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PROCESSABLE
SINGLE CHAIN MOLECULES AND POLYPEPTIDES
MADE USING SAME

RELATED APPLICATIONS

[0001] This patent application claims the benefit of U.S. Provisiona
Patent Application Serial No. 61/363,183 filed July 9, 2010; U.S. Provisional Patent
Application No. 61/363,186 filed July 9, 2010; U.S. Provisional Patent Application
No. 61/442,029 filed February 11, 2011; U.S. Provisiona 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.
61/467,880 filed March 25, 2011; and U.S. 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] The Fcregion of an immunoglobulin mediates effector functions that have
been divided into two categories. In thefirst are functions that occur independently of
antigen binding; these functions confer persistence in circulation and the ability to be
transferred across cellular barriers by transcytosis (see Ward and Ghetie, Therapeutic
Immunology 2:77-94, 1995, Capon et al. Nature 1989). The circulatory half-life of
the IgG subclass of immunoglobulins isregulated by the affinity of the Fc region for
the neonatal Fc receptor for FCRn (Ghetie et a. Nature Biotechnol. 15:637-640,

1997; Kim et. al, Eur. J. Immunol. 24:542-548, 1994; Dal'Acqua et al. (J. Immunol.
169:5171-5180, 2002). The second general category of effector functions include
those that operate after an immunoglobulin binds an antigen. In the case of 1gG, these
functions involve the participation of the complement cascade or Fc gamma receptor
(FcYR)-bearing cells. Binding of the Fc region to an FcyR causes certain immune
effects, for example, endocytosis of immune complexes, engulfment and destruction
of immunoglobulin-coated particles or microorganisms (also called antibody-
dependent phagocytosis, or ADCP), clearance of immune complexes, lysis of

immunoglobulin-coated target cells by killer cells (called antibody-dependent cell-
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mediated cytotoxicity, or ADCC), release of inflammatory mediators, regulation of
immune system cell activation, and regulation of immunoglobulin production.

[0003] While it ispossible to generate Fc-containing, heterodimeric polypeptides,
current methods require either coexpression of the two heavy chain portions of a
heterodimeric Fc region or chemical conjugation of the dimeric Fc region to one or
more binding sites (e.g., a Fab domain). Coexpression of these constructs leads to
production of complex mixtures representing all possible pairings of starting material
in addition to aggregates and inactive protein. Consequently, yields of the desired
functional polypeptide are relatively low. Recently, single chain Fc molecules have
been developed which overcome many of these problems. These molecules comprise
asingle chain Fc region in which the component Fc moieties are genetically-fused in
asingle polypeptide chain such that they form afunctional, dimeric Fc region. These
single chain polypeptides comprise alinker which is not present in naturally occurring
Fc constructs and, therefore, may create unwanted immune responses or may prevent
other protein:protein interactions. These single chain Fc constructs may also have
lower stability potentially due to constraints imposed by the covalent linker.

[0004] Accordingly, there is aneed for Fc-containing heterodimeric polypeptides
which can be produced efficiently and robustly and which minimize and preferably do

not comprise extraneous amino acid seguences.

SUMMARY OF THE INVENTION

[0005] The present invention features inter alia heterodimeric polypeptides which, in
unprocessed form comprise on or more genetically-fused Fc regions. |In particular,
unprocessed molecules of the invention comprise a single chain Fcregion ("scFc") in
which the component Fc moieties are genetically-fused in a single polypeptide chain
such that they form afunctional, single chain, dimeric Fcregion. The single chain Fc
molecules of the invention comprise at least two Fc moieties, FI and F2 as numbered
from the amino to the carboxy terminus in the single polypeptide chain. The
component Fc moieties of an scFc are genetically fused via apolypeptide linker, a
cleavable scFc (cscFc) linker. The cscFc linker is interposed between the Fc moieties
that comprise the Fc region. At one terminus, the csckc linker which forms the single
chain Fc region is directly linked via apeptide bond to an enzymatic cleavage site

(Pl) which is linked to (e.g., adjacent to or directly linke to) an Fc moiety of the
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polypeptide. In one embodiment, the cleavage siteis cleaved by an intracellular
processing enzyme. In one embodiment, the other terminus of the cscFc linker is
directly linked to a second enzymatic cleavage site (P2). In another embodiment, the
other terminus of the cscFc linker islinked to abiologically active moiety or a
targeting moiety.

[0006] In one embodiment, cleavage during processing of the scFc containing
polypeptide by acell alows for cleavage and/or substantial excision of the linker.
Alternatively, the polypeptide comprises acleavable scFc (csckc) linker which can be
cleaved after the polypeptide has been secreted by acell or after it has been
administered to asubject. Thus, athough the polypeptides of the invention comprise
ascFc region(s) in one contiguous polypeptide sequence in their unprocessed form,
the csckc linker is enzymatically cleaved (e.g., during processing in acell, in vitro
prior to administration or in vivo after administration), resulting in aprocessed
polypeptide which comprises a least two polypeptide chains and comprises an Fc
region which is not fused in a single amino acid chain.

[0007] The heterodimeric polypeptides of the invention have improved
manufacturability as compared to conventional heteromeric Fc containing
polypeptides because the complex mixture of molecules that result from coexpression
of two or more chains is avoided. In addition, the substantial removal of the
extraneous linker sequence reduces the risk of immunogenicity. Thisisof particular
importance in the case of polypeptides which are administered repeatedly to a subject,
e.g., asin the case of components of the clotting cascade. Substantial removal of the
extraneous linker sequence may also relieve any steric stress or hindrance that was
present in the covalently linked form. In addition, cleavage of the cscFc linker allows
for biologically active moieties fused to the amino terminus of each Fc moiety to have
afree N-terminus. Thisisparticularly valuable in the case of biologicaly active
moieties attached to the second Fc moiety such as serine protease domains which
require afree N-terminus to be catalytically active or moieties which might be
sterically hindered by the presence of an uncleaved polypeptide linker.

[0008] In one aspect, the instant invention pertains to apolypeptide, comprising (i) at
least one biologically active moiety, (ii) an Fc region comprising at least two Fc
moieties and (iii) acleavable scFc (cscFc) linker interposed between the two Fc
moieties, wherein the csckc linker islinked (e.g., is directly linked or is adjacent to) at

least one enzymatic cleavage site which results in cleavage of the cscFc linker.
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[0009] In one embodiment, at least one biologically active moiety comprises a
clotting factor.

[0010] In one embodiment, the clotting factor is selected from the group consisting of
FVII, FVIla, FVIII, FIX, FIXa, FX, and FXa

[0011] In one embodiment, the polypeptide comprises the moieties A-F1-P1-L-P2-B-
F2 wherein A is abiologically active moiety, Fl is afirst Fc moiety or domain, Pl is
an enzymatic cleavage site, L isacsckc linker, P2 is an enzymatic cleavage site B is
abiogically active moiety, F2 is asecond Fc 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 same or different. Formula (1) comprises at least aPl or P2
and optionally both. PI and P2, if both present, can be the same or different. Formula
(1) comprises at least FI or F2. FI and F2 can be the same or different. In one
embodiment, Fl and F2 each comprise aCH2 and a CH3 domain. Inone
embodiment A and/or B are directly linked to Flor F2. In another embodiment, A
and/or B islinked to FI or F2 via a spacer moiety.

