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CHIMERIC CLOTTING FACTORS

RELATED APPLICATIONS

{80011 This patent application claims the benefit of U8, Provisional
Patent Application Serial No. 61/363,183 tiled July 9, 2010; U.S. Provisional Patent
Application No. 61/363,186 filed Fuly 9, 2010; U.S. Provistonal Patent Application
No. 61/442,029 filed February 11, 2011 U.S. Provisional Patent Application No,
61/442,150 filed February 11, 2011; U.S. Provisional Patent Application No.
61/442,055 filed February 11, 2011; U.S. Provisional Patent Application No.
61/467 8RO filed March 25, 2011; and U5, Provisional Patent Application No.
61/491,762 filed May 31, 2011, The entire contents of the above-referenced

provisional patent applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

{0002} Initiation of the extrinsic clotting pathway is mediated by the formation of a
complex between tissue factor, which is exposed as a result of injury to a vessel wall,
and Factor VIila. This complex then converis Factors IX and X to their active forms.
Factor Xa converts limited amounts of prothrombin to thrombin on the tissue factor-
bearing cell. This resulting thrombin is then able to diffuse away from the tissue-
factor bearing cell and activate platelets, and Factors V and VHI, making Factors Va
and Villa. During the propagation phase of coagulation, Factor Xa is generated by
Factor IXa (in complex with factor VIiia) on the surface of activated platelets. Factor
Xa, in complex with the cofactor Factor Va, activates prothrombin into thrombin,
generating a thrombin burst. The cascade culminates in the conversion of fibrinogen
to fibrin by thrombin, which results in the formation of a fibrin clot, Factor VIl and
tissue factor are key players in the initiation of blood coagulation.

(08031 Factor VI 1s a plasma glycoprotein that circulates in blood as a single-chain
zymogen, The zymogen is catalytically nactive. Although single-chain Factor VII
may be converted to two-chain Factor Vila by a variety of factors in vitro, Factor Xa

is an important physiological activator of Factor VII. The conversion of zvmogen
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Factor V11 into the activated two-chain molecule occurs by cleavage of the peptide
bond hnking the Arginine residue at amino acid position 152 and the He residue at
amino acid position 153, In the presence of tissue factor, phospholipids and calciur
ions, the two-chain Factor Vila activates Factor X or Factor IX. Factor Vila is thought
to be the physiclogic inttiator of the clotting cascade by acting at the surface of a TF-
bearing cell, typically a damaged endothelial cell, and generating the initial amount of
throrabin that then diffuses to platelets to activate them and prime ther for the
propagation phase of thrombin generation. Therapeutically, recombinant FV1ia acts
by activating Factor X on the surface of activated platelets, bypassing the need for
FIXa or FVHIa to generate a thrombin burst during the propagation phase of
coagulation. Since FV1a has relatively low affinity for platelets, recombinant FVia
is dosed at supra-physiological levels. This process is thought be tissue factor-
independent

{0004} Human factor IX circulates as a single-chain glycoprotein {mol wit 57,0060). It
is present in plasma as a zymaogen and is converted {0 a serine protease, Factor

IXap (more commonly referred to as FIXa), by Factor Xla (activated plasma
thromboplastin antecedent) in the presence of calcium ions. In the activation reaction,
two internal peptide bonds are hyvdrolyzed in Factor IX. These cleavages occur at a
specific arginyl-alanine peptide bond and a specific arginyl-valine peptide bond. This
results 10 the release of an activation peptide (mol wt approximately equal to 11,000)
from the internal region of the precursor molecule and the generation of Factor IXap
{mol wt approximately equal to 46,000). Factor IXa is composed of a light chain
(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.

{60051 Factor X is also synthesized as a single-chain polvpeptide containing the light
and heavy chains connected by an Arg-Lys-Arg tripeptide. The single-chain molecule
is then converted to the light and heavy chains by cleavage of two (or more) internal
peptide bonds. o plasma, these two chains are linked together by a disulfide bond,
forming Factor X, Activated Factor X, Factor Xa, participates in the final comumon
pathway whereby prothrombin is converted to thrombin, which in turn converts
fibrinogen to fibrin,

{60061 Clotting factors have been adounistered to patients to improve hemostasts for

some time. The advent of recombinant DNA technology has significantly improved

NI
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treatment for patients with clotting disorders, allowing for the development of sate
and consistent protein therapeutics. For example, recombinant activated factor VI
has become widely used for the treatment of major bleeding, such as that which
occurs in paticnts having hacmophilia A or B, deficiency of coagulation Factors X{ or
Y1, defective platelet function, thrombocytopenia, or von Willebrand's disease.
Recombinant factor X is therapeutically useful as well.

[B087] Although such recombinant molecules are effective, there is a need for
improved versions which localize the therapeutic to sites of coagulation, have
improved pharmacokinetic properties, 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 mstant invention refates to chimeric clotting factors which have enhanced
activity. The present invention features infer afia methods for making chimeric
clotting factors, the chimeric clotting factors made using these roethods, and methods
for improving hemostasis using these clotting factors. The chimeric clotting factors
of the invention possess enhanced pharmacokinetic properties, have reduced clearance
rates, have improved manuafacturability, have reduced thrombogenicity, have
enhanced activity, or more than one of these characteristics. In one erabodiment,
improved clotting factors of the invention have increased activity where needed, ¢.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.

{60091 In one aspect, the invention pertains fo a chimeric clotting factor which
comprises a clotting factor selected from the group consisting of FVIL, FIX and FX
and a targeting rooiety which binds to platelets and optionally a spacer moiety
between the clotting factor and the targeting moicty.

{3018} In one embodiment, the clotting factor comprises a structure represented by
the formmala 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 platelets.
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{0011} In one embodiment, the clotting factor comprises a siructure from amino
terminus to carboxy terminus represented by a fornmuila selected from the group
consistingo ABC, CBA

{0612} In one embodiment, the clotting factor exhibits increased goneration of
thrombin in the presence of platelets as compared to an appropriate control lacking
the at least one targeting moiety.

{0013} In one crobodiment, the clotting factor comprises a scaffold moicty and,
optionally, a second spacer moicty.

{3014} In one embodiment, the clotting factor further comprises D and E, wherein D
is a spacer mootety; and E 15 a scattold moiety and wherein the chimeric clotting factor
comprises a structure from aminoe terminus to carboxy terminus represented by a
formula selected from the group consisting ot ABCDEADEBC EDABC C
BADEEDCBA, andCBEDA,

{0015} In one crobodiment, E is a dimaeric Fe region comprising a first Fe moicty, Fl
and a second Fc moiety, F2.

{0016} In one embodiment, the clotting factor is expressad as a polypeptide
comprising a cleavable scFe (csc¥Fe) linker interposed between two Fe moictics,
wherein the cscFc linker is adjacent to at lcast one enzymatic cleavage site which
results in cleavage of the cscFe polypeptide linker.

(6017} In one embodiment, the escFe Hinker is adjacent to at least one enzymatic
cleavage site which results in cleavage of the cscFc linker,

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

[3819] In one embodiment, wherein the polypeptide linker 1s flanked by two
enzymatic cleavage sites which are recognized by the same or by different enzymes.
{60268} In one embodiment, the polypeptide linker has a length of about 10 to about
50 amino acids.

{0021} In one crobodiment, the polypeptide linker has a length of about 20 to about
30 amino acids.

{3022} In one embodiment, the polypeptide linker comprises a gly/ser peptide.
30231 In one embodiment, the gly/ser peptide is of the formula (GlysSerin, or
Ser(GlysSerin wherein n is a posifive integer selected from the group cousisting of 1,

2,3,4,5,6,7,8, 9and 10. In one embodiment, the (Gly, Serin linker is selected
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from the group consisting of {(Gly, Sen)6, Ser{Gly, Ser)6, (Glys Serid and Ser(Glyy
Serid.

{60241 In one embodiment, the clotting factor comprises two polypeptide chains.
{00251 In one embodiment, the chimeric clotting factor has a struture selected from
the group consisting of! A linked to F1 via a spacer moiety and C linked to F2; A
tinked to F1 via a spacer moiety and C linked to F2 via a spacer moicty; A linked to
Fland C 1s linked to F2 via a spacer moiety; A hinked to F1 via a spacer moiety and C
is linked to F2 via a spacer moiety.

{0026} In one embodiment, a chimeric clotttig factor comprises two polypeptides
wherein the first polypeptide comprises the motctics ABFL, ABFLABFL orAB
F1 D C and the sccond polypeptide comprises the moieties CF2, CDFL F2 D G or
F2 D C, wherein the two polvpeptide chains form an Fe region.

(60271 In one embodiment, the targeting moiety is fused to at least one of the
polypeptide chains of the Fe region. In one embodiment, the targeting moicty is fused
to at icast one of Fi and F2 directly. In one embodiment, the targeting moiety is
fused to at least one of F1 and F2 via a spacer moiety. In one embodiment, the
targeting moiety is fused to at least one of F1 and F2 via a cleavable Hinker, In one
embodiment, the targeting moiety is selected from the group consisting of: an
anttbody 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 motiety selectively binds to activated platelets. In one embodiment, the
targeting moiety selectively binds to a target selected from the group consisting of:
GPlba, GPVI, and the nonactive form of GPUb/ITa. In one embodiment, the
targeting moicty selectively binds fo a target selected from the group consisting oft
the active form of GPHb/Ila, P selectin, GMP-33, LAMP-1, LAMP-2, CD40L, and
LOX-1. In one embodiment, the targeting moiety binds to the GPIb complex Tn one
erbodiment, the targeting raoiety 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 consisting oft SCES, MBS,
and AP3.

{3628] In onc embodiment, wherein the clotting factor is Factor VIL

{60291 In one embodiment, the clotting factor is a high specific activity variant of

Factor VI In one embodiment, the clotting facior is Factor IX. In one embodiment,

i
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the clotting factor is a high specific activity variant of Factor [X. In one cmbodiment,
the clotting factor is Factor X, In one embodiment, clotting factor is a high specitic
activity variant of Factor X,

{6038} In one embodiment, the clotting factor is secreted by a cell in active form. In
one embodiment, the clotting factor is activated in vive.

6031} In one embodiment, the chimeric clotting factor comprises a heterologous
enzymatic cleavage site not naturally present in the clothing factor.

{0032} In onec embodiment, the enzymatic cleavage site is genetically fused fo the
amine terminus of the heavy chain moiety of the clotiing factor.

{60331 Tn one embodiment, the clotting tactor comprises a scatfold moicty 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 pertains to a polypeptide comprising FVL,
which FVI comprises a heterologous enzymatic cleavage site activatable by a
component of the clotiing cascade.

(68351 In one embodiment, the polypeptide comprises a scaffold moiety and,
optionally, a spacer moiety.

{3036} In one embodiment, the scaffold moiety is a dimeric Fc region comprising a
first Fo moiety, F1 and a second Fc moiety, F2.

(3037} In one embodiment, the clotting factor comprises two polypeptide chains.
{B038] In one embodiment, the chimeric clotiing factor has a struture selected from
the group consisting of’ the clotting factor linked to the first Fc moiety via a spacer
moiety; the clotting factor linked to the second Fe moiety via a spacer moiety; the
clotting tactor s directly linked to F1; and the clotting factor is directly linked to F2.
{60391 In one embodiment, the chimeric clotting factor further comprises a targeting
moiety.

(0048} In one embodiment, the chimeric clotting factor is synthesized as a single
polypeptide chain comprising a c¢scle linker, In one embodiment, the cseFe linker is
linked to {e.g., directly linked or adjacent to) at least one enzymatic cleavage site
which results in cleavage of the linker.

{30411 In one embodiment, the at least one enzymatic cleavage site is an intracelhular
processing site. in one embodiment, the cscFe linker is flanked by two enzymatic

cleavage sites which are recognized by the same or by different enzymes. In one
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cmbodiment, the cscFe linker has a length of about 10 to about 50 amino acids. In one
embodiment, the cscFe Hinker has a length of about 20 to about 30 anuno acids.
[3042] In one embodiment, the cseFe linker comprises a gly/ser peptide.

6043} In one embodiment, wherein the gly/ser peptide is of the formula (GlyiSerin,
or Ser(Gly,Serin 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 (Glys Serm linker is selected
trom the group consisting of (Glys Send, Ser{Gly, Sen)6, (Glva Seryd and Ser(Glyy
Serd.

{0044} In one embodiment, the clotting factor is a high specific activity variant of
Factor VII, In one erobodiment, the heterologous enzymatic cleavage site present in
the chimeric cloiting factor is cleaved at the site of clot formation. In one
embodiment, the cleavage site is selected from the group consisting of: a factor Xla
cleaveage site, a factor Xa cleavage site, and a thrombin cleavage site. Tn one
crubodiment, the enzymatic cleavage site is genctically fused to the amino terminus of
the heavy chain moiety of the clotting factor.

{3045} In one embodiment, the targeting moiety binds to resting platelets. In one
embodiment, the fargeting moiety selectively binds to activated platelets.

6046} In one embodiment, wherein the targeting motety selectively binds to a target
selected from the group consisting oft GPIba, GPV], and the nonactive form of
GPHb/IHa. In one embodiment, the targeting moiety sclectively binds to a target
selected from the group consisting of! the active forma of GPIb/Ua, P selectin, GMP-
33, LAMP-1, LAMP-2, CD40L, and LOX-1.

{30471 In one embodiment, the scaffold moiety is a protein molecule which increases
the hydrodynamic radius of the chimeric clotting factor. In one embodiment, the
scattold moiety, if present, 1s selected trom the group consisting of albumin and
XTEN®

[B048] In one aspect the invention pertains to a hinear sequence of moieties from
amino terminus to carboxy terminus selected from the group consisting ot AB C; C
BAABCDE ADEBCEDABC, CBADE EDCBA CBEDA,
wherein A an activatable clotting factor, B is absent or is a linker, C is a targeting
moiety, D is absent or is a linker, and E is a scaffold moiety.

30491 Tn one embodiment, the clotting tactor comprises a light and heavy chain of a
clotting factor and cach of the light and heavy chains arc expressed as separate

polypeptide chains.

~-}
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{0058} In one cmbodiment, the invention pertains to a nucleic acid molecule encoding
a chimeric clotting factor of the invention. In one embodiment, the nueleic acid
molecule is present 1o a vector. In one embodiment, the vector further comprises a
nucleotide sequence encoding an enzyme which cleaves at least one of the enzymatic
cleavage sites.

(6051} In one embodiment, the invention pertains to a host cell comprising the
expression vector of the invention. In one embodiment, the host ccll expresses an
enzyme capable of intracellular processing. In onc embodiment, the cnzyme is
endogenous to the cell. In one embodiment, the enzyme is heterologous to the cell.
[3052] In another embodiment, the invention pertains to a method for producing a
chimeric clotting factor comprising culturing the host cell in culture and recovering
the chimeric clotting factor from the medium.

G053} In another embodiment, the invention pertains {0 a processed, heterodimeric
polypeptide comprising two polypeptide chains, whercin said processed,
heterodimeric polypeptide is made by expressing the vector in a cell cultured in celf
culture medium and isolating the mature, heterodimeric polypeptide from the culture
medium.

{60541 In one embodiment, the invention pertains to a composition comprising a
chimeric clotting factor and a pharmaceutically acceptable carrier.

055} In another embodiment, the invention pertaius to a composition comprising
the nucleic acid molecule of the invention and a pharmaceutically acceptable carrier.
{0056} In another embodiment, the invention pertains to a method for improving
hemostasis in a subject, comprising administering the composition of the invention.
{38571 1 one aspect, the invention pertains to an chimeric clotting factor

which comprises a light chain moiety and a heavy chain moiety of a clotiing

factor, and at least one targeting moiety, wherein said targeting moiety (i}
specifically binds to platelets, (31} is not interposed between the light and heavy
chains of the clotting tactor, and wherein said chimeric clotting factor exhibits
increased gencration of thrombin in the presence of platelets as compared to an
appropriate control lacking the at least one targeting moiety.

[B058] Tn another aspect, the invention pertains o an chimeric cloiting factor,

which comprises the moicties A-B-C-D-E in lincar sequence whercin A s a

clotting factor, an activatable clotting factor, or an activated clotting factor; B
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is absent or is a linker; C is a targeting moicty; D is absent or is a linker; and E
is absent or is a scaffold motety.

{60591 Tn still another aspect, the invention pertains to an 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 absentoris a
linker, C is a targeting moiety, D is absent or is a linker, and E is a scaffold
moicty.

{B060] In yet another aspect, the invention pertains to an chimeric clotting
factor, which comprises a linear sequence of moieties from amino terminus to
carboxy terminus selected from the group consisting oft ABF1:F2;
ABFLCDEF2; ABFL:F2DC, ABFIDC:F2DC, wherein A is a clotting factor, an
activatable clotting factor or an activated clotting factor, B is absentor is a
linker, C is a targeting moiety, D is absent or is a linker, and F1 and F2 are
cach an Fe moiety, and : represents dimerization mediated by the Fi and F2
chains of two polypeptide chains,

{60611 In still another aspect, the invention pertains to an 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,

BRIEF DESCRIPTION OF THE DRAWINGS

{0062} Figure | illustrates exemplary chimeric clotting factor constructs comprising a
targeting domain. These exemplary constructs comprise an Fe region.

{60631 Figure 2 ithustrates exemplary chimeric clotting factor constructs comprising a
targeting domain. These exemplary constructs comprise a cleavable single chain Fe
{cscFey 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 exeraplary chimeric clotting tactor constructs which
comprise a targeting domain and wherein the clotting factor moiety lacks a Gla

domain. These exemplary constructs comprise an F¢ region.
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{0065} Figure 4 illustrates exemplary chimeric clotting factor constructs which
comprise a targeting domain and wherein the clotting factor motety lacks a Gla
dorsain. These exemplary constructs comprise a cleavable single chain Fe {cscFc) in
which the scFc linker is processed by a cell in which if is expressed to form a two
chain Fc region.

0066} Figure S illustrates exemplary chimeric clotting factor constructs which are
activated (¢.g., after 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}. These exemplary
constructs coraprise an Fe region. Constructs A, B, and C did not express well in
carly experiments.

{0067} Figure 6 illustrates exemplary chimeric clotting factor constructs which are
activated {c.g., after activation in vitro or by separate expression of the hight and
heavy chains of the clotting factor) or which are activatable, L.¢., comprise a moicty
which is cleavable in vivo at the site of a clot. These exemplary constructs comprise a
cleavable single chain Fe (eseFe) in which the scFc linker is processed by a cell in
which 1t 1s expressed to form a two chain Fe region.

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

6069} 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 ilhustrates 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.

{8071} Figure 10 shows SDS PAGE for purification and activation of FVII-01 1.
{0072} Figure 11 shows SIS PAGE for puritication of active FVH-053,

{0073 Figure 12 shows schematics of FVII-011 and FVII-102 and shows binding of
FVIH-011 and FVI-027 to activated platelets determined by FACS.

{36741 Figure 13 shows thrombin generation assay to measure activity of FVIE-027,
FVIE-011 and Novoseven in the presence of activated platelets.

{60751 Figure 14 shows that PAC-1 climinates increased binding to platelets and

increased rates of thrombin generation associated with FVH-027,
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{0076} Figure 15 shows constructs used in g thrombin gencration assay to measure
activity of FVH-037 and Novoseven in the presence of activated platelets.

{00771 Figure 16 shows a thrombin generafion assay to measure activity of FVII-037
and Novoseven in the presence of activated platelets.

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

{0079} Figure 18 shows a thrombin generation assay to measure activity of FVI-044,
FVIE-045, FVIL-046, FVI-011 and Novoseven in the presence of activated platelets.
{60861 Figure 19 shows the constructs used in the thrombin generation assay to
measure activity of FVIL-047, FVIL-048, FVIL-049, FVIE-011 and Noveseven in the
presence of activated platelets shown in Figure 20.

G081} Figure 20 shows a thrombin generation assay to measure activity of FVII-047,
FVI-048, FVI-049, FVI-011 and Novoseven in the presence of activated platelets,
{0082} Figure 21 shows the construct used in the thrombin gencration assay o
measure activity of FVH-053 and FVI-011 in the presence of activated platelets
shown m Figure 22,

{6083} Figure 22 shows a thrombin gencration assay to measure activity of FVII-053
and FVIE-011 in the presence of activated platelets

{0084} Figure 23 shows that PAC-1 eliminates increased rate of thrombin gencration
associated with FVIE-053

{0085} Figure 24 shows the constructs used in the Western blot analysis of FVIIF¢
species following transient fransfection of HEK 293 cells and protein A pulldown
shown in Figure 25.

{60861 Figure 25 shows Western blot analysis of FVIIFc species following transient
transfection of HEK 293 celis and protein A pulldown,

G087} Figure 26 shows Western blot of protein A immmanoprecipitation following
transient transfection of pSYN-FVI-024 with or without pSYN-PC5-003. Lane |,
pSYN-FVIH-024, non reducing; fane 2, pSYN-FVH-024, non reducing; lane 3, pSYN-
FVIE-024, reducing; lane 4, pSYN-FVII-024, reducing.

0088} Figure 27 shows Western blot analysis {(Fe western) of FVIIFe species
following transient fransfection of HEK 293 celis and protein A pulldown,

{0089 Figure 28 shows FVI-030 and FVH-040 treatment by FXla,

11
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{3090} Figure 29 shows that an FV1iaF¢ variant targeted to active form of GPlIlblla
shows an increased rate of thrombin generation.

{60911 Figure 30 shows a Rotation Thromoboelastometry (ROTEM) assay to measure
the activity of FVII-088 and wild type recombinant FVilaFc in hemophilia A human
blood. Clotting Time, Clot Forming Time and Alpha Angle parameters are shown.
0092} Figure 31 shows exemplary cleavage sites and illustrative positions of such
cleavage sites in activatable clotting factor constructs. In this Figure FVII is used as
an example.

{0093} Figure 32 shows cleavage of the constructs ilfustrated in Figure 31.

[3094] Figure 33 shows additional activatable constructs and a Western blot
ittustrating their cleavage.

{095} Figure 34 shows the results of a thrombin generation assay using the FVII-062
and -090 constructs. FVH-062 1s a negative control which lacks a thrombin cleavage
siie, so the contstruct cannot be activated. FVII-0%0 contains the ALRPR cleavage
site and s0 is activatable by thrombin.

{0096} Figure 35 illustrates the cleavage of high specific activity FVII variants. FVII
heavy chain-Fc and light chain Fe collapse in 1 band because the heavy chain loses a
glycosylation site after insertion of the trypsin 170 foop and becomes smaller.

{0097} Figure 36 illustrates the results of a thrombin gencration assay using FVII-090
and FVIL- 100,

{3098 Figure 37 illustrates the results of a thrombin generation assay using FVII-090
and FVH-115,

{3099} Figure 38 illustrates amidolytic activity of activatable FVIIFC activated with
thrombin. Amudelytic 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, hirudin s added to inhibit thrombin cleavage of the
chromogenic substrate, In this manner, the thromsbin does not interfore with the
ability to detect FVIla activity.

(00106 Figure 39 illustrates the results of an assay measuring activation of FX
by FVIia using substrate S2763, which is not cleaved by FVIa. In this assay, 10 oM
of FX was incubated with FVIaFc for 15 minutes at 37°C. The reaction was

guenched with EDTA and substrate was added. Figure 39 shows the resulits of the
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control experiment which demonstrates that FX activation by FVilaFc can be
detected.

(60161} Figure 40 shows FXa generation 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, FVHFc (100 nM)
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,

[00102] Figure 41 illustrates exemplary activatable construct formats, including
an activatable monomer structure used in FVI-11S, FVI-11S, and FVI-127.

10G103] Figure 42 illustrates the efficiency of thrombin cleavage of activatable
constructs, specifically monomeric (FVH-118 and -119) as compared to the
heterodimeric (FVIL-090).

1001 04] Figure 43 illustrates the results of a thrombin generation assay to
compare wild type activatable FVEHFc (FVI-118) to the high specific activity variant
(FVII-127).

106105} Figure 44 A illustrates several targeted constructs. In this instance, an
SCES scFv which binds to the active conformation of GPHbl{a was included at
various sites in the contruct. Figure 448 illustrates the results of thrombin generation
assays in platelet-rich FVII-deficient plasma using these constructs. N7 is the
Novoseven control. Figure 44C tllustrates the binding of recombinant FVilake
variants to platelets by FACs.

[00106] Figure 45A illustrates several targeted FVila constructs which mclode
AP3, an scFv against GPIbHIa present on resting and activated platelets. Figure 45B
shows the results of thrombin generation assays in platelet-rich FVII-deficient
plasma. Figure 45C shows the results of binding of rFVHaF¢ variants to platelets by
FACS,

{00107] Figure 46A shows several targeted FVUa constructs that target GPlb-
alpha using peptides that bind to that molecule, specifically, the PS4, OS1, and OS82
peptides. Figure 468 shows the resulis of thrombin generation assays in platelet-rich
FVIH-deficient plasma using the C terminal peptide constructs shown i Figure 46A.
[60108] Figure 47 A shows the results of thrombin generation assays in platelet-
rich FVill-deficient plasma using the N terminal peptide constructs shown in Figure

46A. Figure 478 shows a direct comparison of FVI-045 and FVII-04&.
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{001 09] Figure 48 shows the binding of FVI-045 and FVII-048 and wild type
FVIaFc to platelets as determined by FACS. The figure also shows the affinity of the
targeting peptides as reported 1o Bernard ef al. Biochemistry 2008, 47:4674-4682.
100110] Figure 49A shows an exemplary targeted FVIHI construct. Figure 498
shows the results of a thrombin generation assay in FVIH deficient platelet-rich
plasma. In this experiment, the assay was activated with tissue factor (fop panel} or
by platelet activation (bottom panel).

[00111] Figure 50 shows results of an experiment measuring half life of a
targeted FVIH construct comprising a gla domain (FVII-011) and lacking a gla domain
(FVII-02R8).

100112} Figure 51 A shows several FIX construct comprising targeting
moieties, in this case SCES scFv. Figure 518 shows the results of thrombin
generation assays in platelet-rich FiX-deficient plasma using the constructs of Figure
S1A. Figure S1C illustrates that both FIX-068 and FIX-088 have at least 4 times
mare activity than FIX-042 as measured by Thrombin generation.

[00113] Figure 52A shows the results of a thrombin gencration assay
comparing FIX-090 and Benetix. Figure 52B shows that the activity of FIX-090 i
almost 4 times that of Benefix.

[60114] 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.

DETAILED DESCRIPTION OF THE INVENTION

100115] The present invention relates to chimeric clotting tactors. The present
tnvention is based, at least in part, on the development of novel ways to enhance the
efficacy, pharmacokinetic properties, and/or mamufacturability of clotting factors. In
one embodiment, improved cloiting factors of the invention have increased activity
where needed, e.g., by targeting the clotting factor to platelets or by being presentin a
subject in an activatable form (a non-naturally occurring activatable form) that is
activated at the site of clot formation. This can be accomplished, e.g., by targeting the

clotting factors or by making them in an activatable form.
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{001 16] In one embodiment, the subject clotting factors are targeted to the site
of coagulation. By incorporating a targeting moiety which targets the clotting factor
to resting or activated platelets, the activity of a clotting factor can be enhanced. For
example, in the case of factor VI, unlike endogenous FVH that is likely activated by
tissue factor (TF) at endothelial cell surfaces to generate activated factor X (FXa),
exogenous FVia likely generates FXa/FIXa in a TF independent manner, most
effective at the surface of activated platelets where other clotting factors are localized.
However, physiologically FV1la acts at the surface of a TF-bearing cell, such as an
endothelial cell, and has low affinity for platelets. It has been hypothesized that
therapeutic recombinant FVIHa 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 FVIIa is dosed at supra-physiological levels. Therefore,
in the case of FVia, targeting to platelet surfaces could significantly increase the
efficacy of this molecule. Although other clotting factors (e.g. FIX, FVII, FX) have
higher affinity to platelets, these too may exhibit enhanced activity by incorporating
platelet targeting moteties, In addition, FV1a has a relatively short half-life (~2.3
hours) in humans. This short half-hife ikely contributes to the need to dose
recombinant FV s multiple times to control a bleed. Thus, targeting clotting factors,
and in particular FVHa, to platelets improves efficiency.

0117 The targeting moiety can be positioned at a mumber of places in a
chimeric cloting factor. Exemplary structures of targeted chiraerie clotting factors are
set forth, e.g., in Figures 1-4, 7, 8, 17, 19, 21, 44, 46,49, 51, and 53,

60118 In another embodiment, a chimeric cloiting factor of the invention is
made in a form that is activatable at the cite 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 cndogenous
pathways (e.g. antithrombin HI, TFPI), leading to clearance of the active form and a
shott effective half life. Giving higher doses does not solve this problem as it can
resuit in thrombogenic effects. Thus, in one embodiment, the invention pertains to an
“activatable’ chimeric clotting factor constructs which comprise a heterologous
cuzymatic cleavage site not normally present in the clotting factor. These molecules
circulate as enhanced zymogens and have a longer half life due to the lack of
inactivation upon dosing, but can readily be activated at the site of clotting by
cleavage by an enzyme. In one embodiment, such a heterologous enzymatic cleavage
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site is one for an enzyme produced during the clotting cascade. For example, in one
embodiment, the heterologous cleavage site of an activatable construct comprises a
Factor Xla, Xa, or throrabin cleavage site. Exemplary FX1a cleavage sites include,
¢.g... TOSFNDFTR and SYSQTSKLTR. Exemplary thrombin cleavage sites
include, e.g.,; DFLAEGGGVR, TTKIKPR, and ALRPR. In one embodiment, a
heterologous cleavage site is interposed between the light and heavy chains of the
clotting factor. In another embodiment, a heterologous cleavage site 15 not mterposed
between the two chains of the clotting factor. In one embodiment, the heterologous
cleavage site is amino terminal to the heavy chain of the clotting factor,

06119 The heterologous cleavage site s present in a cleavable linker can be
positioned at a number of places in a chimeric cloting factor. Exemplary structures of
activatable chimeric clotting factors are set forth, e.g., in Figures §, 6, 9, 29, 27, 31,
and 41, Exemplary such constructs are activated in the presence of clot formation and
are described in more detail below,

100128 In one embodiment, a chimeric clotting factor of the invention
comprises a scaftold, e.g., to enhance the hydrodynamic radius of the molecule. For
example, a chimeric clotting factor of the invention may be a fusion protein,
Exemplary scaffolds include, ¢.g., FcRn binding moieties {¢.g., complcte Fe regions
or portions thereof which bind to FeRa), single chain Fc regions (ScFc regions, e.g.,
as described 1o US 2008/0260738, WO 2008/012543, or WO 2008/1439545),
cleaveable scFe regions (comprising a csckFe regions as deseribed herein), less
complicated proteins or portions thereof, e.g., XTen polypeptides”, or albumin.
001211 In one embodiment, a chimeric clotting factor of the invention employs
an Fe region or an FeRn binding portion thereof as a scaffold moiety. Inone
embodiment, the Fo moiety to which the chimeric clotting factor is fused is a naturally
accurring {or wild type (W'T})) Fo motety. In another embodiment, the Fo moiety
COMPriSes one or more variations in sequence.

[00122] {n another ernbodiraent, the Fc moicty 8 a scFe moiety (e.g.,
comprising a non-cleavable or a cscFc linker). In a construct comprising a cscFe
linker an unprocessed molecule comprises a cleavable single chain Fe region in which
the component F¢ moieties are genetically-fused in a single polvpeptide chain
forming a functional, single chain, dimeric Fe region. The cscFe linker can link the
Fe moieties that will comprise the dimeric Fc region of the polypeptide in tandem or

may link one Fc moiety to a non-Fc moiety of the construct, e.g., a clotting factor or
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targeting moiety, which is, in furn, linked to a second Fe moiety. The cscFe linker is
fnterposed between the Fo moieties that comprise the scFce region and is flanked by at
least one enzymatic cleavage site, ¢.g., an intracellular enzymatic processing sifes. In
one embodiment, the scFc linker is flanked by two enzymatic cleavage sites 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 ina cell, In another embodiment,
the scFc linker is adjacent fo at least one enzymatic cleaveage site that allows for
excision of the linker in vitro after the polypeptide has been secreted by a cell or
comprises at least one enzymatic cleaveage site that allows for cleavage of the linker
in vivo after the construct is administered fo a subject. Thus, in one embodiment,
although the such a polypeptide comprises scFc region{s) encoded in a single open
reading frame (ORF) as part of one contiguous nuclectide sequence in unprocessad
torm, the escFe inker is enzymatically cleaved (e.g., prior to administration or in vivo
after admunistration), resulting in a polypeptide which is a heterodimeric molecule
comprising an Fc region which is not fused in a single amino acid chain, i.¢., the
resulting processed construct has a Fe region which comprises two polypeptide
chains. In such embodiments, all or substantially all of the linker is excised, while in
some cmbodiments, a portion of the cleavage site may remain, ¢.g., four arginines of
the RRRR cleavage site.

[B6123] In one embodiment, the scFe linker is flanked by two processing sites
for cleavage. The two processing sties can be the same or different. Inone
cmibodiment, at least one processing site is a cluster of basic amino acid residues as
recognized by arginine kex2/furin enzymes. Such enzymes cleave immediately C-
terminal to an arginine residue. In another embodiment, at least one cleavage site is
one that may be cleaved in vivo, for example a cleavage site recognized by thrombin.
[60124] In one embodiment, a chimeric clotting factor of the invention is
manufactured in an activated form in the context of an scFc molecule comprising a
csFe linker, For example, Factor VI, is generally produced recombinantly as a
zyvmogen, 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 1s expressed 1n 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 Fo moieties which are present in a single
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polypeptide chain. In one embodiment, such a construct comprises an scFe
polypeptide linker linking the two Fc moicties of the scFe which is adjacent to at least
one intracellular processing site. Cleavage of such a construct is delayed until late in
the secretory pathway, ¢.g., when the protein colocalizes with active processing
enzymes in the trans-Golgi apparatus.

[B0125] In one embodiment, a cell expressing a construct encoding a
polypeptide of the mvention endogenously expresses an enzyme which cleaves the
sc¥Fc linker at onc or more processing sites resulting in a dimeric molecule comprising
two polypeptide chains. In another embodiment, a cell expressing a construct
encoding a polypeptide of the invention exogenously expresses an enezyme which
cleaves the scFc linker at one or more processing sites,

160126] In one embodiment, a chimeric clotting factor of the mvention can
combine two or more of these features to create an optimized construct ¢.g. targeting
an activatable fusion protein construct to resting platelets, such that it can be activated
ctficiently as well as at a higher local concentration at the site of active coagulation.
Exemplary such combination constructs include chimerie clotting factors that are both
targeted and coraprise an scFe linker for enbanced processing. In another
embodiment, a construct of the invention is targeted and activatable.

[B6127] Exemplary constructs of the invention are illustrated in the
accompanying Figures and sequence Hsting, In one embodiment, the invention
pertains to a polypeptide having the structure as set forth in the Figures. In another
cmbodiment, the invention pertains to a polypeptide having the sequence set forth in
the accompanying sequence listing or the the nucleic acid molecuie encoding such
polypeptides. In one embodiment, the invention pertains to a mature form of a
polypeptide having the sequence set forth in the accompanying sequence listing, 1t
will be understood that these constructs and nucieic acid molecules encoding them
can be used to improve hemostasis in a subject.

[00128] n order to provide a clear understanding of the specification and

claims, the following definitions are provided below.
L Definitions

[60129] As used heretn, the term “protein” or “polypeptide” refers to a polymer

of two or more of the natural amine acids or non-natura! amino acids.
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100138 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 C); glutamine
(Gln or 3); glutamic acid (Glu or E); glycine (Gly or G); histidine (His or H);
isoleucine (lic or 1} leucine {Leu or L); lysine {Lys or K}; methionine {Met or M};
phenylalanine (Phe or Fy; proline (Pro or P); serine (Ser or S); threonine (Thror T);
tryptophan (Trp or W tyrosine (Tyr or Y); and valine (Val or V). Non-traditional
amino acids are also within the scope of the invention and include norleucine,
omithine, norvaline, homoserine, and other amino acid residue analogues such as
those described in Ellman es of. Meth. Enzym. 202:301-336 (1991}, To generate such
nor-naturally occurring amino acid residues, the procedures of Noren e @l Science
244:182 (1989) and Ellman e7 &/, supra, can be used. Briefly, these procedures
involve chemically activating a suppressor tRNA with a non-naturally occurring
amino acid residue 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 tern: “polar amino acid” includes
amino acids that have net zero charge, but have non-zero partial charges in ditferent
portions of their side chains {e.g. M, F, W, S, Y, N, Q, C). These amino acids can
participate in hydrophobic interactions and electrostatic interactions. As used herein,
the term “charged amino acid” inchude amino acids that can have non-zero net charge
on their side chains (e.g. R, K, H, E, D). These amino acids can participate in
hydrophobic interactions and electrostatic interactions.

00131} An "amino acid substitution” refers to the replacement of at least one
existing aming acid residue in a predetermined amino acid sequence (an amino acid
sequence of a starting polypeptide) with a scocond, ditferent "replacement” amino acid
residue.  An "aroino acid insertion” refers fo the incorporation of af least one
additional amino acid into a predctermined amino acid sequence. While the insertion
will usually consist of the insertion of one or two amino acid residues, the present
larger "peptide mnsertions”, can be made, e.g. insertion of about three to about five or
cven up to about ten, fifteen, or twenty amino acid residues. The inserted residue(s)
may be naturally occurring or non-naturally occurring as disclosed above. An "amino
acid deletion” refers to the removal of at least one amino acid residue froma
predetermuned amino acid sequence.

100G132] Polypeptides may be cither monomers or multimers. For example, in

one embodiment, a protein of the invention is a dimer. A dimeric polypeptide of the
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invention may comprise two polypeptide chains or may consist of one polypeptide
chain (e.g., in the case of an scFe molecule}. In one embodiment, the dimers of the
fmvention are homodimers, comprising two identical monoreric subunits or
polypeptides {e.g., two identical Fo moieties or two identical bioclogically active
moieties). In another embodiment, the dimers of the invention are heterodimers,
comprising two non-identical monometic subunits or polypeptides {e.g., comprising
two ditferent clotting factors or portions thereof ot one clotting factor only). See, e.g.,
U.S. patent 7404956, incorporated herein by reference.

[00133] As used herein, the term “polypeptide linkers” refers to a peptide or
polypeptide sequence (¢.g., a synthetic peptide or polypeptide sequence) which
conneets two domains in a linear amino acid sequence of a polypeptide chain, In one
embodiment, the the polypeptides of invention are encoded by nueleic acid molecules
that encode polypeptide hinkers which either divectly or indirectly connect the two Fe
maicties which make up the construct, These linkers are referred to herein as “scFe
linkers” and the scFc linker is interposed between the two Fe moicties of a
polypeptide which comprises it. If the scFc linker connects two Fe moieties
contiguously in the lincar polypeptide sequence, it is a “direct” linkage. In contract,
the scFc linkers may link the first Fc moiety to a binding moiety which is, in turn,
linked to the second Fc moiety, thereby forming an indirect linkage. These scFe
tinkers permit the formation of a single chain genetic construct. In one embodiment,
the polypeptides also comprise enzymatic cleavage sites which result in the scFc
linker being cleavable (a cscFc 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 amine acid chains and substantially lacking
extrancous linker amino acid sequences. [n some embodiments, all or substantially all
of the linker is excised, while in some embodiments, a portion of the cleavage site
may remain, e.g., four arginines of the RRRR cleavage site.

1001 34] {n another ernbodiraent, another tvpe of polypeptide tinker, herein
referred to as a “‘spacer” may be used to connect different moietics, ¢.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 certain 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 moietics. In one embodiment, these linkers are not removed during
processing.

106135} A third type of linker which may be present in a chiroeric clotting
factor of the invention is hercin referred to as a “cleavable linker” which comprises a
heterologous cleavage site {¢.g., a factor Xla, Xa, or thrombin cleavage site) and
which may inchude 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, e.g., placement adjacent to targeting moieties.
In another embodiment, such linkers may be adjacent to a clotting factor or portion
thereof, For example, in one embodiment, a cleavable linker may be fused 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 inchude additional spacer
tinkers at the N terminus of the cleavage site, but requires direct fusion at the C-
termimus of the cleavage site to the amine terminus of the heavy cham of the clotting
factor.

[00136] As used herein, the term “gly-ser polypeptide linker” refers to a
peptide that consists of glycine and serine residues. An excmplary gly/ser
polypeptide linker comprises the amino acid sequence (Glyy Ser), (SEQ 1D NG:4)
Another exemplary gly/ser polypeptide linker comprises the amino acid sequence
S(Glys Ser),

{80137] In oneg embodiment, n=1. In one embodiment, n=2. In anothe
embodiment, n=3, i.¢,, {Glys; Serh. In another embodiment, n=4, i.¢., {Gly,; Serl
(SEQ D NO:6). In another embodiment, n=5. In yet another embodiment, n=6. In
another embodiment, n=7. In yvet another embodiment, n=8. In another embodiment,
n=9, In yet another embodiment, n=10. Another exemplary gly/ser polypeptide
linker comprises the amino acid sequence Ser(GlyaSer), (SEQ 1D NO:26). Inone
embodiment, n=1. In one embodiment, n=2. Tn a preferred embodiment, n=3. In
another embodiment, =4, In another embodiment, n=5. In yet another embodiment,
=0,

[00138] A polypeptide or amino acid sequence "derived from™ a designated
polypeptide or protein refers to the origin of the polypeptide. Preferably, the
polypeptide or amuno acid sequence which is derived from a particular sequence has
an amino acid sequence that is essentially identical to that sequence or a portion

thereof, wherein the portion consists of at least 10-20 amino acids, preferably at least
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20-30 amino acids, more preferably at least 30-50 amino acids, or which is otherwise
identifiable to one of ordinary skill in the art as having s origin in the sequence.
[60139] Polypeptides dertved from another peptide yoay have one or more
mutations relative to the starting polypeptide, ¢.2., one 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
necessarily have less than 100% sequence identity or similarity with the starting
antibody. In a preferred embodiment, the variant will have an amino acid sequence
frora about 75% to less than 100% amino acid sequence identity or simailarity with the
amino acid sequence of the starting polypeptide, more preferably from about 80% to
fess than 100%, more preferably from about 85% to less than 1009, more preferably
from about 90% to less than 100% {e.g., 91%, 92%, 83%, 9494, 95%, 96%, 97%,
98%, 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. Identity
or stmularity with respect to this sequence 15 defined herein as the percentage of amino
acid residucs in the candidate sequence that are identical (7.e. same residue) with the
starting amino acid residues, atter aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent sequence deutity.

[00140] Preforred polypeptides of the invention coraprise an amino acid
sequence {e.g., at least one clotting factor or Fo moiety or domain) derived fron g
human protein sequence. However, polypeptides may comprise one or more amino
acids from another mammalian species. For example, a clotting factor, Fo domain, or
targeting moicty may be derived from a non-human species and included in the
subject polypeptides. Alternatively, one or more amino acids may be present in g
polypeptide which are derived from a non-hursan species. Preferred polypeptides of
the invention are pot omunogenic

[00141] 1t will also be understood 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
example, nucleotide or amino acid substitutions leading to conservative substitutions

or changes at "non-essential” 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
mmmunoglobulin {(e.g., an Fc domain, moiety, or antigen binding site) can be created
by introducing one or more nucleotide substitutions, additions or deletions into the
nucleotide sequence of the imnwnoglobulin such that one or more amino acid
substitutions, additions or deletions are introduced into the encoded protein.
Mutations may be introduced by standard techniques, such as site-directed
mutagenesis and PCR-muediated mutagenesis.

