-011 Novoseven

N

FViH ight chain ~

FVH heavy chain
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Fc moiely

[ ] Targeting molety AP3: scFv against GPlbiila (al
conformations)
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Thrombin generation assays in platelet-rich
FVill-deficient plasma
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Binding or rFVilaFc varianis to platelets by FACs
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Targeting FVllaFc¢ to GPlb with peptides

FVil light chain —>

FVIl heavy chain —>
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%Jargetmg moieties P54, 051 and OS2: peplides against
GPlb-alpha

N-fterminus C-terminus
FVH-047 (PS4) -FVH-044 (PS4)
FVH-048 (0S1) -FVI-045 (081)

(
V048 (052)  -FVI-046 (OS2)




WO 2012/006633 PCT/US2011/043597

55/68

Thrombin generation assays in platelet-rich
FVill-deficient plasma
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PCT/US2011/043597

Thrombin generation assays in platelet-rich
FVilll-deficient plasma
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Thrombin generation assays in platelet-rich FVill-deficient plasma
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Binding of FVIi-045, FVII-048 and wild type
FVllaFc to platelets determined by FACS
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Affinity for the targeting peptides
reported in Benard et al. Biochemistry
2008, 47: 4674-4682
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Thrombin generation assays in FVIHll deficient
platelet-rich plasma

Assay was activated with tissue factor
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Hal-life {hours
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Thrombin generation assays in platelet-rich
FiX-deficient plasma
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Thrombin generation assays in platelet-rich

FiX-deficient plasma
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Thrombin generation assays in platelet-rich
FiX-deficient plasma
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