[0012] In one embodiment, A ispresent and is selected from the group consisting of:
an antigen binding portion of an antibody; a non immunoglobulin binding molecule, a
binding portion of aligand, and abinding portion of areceptor, and aclotting factor.
[0013] In one embodiment, A comprises the light chain of aclotting factor and B
comprises the heavy chain of aclotting factor which when associated form an active
molecule.

[0014] In one embodiment, B ispresent and is selected from the group consisting of:
an antigen binding portion of an antibody; a non immunoglobulin binding molecule, a
binding portion of aligand, abinding portion of areceptor, and aclotting factor.
[0015] In one embodiment, FI and F2 each comprise a CH2 and a CH3 domain.
[0016] In one embodiment, the polypeptide comprises the moieties A-F1-B-P1-L-P2-
F2 or A-FI- -P1-L-P2 B-F2 in linear sequence from amino to carboxy terminus.
[0017] In one embodiment, the polypeptide comprises a structure represented by the
formula selected from the group consisting of: A-FI-PI- L-P2-F2; FI-PI- L-P2-B-F2;
A-FI-Pl- L-F2; H-PI- L-B-F2; A-FI- L-P2-F2; FI- L-P2-B-F2, and A-F1-P1-L-
P2-B-F2 in linear sequence from amino to carboxy terminus.

[0018] In one embodiment, the polypeptide comprises one biologically active
moiety.In one embodiment, two biologically active moieties, e,g, A and B of formula

I, are both present and are different biologically active moieties.

PCT/US2011/043599
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[0019] In one embodiment, Pl and P2 are both present and are recognized by the
same or by different enzymes. In one embodiment, at least one of Pl or P2 comprises
comprises the amino acid sequence Arg-Arg-Arg-Arg. In one embodiment, at least
one of Pl or P2 comprises the amino acid sequence Arg-Lys-Arg-Arg-Lys-Arg. In
one embodiment, at least one of Pl or P2 comprises the amino acid sequence Arg-
Arg-Arg-Arg-Ser. In one embodiment, Pl and P2 are both present and Pl comprise
the sequence Arg-Arg-Arg-Arg and P2 comprises the sequence Arg-Lys-Arg-Arg-
Lys-Arg. In one embodiment, at least one of Pl or P2 comprises an amino acid
sequence selected from the group consisting of: TQSFNDFTR and SVSQTSKLTR,
DFLAEGGGVR, TTKIKPR, LVPRG, and ALRPR.

[0020] In one embodiment, the cscFc linker has alength of about 1to about 50 amino
acids. In one embodiment, the csckc linker has alength of about 20 to about 30
amino acids.

[0021] In one embodiment, the cscFc linker comprises agly/ser peptide. In one
embodiment, the gly/ser peptide is of the formula (Gly,Ser)n or S(Gly ,Ser)n, wherein
nisapositive integer selected from the group consisting of 1,2, 3,4,5,6,7,8,9 and
10.

[0022] In one embodiment, the S(Gly, Ser)n linker is S(Gly, Ser)6 or S(Gly , Ser)4.
[0023] In ancther aspect, the invention pertains to apolypeptide comprising two
polypeptide chains, wherein the first polypeptide chain comprises alight chain of a
clotting factor linked to afirst Fc moiety and a second polypeptide chain comprises a
heavy chain of aclotting factor linked to a second Fc moiety, wherein the wherein the
light chain and the heavy chain associate to form an enzymatically active clotting
factor

[0024] In one embodiment, the light chain of the clotting factor islinked to the first
Fc moiety and the heavy chain of the clotting factor islinked to the second Fc moiety
and wherein the clotting factor is enzymatically active upon secretion by acell.
[0025] In one embodiment, wherein the clotting factor is selected from the group
consisting of FVII, FVlla, FFX, FFXa, FX, and FXa. In another embodiment, at least
one biologically active moiety isfactor VII, factor Vila or aportion thereof. In one
embodiment, at least one biologically active moiety is factor X, factor FXaor a
portion thereof. In one embodiment, at least one biologically active moiety is factor
VI1II, factor Villa or aportion thereof. In one embodiment, at least one biologically

active moiety isfactor X, factor Xa, or aportion thereof.
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[0026] In one embodiment, apolypeptide of the invention comprises atargeting
moiety.

[0027] In one embodiment, the targeting moiety binds to resting platelets.

[0028] In one embodiment, the targeting moiety selectively binds to activated
platelets.

[0029] In one embodiment, the targeting moiety selectively binds to atarget selected
from the group consisting of: GPlba, GPVI, and the nonactive form of GPIIb/llla
[0030] In one embodiment, wherein the targeting moiety selectively binds to atarget
selected from the group consisting of: the active form of GPIIb/111a, P selectin, GMP-
33, LAMP-1, LAMP-2, CD40L, and LOX-1.

[0031] In one embodiment, the targeting moiety binds to the GPIb complex

[0032] In one embodiment, comprises atargeting moiety, wherein the targeting
moiety is apeptide selected from the group consisting of: PS4, OS1, and OS2.

[0033] In one embodiment, the targeting moiety comprises an antibody variable
region from an antibody selected from the group consisting of: SCE5, MB9, and
APS.

[0034] In one embodiment, A isthe light chain of FVII and B is the heavy chain of
FVIl.

[0035] In another aspect, the invention pertains to acomposition comprising a
polypeptide of the invention

[0036] In one embodiment, acomposition of the invention comprises acell culture
supernatant.

[0037] In another aspect, the invention pertains to anucleic acid molecule encoding
the polypeptide of the invention. Exemplary such nucleic acid molecules are
described in the instant Examples and set forth in the sequence listing.

[0038] In another aspect, the invention pertains to anucleic acid molecule encoding a
polypeptide, and the polypeptide encoded thereby, wherein the polypeptide comprises
(i) at least one biologically active moiety, (ii) an Fc region comprising at least two Fc
moieties and (iii) acleavable scFc linker interposed between the two Fc moieties,
wherein the cleavable scFc linker is adjacent to at least one enzymatic cleavage site,
e.g., an intracellular processing site which results in cleavage of the cscFc linker. In
one embodiment, the cscFc linker is adjacent to two enzymatic cleavage sites, e.g., is

flanked by an enzymatic cleavage site both upstream and downstream of the csckc
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linker which links the Fc moieties of the Fc region and cleavage at these two sites
results in substantial removal of the cscFc linker.

[0039] In one embodiment, the invention pertains to aheterodimeric polypeptide
comprising two amino acid chains which polypeptide is encoded by the nucleic acid
molecule of the invention.