[00142] The polypeptides of the invention may comprise conservative amino
acid substitutions at one or more amino acid residues, e.g., at essential or non-
essential anuno acid residues. A "conservative amino acid substitution” 1s one in
which the amino acid residue is replaced with an amino acid residue having a similar
side chain. Familics of amino acid residues having similar side chains have been
defined i the art, including basic side chains {e.g., lysine, arginine, histidine), acidic
side chains {(e.g., aspartic acid, glutamic acid), uncharged polar side chains {e.g,,
glvcing, asparagine, glutamine, sering, threonine, tyrosine, cysteine), nonpolar side
chains {e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucing) and
aromatic side chains (e.g., tyrosing, phenylalanine, tryptophan, lustidine). Thus, a
nonessential amino acid residue in a polypeptide may be replaced with another amino
acid restdue from the same side chain family. In another embodiment, a string of
amino acids can be replaced with a structurally simdlar string that differs in order
and/or composition of side chain family members. Alternatively, in another
embodiment, mutations may be introduced randomly along all or part of a coding
sequence, such as by saturation mutagenesis, and the resultant mutants can be
mmcorporated into polypeptides of the invention and screened for their ability to bind
to the desired target.

[B0143] In the context of polypeptides, a "linear sequence” or a "sequence” is
the order of amino acids 1o a polypeptide in an amino to carboxyl termainal direction in
which residucs that neighbor cach other in the sequence are contiguous in the primary
structure of the polypeptide.

160144 As used herein, the terms "linked,” "fused”, or "fusion” refer (o linkage
via a peptide bonds {(e.g., genetic fusion), chemical conjugation or other means. For
example, one way in which molecules or moieties can be linked employs polypeptide

timkers which link the molecules or moieties via peptide bonds. The terms
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"eenetically fused,” “genetically linked” or “genetic fusion” are used interchangeably
and reter to the co-linear, covalent linkage or attachment of two or more proteins,
polypeptides, or fragments thereof via their individual peptide backbones, through
genetic expression of a single polynucleotide 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.¢., two or more
open reading frames (ORFs) are fused to form a continuous longer ORF, in a manner
that maintains the correct reading frame of the original ORFs. Thus, the resulting
recombinant fusion protein is a single polypeptide containing two or more protein
segments that correspond to polypeptides encoded by the original ORFs (which
segments are not normally so joined in naturc). In this case, the single polypeptide is
cleaved during processing to yield dimeric molecules comprising two polypeptide
chains.

{001 45] As used herein, the term “Fo region™ 15 detined as the portion of a
polypeptide which corresponds to the Fc region of native immunoglobulin, i.¢., as
formed by the dimeric association of the respective Fo domains of its two heavy
chains. A native F¢ region is homodimeric and comprises two polypeptide chains. In
contrast, the term “genetically-fused Fe region”™ or “single-chain Fe region” {sc¥Fc
region}, as used herein, refers to a synthetic dimeric Fe region comprised of Fc
domains genetically linked within a single polypeptide chain (i.e., encoded in a single
configuous genetic sequence).

001 46] As used herein, the term “Fc domain” refers to the portion of a single
immunoglobulin heavy chain beginning in the hinge region just upstream of the
papain cleavage site (i.c. residue 216 in IgG, taking the fivst residue of heavy chain
constant region to be 114) and ending at the C-terminus of the antibody. Accordingly,
a complete Fc domain comprises at least a hinge domain, a CHZ domain, and a CH3
domain.

[00147] As used herein, the term “Fo domain portion™ or “Feo moiety” includes
an amino acid sequence of an Fc domain or derived from an Fc domain. In certain
embodiments, an Fc moiety comprises at least one of: a hinge {¢.g., upper, middle,
and/or lower hinge region) domain, a CH2 domain, a CH3 domain, a CH4 domain, or
a variant, portion, or fragment thereof. In other embodiments, an Fo motety
comprises a complete Fe domain (i.c., a hinge domain, a CHZ domain, and a CH3

domain}. In one embodiment, a Fo moiety comprises a hinge domain (or portion
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thercof} fused to a CH3 domain {or portion thereof). In another embodiment, an Fe
moiety comprises a CH2 domain (or portion thereof) fused to a CH3 domain (or
portion thereof). To another embodiment, an Fo moiety consists of a CH3 domain or
portion thereof.  In another embodiment, an Fe moiety consists of a hinge domain {(or
portion thereot) and a CH3 domain (or portion thereof). In another embodiment, a Fo
moiety consists of a CH2 domain (or portion thereof) and a CH3 domain. In another
crbodiment, a Fo moiety consists of a hinge domain (or portion thercof) and a CH2
domain (or portion thereof). In one cmbodiment, an Fe moiety lacks at least a portion
of a CHZ domain {¢.g., all or part of a CHZ domain).

{00148 As used herein, the term “half-life” vefers to a biological half-life of a
particular polypeptide in vive. Half-life may be represented by the time required for
half the quantity administered to a subject to be cleared from the circulation and/or
other tissues in the animal. When a clearance curve of a given polypeptide is
constructed as a function of time, the curve is usually hiphasic with a rapid e-phase
and longer f-phase. The a-phase typically represents an equilibration of the
administered Fe polypeptide between the intra- and extra-vascular space and is, in
part, determined by the size of the polypeptide. The B-phase typically represents the
catabolism of the polypeptide in the intravascular space. Therefore, in a preferred
embodiment, the term half-life as used herein refers to the halt-life of the polypeptide
in the §-phase. The typical B phase half-life of a human antibody in humans is 21
days.

[0606149] As used herein the term “moiety” refers to a component part or
constituent of a chimeric polypeptide.

[00150] As used herein, the term “targeting moiety” refers o a molecule,
fragment thereof or a component of a polypeptide which localizes or directs the
polypeptides of the invention to a desired site or cell. In one embodiment, a construct
of the invention comprises a “targeting moiety” which enhances the activity of the
polypeptide, ¢.g., by localizing the molecule to a desired site. Such a moiety may be,
e.g., an antibody or variant thereot {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 ligand 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 to a construct, chemically conjugated to the construct
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or linked to the construct via a spacer. For example, targeting moietics may be
attached to a construet of the invention by formation of a bond between the targeting
moiety and an Fo motety of a construct, where the targeting moiety corprises a first
functional group and the Fc moicty 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., U.S. patent 7381408). In one embodiment, a targeting
maicty binds to platelets. Exemplary targeting moieties are described in more detail
below.

{00151 In one embodiment a targeting moiety for use in a construct of the
fvention comprises an antibody variant, The term “antibody variant” or “modified
antibody” includes an antibody which does not occur in nature and which has an
amino acid sequence or amino acid side chain chemistry which differs from that of a
naturally-derived antibody by at least one amino acid or amine acid modification as
described herein. As used herein, the term “antibody variant” includes synthetic
forms of antibodies which are altered such that they are not naturally occurring, ¢.3.,
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 {e.g., bispecific, frispecific, eic.} altered to bind to two or more different
antigens or to different epitopes on a single antigen); heavy chain molecules joined to
scFv molecules; single-chain antibodies; diabodics; tnabodies; and antibodies with
altered effector function and the like.

I00152] As used herein the ferm “scFv molecule” includes binding molecules
which consist of one light chain variable domain (VL) or portion thereot, and one
heavy chamn variable domain (VH) or portion thercot, wherein each variable domain
{or portion thereot) is derived trom the same or ditferent antibodies. scFv molecules
preferably comprise an scFv linker interposed between the VH domain and the VL
domain. ScFv molecules are known in the art and are described, e.g., in US patent
5,892,019, Ho et al. 1989, Gene 77:51; Bird ef al. 1988 Science 242:423; Pantoliano
etal. 1991, Riochemistry 30:10117; Milenic et al. 1991, Cancer Research 51.6363;
Takkinen et al. 1991, Protein Engineering 4:837.

[061583] A “scFv hinker” as used herein refers to a moietly inferposed between
the VL and VH domains of the scFv. scFv linkers preferably maintain the scFv
molecule in a antigen binding conformation. In onc embodiment, a scFv linker

comprises or consists of an scFv linker peptide. In certain embodiments, a scFv linker
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peptide comprises or consists of a gly-ser polypeptide linker. In other embodiments, a
scFv tinker comprises a disultide bond.

100154} The term “glycosylation” refers to the covalent linking of one or more
carbohydrates to a polypeptide. Typically, ghycosylation is a posttransiational event
which can occur within the intraceHular milicu of a cell or extract therefrom. The
term glycosylation includes, for example, N-linked glycosylation (where one or more
sugars are linked to an asparagine residue) and/or O-linked glveosylation (where one
or more sugars are linked to an amino acid residuc having a hydroxyl group (e.g.,
serine or threonine}. In one embodiment, a molecule of the invention is glycosylated.
I another erobodiment, a molecule of the invention s aglycosylated. In yet another
embodiment, a molecule of the invention has reduced glycosylation as compared to
that in a wild type Fc region.

[BP1585] As used herein the term “disulfide bond” includes the covalent bond
formed between two sulfur atoms. The amino acid cysteine comprises a thiol group
that can form a disulfide bond or bridge with a second thiol group. In most naturally
occurring [gG molecules, the CHI and CL regions are linked by native disulfide
bonds and the two heavy chains are linked by two native disulfide bonds at positions
corresponding to 239 and 242 using the Kabat numbering system {position 226 or
229, EU numbering system).

[B3156] The term “vector” or “expression vector” is used herein to mean
vectors used in accordance with the present invention as a vehicle for introducing into
and expressing a desired polynucleotide in a cell. As known to those skilled in the art,
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 restriction sites to facilitate cloning of the
desired gene and the ability to enter and/or replicate in cukaryotic or prokaryotic cells.
D057 Numerous expression vector systoms may be employed to produce the
chimeric clotting factors of the invention. For example, one class of vector utilizes
DNA eclements which are derived from animal virases such as bovine papilloma virus,
polyoma virus, adenovirus, vaccinia viras, baculovirus, retroviruses (RSY, MMTV or
MOMLV} or SV40 virus, Additionally, cells which have integrated the DNA into
their chromosomes may be selected by introducing one or more markers which allow
selection of transfected host cells. The marker may provide for prototrophy to an

auxotrophic host, biocide resistance {e.g., antibiotics) or resistance to heavy metals
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such as copper. The selectable marker gene can either be directly linked to the DNA
sequences to be expressed, or introduced into the same cell by cotranstormation. In
one embodiment, an inducible expression systern can be employed. Additional
clemenis may also be needed for optimal synthesis of mENA. These elements may
inchude signal sequences, splice signals, as well as transcriptional promoters,
enhancers, and termination signals. In one embodiment, a secretion signal, e.g., any
one of several well characterized bacterial leader peptides (e.g., pelB, phoA, or
ompA}, can be fused in-frame to the N ternuinus of a polypeptide of the invention to
obtain optimal secretion of the polypeptide. (Let ef af. (1988), Nasure, 331:543; Better
et al. (1988) Science, 240:1041; Mullinax ¢ al., (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 unless it is clearly specified otherwise. In other words,
recovery of protein from the “cells” may mean either from spun down whole cells, or
frora the cell culture containing both the mediurn 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 preferentially determine particular host
cell lines which are best sutted for the desired gene product to be expressed therein.
Exemplary host cell hines include, but are not limited to, DG44 and DUXBI1
{Chinese Hamster Ovary lines, DHFR minus), HELA (human cervical carcinoma},
CVI (monkey kidney ling), COS (a derivative of CVIE with SV40 T antigen), R1610
(Chinese hamster fibroblast) BALBC/3T3 {(mouse fibroblast), Per(C6 cells), HAK
(hamster kidoey line), SP2/0 (uouse myeloma), P3x63-Ag3.653 (mouse myeloma),
BFA-1c1BPT (bovine endothelial cells), RAH (human lymphocyte) and 293 (human
kidney). Host cell lines are typically available from commereial services, the
American Tissue Culture Collection or trom published literature. The polypeptides of
the tnvention 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-
mammalian microorganisms such as bacteria can also be transformed; 7 e. those
capable of being grown in cultures or ferrentation. Bacteria, which are susceptible to
transformation, inchide members of the enterobacteriaceae, such as strains of

Escherichia coli or Salmoenella; Bacillaceae, such as Bacillus subtilis; Pneumococcus;
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Streptococcus, and Haemophilus influenzae, It will further be appreciated that, when
expressed in bacteria, the polypeptides typically become part of inchision bodies. The
polypeptides must be isolated, purified and then assernbled into functional molecules.
[60159] In addition to prokaryotes, cukaryotic 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 commonly
avatlable including Pichia pastoris. For expression in Saccharorayees, the plasmid
YRp7, for example, (Stinchcomb e/ af,, (1979), Nature, 282:39; Kingsman ef @i, {1979},
Gene, 7:141; Tschemper ef al., (1980}, Gene, 11157} is commonly used. This plasmid
already contains the TRPI gene which provides a selection roarker for a mutant strain of
veast lacking the ability to grow in tryptophan, for example ATCC No. 44076 or PEP4-1
{(Jones, (1977), Genretics, 85:12). The presence of the 7o/ lesion as a characteristic of the
yeast host ecll genome then provides an effective enviroument for detecting
transtormation by growth in the absence of tryptophan,

{00160] As used herein the term “endogenous” refers to molecules {e.g. nucleic
acid and/or protein molecules) that are naturally present in a cell. In contrast, the term
“exogenous”or “heterologous” refers to such molecules that are not normally found in a
given context, €.g., in a cell or in a polypeptide. For example, an exogenous or
heterologous molecule may be infroduced into a cell and are only present after
manipulation of the cell, e.g., by transfection or other forms of genetic engineering or a
heterologous amaino acid sequence may be present in a profein o which it 1s not
naturally found.

[Bi61] As used herein, the term “cleavage site” or “enzymatic cleavage site”
refers to a site recognized by an enzyme. Cerfain enzymatic cleavage sites comprise an
matracellular 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 occurs at the site of clot formation. Exemplary such sites
include ¢.g., those recognized by thrombin, Factor Xla or Factor Xa, Exeroplary FXla
cleavage sites include, e.g, TOQSFNDFTR and SVSQTSKLTR. Exemplary thrombin
cleavage sites include, ¢ g, DFLAEGGGVR, TTKIKPR, LVPRG SEQ D NO:35)
and ALRPR. Other enzymatic cleavage sites are known in the art.

361621 As used herein, the term “processing site” or “intraceilular processing site”
refers to a type of enzymatic cleavage site 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 lumen to the trans-Golgi
compartment. Intracellular processing enzymes cleave polypeptides prior to
secretion 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
acid Cleaving Enzyme} family of endopeptidases. These enzymes are localized to the
Golgi membrane and cleave proteins on the carboxyierminal side of the sequence
matif Arg-fany residue]-(Lys or Arg)-Arg. As used herein the “furin” fanuly of
enzymes includes, e.g., furin, PC2, PC1/Pc3, PC4, PACE4, PCS/PCH, and
LPC/PCT/PCE/SPCT. Other processing sites are known in the art.

100163} In constructs that mclude more than one processing or cleavage site, it
will be understood that such sites may be the same or different,

[60164] in vitro production allows scale-up to give large amounts of the desired
altered polypeptides of the invention. Techmiques for mammalian cell cultivation
under tissue culture conditions are known in the art and include homogencous
suspension culture, e.g. in an airlift reactor or in a continuous stirrer reactor, of
immobilized or entrapped cell culture, e.g. in hollow fibers, microcapsules, on agarose
microbeads or ceramic cartridges. I necessary and/or desired, the solutions of
polypeptides can be purified by the customary chromatography methods, for example
gel filtration, ion-exchange chromatography, hydrophobic interaction chromatography
(HIC, chromatography over DEAE-cellulose or affinity chromatography.

[00165] As used herein, the phrase “subject that would benefit from
administration of a polypeptide” includes subjects, such as mammalian subjects, that
would benefit from administration of polypeptides of the invention, e.g., to improve
hemostasis.

100166} A “chimeric protein” or “fusion protein”, as used herein, refers to any
protein comprised of a first amino acid sequence derived from a first source, bonded,
covalently or non-covalently, to a second amino 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 binlogical entitics, or
two different proteins from the same biological entity, or a biclogical entity and a
non-biological entity. A chimeric protein can inclade for example, a protein derived
frora at least 2 different biological sources. A biological source can include any non-
synthetically produced nucleic acid or amino acid sequence (¢.g. 3 genomic or cONA

sequence, a plasmid or viral vector, a native virion or a mutant or analog, as further
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described herein, of any of the above). A synthetic source can include a protein or
nucleic acid sequence produced chesmically and not by a biclogical system (e.g. solid
phase synthesis of amine acid sequences). A chimeric profein can also mclude a
protein derived from at least 2 different synthetic sources or a protein derived from at
feast one biological source and at least one synthetic source. A chimeric protein may
also comprise 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 molecule derived from any source, The chimeric protein may comprisc a
linker molecule between the first and second amino acid sequence or between the first
amino acid sequence and the nucleic acid, or between the first arnino acid sequence
and the small organic or inorganic molecule.
[00167] As used herein, the term “clotting factor,” refers to molecules, or
analogs thereof, naturally oceurring or recombinantly produced which prevent or
decrease the duration of a bleeding episode in a subject. In other words, it means
malecules having pro-clotting activity, i.e., arc responsible for the conversion of
fibrinogen into a8 mesh of inscluble fibrin causing the blood to coagulate or clot.
100168} 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 hemorrhage or bleeding episode.
[B0169] Hemostasis, as used herein, means the stopping or stowing of bleeding
or hemorrhage; or the stopping ot slowing of blood flow through a blood vessel or
body part.
16831 70] Hemostatic disorder, as used herein, means a genctically inherited or
acquired condition characterized by a tendency to hemorrhage, either spontanecusly
or as a result of trauma, due to an impaired ability or inability to form a fibrin clot,
Examples of such disorders include the hemophilias. The three main forms are
hemophilia A (factor VHI deficiency), hemophilia B (factor IX deficiency or
"Christmas disease”} and hemophilia C (factor X1 deficiency, mild bleeding
tendency), Von Willebrand discase, factor Xi deficiency (PTA deficiency), Factor X1
deficiency, deficiencies or structural abnormalities in fibrinogen, prothrombin, Factor
V, Factor VI, Factor X or factor X1, Bemnard-Soulier syndrome is a defect or
deficiency 1 GPIb. GPlb, the receptor for vWF, can be defective and lead to lack of
primary clot formation (primary hemostasis) and increased biceding tendency), and

thrombasthenia of Glanzman and Naegeli (Glanzmann thrombasthenia}. In liver
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failure (acute and chronic forms), there is insutficient production of coagulation
factors by the liver; this may increase bleeding risk.

06171} The chimeric molecules 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 inneed ot a
general hemostatic agent is undergoing, or is about to undergo, surgery. The chimeric
protein of the invention can be administered prior to or after surgery as a prophylactic.
The chimeric protein of the invention can be administered during or after surgery to
conirol an acute bleeding episode. The surgery can inchude, but is not limited to, Hiver
transplantation, liver resection, or stom cell transplantation

{60172 On-demand freatment includes treatment for a bleeding episode,
hemarthrosis, muscle bleed, oral bieed, hemorrhage, hemorrhage into muscles, oral
hemorthage, trauma, trauma capitis (head travma), gastroiniestinal bleeding,
intracranial hemorrhage, intra-abdominal hemorrhage, intrathoracic hemorrhage, bone
fracture, central nervous system bleeding, bleeding in the retropharyngeal space,
bleeding in the retroperitoneal space, or bleeding in the illiopsoas sheath. The subject
may be in need of surgical prophylaxis, peri-operative management, or treatment for
surgery. Such surgeries include, ¢.g., minor surgery, major surgery, tooth extraction,
tonsillectomy, inguinal herniotomy, synovectomy, total knee replacement,
craniotomy, osicosynthesis, frawma surgery, infracranmial surgery, intra-abdominal
surgery, intrathoracic surgery, or joint replacement surgery.

00173 As used herein the ferm "acute bleeding " 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, e.g., the reduction in
severity of a disease or condition; the reduction in the duration of a disease course; the
amchoration of one or more symptoms associated with a discase 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.

i1 Clottinge Factors
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{001 75] In particular, the invention pertains to improved versions of factors
VI, IX, and X. These factors are all structurally related in that in cach the amine
erminal end of the light chain is not amenable to the incorporation of additional
moieties. 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 moieties, i.¢., moietics linked via a cleavage site or moieties which
consist of a cleaveage site, The chimerie clotting factor constructs of the invention
were designed based on these shared propertics and it will be understood that
although factor VIl is often shown to illustrate exemplary embodiments of the
fvention, the subject constructs may be made using factor VI, 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 FVIH, FIX or FX portion to make an
enhanced version of one of these clotting factors.

1001 76] Exemplary chimeric clotting factor constructs of the invention are set
forth in the accompanying Figures. Although the Figures gencrally illustrate the
clotting Factor as a single chain {(in its zymogen form} it will be understood that the
clotting tactor may also be present in it active forma 1n a construct of the invention,
¢.g. as a two chain, disulfide bonded form.

681773 In one embodiment, a chimeric clotting factor of the mvention is
expressed by a cell in active form. In another erbodiment, a chimeric clotting factor
is expressed i inactive form and 15 subsequently activated under appropriate
conditions in vitro 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 clotting factor in fnactive form and the clotting factor is activated in vivo
after administration.

1006178] In one embodiment, an scFe scaffold can be used to produce an active
form of a molecule. Certain clotting factors are produced recombinantly as zymogens
and, therefore, require activation during manufacturing. Active forms of Factors VI,
X, and X are comprised of dimeric molecules in which the heavy and light chain are
linked only by a disulfide bond.

106179] In one embodiment, a chimeric clotting factor is activated prior to
administration to a subject to improve hemostasis, Methods for activating clotting

factors are known in the art, For example, in one embodiment, a chimeric clotting
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factor of the invention is contacted with media containing CaCl, at a concentration of
approximately 5 mM.

{00180 In another embodiment, a chimeric clotting factor of the imvention 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.

{B0181] In another embodiment, the N-terminus of the heavy chain of the
clotting factor is madified to comprise an infracellular processing site which delays
the activation of the clotting factor during synthesis until later in the secretory
pathway, (i.c. until protein colocalizes with active processing enzymes in the trans-
Golgi network), leading to greater productivity. Exemplary such intracellular
processing sites inciude those recognized by furin. Exemplary cleavage sttes for this
family of enzymes mclude an amino acid sequence comprising the motif Arg-Xaa-
Lys/Arg-Arg.

[00182] In a preferred embodiment, an active construct of the mvention is made
in the context of an Fe fusion protein, ¢.g., using an sc¥c linker (¢.g., a cscfc linker).
100183} Exemplary constructs are shown in the accompanying figures.

100G184] In one embodiment, the invention pertains to processed {(¢.g., mature)
polypeptides in which the at least one cleavage site adjacent to an scFc polypeptide
tinker has been cleaved such that the molecule is no longer a single polypeptide chain
such that the polypeptide is coraprised of at least two polypeptide chains (owing to
cieavage at the enzymatic cleavage site(s) P1 and/or P2},

[00185] In one embodiment, such processed polypeptides comprise a clotting
factor or portion thereot linked to the second Fe motety (i.c., the second Fe moiety
when counting from the anuno terminus fo the carboxy termunus prior to cleavage of
the polypeptide linker) which has a frec amino termimus after cleavage of the
polypeptide linker.

{B0186] In one embodiment, a clotting factor attached to the N-terminus of the
second Fo moiety 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 a zymogen requiring further cnzymatic processing of the clotting
factor in order to be fully activated.

10G187] In one embodiment, 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 manufacturing to produce the active form for
administration. In one emibodiment, 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
tight chain of a clotting factor and the heavy chain of a clotting factor separately in the
context of an scFc molecule comprising a cscFe linker. Activation of such a construct
is delayed until late in the secretory pathway during processing, ¢.g., when the protein
colocalizes with active processing enzymes in the trans-Golgi apparatus.

{00188] In one embodiment, a clotting factor of the invention is a mature form
of Factor VI or a variant thereof. Factor VH (FVI, F7; also referred to as Factor 7,
coagulation factor VI, serum factor VII, serum prothrombin conversion accelerator,
SPCA, proconvertin and eptacog alpha) is a serine protease that is part of the
coagulation cascade. FVIE includes a Gla domain, two EGF dorains (EGF-1 and
EGF-2}, and a serine protease domain {or pepiidase S1 domain) that is highly
conserved among all members of the peptidase S1 family of serine proteases, such as
for example with chymotrypsin. FVH occurs as a single chain zymogen, an activated
zymogen-like two-chain polypeptide and a fully activated two-chain form. As used
herein, a "zymogen-like” protein or polypeptide refers to a protein that has been
activated by proteolytic cleavage, but still exhibits properties that are associated with
a zymogen, 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 if is not
bound to tissue factor, the two-chain activated form of FVI is a zymogen-like
protein; 1 retains a conformation similar to the uncleaved FVI zymogen, and, thus,
exhibits very low activity. Upon binding to tissue factor, the two-chain activated form
of FVII undergoces contormational change and acquires its full activity as a
coagulation factor.

{00189] Exeraplary FVII variants include those with increased specific activity,
¢.g., mutations that increase the activity of FVIU by increasing its enzymatic activity
(Kcat or Km). Such variants have been described in the art and include, o.g., mutant
forms of the molecule as described for example in Persson et al. 2001, PNAS
GR8:135R3; Petrovan and Ruf, 2001, 1. Biol. Chem. 276:6616; Persson et al. 2001 L
Biol. Chem. 276:29195; Socjima et al. 2001, J. Biol. Chem. 276:17229; Soejima et

al. 2002, J. Biol. Chem. 247:49027. In one embodiment, a variant form of FVH
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inchides the nwitations Exemplary mutations include V158D-E296V-M298Q. In
another embodiment, a variant form of FVII includes a replacement of amino acids
608-619 (LQOSRKVGDSPEN, corresponding to the 170- loop) from the FVI mature
sequence with amino acids EASYPGK from the 170-loop of trypsin. High specific
activity variants of FIX are also known in the art. Fir example, Simioni ot al. (2009
N.E. Journal of Medicine 361:1671) describe an R338L mutation. Chang et al. (1988
JBC 273:12089) and Pierri ¢t al. (2009 Human Gene Therapy 20:479) describe an
R338A mutation. Other mutations are known in the art and include those described,
¢.g., in Zogg and Brandstetter. 2009 Structure 17:1669; Sichler et al. 2003, J. Bish
Chem. 278:4121; and Sturzebecher et al. 1997, FEBS Lett 412:285. The contents of
these references are incorporated herein by reference.

{60G190] Full activation, which cccurs upon conformational change from a
zymogen-like form, cccurs upon binding to is co-factor tissue factor. Also, mutations
can be introduced that result in the conformation change in the absence of tissue
factor. Hence, reference to FVIHa includes both two-chain forms thereof, the
zvmogen-like form and the fully activated two-chain form.

00191 In one embodiment, a clotting factor of the invention is a mature form
of Factor VI or a variant thercof. FVIi functions in the intrinsic pathway of blood
coagulation as a cofactor to accelerate the activation of factor X by factor 1Xa, a
reaction that occurs on a negatively charged phospholipid surface in the presence of
calcium tons, FVII is synthesized as a 2351 amino acid single-chain polvpeptide
having the domain structure A-A2-B-A3-C1-C2. Wehar, G, A, et al,, Nature
312:337-342 {1984 and Toole, 1. J. et al,, Nature 312:342-347 (1984}, The domain
structure of FVIIT is identical to that of the homologous coagulation factor, factor V
(FV). Kane, W. H. ot al,, PNAS (USA} 83:6800-6804 (1986} and Jermy, R. J. et al,,
PNAS (USA) 84:4846-4850 (1987), The FVIHI A-domains are 330 amino acids and
have 40% amino acid identity with cach other and to the A-domain of FV and the
plasroa copper-binding protein cervloplasnun, Takahashy, N, et al,, PNAS (USA)
§1:390-324 (1984). Each C-domain is 150 amino acids and exhibits 40% identity to
the C-domains of FV, and to proteins that bind glycoconjugates and negatively
charged phospholipids. Stubbs, J. D. et al., PNAS (USA) §7:8417-8421 (1990}, The
FVIH B-domain is encoded by a single exon and exhibits hittle homology to any
known protein including FV B-domain. Gitschier, 1. et al,, Nature 312:326-330 (1984)

and Cripe, L. D. et al., Biochemistry 31:3777-3785 (1992).
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[00192] FVI is secreted mto plasma as a heterodimer of a heavy chain

(domains A1-A2-B) and a hight chain (domains A3-C1-C2) associated through a
noncovalent divalent metal ion hinkage between the Al- and A3-domains. In plasma,
FVIH is stabilized by binding to von Willebrand factor. More specifically, the FVIUL
fight chain is bound by noncovalent interactions to a primary binding site in the amino
ermimis of von Willebrand factor. Upon proteolytic activation by thrombin, FVII is
activated to a heterotrimer of 2 heavy chain fragments (A, a 50 kDa fragment, and
A2, a 43 kba fragment) and the light chain (A3-C1-C2, a 73 kba chain}. The active
form of FVIIL (FVIlia) thus consists of an Al-subunit associated through the divalent
metal ton linkage to a thrombin-cleaved A3-C1-C2 light chain and a free AZ subunit
associated with the Al domain through an ion association. Eaton, D, et al,,
Biochemistry 25: 505 (1986} Lollar, P. et al,, . Biol. Chem. 266: 12481 (1991} end
Fay, P. I et al,, I. Biol. Chem. 266: 8357 (1991}, This FVIa heterotrimer is unstable
and subject to rapid inactivation through dissociation of the AZ subunit under
physiological conditions.

[00193] In one embodiment, a clotting factor comprises a B-domain deleted
version of factor VIHL, "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 sites of proteolytic cleavage, e.g., residues Ser741-Arg1 648 of full-length human
Factor VIII. The other human Factor VHT domains are defined by the following
amino acid residues: Al residues Alal-Arg372; A2, residues Ser373-Arg740; A3,
residues Ser1690-Asn2019; Cl, residues Lys2020-Asn2172; C2, residues Ser2173-
Tvr2332. The A3-C1-C2Z sequence includes residues Seri1690-Tyr2332. The
rematning sequence, restdues Glu1649-Arg1689, is usually referved to as the a3 acidic
region. The locations of the boundaries for all of the domains, including the B-
domains, for porcing, mouse and canine Factor VI are also known in the art. In one
embodiment, the B domain of Factor VI is deleted ("B-domain-deleted factor VIII"
or "BDD FVIII™. An example of a BDD FVII is REFACTO" (recombinant BDD
FVIH with S743/(1638 fusion}, which is known in the art,

1003194 A "B-domain-deleted Factor VHI" may have the full or partial
deletions disclosed in U.S. Pat. Nos. 6,316,226, 6,346,513, 7,041,635, 5,789,233,
#,060,447, 5,595,886, 6,228,620, 5,972,885, 6,048,720, 5,543,502, 5,610,278,
5,171,844, 5,112,950, 4 R6R 112, and 6,458,563, each of which is incorporated herein

by reference in its entirety. In some embodiments, a B-domain-deleted Factor VIII
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sequence of the present invention comprises any one of the deletions disclosed at col.
4, line 4 to col. §, line 28 and examples 1-5 of U.S. Pat. No. 6,316,226 (also in US
6,346,513}, In another embodiment, a B-domam deleted Factor VI is the
5743/(31638 B-domain deleted Factor VHI (83 version Factor VIl {e.g., Factor VIII
having a deletion from amino acid 744 to amino acid 1637, e.g., Factor VI having
amine acids 1-743 and amino acids 1638-2332 of SEQ I NQO: 6, 1.e., SEQ I3 NO:
2). In some embodiments, a B-domain-deleted Factor VI of the present invention
has a deletion disclosed at col. 2, lines 26-31 and examples 5-8 of U.8. Patent No.
5,789,203 (also US 6,060,447, US 5,595,886, and US 6,228,620). In some

25 to col, 2, line 40 of US Patent No. 5,972,885; col. 6, lines 1-22 and example | of
LS. Patent no. 6,048,720; col. 2, lines 17-46 of U.S. Patent No. 5,543,502; col. 4, line
22 1o col. S, line 36 of U.S. Patent no. 5,171,844; col. 2, lines 55-68, figure 2, and
cxample 1 of LS, Patent No. §,112,930; col. 2, line 2 to col. 19, line 21 and table 2 of
U.S. Patent No. 4,868,112; col. 2, linc 1 to col. 3, line 19, col. 3, line 40 to col. 4, line
67, col. 7, line 43 to col. 8, line 26, and col. 11, line 5 to col. 13, kne 39 of ULS. Patent
ne. 7,041,635; or col. 4, lines 25-53, of U5, Patent No, 6,458,563, In some
embodiments, a B-domain-deleted Factor V111 has a deletion of most of the B domain,
but still contains amino-terminal sequences of the B domain that are essential for in
vivo proteolytic processing of the primary trausiation product into two polypeptide
chain, as disclosed in WO 91/09122, which is incorporated herein by reference in iis
entirety, In some embodiments, a B-domain-deleted Factor VIU is constructed with a
deletion of amino acids 747-1638, i.e., virtually a complete deletion of the B domain.
Hoeben R.C., et al. J. Biol. Chem. 265 (13): 7T318-7323 (1990), incorporated hercin
by reference in its entirety. A B-domain-deleted Factor VII may also contain a
deletion of amino acids 7711666 or amino acids 868-1562 of Factor VIH, Meulien
P, etal Protein Eng 2(4): 301-6 {1988}, incorporated herein by reference in its
enfirety. Additional B domain deletions that are part of the invention nclude:
deletion of amino acids 982 through 1562 or 760 through 1639 (Toole ef v, Proc.
Nail. Acad. Sci. U.S.A. (1986} 83, 5939-5942%), 797 through 1562 (Eaton, ef al.
Biochemisivy (1986} 25:8343-8347)), 741 through 1646 (Kautman (PCT published
application No. WO 87/04187)), 747-1560 (Sarver, et al, DNA (1987) 6:553-564)),
741 though 1648 (Pasek (PCT application No.88/00831}}, or 816 through 1598 or 741
through 1648 (Lagner (Behring Inst. Mitt. (1988) No 82:16-25, EP 295597)), each of

38



W

[y
(v

[
(¥}

30

WO 2012/006633

which is incorporated herein by reference in its entirety. Each of the foregoing
deletions may be made in any Factor VIH sequence. In one embodiment, the
fvention pertains to a fargeted version of FVIT, wherein the targeting (i) specifically
binds to platelets, (ii) is not interposed between the light and heavy chains of the
clotting tactor, 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 one targeting moiety.

[00195] In one embodiment, a clotting factor of the tnvention is a mature form
of Factor IX or a variant thereof. Factor IX circulates as a 415 amino acid, single
chain plasma zymogen (A. Vysotchin et al., J. Biol. Chom. 268, 8436 (1993)). The
zymogen of FIX is activated by FX1a or by the tissue factor/FV s complex. Specific
cleavages between arginine-alanine 145-146 and arginine-valine 180-181 resultin a
tight chain and a heavy chain linked by a single disulfide bond between cysteine 132
and cysteine 289 (S, Bajaj ot al., Biochemistry 22, 4047 (1983)). The structural
organization of FIX is similar to that of the vitamin K-dependent blood clotting
proteins FVH, FX and protein C (B. Furie and B. Furie, supra). The approximately 45
amino acids of the amino terminus comprise the gamma-carboxyglutamic acid, or gla,
domain. This is followed by two epidermal growth factor homology domains (EGF),
an activation peptide and the catalytic "heavy chain” which is a member of the serine
protease family (A. Vysotchin et al., J. Biol. Chem. 268, 8436 (1993); S. Spitzer et al,,
Biochemical Journal 265, 219 (1990); H. Brandstetier ot al,, Proc. Natl, Acad Sci.
USA 92, 9796 (1995},

1381 96] In one embodiment, 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 58.5 kDa, which s secreted from liver cells into the plasma as a zymogen, Tnthally
factor X is produced as a prepropeptide with a signal peptide consisting in total of 488
aminoe acids. The signal peptide is cleaved off by signal peptidase during export nto
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
Argi82 and Ser183. This processing step also leads concomttantly to the deletion of
the tripeptide Argl80-LysiR1-ArglR2. The resulting secreted factor X zymogen
consists of an N-terminal Hght chain of 139 amino acids (M, 16,200} and a C-terminal

heavy chain of 306 amino acids (M, 42,000) which are covalently linked via a
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disuifide bridge between Cys172 and Cys342. Further postiranslational processing

steps include the .beta.-hydroxylation of Aspi03 as well as N- and O-type

glycosylation.
[60197] It will be understood that in addition to wild type (WT) versions of

these clotting factors or bioclogically active portions thereot, the present invention may
also eraploy precursor truncated forms thercof that have activity, allelic varants and
specics variants, variants encoded by splice variants, and other varniants, including
polypeptides that have at least 40%, 45%, 50%, 55%, 65%, T0%, 75%, 80%, 85%,
0%, 95%, 96%, 97%, 98%, 99% or more sequence identity to the mature form of the
clotting tactor and which retain the ability to promote clot formation, For example,
modified FVH polypeptides and variants thereof which retain at least one activity of g
FVI, such as TF binding, factor X binding, phospholipid binding, and/or coagulant
activity of a FVII may be employved. By retaining activity, the activity can be altered,
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 detectable effect. Exemplary
sequences of clotting factors that can be used in the construcis of the invention are
found i the accompanying sequence listing.

[60198] Exemplary modified polypeptides include, but are not limited to,
tissue-specific isoforms and allelic variants thereof, synthetic molecules prepared by
translation of nucleic acids, proteins generated by chemical synthesis, such as
syntheses that mclude Higation of shorter polypeptides, through recombinant methods,
proteins isolated from human and non-human tissue and cells, chimeric polypeptides
and modified forms thereof. The instant clotting factors may also consist of fragments
or portions of WT molecules that are of sufficient length or include appropriate
regions to retain at least one activity (upon activation if needed) of a full-length
mature polypeptide. Exemplary ¢lotting factor variants are known in the art,

[83199] As used herein, the term “Gla domain” refers to the conserved
membrane binding motif which is pesent In vitanmin K-dependent proteins, such as as
prothrombin, coagulation factors V1, X and X, proteins C, §, and Z. These proteins
require vitamin K for the posttranslational synthesis of g-carboxyglutamic acid, an
amine acid clustered in the N-terminal Gla domain of these proteins. All glutamic
residues present in the domain are potential carboxylation sites and many of them are
therefore modified by carboxylation. In the presence of calcium ions, the Gla domain

interacts with phospholipid membranes that include phosphatidyiserine. The Gla

40

PCT/US2011/043597



W

[y
(v

30

WO 2012/006633 PCT/US2011/043597

domain afso plays a role in binding to the FV1ia cofactor, tissue factor (TF).
Complexed with TF, the Gla domain of FVIla is loaded with seven Ca2+ ions,
projects three hvdrophobic side chains 1o the direction of the cell membrane for
interaction with phospholipids on the ccll surface, and has significant contact with the
{-terminal domain of TF.

[60260] The Gla domain of factor VI comprises the uncommon amino acid -
carboxyghutamic acid (Gla), which plays a vital role in the binding of clotting factors
to negatively charged phospholipid surfaces.

002011 The GLA domain is responsible for the high-affinity binding of
calcium ions. It starts at the N-terminal extremity of the mature form of proteins and
ends with a conserved aromatic residue. A conserved Gla-x(3)-Gla-x-Cys motif is
found in the middle of the domain which seems to be important for substrate
recognition by the carboxylase.

100202] Using stopped-flow fluorescence kinetic measureroents in corabination
with surface plasmon resonance analysis, the (Gla domain has been found to be
important in the sequence of events whereby the protease domain of FVIia initiates
contact with STF (Biochemical and Biophysical Research Communications, 2005,
337:1276). In addition, clearance of clotting factors may be significantly mediated
through Gla interactions, e.g., on liver cells and clearance receptors, e.g., EFCR.
{60203 In one embodiment, {argeted 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 cclls, clearance receptors such as EPCR,
etc. Thus, eliminating the Gla domain has beneficial effects on half life of clotting
factors. Though Gla domain is also generally required for activity by tocalizing
clotting tactors to sifes 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 targeting moiety and lacks a Gla domain.
For example, in the case of Factor VI, the Gla domain is present at the amino
terminus of the light chain and consists of amino acids 1-35. The Gla domains of
exemplary clotting factors are indicated in the accompanying sequence listing. This
domain can be removed using standard molecular biology techniques, replaced with a
targeting domain, and the modified light chain incorporated mio a construct of the
invention. In one embodiment, a cleavage site may be introduced into constructs

lacking a Gla domain to factlitate activation of the molecule. For example, in one
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cmbodiment, such a cleavage site may be introduced between the amino acids that are
cleaved when the clotting factor s 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

160204 In one embodiment, a cleavage sile may be infroduced into constructs
facking & Gla domain to facilitate activation of the molecule. For example, in one
erabodiment, such a cleavage site may be introduced between the amino acids that are
cieaved when the clotting factor is activated (e.g., between amino acids 152 and 153
in the case of Factor VII). Exemplary clotting factors lacking a Gla domain are
shown m the accompanying figures.

100G205] Exemplary clotting factors are those of manunalian, ¢.g., human,
origin. The sequences of exemplary clotting factors are presented in the
accompanying sequence listing, ¢.g., alone or in the context of a chimeric clotting

factor construct.

1. Tarseting Moletics

100206] In one embodiment, a clotting factor of the mvention is targeted to
platelets to enhance its efficacy by localizing the clotting factor to the site of
coagulation using a “targeting moiety” which binds to a target molecule expressed on
platelets. Preferably the targeted molecules are not expressed on cells or tissues other
than platelets, 1.e., the targeting moicties specifically bind to platelets.

[B0207] In one embodiment, receptors/conformations found on resting platelets
are targeted. By doing so, sttes for coagulation could be primed for enhanced
ctficacy. Targeting such molecule may also extend half life of the clotting factor
and/or prevent clearance. Examples of such targets include Gplb of the Gplb/V/X
complex, and GpV1 and nonactive form of GPHb/a.

[BO208] In one embodiment, receptors/conformations only found on activated
platelets are targeted n order to localize the clotting factor to site of active
coagulation. Examples of such targets include, e.g., the active form of Gplib/Hla as
well as CDo2P.

{6209 In one embodiment, a polypeptide of the invention comprises a
“targeting moiety” which has affinity for and binds to platelets, For example, inone
embodiment, a targeting moiety binds to the GPIb complex, ¢.g, GPlb-alpha.

Examples of such targeting moicties include the peptides PS4, 081, and OS2 which
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bind to both active and nonactive platelets (Benard et al, 2008 Biochemistry
47:4674); Tn another erobodiment, a targeting moiety binds to the active
conformation of GPHbI{a. Exaroples of such targeting moicties inlcude SCES and
MBS variable regions which bind active platelets only (Schwarz et al. 2004 FASEB
Journal express article 10.1096/11.04-15134j¢; Schwarz et al. 2006 Circulation
Research. 99:25-33; U.S. Patent publication 20070218067}, In another embodiment,
a targeting moiety binds to both the active/nonactive conformation of GPHbllla. An
example of such a targeting moiety is the variable region of the AP3 antibody
(Peterson ot al. 2003. Hemostasis, Thrombosis, and Vascular Biclogy 101:937; WO
2010115866). Other targets and targeting motetics are known in the art, Another
version of factor IX (the triple mutatnt VBGA/HE2TTA/R338A)} with augmented
clotting activities has been described by Lin et al. 2010, Journal of Thrombuosis and
Haemostasis & 1773). The contents of these references are mncorporated herein by
this reference.