[0040] In another embodiment, the invention pertains to aheterodimeric polypeptide ,
wherein said heterodimeric polypeptide is made by expressing the vector containing a
nucleic molecule of the invention in acell cultured in cell culture medium and
isolating the polypeptide from the culture medium. In one embodiment, the
polypeptide is aprocessed polypeptide comprising at least two amino acid chains.
[0041] In one embodiment, the invention pertains to anucleic acid molecule of the
invention which is present in avector.

[0042] In one embodiment, the vector further comprises anucleotide sequence
encoding an enzyme which cleaves at least one of the intracellular processing sites.
[0043] In another aspect, the invention pertains to aprocessed polypeptide
comprising a least two amino acid chains which polypeptide is encoded by the
nucleic acid molecule of the invention.

[0044] In one embodiment, the invention pertains to ahost cell comprising the vector
of the invention, wherein the host cell expresses an enzyme which cleaves the
polypeptide linker.

[0045] In one embodiment, the enzyme is endogenous to the cell. In another
embodiment, the enzyme is exogenous to the cell.

[0046] In another aspect, the invention pertains to amethod for producing a
polypeptide comprising culturing the host cell of the invention in culture such that a
mature polypeptide comprising two amino acid chains is produced.

[0047] In one aspect, the invention pertains to a processed, heterodimeric
polypeptide comprising two polypeptide chains, wherein said processed,
heterodimeric polypeptide is made by expressing the vector of of the invention in a
cell cultured in cell culture medium and isolating the mature, heterodimeric
polypeptide from the culture medium.

[0048] In embodiment, the invention pertains to a composition comprising a
processed polypeptide of the invention and apharmaceutically acceptable carrier.
[0049] In another embodiment, the invention pertains to acomposition comprising

the nucleic acid molecule of the invention apharmaceutically acceptable carrier.
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[0050] In one embodiment, the invention pertains to amethod for treating or
preventing a disease or disorder in a subject, comprising administering a composition
of the invention to subject.

[0051] In one embodiment, the disease or disorder is selected from the group
consisting of aclotting disorder, aneurological disorder, an inflammatory disorder, an
autoimmune disorder, and aneoplastic disorder.

[0052] In another embodiment, the disease or disorder is adisorder affecting
hemostasis. In another embodiment, the composition promotes clot formation.

[0053] In one aspect, the instant invention is directed to apolypeptide, wherein the
polypeptide comprises (i) at least one biologically active moiety, (ii) an Fc region
encoded in a single contiguous genetic sequence, and (iii) an scFc linker moiety,
wherein the scFc linker moiety comprises at least one intracellular processing site or
enzymatic cleavage site which results in cleavage and substantial removal of the scFc
linker.

[0054] In another aspect, the invention pertains to anucleic acid molecule encoding a
polypeptide, wherein the polypeptide comprises (i) at least one biologically active
moiety, (ii) an Fc region encoded in a single contiguous genetic sequence, and (iii) an
scFc linker moiety, wherein the scFc linker moiety comprises at least one intracellular
processing site or enzymatic cleavage site which results in cleavage and substantial
removal of the scFc linker.

[0055] In another embodiment, the invention pertains to amature, heterodimeric
polypeptide comprising two polypeptide chains, wherein said mature, heterodimeric
polypeptide is made by expressing the vector of containing a nucleic molecule of thie
invention in acell cultured in cell culture medium and isolating the mature,

heterodimeric polypeptide from the culture medium.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and B areillustrations of exemplary constructs of the invention with
protease processing sites upstream and downstream of apolypeptide linker which
links the Fc moieties.

[0056] Figure 2 illustrates a Factor Vila Fc heterodimer in which the FVI1I light
chain-Fc and heavy chain-Fc are expressed as asingle chain and secreted as an

activated protein dimer following processing of the linker by proteases. The figure
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includes aWestern blot of aprotein A pulldown of cells transiently transfected with
FVI11-024 +/- PC5

[0057] Figure 3A illustrates propeptide convertase cleavage of processing sitesin
FFX-Fc proteins for the remova of apolypeptide linker connecting both Fc moieties
in an cscke. Figure 3B illustrates that full cleavage of processing sites in FFX-044
was achieved with PACE, but not Kex2, PC5 or PC7, however, PACE cleavage
results in extra cleavage of the protein (see band below B,D). Figure 3 panel C
illustrates that optimal processing by PC5 was observed with the cleavable linkers
incorporated in FFX-052 and -053.

[0058] Figure 4 panel A shows a schematic that illustrates aFVIlI cleavable scFc
molecule and the processed form of the molecule. Figure 4 Panel B shows an SDS-
PAGE gel of the purified FVI111-049 protein (after cotransfection with PC5) that
demonstrates the full processing of the molecule.

[0059] Figure 5 panel A shows a schematic that illustrates the FVI1 cleavable scFc
(FV11-064) construct and the processed form of the molecule. In this construct the
biologically active moiety comprises FVII as asingle chain. Figure 5 Panel B shows
an SDS-PAGE gel of the purified FVI1-064 protein (after cotransfection with PC5)
that demonstrates the full processing of the molecule.

[0060] Figure 6 panel A illustrates the FVIIFc -027 construct, which comprises a
FVII csckc fusion with atargeting moiety, MB9. Figure 6 Panel B shows an SDS-
PAGE gel of the purified FV11-027 protein after cotransfection with PC5 that
demonstrates the full processing of the molecule.

[0061] Figure 7 illustrates several additional constructs that were made in which FVII
heavy and light chains were expressed separately or as asingle chain.

[0062] Figure 8illustrates Western Blot analysis of FVIIFc species following
transient transfection of HEK 293 cells and protein A pulldown of the molecules
illustrated in Figure 7.

[0063] Figure 9illustrates aheterodimeric scFc construct and a monomeric Fc
construct. These constructs were made and Western blots were performed. The data
show intracellular activation is more efficient in the context of the heterodimer (FVI1I-
024) than the monomer (FV11-025), and required cotransfection of PC5 for full
processing . These FVI1-024 data are the same as shown in Figure 2, but show adirect
comparison between FVI11-024 and FV11-025.
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[0064] Figure 10 shows an scFc molecule comprising IFN-f3 as the
biologically active moiety. The Figure aso shows aWestern blot which illustrates
partial cleavage of the processable linker in the absence of PC5 cotransfection, but
full cleavage with cotransfection.

[0065] Figure 11 shows Western blot analysis (Fc western) of FVIIFc species

following transient transfection of HEK 293 cells and protein A pulldown.

DETAILED DESCRIPTION OF THE INVENTION

[0066] The present invention advances the art by providing molecules, e.g., nucleic
acid and polypeptide molecules, comprising (i) at least one biologically active moiety
(e.g., an antigen binding site or binding domain, receptor binding portion of aligand,
ligand binding portion of areceptor, or moiety that modulates clotting) and (ii) at least
one Fcregion (i.e., single-chain Fc ("scFc") region) comprising acleavable scFc
(cscFc) linker. However, in contrast to sckc linkers of the prior art scFc molecules,
the csckc linkers of the instant invention which link the Fc moieties forming the scFc
region are adjacent to at least one enzymatic cleavage site (e.g., that can be cleaved by
an intracellular processing enzyme), resulting in adimeric molecule comprising atwo
chain Fc region in which the csic linker is cleaved or substantially removed. This
cleavage step can occur before the polypeptide is secreted by acell, prior to
administration to a subject, or in vivo after administration.
[0067] In one embodiment, the polypeptide is represented by the formula:

A-F1-P1- L-P2-B-F2 (I)

in linear sequence from the amino to carboxy terminus wherein A is a
biologically active moiety, Fl isafirst Fc moiety or domain, PI is an enzymatic
cleavage site, L is an csckc linker, P2 is an enzymatic cleavage site, B is abiogicaly
active moiety, F2 is a second Fc 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 same or different. A and B can each also be subunits or chains of
amolecule, such that when both present and associated with each other, they form a

functional and active molecule. Formula (I) comprises at least aPl or P2 and
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optionally both. PI and P2, if both present, can be the same or different. Formula (1)
comprises at least aFl and F2. Fl and F2, if both present, can be the same or
different. Exemplary polypeptide are aso shown by the schematic in Figure 1A):
[0068] Exemplary polypeptides according to formulal include: A-F1-P1- L-P2-F2;
FI-PI- L-P2-B-F2; A-F1-P1- L- F2; FI-PI- L- B-F2; A-FI- L-P2-F2; and FI- L-P2-
B-F2.

[0069] In one embodiment, FI and F2 each comprise a CH2 and CH3 moiety. In
another embodiment, Fl and F2 dimerize to form an Fc region and where A and B are
optionally present and are biogically active moieties.

[0070] In one embodiment, P 1 and P2 are both present and are recognized by the
same or by different enzymes. In one embodiment, at least one of Pl or P2 isan
intracellular processing site which comprises a cluster of basic amino acid residues
that are recognized by arginine kex2/furin enzymes. Such enzymes cleave
immediately C-terminal to an arginine residue. In one embodiment, at least one of PI
or P2 intracellular processing site is an enzymatic cleavage site, which is recognized
by thrombin. In another embodiment, at least one site is a cleavage site which is
cleaved in vivo, for example at acleavage site recognized, e.g., by thrombin or Factor
IXaor Xla. Exemplary FXla cleavage sites include, e.g., TQSFNDFTR (SEQ ID
NO:7) and SVSQTSKLTR (SEQ ID NO:8). Exemplary thrombin cleavage sites
include: DFLAEGGGVR (SEQ ID NO:9), TTKIKPR (SEQ ID NO: 10), and a
sequence comprising or consisting of ALRPR (e.g.,ALRPRVVGGA (SEQ ID

NO: 11)). Other cleavage sites can readily be selected by one of skill in the art, based
upon the teachings herein.

[0071] The subject polypeptides comprise at least one biologically active moiety
(represented as A and B in Formulal). Such biologically active moieties may be
fused to either or both Fc moieties present in the Fc region of amolecule of the
invention. Such fusions can be made to the C-terminus or N-terminus or to both of an
Fc moiety. Such fusions can be direct (e.g., by apeptide bond) by peptide linker (e.g.,
apolypeptide spacer which imparts flexibility to the molecule), chemical conjugation,
or other art recognized methods.

[0072] In one embodiment, acell expressing a construct encoding a polypeptide of
the invention endogenously expresses an enzyme which processes the cscFc linker (L)
resulting in a multimeric molecule comprising at least two polypeptide chains, e.g., a

dimeric molecule comprising two polypeptide chains. In another embodiment, acell
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expressing a construct encoding a polypeptide of the invention expresses a
heterologous enzyme (e.g. recombinantly expresses an enzyme) which processes, i.e.,
cleaves the cscFc linker at the cleavage site.

[0073] Expression of the polypeptides of the invention from asingle contiguous
genetic construct has numerous advantages over conventional protein expression
methods which involve the co-expression of two genes (one encoding a polypeptide
chain comprising afirst Fc domain and a separate, second gene encoding a
polypeptide chain comprising a second Fc domain with disulfide bonds linking the
two polypeptide chains). The potential problems associated with such conventional
constructs include significant heterogeneity within the population of resulting
molecules, such that the desired molecule must be purified away from undesired
molecules, inevitably resulting in adecline in total yield of the desired molecule. For
example, misfolded Fc fusion proteins can be difficult to separate from properly
folded, bivalent, Fc proteins since the only difference between the two is often a
heterogeneous misfolding event. The subject polypeptides cannot undergo scrambling
of the protein domains because this construction does not fix the molecules in close
proximity to each other during the folding process. In addition, removal of the
extraneous linker sequence may also relieve any steric stress or hindrance that was
present in the covalently linked form. However, cleavage of the cscFc linker allows
for biologically active moieties fused to the amino terminus of each Fc moiety to have
afree N-terminus. Thisis particularly valuable in the case of biologically active
moieties which are catalytically active, such as serine protease domains which require
afree N-terminus to be catalytically active, or moieties or which might be sterically
hindered by the presence of an uncleaved polypeptide linker.

[0074] Exemplary constructs of the invention are illustrated in the accompanying
Figures and sequence listing. In one embodiment, the invention pertains to a
polypeptide having the structure as set forth in the Figures. In another embodiment,
the invention pertains to a polypeptide having the sequence set forth in the
accompanying seguence listing or to anucleic acid molecule encoding such a
polypeptide. In one embodiment, the invention pertains to amature form of a
polypeptide having the sequence set forth in the accompanying sequence listing. It
will be understood that these constructs and nucleic acid molecules encoding them

can be used to improve hemostasis in a subject.
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[0075] In order to provide aclear understanding of the specification and claims, the

following definitions are provided below.

I Definitions

[0076] Asused herein, the term "protein” or "polypeptide” refers to apolymer of two
or more of natural amino acids or non-natural amino acids.

[0077] Theterm "amino acid" includes aanine (Alaor A); arginine (Arg or R); aspar-
agine (Asn or N); aspartic acid (Asp or D); cysteine (Cys or C); glutamine (Gin or Q);
glutamic acid (Glu or E); glycine (Gly or G); histidine (His or H); isoleucine (lie or 1):
leucine (Leu or L); lysine (Lys or K); methionine (Met or M); phenylalanine (Phe or
F); proline (Pro or P); serine (Ser or S); threonine (Thr or T); tryptophan (Trp or W);
tyrosine (Tyr or Y); and valine (Va or V). Non-traditional amino acids are also
within the scope of the invention and include norleucine, ornithine, norvaline,
homoserine, and other amino acid residue analogues such as those described in
Ellman et al. Meth. Enzym. 202:301-336 (1991). To generate such non-naturally
occurring amino acid residues, the procedures of Noren et al. Science 244: 182 (1989)
and Ellman et al., supra, can be used. Briefly, these procedures involve chemically
activating a suppressor tRNA with anon-naturally occurring amino acid residue
followed by in vitro transcription and tranglation of the RNA. Introduction of the
non-traditional amino acid can also be achieved using peptide chemistries known in
the art.