{00210 The chimeric clotting factors of the invention can comprise one or
more than one targeting moiety. Exemplary configurations are set forth in the
accompanying Figures. Additionally, two or more targeting ruoteties may be linked
to each other {e.g., via a spacer) in serics, and the tandem array operably linked to a
construct of the invention. When two or more targeting moieties are present in a
chimeric clotting factor of the invention, the moieties may be the same or different.
00211] In one embodiment, a targeting moiety is fused to a chimeric clotting
factor of the invention by a cleaveable linker which may be cleaved fo remove the
targeting moiety at the site of a clot. In ancther embodiment, a targeting moiety is not
attached via a cleaveable hnker and, therefore, is not cleaved at the site of a clot.
106212} In one embodiment, the targeting moiety is located on the N- or C-
terminus of factor VIIL In another embodiment, a targeting moicty is located on the
C-terminus of FVI, FIX, FX, or the C-terminus of either or both chains of FVIla,
FiXa, of FXa. In embodiments in which an Fo region or portion thereof is employed,
the targeting moicty may be positioned at the N or C terminus of the second Fe chain,
or the C-terminus of either or both Fo chains.

062131 In one embodiment, a targeting moiety is not genetically fused directly
to a construct, but rather is linked via a spacer or a chemical bond to the construct.
For example, targeting moictics may be attached to a construct of the invention by

formation of a bond between the targeting moicty and an Fc moiety of a construct,
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where the targeting moiety comprises a first functional group and the Fc moiety
comprises a second functional group, and where the first and second functional

g, U.S,

o

groups are capable of reacting with each other to forra a chemical bond (see, .
patent 7381408).

[606214] in one embodiment, a polypeptide of the invention comprises at least
one of an antigen binding site {e.g., au antigen binding site of an antibody, antibody
variant, or antibody fragment), a polypeptide, a receptor binding portion of ligand, or
a ligand binding portion of a receptor which specifically binds to platelets, e.g.,
resting or activated platelets.  Exemplary targeting moieties include scFv molecules
or peptides which bind to molecules to be targeted. Examples of fargeting moieties
are found in the instant examples and Figures. Other molecules usetul as targeting
moieties can readily be selected by one of skill in the art based upon the teaching

herein.

A. Antigen Binding Sites Which Bind to Platelets
[B0215] In certain embodiments, a polypeptide of the invention comprises at feast
one antigen binding portion (e.g., binding site) of an antibody. In one embodiment, the
antigen binding portion targets the polypeptide to platelets
[60216] in other embodiments, a a polypeptide of the tnvention may comprise
an antigen binding portion. The term “antigen-binding portion” refers to a
polypeptide fragment of an immunoglobulin, antibody, or antibody variant which
binds antigen or competes with intact antibody (i.e., with the intact antibody trom
which they were derived) for antigen binding (i.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 recorabinant
or biochemical methods that are well known in the art. Exemplary antigen-binding
portions inchude Fv, Fab, Fab’, and (Fab’}; as well as scFv molecules.
00217] {n other embodiments, a chimeric clotting factor of the invention may
comprise a binding site from single chain binding molecule {e.g., a single chain
variable region or scFv). Technigues described for the production of single chain
antibodies (U.S. Pai. No. 4,694,778, Bird, Science 242:423-442 (1988); Huston er al.,
Proc. Natl Acad. Sci. USA 85:5879-5883 (1988); and Ward ef af., Nature 334:544-
554 (1989}) can be adapted to produce single chain binding molecules. Single chain

antibodies are formed by linking the heavy and light chain fragments of the Fv region
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via an amino acid bridge, resulting in a single chain antibody. Techniques for the
assembly of functional Fv fragments in E coli may also be used (Skerra et al., Science
242:1038-1041 (198%)).

100G218] 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 sifes, e g, a ¥V domain linked by a
flexible linker to a Vi domain. The VL and/or VH domains may be derived from any
of the antibodies or antibody variants described supra. ScFv molecules can be
constructed m a Vi-linker-Vy orientation or Vi-linker-Vy orientation. The flexible
tinker that links the V| and Vy domains that make up the antigen binding site
preferably comprises from about 1 to about 50 amino acid residues. In one
embodiment, the polypeptide linker is a gly-ser polvpeptide linker. An exemplary
gly/ser polypeptide linker is of the formula (Gly4Serin, wherein v is a positive integer
(eg, 1,2, 3,4, 5, or 6). Other polypeptide linkers are known in the art,  Antibodies
having single chain variable region sequences (e.g. single chain Fv antibodies) and
methods of making satd single chain antibodies are well-known in the art (see e.g., Ho
ctal. 1989, Gene 77:51; Bird et al. 1988 Science 242:423; Pantoliano et al. 1991,
Biochemistry 30:10117; Milenic et al. 1991, Cancer Research 51:6363; Takkinen ot
al. 1991, Protein Engineering 4:837).

100219] n certain embodiments, a scFv molecule employed in a polypeptide of
the invention is a stabilized scFv molecule. In one embodiment, the stabilized cFv
molecule may comprise a scFv Hnker interposed between a Vyp domain and a Vi,
domain, wherein the Vi and Vi, domains are Hinked by a disulfide bond between an
amino acid in the Vyand 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 vet other embodiments, the stabilized scFv molecule may comprise a
Yy or ¥V, domain having at least one stabilizing amino acid substitution(s). In yet
ancther embodiment, a stabilized scFv molecule may have at least two of the above
listed stabilizing features.

{62201 Stabilized scFv molecules have improved protein stability or impart
improved protein stability to the polypeptide to which it is operably linked. Preterred
scFv linkers of the invention improve the thermal stability of a polypeptide of the

invention by at least about 2°C or 3°C as compared to a conventional polypeptide
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Comparisons can be made, for example, between the scFv molecules of the invention.
In certain preferred embodiments, the stabilized scFv molecule comprises a
{GlysSer)y scFv inker and a disulfide bond which links Vyamino acid 44 and V),
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 8, 2006 or US Patent Application No.
11/725,970, filed on March 19, 2007, each of which is incorporated herein by
reference in its entirety.

{00221} Polypeptides of the invention may comprise a variable region or portion
thereot{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 mammal, e g, murine, guinea pig, primate, rabbit or rat, by immunizing
the mammal with the antigen or a fragment thereof. Sce Harlow & Lane, supra,
incorporated by reference for all purposes. The mumunoglobulin may be generated by
multiple subcutancous or intraperitoneal injoctions of the relevant antigen (e.g., purified
tumor associated antigens or cells or cellular extracts comprising such antigens) and an
adjuvant. This immunization typically elicits an imonune response that comprises
production of antigen-reactive antibodies from activated splenocyies or lymphocytes.
602221 While the variable region may be derived from polyclonal antibodies
harvesied from the serum of an immunized mammal, it is often desirable to 1solate
individual lymphocytes from the spleen, lymph nodes or peripheral blood to provide
homogenous preparations of monoclonal antibodies (MAbs) from which the desired
variable region is derived. Rabbits or guinea pigs are typically used for making
polyelonal antibodies. Mice are typically used for making monoclonal antibodies.
Monoclonal antibodies can be prepared against a fragroent by injecting an anfigen
fragment into 3 mouse, proparing “hybridomas” and screening the hybridomas for an
anttbody that specifically binds to the antigen. In this well known process (Kohler ef
al., (1975}, Nature, 256:495) the relatively short-lived, or mortal, lymphocytes from the
mouse which has been injected with the antigen are fused with an immortal fumor cell
line (e.g. a mysloma cell ling), thus, producing hybrid cells or "hybridomas” which are
both immortal and capable of producing the antibody genctically encoded by the B cell.
The resulting hybrids are segregated into single genetic strains by selection, dilution, and

regrowth with cach individual strain comprising specific genes for the formation of a
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single antibody. They produce antibodies which are homogeneous against a desired
antigen and, in reference to their pure genetic parentage, are termed “monoclonal”.
100223] 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 skifled in the art will appreciate
that reagents, cell lines and media for the formation, selection and growth of hyvbridomas
are commercially available from a mumber of sources and standardized protocols are
well established. Generally, culture medium in which the hybridoma cells are growing
is assaved for production of monoclonal antibodies against the desired antigen.
Preferably, the binding specificity of the monoclonal antibodies produced by hvbridoma
cells is determined by immunoprecipitation or by an /s vifro assay, such as a
radioimmunocassay (RIA) or enzyme-linked immunosorbent assay (ELISA). After
hybridoma cells are identified that produce antihodies of the desired specificity, affinity
and/or activity, the clones may be subcloned by imiting dilution procedures and grown
by standard methods (Goding, Monoclonal Aniibodies: Principles and Practice, pp 59-
103 (Academic Press, 19863). It will further be appreciated that the monocional
antibodics secreted by the subclones may be separated from culture medium, ascites
fluid or serum by conventional purification procedures such as, for example, afiinity
chromatography {e.g., protein-A, protein-(3, or protein-L affinity chromatography?,
hydroxylapatite chromatography, gel electrophoresis, or dialysis.

[00224] Optionally, antibodics may be screened for binding fo platelets of a
specific activation state or to a specific region or desired fragment of the antigen
without binding to other nonoveriapping fragments of the antigen. The latter
screening can be accomplished by determining binding of an antibody to a collection
of deletion mutants of the antigen and deternuning which deletion mutants bind to the
antibody. Binding can be assessed, for example, by Western blot or ELISA. The
smallest fragment to show specific binding to the antibody defines the epitope of the
antihody. Aliernatively, epitope specificity can be determined by a competition assay
is which a test and reference antibody compete for binding to the antigen. If the test
and reference antibodies compete, then they bind to the same epitope or epitopes
sufficiently proximal such that binding of one antibody interferes with binding of the
other.

{60225] DINA encoding the desired monoclonal antibodyor binding site thereof

may be readily isolated and sequenced using any of the conventional procedures
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described supra tor the isolation of constant region domain sequences (e.g., by using
oligonucleotide probes that are capable of binding specifically to genes 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 desired variable
region sequences for incorporation in the polyvpeptides of the invention.

100226] {n other embodiments, the binding site is derived from a fully huraan
antibody. Human or substantially human antibodics may be generated in transgenic
animals (e.g., mice) that are incapable of endogenous immunoglobulin production
(sec e.g., U.S. Pat. Nos. 6,075,181, 5,939,598, 5,591,609 and 5,589,369, cach of
which is incorporated herein by reference). For cxample, it has been described that
the homozygous deletion of the antibody heavy-chain joining region in chimeric and
germ-tine mutant mice results in complete inhibition of cudogenous antibody
production. Transfer of a human imraunoglobulin gene array to such germ line
mutant mice will result in the production of human antibodies upon antigen challenge.
Another preferred means of generating human antibodies using SCID mice is
disclosed in U.S. Pat. No. 5,811,524 which 1s incorporated herein by reference. It will
be appreciated that the genetic material associated with these human antibodies may
also be isolated and manipulated as described herein.

[B0227] In other aspects, the polypeptides of the invention may comprise
antigen binding sites, or portions thereof, derived from modified forms of antibodies.
Exemplary such forms include, ¢.g., minibodies, diabaodies, triabodies, nanobodies,
camelids, Dabs, tetravalent antibodies, intradiabodies (e.g., Jendrevko et 2l 2003, 1
Biol. Chem. 278:47813), fusion proteins {e.g., antibody evtokine fusion proteins,
proteins fused to at least a portion of an Fe receptor), and bispecific antibodies, Other
modified antibodies are described, for example in U.S. Pat, No. 4,745,055; EP
256,654; Faulkner ot al., Nature 298:286 (1982); EP 12(,694; EP 125,023; Morrison,
J dmmun, 123:793 (1979); Kohiler et al., Proc. Natl. Acad. Sci. USA 77:2197 (1980}
Raso et al., Cancer Res. 41:2073 (1981); Morrison ot al., Ann. Rev, Immunol. 2:239
(19844 Morrison, Science 229:1202 (1985}, Morrison et al., Proc. Natl. Acad. Sci.
USA 81:6851 (1984); EP 255,694; EP 266,663; and WO 88/03559. Reassorted
immunoglobulin chaing also are known. See, for example, ULS. Pat. No. 4,444 §78;

WO BR/03565; and EP 68,763 and references cited therein.
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j00228] In another embodiment, a chimeric clotting factor of the invention
comprises an antigen binding site or region which is a diabody or an antigen binding
site derived therefrom. Dhabodies 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 caunot interact. Instead,
the Vi and Vi domain of one polypeptide chain interact with the Vg and Vi domain
(respectively) on a second polypeptide chain (see, for example, WO 02/02781). In
one embodiment, a polypeptide of the invention comprises a diabody which is
operably linked to the N-terminus and/or C-terminus of at least one genetically-fused
Fe region (i.e., scFc region).

[606229] In certain embodiments, a polypeptide of the invention comprises a
single domain binding molecule (e.g. a single domain antibody) as a targeting moicty.
Exemplary single domain molecules include an 1solated heavy chain variable domain
(V) of an antibady, i.¢., a heavy chaim variable domain, without a light chain variable
domain, and an isolated light chain variable domain {Vy) of an antibody, i.e., a light
chain variable domain, without a heavy chain variable domain,. 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 amino acid
residues) as desceribed in Hamers-Casterman, et al,, Nature 363:446-448 (1993}, and
Dumoulin, of al., Protein Science 11:500-515 (2002). Other exemplary single domain
antibodies include single VH or VL domains, also known as Dabs® (Domantis L.4d.,
Cambridge, UK}, Yet other single domain antibodies include shark antibodies {e.g.,
shark Tg-NARs), Shark Tg-NARs comprise a homodimer of one variable domain (V-
NAR) and five C-like constant domains (C-NAR), wherein diversity is concentrated
in an clongated CDR3 region varying from 5 to 23 residues in length. In camelid
species (e.g., Hamas), the heavy chain variable region, referred to as VHH, forms 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 contact surface of VH as compared to the
corresponding region i VHH, (b} a tonger CDR3 m VHH, and (¢} the frequent
accurrence of a disulfide bond between CDR1Y and CDR3 1o VHH. Methods for
making single domain binding molecules are described in US Patent Nos 6,005,079

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

[60230] Exemplary antibodies from which binding sites can be derived for use
in the binding molecules of the invention are known in the art. Examples of such
targeting moieties inlcude SCES and MBO variable regions which bind active
platelets only (Schwarz et al. 2004 FASEB Journal express article 10.1096/{].04-
15134je; Schwarz et al. 2006 Circulation Research., 99:25-33; U5, Patent publication
20070218067). In another embodiment, a targeting moicty binds to both the
active/nonactive conformation of GPIIbilla. 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; W0 20101158663,

B. Moa-Immunoglobulin Platelet Binding Melecules
00231} n certain other embodiments, the polypeptides of the jnvention
comprise one or more platelet binding sites derived from a non-immunoglobulin
binding molecule. As used herein, the term “non-immunoglobulin binding
molecules” are binding molecules whose binding sites comprise a portion {e.g., a
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 molecules
comprising binding sites not derived from antibody molecules inchude receptor
binding sites and ligand binding sites which bind to platelets,
[00232] Nen-immunoglobulin binding molecules may be identified by
selection or isolation of a target-binding variant from a library of binding molecules
having artifictally diversified binding sites. Dhiversified libraries can be generated
ysing completely random approaches (e.g., error-prone PCR, exon shuffling, or
directed evolution} or aided by art-recognized design strategies. For example, amino
acid positions that are usually jnvolved when the binding site interacts with its
cognate target molecule can be randomized by insertion of degenerate codons,
trinucleotides, random peptides, or entire loops at corresponding positions within the
nucleic acid which encodes the binding site (see e.g., U.S. Pub. No. 20040132028).
The location of the amino acid positions can be identified by mmvestigation of the
crystal structure of the binding site in complex with the target molecule. Candidate

posttions for randomization inchide loops, flat surfaces, helices, and binding cavities
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of the binding site. In certain embodiments, amino acids within the binding site that
are tikely candidates for diversification can be identified using technigues known in
the art. Following randomization, the diversitied library may then be subjected to a
selection or screening procedure to obtain binding molecules with the desired binding
characteristics, ¢.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 ribhosome display. In one erabodiment, molecules known in the art to bind
to platelets may be employed i the constructs of the invention. For example,
peptides which bind to GPlba as described in the art (¢.g., PS4, 051, or 0S2) may be
used (Benard et al. 2008, Biochemistry 47:4674-4682).

IV. Activatable Clottine Factors

1062331 Clotting factors given for bypass therapy are efficacious when given in
the activated form, since exogenous clotting factors are often not activated with
sufficient kinetics to be effective. However, they are also rapidly inactivated by
endogenous pathways (e.g., by antithrombin Il or TFPI), leading to clearance of the
active form and a short effective halt life. In one erabodiraent, a chiroeric 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.,

100234] In one embodiment, an activatable construct of the invention comprises
a cleavable linker comprising, e.g., a factor Xia, Xa, or thrombin cleavage site (which
is cleaved by factor Xla, Xa, or thrombin, respectively) leading to formation of the
active form of the clotting factor at the site of a clot. Exemplary factor FXJa cleavage
sites inchude, c.g., TOSFNDFTR and SVSQTSKLTR. Exemplary thrombin cleavage
sites inchude, 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 {upstream, downstream or both} by a spacer moiety.

[B0236] In one embodiment, the cleavable linker is interposed between the light
chain and heavy chain of the clotting factor, In another embodiruent, the cleavable
linker is not interposed between the light chain and heavy chain of the clotting factor.

In one embodiment, the cleavable linker is located amimo terminal to the heavy chain,
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[B0237] Exeraplary activatable constructs are shown in the accompanying

Figures and following Examples.

V. Scaffold Moieties

Some embodiments of the invention comprise a scattold moiety, which can be
selected from, ¢.g., a protein moicty, cacFc region, a Fo moiety, albumin, XTEN, ete.

A. Protein Moicties

In one embodiment, the scattold is a protein moiety. Such a moiety may
comprise a complete protein or a portion therof, or a synthetic molecule. Preferred
protein moteties are of a sufficient molecular size that they improve the half life of a
chimeric clotting factor of the invention 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 2l 20068, 27:1186). In another

erabodiment, alburnin (e.g., human serum albumin) reay be included in a construct of

the invention.

{ 4

1 of sevum albumin scatfold-based protemn libraries. Examples of albumin,

e.g., fragments thereof, that may be used in the present invention are known. ¢.g., U.S.
Patent No. 7,592,010; 11.8. Pateni No. 6,686,179; and Schulte, Thrombosis Res. 124
Suppl. 2:56-88 (2009), cach of which is fncorporated hercin by reference o its
entirety.

B . sclFc Regions
[B3238] In one embodiment, the invention provides for polypeptides
comprising at least one genetically fused Fe region or portion thereof within a single
polypeptide chain (i.c., polypeptides comprising a single-chain Fc (scFc) region) in
one embodiment, comprising a cscFe.
{00239] {n one embodiment, a chimeric clotting factor which comprises a
clotting factor selected from the group consisting of FVI, FIX and FX and a targeting
moicty which binds to platelets and optionally a spacer moiety between the clotting
factor and the targeting motety. In another embodiment, polypeptide comprising FVII,
which FVU comprises a heterologous enzymatic cleavage site activatable by a

component of the clotting cascade.
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100240] In one embodiment, the invention provides unprocessed polypeptides
in which at least two Fo moisties or domains {e.g., 2, 3, 4, 5, 6, or more Fc moiglies or
dorsains) within the same linear polypeptide chain that are capable of folding (e g,
intramolecularly or intermolecularly folding) to form one functional scFe region
which is linked by an Fe polypeptide linker.  For example, in one preferred

10 embodiment, a polypeptide of the invention is capable of binding, via its scFc region,
to at least one Fe receptor {e.g. an FcRn, an FoyR receptor {e.g., FoyRI), ora
complement protein {e.g. Clqg)) in order to improve half life or trigger an immune
effector function (e.g., antibody-dependent cytotoxicity (ADCC), phagocytosis, or
complement-dependent eytotoxicity ({CDCC) and/or to improve manufacturability).

15 (00241} A variety of polypeptides of alternative designs are within the scope of
the invention. For example, in one embodiment, a polypeptide comprises the
moieties:

A-F1-P1-L-P2-B-F2 (1)
160242} in lincar sequence from the amino to carboxy terminus wherein A, if

20 present, 15 a clotting factor or portion thereof, F1 s a fivst Fe moiety or domain, Pl is
an enzymatic cleavage site, L is an ScFe linker, P2 is an enzymatic cleavage site B, if
present, is a clotting factor or portion thereot, F2 is a second Fo moiety or domain and
“-“ represents a peptide bond. Formula (I} 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

[\
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clotting factor. Formula (1) comprises at least a P1 or P2 and optionally both, P1 and
P2, if both present, can be the same or different. Formula (I} comprises at leasta Fi
and F2. Fl and F2, if both present, can be the same or different.

[00243] Exermplary polypeptides according to formula include: A-F1-P1-L-
P2-F2; F1-P1- L-P2-B-F2; A-F1-P1-L-F2; F1-PI-L- B-F2; A-FI- L-P2-F2; and F1-
36 L-P2-B-F2

100244} In one embodiment, F1 and F2 cach comprise a CH2 and CH3 moicty.
{00245] In one embodiment, after cleavage and substantial excision of the
cscFe linker (L), a polypeptide of the invention comprises two polypeptide chains

where the first polypeptide chain comprises A linked to a first Fe motety and where

f )
D

the second polypeptide chain comprises B linked 1o a second Fe moicty, where Fl and
F2 dimerize to form an Fe region. In one embodiment, A and B are optionally present

and are clotiing factors or portions thereof.
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[00246] In one embodiment, A is the Hght chain of a clotting factor and B is the
heavy chain of a clotting factor. Tn one embodiment, B is the light chain of a clotting
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., FVH, FiX or FX. . In one embodiment, such a polypeptide is enzymatically

active upon secretion from a cell.

i}y Fe Moicties or Domains
002471 Fc moieties usetul as F1 and F2 for producing the polypeptides of the
present invention may be obtaimed from a number of different sources, In preforred
embodiments, an Fc moicty of the polypeptide is derived from a human
immunoglobulim. 1t is understood, however, that the Fc moiety may be derived from
an tmmunoglobulin of another mammalian species, including for example, a rodent
{e.g. a mouse, rat, rabbif, guinea pig) or non-human primate (e.g. chimpanzee,
macaque} species. Moreover, the polypeptide Fo domain or portion thercof may be
derived from any immumnoglobulin elass, inchuding IgM, TgG, IgD, 1gA and IgE, and
any immunoglobulin isotype, including IgGl, 1gG2, 1gG3 and 1gG4. In a preferred
embodiment, the human isotype fg(G1 is used.
{60248] A variety of Fc moiety gene sequences (e.g. human constant region
gene sequences) are available in the form of publicly accessible deposits. Constant
region dorsatus coraprising an Fo moiety sequence can be selected having a particular
cffector function (or lacking a particular effector function) or with a particular
meodification to 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 genetic material obtained using any of the
foregoing methods may then be altered or synthesized to obtain polypeptides of the
present invention. It will further be appreciated that the scope of this invention
encompasses alleles, variants and mutations of constant region DNA sequences.
[00249] Fc moiety sequences can be cloned, e.g., using the polymerase chain
reaction and primers which are selected to amplify the domain of interest. To clone
an Fc moiety sequence from an antibody, mRNA can be isolated from hybridoma,
spleen, or lymph cells, reverse transcribed into DNA, and antibody genes amplified

by PCR. PCR amplification methods are described in detail in U.S. Pat. Nos.
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4,683,195; 4,683,202; 4,800,159, 4,965,18%; and in, ¢.g., “PCR Protocols: A Guide to
Methods and Applications” Innis et al. eds., Academic Press, San Diego, CA (1890);
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 hight chain DNA and amino acid sequences. As
discussed above, PCR also may be used to isolate DNA clones encoding the antibody
light and heavy chains. Tn this case the hibraries may be screened by consensus
primers or larger homologous probes, such as mouse constant region probes.
Numerous primer sets suitable for amplification of antibody genes are known in the
art (e.g., 57 primners based on the N-terminal sequence of purified antibodies (Benhar
and Pastan. 1994, Protein Engineering 7:1509); rapid amplification of ¢DNA ends
(Ruberti, F. et al. 1994 J. Imumunol. Methods 173:33); antibody leader sequences
Larrick et al. 1989 Biochem. Biophys. Res. Commun. 160:1250), The cloning of
antibody sequences is further described in Nowman ef of., U.S. Pat. No. 5,658,570, filed
Jamuary 25, 1995, which is incorporated by reference herein.
[B0250] The polypeptides of the invention may comprise two or more Fe
moicties (e.g., 2, 3,4, 5, 6,7, 8,9, 10, or more Fe moieties). These two or more Fe
moicties can form a Fe region. In one embodiment, the Fc moieties may be of
different types. In one embodiment, at least one Fo moiety present in the polypeptide
comprises a hinge domain or portion thereof. In another embodiment, the polypeptide
of the invention comprises at least one Fe 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 portion
thereof. In another embodiment, the polypeptide of the invention comprises at least
one Fo motety which comprises at least one CH4 domain or portion thercof. Tn
another embodiment, the polypeptide of the invention comprises at least one Fe
moiety which comprises at least one hinge domain or portion thercof and at least one
CH2 domain or portion thereof (¢.g, in the hinge-CH2 orientation). In anothe
cmbodiment, the polypeptide of the invention comprises at least one Fe moiety which
comprises at least one CH2 domain or portion thereof and at least one CH3 domain or
portion thereof (e.g, in the CH2-CH3 orientation). Tu another embodiment, the
polypeptide of the invention comprises af least one Fo moiety coraprising 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-CH2, or CH2-CH3-hinge.
60251} In certain embodiments, the polypeptide comprises at least one
complete Fe region derived from onc or more immunogiobulin heavy chains (e.g., an
Fc domain inchuding hinge, CHZ, and CH3 domains, although these need not be
derived from the same antibody). Tn other embodiments, the polypeptide comprises at
least two complete Fe regions derived from one or more immunoglobulin heavy
chains. In preferred embodiments, the complete Fe moiety is derived from a human
[gG immunoglobulin heavy chain {e.g., human IgG1}.
1062521 In another embodiment, a polypeptide of the invention comprises at
least one Fc 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 one Fc moiety comprising a complete
CH2 domain (about amuno acids 231-340 of an antibody Fc region according to EU
umbering). In another embodiment, a polypeptide of the invention comprises at least
one Fc moiety comprising at least 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 Fc moiety comprising a hinge and a CH3 domain. In another embodiment, a
polypeptide of the invention comprises at least one Fc moiety comprising a hinge, a
CHgy, and a CH; domain. In preferred embodiments, the Fe moiety is derived froma
human IgG immunoglobulin heavy chain (e.g., human Ig(G1). In one cmbodiment, an
Fc moiety comprises or consists of amino acids corresponding to EU numbers 221 to
447,
1062531 In another embodiment, a polypeptide of the invention comprises at
least one Fc moicty comprising an FeRn binding partner. An FcRa binding partner is
a molecule or portion thereof that can be specifically bound by the FeRn receptor with
consequent active fransport by the FeRn 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 affinuty with a moderate to high capacity. Typically, binding is considered
specific when the affinity constant KA is higher than 10° 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 binding conditions such as concentration of the molecules, ionic strength
of the solution, terperature, time allowed for binding, concentration of a blocking
agent {(e.g. serum albumin, milk casein}, ctc., may be optimized by a skilled artisan
using routine techniques.

[80254] The FeRn receptor has been isolated from several mammalian species
including humans. The sequences of the human FeRn, monkey FeRn rat FeRa, and
mouse FcRn are known {Story ot al, 1994, §, Exp. Med. 180:2377). The FcRa receptor
binds 1gG (but not other immunoglobulin classes such as IgA, IgM, IgD, and IgF) at
relatively low pH, actively transports the IgG transceltiularly in a luminal 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,
6,086,875; W 03/077834; US2003-0235536A 1) inchiding lung and intestinal
epitheliur (Isracl et al, 1997, Immunology 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 tree surfaces.

1062551 FcRn binding pariners of the present invention encompass molecules
that can be specifically bound by the FcRn receptor including whole 1gG, the Fe
fragment of g5, and other fragments that include the complete binding region of the
FcRa veceplor. The region of the Fe portion of IgG that binds to the FeRn receptor has
been described based on X-ray erystallography (Burmeister ot al. 1994, Nature
372:379). The major contact arca of the Fo with the FcRa is near the junction of the
CH2 and CH3 domains. Fc-FcRn contacts are all within a single Ig heavy chain. The
FcRn binding partners jnchide whole Tg(, 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 of the CH2 domain and aminoe acid restdues 385-387, 428, and 433-436 of the
CH3 domain. References made to amino acid mumbering of immunoglobuling or
immunoglobulin fragments, or regions, are all based on Kabat et al. 1991, Sequences
of Proteins of Immunological Interest, U.S. Department of Public Health, Bethesda,
Md.

[60256] 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 modifications include
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madifications remote from the FcRa contact sites as well as modifications within the
contact sites that preserve or even enhance binding to the FeRu. For example, the
following single amino acid residues in human IgGl Fe (Feyi) can be substituted
without significant loss of Fc binding affinity for FcRn: P238A, 82394, K246A,
K248A, D249A, M252A, T256A, E258A, T260A, DI65A, 532674, H268A, E2684,
10 D270A, E272A, L274A, N276A, Y2T8A, D2ROA, VIR2A, E283A, H2R5A, N286A,
T289A, K290A, R292A, E293A, E294A, (Q295A, Y296F, N297A, S298A, Y300F,
R301A, V3034, V3054, T307A, L309A, Q311A, D3I2A N315A, K317A, E318A,
K320A, K322A, 8324A, K326A, A3270, P3IOA, A3300, PI31A, E333A, K334A,
T335A, S337A, K338A, K340A, Q342A, R344A, E345A, (33474, R355A, E356A,
15 M358A, T359A, K360A, N361A, Q362A, Y373A, S375A, D376A, A378(Q, E380A,
E382A, 53834, N384A, Q3R6A, E3BBA, N38SA, N390A, Y39IF, K30924A, L398A,
S400A, D40TA, D413A, K414A, R4I6A, Q418A, Q419A, NAZIA, V422A, 84244,
E430A, N434A, T437A, Q438A, K439A, S440A, S444A, and K447 A, where for
example P238A represents wildtype proline substituted by alanine at position number
20 238 As an example, one specific embodiment, imcorporates the N297A mutation,
removing a highly conserved N-glycosylation site. In addition to alanine other amino
acids may be substituted for the wildtype aming acids at the positions specified above.
Mutations may be introduced singly into Fe giving rise to more than one hundred

FeRan binding partners distinct from native Fe, Additionally, combinations of two,
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three, or more of these individual mutations may be introduced together, giving rise to
hundreds more FeRn binding partners. Moreover, one of the FcRn 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 Fe, regardless
30 of the biologically active molecule {¢.g., EPO, IFN, Factor VII, Factor IX, T20}.
1062571 Certain of the above mutations may confer new functionality upon the
FeRn binding partner. For example, one embodiment incorporates N297A, removing
a highly conserved N-glycosylation site. The effect of this mutation is to reduce
tmunogenicity, thereby enhancing circulating halt life of the FeRn binding partner,
35 and fo render the FcRn binding pariner incapable of binding to FoyRI, FoyRHA,
FeyRIIB, and FoyRILEA, withowt compromising atfinity for FcRn (Routledge et al.
1995, Transplantation 60:847; Friend et al. 1999, Transplantation 68:1632; Shields et
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al. 1995, J. Biol. Chem. 276:6391). As a further example of new functionality arising
from mutations described above affinity for FeRn may be increased 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 FcRu include T256A, T307A,
10 E3BOA, and N434A (Shields et al. 2001, I Biol. Chem. 276:6591).

{B0258] Additionally, at least three human Fo garoma receptors appear o
recognize a binding site on 1gG 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

?

amino acids 233-236 of human IgG1 "ELLG" to the corresponding sequence from

[y
(v

[gG2 "PVA" (with one amino acid deletion). It has been shown that FeyR1, FoyRIL,
and FeyRIL which mediate various effector functions will not bind to IgGl when
such mutations have been introduced. Ward and Ghetie 1995, Therapeutic
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i

Iramunclogy 2:77 and Arroour et al. 1999, Eur. 1. Irnmunol, 29:2613.

20 {0259 In one embodiment, the FcRn binding partner is a polypeptide
inchuding the sequence PKINSSMISNTP (SEQ 1D NO: 12) and optionally further
mcloding a sequence selected from HQSLGTQ (SEQ 1D NG: 13), HONLSDGK
(SEQ ID NO: 14), HONISDGK (SEQ 1D NO: 24), or VISSHLGQ (SEQ ID NO: 25)
(U.S. Pat. No. 5,739,277}

25 (00268 Two FeRn receptors can bind a single Fe molecule. Crystallographic
data suggest that each FeRn molecule binds a single polypeptide of the Fe
homodimer. In one embodiment, linking the FcRn binding partner, ¢.g., an Fc
fragment of an Ig(3, to a biologically active molecule provides a means of delivering
the biologically active molecule orally, buccally, sublingually, rectally, vaginally, as

30 an aerosol administered nasally or via a pulmonary route, or via an ocular route. In
anather embodiment, the chimeric protein can be administered invasively, e.g.,
sebeutaneously, intravenously,

0062611 The constant region domains or portions thereof making up an Fe

moiety of a polypeptide of the invention may be derived from ditferent
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immunoglobulin molecules. For example, a polypeptide of the invention may
comprise a CH2 domain or portion thereof derived from an IgG1 molecule and a CH3

region or portion thereof derived from an [gG3 melecule. In another example, a
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polypeptide can comprise an F¢ moiety comprising a hinge domain derived, in part,
from an TgG1 molecule and, in part, from an IgG3 molecule. As set forth herein, it
will be understood by one of ordinary skill in the art that an Fc moicty may be altered
such that if varies in amino actd sequence from a naturally occurring antibody
molecuie.

[B0262] In another embodiment, a polypeptide of the fnvention comprises an
scFc¢ region comprising one or more fruncated Fe moicties that are nonctheless
sufficient to confer Fe receptor (FeR) binding properties to the Fe region. For
example, the portion of an Fe domain that binds to FeRa (i.e., the FeRn binding
portion} comprises from about amino acids 282-438 of 1gG1, EU numbering (with the
primary contact sites being amino acids 248, 250-257, 272, 285, 288, 280-291, 30%-
311, and 314 of the CH2 domain and amino acid residues 385-387, 428, and 433-436
of the CH3 domain. Thus, an Fo motety of a polypeptide of the invention may
comprise or consist of an FeRn binding portion. FeRn binding portions may be
derived from heavy chains of any isotype, including IgGl, 1gG2, 1g(G3 and 1gG4. In
one embodiment, an FcRn binding portion from an antibody of the human isotype
IgG1 s used. In another cmbodiment, an FeRun binding pottion from an antibody of
the human isotype 1gG4 is used.

{60263] in one embodiment, a polypeptide of the invention lacks one or more
constant region domains of a complete Fo region, i.e., they are partially or entirely
deleted. In a cortain embodiments polypeptides of the invention will lack an entire
CH2 domain (ACHZ constructs). Those skilled in the art will appreciate that sue
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 Diego) encoding an Ig(Gy human constant region domain {see,
¢.g., WO 02/060955A2 and WO02/096948A2). This exemplary vector is engineered
to delete the CH2 domain and provide a synthetic vector expressing a domain-deleted
IgG; constant region. [t will be noted that these exemplary constructs are preferably
engineered to fuse a binding CH3 domain directly to a hinge region of the respective
Fc domain.

[00264] In other constructs it may be desirable to provide a spacer moiety

between one or more constituent Fe moieties. For example, a spacer 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
doraain has been deleted and the remaining CH3 domain (synthetic or unsynthetic) s
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, Preforably, any linker peptide compatible with the instant invention will be
relatively non-immunogenic and not prevent proper folding of the scFe region.
[00265] In certain embodiments, the polypeptides of the invention may
comprise a dimeric Fe region coraprising Fe moieties of the same, 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 moieties which are of different sequence composition (i.e.,
herem termed a “heterodimeric Fe region™). In one exemplary embodiment, the
heterodimeric Fe region comprises an amino acid substitution in a first Fo moicty
(e.g., an amino acid substitution of Asparagine at EU position 297}, but notina
second Fo moiety,

100266} In certain embodiments, the Fc region is hemi-glycosylated. For
example, the heteromeric scFe region may comprise a first, glycosylated, Fe moiety
{e.g., a glvcosylated CH2 region) and a second, aglveosylated, Fo motety (e.g., an
aglycosylated CH2 region), wherein a linker 18 interposed between the glycosylated
and aglycosylated Fc moictics. In other embodiments, the Fc region is fully
glycosylated, 1.e., all of the Fe moteties are glycosylated. In still further
embodiments, the Fe region may be aglycosylated, i.c., none of the Fe moieties are
glycosylated.

1006267} In certain embodiments, an Fc moicty employed in a polypeptide of the
tnvention is altered, e.g., by amino acid mutation (e.g., addition, deletion, or
substitution). For example, m one embodiment, an Fc moiety has at least one amino
acid substitution as compared to the wild-type Fc from which the Fc moiety is
derived. For example, wherein the Fc moiety is derived from a human IgG1 antibody,
a variant comprises at least one amino acid mutation {e.g., substitution} as compared

|

to a wild type anmino acid at the corresponding position of the human IgGl Fe region.
[60268] The amino acid substitution(s) of an Fc variant may be located 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 i an antibody (as set forth using the EU
numbering convention). Oue of skill in the art can readily generate alignments to
determine what the EU number corresponding to a position in an Fo moiety would be.
{00269 In one embodiment, the Fc variant comprises a substitution at an amino
acid position located in a hinge domain or portion thereof. In another embodiment,
the Fe variant comprises a substitution at an amino acid position located in a CH2
domain or portion thereof. In another embodiment, the Fe variant comprises a
substitution at an amino acid position located in a CH3 domain or portion thereof. In
another embodiment, the Fc variant comprises a substitution at an amino acid position
tocated in a CH4 domain or portion thereof

100G270] In certain embodiments, the polypeptides of the invention comprise an
Fc 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 posttioned from
cach other by an interval of af least 1 amino acid position or more, for example, at
least 2, 3, 4, 5, 6,7, 8,9, or 1 amino acid positions or more. More preferably, the
engineered arino acids are spatially positioned apart from cach other by an interval
of at least 5, 10, 15, 20, or 25 amino acid positions or more.

1602713 In certain embodiments, the F¢ variant confers a change in at least one
effector function imparted by an Fe region comprising said wild-type Fc domain {2.g.,
an tmproverent or reduction in the ability of the Fe region to bind to Fe receptors
{e.g. FeyRI, FoyRI, or FoyRUT) or complement proteins {e.g. Clq), or to trigger
antibody-dependent cytotoxicity {ADCC), phagocytosis, or complement-dependent
cytotoxicity (CDCC)). In other embodiments, the Fe variant provides an engineered
cysteine residue

62721 The polypeptides of the invention may employ art-recognized Fe
variants which is known to impart a change {e.g., an enhancement ot reduction} in
effector function and/or FeR or FoRn binding. Specifically, a binding molecule of the
invention may include, for example, a change {e.g., a substitution) at one or more of
the amino acid posttions disclosed in International PCT Publications WOBE/070838A1,
WOOG/14339A 1, WOOR/GSTETAL, WO9E/232809A1, WO99/51642A1,
WO9G/58572A1, WOO0/09560A2, WOOG/32767A1, WOOG/42072A2,
WO02/44215A2, WOO2/060918A2, WOO3/074569A2, WO04/016750A2,
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WO04/029207A2, WO04/035752A2, WOO4/063351A2, WOO04/074455A2,
WO04/099249A2, WOO05/040217A2, WO04/044859, WODO5/070963A1,
WOOS/HT79RTAZ, WOO5/092925A2, WOOS/1237R0A2, WO06/019447 A1,
WO06/047350A2, and WOU6/085967A2; US Patent Publication Nos.
US2007/0231329, US2007/0231329, US2007/6237765, US2007/03237766,
US2007/0237767, US2007/02431 88, UUS20070248603, US20070286859,
US20080057056 ; or US Patents 5,648,260; 5,739,277; 5,834,250; 5,869,046;
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
mcorporated by reference herein, In one embodiment, the specific change (e.g., the
specific substitution of one or more amino 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 amine acid positions {(e.g., the different
substitution of one or more anmuno acid position disclosed in the art) may be made.
[B0273] In certain cmbodiments, g polypeptide of the invention comprises an
amino acid substitution to an Fc moiety which alters the antigen-independent effector
functions of the antibody, in particular the circulating half-life of the antibody.
100274] Such polypeptides exhibit either increased or decreased binding to
FcRn when compared to polypeptides lacking these substititions and, therefore, have
an tncreased or decreased halt-life in serum, respectively, Fo vartants with improved
affinity for FcRn are anficipated to have longer serum half-lives, and such molecules
have useful applications in methods of treating mammals where long half-lite 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 conirast, Fo variants
with decreased FoRn binding affinity are expected to have shorter half-lives, and such
molecules are also useful, for example, for administration to a mammal where a
shortened circulation time may be advantageous, e.g. for in vivo diagnostic imaging
or in situations where the starting polypeptide has toxic side effects when present in
the circulation for prolonged periods. Fe variants with decreased FoRn binding
treatment of diseases or disorders in pregnant women. In addition, other applications
i which reduced FeRn binding affinity may be desired include those applications i
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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epithelium of kidney glomerult from the vasculature. In another embodiment, the
polypeptides of the invention exhibit reduced transport across the blood brain barrier
(BBB) from the braim, mnio the vascular space.  In one erabodirent, 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
toop” of an Fe moeiety., The FcRn binding loop is comprised of amino acid residues
2803-299 (according to EU numbering) of a wild-type, full-length, Fe moiety. In other
cmbodiments, a polypeptide of the invention having altered FeRn binding affinity
comprises at least one Fo moiety {e.g, one or two Fc moteties) having one or more
amine acid substitutions within the 15 A FeRn “contact zone.” As used herein, the
torm 15 A FoRn “contact zone” includes rosidues at the following positions of a wiid-
type, full-length Fo 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
erabodiments, a polypeptide of the invention having altered FeRn binding affinity
comprises at least one Fo moiety {e.g, one or two Fe moicties) having one or more
amino 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 (c.g., N434A or N434K), and 438, Exemplary amino acid
substitutions which altered FcRn binding activity are disclosed in International PCT
Publication No. WO(5/047327 which is incorporated by reference herein,

[00275] A polypeptide of the mvention may also comprise an art recognized
amino acid substitution which alters the glycosylation of the polypeptide. For
example, the scFc region of the binding polypeptide may comprise an Fe moiety
having a mtation leading to reduced glycosylation {e.g., N- or O-linked
glycosylation) or may comprise an aliered glycoform of the wild-type Fe moicty (e.g.,
a low fiicose or fucose-free glyean).

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

region to bind to Fe receptors {e.g. FoyRI, FeyRI, or FoyRIH) or complement
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proteins {¢.g. C1q), or to frigger immune effector function {¢.g., antibody-dependent
cyvtotoxicity { ADCC), phagocoytosis, or complement-dependent cytotoxicity (CDCC)H).
[60277) In one embodiment, an unprocessed polypeptide of the vention may
comprise a genetically fused Fe region (i.c., scFc region) having two or more of s
constituent Fc moieties independently selected from the Fe moisties described herein.
In one embodiment, the Fo moteties of a dimeric Fo region are the same. In another
cmbodiment, at least two of the Fe moicties are different. For example, the Fe
maoictics of the polypeptides of the invention comprise the same number of amino
acid residues or they may differ in length by one or more amino acid residues (e.g., by
about 5 amino acid residues {e.g., 1, 2, 3, 4, or 5 anmuno acid residues), about 10
residues, about 15 residues, about 20 residues, about 30 residues, about 40 residues, or
about 50 residues). In yet other embodiments, the Fc moieties of the polypeptides of
the imvention moay differ in sequence at one or more amino acid positions, For
example, at least two of the Fc moieties may differ at about § amino acid positions
{e.g., 1,2, 3,4, or 5 amino acid positions}, about 10 positions, 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 o a peptide or
polypeptide sequence {e.g., a synthetic peptide or polypeptide sequence) which
connects two domains in a lincar amino acid sequence of a polypeptide chain. The
polypeptides of invention are encoded by nucleic acid molecules that encode
polypeptide linkers which either directly or indirectly connect the two Fc moicties
which make up the construct,. These linkers are referred to herein as “seFe tinkers”.
f the scFe linker connects two Fo moieties contiguously in the linear polypeptide
sequence, it is a “direct” linkage. In contract, the sc¥Fc linkers may link the first Fe
moiety to a binding moiety which is, in turn, linked to the second Fc moiety, thereby
forming an indirect linkage. These scFe linkers (L) result in the formation of a single
chain genetic construct. However, in one embodiment, the scFc polypeptides also
comprise enzymatic cleavage sites which result in the scFe linker being cleavable {(an
cscFe linker) and, in one embodiment, substantially excised (e.g., during processing
by a cell). Thus, the processed molecule is a dimeric molecule cormaprising at least
two amine acid chains and substantially lacking extrancous linker amino acid

sequences. In some embodiments, all or substantiaily all of the linker is excised,
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while in some embodiments, a portion of the cleavage sitc may remain, ¢.g., four
arginines of the RRRR cleavage site.

[60279] In another embodiment, another type of polypeptide hinker, herein
referred to as a “spacer” may be used to connect different moictics, ¢.g., a clotting
factor or a targeting moiety to an Fo moiety. This type of polypeptide linker may
provide flexibility to the polypeptide molecule. Spacers are not typically cleaved,
however such cleavage may be desirable. Exemplary 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 moieties. In
one embodiment, these linkers are not removed during processing.

100G280] 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 XTa, Xa, or thrombin cleavage site) and which may mclude additional spacer
linkers on either the N terminal of C terounal or both sides of the cleavage site. These
cicavable linkers when incorporated into a clotting factor result in a chimeric
molecule having a heterologous cleavage site. Exemplary locations for such sites are
shown m the accompanying drawings and include, e.g., adjacent fo fargeting moieties,
I another embodiment, such linkers may be adjacent to a clotting factor or portion
thereof. For example, in one embodiment, a cleavable linker may be fused to the N
termimus of the heavy chain of a clotting factor to make an activatable form of the
clotting factor. In such cases, the cleavable linker may tuchude additional spacer
linkers at the N terminus of the cleavage site, but require direct fusion at the C-
terminus of the cleavage site to the amino terminus of the heavy chain of the clotting
factor.

100281} In one embodiment, an unprocessed polypeptide of the instant
invention comprises two or more Fo domains or moieties linked via a cscFc linker to
form an Fe region comprised in a single polypeptide chain. The escFe Hnker is
flanked by at least one enzymatic cleavage site , ¢.g., a site for processing by an
intraceliular 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 ernbodiment, an cscFe linker links FI or F2 to, e.g., a clotting factor,
optionally via a cleavage site.

1006282} As is set forth above, other polypeptide linkers may optionally be used

in a construct of the invention, e.g., to connect a clotting factor or targeting moiety to
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an Fc moiety. One type of pollypeptide linker is referred to here as spacers, Some
exemplary locations of spacers that can be used in conmection with the invention
include, ¢.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 mdependently selected from
clotting factor, scaffold moiety, e.g., Fe, cleavage site, and a targeting moiety.
[00283] In one embodiment, the polypeptide Hoker is synthetic, i.¢., non-
naturally occurring. In one embodiment, a polypeptide linker inchudes peptides {or
polypeptides} (which may or may not be naturally occurring} which comprise an
amino acid sequence that links or genetically fuses a first linear sequence of amino
acids to a second linear sequence of amino acids to which i is not naturally 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 ancther embodiment, the
polypeptide linker may comprise naturally occurring amine acids occurring in a Hoear
sequence that does not occur in nature. In still another embodiment, the polypeptide
tinker may comprise a naturally occurring polypeptide sequence.

[60284] For example, in certain embodiments, a polypeptide linker can be used
to fuse identical Fe moictics, thereby forming a homomeric scFe region. In other
embodiments, a polypeptide linker can be used to fuse different Fe moicties (e.g. a
wild-type Fc moiety and an Fe moiety variant}, thereby forming a heteromeric sc¥Fe
region.

1062851 In another embodiment, a polypeptide linker comprises or consists of a
gly-ser linker, In one embodiment, an scFc or cscFe linker comprises at least a
portion of an immunoglobulin hinge and a gly-ser linker. As used herein, the term
“aly-ser linker” vefers to a peptide that consists of glycine and serine residucs. An
exemplary gly/ser linker comprises an amino acid sequence of the formula (GlySerin
(SEQ 1D NO: 43, wherein is a posttive integer{e.g., 1,2,3,4,5,6, 7,8, 9, 0r 101 A
preferred gly/ser tinker is (GlysSer) 2 (SEQ 1D NG:29), (GlysSer) 4 (SEQ ID NG:6),
or {GlvaSer} e (SEQ 1D NO: 5) Another exemplary gly-ser linker is GGGSSGGGSG
(SEG ID NO: 30). In certain embodiments, said gly-ser linker may be inserted

between two other sequences of the polypeptide linker {e.g., any of the polypeptide
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linker sequences described herein). In other embodiments, a gly-ser linker is attached
at oue ot both ends of another sequence of the polypeptide linker {e.g., any of the
polypeptide linker sequences deseribed herein). In vet other erobodiments, two or
more gly-ser linker are incorporated in series in g polypeptide linker. In one
embodiment, a polypeptide linker of the invention comprises at least a portion of an
upper hinge region {e.g., devived from an 1gG1, 1gG2, 1gG3, or IgG4 molecule), at
least a portion of a middle hinge region {¢.g., derived from an IgGl, 1gG2, 1gG3, or
Ig(G4 molecuie) and a series of gly/ser amino acid residues {e.g., a gly/ser linker such
as {GlysSerny (SEQ 1D NG:4)).

[60286] Polypeptide linkers 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 to about S0 amino acids in length. As used in this context,
the term “about” mdicates +/- two amino acid residues. Since linker length must be a
positive interger, the length of from about 1 to about 30 anino acids in length, means
a length of from 1-3 to 48-52 amino acids in length. In another embodiment, a
polypeptide linker of the invention is from about 10-20 amino acids in length. In
another embodiment, a polypeptide linker of the iavention is from about 15 to about
50 amine acids in fength. In another embodiment, a polypeptide linker of the
invention is from about 20 to about 45 amino acids in length. In another embodiment,
a polypeptide linker of the fnvention is from about 15 to about 35 or about 20 to about
30 amino acids in length, 1o another embodiment, a polypeptide linker of the
invention is from about 1, 2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 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 linker of the invention is 20 or 30 amino acids in length.
[60287] Polypeptide linkers can be introduced into polypeptide sequences using
echniques known in the art. Modifications can be confirmed by DNA sequence
analysis. Plasmid DNA can be used to transform host cells for stable production of

the polypeptides produced.

Vi, Enzymatic Cleavage Sites

[B0288] In one embodiment, one or more enzymatic cleavage site(s) is linked to
¢.g., flanks or is adjacent to, a cscFe linker (L) of an unprocessed polypeptide of the
invention. Such cleavage sites can be upstream or downstream 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 {¢.g., directly or indirectly) to one or both ends of a
cscFe linker (L)
{60289 For example, in one embodiment, a nucleic acid molecule of the
invention specifies a polypeptide represented by the formula:

A-F1-PI-L-P2-B-F2 (D)
[B0290] in linear sequence from the amino to carboxy terminus wherein A, if
present, is a clotting factor or portion thereof, F1 15 a first Fe moiety or domain, P i
an enzymatic cleavage site, L is a cscFc linker, P2 is an enzymatic cleavage site B, if
present, is a clotting factor or portion thereot, F2 is a second Fo moiety or domain and
“-* represents 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
clotting tactor. Formula (I3 comprises at least a P1 or P2 and optionally both. P1 and
P2, if both present, can be the same or different. Formula (I} comprises at least a Fl
and F2. Fl and F2, if both present, can be the same or different.
00291} In another embodiment, a Factor Xla or Xa cleavage site may be
incorporated into a construct of the invention, ¢.g., in a cleavable linker. Exemplary
FXla cleavage sites include, e.g, TQSFNDFTR and SVSQTSKLTR. Exemplary
thrombin cleavage sites include, e.g, DFLAEGGGVR, TTKIKPR, LVPRG SEQ D
NG:35) and ALRPRVVGGA Other useful cleavage sites are known in the art,
[60292] In one embodiment, some portion of the linker may remain after cleavage at
the at least one enzymatic cleavage site. In order to minimize the presence of
extraneous amino acid sequences, two cleavage sites may be included ina
polypeptide of the invention. In 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 arginines of the RRRR cleavage site.

Preparation of Polvpepiides

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

DNA synthesis or by PCR mutagenesis of an earlier prepared polynucieotide.
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[00294] Oligonucleotide-mediated mutagenesis is one method for preparing a
substitution, in-frame jusertion, or alteration {e.g., aliered codon) to introduce a codon
encoding an amino acid substitution {e.g., mto 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
temaplate that incorporates the oligonucleotide primer. Tn one embodiment, genetic
engincering, e.g., primer-based PCR nmutagenesis, is sufficient to incorporate an
alteration, as defined herein, for producing a polynucleotide encoding a polypeptide
of the mvention.

{60G295] For recombinant production, a polynucieotide sequence encoding the
chimeric protein is inserted into an appropriate expression vehicle, 1. . , 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
clements for replication and translation,

[00296] The macleic acid encoding the chimeric protein is inserted into the
vector in proper reading frame. The expression vector is then transfected mto a
suitable target cell which will express the polypeptide. Transfection technigues known
in the art include, but are not limited to, calcium phosphate precipitation (Wigler et al.
1978, Cell 14 : 725) and electroporation (Neumann et al. 1982, EMBG, J. 1 : 841} A
variety of host-expression vector systerns may be utilized to express the chimeric
proteins described herein in cukaryotic cells. In one embodiment, the eukaryotic cell
is an animal cell, including mammalian cells (e, g. 293 cells, PerCo, CHO, BHK, Cos,
Hela cells). When the chimeric protein is expressed in a eukaryotic cell the DNA
encoding the chiraeric protein may also code for a signal sequence that will permit the
chimeric protein to be secreted. One skilled in the art will understand that while the
protein is translated the signal sequence 1s cleaved by the cell to form the mature
chimeric protein. Various signal sequences are known in the art e, g. , native factor
Vil signal sequence, native tactor IX signal sequence and the mouse IgK light chain
signal sequence. Alternatively, where a signal sequence is not included the chimeric
protein can be recovered by lysing the cells,

1062971 The chimeric protein of the invention can be synthesized ina
transgenic animal, such as a rodent, goat, sheep, pig, or cow. The term "transgenic

animals“refers to non-human animals that have incorporated a foreign gene into their
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genome. Because this gene is present in germline tissues, it is passed from parent {0
offspring. Exogenous genes are introduced into single-celled embryos (Brinster et al.
1985, Proc. Natl, Acad.Sci. USA 82 1 4438). Methods of producing fransgenic
animals are known in the art. including fransgenics that produce immunoglobulin
molecules (Wagner et al. 1981, Proc. Nath Acad. Sci. USA 78: 6376; McKnight ot al.
1983, Cell 34 : 335; Brinster et al. 1983, Nature 306: 332; Ritchie et al. 1984, Nature
312: 517, Baldassarre et al. 2003, Theriogenology 59 : 831 ; Robl et al, 2003,
Theriogenology 59: 107; Malassagne ot al. 2003, Xenotransplantation 10 (3}, 267).
[B0298] The expression vectors can encode for tags that permit for easy
purification or identification of the recombinantly produced protein, Examples
include, but are not limited fo, vector pUR27Y (Ruther ot 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)
tag. These proteins are usually soluble and can casily be purified from celis by
adsorption to ghitathione-agarose beads followed by elution in the presence of free
glutathione, The vectors include cleavage sites (e, g. PreCisston Protease (Pharmacia,
Peapack, N. 1. }) for casy removal of the tag after purification.

[0606299] For the purposes of this invention, numerous expression vector systems
may be employed. These expression vectors are typically replicable in the host
organisms cither as episomes ot as an infogral part of the host chromosomal DNA.
Expression vectors may include expression control sequences including, but not
limited to, promoters (e.g., naturaliy-associated or heterologous promoters),
cuhancers, signal sequences, splice signals, enhancer elements, and transcription
termination sequences. Preferably, the expression control sequences are eukaryotic
promoter systems in vectors capable of transforming or transfecting cukaryotic host
cells. Expression vectors may also utilize DNA elements which are derived from
animal viruses such as bovine papilloma virus, polyoma virus, adenovirus, vaccinia
virus, baculovirus, retroviruses {RSV, MMTVY or MOMLYV), cytomegalovirus
(CMV), or SV40 virus. Others involve the use of polyeistronic systems with internal
ribosome binding sites.

1003001 Commonly, expression vectors contain selection markers (e.g.,
ampicillin-resistance, hygromycin-resistance, tetracycline resistance or neomycin

resistance} to permit detection of those cells transformed with the desired DNA
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sequences {see, e.g., ltakura e7 af., US Patent 4,704,362}, Cells which have
jntegrated the DNA into thetr chromosomes may be selected by introducing one or
more markers which allow sclection of transfected host cells, The marker may
provide for prototrophy fo an auxotrophic host, biocide resistance {e.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 into the same cell
by cotransformation.

30381} A preferred expression vector is NEOSPLA (U.S. Patent No.
6,159,730}, This vector contains the cytomegalovirus promoter/enhancer, the mouse
beta globin major promoter, the SV40 ongin of replication, the bovine growth
hormone polyadenylation sequence, neomycin phosphotransierase cxon | and exon 2,
the dihydrofolate reductase gene and leader sequence. This vecior has been found io
result in very high level expression of antibodies upon incorporation of variable and
constant region genes, transfection in cells, followed by selection in G418 containing
medium and methotrexate amplification. Vector systoms are also taught in U.S. Pat.
Nos. 5,736,137 and 5,658,570, cach of which is incorporated by reference in its
cutirety herein. This system provides for high expression levels, e.g., > 30
pe/cell/day. Other exemplary vector systems are disclosed e.g., in U.8. Patent No.
6,413,777,

[B0302] In other embodiments the polypeptides of the invention of the instant
mvention may be expressed using polycistronic constructs, In these expression
systems, 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 high 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
incorporated herein. Those skilled in the art will appreciate that such expression
systems may be used to effectively produce the full range of polypeptides disclosed in
the instant application.

[B0303] More generally, once the vector or DNA sequence encoding a
polypeptide has been prepared, the expression vector may be introduced into an
appropriate host cell. That is, the host cells may be transformed. Introduction of the
plasmid into the host cell can be accomplished by various techniques well known fo

those of skill in the art. These include, but are not limited to, ransfection (including
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clectrophoresis and olectroporation}, protoplast fusion, calcium phosphate
precipitation, cell fusion with enveloped DNA, micromjection, and infection with
fntact virus. See, Ridgway, A. A, G. "Mammalian Expression Veciors" Chapter 24.2,
pp. 470-472 Vectors, Rodriguez and Denhardt, Eds. (Butterworths, Boston, Mass.
1988). Most preferably, plasmid introduction into the host is via clectroporation. The
transformed cells are grown under conditions appropriate to the production of the
light chains and heavy chains, and assayed tor heavy and/or light chain protein
synthesis. Exemplary assay techniques include enzyme-linked immunosorbent assay
(ELISA), radicimmunocassay (RIA), or flourescence-activated cell sorter analysis
(FACS), immunohistochemistry and the like.

{60304] As used herein, the term “transformation” shall be used in a broad
sense to refer to the introduction of DNA into a recipient host cell that changes the
genotype and consequently results in a change in the recipient cell.

{B0305] Along those same lines, “host cells” refers to cells that have been
transformed with vectors constructed using recombinant DNA technigues and
encoding at least one heterologous gene. In descriptions of processes for isolation of
polypeptides from recombinant hosts, the torms "cell” and "cell culture” are used
interchangeably to denote the source of polypeptide unless it s clearly specified
otherwise. In other words, recovery of polypeptide from the "cells” may mean either
from spun down whole cells, or from the cell culture containing both the mediom and
the suspended cells.

[30366] The host cell line used for protein expression is most preferably of
mammalian origin; those skilled 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 cxpressed therein. Exemplary host cell lines include, but are not Hmited to,
2G44 and DUXB11 (Chinese Hamster Ovary lines, DHFR minus), HELA (human
cervical carcinoma}, CVI {monkey kidney Hine), COS (a dertvative of CVI with SV40
T antigen}, R1610 (Chinese hamster fibroblast) BALBC/3T3 (mouse fibroblast),
HAK (hamster kidney line}, SP2/0 (mousce myeloma), P3 times.63-Ag3.653 {mousc
myeloma), BFA-1c1BPT (bovine endothelial celis), RAJ (human lymphocyte),
Per(Co, and 293 (human kidney). Host cell lines are typically available from
commercial services, the American Tissue Culture Collection or from published

fiterature.
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[30387] In one embodiment, a host cell endogenously expresses an enzyme {or
the enzymes) necessary to cleave an scFe linker (e.g., if such a linker is present and
contains intracellular processing site(s)) during processing fo form the mature
polyptide. During this processing, the scFc linker may be substantially removed to
reduce the presence of extraneous amino acids. In another embodiment of the
tnvention, a host cell is transformed to express one or more enzymes which are
exagenous to the cell such that processing of an scFc linker occurs or is improved.
[B0308] In one embodiment an enzyme which may be endogencusly or
exogenously expressed by a cell is a member of the furin family of enzymes.
Complete ¢cDNA and amino acid sequences of human furin (L.e., PACE) were
published in 1990, Van den Quweland A M et al. (1990) Nucleic Acids Res. 18:664;
Erratum in: Nucleic Acids Res. 18:1332 {1990,

{68309 U.S. Pat. No. 5,460,950, 1ssued to Barr et al., describes recombinant
PACE and the coexpression of PACE with a substrate precursor polypeptide of a
heterologous protein to improve expression of active, mature heterologous protein.
100319 U.S. Pat. No. 5,935,815, issued {o van de Ven ot al., likewise describes
recombinant human furin (i.c., PACE) and the coexpression of furin with a substrate
precursor polypeptide of g heterologous protein to improve expression of active,
mature heterologous protein. Possible substrate precursors disclosed in this patent
include a precursor of Factor IX. Other family members in the mammalian furin/
subtilisin/Kex2p-like proprotein convertase (PC) fanuly in addition to PACE are
reported to include PCI/PC3, PC2, PC4, PCH/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 speciticities, and preferred substrates, For a review, sec
Nakayama K (1997} Biochem J. 327:625-35. Similar to PACE, these proprotein
convertases generally include, beginning from the amino terminus, a signal peptide, a
propeptide (that may be autocatalytically cleaved), a subtilisin-like catalytic domain
characterized by Asp, His, Ser, and Asn/Asp residues, and a2 Home B domain that is
also essential for catalytic activity and characterized by an Arg-Gly-Asp (RGD)
sequence. PACE, PACE4, and PC35 also inchude a Cys-rich domain, the function of
which 1g unknown. In addition, PCS has isoforms with and without a transmembrane
domain; these different isoforms are known as PCSB and PCSA, respectively.

Comparison between the amino acid sequence of the catalytic 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 percent for PC4;
&S percent for PACE4 and PCS; 61 percent for PCE/PC3; 54 percent for PC2; and 51
percent for LPC/PCT/PCY/SPCT. Nakayama K (1997} Biochem J. 327:625-35.
{60311} PACE and PACE4 have been reported to have partially overlapping
but distinct substrates. In particular, PACE4, in striking contrast to PACE, has been
reported to be incapable of processing the precursor polypeptide of FIX, Wasley L C
ot al. (1993} § Biol Chom. 268:8458-65; Rehemtulla A et al. (1993) Biochemistry.
32:11586-90.

100312 {18, Pat. No. 5,840,529, issued to Seidahb 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 gp160 to gpi20 and gpdl.

[B0313] Nucleotide and amino acid sequences of rodent PCS were first
described as PCS by Lusson J et al. (1993) Proc Natl Acad Sci USA 90:6691-5 and as
PC6 by Nakagawa T et al, (1993} ] Biochem (Tokvo} 113:132-5. U.S. Pat. No,
6,380,171, issued to Day et al., discloses nuclestide and amino acid sequences for
hurnan PCS A, the isoform without the transmerabrane domain, The sequences of
these enzymes and method of cloning them are known in the art.

{60314] Genes encoding the polypeptides of the invention can also be
expressed in non-mammalian cells such as bacteria or yeast or plant cells. Tn this
regard it will be appreciated that various uniceliular non-mammalian microorganisms
such as bacteria can also be transformed; i.e., those capable of being grown in cultures
or fermentation. Bacteria, which are susceptible to transformation, inchide members
of the entercbacteriaceae, such as strains of Escherichia coli or Salmonelia;
Racillaceae, such as Bacillus subtilis; Pneomococcus; Streptococcus, and
Haemophilus influenzae. It will further be appreciated that, when expressed in
bacteria, the polypeptides typically become part of inclusion bodies. The polypeptides
must be isolated, purified and then asserobled into functional molecules.

[B0315] In addition to prokaryates, cukaryotic microbes may also be used.
Saccharomyces cerevisiae, or common baker's yeast, is the most commonly used
among cukaryotic microorganisms although a number of other strains are commonly
available.

For expression in Saccharomyces, the plasmid YRp7, for example, (Stinchcomb et al.,

Nature, 282:39 {1979); Kingsman et al,, Gene, 7:141 (1979); Tschemper et al,, Gene,
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10:157 {1980}) is commonly used. This plasnid alrcady contains the TRP1 gene which
provides a selection marker for a mutant strain of yeast lacking the ability to grow in
tryptophan, 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 transformation by growth in the absence
of tryptophan.

Other yeast hosts such Pichia may also be employed. Yeast 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
inchude, among others, promoters from alcohol dehydrogenase, isocytochrome C, and
enzymes responsible for methanol, maltose, and galactose utilization.

[60316] Alternatively, polypeptide-coding nucleotide sequences can be
incorporated in fransgenes for introduction into the genome of a transgenic animal and
subsequent expression in the milk of the transgenic animal (see, e.g., Deboer ef o,
US 5,741,957, Rosen, US 5,304,489, and Meade ef ¢f., US 5,849,992}, Suitable
transgenes include coding sequences for polypeptides in operable inkage with a
promoter and enhancer from a mammary gland specific gene, such as casein or beta
lactoglobulin.

[60317] In vitro production allows scale-up to give large amounts of the desired
polypeptides. Techniques for marmmalian cell cultivation under tissue culture
conditions are known in the art and include homogeneous suspension culture, ¢.g. in
an airlift reacior or in a continuous stirrer reactor, or immobilized or enirapped cell
culture, e.g. in hollow fibers, microcapsules, on agarose microbeads or ceramic
cartridges. T 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-celhilose or (immumo-jaffinty
chromatography, e.g., after preferential biosynthesis of a synthetic hinge region
polypeptide or prior to or subsequent to the HIC chromatography step described
hereim. An affinity tag sequence {e.g. a His(6) tag) may optionally be attached or
mnchided within the polypeptide sequence to facilitate downstream purification.
100318} In one embodiment, a host cell of the invention comprises a genetic

construct encoding a polypeptide comprising an sckF¢ scaffold and one or more
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enzymes that can process a cscFc linker. The construct and the enzyme(s) can be
expressed using a single vector or two vectors,

(00319 In one embodiment, 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
FVIL FIX and FX and which comprises a targeting moiety which binds to platelets
and optionally a spacer moiety between the clotting factor and the targeting moiety.
In another embodiment, the invention pertains to a nucleic acid molecule

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

clotting cascade.

{606320] Once expressed, the chimeric clotting factor can be purified according
to standard procedures of the art, including ammoniom sulfate precipitation, affinity
column chromatography, HPLC purification, gel clectrophoresis and the like (see
generally Scopes, Protein Purification (Springer-Verlag, N.Y., {1982}) and see
specifically the methods used in the instant Examples. Substantially pure proteins of
at least about 90 to 95% homogeneity are preferred, and 98 to 99% or more

homogeneity most preferred, for pharmaceutical uses.

X, Methods of Administering Polypeptides of the Invention

{30321} In another embodiment, the invention relates to a method of treating a
subject with a hemostatic disorder comprising administering a therapeutically
etfective amount of an enhanced cloting factor of the Invention.

[00322] Compositions for administration to a subject inclade nucleic acid
molecules which comprise a nucleotide sequence encoding a chimeric clotting factor
of the invention (for gene therapy applications} as well as polypeptide molecules.
[B0323] In one embodiment, an enhanced cloting factor composition of the
mvention is administered in corabination with at least one other agent that promotes
hemostasis. Said other agent that promotes hemostasis Is a therapeutic with
demonstrated clotting activity. As an example, but not as a limitation, hemostatic
agent can include Factor V, Factor VH, Facior VI, Factor IX, Factor X, Factor X1,
Factor XII, Factor X1, prothrombin, or fibrinogen or activated forms of any of the
preceding. The clotting factor of hemostatic agent can also inchude anti-fibrinolytic

drugs, e.g., epsilon-amino-caproic acid, tranexamic acid.

peaid
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{00324 In one embodiment of the invention, the composition (e.g., the
polypeptide or nucleic acid molecule encoding the polypeptide) is one in which the
clotting tactor is present in active forra when administered fo a subject. Such an
activated molecule may be expressed by a cell in active form or may be activated in
vitre prios 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 is
activated in vivo at the site of clotting after administration to a subject,

IB0325] The chimeric clotting factor of the invention can be administered
intravenously, subcutaneously, mtramuscularly, or via any mucosal surface, e.g.,
orally, sublingually, buccally, sublingually, nasally, rectally, vaginally or via
pulmonary route. The chimeric protein can be implanted within or linked to a
biopolymer solid support that allows for the slow release of the chimeric protein to the
desired site.

100326] For oral administration, the pharmaceutical composition can take the
form of tablets or capsules prepared by conventional means, The composition can also
be prepared as a ligquid for example a syrup or a suspension. The liquid can inchude
suspending agents (e.g. sorbitol syrup, cellulose derivatives or hydrogenated edible
fats}, emulsifying agents (lecithin or acacia}, non-aqueous vehicles {e.g. almond oil,
oily esters, ethyl alcohel, or fractionated vegetable oils), and preservatives (e.g.
methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations can also
include flavoring, coloring and sweetening agents. Alternatively, the composition can
be presented as a dry product for constitution with water or another suitable vehicle.
003271 For buccal and sublingual administration the composition may take the
form of tablets, lozenges or fast dissolving films according to conventional protocols.
1003281 For administration by ihalation, 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 {¢.g. in PBS), with a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofhuoromethane, 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
carfridges of, e.g., gelatin for use in an inhaler or insufflator can be formulated
containing a powder mix of the compound and a suttable powder base such as lactose

or starch.
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[00329] In one embodiment, the route of administration of the polypeptides of
the vention is parenteral. The term parenteral as used herein includes intravenous,
fntraarterial, intraperitoneal, intramuscular, subcutancous, rectal or vaginal
administration. The intravenous form of parenteral administration is preferred. While
all these forms of administration are clearly contemplated as being within the scope of
the imvention, a form for administration would be a solation for injection, in particular
for intravenous or intraarterial injection or drip. Usually, a suitable pharmaceutical
composition for injection may comprise a buffer {¢.g. acetate, phosphate or citrate
butfer), a surfactant {¢.g. polysorbate), optionally a stabilizer agent (e.g. human
atbumin}, cte. However, in other methods compatible with the teachings herem, the
polypeptides can be delivered directly to the site of the adverse cellular population
thereby increasing the exposure of the diseased tissue to the therapeutic agent.

[B0330] Preparations for parenteral administration include sterile aqueous or
non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive ot
and injectable organic esters such as ethyl oleate. Agueous carriers inchude water,
alcoholic/agueous solutions, emulsions or suspensions, including saline and buftered
media. In the subject invention, pharmaceutically acceptable carriers include, but are
not limited to, 6.01-0.1M and preferably 0.05M phosphate buffer or 0.8% saline.
Other commmon parenieral vehicles include sodium phosphate sohutions, Ringer's
dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous
vehicles inchude fluid and nutrient replenishers, electrolyte 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 ageunts, and inert
gases and the like.

1006331} More particularly, pharmaceutical compositions suitable for injectable
use nclude sterile aqueous solutions (where water soluble) or dispersions and sterile
powders for the extemporancous preparation of sterile injectable solutions or
dispersions. In such cascs, the composition nust be sterile and should be tluid to the
extent that casy syringability exists. It should be stable under the conditions of
manufachire and storage and will preferably be preserved against the contaminating
action of microorganisms, such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol {e.g., glvceral,

propviene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures
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thereof. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the requured particle size in the case of
dispersion and by the use of surfactants,

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

{60333 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
combination of ingredients enumerated herein, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating 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 sterife injectable solutions, the preferred methods of
preparation are vacuum drying and freeze-drying, which vields a powder of an active
ingredient plus any additional desired ingredient from a previously sterile-filtered
solution thereof, The preparations for injections are processed, filled into containers
such as ampoules, bags, bottles, syringes or vials, and scaled 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 suffering from, or predisposed fo clotting disorders.

{68334 The pharmaceutical composition can also be formulated for rectal
administration as a suppository or retention cuema, .g., confaining conventional
suppository bases such as cocoa butter or other glycerides,

IB0335] Effective doses ot the compositions of the present invention, for the
treatment of conditions vary depending upon many different factors, including means
of administration, target site, physiological state of the patient, whether the patient is
human or an animal, other medications administered, and whether treatment is

prophylactic or therapeutic. Usually, the patient is a human but non-human mammals
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inchiding transgenic mammals can also be treated. Treatment dosages may be titrated
using routine methods known to those of skill in the art to optimize safety and
cfficacy.

[60336] In one embodiment, the dose of a biclogically active moiety (e.g.,

T/

comprising FIX} can range from about 25 to 100 [U/kg, e.g., 8.417 mg/kg to 1.67
mg/kg. In another erbodiment, the dose of a biologically active motety {e.g.,
comprising FVII) can range from about 25 to 65 IWkg, e.g., 0.003125 mg/kg to
0.008125 mg/kg. In another embodiment, the dose of a biologically active moiety

(e.g., comprising FVII}, can range from about 90 to 270 ug/kg or 0.096 to 6.270

mg/kg.
603374 Diosages can range from 1000 ug/'kg to 0.1 ng/kg body weight. In one

embodiment, the dosing range is tug/kg to 100 ug/kg. The protein can be
administered continuously or at specific timed intervals, In vitro assays may be
emiploved to determine optimal dose ranges and/or schedules for administration. In
vitro assays that measure clotting factor activity are known in the art, ¢. g, STA-
CLOT VHa-rTF clotting assay. Additionally, effective doses may be extrapolated
from dose-response curves obtained from amimal models, ¢. g., a hemophiliac dog
{(Mount et al. 2002, Blood 99 (&): 2670).

i60338] Doses intermediate in the above ranges are also intended to be within
the scope of the nvention. Subjects can be admunistered such doses daily, on
alternative days, weekly or according to any other schedule deternuned by enmpirical
analysis. An ecxemplary treatment entails administeation in mmultiple dosages overa
prolonged period, for example, of at least six months. In some methods, two or more
polypeptides may be administered simultanecusly, in which case the dosage of each
polypeptide administered falls within the ranges indicated.

[60339] Polypeptides of the invention can be administered on multiple
occastons. 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 patient. Aliernatively, 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-life of the polypeptide in
the patient.

60340 The dosage and frequency of administration can vary depending on

whether the treatment is prophylactic or therapeutic. In prophylactic applications,
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compositions containing the polypeptides of the mvention or a cocktail thereof are
administered to a patient not already in the disease state to enhance the patient’s
resistance or minimize offects of discase. Such an amount is defmed tobe a
“prophylactic effective dose.” A relatively low dosage is adnunistered at relatively
infrequent intervals over a long period of time. Some patients continue to receive
treatment for the rest of their ives.
100341] Polypeptides of the invention can optionally be administered 1o
combination with other agents that are effective in treating the disorder or condition in
need of treatment (e.g., prophylactic or therapeutic).
[066342] As used herem, the administration of polypeptides of the mvention in
conjunction or combination with an adjunct therapy means the sequential, simultancous,
coextensive, concurrent, concomitant or contemporancous administration or application
of the therapy and the disclosed polypeptides. Those skilled in the art will appreciate
that the administration 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 (e.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.
{060343] 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. {0
provide a combined therapeutic regimen). Exeraplary agents with which a
polypeptide of the invention may be combined include agents that represent the
current standard of care for a particular disorder being treated. Such agents may be
chemical or biologic in nature. The term “biologic” or “biclogic agent” refers to any
pharmaceutically active agent made from living organisms and/or their products
which is intended for use as a therapeutic.
[B0344] The amount of agent to be used in combination 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 example, Bruce A Chabner ef af., dntineoplastic
Agents, in GOODMAN & GILMAN'S THE PHARMACOLOGICAL BASIS OF THERAPEUTICS
233-1287 ((Joel G. Hardman e ol eds., 9" ed. 1996). In another erobodiment, an
amount of such an agent consistent with the standard of care is adnunistered.
100345] As previously discussed, the polypeptides of the present invention,

may be administered in a pharmaceutically effective amount for the in vive treatment
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of clotting disorders. 1n this regard, it will be appreciated that the polypeptides of the
jnvention can be fornutdated to facilitate admunistration and promote stability of the
active agent. Preferably, pharmaceutical comapositions in accordance with the present
invention comprise a pharmaceutically acceptable, 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 raultiple doses to provide for a pharmaceutically effective amount of the
polypeptide.

[B0346] In one embodiment, a chimeric clotting factor of the invention can be
administered as a nucieic acid molecule. Nucleic acid molecules can be administered
ysing techniques known in the art, inchuding via vector, plasmid, liposome, DNA
injection, clectroporation, gene gun, intravenously injection or hepatic artery infusion.
Vectors 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 sufficient to
produce a therapeutic or prophylactic effect.

60348 The chimeric proteins of the invention have many uses as will be
recognized by one skilled in the art, including, but not limited to methods of treating a
subject with a disease or condition. The discase or condition can inclode, but 15 are
not limited to, hemostatic disorders.

[00349] In one embodiment, the invention relates to a method of treating a
subject having a hemostatic disorder comprising administering a therapeutically
cttective amount of at least one chimeric clotting factor of the mvention.

1003501 The chimneric clotting factors of the mvention treat or prevent a
hemostatic disorder by promoting the formation of a fibrin clot. The chimeric clotting
factor of the invention can activate any member of a coagulation cascade. The elotting
factor can be a participant in the exirinsic pathway, the intrinsic pathway or both,
IB03581] A chimeric clotting factor of the invention can be used to treat
hemostatic disorders, e.g., those known to be treatable with the particular elotting
factor preseut in the chimeric clotting factor. The hemostatic disorders that may be
treated by administration of the clumeric protein of the invention include, but are not
limited to, hemophilia A, hemophiiia B, von Willebrand's disease, Factor Xi

deficiency (PTA deficiency), Factor X1I deficiency, as well as deficiencies or
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structural abnormalitics in fibrinogen, prothrombin, Factor V, Factor VI, Factor X, or
Factor X1IL

100352] In one embodiment, the hemostatic disorder is an inhertted disorder. In
one embodiment, the subject has hemophilia A, and the chimeric protein comprises
Factor VII or Factor Vilia. In another embodiment, the subject has hemophilia A and
the chimeric clotting factor comprises Factor VIT or Factor VIla. In another
embodiment, the subject has hemophilia B and the chimeric clotting factor comprises
Factor IX or Factor [Xa. In another embodiment, the subject has hemophilia B and the
chimeric protein comprises Factor VI or Factor Viia. In another embodiment, the
subject has inhubitory antibodies to Factor VI or Factor Viifa and the chimeric
clotting factor comprises Factor VI or Factor Vila. In yet another embodiment, the
subject has inhibitory antibodies against Factor IX or Factor IXa and the chimeric
protein comprises Factor VI or Factor Via.

{B0353] The chimeric clotting factor of the jnvention can be used to
prophylactically treat a subject with a hemostatic disorder. The chimeric clotting
factor of the invention can be used to treat an acute bleeding episode in a subject with
a hemostatic disorder.

{60354] 1n one embodiment, the hemostatic disorder is the result of a
deficiency in a clotiing factor, e.g., Factor IX, Factor VHL In another embodiment,
the hemostatic disorder can be the result of a defective clotting factor.

[BO355] In another erbodiment, 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 autoimmune discase, or pregnancy. The acquired disorder can result from
old age or froma medication to treat an underlying secondary disorder (e.g. cancer
chemotherapy).

[(0356] The invention also relates to methods of treating a subject that does not
have a hemostatic disorder or a secondary disease or condition resulting 1o acquisition
ot a hemostatic disorder. The invention thus relates to a method of treating a subject
in need of a general hemostatic agent comprising administering a therapeutically
cttective amount of at least one chimeric clotting factor of the fnvention. For
example, m one embodiment, the subject in need of a general homostatic agent is
undergoing, or is about to undergo, surgery. The chimeric clotting factor of the

invention can be administered prior to or after surgery as a prophylactic. The chimerie
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clotting factor of the invention can be administered during or after surgery to control
an acute bleeding episode. The surgery can include, but is not imited to, liver
transplantation, liver resection, or stom cell fransplantation,

{60357} 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 acuie bleeding episode can result from severe trauma, e.g.,
surgery, an automobile accident, wound, laceration gun shot, or any other traumatic

cvent resulting m uncontrolied bleeding.

1003581 This nvention 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

1003591 Throughout the examples, the following materials and methods were

used unless otherwise stated.

General Materialy and Methods

100360] In general, the practice of the present invention employs, unless
otherwise indicated, conventional techniques of chenustry, biophysics, molecular
biclogy, recombinant DNA technology, immunclogy {especially, e.g., antibody
technology), and standard techniques in electrophoresis. See, e.g., Sambrook, Fritsch
and Mamatis, Molecular Cloning: Cold Spring Harbor Laboratory Press (1989);
Antibody Engincering Protocols (Methods in Molecular Biology}, 510, Paul, S.,
Humana Pr (1996); Antibody Engincering: A Practical Approach (Practical Appreach
Serics, 169), McCafferty, Ed., Iv] Pr (1996); Antibodies: A Laboratory Manual,
Harlow ef af., CS.H.L. Press, Pub. {1999); and Current Protocols in Molecular
Biology, eds. Ausubel ef ¢, John Wiley & Sons (1992).

Example 1. Heterodimeric Constructs comprising FVI-Fe and MB%-Fe at the
amino terminus of the second Fe chain

Cloning of pSYN-FVI-027
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100361] The FVI-027 construct comprises cscFe tor cleavage when processed
during manufacture in a cell. The construct comprises a targeting moiety, a scFv
moiety that binds to GPIIbilla, MBS,

{60362 Plasmid {(pSYN-FVII-027) was generated for the expression FVIH-F¢
and MBS-Fc heterodimer, where MB® is a scFv previously shown to bind to recepior
GPHb/Ia on activated platelets. Protein from pSYN-FVII-027 s expressed in the cell
as a single polypeptide where the C-terminus of the FVIE-Fe subuut is linked to the
N-terminus of the MB9-Fe subunit by a (GGGGS)g, polypeptide linker, Furthermore,
RRRRS and RKRRKR sequences were inserted at the 5" and 37 end of the
polypeptide linker, respectively, for intraceliular cleavage by proprotemn convertases
following the last Arg at cach sequence. Consequently, cells will express a 2 chain
FVI-Fo/MB9-Fe heterodimer where the FVIE-Fc chain has a RRRRS sequence at the
C-terminus, but the remainder of the linker and the RKRREKR sequence have
otherwise been removed.

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

HindIII-Sall-BpsEI-Fo-F

- FUETUN PN TN N AN N PN S
SACTCCEGAACTCCTGGGOGGACC

CATCGEATCCCCCGCCACCEGGEAACCTCCACCGCCTGATCCACCCCCACCTGATCCGCCGCCACCTTTAL
CCGEACGACAGGGAGAGSE
Bell-Fo~-F
CAGTCTTGATCAGACAAAACTCACACATGECCCACC

sofo-EcoRI-R

ACTGACGAATTCTCATTTACCCGGAGACAGGGAG
HindIii-Kozak-¥vil-i:
CGACAAGCTTGCCECCACCATEGETCTCCCAGGCCCICAGSG
FVII-HC-BspEI-R:
AGGAGTTCCGGAGLTGGGECACGETGGEGCATETCTGAGTTITGTCGGATCCCCCELCACCGGAACCTCCA
CCGCCTGATCCACCCCCACCTEATCCGCCGLCACCGEACCCACCTCCGLLGGAGLCACCGCCACCGGEGA
AATGGGGCTCGTAGGAGG

A 50 ul PCR reaction was carried out with 25 pmol of HindHI-Sall-BpEI-Fc-F and
BamHI-linker-Fe-R and template pSYN-Fe-001 using the following cycle: $5°C 2
minutes; 30 cycles of (95° C 30 seconds, 54° C 30 seconds, 72° C 1 minute). The
expected sized band (~700 bp) was gel purified with a Gel Extraction kit ((Jiagen,

Valencia, Calif) and cloned into the Hindill and BamBI restriction sites of
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pBUDCE4 (Invitrogen, Carlsbad, Calif'} to generate intermediate pSYN-FVH-007.
Primoers HindiH-Sall-BpEI-Fe-F and BamH-linker-Fo-R amplify the Fe region
starting at amino acid 221 (EU numbering) and add a Hindlll and a Sall restriction
enzyme site immediately upstream of site Fc region, as well as a DNA fragment
encoding a (GGGGS ), Hnker 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-HeoRI-R, and tonplate pSYN-Fc-011 using the same cycles as above, The
expected sized band (~700 bp) was gel purified as above, cut with restriction cnzymes
BamHI and EcoRl, and cloned in the Bell/EcoR] restriction sites of pSYN-FVH-007
to generate the interroediate plasmid pSYN-FVIE-008. The primer pair Bell-Fe-F and
scFo-EcoRI-R amplifies the Fc region while adding a Bell and EcoRI restriction sites
immediately upstream and downstream of the Fc coding region, respectively. To
generate the last intermediate plasmid, a 50 ul PCR reaction was carried out with 25
pmol of HindHI-Kozal-FVII-F and FVI-HC-BspEI-R and template pSYN-FVII-001
ysing the following cycle: 95° C 2 nunutes; 30 cycles of (95° C 30 seconds, 55° C 30
seconds, 72° C 90 seconds). The primer pair amplifics the FVI coding region while
adding a DNA fragment at the 3" end of the molecule encoding a (GGGGS ),
polypeptide linker followed by a fragment of the Fe region ending at amino acid 221
(EU numbering). Primer Hindll-Kozak-FVII-F generates a HindI restriction site at
the 5’ of the molecule followed by a Kozak sequence directly upstream of the FVII
coding region. The FVH-HC-BspEI-R primer introduces DNA encoding the
polypeptide linker as well as the Fe portion. The expected sized band (~1500 bp) was
gel purified as above and cloned into the Hind{II/BspEl sites of pSYN-FVIH-008 to
generate pSYN-FVI-011.