[0078] An "amino acid substitution” refers to the replacement of at least one existing
amino acid residue in apredetermined amino acid sequence (an amino acid sequence
of astarting polypeptide) with asecond, different "replacement” amino acid residue.
An "amino acid insertion” refers to the incorporation of at least one additional amino
acid into apredetermined amino acid sequence. While the insertion will usually
consist of the insertion of one or two amino acid residues, the present larger "peptide
insertions’, can be made, e.g. insertion of about three to about five or even 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 from a predetermined amino
acid sequence.

[0079] Polypeptides may be either monomers or multimers. For example, in

one embodiment, aprotein of the invention is adimer. In one embodiment, the
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dimers of the invention are homodimers, comprising two identical monomeric
subunits or polypeptides (e.g., two identical Fc moieties or two identical biologically
active moieties). In another embodiment, the dimers of the invention are
heterodimers, comprising two non-identical monomeric subunits or polypeptides (e.g.,
comprising two different biologically active moieties, one biologically active moiety
only, and/or an Fc region comprising non-identical Fc moieties which dimerize to
form aheteromeric Fc region). Polypeptide dimmers may comprise two polypeptide
chains or may consist of one polypeptide chains.

[0080] Asused herein, the term "scFc polypeptide” refers to apolypeptide
comprising asingle-chain Fc (sckc) region. The polypeptides of the invention
comprise csckc linkers (L of formulal) linking the Fc moieties of the scFc region.
The cscFc linker is interposed between the Fc moieties that comprise the scFc region
and isflanked by at least one enzymatic cleavage site, e.g., an intracellular enzymatic
processing site. Asused herein, the term scFc polypeptide refers to apolypeptide
comprising asingle-chain Fc (sckc) region. Fc moieties of the polypeptide can be
linked either directly or indirectly. If the cscFc linker connects two Fc moieties
contiguoudly in the linear polypeptide sequence, itisa"direct” linkage. In contract,
the cscFc linkers may link the first Fc moiety to adifferent moiety (e.g., abinding
moiety, atargeting moiety, or afunctional moiety) which is, in turn, linked to the
second Fc moiety, thereby forming an indirect linkage.

[0081] In one embodiment apolypeptide of the invention comprises additional
modifications. Exemplary modifications are described in more detail below. For
example, in one embodiment a polypeptide may be modified to add a functional
moiety (e.g., PEG, adrug, or alabel).

[0082] A "biologically active moiety" refers to amolecule, portion, fragment,
derivative or component of a molecule capable of one or more of performing a
function, an action or areaction in abiological context . A biologically active moiety
may comprise acomplete protein or biologically active portion thereof. For example,
the term "biologically active moiety” includes active and functional molecules,
binding domains of molecules which bind to components of abiological system (e.g.,
proteins in sera or on the surface of cells or in cellular matrix) and which binding
results in abiological effect (e.g., as measured by achange in the active moiety and/or
the component to which it binds (e.g., a cleavage of the active moiety and/or the

component to which it binds, the transmission of a signal, or the augmentation or
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inhibition of abiological response in acell or in a subject)). Exemplary biologically
active moieties may comprise natural molecules, e.g., acomponent of the clotting
cascade, an antigen binding site or fragment of an antibody molecule (e.g., F(ab) or
scFv) (eg., to impart, induce or block abiological response), aligand binding portion
of areceptor or areceptor binding portion of aligand, or acatalytic domain. In one
embodiment, abiologically active moiety comprises the mature form of aprotein. In
another embodiment, abiologically active moiety comprises afull length protein or a
portion of afull length protein which retains biological activity.

[0083] A used herein, the term "biologically active moiety" includes, for example, a
first moiety which may not have activity when present alone in monomeric form, but
which has ahiological activity when paired with a second moiety in the context of a
construct of the invention. In some such embodiments, the first moiety may be
represented by A (or B) in Formula | and the second moiety may be represented by B
(or A). When A and B and then associate in the polypeptide, they form afunctional
molecule (examples include e.g., the light and heavy chains of FVII or e.g., the
subunits of FSH).

[0084] The term "biologically active moiety” includes moieties which require
enzymatic activity in order to befully biologically active. For example, clotting
factors, whether in their zymogen form or in their fully activated form (e.g., FVII,
FVlla, FFX, FFXa, FX or FXa), are embraced by the term "biologically active
moiety".

[0085] The term "ligand binding domain" asused herein refers to a native receptor
(e.g. , cell surface receptor) or aregion or derivative thereof retaining at least a
gualitative ligand binding ability, and preferably the biological activity of the
corresponding native receptor. The term "receptor binding domain" as used herein
refers to anative ligand or region or derivative thereof retaining at least a qualitative
receptor binding ability, and preferably the biological activity of the corresponding
native ligand.

[0086] In one embodiment, the polypeptides of the invention comprise at least one
biologically active moiety which binds to amolecule targeted for reduction or
elimination, e.g., acell surface antigen or asoluble antigen. In one embodiment, the
biologically active moiety comprises or consists of an antigen binding site (e.g.,
comprising avariable heavy chain sequence and variable light chain sequence or six

CDRs from an antibody placed into alternative framework regions (e.g., human
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framework regions optionally comprising one or more amino acid substitutions). In
another preferred embodiment, abiologically active moiety comprises abiologically
active portion of acomponent of the clotting cascade.

[0087] The term "specificity" includes the number of potential binding sites which
specifically bind (e.g., immunoreact with) agiven target. A polypeptide may be
monospecific and contain one or more binding sites which specifically bind the same
target (e.g., the same epitope) or the polypeptide may be multispecific and contain
two or more binding sites which specifically bind different regions of the same target
(e.g., different epitopes) or different targets.

[0088] Asused herein the term "valency" refers to the number of biologically active
moieties (e.g., binding domains) in a polypeptide or protein. When apolypeptide
comprises more than one biologically active moiety, each binding domain may
specifically bind the same or different molecules (e.g. , may bind to different ligands
or different antigens, or different epitopes on the same antigen). In one embodiment,
the polypeptides of the invention are monovalent. In another embodiment, the
polypeptides of the invention are multivalent (e.g., bivalent).

[0089] Asused herein, the term "polypeptide linkers" refers to apeptide or
polypeptide sequence (e.g., a synthetic peptide or polypeptide sequence) which
connects two domains in alinear amino acid sequence of a polypeptide chain.
Preferred linkers include, e.g., gly-ser polypeptide linkers. The polypeptides of
invention are encoded by nucleic acid molecules comprising a nucleotide sequence
that encodes polypeptide linkers linking the two Fc moieties which make up the
construct, either directly or indirectly. These linkers are referred to herein as "csckc
linkers'. Rather than linking two Fc moieties contiguously in the linear polypeptide
sequence, the cscFc linker may, for example, link the first Fc moiety to a different
moiety (e.g., abiologically active moiety, targeting moiety, or functional moiety)
whichiis, in turn, linked to the second Fc moiety. These cscFc linker (L) result in the
formation of asingle chain genetic construct. However, the polypeptides also
comprise enzymatic cleavage sites which result in the cscFc linker being cleaved and,
in one embodiment, substantially excised (e.g., during processing by acell). Thus,
the processed molecule is adimeric molecule comprising at least two amino acid
chains and substantially lacking extraneous linker amino acid sequences. In some

embodiments, all or substantially al of the linker is excised, while in some
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embodiments, aportion of the cleavage site may remain, e.g., four arginines of the
RRRR cleavage site. In another embodiment, the linker is cleaved at one site.