[B0364] Next, 2 DNA fragments were synthesized: Genescript-FVII-027-1 and
Genscript-FVI-026-2. Genescript-FVU-027-1 consists of a DNA fragment encoding
a portion of the F¢ region (starting at nucleotide 1306, EU numbering) followed by
the sequence RRRRS-{GGGGS),-RKRRKR foliowed by a portion of the MBY scFv
(residues 1-142). An EcoRI site was mntroduced in the coding sequence of MB9 using
the degeneracy of the genetic code fo preserve the proper amino acid sequence and
overlaps the last 6 bases of Genescript-FVIH-027-1. In addition, the first 6 bascs at the
57 include a Sapl site found within the Fe region. Genseript-FVI-026-2 consists of a

DNA fragment encoding a portion of the MBS (residues 143-273) followed by a

o
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(GGGGS Yy polypeptide linker followed by the Fe region and an EcoR{ sife. An
EcoRI site was introduced in the coding sequence of MB9 using the degeneracy ot the
genetic code fo preserve the proper amino acid sequence and overlaps the first 6 bases
of Genescript-FVIL-026-2.

160365 Genescript-FVI-027-1 was cloned into the Sapi and EcoRI siies of
PSYN-FVIH-011 to generate pSYN-FVII-036. Next, Genseript-FVII-026-2 was
cloned into the EcoRI site of pSYN-FVH-036 to generate pSYN-FVI-027. Correct
orientation of the last cloning step was confirmed by restriction enzyme analysis and
DNA sequencing.

Example 2. Heterodimeric Constructs comprising FYIi-Fe and MB9-Fe, MBY at
the carboxy terminus of the second Fe chain

Cloning of FVI1I-037

[83366] The FVIH-037 construct is made using an scFe scaffold which is not
cleaved during processing. In this construct the targeting moicty, again the MB9 scFv
which binds to GPHbllla is attached to the c-terminus of the second Fe moicty.
003671 Synthesis of DNA fragment Genscript-FVH-037 was cutsourced
{Genscript) This fragment comprises a portion of the Fo region (residues 434 to 447,
EU numbering) followed by a (GGGGSx polypeptide linker and the MB9 scFv. A
Sapl/EcoRI fragment of Genscript-FVII-037 was subcloned into the Sapl/EcoR1E of
pSYN-FVI-011 (refer to POB30) to generate and intermediate construct, A Sapl
fragrment from pSYN-FVI-011 was subcloned into the Sapl sites of the micrmediate
construct to generate pSYNFVH-037.

Example 3. Helerodimeric Constructs comprising FVIE-Fe and a peptide against
GPEb at the carboxy terminus of the second Fe chain

Cloning of THE pSYN-FVH-041 intermediale construct,

100368] In order to make this construct, the FVH-041 construct was first made
as an intermediate. Synthesis of DNA molecule Gensenpt-FVIE-041 was outsourced
{Genseript). This fragroent was digested with Sapl and cloned into Sapl sites of
pSYN-FVIi-011 to generate pSYN-FVIL-041. This process infroduces a unique Sall
site {residues 412-413 EU numbering, GTG GAC to GTC GAC) in the second Fe.
Cloping of pSYN-FVII-044-, -045 and -046,

1003691 The FVI-041 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 -044 construct, the OS] peptide in the -(345
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construct, ad the OSZ peptide in the -046 construct. In these constructs an scFe
scattold is used and the peptides are attached via a hinker to the C-terminus of the
second Fo moiety,

160G370] Synthesis of Genscript-FVI-044, -045 and -046 was outsourced
{Genseript). These DNA fragments were cleaved with Sall/EcoR] and subcloned inio
the Sall/EcoRI sites of pSYN-FVII-041 to generate pSYN-FVII-044, -045 and -(46.
Example 4. Heterodimeric Constructs comprising FVIi-Fe and a peptide against
GPEb at the amine termings of the second Fe chain

Cloning of the pSYN-FVI1I-(43 intermediate.

00371 In order to make this construct, the FVIH-043 construct was first made
as an intermediate. Synthesis of DNA fragment Genscript-FVII-043 was ouwtsourced
{Genscript). This fragment comprises a DNA molecule encoding a portion of the Fe
region (residues 232 to 447, EU numbering) followed by a (GGGGS4x polypeptide
tinker and another portion of the Fe region (residues 221 to 238, EU nurabering). This
DNA fragment was digested with BspEl and Rsrll and subcloned into the BspEI/Rsrl]
sites of pSYN-FVII-042 to gencrate pSYN-FVII-050. This process introduces a
unique Sall site (residues 412-413 EU numbering, GTG GAC 1o GTC GAC) in the
first Fo. A HmdUVEcoR] fragment of pSYNFVH-050 was subcloned into the
HindlII/EcoRI sites of pSYN-FVII-011 to generate pSYN-FVII-043.

Cloning of pSYN-FVI-047, -(48 and -049.

100372] The FVII-043 construct was used as the starting material to generate
several constructs that comprise fargeting moicties 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 consiructs an scFe
scattold 15 used and the peptides are interposed between the scFe Hinker and a linker
which is attached to to the N-terminus of the second Fe moiety.

{68373 Synthesis of DNA molecules Genseript-FVIE-047, -048 and -049 was
outsourced (Genscript). A Sal/Rsril fragment from Genscript-FVII-047, -04% and -
049 was subcloned into Sall/Rsrll sites of pSYN-FVIH-043 to generate pSYN-FVH-
047, <0348 and 049, respectively.

Example 8. Heterodimeric Constructs comprising a Gla-deleted FVII-Fe and a
targeting molecule

Cloning of the FVH-028 intermediate
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I00374] In order to make this construct, the FVI-02¥ constract was first made
as an intermediate. Synthesis of DNA fragment Genseript-FVII-028 was outsourced
{Genscript). This fragment was cut with HimdlI/Xbal and subcloned into pSYN-
FVIL-011 to generate pSYN-FVI-0Z8.

Cloning of FVII-(53

[B0375] The FVIH-028 construct was used as the starting material to generate a
construct that comprises a targeting moiety and eraploys a clotting factor that lacks a
(Gla domain. For this construct, amuino acids 1-35 were removed from FVIH and an
RKRRKR insertion was added after residue R132 (WT FVI numbering) to facilitate
mntracellular activation. The MB9 scFv served as the fargeting moiety,

100376} DNMNA molecule Genscript-FVII-025 was outsourced and an
Xbal/BsiW] fragment from this molecule was subcloned into Xbal/BsiWl sites of
PSYN-FVI-028 to generate pSYN-FVII-053

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

chains as two separate polypeptides,

Cloming of nSYN-FVI-024 mtermediate construct

003771 The FVIH-024 construct ts one in which the heavy and light chains of
factor FVI 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 FVilaFe.

[60378] The coding sequence of FVII was obtained by reverse transeription
coupled to polymerase chain reaction from a human hiver mRNA library {Ambion,
Austin, Texas) using the following primers:

FVII-F1

GGGAATL AACAGGCAGGG

EVII-RI

CTTGGECTTTCTCTCCACAGHGT

[B0379] A 50 pl reaction was carried out with 10 pmol of each primer using the
Superscript One-siep RT-PCR with Platinum Tag system (Invitrogen, Carlsbad,
(Calif ) according to the manufacturer’s standard protocol in a M thermocycler. The

cvcle used was 50° C for 30 minutes for the reverse transcription followed by
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denaturing at 94° C for 2 minutes and 30 cycles of (94° € 30 seconds, 53° C 30
seconds, 72° C 20 seconds) followed by 10 minutes at 72° C The expected sized band
{~1400 bp) was gel-purified with a Gel Extraction kit ({¥agen, Valencia, Calif.) and
cloned in pCR2.1 TOPO using the TOPO TA Cloning kit (Invitrogen, Carlsbad,
Calif.} to produce the intermediate plasmid pSYN-FVU-001. To construct a plasmid
for the expression of a two-chain FVH-Fe and Fe heterodimer, the FVH coding
sequence was PCR-amplified using the tfollowing primers:

=

Hindlii-Kozak-rvil-

COACRAGCTTGOCGCCACCATGGTCTCOCAGGCCOTCAGS

Bespel-Fo-EFVII-R

Ty N TN e : N Ty (N T N R T T T R T 3 PR T N N T e ]
CGACTCCGGAGCTGGGECACGGETGGEGCATGTGTGAGTTTIGTCGGGAAATGGGGCTCGCAGSE

[B0380] The forward primer HindllI-Korak-FVI-F adds a HindilI restriction

site followed by a Kozak sequence immediately upstream of the FVH coding region.
The reverse primer Bspel-Fe-FVII-R adds a tragment of the constant region of [g(G1
(the Fc region) comprising amino acids 221-233 (EU numbering). This process also
fncorporates a BepEl restriction site at amino acids 231-233 using the degencracy of
the genetic code to preserve the correct amino acid sequence (EU numbering). A 50 ul
reaction was carried out with 15 pmol of cach primer and template pSYN-FVII-001
using Platinum Pfx DNA Polymerase system according to manufacturer’s protocol in
a MJ Thermocyeler using the following cycles: 93° 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 FIXFo/Fe) was digested with Hindill and BspEl and the expected
sized band for the vector (approximately 5800 bp) was purified away from the FIX
insert {expected size band approximately 1480 bp) with a Gel Extraction kit ({(Jiagen,
Valencia, Calif ). Next, the PCR-amplified FVII sequence was subcloned into HindIl
and EcoRI sites of the vector derived from pSYN-FIX-027 after removing the FIX
insert. This generated pSYN-FVH-002 (pBUD FVIIFc¢/Fe). Next, A (GGGGS)g
polypeptide linker was added between FVII and the Fe region coding sequences in
pSYN-FVIH-002 using the following primaers:

FVITI-linker-¥:

CATCCCOR
CATCCCCAGL

FVII-Linker-R:

GGGCATGTGTGAGT

A T 4 (4 N T (S S T T £ T s (S g T B S S g e T
TCTGATCCCCCECCACCGEAACCTCCACCGCCTGATCCACCCCCACCTGAT
e N R N R N T U R [ — . ‘ o R
CCGCOGCCACCGGACCCACCTCCGEGCCEGEAGCCACCGUCACCGEGAAATGEGEGECTCGCAGGAGS

Fe-linker-§;
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GACAAAACTCACACALGCCCACT

Fo-linker-R:

GCAGAATTCTCATTTACCCGGAG

100381 Two 12 gl PCR reactions were carried out with either 12 pmol of
FVI-linker-F and FVI-Linker-R (veaction 1) or Fe-linker-F and Fe-linker-R (reaction
2} using Expand High Fidelity System (Boehringer Mannheim, Indianapolis, Ind.)
according to mamutacturer’s standard protocol in a MJ Thermocycler. The first and
second reactions were carried out with | ug 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,
72°C. 2 minutes); 72°C. 10 minutes. The expected sized bands (532 bp for reaction |
and 670 bp for reaction 2} were gel purified with a Gel Extraction kit (Qiagen,
Valencia, Califl}, then combined in a PCR reaction with 25 prool of FVIE-linker-F and
Fe-linker-R as betore, 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 enzymes Kpnl and EcoRI The expected sized band (820 bp)
was gl purified as before and cloned into the Kpnl/EcoRI sites of pSYN-FVI-002 to
generate pSYN-FVIE-003 (pBUD FVIHFo/6x{GGGGS)Y/Fe).

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

[BO382] Plasmid (pSYN-FVII-024) was generated for the expression of a two-
chain heterodirner where one chain consists of the FVI light chain (residues 1-152)
followed by a (GGGGRY;, linker followed by the Fe region, while the other chain
contains a FVII heavy chain (residues 133 to 406) followed by a (GGGGS)s, linker
followed by the ¥F¢ region. The plasmid is designed to express the heterodimer as a
single polypeptide where the C-terminus of the FVH heavy chain-linker-Fe chain is
connected to the N-terminus of the heavy chain-linker-Fc chaim by the following
polypeptide sequence: RRRRS-{GGGGS) - RKRRKR, where the RRRRS and
RKRREKR sequences are proprotein convertase cleavage sites, Intracellular cleavage
by proprotein convertases foliowing 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 hight chain-hinker-Fo chain has a RRRRS sequence at the
C-terminus, but the remainder of the linker and the RKRRKR sequence have
otherwise been removed. Construction of the pSYN-FVII-024 and several
intermediate plasmids required the use of the following primers:

HindIiI-Sall-BpRi-Fc-F
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AGTCARGCTTGTICGACTCCGGARCTCCTGEECEGACT

BamiI-linker (PACEL) ~Fc-R

CATCGEGATCCCCCGECCACCGEAACCTCCACCECCTGATCCACCCCCACCTGATCCECCECCACCGLTCL
GGCGECGCCETTTACCCEGAGATAGGGAGAGE

Hindlii-Kozak-rvilI-r

CGACAAGCTTGCCECCACCATEETCTCCCAGECCCTICAGG

BespEl-Fo~-linker-FVITILC-R

AGTTCCGGAGCTGEGCACGETGGECATGTGTCGAGTTTTGTCTGATCCCCCGLCACCGGAACCTCCACT

3

GCCTGATCCACCCCCACCTGATCCGCCGCCAL SACCCACCTCCEICGGAGCCACCGCCACCTCGGLC

"TGCTGGE

(&%)

BamHI-2xlink-pace-H
CAGUCTGCATCCGECGETGEAGGTICCEETEEGGETGEATCAAGGAAGAGGAGGAAGAGGATTETGGGE
GGCAAGGTGTGCC

Fo-EcoRI-R

ATGICTGAL

MICTCATTTACCCGGAGACAGGGAGAGE

[B03R3] To generate the first intermediate plasmid, a PCR reaction was
performed with 25 pmol of primers Hind{II-Sall-BpEIL-Fc-F and BamHI-
linker(PACEL)-Fc-R and teraplate pSYN-Fe-001 using Expand High Fidelity System
{Bochringer Manuheim, Indianapolis, Ind.} according to marnufacturer’s standard
protocol in a MJ Thermoceycler. The following cyeles were used: 93° C 2 minutes; 30
cycles of (857 C 30 seconds, $87 C 3@ seconds, and 72° C | munutey, 72° C 10
minutes. The correct sized band (approximately 730 bp}) was gel purified as above and
cloned into the HindlI/BamHI sites of pBUDCE4 vector (Invitrogen, Carlsbad,
Calif.), generating pSYN-FVI-014, PCR amplification with primers Hindill-Sali-
BpEl-Fc-F and BamHI-linker(PACE1}-Fc-R generated a DNA fragment encoding a
portion of the Fe region (Amino A X-Y} followed by an RRRRS sequence and
{(GGGGS ) polypeptide linker. Privner HindlH-Sall-BpEI-Fc-F introduces a HindIlI

4

and Sall restriction site at the 57 end of the molecule, while primer BamH1-
linker(PACE1}-Fc-R introduces a BamHI at the 37 end that overlaps the codons
encoding the last 2 residues of the GGGGS hinker (residues GS with codons GGA
TCCY . Next, another PCR reaction was performed as above with privaers HindIl-
Kozak-FVI-F and BspEl-Fe-linker-FVHLC-R and template pSYN-FVIL-002 using
the same conditions described for cloning of pSYN-FVII-014, but with an annealing
temmperature of S77 C The expected sized band (approximately 700 bp) was gel
purified and cloned into the Hindil and BspEl sites of pSYN-FVH-(14 to generate
pSYN-FVI-023. Primers HindIT-Kozak-FVH-F and BspEI-Fe-linker-FVIILC-R
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amplified a DNA fragment encoding the FVIE light chain followed by a (GGGGS Y

polypeptide linker and a portion of the Fe region up to amino acid 232 (EU

57 end of the molecule followed by a Kozak sequence while primer BspEl-Fe-linker-

FVHLC-R adds a Bspel site at the 37 end of the molecule.

10 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-FVIH-003 with the following
cyeles: 95° C 2 minutes; 30 cycles of (95° C 30 seconds, 55° C 30 seconds, and 72°C
2 punutey;, 72 ° C 7 mimates. This PCR reaction generated a DNA molecule encoding
a {GGGGY),, polypeptide linker followed by a RKRRKR sequence followed by the

15 FVI heavy chain. Primers BamHI-2xlink-pace-HC-F and Fe-EcoRI-R introduce a

BamHI site and an EcoRI stte at the 5° and 37end of the molecule, respectively. The

expected sized band (approximately 1600 bp) was cloned into the BamHI and EcoRl

sites of pSYN-FVII-023 to generate pSYN-FVII-024.

20 Cloning of intermediate pRYN-FVII-873

A silent mutation was introduced in the first Fo moiety of FVII-024 by PCR-based
stie-directed mutagenesis methods, resulting in the generation of a Sall site at DNA
region encoding amino acids in position 412 and 413 (EU numbering). This generated
the intermediate construct FVIE-073
25 Cloning of pSYN-FVIL-0587
The synthesis of the DNA sequence comprising nucleotides from the Sall to Bsiwl
sites of pSYN-FVIL-057 was outsourced. This DNA was subcloned into the
Sall/BsiWT sites of pSYN-FVII-(73 to generate pSYN-FVII-057
Cloning of pSYN-FVII-088, pSYN-FVIL-0589, pSYN-FVIL-060, pSYN-FVIi-061
30 and pSYN-FVH-062
These constructs were cloned as described for pSYN-FVIH-057 (outscourced synthesis
of DNA from Sall to BsiWl and subcloned into pSYN-FVII-073)
Cloning of pSYN-FVIL-66

The synthesis of the DNA sequence comprising nucicotides from the Sall to Rsrll

53
(¥4

sites of pSYN-FVI-066 was ocutsourced. This DNA was subcloned into the Sall/Rsril
sties of pSYN-FVII-043 to generate pSYN-FVII-(66
Cloning of pSYN-FVEH-067
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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 into the
Sall/EcoRI sites of pSYN-FVIH-041 to generate pSYN-FVI-067

Cloning of pSYN-FVI-098

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

Cloning of pSYN-FVIL-160

A portion {amino acids 311 to 322 of the FVIH mature sequence} of the 170 loop of
FVII was replaced with the 170 loop of trypsin {amino acids EASYPGK). This
mutation was introduced by standard overlapping PCR methods using the pSYN-
FVI-090 as template and backbone structure to generate pSYN-FVII-100

Cloning of pSYN-FVEL-1158

A triple point mutation (V158D, E296V and M298Q; mature FVI sequence
rurnbering) was infroduced into the FVIH coding region of pSYN-FVII-090 by PCR-
based stte-directed mutagenesis to generate pSYN-FVIH-115

Cloning of pSYN-FYIH-118

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

Cloning of pSYN-FVIL-1198

The synthesis of the DNA sequence comprising nucleotides from the Xbal to BsiWl
sites of pSYN-FVII-119 was outsourced. This DNA was subcloned into the
Xbal/BsiW] sites of pSYN-FVIL-011 to generate pSYN-FVI-119

Cloning of pSYN-FVI-127

A DNA fragroent comprising the 170 loop of trypsin was generated by PCR using
pSYN-FVIi-100 as template. This PCR reaction generated BsiWl and BspEl
restriction sites at the 57 and 37, respectively. The DNA fragment was subcloned into
the BsiWL/BspEl sites of pSYN-FVII-118 {0 generate pSYN-FVH-127.

Clening of pSYN-FIX-§42
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A HindHI/BspEl fragment from pSYN-FIX-030 (as described in US Patent 7566565)
was subcloned into the HindHI/BspEI sites of pSYN-FVH-011 to generate pSYN-
FIX-042

Clening of pSYN-FIX-068

A HindHEBspEI fragment from pSYN-FIX-030 (plasmid described in full in
US7566565) was subcloned into the HindHI/BspEI sites of pSYN-FVH-066 to
generate pSY N-FIX-068

Cloning of pSYRN-FIX-038

A BspEl-EcoRI fragment from pSYN-FIX-067 was subcloned into BspEI-EcoRI sites
of pSYN-FIX-033 to generate pSYN-FEX-08%

Clening of pSYN-FIX-089

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

Cloning of pSYN-FiX-098

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 into the
Xbal/EcoRI sites of pSYN-FEX-053 to generate pSYN-FIX-090. The SCES sequence
is set forth below:

AQVQLOESGGGLVQPCGGELRLECAASGFMESRYAMEWVREOAPGKGPERVSGISGSGESTYYADSVKGRE

TVSRDNSKNTLY LOMNSLRAEDTAVY Y CARGATYTSREDVPDOTS FDYWGQGTLVIVSSGSASAPKLER

GEFSEARVSELTODPAVSVALGRTVRITCOGDSLRNE

YASWYQQKPGOAPTLY IYGLIKRPEGT PDRES
ASSEGNTASLTITGAQARDEADYYCLLYYGCGOOGVFGGCTKLTVLROPKAAPEVTILEPPSSAA
Cloning of pSYN-FVE-0%4

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-FVH-011 variant that had been previously modified to
generate an EcoRYV site at the C-terminus of the FVII coding region

Cloning of pSYN-FVIH-088

The synthesis of the DNA sequence comprising nucieotides from the Sall fo Rsrll
sites of pSYN-FVII-088 was outsourced. This DNA was subcloned into the Sall/Rstil
sites of pSYN-FVII-066 to generate pSYN-FVII-083

Cloning of pSYN-FVIL-1258

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

region and part of the linker. This PCR reaction generated BamHI and EcoRI sites at

96
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the 5" and 3" of the DNA fragment, respectively, This DNA fragment was subcloned
juto the BamH/EcoRI sites of pSYN-FVII-011 to generate pSYN-FVII-125

Cloning of pSYN-FVII-041

The coding sequence of human recombinant B-domain deleted FVII was obtained by
reverse transcription-polymerase chain reaction (RT-PCR) from human liver poly A
RNA (Clontech) using FVIil-specific primers. The FVIII sequence includes the
native signal sequence for FVHL The B-domain deletion starts atter serine 743
(S743; 2287 bp) and ends before ghitamine 1638 (Q1638%; 4969 bp) for a total deletion
of 2682 bp (SQ version).

The coding sequence for human recombinant Fc was obtained by RT-PCR
from a human leukocyte cDNA library {Clontech) using Fc specific primers, Primers
were designed such that the B-domain deleted FVHI sequence was fused directly to
the N-terminus of the Fe sequence with no intervening linker. The FVIITFe DNA
sequence was cloned into the mammalian dual expression vector pBUDCE4.
(Invitrogen) under control of the CMYV promoter.

A second identical Fe sequence including the mouse Igk signal sequence was
obtained by RT-PCR and cloned downstream of the second promoter, EF o, in the
expression vector pBUDCE4 1. This final construct was designated pSYN-FVIHI-
(13.

A second plasmid was created from similar constructs using PCR and standard
malecular biology fechniques, fn order to express rEVHIBDD-Fe-Fe in which the
fFVHIBDDFC coding sequence was fused to the second Fe sequence with a
(GGGGRYM linker, allowing for production of only the fFVIHIBDD-Fc monomer-
dimer hybrid in transicnt transfection. This construct was designated pSYN-FVII-
041.

Cloning of pSYN-FYHE-049

Generated intermediate pSYN-FVHI-0438 by cloning Nhel/Xhol fragment from
pBUD-CE4. Uinto pSYN-FVIHI-013. The synthesis of a DNA fragment comprising
the region from Rsrll to Xbal sites of pSYN-FVI-049 was outsourced. This
fragment was subcloned into the Rsrfl/Xbal sites of pSYN-FVIII-048 to generate
pRYN-FVII-049

Clening of pSYN-FVIE-108

A Sall/Rsril fragment from pSYN-FVIH-066 was subcloned mto pSYN-FVIH-049 to
generate pSYN-FVHI-108

D
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Example 7. Additional Attempis at Expression of Activated Constructs
003841 Several other constructs 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 FVH heavy chain
cannot be expressed with a free N terminus using a conmunon method of fusing a
heterologous signal peptide to the N-terminus of the heavy chain.

Cloning of pSYN-FVH-010

jOD3RE] The FVII-010 construct is one in which the heavy chain of factor VI

was expressed in the context of an scFc scaffold and the light chain was expressed
separately.

100386} PCR-amplify with primer pairs FVIE-HC-Hind3-1ggKss-F/FVU-HC-
BspEI-R, using pSYN-FVII-001 (see supra.}. Clone in BspEUVHindIH sites of pSYN-
FVII-008 (see supra), generating pdYN-FVII-009,

{B03RT] PCR amplify FVI light chain from pSYN-FVH-003 {refer to POS30)
with primers FVI-LOC-Noth-F/ FVI-LC-Xho!-R and clone in pSYN-FVIL-009 to
generate pSYN-FVI-010

Primers

FVH-HC-BspFI-R
AGGAGTTCCGGAGCTGOGCACGOGTGOOGCATOGTOTGAGTTTTOTCGHATCD
COCGUCACCGUAACCTCCACCGCCTGATCCACCCCCACCTGATCCGCCGLC
ACCGGACCCACCTCCGCCGGAGCCACCGCCACCGGGAAATGGGGCTCGCA
GGAGG

FVI-HC-Hind3-1ggKss-f
ACTGACAAGCTTGCCGCCACCATGGAGACAGACACACTCCTGCTATGGGT
ACTGCTGCTCTGGGTICCAGGTTCCACTGGTATTGTGGGGGGCAAGGTGTG
C

FVH-LC-Noti-F
ACTGACGUGOGCCGCGCCGCCACCATGGTCTCUCAGG

FVI-LC-Xhol-R
ACTGACCTCGAGTTATCGGCCTTGGGGTTIGUTGE

Cloning of pSYN-FVH-013
160G388] The FVIH-013 construct is one in which the light chain was expressed

in the context of an scFe scaffold and the heavy chain was expressed separately.
B389 PCR-amplify with primer pair FVI-LC-hinker-BamHI-R/ HindIT1-
Kozak-FVU-F from pSYN-FVH-001 (refer to POB30) and clone in BaraHI/HindIH
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sites of pSYN-FVII-011, generating pSYN-FVH-012, PCR-amplity FVH-HC from
pSYN-FVI-009 using privaer pair FVIFHC-Notl-F/FVIE-HC-Xhol-R ad subelone in
pRYN-FVH-012 to generate pSYN-FVI-013

Primers

16 FVH-LC-6xlinker-BamHI-
RACTGACGGATCCCCCGCCACCGGAACCTCCACCGUUTGATCCACCCCCA
CCTGATCCGCCGCCACCGGACCCACCTCCGCCGGAGCCACCGCCACCTICG
GCCTTOGGGTTTGOTGG
Hindlll-Kozak-FVII-F

15 CGACAAGUCTTGCCGCCACCATGGTCTCCCAGGCCCTCAGG
FVI-HC-Notl-F
ACTGACGCGGCCGCGCCGCCACCATGGAGACAGALC
FVIH-HC-Xhol-R
ACTGACCTCGAGTTAGGGAAATGGGGUTCGCAGGAG

§
? Cloning of pSYN-FVII-018
[BO39%] For the FVH-018 construct, the heavy chain of FVII was epressed as
an Fe fusion protein and the Hght chain of FVII was separately expressed as a separate
Fe fusion protem.
25 60391 Primers FVI-HC-Himd3-1ggKss-F/scFe-EcoRIE-R were used to PCR

amiplify HCFVI-inker-Fe, using pSYN-FVIL-(10 as template. Subelone in
HindlI/EcoRT sites of pBUDCE4. This makes pSYN-FVII-017. Next, PCR-amphiy
from pSYN-FVIE-013 with primers FVH-LC-Notl-F/FC-XHOIL-R and subclone in
Xhol/Notl sites of FVH-017. This makes PSYN-FVII-018

30  Primers
scFc-EcoRI-R
ACTGACGAATTCTCATTITACCCGGAGACAGGGAG

Fe-Xhol-R
AGUTCTCGAGTCATTTACCCGGAGACAGGG

s
W

Example 8. Attempts at Expression of Activatable Constructs

Cloning of FVII-039, -040
40 [003972] Several constructs were made in an attempt (o generate constructs in

which Factor VH can be activated in vivo at the site of clotting using an appropriate
cleavage site, in this case the DFTR Factor Xlia cleavage site.
138393 The 039 construct was made in the context of an scFc scaffold. The

construct included the FVIT light chain, the FXla cleavage site, and the FVII heavy

B
(v

chain with a 1153V mutation in linear sequence attached to the N-terminus of the first

Fe moiety,
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The 040 construct was also made in the context of an scFc scaffold. The construct
jnchided the FVII light chain with an R152 deletion, the FXIa cleavage site, and the
FVII heavy chain with an H33V mutation in linear sequence attached to the N-
terminus of the first Fe moiety. The DFTR cleavage sequence is a natural FXla
sequence found in FIX. In FIX, the DFTR sequence is followed by a valing, so an
I152V mutation was introduced in pSYN-FVII-(39, -040 to increase FXTa cleavage
efficiency
[30394] Synthesis of DNA molecule Genscript-FVIE-039 and -040 was
utsourced {Genseript). An Xbal/BsiWl fragment from Genscript-FVIL-039 and -040
was subcloned into Xbal/BsiWl sites of pSYN-FVII-011 to generate pSYN-FVII-039

and -040, respectively

Example 9. Traunsient Transfection of Construcis

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

[00396] Twenty-four hours prior to transfection cells were seeded at a density
of 7x10° cells/m! in growth media supplemented with LONG™R3IGF-1 (Sigma
Aldrich, St. Louts, MO} to 20 pg/liter (transfection media). On the day of
transfection, a transfection solution was made with a volume cqual 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 PET (60 mg/L) in
transfection media. The solution was swirled for 30 seconds and incubated for five
mimates at room temperature before adding directly to the cell culture. Four hours
tater a volume equal to the cell culture volume of OptiCHO (Invitrogen)
supplermented with vitamin K3, LONG ™MR3IGF-1 and 200 mM L-glutarine was
added to the cells. The cell culture was allowed to grow as shown sbove and daily
media samples were taken to assess protein expression. On the day of harvest, the
cells were spun down and the media filtered in preparation for protein purification or

protein analysis by protein A pulldown/western blot.

100
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Example 18. Protein Purification of FVHFc Molecules (except FY-028 and
FVH-053) and FEX¥Fe moleonles

[60397] FVIIFc maolecules were purified from conditioned media using the
following columns: 1) Anion exchange chromatography with pscudo-affinity elution
(e.g. (¥ sepharose 4FF (GE Healthcare) followed by elution with varying levels of
CaCly to selectively ehute the most active species), followed by 2) shFeRn {(soluble
human FeRn) affinity (NHS- coupled shFcRn with sepharose 4FF beads)
chromatography, binding Fe-containing proteins at low pH {e.g. pH 6.2) 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 7,566,565,

Exampile 11. Protein Puvification of FVH-028 and FVii-B53

[B0398] FVIL-028 and -053 were purified from conditioned media using the
following columns: 1) Hydrophobic mteraction chromatography (e.g. Phenyl FF (high
sub} (GE Healthcare)), followed by 2) Anion/cation exchange chromatography with
salt 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.
Example 12. Purification of FIX-§9)

{00399] FIX-090 was purified through a 2-step chromatography process, first
using an immunoaffinity chromatography step with an anti-GLA domain antibody,
followed by anion exchange chromatography using pseudoaffinity elution similar to
FIXFe 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: Purification of FVIIFc proteins

[(0400] FVIIFc¢ proteins were purtfied from clarified and chemically defined
harvest media using a two or three column purification process, inchuding a FVII-
specific affinity purification step (McCue 2009} foliowed by a combination of anion
exchange with standard NaCl elotion and/or shFeRn (soluble human FeRn) affinity
(NHS- coupled shFcRn with sepharose 4FF beads) chromatography, binding Fe-

containing proteins at low pH (e.g. pH 6.2} and cluting at neutral pH (e.g. pH 8.0},
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These purification steps utilized standard methods known to those in the art fo

generate purified proteins of >935% purity by SEC analysis and SDS-PAGE.

Example 14. Activation of FVI constructs
[00401] Fractions cluted from the FeRn column containing FVIIFe were

10 pooled, and total protein was concentrated to 4 mg/ml. The CaCly concentration was
raised to 5 mM and the sample was incubated at 4°C for 24 to 48 hours until at least
§0% of FVIIFc was activated. The extent of activation was assessed by SDS PAGE

(Figure 10}

13 Example 18, FVila activity assays, soluble tissue factor method
100402] Specitic activity of the FVlaFc variants was determined by the soluble
tissue factor method. Unlike lipidated full length tissue factor, soluble tissue factor
{extracellular portion of tissue factor) can’t activate FVH into FVHa, bul it acts as an
activator of the conversion of factor X into factor Xa by FVIa. To deternune the

20 specific activity of FVilaFc variants, A STACLOT® FVILrTF kit (Diagnostica Stago,

Asnieres, France) was used following manufacturer’s recommendations, Table |

summarizes the data and shows comparable specific activity for all variants.

Table 1. Specific activity of FVilaF¢ variants based on the soluble tissue factor
25 method

' F¥ilaFe Uink
30 Fvil-011 891
FVil-024 928
FVi-027 790
35 FVil-037 1131
Fvil-044 1300
Vi-345 806
Fvil-046 1145
40 FVi-047 924
FVil-048 873
FVil-048 1130
45 Vi-353 829
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Example 18. FACs assays to study binding of FViiaFc and platelets

10 [00483] In this example, the following reagents and methods were used:
ADP: Sigma Aldrich, catt A2754, stock 1 mM, working concentration 10 uM
SFLLRN peptide: in-house synthests, stock concentration 5 mg/mi (6.7 mM),
working concentration SO ug/ml (67 uM)

15 FVH antibody-FITC-1abeled: Affinity Biologicals SAFVIL-APFTC

Platelet buffer: 15 mM HEPES, 138 mM NaCl, 2.7 mM KCL T mM MgCl2, 5 mM
CaCl12, 5.5 mM dextrose and mg/mi BSA, pH 7.4
Method
s Count platelets
20 e Add 20 ul of ~2-4x10° cells/mi gel-purified platelets to 1 mi of platelet buffer
s Make 100 ul aliquot for cach sample
¢ Add agonist and FVHaFc (to desired concentration) as needed Incubate at 37C for
13 mimutes
¢ Add equal volume of HBS/S mM CaCly/1.5% formaldehyde, meubate 207 at RT
25 = Spn 15 at3000g
e Wash in HBS/5mM CaCl2/t mg/ml BSA, spin again and resuspend in 100 ul of
platelet bufter.
¢ Add 2.5 ul of FVII antibody-FITC-labeled and incubate for 30 © at room
temperature.

30 = Analyze by FACs

Example 17. Thrombin Generation assay

{0404} In this example, the following reagents and methods were used:

Reagents

FV: HTI, cat#HCV-0100, 1ot#20413, 5.1 mg/ml
Prothrombin: HTL cat#HCP-0010, lot# 70128, 4.8 mg/mi
FXCHTL cat# HCX-0050, ot#X 0401, 5.4 mg/ml

40 AT HTY, catt HCATHI-0120, lot#Y 0401, 8.2 mg/ml
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TFPI: American Diagnostica, cati 4900PC, lot# 081031, 100 ug/ml

Reader: Fluorskan, Thermo Electron Fluorometer

Thrombin Calibrator: Thrombinoscope, cat# TS20.00

Fluca: Thrombinoscope, cat# TS50.00

Plateiet buffer: 15 mM Hepes pH 7.4, 138 mM NaCl, 2.7 mM KCi, 1 mM MgC12, 5.5
10 mM Dextrose, supplemented with 1 mg/ml BSA before using

ADP: Sigma Aldrich, cat# A2754, stock | mM, working concentration 10 uM
SFLLRN peptide: in-house synthesis, stock concentration 5 mg/md (6.7 mM),

working concentration 58 ug/mi (67 uM)

(v

=2

o

Lh

o2
Co?

Primary stock {(mg/ml) Working [final]

solution g/l
{ug/ml}

FY 5.1 105.6 4.4

Fi 4.8 1200 54

FX 5.4 120 5

ATHI 8.2 1800 75

TFPL 0.1 1.44 (.06

Platelet 2-10E8 {.74E8 §.6ER

FvilaFe 1 mg/od (10 uM) 1200 nM 200 oM

FvilaFc 1 mg/ml (10 uM) 200 aM 62.5 oM

FvifaFc 1 mgial (10 uM) 62.5 nM 12.5aM

3 Method

{60405] -Set up software according to manufacturer’s recommendations

[00406] -Prewarm water and Fluca buffer

684073 -Make elotting factor muix, Dilute stock concentration of FV, FII, FX|

ATHI and TFPI to make working solution, Need 5 ul/well, so for a 30 well assay
prepare 180 ul of each Mix all the clotting factor solutions in a single bulk sohution
[B04038] -Premake FVIIaFe dilutions, Make 1200 nM solution (12 ul into 88 ul
of butfer) in 100 ul and dilute 4-fold twice (25 ul into 75 ul of buffer) fo obtain 200
ndM and 62.5 oM solutions

160409 -Make calibrator solution (I ml of warm water in calibrator vial)

[68410] -Add 20 ul of buffer or calibrator to the wells
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[00411] -Add 25 ul of clotting factor mix to the wells {or 25 ul of buffer o
calibrator wells)

[60412] ~Add 26 ul of FVIIaFc to the wells {or buffer to calibrator wells)
{60413} -Add 35 ul of platelets (previcusly add ADP and SFLLRN). Add
platelets to calibrator well

10 (00414 -Put plate in instrument, prepare Fluca butter and start reaction {add 20

ul Fluca/well) 5 minutes after putting plate into mstrument.

Example 18. Analysis of protein generated from transient transfections
i5

{0041 5] For analysis of profein from transient transtections, conditioned media
from transfections of pSYN-FVIL-010, 011, -013, -018, -003, 019 -020 and -024
were subjected to protein A immunoprecipitation. Briefly, cell culture supernatant
was mixed with approximately 50 ul of protein A-Sepharose 50% shurry and

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

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

[\
(v

to standard protocols. Gels were transferred to nitrocellulose membranes and Western
blots were performed to detect the Fe region or the FVII light chain. For Fe detection,
the antibody used was a goat anti-human IgG (Fc specifie)-horseradish peroxidase
conjugate (Pierce ImnmumoPure antibody, catalog #31413). For FVI light chain
detection an anti light chain monoclonal antibody was used (Green Mountain, clone
30 6MA-219). The antibodies were difuted 1:15,000 (for Fe detection) or 1:200 (for light
chain detection} in PBST (PBS with 0.1% Tween-20) with 3% nontat dry milk and
fncubated with the raerobrane for | hour at room teraperature. The membrane was
then washed in PBST 3 times for 10 minutes and signal was detected by a
chemiluminescent method for Fe detection. For FVII 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 15000 in PBST. The
membrane was also washed in PBST 3 times for 10 minutes and the signal was

detected by a chemiluminescent method. Chemiluminescent detection was performed
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using ECL Plus Western Blotting Detection System {Amersham Biosciences catalog
H#RPN2132) according to manufacturer’s protocoel. Signal was visualized in a Storm
840 Phosphorimager (Molecular Devices).

[60416] The effect of PCS on the processing ot the proprotein convertase
cleavage sites in the FVII-024 linker was tested as shown in Figure 26, Under

10 nonreducing conditions the etfect of PUS on cleavage site processing can not be
detected because the FVIT hight chamn-Fe and FVIT heavy chain-Fe subunits remamn
linked via 2 disulfide bonds in the Fo region (lanes 2 and 3). Under reducing
conditions we observed partial processing of FVIL-024 generated from cells not

cotransfected with PCS (lane 4), but full processing when the cells were cotransfected

[y
(v

with PCS (lane 5). Full processing of the linker results in secretion of activated FV1L
(FVila), since a free N-terminus of the heavy chain is required and sufficient to

activate the protein.

20 Example 19, (leavage of FVI-83% and FVI-848 by FXia

{00417} The activation FVH-039 and FVII-040 by FX1a, as a vesult of the FXla
cleavage site inscerted immediately upstream of the FVII light chain in these proteins,
was characterized in vitro. A 1.5 uM sohution of FVI-039, FVIE040 or FVIH-011

25 {(nom activated) containing 15 oM FXla in 50 mM Tris-HCI, 100 mM NaCl, 10 mM
CaCly, pH 7.4 was incubated for 5 or 20 minutes, and cleavage of FVIIFC was
determined by SDS PAGE under reducing conditions, followed by SYPRO Ruby
stajning (Invitrogen). FXla failed to cleave FVII-(39, FVI-040 and nonactivated

FVII-011, as shown in Figure 2§,

30
Example 26, Alternative Activatable FVIlEc constructs
Failure of FXIa to cleave FVII-039 and FVIH-040 may have been caused by
inaccessibility of the protease to the cleavage site by steric hindrance. To improve
35 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 light chain
(Light chain-linker-Fe-seFchinker-FXa/throrabin cleavage site-heavy chain-linker-
Fe). In some embodiment, the heavy chain will comprise the 1132V mutation. Once

the best cleavage site is determined, a escFe 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: FXJa/thrombin cleavage site-heavy chain-tinker
Fe.

100418] In order to improve the lovel of activation observed with the
constructs shown in Figure 2§, a second generation of activatable variants illustrated
in Figure 31 (similar in structure to those shown in Figore 6E) was used to jucrease
accessibility of the cleavage site. In this example, FXla and thrombin cleavage sites
were used for these constructs (See Figure 31). Constructs were transicntly transfected
as previously described. FVIHFc was captured from media with protein A, FVilFc
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 FVIT heavy and light chain
malecules in the presence of the appropriate enzyme. Best cleavage was observed for
constructs FVIL-060 and FVII-061, while no cleavage was chserved for the negative

control (FVH-062) in the presence of thrombin.

Example 21. A Factor VI Activatable Construct

[B0419] The constructs depicted ju Figure 33 were (FVI-090, FVII-089 and
FVI-062) were cloned, expressed and purificatied as previously described (these
proteins do not require activation} . Due to a cloning error 3 “VVGGA” sequence was
inserted after the ALRPR thrombin cleavage sequence of FVH-060 and FVIH-061, but
while this insertion would be expected to affect the activity, it would not be predicted
to affect the assessment of cleavage by thrombin in SDS-PAGE based assays, This
sequence was removed in FVI-089 and FVII-090, To 125 nM of FVII-090, FVIL-
(89, FVII-(62, or plasma-derived FVIL(FVII} increasing concentrations of thrombin
were added and incubated for 10 minutes at 37°C. The nuxture was run on SDS-
PAGE gel to determine cleavage by thrombin (Figure 33). Generation of FVI light
chaim-Fc and FVH heavy chain-Fc was observed for FVH-089 and FVI-090 after
jncubation with thrombin, The fact that there was no cleavage of plasma-derived
FVITE or the FVII-062 negative control by thrombin shows specificity. No significant

difference in cleavage efficiency was observed for FVII-089 and FVIE-090.
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[00420] Thrombin generation assays were used (o measure activity of
activatable variant FVII-090. A thrombin generation assays in FVHI-deficient
platelet-rich plasma was performed as previously described, but replacing clotting
factors and platelets with FVIii-deficient platelet-rich plasma. The results depicted in
Figure 34 are from an assay in which thrombin generation was activated with 50 nM
of FVHaFc. As shown in Figure 34, thrombin is generated by 50 nM ot FViaFc.