[0090] In another embodiment, another type of polypeptide linker, herein referred to
as a"spacer" may be used to connect different moieties, e.g., abiologically active
moiety to an Fc moiety. This type of polypeptide linkers 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.

[0091] Asused herein, the term "gly-ser polypeptide linker" refers to apolypeptide
linker that consists of glycine and serine residues. An exemplary gly/ser polypeptide
linker comprises the amino acid sequence (Gly, Ser)  (SEQ ID NO:4) Another
exemplary gly/ser polypeptide linker comprises the amino acid sequence S(Gly, Ser) |
[0092] In one embodiment, n=Il. In one embodiment, n=2. In another embodiment,
n=3, i.e, (Gly, Ser);. In another embodiment, n=4, i.e,, (Gly, Ser), (SEQ ID NO:6).
In another embodiment, n=5. In yet another embodiment, n=6. In another
embodiment, n=7. In yet 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(Gly ,Ser), (SEQ ID NO:26). Inone
embodiment, n=l. In one embodiment, n=2. In apreferred embodiment, n=3. In
another embodiment, n=4. In another embodiment, n=5. In yet another embodiment,
n=06.

[0093] A polypeptide or amino acid sequence "derived from" adesignated
polypeptide or protein refers to the origin of the polypeptide. Preferably, the
polypeptide or amino acid sequence which is derived from aparticular 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
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 its origin in the sequence.
[0094] Polypeptides derived from another peptide may have one or more mutations
relative to the starting polypeptide, e.g., 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 isnot naturally occurring. Such variants necessarily have less

than 100% sequence identity or similarity with the starting antibody. In apreferred
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embodiment, the variant will have an amino acid sequence from about 75% to less
than 100% amino acid sequence identity or similarity with the amino acid sequence of
the starting polypeptide, more preferably from about 80% to less than 100%, more
preferably from about 85% to less than 100%, more preferably from about 90% to
less than 100% {e.g., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%) and most
preferably from about 95% to less than 100%, e.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 similarity with
respect to this sequence is defined herein as the percentage of amino acid residues in
the candidate sequence that areidentical (i.e. same residue) with the starting amino
acid residues, after aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent sequence identity.

[0095] Preferred polypeptides of the invention comprise an amino acid sequence
(eg., a least one Fc moiety or domain) derived from ahuman immunoglobulin
sequence. However, polypeptides may comprise one or more amino acids from
another mammalian species. For example, aprimate Fc domain or binding site may
be included in the subject polypeptides. Alternatively, one or more amino acids
derived from anon-human species may be present in apolypeptide. Preferred
polypeptides of the invention are not immunogenic.

[0096] It 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 residues may be made. Anisolated nucleic
acid molecule encoding anon-natural variant of apolypeptide derived from an
immunoglobulin (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 immunoglobulin 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-mediated mutagenesis.

[0097] 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
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amino acid residues. Thus, anonessential amino acid residue in apolypeptide may be
replaced with another amino acid residue from the same side chain family. In another
embodiment, a string of amino acids can be replaced with astructurally similar string
that differsin 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
incorporated into polypeptides of the invention and screened for their ability to bind
to the desired target.

[0098] In the context of polypeptides, a"linear sequence” or a "sequence” is the order
of amino acids in apolypeptide in an amino to carboxyl terminal direction in which
residues that flank or are adjacent to each other in the sequence are contiguous in the
primary structure of the polypeptide, i.e., are linked via apeptide bond.

[0099] Asused herein, the terms "linked," "fused”, or "fusion” refer to linkage via a
peptide bond, chemical conjugation or other means. The terms "genetically fused,"
"genetically linked" or "genetic fusion” are used interchangeably and refer to the co-
linear, covalent linkage or attachment of two or more proteins, polypeptides, or
fragments thereof viatheir individual peptide backbones, through genetic expression
of asingle polynucleotide molecule encoding those proteins, polypeptides, or
fragments. Such genetic fusion results in the expression of a single contiguous genetic
sequence. In one embodiment, moieties of an scFc polypeptide are genetically fused.
Preferred genetic fusions are in frame, i.e., two or more open reading frames (ORFs)
are fused to form a continuous longer ORF, in amanner that maintains the correct
reading frame of the original ORFs. Thus, the resulting recombinant fusion protein is
asingle polypeptide containing two or more protein segments that correspond to
polypeptides encoded by the original ORFs (which segments are not normally so
joined in nature). In this case, the single polypeptide is cleaved during processing to
yield dimeric molecules comprising two polypeptide chains.

[00100] Asused herein, the term "Fc region” shall be defined as the portion of
apolypeptide which corresponds to the Fc region of native immunoglobulin, i.e., as
formed by the dimeric association of the respective Fc domains) of its two heavy
chains. A native Fc region ishomodimeric and comprises two polypeptide chains. In
contrast, the term "genetically-fused Fcregion” or "single-chain Fc region" (sckFc
region), as used herein, refers to asynthetic dimeric Fc region comprised of Fc

domains or moieties genetically linked within a single polypeptide chain (i.e.,
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encoded in a single contiguous genetic sequence) wherein the Fc domains or moieties
of the single polypeptide chain dimerize to form an Fc region.

[00101] Asused herein, the term "Fc domain" refers to the portion of asingle
immunoglobulin heavy chain beginning in the hinge region just upstream of the
papain cleavage site (i.e. residue 216 in IgG, taking the first residue of heavy chain
constant region to be 114) and ending at the C-terminus of the antibody. Accordingly,
acomplete Fc domain comprises at least ahinge domain, a CH2 domain, and a CH3
domain.

[00102] Asused herein, the term "Fc domain portion™ or "Fc 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: ahinge (e.g., upper, middle,
and/or lower hinge region) domain, a CH2 domain, a CH3 domain, a CH4 domain, or
avariant, portion, or fragment thereof. In other embodiments, an Fc moiety
comprises acomplete Fc domain (i.e.,, ahinge domain, a CH2 domain, and a CH3
domain). In one embodiment, aFc moiety comprises ahinge domain (or portion
thereof) fused to a CH3 domain (or portion thereof). In another embodiment, an Fc
moiety comprises a CH2 domain (or portion thereof) fused to a CH3 domain (or
portion thereof). In another embodiment, an Fc moiety consists of a CH3 domain or
portion thereof. In another embodiment, an Fc moiety consists of ahinge domain (or
portion thereof) and a CH3 domain (or portion thereof). In another embodiment, aFc
moiety consists of a CH2 domain (or portion thereof) and a CH3 domain. In another
embodiment, a Fc moiety consists of ahinge domain (or portion thereof) and a CH2
domain (or portion thereof). In one embodiment, an Fc moiety lacks at least aportion
of aCH2 domain (e.g., al or part of a CH2 domain).