The addition of 200 oM FVI-090 (not FVII-062, the negative control) to S0 nM of
FViiaFc results in a signiticant increase in thrombin generation, suggesting that FVI-
090 becomes activated by thrombin generated by FVHaFc. FVI-090 in the absence of
any FVHaFc activation also shows increased thrombin generation relative to FVII-062
in the absence of activation. This could be caused by activation of FVH-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, FVI-100,
amino acids 311 to 322 of the FVI mature sequence (LQUSRKVGDSFEN,
corresponding to the 170- loop) from FVIL-090 | were replaced with amino acids
EASYPGK from the 170-loop of trypsin. This substitation has been shown to confer
high specific activity.

{00422} An additional high specific activity version of Factor VH, FVIL-115,
was constructed. In this version, the 170 loop is wild type, but there are three point
mutations in the heavy chain of FVIIL, VISBD, E296V and M298Q. FVI-100 and
FVIE-113 are illustrated in Figure 41

[60423] In a soluble tissue factor assay, the specific activity of FVU-01 H{wild
type FVIiaFe) is 10,000 W/mg. FVI-090 has a specific activity of 0.32 TU/mg, FVII-
100 has a specific activity of 0.25 TU/mg, and FVII-115 has a specitfic activity of 14
[IU/mg. Thus, each of the activatable forms (prior to activation by the appropriate
enzyme) is cssentially inactive in this assay.

004241 In the context of activated FVIL such high specific activity variants
have the potential to be more efficacious, but also to be more susceptible to mhibition
by proteins such as antithrombin, This inhibition depends on FV1la 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 injury.

[00425] The cleavage of purified FVIH-090 and FVIL-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 FVI-100, FVU heavy chain-Fe and
light chain Fc collapse in 1 band because a glycosylation site is removed from the
heavy chain after insertion of the trypsin 170 loop, reducing the mass of the FYILHC-
Fe band which therefore migrates faster on the gel and comigrates with the FVII LC-
Fe band.. Thrombin generation assays were used to measure activity of activatable
variant FVI-090 and high specific activity variant FYVI-100. As set forth previously
herem, thrombin generation was tested in a reconstifuted systermn with human platelets,
Factor X, Factor V, prothrombin, antithrombin and tissuc-factor pathway inhibitor,
Activity was measured with or without 5 nM thrombin activation.

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

oy
Ji
i

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

obtained for the other high specific activity variant, FVII-115.

Example 23. Confirmation of activity of activatable variaats using various
ASSAYE

{60427} in this example, chromogenic assays were used to measure FVII
activity. One of the assays used measures the amidolytic activity of FVIiaFc by
measuring the cleavage of a chromogenic substrate by FVIila. Another of these
measures the FX activation activity by measuring the ability of FVHa to activate FX,
as determined by measuring levels of a chromogenic substrate that is cleaved by
activated FX (FXa).

100428} In amidolytic assays, the chromogenic substrate Chromozyme t-FA

was used. FVila 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),

1004291 As shown in Figure 38, anudolytic 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 FVIL-090. In these
assays, after activation of the activatable molecule by thrombin, hirudin is added to
inhibit thrombin cleavage of the chromogenic substrate. In this manner, the thrombin
does not interfere with the ability to detect FVa activity.

004301 The activation of FX by FV1ia is also enhanced in the high specific
activity FVIT activatable variants, To raeasure activation of FX by FV{la, substrate
52765 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 control experiment which
demonstrates that FX activation by FVTiaF¢ 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 FYVI-100. In
this experiment, FVI{Fc (100 nM) was activated with thrombin (100 M) for 20
minutes at 37C. Hirudin was added to inhibit the thrombin, FX (10uM) was added
and incubated for 15 minutes at 37C, followed by EDTA to inhibit the reaction.
S2765 substrate was added and FXa generation was detected by momitoring substrate

cleavage

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

{00432] 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
chain. Tn FVI-119, the sequence GGGGS-ALRPR was inseried between the light
cham and heavy chain. For FVIL-127, the construct was made like FVI-118, but with
the same high specific activity mutation used in FVIL-100. The specific activity of the
non-activated puritied forms of these constructs was tested in a sohuble tissue factor
assay and compared to FVH-011 (wild type FVHaF¢ which had an activity of 10,000
[U/mg). FVIH-118 had an activity of 4.5 TU/mg and FVIH-127 had an activity of 1.8
U/mg, demonstrating that these molecules had essentially no activity in their

activatable form.
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[00433] Thrombin cleavage reactions of FVI-118, FVH-119 and FVI-090
followed by 3DS PAGE analysis were performed as previously described. As shown
in Figure 42, the cleavage site in an activatable construct can be cleaved in the context
of both the monomer and heterodimer Fe molecules. In the figure, the decrease in the
intensity of the nonactivated FVIFc¢ band with increasing thrombin concentration is
similar for the FVIIL-118, FVIL-119, and FVIE-090 constructs.

[00434] Another activatable monomeric construct, FVH-127, was made and
tested. FVIIL-127 has the backbone of FVII-118, but the same 170 loop substitution
used in FVI-100 to confer high specific activity. As shown in Figure 43, the activity
of FVII-127 is significantly increased as compared to FVH-11R8 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 levels of tissue factor,
thrombin or contact pathway activation can generate enough thrombin to activate
FVI-127 without exogenous addition of thrombin. FVII-127 activity is accelerated

by thrombin,

Example 258, ¥Vila¥Fc variants fargeied to the active form of GPiibila

In this example the constructs illustrated in Figure 44A were cloned, transiently
expressed, purified and activated as previously described. FVI-066 was cotrasfected
with PCS to fully process the cscFe linker, described in the protemn sequence,
connecting the first Fe moiety to the platelet targeting moiety. These constructs
cmploved the targeting moiety SCES, a scFv against the active conformation of
GPlibiila. 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 (FVH-
067 of the second Fe moiety of FVIaFc, In addition, the SCES was placed at the C-
terminus of FVIia (FVH-094). FVHaFe (FVI-011) and Novoseven were used as
controls. As shown in Figure 448, these proteins were tested by thrombin generation
assays in FVIH-deficient human plasma as previously described. These experiments
revealed increased rates of thrombin generation for all the proteins containing the
SCES targeting moiety relative to the controls. The highest rates of thrombin
generation were observed for FVII-066, followed by FVH-094 and FVI-067,
suggesting that the placement of the SCES targeting moiety can have a significant
effect on the activity of the protein. Binding of these proteins to activated human

platelets was determined by FACS assays as previously described (Figure 44C). All
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the FViia proteins containing the SCES targeting moicty showed increased binding to
platelets relative to the FVHaFc¢ control. This shows that attaching the SCES targeting
moicty to FVIIa can increase its atfinnity from platelets. Since the SCES targeting
moiety has been shown to interact with the mouse GPHbIUa receptor, FVIE-066 was
tested in thrombin generation assays using mouse FVHI-deficient platelet rich pasma,
as well as in a reconstituted system using buman purified components and platelets, as
previously described (Figure 29). We observed increased rates of thrombin generation

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

Example 26. Additional FViiaFe varianis targeted to the active form of
GPHbila

In this example, construct FVI-027 illustrated in Figure 12A was cloned, expressed
{with PC5 cotransfection to fully process the cscFe hinker, desceribed in the protein
sequence, connecting the first Fe motety o the platelet targeting moiety}, puritied and
activated as previously described. This construct employs the targeting moicty MB9,
a scFv that has been shown to bind to the active conformation of GPlIbiHa. FACS
assays were performed as previously described to assess binding to activated
platelets, and FVIH-027 was shown to bind to activated platelets with higher affinity
than the FVIL-011 control (Figure 12B). Thrombin generation assays were performed
with reconstituted purified human proteins and platelets as previously decribed
(Figures 13A, 13B and 13C). FVH-027 showed increased rates of thrombin
generation relative to the controls. Figure 13D illustrates that FVH-027 has four times
more activity than FVI-011 or Novoseven, based on thrombin generation assays.
Figure 14 illustrates that the enhanced platelet binding and thrombin generation
activity of FVH-027 were abrogated by PACH, an antibody that competes with MB9
for binding to the activated form of GPHblla, demonstrating the cffects arc mediated
by the interaction of MB9 with the activated form of GPIIbHIa. The MB9 targeting
maicty was also placed at the C-terminus of the second Fe muotety of FViiaFe to
generate FYIL-037 illustrated in Figure 15 Thombin generation assays in a FVHI-
deficient reconstituted system with platelets revelaed increased rates of thrombin

ol

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

Example 27. Factor VI constructs targeted to hoth activated and nopactivated

platelels
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133435] In this cxample, the constructs illustrated in Figure 45A were
cloned, expressed, purified and activated as previously described. FVIE-088 was
cotransfected with PCS to fully process the cscFe linker, described in the protein
sequence, connecting the first Fo moiety to the platelet targeting moiety, FVI-088
and FVIE-125 employed the AP3 targeting moiety, a scFv that binds to both active
and nonactive conformations of human GPIbIla. The results in Figore 458 show
thrombin gencration assays in FVIIi-deficient platelet-rich plasma, and both FVII-088
and FVIH-125 showed increased rates of thrombin generation relative to the controls,
demonstrating that targeting FVIHaFc or FVIa to the active and nonactive
conformation of GPIbiiTa results in increased activity, Binding of FVI-088 and
FvaFc to activated human platelets was tested by FACS (Figure 45C), These data
showing that the AP3 targeting motety can increase the aftinity of FViaFc for
platelets.

Raotation Thromboelastometry (ROTEM®, Pentapharm GmbH, Munich,
Germany) is another method to evaluate platelet-targeted FVIa constructs, since it
allows for the characterization of several coagulation parameters in whole blood (in
the presence of platelets). The ability of FVII-088 and wild type recombinant FVHaFe
(rFVHaFc) to torm firm and stable clots was evaluated by ROTEM with Calcium
Chloride as activator (NATEM) following manufacturer’s recommendations.
Hemophilia A blood from a human donor was spiked with FVIiFc¢ to a final
concentration of 100, 30 or 10 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 rates of coagulation) were assessed as shown m Figure 30,
FVII-088 showed a significant reduction in the Clotting Time and Clot Forming Time
and an increase in the alpha angle relative to wild type rFVIaFc, consistent with
enhanced coagulation kinetics for FVII-088. These data demonstrate that FVI-088
has enhanced activity relative to wild type FVIlaFc in agreement with the thrombin

generation assay data

Example 28. Use of peptides for targeting FViia to platelets
[B0436] The constructs iilusirated in Figure 46A were cloned, expressed,

purified and activated as previously described. These proteins were made using

113

PCT/US2011/043597



W

[y
(v

WO 2012/006633 PCT/US2011/043597

peptides that bind to plateict receptor GPIb-alpha (found in both activated and
nonactivated platelets), specifically P54, OS1, and OS82 as platelet targeting moicties.
In making these molecules the peptide was attached to either the N or the C ternunus
of the second Fo moiety of the construct, The FVI-044 construct empioyed the PS4
peptide attached to the C terminus of the second Fe moiety of the construct; FVIE-045
emiploved the OS1 peptide attached to the C terminus of the second Fe moiety of the
construct; and the FVII-046 construct eraploved the OS2 molecule attached to the C
terminus of the second Fe moiety of the construct. In contrast, the FVH-047 construct
emploved the PS4 peptide attached to the N terminus of the second Fe moiety of the
construct; the FVII-048 molecule employed the OS1 peptide attached to the N-
terminus of the second Fo moiety of the construct; and the FVII-049 molecule
employed the OS2 peptide attached to the N-termimus of the second Fo moiety of the
construct. Thrombin generation assays were pertformed using FVII-deficient platelet
rich plasma as previously described. As shown in Figure 468, when the assay was
performed with limiting concentrations of FVia, each of the FVI-044, FVII-045, and
FVI-046 C-terminal fusion constructs exhibited enhanced thrombin generation as
compared to the Novoseven control. A simatlar result is shown in Figure 47A for the
N-terminal fusion constructs. Figure 478 shows that the FYVH-045 construct may be
marginally better than the FVIL-048 construct in this assay, but that again both the N
and C terminal fusions are betier than the Novoseven control.In addition, there is a
correlation between the published GPIb-alpha affinity for cach peptide (Figure 48)
and the increase in the activity associated with that peptide when recombinantly fused
to FVIIaFe. Figure 48 shows the binding of FVIL049, 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 Bemard et al. Biochemistry 2008,
47:4674-4682. FACS data revealed increased affinity of FVIH-045 and FVII-048 for
platelets relative to the FVII-(311 control

Example 29. An FVIHFc variant targeted to the active form of GPiibiiia
004371 The constructs illustrated in Figure 49A were made as previously
described. FVHI-041 is wild type FVIITFe, while FVIH-108 has a SCES platelet
targeting moiety at the N-terrainus of the second Fe moiety. For expression, FVI-
108 was cotransfocted with PCS to fully process the cscFc linker, described in the

protein sequence, connecting the first Fe moiety to the platelet targeting moiety.
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These proteins were tested in thrombin generation assays using FVIH deficient
platelet rich plasma as previcusly described, but m addition the thrombin generation
agssay was also activated with Hissue factor As shown in Figure 498, no significant
improvement was scen using the targeted version of FVIFc. 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 38, Making and testing 2 version of FVIH targeted to platelets that
facks a Gla domain

1004381 In this example a version of FVIlaFc illustrated in Figure 21was
generated. This protein has the MB9 scFv at the N-terminus and a deletion that
removes the Gla domain, FVH-033 contains an RKRRKR sequence inserted between
the hight and heavy chain for intracellular activation. FVII-053 was transiently
expressed (cotrasnfected with PCS for processing of the RKRRKR sequence which
resulis in activation of the protein) and purified as previously described. Thrombin
generation assays with purified components and platelets reveal that FVII-053 has
some activity (Figure 22), even though this activity is compronused relative to the
FVIE-011 control (Figure 22D). Data in Figure 23 show how the PACT antibody,
which competes with MB9 for GPIbiila binding, inhibits thrombin generation
activity associated with FVII-053, suggesting that platelet targeting is important for
activity. Another construct identical to FVIH-033, but without the RKRRKR insertion
was generated (FVII-028) and tested in a Pk study in the nonactivated together with
nonactivated FVIL-011. As shown in Figure 50, the terminal half-life of the targeted,
Gla-less FVII-028 molecule was nearly three times longer (20.3 hours) than that of
the FVI-011 control (7.1 hours), suggesting that removing the Gla domain increases

the terminal half-life of FVIiiFe

Example 31, Platelet Targeted FIX Molecules

[30439] In this example, the FIX constructs illustrated in Figure 51A were
made and tested. FIX-068 was cotransfected with PCS to fully process the cscFe
linker, described in the protein sequence, connecting the first Fo motety to the platelet
targeting moicty, FIX-068 has the SCES platelet targeting moiety at the N-terminus of
the second Fc moiety, while FIX-088 has SCES at the C-terminus of the second Fe

moiety. FIX-090 is a FIX construct without an Fe domain and has the SCES moiety
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attached at the C-terminus of the FIX protein. FIX-042 is a FIXF¢ as a single chain Fe
without a targeting moicty and was made as a control. BeneFIX (Pfizer) was also used
as a control. To remove trace amounds of activated FIX (FIXa) from the BeneFIX
sample that cause misleading results in thrombin gencration assays, the BeneFIX
sample was treated with the irreversible active site inhibitor glutamyl-glycyl-arginyl-
chloromethylketone (Hematologic Technologies). BeneFIX was incubated with an
excess arpount of the inhibttor for 180 mimutes at room temperature, The saraple was
then dialyzed to remove unbound inhibitor. The treated BeneFIX is hereafter referred
to as BeneFIX. The specific activities of the molecules made were FIX-042, 6
fU/mmol; FIX068, 5.1 [U/mmol; FIX-088, 3.5 Fmmol;, FIX-090, 13.8 IWU/mmeol, and
BeneFIX, 12 [U/nmol. When these constructs (FIX-068, FIX-088 and FIX-042) were
lested in a thrombin generation assay in platelet-rich FiX-deficient plasma as shown
in Figure 531B, each of the targeted molecules had a higher activity than the FIX-042
control. Figure 31C illustrates that both FIX-068 and FIX-08R have at least 4 times
more activity than FEX-042 as measured by thrombin generation. Since the specific
activity of FIX-042 is higher than FIX-068 and FIX-088, the mcreased activity
observed in the thrombin generation assays may be underestimated, and therefore the
increased activity by platelet targeting may be greater than 4-fold.

[00440] As shown in Figure 52A, FIX-090 {which lacks an Fc) also shows
increased activity relative to BeneFTX, suggesting that targeting FUX to platelets in 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 illustrated in Figure 53A was
cloned, transtently expressed and purified as previously deseribed. The molecule
comprises the OS1 peptide, which binds to GPIb-alpha receptor, attached to the N-
terminus of the second Fo moiety of the construct. The specific activity of the FIX-
089 construct was 2.4 [U/omol as compared to 6 IW/nmol for the control FIX-042
molecule,

100442} As shown in Figure 538, the FIX-08% molecule is more active than the

FIX-042 control in thrombin generation assays with FIX-platelet rich plasma; this is
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particularly evident at limiting concentrations of FIX. Figure 53C demonstrates that
FIX-08&9 1s roughly 4-times stronger than FIX-042 as measured by thrombin
generation, while having a lower specific activity. This further suggests that targeting

to GPIb increases the activity of FIXFc.
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DRAFT SEQUENCE LISTING

FVII-027 amino acid sequence. Signal sequence is shown in dotted underline,
propeptide is double underlined, linker region connecting FVIT or MB9 o Fe region is

underlined, and linker with proprotein convertase processing sites is shown in bold
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15 propeptide is double underlined, linker region connecting FVI or MB9 to Fe region is

underlined, and linker connecting both Fes sites is shown in bold
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FVII-053 amino acid sequence. Signal sequence is shown in dotted underline, linker
5 region connecting FVII to Fe region is underlined, hinker connecting both Fes sites is
shown in bold, and MB@ is italicized
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FVI-044 amino acid sequence. Signal sequence is shown in dotted underline,
propeptide is double underlined, linker region connecting FVII or PS4 1o Fe region is
underlined, linker connecling both Fes sites is shown in bold, and PS4 peptide 15
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FVII-045 amino acid sequence. Signal sequence is shown in dotted underline,

propeptide is double underlined, linker region connecting FVIT or OS1 to Fe region is

underlined, linker connecting both Fes sites is shown in bold, and OS1 peptide is
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FVIE-046 amino acid sequence. Signal sequence is shown in dotted underline,

propeptide is double underlined, linker region connecting FVII or OS2 to Fe region is
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FVI-048 amino acid sequence. Signal sequence is shown in dotted underline,
propeptide is double underlined, linker region connecting FVHI or OS1 1o Fe regious
is underlined, and OS1 peptide is ttalicized
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FVII-049 amino acid sequence. Signal sequence is shown in dotied underline,

propeptide is double underlined, linker region connecting FVII or O82 to Fe regions
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FVIE-066 amine acid sequence. Signal sequence is shown in dotted underhine, pro

linker region ccnnecting FVIE or SCES to Fe region is underdined, and linker with p-“oprotem u,m’enasﬂ
20 pracessing sites is shown in baid
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TGGAGGAACT TGATCGCHGT GCTGGGCGAG CACGACCTCA SATGAG
CAGAGCCGGT GGGTGGCHCA GGTCATCATC CCCAGCACGT T CACCACCAAC
CACGACATCG CGCTGCTICE CCTGCACCAG CCCGTGGTCC TCAC JCA TGTGGTGCTC
CTCTGCCTGT CCGAACGHAC GTTCTCTGAG AGGACGCTGG CCTICGTGCG CTTCTOATTG
CTCAGCGGCT GGGGUCAGCT GCTGHGACCGT GGUGCCACGG CCUTGHAGCT CATGGTCCTC
AACGTGCCCT GGCTHATGAC CCAGGACTGC CTGCAGCAGT CACGGAAGGT GGGAGACTCC
COAAATATCA CGGAGTACAT GTTCTGTGCC GGUTACTCGG ATGGCAGCAR GGACTICTGC
AAGGGGGACA GTGG sCCC ACATGCCACC CACTACCGGG GCACGTGGETA CCTGATGGHEC
ATCGTCAGCT GGGGUCAGGGE CTGCGCAACC GTGGGCCACT TTGGGHTGETA CACCAGGGTC
TCCCAGTACA TCGAGTGHCT GCARAAGCTC ATGCCGCTCAG AGUCACGCCC AGGAGTCCTC
CTGCGAGCCT CATTTCCOGE TCGCGGTGGC TCCGEUGHAG GTGGGTCCGGE TGGCGHECGEHA
TCAGGTGGGE GTGCGATCAGGE CGGTGGAGGT TCCGETGHCG GGHGATCAGA CAAAATTCAC
ACATG CGTGICCAGC ACCTGAACTC CTGGGAGGAC STCTT CCTCTTCCoC
CUAART AGGACACCCT CAT 'CTCC CGGACCCCTG CCACATG CGTGGTGGTG
GACGT ACGAAGATCC TGA 'CAAG TTCAACTGGT GTGHACGG CGTGGAGGTG
TAAT AGACARAAGCC GCG \GGAG C ACAACA GCACGTACCG TGTGGTCAGC
CCT TCCTGCACCA GGACTGGUTG AATGGCAAGG AGTACAAGTG CAAGGTCTCC
CARAGCCC TOCCAGCUCC CATCGAGAAA ACCATCTCCA AAGCCAAAGG GCAGCUCCHEA
ACT ACACCCT GCCCCCATCC CGGGATGAGC TGACCAAGAA CCAGGTCAGC
GAT CARAGG CTTCTATCCC AGCGACATCG CCGTGHAGTG GGAGAGCAAT

5 SGCA ARC ‘ z C GTGT TGGACTCCG CGGCPCCTTC
)T ARGCTCAC CGTGGACAAG A GTCTTCTCA
CATGAGGC TCTGCACAAC CF “”CCN(T”"

FVIE057 amine acid sequence. Signal sequence
linker region connecting FVIE ng'ﬂ chair oy heavy chain o Fere i:)n is :dcrhneﬂ bnke, region cormec‘tin@ Ehe Fe
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5 TGGGAGAGCA ATGGRCAGCC GABCAAC TACAAGACCA CGOCTOCCGT GTTGGACTOC
GACGGCTCCT TOTTOCTOT CARGOTC AC B AGAGCAGGTG GCAGCAGGESES
AACGTCTTCT CATGOTCOGT GATGOATGAG GO B ACOACTACAC GCAGAAGAGC
CTCTOCCTGT CTCCHGE AGGTGECHGEC GG G GGGGTGEGATC AGGCGHETGHEA
GETTOCEGTS GOGEHRGE CEGECRGTRGA GETTCCGGTG GGEGTEGATC AGEAGHAGHET
10 GETTOAGACT TOCTHGC! GEGCHECHEC GTGCRGATTG TGHGGHGCAR GGTGTHCCNC
AAAGGGGAGT GTCCATGE! G COTETTG TTGGETGAATG GAGCTCAGTT GTGTGHGGEEG
ACCCTGATCA ACACCATCTG G GGETCTCC GCGGCCCACT GTTTCHACARA AA AAGARAC
TGGAGGAACT TGATOGOGET GOTGHECHAG CACGACCTCA GCGAGUACGA CGHGGATGAS
CAGAGCCGGT GOGTHGUACA GETCATCATC CCCAGCACGT ACGTCICGGG CACCATCAAC
15 CACGACATCS CECTHCTOCE COTGOACOAG CCOGTGETCC TCACTHACCAE TGTGETGUNC
CTCTHCCTGE COGAACGHAC GTTCTCTGAG AGGACGCTGSE COTTCHTGCG CTTCTOATTG
GCTCAGCGGCT GGGGRCAGCT GUTGGACCGT GGCGCCANGSE COOTGHAGCT CATGGTCOTC
AACGTGCOCE GGCTHATHEAC CCAGGACTGC CT CAGT CACGGAAGGT GGGAGACTOC
COAAATATCA C TACAT GTTCTGTGCC GG TOGG ATAGCAGCAL GGACTOCTAC
20 EAGEGGEACA GTGGAGGOCC ACATGCCACC CACTACCEGG GCACGTGGTA COTGANGEEC
ATCGTCAGCT GOGGUCAGGE CGCAACC GTGGRCCACT TTGGGETGTA CACCAGGETC
TOCCAGTACA T BAAGCTC ATGCGCTORG AGOCANGCCC AGBAGTCOTC
CTGCEAGCCE C COETEGC TCOGECGHAG GTHGEETCCGE TGECGHCGHEA
TCAGHTGREGH T TCOGETGHECE GGRGATCAGE CAABADTCAC
25 CATG CAC TC CTGGGAGGAC CGTC CCTCTTCCCC
BAAACCK CATGNTCTCC COOTG A u‘(cm(kme
N GCAGGTCAAG TT CTEGET TG
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FVI-038 amino acid sequence. Signal sequence is shown in dotted underhne, propeptide is double underlined,

linker region comecting FVIH light chain or heavy chain to Fe region is underlined, linker region connecting the Fe
44 and the ﬁmmmm cleavage site 1s shown in bold, and the thrombin cleavage site is s}'m‘m in ¢ ‘inhec. underiine
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5 TECETGRTGHE THGACGTEAG CCACGAAGAC CCTGAGGTCA AGTTCAACTG GTACGTGGAC
GECGTGGAGS TGCATAATGC CAAGACAAAG CCGCGGGAGG AGCUAGTACAR CAGCACGTAC

CETGTGETCA GOGTOCTOAC COTCOTGOAC CAGGACTRGE TCAATHGCAR GGAGTACAAG

TECAAGETCT COBACARAGS CC CCCATCGAGA BAACCATCTC CAAAGUCAAR

GGEGCAGCCCT GAGAACCACA CTGCCCCOAT COOGGGEATEE GOCTGANCAAG

10 AACCAGGTCA GOCTHAC GECTTCTATC CCAGCHACAT CGOCGTGGAG
TGEGGAGAGCA ATGGHCA! TACAAGACCA CGOCTOCCGT GTTGGACTAC

CACGRCTCCT TOTTOCT ACCGTCGACE AGAGCAGGTG GCAGCAGGHG

AACGTCTTCT CATGOTCH GCTCTGCACA ACCACTACAC GCAGAAGAGC

CTCTOCCTGT CTCCRGE GGATCAGH JGEGTHGATC AGGCGHTGRA

15 COTTOCGGTE GOGGHGE ¢ GETTCCG! SGGGTGGATC AGGAGHAGHT
GATTOAACCA COAAGATO cc ATT GTGGGGGGCA AGGTETGCCC CAARGHGGAG

TGTCOATGGE AGGTOCT TTGGTGART GGAGCTCAGT TGTGTEGGGE GACCCTGATC

AACACCATCT GGGTGGTI cee CAC TGTTTCGACA BAATCAAGAL CTGGAGGAAC

CTGATCGCGE TRCTRGE! GCACGACOTC AGCGAGCACG ACHGGGHATGE GCAGAGCCSG

20 CEGGTGECGE AGGTIAT! CCCCAGCA COGG GOACCACCAR CCACGACATC
GOGCTGOTCE GOCTACA Geee GACC ATGTGETECC COTCTHCCTS

COCGARCGGA COTTY GAGGACGOT GTGC GOTTCTCATT GGTCAGCGHC

TGEGGHCCAGT TGCT TEGCGCCACG GOCCTGGAGC TCATGHTCCT CAACGTGONC

CHEGCTGATGA CCTGOAGOAG TCACGGAAGG TGHGAGACTC CCUARATATC

25 CGGAGTACA : GGOAGCA AGGACTCCTSG CAAGGGGGAC
3GCC CACATGCOAT CCACTACOGE fele FGAC CATCGTCAGS

§ GCTGCGCABC CETGEGCCAT GTGT ALACCF CTOCOAGTAC

> CATGUGCTCA GAGCUACGOT COTGOGAGHS

; CTCCGECHGR folote ATCAGETGEG

30 ; kabTGb\ @ TTCOGETGEE ‘CAG ACA AACT(A CACATGCCOA
5 CACCTGAALT COTGGGAGGA . CCOARAACOS

T TCATGATOTC COGGACCCCT COACGTGAGE

: GOATAATGOC

CTGAGC :T-” AR GTTCAACTGG

- R R
CGCGE GC '\Lz””éxk,]f\éxk,

~ o~
u”‘*( CTCACC

NN oRoRoRoRo R R R R Re o RS

35 GTCCTGCACT AGGAL GGCAAG ACAAGT GCA AACAAAGCC
CTCCCAGCCC “"“T”‘ A ‘“”“( C AI‘\A"UA VAG GGCAGCCCCG !\'\71 NACTACAG
GTGTACACCC AAGA ACCAGE CCTEACCTEC
CTGCTCAAAG ST GGG “w AGCAA TGGECAGCTG
CGAGAACAACT ACAAGA I "T“T“( CTCTAS

44 GCAAGCTCA CCGTGG ATGCTCCGTG
ATGCA GG CTCTGC CCz “,”?AL CL: ”CC
TGA

45 FVIE-059 amine acid sequence. Signal sequence is sho
linker region comecting FVI light chain or heavy chain to Fe region is un dc] fined, finker n egion conmecting l}]c Fe
and the thrombin cleavage site 18 shown in bald, and the thrombin cleavage site is shown in de Lsheu underline
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i C ED PEVEFNWYVD GVEVEHNZ PREEQYNSTY

NG? CKVSNEKALFA PIRKTISKAK GQ QVYT LP DELTK

Q ,;\/ K SDIAVE WES NN TTPPVLDS DGSFFLYSKL TV RWQQG

55 427 NVES CISVI‘«'IEE IJ. T Y. LSL GRGERESGGEE GSGGGGSGGG GEGEEESEEE
1 CPW GAQLCGGTLT NTIWVVSAAH CPFDKIRNWRN

AVAQVT YVPGTTNHDI ALIRLEQPVYV LTDHVVFLCL
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SGGPHATH FGVYTRVS(
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%41 KTEPREEQYN
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DNA
C GCTCETCTGE CTTCTGCTTG CTGCCTGRET
cC GGAAGCCCAC GGCGTCCTIGE GCGCGCCAAC
G L‘CTTK\‘ r[mu GGAGCTGCG GCCGGGCTCC CTGGAGAGGG GGAGCAGTEC
70 TECTTCOAGE AGGCOCGEGA GATCTTCAAG GACGCGGAGA GTTCTEGATT
TCTTACAGTSG ATGGGGACCA GTGTGCCTCA AGTCCATGECC CTCCTGCAAG
GACCAGCTCT AL 'AT CTGCTTCTGC CTCCCTGLCT GAACTGTGAG
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5 JACAAGG ATGACCAGCT GATCTGTGTG G GCAGTACTGC
ACCACA CGGGTACTAA GCGCTCCTGET G TCTGCTGGTA
GGGETGT COTGTACACC CACAGTTGARAA 1GTG TATTCTAGAA
GAAATG CCAGTAAACC CCAAGGCLGA SCGGTG CGGCGG AGGTGEGTCC
GCGGCGE G AGGTGE GGGTGGATCA GG STGGAG CGGTGG CGGGGHATCC
AAACTC ATGCCC ACCGTGCCCA GCTCCGGAAC GGGAGG ACCGTCAGTC
JTCTTCO AAAACC CAAGGACACC CTCATGATCT CGGACCCC TGAGGTCACA
TGGETGG CGTGAG CCACGAAGAC CCTGAGGTCA AGTTCAACTG GTACGTGGAC
S TGGAGH TAATGC CAA AG CCGCGGGAGG AGTAGTACAAR CAGCATGTAC
GTCTGET CGTOCTCAC AC CAGGACTGGC TGAATGGCAR GGAGTACAAG
5 TGCAAGGT COCARCARAGC CC CCCATCGAGA AARACCATCTC CAAAGTUCAAA
GGGCAGCT GAGAACCACA GGTGTACACC CTGCCCCCAT CCUGGHATGA GCTGATCAAG
AACCAGGT GCCTEA A GGCTTCTATC CCAGCGACAT CGCCGTGGAG
TGGGAGAGCA ATGGGCAL A TACAAGACCA CGICTCCCGT GTTGGACTCC
GACGHCTC TCTTCCTO ACCGTCGACA AGAGCAGGETG GCAGCAGGHG
AACGTCTTCT CATGUTCH GCTCTGCACA ACCTACTACAC GCAGAAGAGC
CTCTCCCT CTCCEGE GGATCA ‘G GGHGTHEGATC AGGCGHTGH
GHTTOCEET GUGGEGG CGGCHGETGEGA GETTCC G GGHGGTHEGATC AGGAGHAG
TCAGCCT TGCGHGEC GGETGHETGEGC GGCGCO G TGHEGGHEGCARA GG cC
GGGGAGT GTCCATG GGTCOTGTTG TTGGTG 'G GAGCTCAGTT GT GG
5 CTGATCA ACACCA G“T“”ZLA(L GCGGCCCACT CC AR AAT GA
SAL > TGATCG SCTGGCCGAG CACGAC CA ( A CG ATGAG
GGGTGE ”?T”UW“U"C C(CAQC GT CACCACCAAC
TR < e TETCOTGCOC

CGCTEC

CCTGCACCAG

30

COGRACGHAC GTTCTCTGAG CTTCTCATTS

GOGGCCAGCT GUTGGACCET CATGRTCOTC

AACGT GGCTGATEAC CCAGGACTGC GOGAGACTCC

COBAR COGAGTACAT GTTCTGTGCC ”Tukﬂ GOACTCCTEC
BAAGGH GTGGAGGOCC ACATGCCACC GUACGTS COTGAL

GG CTGOGCARCT TTGGGH CACCAGGRTC

AGCCACGCCC AGGACTCCTC
GCTGGETCCEG TGECGECGEA

SGATCAGH CAAARCTCAC

IR

CT GCAAAAGCTC
G TGGCGETGEEC
SGAGET

CATTTC

e 7 e
GTGCATCA

CATGCCCAC COTGOCCAGC ACCTGAACTC T COTCTTCOCC
BAAACCCA AGGACA CATGATCTCC CACATG U‘GGNGGTF

40

TGGAC fm CGTGGAGGTS

CAGGTCAAG C
ACAACA GCACGTACCC '1‘5““6L:'T(LAGC

VR NEYA Y

CC GCGGGAGGAG

ACGA /\\:

AGACA

)y R4

””(T’ CA GGA *me“”fb A ANGG AG“AL ACT“ ARGGTCTOC
PCCOAGOECT CIT*"Ab A ‘””(A AGOCARAGG GOAGCCOCHA

; (“TCL
TGETOARAGE CT”“WAT”CC

CAAGACCACG

O

’Lw\(\ ANAGAA CCAGGTCAGC
FGGAGTG GGAGAGCAAT

CTCCGA G\” STocTre

s

9]

AGAACA

GCAAGCTC :\;ré\k,n[\@ A ALJ‘A@ SGGAA CGTCTTCTCA
TGCATGALG TGCACAAC (CF AGAAGAGCCT (,Z",‘CC,CTGT(_ T
GA

FVI-060 amino acid sequence. Signal sequence is shown in dotted underline, propeptide is double underlined,
linker region connecting FVI light chain or heavy chain to Fe region is underlined, linker region connecting the Fe

and the thrombin f'lcdmge site 13 shown in bold, and the thrombin cleavage site is slﬁown in dashed underline
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KRNASKPQGR Gf GGGGSG SGGGGS DETHTH APELLGGPS
FLEPPKPRDT L FNWYVD GVEV FPREEQYNS
RVVSVL Tv ! H TISKAE GQ LPFPBRIDEL

TKTTPEPVLDS DGSFEFLYSKL TVDKSRWQDG

GSGGCGSGGG GSGGGGSGGG GRGEEESEEE
LVNGAQLCGG TLINTIWVVS AAHCEDKIRN
PSTYVPGTTN HE IALT RLHEQ FPVVLTDHVVPE
GATALELMVI NVPRLMTQDC LQOOSRKVGDS
HYRGTWYLTG IV .Cv Wb‘ \;CP\T‘ VGHFGVYTRV
SGEGGESDETH
FNWYVDGVEV
TISKAKGQPR

PPVLDSDGSE
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5 DNA seguence for FVII-061
1 ATGETCTCCC AGGCICTLAG GCTCOTCTGC CT SGUTTCAGGG CTGCCT
5] GCAGTCTTCG TAACCTCAGGA GGAAGCCCAC GG ACCGGLGCCG GCGCGUCAAC
121 GLGTTCCTGS AGGAGCTGCE GCCGGGCTCC CT AGTGCAAGGA GGAGCAGTEC
181 TCCTTCGAGS AGGCTCGHGA GATCTTCAAG GAC SGACGAAGCT GTTCTGGATT
TACAGTG ATGGGEGACCA GTGTGCCTCA AG AGAATGGGEGG CTCCTHCAAG
CAGCTCC AGTCCTATAT CTGCTTICTGC CT CCT TCGAGHEGCCG GAACTGTGAG
CACAAGG ATGACCAGCT GATCTGTGTG AAC ACG GCGEGCTGETGA GCAGTACTEC
ACCACA CGGGTACCTAA GCGCTCCTGET CGEGT ACG AGGEGGTACTC TCTGCTGGCA
GGETGT COTGUACACC CACAGTTGAA TATCCATGTG GAAAAATACC TATTCTAGAA
GAAATG CCAGTAAACC CCAAGGCCGA GCETGGECGETG GCTCCGGUGE AGGTGHGTIC
GCGGCE GATCAGGTGE GGGTGGATCA GGCGETGGAG GTTCCGGTGE CGGGGGATCC
AAACTC ACATGCCC ACCGTGCCCA GUTCCGGAAL TCUTGHEGAGG ACCGTTAGTC
STCTTCC AARACC CAAGGACACC CTCATGATCT CCLGGACCCC TGAGGTCACZA
TGETGE CGTGEAG CCACGAAGAC CCTGAGGTCA AGTTCAACTG GTACGTGGAC
STGGAGE TGCATAATGC C AG CCGCCEGGAGG AGTAGTACAA CAGCATGTAC
STGETCA GOGTCOCTCAC AC CAGGACTGGC TGAATGGCAR GGAGTACAAG
AGGTCT CCAACAAAGC CC CCCATCGAGA AARACCATCTC CAAAGUCAAA
SAGCCCC GAGAACCACA GGTGTACACC CTGCCCCCOAT CCUGGGATGA GCTGACCAAG
TAGETCA GCCTGAC CCTGGTCAAR GGCTT CCAGCHACAT CGCUCGTGGAG
TAGAG : ( GGAGAACAAC © A CGreTee N ?GuACTCC
SCAAGCTC ‘T AGAGC GCA
GAT GCN ‘\"AG ( va]—\(gr/\A(gr\ GC
AGGTEGCEEC AGGCGGTGEA
CGGCGGE T"~v(5A AGGAGGAGHT
GGTGETGEGC GGTGTGECCCC

30

40

et}
3 G

s
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G““( CAT]

GGETGECH
COOTAOTOC
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SO T T
LG

G CO TG

'N'WT VAT AT
SATCATC

CCTGCACCAG
STTCTCETE

GAG

ACACTA G G ’G("' cree AATCAAGAAC
TGATCG C ’G(‘GL,MAL: CGGGGATGAG

CACCACCAAC
TGTGOTGCC
CTTCTCATTG

GGGGOC GOTGGACCGT : CATGETCCTC
GG “nA“dAk COAGGACTGE CACGGAAGGT GGGAGACTOC
CAT GTTCTGTGCC ATGGCAGCAR GOACTOCTGS

GTEGAG ACATGCCACC GCACGTGETA CCTGACGGEC
GGEGCC CTGCGCAACC 7\ ST TG G TA CACCAGGGTC
TCGH GCAAAAGCTC AG AGUCACGCCC AGGAGTCCTC
CA "“'T”ﬂf’ TEGECEETEEC GAG GTGGGTCCESG TGECGECGEA

CGETEEAGET SCG SGATCAGA CARAACTCAC

AG (Jr\r t'\
ACGA /\G

AGACA

ACCTGAACTC
CATGATCTCC
IAGGTCAAG

AL
AN

";k GGGAGGAG

ACAACA

GACTGGCTG AAGG AC'“AL,
TOCA Al

/\CZ\ TG

GL,AC “'“AL CG

COTCTTCCOC

CGTGETCGTS
CGTGGAGGTS
TGTGCETCAGS

Lh

N D

N

Cere

z CCGT ' TGGACT
z nLVCAC C

W
N

> {
/"J.‘

T A
Ex GCAC

[FVI

FVI-061 amino acid sequence. Signal sequence is shown in dotted underline, propeptide is double underlined,
linker region connecting FVI light chain or heavy chain to Fe region is underlined, Huker region connecting ﬂ\

o B
and the thrombin cleavage site 18 shown in bold, and the thrombin cleavage site is shown in dashed underhine
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FVIE- 100 amino acid sequence. Signal sequence is shown in dotted underline, propeptide is double undedined
linker region connecting FVI light chain or heavy chain fo Fe region is uﬁdx,ﬂmea linker regton connecting thx, Fg
site is
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5 AAGCOGCGGE AGGAGCAGTA G TCAGCS TG
CACCAGGACT GGCTHAATGE G TCTCCA oa
GOCCOCATCH AGAAARACCAT C CCOGAG AC
ACCCTGOCCT CATCOCGHEGA G TCAGCT TC
ARAGGCTTCT ATCCCAGCGA A GCAATG ARC

10 AACTACAAGA COACGCCTCC GCT CCTTCT CRAG
CTCACCGTGS AG T TCTCAT
GAGGOTCTGE A ¢ TGTCTO

FVIE113 amine acid sequence. Signal sequence is shown in dotted underhine,
15 linker region conne tngFVH,yﬁHmmnurﬁnguwmioFuwpunwuukﬂmmibM@,m mnummﬁﬂng&cf(
and the thrombin cleavage site is shown in bold, the thrombin cleavage site is shown tn dashed underline, and the
{MmpmmmMMmmuﬂﬂﬂaﬁ %U Q%Vamﬂﬁwﬁﬁammkﬂdmdm@ﬂmm
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45 ; Axm
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AL TGEGAGC T\,n STTGETET
CC CA CTGTTT CGACAAAATC
50 GA cee TCAGCGRE GCACGACGGSE
GA GJCUJ‘CUJ‘G"‘ GGC »\CC—T;\t b COOGEECALC
c ATCGCECT GO TGACCATCTS
T GOOTECCOGA ACGS CETGCECTTC
CA CCAGE GBOG CunuudC‘L” GGAGCTCATG
55 1021 GTCCTCARCS TG GATGA CTGC \GTCACG GRAGGTGGGA
1081 GACTCCCCAA ZA'T'AT GTACA GGCT CZ 'uC/m GAC
1141 ”‘CTQCK AGECH G CACT GTACCTG
CEGECA CCAGBGCTGC GCAACCGTEG CGTETA
GGETCTC el GTGGUTGOAR AAGCTCATGC ACGCCTAGEA
&0 1321 ZTCCTctT GAGC TCOCBGTEGC GETGECTOCG COGETGEC
1331 GG LJAWLAG GTGGE ATCAGGCHET GCAGCTTOCG GACAAA
1441 G coes GAACTCCTGG TeTTCCTe
1501 CACC A . CATGOGETE
1551 AGACCC G GGACGECETS
65 1621 GAGE DARGE G GTACCGTGTG
1631 GTCA GCACT CBAGTECAAG
1741 GreT AGCCE GA CAAMGGECAG
1801 coeo C CACCE oo CBAGAACCAG
1881 CTCAGCOTGA CCTbQC”dG" cA A GCCGT GGAGTGEGGAG
70 921 AGCAATCGGE ele; CAACTACAAG AC CTCCGACGES
1931 TOCTTCTTCO GCTCACC GA y GEAACGTC
2041 TTCTCATGCT TGAGH cA T SEECCTCTOC
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5 OTCOGE GTAA GG GTTOC
GTEGCGEGE GATC AN TCOTG
GHAGGACCGT CAGT CT A falelelete
ACCCOTGAGE TOAC GT G CAAGTTC
AACTGGTACH THGA GT A GAGCAG

10 TACAACAGCA C GT c TGAAT
GGCAAGGAGT BA A ABACC
ATCTOCARAG ca c falelelete!
GATGAGCTGA "CA A CCAGC
GACATCGCCH GA c OGOOT

15 COCGTGTTGS GG c AGAGC
AGGTGGCAGE T CAACCAC
TACACGCAGA G

18 amino acid sequence. Signal sequence is shown in dotted underhne, propeptide is double underhined, the
throwbin cleavage site 18 shown in dashed undetline, the linker region « wJr‘mﬁectﬁp FVII heavy chain to Fe region is
underlined, and the lmLer region connecting ﬂ“ﬂ Fc regions is shown i bol
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44 DNA sequence for FVII-1
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5 GGGAL TEGGOAGOCE GAGAACAACT ACAAGACCAC GCOTCOCGTS
aletel CTTCOTCTAC AGCAAGCTCA COGTGHRACAR GAGCAGGTEG
AOGTE ATGCTCCGTGE ATGCATGAGG CTOTGOACAR CCACTACACG
TOTCH TCCGHETARR GGTGGCGECG GATCAGGTGS GGGTGHATOA
GTTC COGGHRGATCA GACAAARNTC ACACATGCCC ACOGTGCCOA
10 CTGRARC TOCT ACCGTCAGTC CTCTTCC COOCAAAACC CAAGGACACC
TGATCT COCGH TCAGHTCACA GTGGTGG TGHACGTGAG CCACGARGAC
AGGTCA AGTT GTACGTGHAC GTGGAGG TGOA GC CAAGACBAAG
GGGAGH AGCE CAGCACGTAC GTGGTCA GCOTCOTCAC CGTCCTGCAC
GBACTGGE THAA GGAGTACAAG BAAGGTCT CCAACAAAGC CCTCCOAGHC
15 CATCGAGA AARC CAMAGCCARA CAGCOCC GAGAACCACA ACRCC
GCRCCORT COCoH GCTGACCAAG CAGGTCA GCOTGACCTG C TCAAR
CTTCTATE COAGH COCCHTGRAG GAGAGCA ATG fole ACAAC
CARGACCA CGCC GTTGRACTCC GGCTOCT TOTT B CBGCE ¥e
\CCGTGRACA AGAGH GCAGCAGHGE GTCTTCT CAT T GATGCATGAG
20 FCTGCACA ACCY GCAGABGAGC CCOTET CTOCGEGTAR ATGR

FVIE-119 amino acid sequenc
throwbin cleavag:
chain to Fe regi

Signal sequence is shoy
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DNA sequence for FVIE-127
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GTGTACACCT TGCCUCCATC CCGGGATGAG CTGACCAAGA CCTGACCTHC
CTGGTCAAAG GUTTCTATCC CAGCGACATC GCUGTGGAGT TGGGCAGCTG
GAGAACAACT ACAAGACCAC GCCTCCCGTG TTGGACTCCG CTTCCTCTAC
AGCAAGCTCA CCOGTGGACTAA GAGCAGGTGGE CAGCAGGGGA ATGCTCCGTG
ATGCA GG CTCTGCACAA CCACTACACG CAGAAGAGCT TCCGGETAAA
GHTGHCGGCE GATCAGGTGE GGGTGGATCA GGCGGTGGAG CGGGGHATIA
GACAAAACTC ACACATGICC ACCGTGCCCA GCACCTGAAC CTGH ACCGTCAGTC
TTCCTCTTCC CCCCAARACC CAAGGACACC CTCATGATCT CCUGGACCCC TGAGGTCACA
TGCETGETGE TGGACGTGAG CCACGAAGAC CCTGAGGTCA AGTTCAACTG GTACGTGGAC
GGHCGETGGAGE TGCATAATGC CAAGACAAAG CCGCCGGGAGG AGUAGTACAR CAGCACTGTAC
CHTGETGETCA GCGTCCTIAC 'GCAC CAGGACTGGC TGAATGHEGCAR GGAGTACAAG
TGCAAGGTCT CCAACARAGC CC CC CCCATCGAGA AARACCATCTC CAAAGTUCAAA
GGGCAGCCCT GAGAACCACA GCGTGTACACC CTGCCCCCAT CCUGCHATGA GCTGATCAAG
AACCAGGTCA GCCTH CCTGGETCAAR GGCTTCTATC CCAGCHACAT CGUCGTGGAG
TGGGAGAGCA ATGGH GGAGAACAAC TACAAGACCA CGUCTOCCGT GTTGGACTIC
GACGHCTCCT TOTTY CAGCAAGCTC ACCGTGGACA AGAGCAGGETG GCAGCAGGHG
AACGTCTTCT CA GATGCATGAG GCTCTGCACA ACCACTACAC GCAGAAGAGC
CTCTZCCTGT CT ATGA

FVIE127 amine acid sequence. § double underhined, the
> throwbin cleavage site is shown in dashed und\.r]m\., -.he 1rypsm 7(} lﬂ(sp ,egn,n is wave underiined, the Hinker
region connecting FVIL heavy chain to Fe region is underlined, and the linker region conneciing the Fe region
shown in bold
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Sigual sequence 1s shown in dobted underline,
linker region conne ng FVII to AP3 is

15 propeptide 1s
bold, and AP2
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AGCCCTCOCA GUOCCCATCGE AGARAACCAT
ACREGTGTAC ACCCTGICCT CATCOCECGA

CTGCCTGATC ARAGGCT

T ("C'G'“’“ 1,}.@
ARGTGCAAGS

= e
AGG&; Au(‘

~k

ATCCCAG "("’A

RRSA
GCAALGGGCA GCCGGAGAAC AACTACAAGA
CCTTCTTCCT CTACAGCAAG f'TC LWCCGTCGE

TCTCE CGTGATGCAT GAGGCTCTGC
T uTC' CCOGEG TARAGETGEC GGTGEGCTCCG
GTGGGGGETGE ATF' GGCEGET GGAGGETTCCG
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GGGAGGCTTG
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CACCETCTCC
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GOCOCQACTA
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CCCACCAG
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AGACAGCITC

GTACAGCCTG
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C 3
GCCCCAMAGC
COTROTATET

AGARACTTTT
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AC

GTGETAGTAL
CCAAGAACAC
SCG
AC"T‘ACTGL.C’G
TTGAAGAAGG
CTGETGGCCTT
ATGCAAGCTG
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ZAGACTCTCC
CCAGGCTCCA
TACTACGCA
GCTGTATCTG
GGGCGCCAC
V\J \:L:FAI\\. C
TCAATTTTCA
GGCGACAGACA
C.T”\ "Cz\a Cz\i\j

=
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3421
- 3481 AAGCCAGGAC AGGECCTCOTAC TCTTGTCATC TATGGTTTAA GTAAAAGGCT CTCAGGGATT
15 2hal ACCGAT BACACAGOTT CCTTGAC
3601 ¥ ARG ; CTGCTGTACT ACGGECGGCGE
3661 PETTCGECG GACCGETC CTACGTCAGC CCAAGGCTGC
3721 CTGTTCC 'GECCTGA
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AFLEELRPGS LERECKE

$1 SFEEAREIFK R ONGGECK DQLQSYICFC LPAFEGRNCE
121 THRDDOLICV NENGGOEQYC RCHEGYSLLA DEVSCTPTVE YRCGKIPILE

IVGGKVCRPKG
GDEQS

QT AT
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HCFDEI¥
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VUPLE
QERKVGLSPN
HEFIVYTRVIO

INTIWVVSAA
IALLRLHOPY
'l‘ALELMVLl\:V PRIMTQLCLY
RGTWYLT SWGEQGTATVG 20
GGGEGE GGGEGGEGEG GGEITIKTRTT
CVVVDV SHEDPEVERFN WYVDGVEVEN
APIEKTI (‘g_.P EP

ERNASKPOGR

LPERTFSER
ITEYMEFCAGY
YIEWLOKLMR
PRCPA
AKTKPREEQY

GWGQLLE WR(_.A
DSGGPHATHY
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APFRGEGEGEG
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35 1 YSKLIVEKSE WoOGNVFSCE GMHEALENHY TOKSLOLAFG C ’GQ:’;&C_G.___ G g_mclm
21 SDKTHTC PAPELLGGPS VFLFPPKE] {ISRTPEV TCVVVDVSHE DRPEVEKFNWYV
731 DGVEVHNAKT KPREEQYNST YRVVSVLIVL HQODWLNG KCKVENKALP APIEKTLJW
841 KGQPREPQVY TLPPSRDELT KNQUSLTCLV KGFYPSDIAV EWESNGQ NYKTTPPVLD
901 SDGSFFLYSK LTVDRSRWOQ GNVESCSVMH EALHNHYTON SLSLSPGHGG GASGEEGSE6

GESGRGESEE
GREPEWVS
YTSREDVEDD

GESGEGGEAD
4Gm GGETYYA
TOFDYWGOGT

PGESLRLS
5 NESENTLYL
SSGEEAS APKLEEGERS

CAASGFMEFSR
NS LRAEDT
RARVSELTQD

YAMSWVRQAP

AVVYCARGAT
PAVSVALGE
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1201 QAEDEADYYC LIYYGGGOOG VPGGETEKLTV LROPKAAPSYV TLFPPSSAR*
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GCTCITCTG

ATGGETCTCCC

CTTCTGC

I
A

L !
Gl Cv\,n\: TCTTCOG GGAAGCCC ,C GGCETCT C
. L GCCGEGECTCC CTGGAGA G
50 181 A SATCTTCARG CACGCGGAGA C
241 TCTTACAGTG I GTGTGCCTCA AGTCCATGCT AGAA T(z""‘G" & CTGCARAL
201 GACCAGCTCC "'1‘C'"'1‘TC'7"‘C CTCCCTGCCT TCGAGGGCUG C'T""_[Cal‘:u
361 ACARGG G GAT AGAACG GO TGA AGTACTGT
421 CC‘GGCAC‘CAA GCECTCCT GT CCACG AGGGGTACTC G
55 481 GACGGEETET CCTG\,AFA C CACAGTTGA A CCAT \:T(—‘ AL\A"'"AC"‘
541 AAMAGARATG CCAGCA. CCAAGGCLG TT”TG GGG WAGGTGETG
601 GAGTGTCCAT GECAGG G'l"I'G""_[Ca"—"_[Ca AATGEAGCTC GTGTGG
661 ATCTAACACCA TCTGGET CTCCGCGEGECT CACTGTTTCE M CAA GAA C‘TGGRG-‘?
N 721 AACCTGATCE CGETGCTGGE CGAGT A(‘ sAC CTCAGCGAGC TGAGCAG.
60 781 CGGCGEETEGE CGCAGETCAT TC CCCAGC ACGTACGTCC L,ML,CAC ZAC
€41 ATCECECTGE TOCGCCTGCA GCCCETG GTCCTCACTG GCOCCTCTGC
901 CTGC AT GEACK AGAGGACG CTGGCOTTCG TGGTCA

1

[t
oY

GGCTG 300 AGCTGC CETGEOGCT ACGSE

CC

RTGET CAACE

S
=G

1021 CCCCGGUTGA TGACTCAGGA CTGCCTGCAG CAGTCACGGA AGGETGGEGAGA C’(‘-"“ A
65 1081 ATCACGGAGT ACATGTTCTG ] TCGCATGGCA GCAAGGACTC ’"("’GC‘
1 GACAG AG GUCCACATGC CGGGGCATGT GGTACC! CGTC
AGCTGGEGCC AGGGCT ‘”C CCETGEGEEC CACTTTGCEEE TG CACCAG CTCCCAG

'}(*

CTECEC .T‘Ak,ug !
QACOTQCBAARL (
GICCL 'ATTJ. C C

N
S

TACATCG TCAS

TC

AGTCAT GCOCCAGEAGT

CGECGEAG GTGGETCCGG

CCTGECGA
CGGECGEA

CGA R Gv

i
N

@]
70 381 TCAGGTGGGG G .G’A"‘ MEGCG CGTGCAG
4 CTGCAGGAGT CTGGGGEG CT\:L GGG TETGCA

Y G

}——’?—':—‘P—'i—‘k—'H:—‘P—':—‘I’—:H:—‘?—':—‘I—'i—‘

[ CoOTOTECAT '“C}\TGT' - ATCAGOTERE TOCAGRGAAS
CEECCAGAL EETe TR Tvvv feli vw(—-T ACTECTEGTA COACACTOD
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AC AATTCC %AG Z\Cl‘:

T
~ TOTGE TG
CTCCAG GCARAT

2
N

STGAAGGEGCT GETTY

R e g e i e
o
N

75 68l AATAGUCTGA GAGCC CACGGCTGTA TATTACTGCG COCEGEG! CA CCTACAC
741 AGCCGCAGCE ACGTGCCCGA CCAGACCAGC TTCGA V¢AC T GGGG CCACCLJ AACCCTEETC
801 ACCGTOTCCT CAGGGAGTGC ATCCGCCCCA AAGUTTGAAG AAGGTGAATT T TCAGAAGCA
€61 CGCGTAT ANCTGACTCA GGACCCTGCT GTGETCTGTEGE CCTTGGEGACA CACAGTCAGS

. s ATCATATGCT AAGGAGA! CCTCAGAARC TTTTATGC GCTGGTACCA GCAGAAGCTA

80 Q81 GGACAGGCIC CATCTATGET TCAGE GATCCCAGACT

AGGAA

]

fe)
B

=
N}
s

CGATTCTC C‘CT(‘-?ZIAG-” ACACA CACTGG GGUTCAGGIG
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STCTC
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AWCCOTEETCA "“"f'T" roerTe
AT A‘vlwvvv-rvlwt‘lIVA AAGCACGTGT
CCAG L‘GGf 'CAGGAT

GG AGARGCCAGG
CCTC TCCCTGAGCG
AT CR TCCARGCCGEGE

]

Qo
0

TOOAGRCC
TGGGEGACCA

T.

AG TG-AC CACA
GACG Gv
AAHA

RO R R

C?\G"‘“ AA\.L,
2GCAGETCOT
TOTGGGE TGGT

ATOS CEQTROTEG
ATCE CGETGCTGEEE

COCAGETOAT
TCCGOCTGCA
GGACGTTCT
L;GCTGGGGCC AGCTGCTGG
CCCCGGECTGA TG}\C"“"AGGA

ATCACGGAGT ACATGTY 'C TG

GACH s GUCCACATGC
AGTTGEGGIC AGGGECET 1C-‘I~' -

TA”AT””AGT GECTECRARA
GCCCCATTTC CCOETAECAG
TQEAT CAGGORGTEC
ACCETACC CAG
CCCAAGGATA CCCTCATGAT
AGCCACGART ACCCTGAGRGT
GCCAAGACAR AGCCGOGGEA
ACCQTCCTEC ACCAGGACT

GCCCTCCCAG CCCCCATCGA

N \4("(:'

SeTel

CAGCTC
CTCCGEG!

ke

CA ’A(*G-‘ TCTA
CA ACTACALAGAC

GO TCACT
2CATE AGGCT
{

NS e T T
TGGIG GCGGA

STary

GTGEGA
CTGCA

S

s
HANG

T
BiE

=
CCETETGG
WGTGCAAGE TC
“"G-" AGC -i:f(‘C‘G’A-‘"AAk C
GAACCAGE TCAGCCTGAC

CTGCOTGTTG
CETCCTACET

CTGA
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I AVVSDA
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BSGFMFSRYA
NSLRAEDTAV
RYVSELTQDPA

FOASSEGNT

FPPSSAAX

GCTCOTCTGC
GTCTGEAGCT
ATATAC

GTGGATGEGA
CTGGEGTCACT

P

QATCTETETE
GCGECTCCTET
CAGTTGAA
CCAAGGCCGA
FTTG TTGEETG

CTGCCTGC}\G
TOCCGEOTAC

CACCCACTAC
ARCCGTGGGT

GCTCATGCGC
CTCCGRE
COOET

TGEGEC

e el
A\:G ia

T
PTC”CG

ZACT
CAAGTTCARC
CGAGCAGTAC

GCTGAATGGEC
GALAAACCATC
Z‘:TC CCGGGAT

TCCCAGCEAC

C
\AGAGCAGG

ARCCACTAC
GGGETGEA

.h(—-T
ACAGGTG
CTGCOTGETC

MOSWVRQA
YYCARGATYT
VSVALGQTVER
ASLTITGAQA

CTTCTGCTTG

GAGGTGAATA

ACCGEGCTACT
TC ATF' AACC
A C’CAG G

G
e e

< .,,C7.t-xb IRE{C A

TCCECCCCAA
CTGACTCAGC
GGARACAACA

GTGCTGEGTCG
""("’L ;—\AC‘”"’" &)

GCTA

th L,A 'C
CTCCCTGECCT
ARCEAGAANCG
CEGTECCACE
TATCCATGTE
ATTCTGGEGG
ALTEGAGCTC

S TEGE
o

e 10
GGGEGE

o
GGACCET
COTERGE
TGETACGTGG

AACAGCACGET
ANGGAG

TCCAARGCCA
GAGCTGACCA
ATCGCCGTGG
GTGTTGGACT
TGGCAGCAGG
ACGCAGAAGA
TOAS
CCAGC! ”CTC‘
ACCCTCH
GACCCOTGAGG
7\.tx(;" CGCGEGG
CACCAGGACT
GCOCCTATCG
ACCTTGICCT
AADGECTTCT

LECRGETE
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GTLY
h4 QQK:’
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TTC AAGTAA
TCTATGATGA
GGAACATGGEC
GTCAGETGETG
TC
GGACGA
AGAATGGEGEG
TCGACuuCCF
GCGGE ;i
AGGGE
GARAALATACT
GCAAGGETGETG
AGTT
ACALA,
ACGACGGGEGA

Yeleunary

[ ¥elouy

ACk1\7Ck GG
ACCETGTGET
AGTGCANG
ANGGGECAGCC
AGANCTCAGGET
AGTGGGAGAG
CCGACG

GGCTG ‘\;t'x'I‘GG
AGARAACCAT
CAT

ATC\ "L\ :CC’A

TGGECAT E\AA\.

C?—MLA\,L GCC

TG 7\.t'k
GTC R
AA \:T

LL\’“L

CTGCARG

CTGEECA
TCTAGAA
CCARAGEG
LJJGL.L\CCCTG
GAACTGGAGG
TGAGCAGAGC

CAAC”DCGBF

oE=No!

QGO Q
3 ¢

[P

C’AC‘C
GGTGCATAI
CAGCGTCCTC
CTCCAACAN

CCGACGARCC, 7\
CAGCUCTGAC

CAATGGGCA\:
TCCTC
ATGCTCC
GTCTOCGEET

TGCCGGEGGA
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21 GAGTGGGA GCAATGGGCA GCCGCGAGAAC nﬂfﬂ TACAAGA CCACGCCTCC
361 TCCGACGGCT CCTTCTTCOT CTACAGCANG G ACAACGAGCAG
3421 GGEAACGT TCTCATGCTC TGATGCAT ACAACCACTA

2431 AGCCTCTCCT sTCTCCGGE TAAATGE
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1 SWGQGCATVG HEGVYTRVSQO YIEW Lg__nLMR
. &6l SGEGEE _GEEEGEEEEGE GGG IDKTHT PP CPAPEL 1
25 72L VT- 'K/"VDV SHEDPEVKEN WYVDGVEVHN AKTKPREE (RVVEVL
781 H’QT‘TN LNG T\ YRKCKVSNK ALPAPIRKTI SKXAKGQFPRER QVYTLPk SRD
g4l CI_VI\F":(T’QT‘ AVEWESNGQ PENNYXTTEP VIDSDGIFFL YSKLTVDESR
201 VMHEALHNHY IT‘QJ’.\.:;L.: LEPG KGGGGE8GEEE SGRGGREEGE SDKTHTIIPRPPC

. Se¢l VEFLFPPXPKD TIMISRTPEV TCVVVDVSHE LDPEVIENWYV DGVEVHNAKT
30 1 O 21 YRVVEVLIVL HODWLN CaI\"' BY KRCEVSNKALP APIEKTISKA KGQPREPOVY
108l KNQVSLTCLY KGEYPSDIAV EWEINGOPEN NYKTTPPVLD SDGSFFLYSK

1 GNVFS EALFNHYTOK SLSLSFGKY
L 035
35 GCTCCTCTEC CTTCTGCTTG CPECCTEE
GGARGCCCAC GGCETCOTG CCG GOGCGCCRAC
CTGGAGRGGG AGT GA GGAGCAGTGC
GRCGCGEAGA GGA T

AGTCCATGCC

CTGC"‘TCTGC CTCCCTGT

40

-wwwaw

GAC C,z\au O

3 CACAAGG GATITGTGTG JTGZ‘: TACTGC
4 GACCAC GCGCTCCTG AGGGGTACTC CTGGTA

4 GACGGEC TJJL 'LAGAA
= AAAAGAAATC CCAAGGCCGA
45 GGCAAGCTGT AGG G ‘GTCCA
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1
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1

1 CAGZ TGETG
1L GACAAAATCA i
1 CACGACTGGEG ATGAGCAGAG
1
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CCT GATCAACA

GAACTTGATC \:LG STGCTGG
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CCARCCACGA "GOTG CTCCACC
TECCCCTCTE CCGRA CGOACG
VTTGETCAG TEAGEC CAGETG
TCOTCARCIGT GCCCCEGCTE ATGACCCAGG
ACTCCCCAAR TATCACGGAG TACATGTTCT
CCTGCARGGE GGACAGTEGA GGCCCACATS
GCATCOT CAQCTGEGAC CAGGGCTGOR
GETCTCCCH GTACATCGAG TOGCTUCAAL
TCOTCOTGOR AGCCOCATTT COCGETGECE
GOGGATCAGG TGGEGETGEA TCAGGCHGTE

TOCGACARBA CTCACACATS CCCACCGTGO CCAGCTCCGG
GTCTTCCTOT TCCCCOCRAL ACCCARGGAC ACCCTCAT
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51 ACATGCETGE TGETGGACET GCCACGAR GACCCOTGA A
1621 GACGGCGTGE ASGTGCATAS CARGACA AAGCCGS AGGA ’AnC'A”’ C'Z3
18l TACCGTGETGG TCAGCETCIT C ""1‘”’"'1‘(:' CACCAGGACT G 1(3'1‘(:@ ’IG Cl‘a_f-\(—G/‘A ('—'T7A C
1741 AAGTGCALAGE TCOTCIAACAA CTCCCA GCQCCCTATCG AGAAARACCAT T
65 1801 AAAGGGCAGC CCCGAGRATC T("’;A.C ;—\CL,L TGCCCC CATCCCEGGA
L I RAGAA G& TCAL;\.A TGAC‘ FATCCCAGCGA C
1921 GAGTGG CCACGCCTCC C
1981 TCCGACGG ACAAGAGCAG G
- 41 GGGAACGE Ck.TGnTL‘JC AT ACAACCZACTA CA
/ O 1 AGT TARAAGETGGET ‘JGC" i GTGEGGETGE AT
GGA : ATCACGACAAL ACTCACACAT GCCCACCETG C
GAACTCCTGE AGTCTTCCTC TTCOCCCCAN A A”"CAJ\” (31‘ Ci
HATCTCCCGEA GTG ETGEE —"_[G"‘w’f’-\C"’ AG.
- STCAAGTTCA SARCEGCETG GAGGTGCATA ATGC ‘Z‘Lf-\_(:A\, e
/5 GAGGH GTACCETGTG GTCAGCGTCT TCACCGTCCT G
CAAGTGCAAG GTC C‘FA;—\("’A ABAGCCOTOCC AG
CA

CAAAGGGCAG CCCUGRGAAC CACAGGTGT
CAAGAACCAG GTCAGCCT CCTGECCTEET

‘T""‘C"""T QEAGTCGREAG

CCETGTTGEA CTCIGACGET

GA\.AAWAG\,n GETGEC An\.A GGGGAACETC

CAMAGGCTTC
CAACTACAAG
GUTCACCGTE
TGAGGITCTG

£
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040 aminc acid sequence. Signal seguence is shown in dotted
*Opep*LJe is double underliined, the FXla clesvage sibte 1s shown
&, the linker ion connecti FVII .'wa"' chaln to Fo re
inad, and the linker region connect the Fo reglons is shown
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CACAACCACT ACACGCAGAA GAGCUTCTCC CTGETCTCOGG GTAAATGA
amine scid segquence. Signal seguen shown in dobted underline,
de 1s double under ad, the FXlIa cles i 13 shown in dashed
raglon connecting FVII heavy chailn to Fo region is
linkex ng the Fc regions iz shown in bo!
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TGGACGTGAG
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GGETCA

GUETCOTOAS

TGCAAGGTCT CCAACAAAGC

’;G‘GL AGCCCT GAGAACCACA
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T
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GAACGTOTTC
CCOTG

CQTCTC
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GGGANGGEGEC CAGAGTGGET

GACTCCGTOA ACCGOCE

=Y
S ICAGGAT A\:G("C'C
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CACCGTCCTG
AGCCOTCCCA
ACAGGTGTAC
CTGUCTGEGETT
GCCGGAGAAC
CTACAGCARG
CGTGATGEC
TAAAGC
ATCAGGTGGT
GGGAGGCTTG
GTTTAGCAGGE
CTCAGGTATT
CAICGETCTCC
CGAGGATACG
G CGAC CAG
GAGTGCATC
GACTCAG ul“u' .
AGACAZCCOTC
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CAGCTCAGGA
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VTPICIADER
YNNMECAGEFH
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CATEGCLGAR

TR s e
ATGTACAGE

TCACCAGGCC

AATATCTGAT
GAGTTTAACA
CATGCCCTAR
GAGATGTAAR
X T TTCAGTTT

\TTCAGGTA
AAG_.. =TAGTT

GCTETCT

GCCAGCAC \JC

TCATGA
TOATCR
ALTTGGAAGA
TTGAAGAAGC

TGGAAGCAGT ATGTTGATGG
BAGGATG Al TAATTC
T 'GAATTAG ATGTAACAHT

ACAARGGTGET
AACCAGCAGT
GTGTTGAGAT
CEATAACA
AAGATGCCA.
TCTETGGEA
OTAGTETTAL
AGCAAAAGCG
AGTACAACCA
TTACACCTAT
GCTATGTAAG
ACCTTAGAGT
ATAACAACAT
GTGGGEGGACC

GARACCATTT
GTTGCGTCEGAG
GTTGATGCAT

Y
TGETGTTGARR

GRACATACAG
GCTATTAATA
AACAGUTACE
TTTGGATOTS
GTTCTTCAGT
TTCAGCATCT
CARGEAGATA
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VKENWY VDGV
EXTISKAKGD
TTREVLDSDG
CEREESGEGES
SWVREQAPGKG
YCARC ‘A""Y'I S
SVALGOTY
SLTITGAQAE

CACCAT

AAAATA

T GA_I-\_PJ\:\.
GTTTGTTCAA
ACGAGAAGTT
AGATCAGTGT

O
L0

ACCACETORN
P OTATCETT
CTCTATCG

AGTT

TTGCATT

TGGCTGSGGA
ACTTGETT
GTTCTGTGCT

reglous
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STATA
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T TTTAN
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GCAGAT
GAGGGAT
GGAAGAG

SHA J&Lu

GTCGCAGGTG
CGAATTATTC
CTGGARC
AGGAAT

T
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o

AGAGTCTTCC
GACCGAG
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GGCTTCCATG
GAAGTGGARAG
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5 CTTAACTGGA ATTATTAGCT GGGGTGAAGA GTGTGCAATG ABA LAﬁHi
TACCANGATE TCCCIGTATS Tﬂuﬂﬂi@rum TAAGGAMARA
TCACACATEC COACCETGOC AC SGGA
COCCCCAMAR CCOCRAGGACE CTCCCRGACT
GGTEGACGTG AGCCACGAAG CAAGTTCARD
10 GATGOATAAT GCOCAAGACAR GGAGCAGTAC
CAGCGTCOTC ACCATCOTAC GOTGAATEGC {GAGT
GCARGAT CTCCAACAAR GUCCTCCCAG GARARCCATS TCCA*AUCCA

2041 AAGGGCE ""( CCGAGAATZCA CAGGTGTA C'Zi
AGAACTAGET CAGICTGACC
TGGGAGAG CAATG\ GCAG

i

AT L_iCC(‘w’GCA"‘
TCCTAGTGAT

n i

AC TAL,AA\;:AC CRCGCCTCCC

TGGAC

""»‘AC‘C‘ TCCTC TCACCG CAAGAGCAGE TGGCAGCAGE
\CG' 'CT CTCA'“SC'“CC‘ AGGCTCTGCA CAACCACTAC ACGCAGALRGA

GTOTICGEGT
HEGGRCGEA

¢ GCGGTTCAGG TG(‘w’f’-\G(‘w’_f’-\f—'G(: TCAGGIGGTG
ZGCGE GAGEGTH T

Pl
{

G z e :
20 AT GTAC GTEGCGETEE GATGGETCCG
CEG ATCAGGTGAS ATCAG G TTCCEATGAC GAGAGATCCS

\AAACTCA CACATECCCA ‘CCAG CRCCaG COTEGACAEA COQTCAGTOT

COCAARATCC GACACCC TCATGA CCGQACCCOT GAGGTCACAT

. CGACGTEAEC CAAGACT CTGAG STTCARCTGES TACCTGEAC

25 GOATAATECC AAGACARAGC CGOGEGAGGA GOAGTACAAC AGCACGTACC
CGTCOCTCACC GTCOTGOACT AGGACTAGOT GAATGGCAAG GAGTACAAGT

CARCABAGCC CTCCCAGCCC 'C A ARCCATCTCC ARAGCCABAG

AGRATCAL GTGTACACCC CCGGGATCAG CTGACCAAGA
CTGAL ¢ TG CAAAG CAGCGACATT TGEAGT

AG’ACF'AA SGGUAGUCE GAGAACAACT ,H(,A,Hk*.AC\::‘,C TCCCETG T
AGCAAGCTCRA CCOGTGGACAL GAGUAGETGH
ATGCATGAGG GCACAR CCACTACACG
TGA

GROTCOG
AGCAGGGEGA

ACARGAGCC
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41 QVVLNGKVDA FCGGSTIVNEK WIVTAAHCVE TGVEITVVAG B EQKRNVIRII
301 PHENYNAATN KYNHDIALLE LDEPLVLNSY VTPICIADKE YTNT FLEFGS CV”“ SHERVE
361 HKERSALVLO LESTEFTI YRNMFCAGFH EGGRDSCOGD
45 421 & JSRY VNWIKEKTKL TDKTHTCPPC
37 ‘,4 \/_ELN iy K'f'
541 YRVVEVLTVL HODWIMGKEY KCKVINKALP APIEKTISKA KGODREPOVY
801 KNOVSLTCLYV KGPYPSDIAV EWESNGOPEN NYKTTPOVLD SDGSFFLYSK L1
€51 GNVFSCSOVMH EALHENHYTOK SLSLIFPGKGA celeelicliecsicleaciccliee CGGSAC
721 TERMALANLC OGOGSCOCOS GCOCSQCEaE DKTHTCPPCE & GGPEV
751 FLFPPKPKDT LMISRTPEVT CVVVDVSHED GVEVHNAKTK PREEQYNSTY
241 RVVSVLTVLH QLWLNGKEYK CKVSNKALEA GQPPFPQVY“ LDPSRIOELTE
| NOVSLTCLVE GFYPSDIAVE WESNGORENN DGSFFLYSKL TVDKSRWOC
951 NVFSCSVMEE ALHNHYTOKS LSLEDGE*
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CATGGECAGAA
ATGTACAGET
AATATCTCAT
GAGTCTAACA GQCCAGCACGC AGG

CATGCCCTAL AGAGAAATTG GCT TATTTGGEH
GAGATGTARA ATTTTCATGA TGET T'"’"l‘T'“ TTTGCTAARA
ATTTCAGTTT TGAAARCGCT AACAAAATTC
R AAGAG ’;TAT AATTCAGETA GTTTGTTCAA GGEAATCTAG
TATGGAAGAA A AL; TGTAGTT ACGAGAAGTT TTTGAAAACA

TCATCACCAT
TTTTARAATA
TCACTABATT
TTGGTRA GTAC‘TGTGL:

[Q}

v oiea

o
o
Co?
=

[ERVIE N
DG WO

N

N
Lh
LY
<

5 ANCTGAATTT _-mJ»\ -‘-T Al ‘( STTCA CAGTCCAATC
A01 TAAN TGECGGCAGT ACATTAT TGETCETCCCT
&6l GATTTGA AGGAMAAGAAC ATGTAA T LsA(_,A'“'“ Z\JA' 5 AATGGCAGAT
o 72L G-?IIGAuCAG TT TTGTAAAAAT ACAAGET TTGCTC \.T ACTGAGGGAT
73 78l CGACTTGC "L\GA L\AAF’"‘A AACTAGCA TG AAGA\:
g4l CTETTTC A GTGCTGAG GA
201 ATGTAAATTC ""f'(ﬂ\’l’lu\C}\_T CACTCAMNAGC AC
96l TTAATGACTT GTTGG! ‘L GAG ARGATGICAA ACCAGGTCAA TTC
- AGGTTGTT GTTGATGTAT TCTGTGGAGG C ATCGTT AR
73 GGAT ALNC TGTGETTGARA CTGETGTTAA \CAGTT GT
AACATAATAT GAACATACAG AGCAARAGCG GTGATT CGAA
CTCACCACAA GCTATTAATA TACAACCA TGACATTGECC CTT
o

TGGACGAACC ARCAGCTACG TTACACCTAT TTG”‘Q“MG

&N
i
bz
: 7
S

i ACACGAACAT TTTG GCTATGTAARG AGAGTITTIC
80 ACALAAGGGAG —:AGK T_. TA \ ACCTTAGAGT GACCGAGCCA
CATETCTTCG ATCTACARAAG TTCACCATCT ATAACAACAT GGOTTCCATG

138
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CGGCITGEA

~

amine aci

G‘FFG‘KJ\FF

.?]

1 PHHI\.VNnAnN
361 HKGRSALVIG
421 QTSELTC
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541
601 PDQTSFDYY
G611 DSLRNEYASW
721 YYCLLYYGGSE
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1 ATGQTOTCOCC
CTTCE
TTCOTEG
FOCTTCEAGE

41 TCTTACAGTG

201 GACCAGCTCC
361 ACGCACARGS
421 AGTGACCATA

431 GACGGGETGT
541 AAAAGA

&L GAGTGT T
61 ATCAACACCA
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1381 GGGGEGE
1441 CCACCET

LEDL

CCCARG
1561 AGC("AC‘
Lé2L GC
1681

\AGACAA
AwCC TCCTGC
GCCCTCCCAG
CAGGETGTACA
TGCC TCA
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1281 TACAGCAAGC
2041 GTGATGCATG
01 AAACGGCGCT
&l TCCGGTGGIG
2221 BAGAGGGACA
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1921L

AECTTCC
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CGETGCT C:”"

I
v

OO R ;4
w53 A
LaaQ

T3P0

e
B

S
7

Qa0

IR T,
LUCLU A

CCOTECT
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AGECTCTECR
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GATCCEGE

GGG -
TCETEATGAC

CADGCGAGATA
CTAGCT
CGETATG
GGAGETGEGT
CGGEGGAT
TCCCTGA
TGEEGETCCECC
GGTAGTACAT
AAGAACACGC
TGCGECCUGEE

SGGECC
GLAGAAGGETG
QT w\(,Tmf-(J

TCAACTGGAT

CCGGTGGTGG

CAGUGCAGET
GACTCTCOTG
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nC‘T LCEC
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AATTTTCA

GACAGAC
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CTGEGEG

AGCAGGEC
CCTCEET
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GIGTG "“7\.ATG
‘\_\]3“1\‘

CTOCOTEAAS
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CACTAGCCGE

GGTCACCETC

AATGAMNC

AGCACGOGTA
CAGGATCACA
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AGATCOGATTC
GGTUGGAAGE
GTTCGETGET
TCTETTCCCGE
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C’ NSAD
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GATCTTCAAG
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GTTGTTGETG
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COGTGRCGT
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GAANA C" CATC
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ATTETGGEG
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CGGEGCACET
CACTTTGEGG
TCAGAGCC

o
(&

]
G

CG

GECGEGEGAT
AT N
CCTGAGGTCA

TR

GGTACG

AAGCAG!
TCCA

j CAG("'

|—1

TCCEGT
CCCAGCG

PCLNGGSCKD
YRLAENQKSC
FNDFTRV
EHNIER

YTNIEFLE GS
BEGGRDSCOCD
TEGEEERGEEE

\/L‘Jw}

GAAGTGGARAG

AMNAGGCAAAT
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CGEGEGCAC C,Ls
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AGCTCATGET

AGCTGGGAGA
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GCAAGGACTC
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CCEETGEGECEGE
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TCTTCCTCTT
CATGC
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CTCOCT

GTGGA Jl’CAG(z

GPEWV
SREDV

GOTVRITCQG
TAAOH

\EDEAD

T e o
SOLEGEALTY
TCCTGCARG
GAACTGETGAG
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GGTCT
CCT
CGGATCAGGT
TCACACATGC
CICCTCARMN
GGTGGACGTG

CAHTGG
F ""("’TTCCTC
CTCATGCTCC
CTOTCOROT
CGETGGEAG
GAAGAGGAGSE
CGECGAGAGC
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N
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CAGGTGCAGC
AGCTCECAAGG
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CCTGAGGTCA
CCGCEGEAGG

CA _GS}\C*\;UQ

PCT/US2011/043597

COTAGAGTE
TCRAGEGCAA
COAGCCTGAT
ACTACGEC

QOTCOGRCGS

GTTCCEETGEG
TCITGEGCGG

AGCAGTACAA
TGAATGGCAA

A"" ‘(;C—: C(JAC
GGCCAZCCTG
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e
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CG"”'(.:G AR
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CACA ACCACTACAC
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LERECKEEQC
L DZ—\':FGF’ NCE

% \TWF‘
»" T DFLV\'P‘ C
QSRXVGRDSPN
NYTRVEC
GEESDKTHTC

hQD‘WL NG
FRGEY DO
VMHEALHNHY
KRDIVMTQAA
LASGVPDRFS
GEGES
TYDPEE

cooas
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N T T T
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TMTORTEEVT
QDWINGEKER
'»‘”Yk'g

CVVVDVIHED
CKVSNRALRA
WESNGQPEND
LELSPGK*

TGIGATTICTG
ACTATATGCA
CRAARTCTTT

el

CCCA -
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T
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CTG

TCAGTCT
ATGATCAG.

ATGGTTAT
GGCATGTGAT
CATTTCTTGT
CTGCTIAARC
ACCAACATGA
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TGGATGTGGT
CCAAGA
ATCEOTS
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CTTTAAGAC
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PLEXTISKAK
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TCTTTCTCAT
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AAATAATGAL
CAGGTTTGAT
TCCTAAARCT
AGTCCTCG
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TTACTTTATG GGGAARGTTGG AGACACACTG
CCATATAACA TCTACCCOTCA CGGRAATCACT
TTGTATTC Z‘ '\GL"’ € CCAARAGGTGE TAAAACATTT GAAGGATTTT
CAGGAGAAAT ATTCAAATAT AAATCGGATAG TGACTGTAGA AGATGGGCTA
A\,T?\AATCA ATCOTCGEETG GACCCGET TATTACT \.Tﬂ\ GTTTCGTTAA TATGGAGAGA

GATCTAG CAGGACTCAT CCCTCTC ACAARGAATC TGTAGATCAA

AATCAGGAAT

TTAAGAATCA

e e

AGATAATGTC AGACARGAGE AATATC TETTTTCTAT ATTTCATEAG
GGTACCTCAC AGAGRATATA CRACGCT TCOCCAATCS AGC LG aTa
1 ATCCAGARETT ZCCTCC BACATCATGC ACAGCA
. 1 TGCAGTTGTC CATACTGEGTA
15 1 AGACTGACTT GATATACCTT
e

ALAGACACACT CACCCTATTC h@AmTCm GAGALACOTGETY
CAGGYCTATG GATTCTGEGEG TGCCACAACT CAGACTTTCG GA 7\.CAGA(_:C:('
TACTGAAGGT TTCTAGTTGET GACAAGAACA CTGCTGATTA TTACGAGGAC
AT ATACTTGCTG AGTARAAACA ATGC AA(‘AAG
ACTCCAC C?—\ ’*TTGAZJA & \:C CATCALAC ACTCTT
ALGAGEAAAT AAGGAA
TTATGATGA b\:f& J\;n}s 7»\.th C Z\ ’ACC CoCC GANAACA
ATTGOTGC ACGTCSACAGRE COTCTEEEATY T “"(’ATCAG

COTCCCCR

PN

NI

APGGAARACC
A

20

CEACACT 113.-.-. "

. CATGTTOTAR GAARCAGGEC TOAGAGTGHEC AGTTCAAGAA PETTT
235 CAGGAATTTA CTGAT C CTTTACTCRG GTGGAGAACT ABATGARC
TTCGGACTCC TGAEG A TATAAGAGCA ATAATATCAT GOTAACTTTC
2701 AGAAAT CCTCTCATCC CTATTCCTTC G TTATTTCTTA TGAGGAAGAT
2761 CAGAGGC GAGCAGAACC TAGAARAAAC TTTETCAAGC CTAAT CAARACTTAC
2 GCRACATCA TATGGCACCC ACTARRGATG AGTTTGACTG CAAAGCCIGE
30 TGTTGA CCTGEAAALR © CREGCOTGAT TG
GTOTGOC TAACAC ACTGAACCCT GACARGTGAT AGTAC
TGT CACCAT CTTTOATOAG GOTACT TGAA
GABAGAARCT GGCTCC CTGCAATATC ATCCCACTTT TAAAGAGAAT
PATCGCTTCC ATCAR TCOCTACATA ATGGATACAC TACCTGEOTT AGTARTEGCT

3

ATGGEC
CGAAARAAAG AGGAGTATA ﬂ\
GTGGABATGT TACCATCCAA

L,TI‘L ATGC G G _:A""("’A

»
Y
GTATCTGCTC A GCAATGAAARN CATCCA

GTTCACTGTA

(v

GATCAMN

1.