[00103] In one embodiment, an Fc moiety of the invention comprises at least
the portion of an Fc molecule known in the art to be required for FcRn binding,
referred to herein as aneonatal receptor (FcRn) binding partner. The skilled artisan
will understand that portions of an immunoglobulin constant region for use in the
chimeric protein of the invention can include mutants or analogs thereof, or can
include chemically modified immunoglobulin constant regions (e.g. pegylated), or
fragments thereof (see, e.g., Adam and Dent 1998, Bioconjugation: Protein Coupling
Techniques For the Biomedical Sciences Macmilan Reference, London). In one
instance, amutant can provide for enhanced binding of an FcRn binding partner for

the FcRn. Also contemplated for use in the chimeric protein of the invention are
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peptide mimetics of at least aportion of an immunoglobulin constant region, e.g., a
peptide mimetic of an Fc fragment or a peptide mimetic of an FcRn binding partner.
In one embodiment, the peptide mimetic is identified using phage display or via
chemical library screening (see, e.g., McCafferty et al. 1990, Nature 348:552, Kang et
al. 1991, Proc. Natl. Acad. Sci. USA 88:4363; EP 0 589 877 BI).In another
embodiment, an Fc region of the invention (an scFc region) comprises at least the
portion of an Fc molecule known in the art to berequired for FcyR binding.

[00104] In one embodiment, an Fcregion of the invention (an sckc region)
comprises at least the portion of an Fc molecule known in the art to berequired for
Protein A binding. In one embodiment, an Fc region of the invention (an sckc region)
comprises at least the portion of an Fc molecule known in the art to be required for
protein G binding.

[00105] As set forth herein, it will be understood by one of ordinary skill in the
art that an Fc domain may also be modified such that it varies in other effector
functions from the native Fc domain of anaturally occurring immunoglobulin
molecule. In certain exemplary embodiments, the Fc moiety retains an effector
function (e.g., FcyR binding).

[00106] The Fc domains or moieties of apolypeptide of the invention may be
derived from different immunoglobulin molecules. For example, an Fc domain or
moiety of apolypeptide may comprise a CH2 and/or CH3 domain derived from an
IgGl molecule and ahinge region derived from an 1gG3 molecule. In another
example, an Fc domain or moiety can comprise achimeric hinge region derived, in
part, from an 1gGl molecule and, in part, from an 1gG3 molecule. In another
example, an Fc domain or moiety can comprise achimeric hinge derived, in part,
from an 1gGl molecule and, in part, from an 1IgG4 molecule.

[00107] Amino acid positions in aheavy chain constant region, including
amino acid positions in the CHI, hinge, CH2, and CH3 domains, are numbered herein
according to the EU index numbering system (see Kabat et al., in " Sequences of
Proteins of Immunologica Interest”, U.S. Dept. Health and Human Services, 5t
edition, 1991). In contrast, amino acid positions in alight chain constant region {e.g.
CL domains) are numbered herein according to the Kabat index numbering system
(see Kabat et al, ibid).
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5 [00108] Asused herein, the term "v 4 domain” includes the amino terminal
variable domain of an immunoglobulin heavy chain, and the term "v L domain™
includes the amino terminal variable domain of an immunoglobulin light chain
according to the Kabat index numbering system.

[00109] Asused herein, the term "CHI domain" includes the first (most amino
10  terminal) constant region domain of an immunoglobulin heavy chain that extends,
eg., from about EU positions 118-215. The CHI domain is adjacent to the v H
domain and amino terminal to the hinge region of an immunoglobulin heavy chain
molecule, and does not form apart of the Fc region of an immunoglobulin heavy
chain. In one embodiment, apolypeptide of the invention comprises a CHI domain
15  derived from an immunoglobulin heavy chain molecule (e.g. , ahuman I1gGl or IgG4
molecule).
[00110] Asused herein, the term "hinge region” includes the portion of aheavy
chain molecule that joins the CHI domain to the CH2 domain. This hinge region
comprises approximately 25 residues and is flexible, thus allowing the two N-terminal
20  antigen binding regions to move independently. Hinge regions can be subdivided into
three distinct domains: upper, middle, and lower hinge domains (Roux et a. J.
Immunol. 1998, 161:4083).
[00111] Asused herein, the term "CH2 domain” includes the portion of a
heavy chain immunoglobulin molecule that extends, e.g., from about EU positions
25  231-340. The CH2 domain isunique in that it isnot closely paired with another
domain. Rather, two N-linked branched carbohydrate chains are interposed between
the two CH2 domains of an intact native 1IgG molecule. 1n one embodiment, a
polypeptide of the invention comprises a CH2 domain derived from an IgGl molecule
(e.g. ahuman IgGl molecule). In another embodiment, apolypeptide of the invention
30 comprises aCH2 domain derived from an 1gG4 molecule (eg., ahuman 1gG4
molecule). In an exemplary embodiment, apolypeptide of the invention comprises a
CH2 domain (EU positions 231-340), or aportion thereof.
[00112] Asused herein, the term "CH3 domain” includes the portion of a
heavy chain immunoglobulin molecule that extends approximately 110 residues from
35  N-terminus of the CH2 domain, e.g., from about position 341-446b (EU numbering
system). The CH3 domain typically forms the C-terminal portion of the antibody. In
some immunoglobulins, however, additional domains may extend from CH3 domain

to form the C-terminal portion of the molecule (e.g. the CH4 domain in the p chain of
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IgM and the € chain of IgE). In one embodiment, a polypeptide of the invention
comprises a CH3 domain derived from an IgGl molecule (e.g., ahuman 1gGl
molecule). In another embodiment, a polypeptide of the invention comprises a CH3
domain derived from an 1gG4 molecule (e.g., ahuman 1gG4 molecule).

[00113] Asused herein, the term "CL domain" includes the first (most amino
terminal) constant region domain of an immunoglobulin light chain that extends, eg.
from about Kabat position 107A-216. The CL domain is adjacent to the v L domain.
In one embodiment, apolypeptide of the invention comprises a CL domain derived
from akappa light chain (e.g., ahuman kappa light chain).

[00114] Fc moieties for use in the polypeptides of the invention can be
modified at art-recognized positions to alter, e.g., increase or decrease effector
function. Asused herein, the term "effector function" refers to the functional ability
of the Fc region or portion thereof to bind proteins and/or cells of the immune system
and mediate various biological effects. Effector functions may be antigen-dependent
or antigen-independent. A decrease in effector function refers to adecrease in one or
more effector functions, while maintaining the antigen binding activity of the variable
region of the antibody (or fragment thereof). Increase or decreases in effector
function, e.g., Fc binding to an Fc receptor or complement protein, can be expressed
in terms of fold change (e.g., changed by 1-fold, 2-fold, and the like) and can be
calculated based on, e.g., the percent changes in binding activity determined using
assays the are well-known in the art.

[00115] Fc moieties for use in the polypeptides of the invention can be
modified at art-recongnized positions to alter, e.g., increase or decrease half life. As
used herein, the term "half-life" refers to abiological half-life of aparticular
polypeptide in vivo. Half-life may berepresented 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.