Cz 1\1\:

TL:\. CGE
QTGTACAGCA
CAGATTACAG
TCCGGATCRA
TTGECACCAR
CTCTACATOT
CGAGGARATT
AAACACARTA
TATAGCATTC GCAGCEH

ATGCIATTGE GAATGGAGAC‘

40

CCAGGE TG CCCGTCAGRAA
[C l AGTL,TTGATG GGAAGAAGTG
CTTA \TGGT‘1 TTCTTTGECA ATGTGGATTC
TCCAATTATT GCTCGATACA TCCGTTIGCA
TTGATGGGCT GTGATTTAAA 1
TCAGATGCAC AGATTACTGC TT

TTTACCA TGTTTCGCCAC TCAAARGCTC GACTTCACCT L,\.,HAGGG?,G’%
AGTAA GGAGACCTCA CCAAAAGAGT :

LAy
o

ANGATAA TC:n AAMGTCACAGE
BAAGG ACTTCOTCOAT
AAGTAAAGG
ACCGTTACT
FAGGATGEGA G
,\

CAGG
CBAT _z\' GO
AAT \.AAGnC
CTTCGAL

TATGT

Ar 'CAGTY CTTTTTT
TCACACC TGTGGTGAAC
D ACCCCCAGAG TTGGGET
TGEGEC CGA.("’GC‘A\ AGGACCTCTA CGAC AI\\.
CACCGTGCCC AGCTCCAGAA CTCOTGGGECE GACCGTCAGT CTTCCTCTIC
CCARGGACAC CCTCATGATC TCCCGGACCT ("IG"(;C:L CAC AT

GCUCATGAAGA CCOTGAGETC AAGTTCAACT SGA
- CCAAGACAAL GCCGCGGCAG GAGTAGTACA
Z\GCGTCC‘TC‘A CCGTCCTGCA k,AL:C‘ACTGL; CTGAATGG
TCCAACAAAG CCCTCCCAGC CCCCATCGAG AAAACCATCT

SGAL

1S

A
(¥4

ENE S

COAGAACCAC AGGTGTACAC "T GCCCCCh TCCCGGEGATG
e ACCCTCACCT GUOTCCTOAA AGCOTTCTAT C’G"XC'/‘A

AATGGECAGC CGGAGAACAA CTACAAGACT TGGA ’T-'f
TTCTTCCTCT ACAGTAAGCT CACCETGEAC AAG’AGFA sGT GGUAGTAGGG
TCATGCTCCG A GGCTCTGCAC AAC‘CACTAC‘A CGCA SAAGAG

AJ»\f‘G'“”G"”" CGCATC AT CAGGCGETGEG

(S N S

VN

TCTCCGEEE AGGT GGGEETGGA
3 yXelel ATEE
GGOEGEGEGE. CAGACAAANNC TCACACATGC CCAC(‘G'“"“(_" CAGCACCTGA ACTC‘C ~G 7\

(:v(jt CCETCAG TCTTCCTCTT CCCICCAAAR ("C'C"‘ AGGACA CCCTCATGAT CTCCOGGACT
o G CATGIGTGGT GGTGEACETG ACCCTGAGGET CAAGTTCAAC
73 ACGGCETGEA GGTGCATAAT AGCCGCEGGA GGAGCAGTAC
ACCGTETGGET CAGCETCITC ACCAGGACTG GCTGAATGGC
AAGCA AGTGCAAGET CTCCAMCARA CCCOCATCGA GAAMACCATC

TCCAR AMNGGGTAGCC CCGAGAARCCA CCCTGEC

T

G
CCCT ATCCOGCGAT

T C

GALC

G

- AGARCTCAGGT CAGCTTGACC ARGGC L,'L" A
73 AGTGGEAGAG CAATGGGCAG c

COGACGG CTTCTTCOTC
GGAACGTCTT CTCH *GCTC'C

QOOTOTCCCT  ATOTOCGEET
IR 2z

S¥o Ve
T
el
C
-
L
.
A3
A

= el
5751 T
Py

80
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] FVI] amino acid seguence. Signal seguence is shown in dotted underiine
’
and gion cennecting the Fo regions is underlined

TRRYYLGAVE

SWLYMOSDL,

GELE

VDARFD

PRVPESFPFN

L2
AXFPRPPWMGL TIQAEVY DTVVITLKNM ASHEVSLHAV
SVEYWRKASEG EXEDDRVEPG TV N OV ',. LOLTYSYLSH

VDLVKDINSG

i3
=

FLTAQTLILM

GSLARKEKTOT
LPGLIGCHRK
DLGQFLLECH

KENGEPMASDE

A .(‘7 KVDSCPE

TENSLMODRD
IH

EGHTFLYRY
EPQLRMKNS

DEEMDVVRFD DDNSPSEFIQI K,IV_/-\ r(l\hPKT WVHY IAAEEE DWLYAPLVI
- PD]"P SVYE‘ JY LUNGP KYKKVRFMAY TDI KTREA TQHESGILGE LLYGER
15 LII f‘TxN\‘I 3SR PYNIY DVRPLYSRREL ¥ r{LKDF PILPGRIFKY KWTVIVEDGE
TKSD YYSS DLASGLIGPL RENQIMSDER NVILFSVEDE
S QLEDPEFCAS N_[MH&- l'\( -YV FDSLQLSVCL HEVAYWYILS
S MVYELTLTLE PEFSGETIVEMS MENPGLWILG CHNSDEFR “'R"
SYEDISAYLL Sk 'NL\I]"DQ‘S FSOQNEPPVLKR L'-)P CITRT

20

JNNASRPY*D

w g

DFDIYDEL

FUKBNETRTY

RHYFTAAVER
L PYI ?.l\

-

AYFEDVDLEX H:, AHGROVTVQE E‘ALL TKS r"Y}: T
- 1 ERNCRAPR T EDPTHFKEN MDTLPGLVMA QDORT E\w YL, SEMGSNENIHS
23 1 THESGHVFTV RAK.E Y KMAL VEMLPSKAGI WRVECLIGEH LPn\:M”TT FL
1 VYSNECOTPRL GMASGHIRDE ("TTL\FGCY WAPKLARLHY SGSINAWSTE FFI‘CE’v**
12 LAPMITHGIK TOGARQKFSS LYISORT _.l‘u{ SLOGEKWOTY RGNSTGETLMYV FFGE DG 3G
1 KHENIFNPPYI ARYIRLE H YSIRSTLEME IMGCDILNSCS MPLEGMESKAT SDA Ql S8Y
1 FTNMEATWSE SKARL 2 SNAWRPQVNN PHEWLQVDEFQ KTMXVITEVTT QGVKSL I SL’I
,)?O 1381 YVKEFLISSS QRGHOWTLEF QNGEVEVFQOG NQDSEFTPVVN SLDPPLLTRY LRI :{P’:)on VE
1441 O ALRMEVLG CEAQDLYDKT HTCPPCRAPE LLGEEPSVEFLF PRPKPRDTIMI TPEV Tf'"\"7
1501 VDVSHED T’EV EFNWYVDGEVE VHNAKTEPRE BEQYNSTYRVVY
1 1 ENKALPAPIE K SKAKGOP REPOVYTLPP SRDELTRNQV Tl
N 1 1 “*C—:"‘PENNYKT TPPVLISDG &- FELYSKLTVD KSRWQQG’NVF C8V
a5 16381 SPCRGGEGESE GEEEGEGEESE GEGSLKTHTC PPIUPAPELLG SV PRIy TL""L A
1741 RPEVTCVVVLDV "’H—“')D‘* VKE I\e WYVDGVREVIHN AKX CPREEQY ]* TYR \7VS TV, .J-[OPT/\:L
1801 KEYKCKVSNK BRI SKAKGOPREP QV JPPSED BELT TJV*KL:F‘Y
18al IA‘TT WESNGO INNYKTTPP VIDSDEESFPFL YSKLTVDKSR VMHEALHD FV
1921 TOKSLELEPE K*
40
equence for FVI
ATGCAAATA C CTGCTTCTTT CTGTECCTTT TGIGATTCTG
61 ACCAGAAGAT ACTACC TGGG TCGCAGTGGALA CTGTCATEEGE ACTATATGCA
121 GGTGAGCTGE CTETGGACGC AAGATTTCCT CCTAGAGTGEC CAAAATCTTT
45 TETACAAAMNL GACTCTETTT GTAGAL CA CGGATY C

GGCCACCCTG

CATEGETOTE

"TZS'JG‘l CCTA

CUA T

CCATCCAG

201 TCATTACACT TAAGAACATG CT&«,L'C?—MT
361 GGTGT ACTGGAAAGC TTCTGAGGEA TATG ATGATC C. L\GTFAA AC‘C‘
. 421 GAGAAAGAAG ATGATARAGT CTTCCCTEET GGAAC“”ATA [ l GCAGGTCCTG
50 4t \GARATE GTCCAATGGC CTCTGACCCA CTGTGECCTTE (_C"'7\CI'CATT‘ TCTTTCTCAT
TAAARAGACTT GAATTCAGGEC CTCATTGGAG COCTACTAGT ATGTAGAGAA
TGE CCAAGGARAAA CAGACC TTGC AfAn?\J CTACT TTTTGITGETA
GAAG GGAAAAGT TCAGAA ACAAAGAACT GGATAGGGAT
ABRATG CACACAGTCA ’

55 CCACAGGARA TCAGTCTATT GG

ANGTGCACTC AATATTCOTC GAAGGTCACA CATTTICTTCT CAGGAACCAT

C el C, AGEOGT

CCTTGGAAAT

oy nrnp

ACTT

OTEOTOAARS

L{‘m C.Tm -~ 13 e

N \z
GAC """*b?—\ AGTTTCTACT ATCTCTTCCI ACCAACATGA
N GCTTATETCA AAGTAGACAG GAACCCCAAC TACCAATGAA
60 GAAGCG \:A.L\\: ACTA AT TCTGARA T("’L:ATL: GGT
GATGACAACT (T crT CAGTTG CC AGCA 'l"”’"’l’l's.f‘ -xA

AT

2 TGGGETACATT ACATTGCTGC Gf SGGACT CCCTT
1 CCCGATGACA AL\La TC. A' AT TTGARACAATG GUCOTCAGCE
1221 AAGTACARAA ARG CGATT TATGGECATAC ACAGATGAAA TAAGAC TCETGAAG!
65 1381 ATTCAGCATG AATCAGGAAT CTTGGGACCT r‘"[’l\.CT”.\"""‘A'TVj GGGAAGTTGE RGACACACTG
144l TTGATTATAT TTAAGAATCA AGCAAGCAGAHA CCATATAACA TCTACCCTCA CGGAATCACT
1501 SCGETC AAGGAGE CC Ag 7\.AAC-:G TG TAAMNACATTT AGGATTT
1561 CCAATTCTGC ATTIAAL ARATGGACAG TGACTGTAGA
o CCTGACCCGC TATTACTCTA GTTTCGETTAA
73 TGGCCCTCTC CTCATCTGCT ACAAAGAATC
AGACAAGAGG BAATGTCATCC TGTTTTCTGT
ACAGARTATA CA} CECTTIe TC’“"LAJ\T cC
AAGCT ARCATCATGT TGGCTATGTT
- AGTTTGTTTG CATGAGGTGG CR '“T(‘T? AGC
73 TTCTTCTCTG
} CA CAG GAGAZ
SARANCC CAG(- GTC l‘A""f- GZ‘ T'“n“C'_[GQGG TGECCACAACT CAGR '“T C:
f"‘C,' TACTGAAGET TTCTAGCTTCT GACAMNGAACA CTGETGATTA T"'7\ r‘ul\f‘cﬂ\c
. ATATTTCAGC ATACTTGCTG AGCTAAARACA ATGCCATTGA ACCAAGAAGC
80 ACCC. CCAGT CTTGAAACGC CATCAACGGEE AAATAACTCG TA\.TR\,TCJ_'T‘
AAGRGGRAAT TGACTATGAT GATACCATAT CRGTTGAAAT GAAGAAGGAA

162
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5 2401 GATTTTGACA TCGABRAAT CAGAGCCCCC GCAGCTTTCA AAAGAAALCA
24 CGACACTATT 'GGAGAGGE CTCTCGGATT ATGGGATGAG TAGCTCCCCA

CATGTTCTAA GAAACAGGEC TCAGAGTGGET T AGTTCA J‘xGAA AGTTGTTTT

CAGGAATTTA CTGATGG! CTTTACTCAG _TC‘ GTGGAG, T AAATGAAC

641 TTGEGGACTCC TGGGGUCATA TATAAGAGCA GAAGTTGAAG ATAnT’ 'T‘C T GGTAACTTTC
16 2701 AGAAAT COTCTCGTCC CTATTCCTTC T".. TCTAGCC TGAGGAAGAT
2761 CnCAbu G GAGCAGAACC TAGAAAAAAC TTTCTCAAGC CAARACTTAC

2821 TG TGG( SACCC ACTARAGATG CAMAGCCTGS

CTGATGTTGA CCTGEAAARA GATGTGCACT
ACTG AAC CCT GCTCATGGGA & A\,n RG TGAC
CTTTCGATCGAG ACCAAAA : ;
CTGCAATATC CAGATGGAAG AT\,LFACTT TWGALJ
TGCCTACATA ATGGATACAC TACCTGGCTT AGTAATGEGC
GTATCTGCTC ATGGECA GCAATGAAAA CATCCATT
GTTCACTGTA CGAAARAAAG AGGAGTATAA

[l

1
1 :
20 2301 TACAA TTTTGAGACE G TRCCATCCAR
3361 TGOCGSE TGGCGAGCAT CTACK ATCAGCAC
3421 GTETACAGCIA GACTCCCCTS GOAATGRCTT BCAC 'l‘ACA(y"l"i"“
3481 CAGATTACAG AGEACA ATATSGACAG TEGG “‘"f‘l\.f»\ GOCAG ACTTCATTAT
3 EAG

1
. 541 TCCGGATCAA & \CCA ’XG '3}\6("C'C""" T Ca GATC
25 2601 TTGGTACCAA C CCCAGGETG GTTCTCCAGC
3661 CTCTACATCT C AGTL,TTGATG wGAAGAA TG GCAGACTTAT
2721 CGAGGAAATT CT TTCTTTGECA ATGT GGATT ATCTGGEGATA
3781 AAACACAATA T GCTCGATACA TCCETTT CCCAACTCAT
3841 TATAGCATTC GCAGC! T TTGATGGGCT Z—I'I'(::"{I"l"l‘}uiul‘: TAGTTGCAGT
30 31 ATGCCTATTGE GAATGGAGAC T TCAGATGCAC AGATTACTGC TTCATICTAC
1 TTTACTAATA TC

’A L\AG(‘T-" GACTTCACCT (‘-LI,HAGGvAG-

TT TC

A \Z GGAGACCTCA
ANGACAATGA AAGTCACAGE CTACT CA GGCAG
TATEGTGAAGG AGTTCCTCAT CTCuAGL GT CRAAGATGGCC ATCAG '“n“SGA" TCTCTTTTIT
CAGARA AAGTAAAGGT TTTTCAGEGA AAT 'CA‘Ls(:nCT j CACC TGTGGETGAAC
ACCGTTACT GACTC CTTCGAL (CCAGAG TTGGGET
AGGATGGA GG GCGAGG CAC‘ AGGAC

J.

-

3

(v

1.

TG’»‘GC‘ TC
CACCGTGCCC :L ACC T l« CTCCTGGCAG GACCGETCA
CCARGGACAC TCCCGGACCT CTGAGG i'

GUCATGARG! { AAGTTCAACT GGTA
CCAAGACAAR GCC 'Cu ZGAG GAGTAGTACA ,C‘A

COGTOCTGCA LAG-"?\(‘ TGG CTGAATG
C \,C‘T"‘CFAC‘C CCCATCGAG AABACCA
AGGTGETACAC "T GCCClCh TCCCG Cu7\’l’G
GCCTGGTCAA AGGCTTCTAT CCCAGCGACA T
ACAR T ’13'_1-&’&6/-\(,"7 ACGCCTICCE TGTTGGA

CGGAGAACAR

40

e
n

S
-

T QGstuA GC

CG’/’- CGGCTCT

Ak AG-"‘“ AGCT AAGAGCAGGT GGU 'AG-"‘AGG’G AACGTCTTC
) AACCACTACA CGCAGAAGAG C‘CTC‘T SCCTG
AJ—\CGGC 3CCGE GGCGECGEAT TCAGEC

CRAGGTGEGGEG
CCGETGEEGE
GEAGECTT
TGTTTAGCAG
TCTCAGETAT
TCACCETCTC
CCGAGGACHC
TGCCCCACCA

PO AT
GGAGTGCATC

LAy
o

GECGE

CGCA

. C‘CGGC "”T"CAGGTT
GGTGCAGCTG
CTGTGECAGCC
A AG bwhA GGG
CGC AGACTCCETG
TCCAAGARCA CGCTGTATCT GCAA ""G ZAC
TACTGCGCCC GGEGCECCAC CTACACCAGC
Cal‘:"" ACTGGE GUCAGGGAAC CCTGETCACC T
GAAGAAG ’%AA"‘T""‘(” AGAAGCACGET TG‘AA-"‘ TGACTCAGGA
GGGACAGAC AGTCAGGATC ACATGCCAAG ;‘GHL,L\\JLVVJ,
SGTACCAGTA GARGCCAGGA CAGRCCCCTA CTATGGTTTA
T\_.T»‘J‘J\_GGC CCTCAGGGAT CCCAGACCGA TTCTCTGCCT C “l‘bk,'“n‘f‘Z\GG ANNCACAGC
TCCTTGACCA TCACTGGGGC TCAGGECGGEAA GATGAGGCTG ACTATTACTG CCTGCTGTAC
TACGGTGGTG wr\.(,AGk AGEG CGTGETTCOGED GGCEGCACCA AGCTGACTCGT COTACGTCAG
COCAAGGEOTE CACTITGTTC CO G\.L,C'_. kT_. CTGCGECCGEE TGEOGETGEC
TCCGGOGGAG GGTCCEE TCGCGECGEA GTGCATCAGE CGGTGGAGGT
L TCCGETEECE GGEGATCAGA CAAAACTCAC CGTGECCCAGT ACCGGAACTC
2G5 “"f'(y‘f‘ CGTCAGTCTT CCTCTTCCCC AGGACACC ATCTCC
WCCCCTG AGGTCACATG CGTGCTGGTG ACGARGACCT SGTCAMG

T'”’ AAGG
e
LN

Ci
GG
G
[

A
(¥4

s

s

o

N
Lh
Gy Ot

N

<

e
&

0

o 4 AA\.TGG I ACGTGGACGE CGTGEAGETG AGACARAAGCC A.Gb?—\’*GA”‘
73 G GCACGTACCG TGTGGTCAGC TCCTGCACCA GGACTGGCT
¢ AGTACARGTEG CAAGETCTCC M“AJA AGCCC TCCCRGCCCT CA GAGAAA
ACCATCTCCA AAGCCA AXAC” GCAGCCCCEA GAACCACAGG TGTACALCCT GC

CGEGE

AGCE

7 RS ST e R AT
SATGAGC TG L\,nis(:z CAGGTCAGT

CTGACCTGCI TGGT

TC
T
TC
Y el

G A

\7K*GC1KGCKGG ?\GAHCAHL TA i

G
C
G
CAN Z\Ca“’ C
Ci
T

i) CETEG
73 5 CCTCCTGT TGGEACT CAAGCTCAL
AGCAGGTGEGC TL;\.,ATGnu:GC

oo

& A
@f
L7

CACTACACGC CCGGETAAAT GA
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Signal shown in dotted underl
with

Sax 1.1»“110“ i3

linker Legion '“onm.c"lrg \“CL~ to is underlined, and linker
proprotein convertase oro*ﬁ@*lno sites is uhowp in bold
L M;)TT“ STCE { TRRYVYLGAVE LS ‘JPY["K‘? I GELPVDARFP PRVIPKSEPEFN
Gl TSVVYKX AXPREPWMGL I DIVVITLENM ASHPVSLHAV
121 GVSYWKA ’“F‘\. Ek\F’T‘T‘V\J—TL KENGPMASDP LOLTYSYLSH
181 VDLVEDLNSG C:' | FDEGKSWHSE TEKNSLMODRD
241 AASARAWPKM H"“ C:V'\/"'\]F‘ E- TTPEVHSIFL EGHTEFLVRNH

201 RQASLEISPI TFLTAQTLLM DI AYVEVDSCPE EPQLRMENNE
361 EAEDYDDDLT LSEMDVVRED WVHYIAARER DWDYAPLVLA

3

(v

1.

L
L

~

Co?

~

421 PDDREYESQY LNNGPORIGR I*’YKI’"F? F'V'" Y IQEESGILGP LLYGEVGDTL
481 LITFEKNQASE PYNIYPHGIT DVRPLYS PQL PILPGEIFKY KWIVIVEDGE
541 TKSDPRCLTR Y \E'“v’\“ j RGNQIMSDKR NVILFSVEDE
01 NRSWYLTENI R FDSLQLSVCL HEVAYWYILS
66l IGAQTLFLSV *. MVYEDTLTLF BF TVEME MENPGLWILG CHNSDEFRNRG
721 MTALLKVSSC DRNTGDYYED SYEDISAYLL SKNWAIEPRS FSONPPVLER HQOREITRTTL
781 QSDQERIDYD DTISVEMEKKE DFDIYDEDEN QSPRSFOKE REYFIAAVER LWDYGM
€41 HVLRNRAQSG SVPQFKE QEFTDGSFTQ PLYRGELNEE LGLLGPYIRA EVEDNIMVTE
201 KRNQASRPYSFE YSSLISYEED QRQGAEPEEN PFVHEPNETKITY TRKDEFDCKARW
96l AYFSDVDLEK DVHSGLI LVCHINT P AHGRQVTV TKSWYFTENM
1021 ERNCRAPCNI Qf YRFHEATL '"T MDTLPGLVMA SMESNENTHS
108l TFU‘GGH‘/‘F”"” REXEEYEMAL YNLYPGVEFET VEMLEFSKAGT LEAGMS TLFL:
. 3.4 YONKCQTPL GMASGHIRDE QITASGQRYGEQ WA.PKLAR*;H ! GG’] INAWSTE EPFSWIXVDL
29 LAL MITHGY K TOGARQKESE LYISQEFIIMY SLDGKIWQTY RGNSTGTLMY FPGRNVDSSGIT
1261 KHNIFNPPII ARYIRLHPTH YSIRSTLRME LMGCDLNSCS MPLGMESYAI SDAQITAS SY
1221 FPTNMFATWSP SKARL HL-,)\:}\ SNAWRPQVNN PKEWLOVIDEQ KTMEVTGVTT QGVKSLLTINW
138l YVRKEFLISS ODGHQWTLEFE ONGKVKVEQG NODSFTEVVN I LRIHPQSWVH
1441 QIALRME CRAQDT. YDKT HTCPPCPARE LLGGPESVELF SRTPEVICVV
1501 VDVSHEDPEV KFNWYVDGVE VHNAKTKPERE EQYNSTYRVV &-\7 TV LJH"DW LNGEEYRCKV
1561 ZLPAPIE KTISKAKGOP REPQVYTLPP SRDELTENQV SLTCLVKGEY PSDIAVEWES
1621 NGOPENNYKT TPRVI L‘ DGSE YSKLTVD KSRWOQGNVE SCSVMHEALE NHYTQKSL
> sKRRRREG i:(‘(‘ GEGEG GG?:-GG-.:G,. G GGGEGEEGER XRRRKRAGVQL QESGGGLVQP
GGSLRLSCAA SGE MESRYAM SWVROAPGKG PEWVSGISGS GGETYYADSY

TVSRDN
SKNTLYLOMN

Yau
VT

DYWGOGTL
YASWYQQKPG
OAPTLVIYGL
1 SKRPSGIPDR
GETKLTVLRQ
i PRAAPSVTLE
TCPPCPAPEL
LEGRSVELER
HNAKTKPRER

‘ QYRSTYRVVS
EPQVYTLEPS

LPPS
RDELTENOVS

YGGGRAGVEG

SGEGEE SGGGGESDKTAH

PEKPEDTLMIS

DVSHEDPEVK

FNWYVDGEVEV

PRPVLDESDGSFE

NEALFPAPIEK SKAKGOPR

GOPENNYKTT

DNA I

TTOTOCAC
= CLCln

CTGTG
CTGTCE

CTGEGE \
COTAGAL

CAAA

7] TOTGTTT GTAGAR CGEATCACCT

G"“’C‘LACO’“""G EyE 'IC:SGT”‘TG CTAGGETCCTA CCATCCAGGC

TCATTACACT TAAGAACA GCTTCCCATC CTGTCAGTCT

ACTGGARAGC SAG JGA GCTGAATATG ATGATY X

ATGATARAGT -‘"’*L T\:k"T GGAAGCCATA CATATGTCTG GIAGGTC
TG GTCCAATGEC CA CTETGCCTTA CCTACTCATA TCTTTCTCAT
(GG TAARAGACTT FAI\”'"JLC‘AG 2 CTCATTGGAG TGTAGAGAA
GG CCARGGAAND GACACAGACC TTGCACAAAT TGCTGTA
\AG GEAAAAGTTG GCACTCAGAA ACAAAGAACT GGATAGGGAT

CGG'J\_’C G GCCTAAAATG

”L ACAGGAZ

AATALTVVTF

CACACH A
TCAGTCTATT
GARGGTCACA

ATGETT
GGTAT
CATTTCTITGT

* AAACAGETOT
TGGEAAT \:GG'C

Gl

GAGGRACCAT

N AR R S
NS NORSHANNEA

N"TTQ AJ AT CTOCCCRATA ACTTTOOTTA CTOCTCARMMS ACTOTTEATS
7 AGTTTOTACT TTTTETCAT ATCTOTTOCC L TEA TOSCATOCAA

102 CTGTCCAGAG GAACCCIE ANTGAA Af l‘a_f-\ TAATGAA
108 FGATCTTACT GATTCTGAAA TGGATGTGG GTTTGAT
1141 TATCCARATT CGCTCRGT TF CCAAGABAGCA TARARCT

164
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POT T ZL‘ AA

TOAGATC
CAGA

T \
CGACACTATT
CATGTTCTAA

CAGGAATTTA
TTEEGACTIC

AGARATC

Ielaus 11 n mTr Lol

Vel

L Rete .-‘-.(-T(_s,»-w\

s
R

Tﬂ\ A(”CA
SATTACAG
GGAT ‘CAJ\
~

SHF

CGAGGAAAT
AAACACARTA

ACH C
ATGCCATTGS

TTTACCAATA

ACAATGA
AAGC‘

e
L

CACACATGCC
CCCaCAALAl
GTEGACGTGA
GTGCATAATG

P ——
AGCGETC Cha

CTAARTARMG

CGAGAACC‘AC
ACCT
GGGCAGT
‘(‘T" 7

CTCIG
FOTCOGEET

GGTGGAGGTT
AGAGGAGGA
GCEGACCET

CCCCTGAGG

WVACTGGTACE

ACTAACAGTA
SCAAGGAGT
iCl’ CALAG
GATGAGCTGA
GACATCGCC
CCCGTETTG
AGGTGGECAGT

1‘3_/-\("' "‘("G'JA '“T

AATCAGGAAT

TTAAGAATCA
CTTTGTA
Ct"'&GG)'&\J I&t'&_
ATCCTCG
CAGGACTIAT
AGATAATGTC
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FVYITII-049 amino acid geguence. Signal sequence is shown
in dotted underline, and linker with pLOpKO”ELQ
convertase processing sites is shown in bold

L TRRYYLGAVE LSV i GELPVDARFEP PRVPKSFPEFN
51 E TDHLF‘NT A' PRP P"”'V' GL T DIVVITLENM ASHIPVELHAV
izl l\EY‘]T‘ng‘- ’ : KENGPMASDE LCOLTYSYLSH
. 181 ) FDEGKSWHEE TENSLMQ
3 1 1.3 l‘mARf-\\NPKi" [GCHRK TTPEVHSIFL EGHTFLVRNH
301 RQASLEISPI TFLTARTLL FLLECH AYVRVDECPE EPCLRMXNNE
261 EAEBDYDDDLT DSEMIVY RFD DONGPSFIQT T WVHYTAAERE DWDIYWARLVI
421 PDDRSYKSQY J_NT\("”?&‘-«¢C‘F’ KYEKKVREMAY TOEESGILGE LLYGEVG
431 LIIFRKNOASR PY DVRPLYSRRL PILPGEIFKY KWIVIVEDGE
541 TKSDPRCLTE YYSZ DLASGLIGPL RGNQIMSDKR NVILFSVEDE
UL NRSWYLTENI QRFLPNPAGY QLEDPEFCQAS N_[L’Il l'\I YV FDSI Quh VCL HEVAYWYILS
6ol IGAQTDFLSV FFSGYTFRKHK MVYEDTLTLE PESGETVEMS CHNSDFRINRG
72l MTALLRVSSC DENTGDYYED SYEDISAYLL SKNNALEPRS HOREITRTTL
731 QSDREEIDYD DTISVEMKKE DEDIYDEDEN QE’T’P F‘g,kv<¢ L.'\TT‘\GMGC‘”'T
341 HVLRNRAQSG SVPQFRKVVE QEFTDGEF PLYR EY
S0l R SRPYSE YSSLISYEED QRQGAEPR KN FVKPNI TKDE
961 2 DVHSGLIGPL NP .HHGRQ\’— FDE TESWYFTENM
I ERNCRAFPCNI QMEDPTFKEN YRFHAINGYI MDTLEG QRTRW‘LLJ SMGENENTHS

. . . THFSGHVFTV REKKERYEMAL YNLYPGVEET ”"‘l"[.JP%’;—\\:‘* ? JECLIGEE LEAG I"J”TLF‘:J
30 1141 \/VSI\.K"’“T"" GMASGHIRDE QITASGOYGD WAPKLARLHY &-Jbﬁ\nW'TK E‘-“ =30
X LYISQOFIIMY SLDGEKWOTY R F
YSIRSTLRME LMGCDLNSCS
> SNAWRPQVINN PXEWLQVDED ¥

QNGEVKVEQG NQDSETPVVN

”Ql i
Q»VKSLLTOM
LRIHPQSWVH

LLGCPSVELE SRTPEVTCVY
EQYNSTYRVV LNGKEYXKCKV

REPQVYTLEP SK

ELTRNQV SLTCLVES

P ‘I'IZ WES

2l : TPPVLESDES FFLYSKLIVD KSRWOQGNVE SCSVMHEEALR Y TOQKSLSL:
N . SPG KR'ERR GEGBECGEESE GEESEEEESE GGESEEGEER KRRERDKTHT f'D?(” APELL
i GGPS \/T‘I_F‘p P RPEKDTLMISE TREVICVVVD VSHEDPEVEF RWYVDGVEVH NAKTKPREEQD
YNSTYRVVEV LTIVLHQDWLN GKE M\C’Kv. H KALPARIEKT ISKAKGOPRE RPQVYTLIPER
DELTERQVSL TCLVKGEFYPS DIAVEWESNG CQPENNYKITP PVLDEDGISFEF LYSKLTVDKS

RWOOGNVESC SVMHEALENH YTQKSLSLSEP GK*
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What is claimed is:

B2

6.

A chimeric clotting factor which comprises i) a clotting factor
selected from the group consisting of FVIL FIX and FX and i) a
targeting moiety which binds to platelets and, optionally, 11} a spacer
moiety between the clotting factor and the fargeting moiety,

The chimeric clotting factor of claim 1, which comprises a structure
represeuted by the formula A B €, wherein A is the clotting factor;
wherein B is a spacer moiety; and wherein C is af least one targeting
maotety which binds to platelets.

The chimeric clotting factor of claim 2, which comprises a struchure
from amino terminus to carboxy terminus represented by a formula
selected from the group consistingof ABC; CB A,

The chimeric clotiing factor of claim 1, 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
one targeting moiety.

The chimeric clotting factor of claim 1, further comprising a
scaffold moiety and, optionally, a second spacer moicty.

The chimeric clotting factor of claim 3, further comprising D and E,
wherein D is a spacer moiety; and E is a scaffold moicty and wherein
the chimeric clotting factor comprises a structure from amino terminus
to carboxy terminus represented by a formula selected from the group
consistingof ABCDE, ADEBCEDABC,CBADEEDCB
AjandCBEDA.

The chimeric clotting factor of claim 6, wherein E is a diroeric Fo
region comprising a first Fc moiety, F1 and a second Fc moiety, F2.

The chimeric cloting factor of claim 7, wherein the clotting factor
is expressed as a polypeptide comprising a cleavable scFe {cscFe) hinker
mterposed between two Fe moieties, wherein the cscFe linker i3
adjacent to at least onc enzymatic cleavage site which resulis in

cleavage of the cscFce polypeptide linker.

167

PCT/US2011/043597



W

[
(¥4

[
(¥}

30

WO 2012/006633

9.

10.

It

13.

4.

16.

Ju—
:~J

The chimeric clotting factor of claim 8, wherein the cscFc linker is
adjacent to at least one enzymatic cleavage site which results in
cleavage of the cscFe hinker.

The chimeric clotting factor of claim 9, wherein the at least one
enzymatic cleavage site is an intracellular processing site.

The chimeric clotting factor of claim 9, wherein the polypeptide
tinker is flanked by two enzymatic cleavage sites which are recognized
by the same or by different cnzymes.

The chimeric clotting factor of claim 9, wherein the polypeptide
hnker has a length of about 10 to about 50 amino acids.

The chimeric clotting factor of claim 9, wheremn the polypeptide
finker has a length of about 20 to about 30 amino acids.

The chimeric clotting factor of claim 9, wherein the polypeptide
tinker comprises a gly/ser peptide.

The chimeric clotting factor of claim 14, wherein the gly/ser peptide
is of the formula (GlyaSerin, or Ser{Gly,Sern wherein 11 is a positive
integer selected from the group consisting of 1, 2,3, 4,5, 6,7, 8, 9 and
10,

The chimeric clotting factor of claim 15, wherein the (Glys Serin
Hinker is selected from the group consisting of (Glys Ser)6, Ser{(Glyy
Sen6, (Glvy Serd and Ser(Gly, Ser)d,

The chimeric clotting factor of claim 8, wherein the clotting factor
comprises two polypeptide chains.

The chimeric clotting factor of claim 7, wherein the chimeric
clotting factor has a struture selected from the group consisting of! A
finked to F1 via a spacer moiety and C linked to F2; A linked to Fi via
a spacer motety and C linked to F2 via a spacer moiety; A linked to F1
and C is nked to FZ via a spacer moiety; A linked o F1 via 4 spacer
maoicty and C is linked to F2 via a spacer moiety,

The chimeric clotting factor of claim 18, which comprises two

polypeptides wherein the first polypeptide comprises the motetics A B Fi;

ABFL ABFIL ABFI D C and the second polypeptide comprises the

moieties C F2; CDF2F2 1 C, F2 B C, wherein the two polypeptide

chains form an Fe region.
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28,

The chimeric clotting factor of claim 7, wherein the fargeting
motety is fused to at least one of the polypeptide chains of the Fe
region.

The chimeric clotting factor of claim 7, wherein the targeting
moiety is fused to at least one of FI and F2 directly.

The chimeric clotting factor of claim 7, wherein the targeting
moicty 1s fused to at least one of Fi and F2 via a spacer moiety.

The chimeric clotting factor of claim 7, wherein the fargeting
maoiety is fused to at least one of F1 and F2 via a cleavable linker.

The chimeric clotting factor of claim 1, wherein the targeting
moiety is sclected 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.

The chimeric clotting factor of claim 1, 2, S or 7 wherein the
targeting moicty binds {o resting platelets.

The chimeric clotting factor of 1, 2, 5 or 7 wherein the targeting
moiety selectively binds to activated platelets.

The chimeric clotting factor of claim 25, wherein the targeting
moiety selectively binds to a target selected from the group consisting
of: GPIbha, GPVL, and the nonactive form of GPIWIHIa.

The chimeric clotting factor of claim 26, wherein the targeting
maoicty selectively binds to a target selected from the group consisting
of: the active form of GPIb/ila, P sclectin, GMP-33, LAMP-1,
LAMP-2, CD40L, and LOX-1.

The chimeric clotting factor of claim 25, wherein the targeting
moiety binds to the GPlb complex

The chimeric clotting factor of claim 25 wherein the targeting
moicty is a peptide selected from the group consisting of: PS4, 081,
and OS2,

The chimeric clotting factor of claim 25, wherein the targeting
motety comprises an antibody variable regions from an antibody
selected from the group consisting oft SCES, MB9, and AP3.

The chimeric clotting factor of claim 1, 2, 5, or 7 wherein the

clotting factor is Factor VIL
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34.
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38.

40.

41.
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44.

46.
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The chimeric clotting factor of claim 1, 2, 5, or 7, wherein the
clotting factor is a high specific activity variant of Factor VIL

The chimeric clotting factor of claim 1, 2, 5, or 7 wherein the
clotting factor is Factor IX.

The chimeric clotting factor of claim 1, 2, §, or 7 wherein the
clotting factor is a high specific activity variant of Factor IX.

The chimeric clotting factor of claim 1, 2, S, or 7 wherein the
clotting factor is Factor X.

The chimeric clotting factor of claim 1, 3, 4, or 5 wherein the
clotting factor is a high specific activity variant of Factor X,

The chimeric clotting factor of claim &, wherein the clotting factor
is secreted by a cell in active form.

The chimeric clotting factor of claim 1, wherein the clotting factor
is activated m vivo.

The chimeric clotting factor of claim 39 wherein the chimeric
clotting factor comprises a heterologous enzymatic cleavage site not
naturally present in the clotting factor.

The chimeric clotting factor of claim 40, wherein enzymatic
cleavage site is genctically tused to the amino terminus of the heavy
chain moiety of the clotting factor.

The chimeric clotting factor of claim 5, wherein the scaffold moiety
is a protein molecule which increases the hydrodynamic radius of the
chimeric clotting factor.

The chimeric clotting factor of claim 42, wherein the scaffold
moiety, if present, s selected from the group consisting of albumin and
XTEN®

A polypeptide comprising FVI, which FVIE comprises a
heterologous enzymatic cleavage site activatable by a component of the
clotting cascade.

The polypeptide of claim 44, wherein the polypeptide comprises a
scattold moiety and, optionally, a spacer motety.

The chimeric clotting factor of claim 45, wherein the scaffold
moiety is a dimeric Fe region comprising a first Fo moiety, Fl and a

second Fe moiety, F2.
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58.

The chimeric clotting factor of claim 44, wherein the clotting factor
comprises two polypeptide chains.

The chimeric clotting factor of claim 44, wherem the chimeric
clotting factor has a struture selected from the group consisting of: the
clotting factor Hinked to the first Fc moiety via a spacer moiety; the
clotiing factor linked to the hinked to the second Fo motety via a spacer
moiety; the clotting factor is divectly hinked to Fi; and the clotting
factor is directly linked fo F2.

The chimeric clotting factor of claim 47, further comprising a
targeting moiety, C.

The chimeric clotting factor of claim 47, wherein the chimeric
clotting factor is synthesized as a single polypeptide chain comprising a
cscFe linker.

The chimeric clotting factor of claim 49, wherein the cscFe linker 18
adjacent to at least onc enzymatic cleavage site which resulis in
cleavage of the linker.

The chimeric clotting factor of claim 50, wherein the at least one
enzymatic cleavage site is an intracellular processing site.

The chimeric clotting factor of claim 50, wherein the cscFe linker is
flanked by two enzymatic cleavage sites which are recognized by the
same or by different enzymes.

The chimeric clotting factor of claim 49, wherein the cscFe linker
has a length of about 10 to about 50 amino acids.

The chimeric clotting factor of claim 49, wherein the cscFe linker
has a length of about 20 to about 30 amino acids.

The chimeric clotting factor of claim 49, wherein the cscFe linker
comprises a gly/ser peptide.

The chimeric clotting factor of claim 56, wherein the gly/ser peptide
is of the formula (GlysSern, or Ser{Gly,Serim wherein n is a posttive
integer selected from the group consisting of 1,2, 3,4, 5,6, 7, 8, 9 and
0.

The chimeric clotting factor of claim 56, wherein the (Glvs Setin
linker ig selected from the group consisting of (Glyy Sen)6, Ser(Glyy

Serd, {Glyy Seryd and Ser{Glys Ser}4.
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60,

61.

63.

64.

66.

68,

69.

The chimeric clotting factor of claim 45, wherein the clotting factor
is a high specific activity variant of Factor V1L

The chimeric clotting factor of claim 44 whercin the heterologous
enzymatic cleavage site not naturally present in the clotting factor is
cleaved at the site of clot formation.

The chimeric clotting factor of claim 44, wherein 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.

The chimeric clotting factor of claim 59, wherein enzymatic
cleavage site 1s genetically tused to the amino terminus of the heavy
chain moiety of the clotting factor.

The chimeric clotiing factor of claim 48 wherein the targeting
moiety binds to resting platelets.

The chimeric clotting factor of 48, wherem the targeting moicty
selectively binds to activated platelets.

The chimeric clotting factor of claim 63, wherein the targeting
motiety selectively binds to a target selected from the group consisting
of: GPlba, GPVI, and the nonactive form of GPlb/1s.

The chimeric clotting factor of claim 64, wherein the targeting
moiely selectively binds to a target selected from the group consisting
of: the active form of GPIib/Illa, P selectin, GMP-33, LAMP-1,
LAMEP-2, CD40L, and LOX-1

The chimeric clotting factor of claim 64, wherein the scatfold
motety is a protein molecule which increases the hydrodynamic radius
of the chimeric clotting factor,

The chimeric clotting factor of claim 67, wherein the scaffold
moiely, it present, is selected from the group consisting of albumin and
XTENY

The chimeric clotting factor of claim 44, which compriscs a linear
sequence of moieties from amino terminus to carboxy terminus selected
from the group consisting o ABC, CBAABCDHE, ADEBCE
DABC CBADEEDCBA,CBEDA, wherein A an activatable
clotting factor, B is absent or is a linker, C is a targeting moiety, D is

absent or is a linker, and E is a scatfold moisty.
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5 70 The chimeric clotting factor of claim 44, wherein the clotting factor
comprises a light and heavy chain of a clotting factor and each ot the
hight and heavy chains are expressed as separate polypeptide chains.

71. A nucleic acid molecule encading a chimeric clotting factor of any
one of claims 1, 2, 5, 7, 44, 45, 45 and 38,
w72 The nucleic acid molecule of claim 71, wherein the nucleic acid
maolecule is present in a vector.
73. The vector of claim 72 whercin the vector further comprises a

nucleotide sequence encoding an enzyme which cleaves at least one of

the enzymatic cleavage sites.

(¥4
-~
N

A host cell comprising the expression vector of claim 72,

75. A host cell comprising the expression vector of claim 72, wherein
the host cell expresses an enzyme capable of intracellular processing,

76. The host cell of claim 75, wherein the enzyme is endogenous fo the
cell.

6 77 The host cell of claim 75, wherein the enzyme is heterologous to the
cell.

78. A method for producing a chimeric clotting factor comprising
culturing the host cell of elaim 76 or 77 in culture and recovering the
chimeric elotting factor from the medium.

25 79, A processed, heterodimeric polypeptide comprising two
polypeptide chains, wherein said processed, heterodimeric polypeptide
is made by expressing the vector of claim 78 in a celi cultured in cell
culture medium and isolating the mature, heterodimeric polypeptide
from the culture medium.

30 80, A composition comprising a chimeric clotting factor ot any onc of
clatms 1,2, 5,7, 44, 45, 48 and S8 and a pharmaceutically acceptable
carrier.

81. A composition comprising the nucleic acid molecule of claim 71
and a pharmaceutically acceptable carrier.

35 B2 A method for improving hemostasis in a subject, comprising

administering the composition of claira 80 or 81,
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