[00116] Asused herein, the term "antigen binding site" or "antigen binding
domain” includes asite that specifically binds (immunoreacts with) an antigen such as
acell surface or soluble antigen). In one embodiment, the binding site includes an
immunoglobulin heavy chain and light chain variable region and the binding site
formed by these variable regions determines the specificity of the antibody. An
antigen binding siteis formed by variable regions (VH and VL domains) that vary

from one polypeptide to another.
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5 [00117] In certain embodiments, the polypeptides of the invention comprise at
least two antigen binding domains (e.g., within the same polypeptide (e.g, at both the
N- and C-terminus of a single polypeptide) or linked to each component binding
polypeptide of a mutimeric binding protein of the invention) that provide for the
association of the polypeptide with the selected antigen. The antigen binding domains

10 need not be derived from the same immunoglobulin molecule. In this regard, the
variable region may or may not be derived from any type of animal that can be
induced to mount ahumoral response and generate immunoglobulins against the
desired antigen. As such, the variable region may be, for example, of mammalian
origin e.g., may be human, murine, non-human primate (such as cynomolgus

15  monkeys, macaques, etc.), lupine, camelid (e.g., from camels, llamas and related
Species).

[00118] 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

20  antibody by at least one amino acid or amino acid modification as described herein or
anon-naturally occurring molecule comprising at least one antigen-binding site. As
used herein, the term "antibody variant" includes synthetic forms of antibodies which
are altered such that they are not naturally occurring, e.g., antibodies that comprise a
least two heavy chain portions but not two complete heavy chains (such as, domain

25  deleted antibodies or minibodies); multispecific forms of antibodies (e.g., bispecific,
trispecific, etc.) altered to bind to two or more different antigens or to different
epitopes on asingle antigen); heavy chain molecules joined to scFv molecules; single-
chain antibodies; diabodies; triabodies; and antibodies with atered effector function
and the like.

30 [00119] Asused herein the term "scFv molecul€" includes binding molecules
which consist of one light chain variable domain (VL) or portion thereof, and one
heavy chain variable domain (VH) or portion thereof, wherein each variable domain
(or portion thereof) is derived from the same or different antibodies. scFv molecules
preferably comprise an scFv linker interposed between the VH domain and the VL

35 domain. ScFv molecules are known in the art and are described, e.g., in US patent
5,892,019, Ho et a. 1989. Gene 77:51; Bird et al. 1988 Science 242:423; Pantoliano
et a. 1991. Biochemistry 30:10117; Milenic et a. 1991. Cancer Research 51:6363;
Takkinen et al. 1991. Protein Engineering 4:837.
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[00120] A "scFv linker" as used herein refers to amoiety interposed between
the VL and VH domains of the scFv. scFv linkers preferably maintain the scFv
molecule in aantigen binding conformation. 1n one embodiment, a scFv linker
comprises or consists of an scFv linker peptide. In certain embodiments, a scFv linker
peptide comprises or consists of agly-ser polypeptide linker. 1n other embodiments, a
scFv linker comprises adisulfide bond.

[00121] The term "glycosylation” refers to the covalent linking of one or more
carbohydrates to apolypeptide. Typicaly, glycosylation is aposttranslational event
which can occur within the intracellular milieu of acell 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 glycosylation (where one
or more sugars are linked to an amino acid residue having ahydroxyl group (e.g.,
serine or threonine). 1n one embodiment, a molecule of the invention is glycosylated.
In another embodiment, amolecule of the invention is aglycosylated. In yet another
embodiment, amolecule of the invention has reduced glycosylation as compared to
that in awild type Fc region.

[00122] Asused herein the term "disulfide bond" includes the covalent bond
formed between two sulfur atoms.

[00123] Asused herein the term "moiety" refers to a component part or
constituent of achimeric polypeptide.

[00124] The term "functional moiety" includes moieties which, preferably, add
adesirable function to the polypeptide. Preferably, the function is added without
significantly altering an intrinsic desirable activity of the polypeptide, eg., clotting
activity, solubility, or half life of the molecule. A polypeptide of the invention may
comprise one or more functional moieties, which may be the same or different.
Examples of useful functional moieties include, but are not limited to, a detectable
moiety, an functional moiety, adrug moiety, an affinity moiety, and ablocking
moiety (e.g., which sterically blocks binding to an enzyme or which blocks the ability
to bind to aparticular receptor). Functional moieties may be linked to polypeptides

using methods known in the art, e.g., via cleavable or non-cleavable linking moieties.

[00125] Asused herein, the term "prodrug” refers to aprecursor or derivative
form of apharmaceutically active agent that isless active, reactive or prone to side

effects as compared to the parent drug and is capable of being enzymatically activated
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or otherwise converted into a more active form in vivo. In one embodiment, a
prodrug of the invention is a polypeptide which comprises an uncleaved or
unprocessed scFc region which, upon administration or prior to administration to a
subject is cleaved to form adimeric molecule comprising at least two polypeptide
chains.

[00126] The term "vector" or "expression vector”" isused herein to mean
vectors used in accordance with the present invention as avehicle for introducing into
and expressing a desired polynucleotide in acell. Asknown 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 aselection marker, appropriate restriction sites to facilitate cloning of the
desired gene and the ability to enter and/or replicate in eukaryotic or prokaryotic cells.
[00127] The constructs of the invention can be expressed in a single plasmid,
avoiding the need for multiple plasmids. Numerous expression vector systems may
be employed. For example, one class of vector utilizes DNA elements which are
derived from animal viruses such as bovine papilloma virus, polyoma virus,
adenovirus, vaccinia virus, baculovirus, retroviruses (RSV, MMTV or MOMLYV) 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
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. In
one embodiment, an inducible expression system can be employed. Additional
elements may also be needed for optimal synthesis of mMRNA. These elements may
include signal sequences, splice signals, as well as transcriptional promoters,
enhancers, and termination signals. In one embodiment, a secretion signal, e.g., any
one of several well characterized bacterial leader peptides (e.g., pelB, phoA, or
ompA), can be fused in-frame to the N terminus of apolypeptide of the invention to
obtain optimal secretion of the polypeptide. (Lei et al. (1988), Nature, 331:543; Better
et al. (1988) Science, 240:1041; Mullinax et al., (1990). PNAS, 87:8095).

[00128] The term "host cell" refers to acell 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
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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
from the cell culture containing both the medium and the suspended cells. The host
cell line used for protein expression ismost 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 expressed therein.
Exemplary host cell lines include, but are not limited to, DG44 and DUXB11
(Chinese Hamster Ovary lines, DHFR minus), HELA (human cervical carcinoma),
CVI (monkey kidney line), COS (aderivative of CVI with SV40 T antigen), R1610
(Chinese hamster fibroblast) BALBC/3T3 (mouse fibroblast), HAK (hamster kidney
line), SP2/0 (mouse myeloma), P3x63-Ag3.653 (mouse myeloma), BFA-ICIBPT
(bovine endothelial cells), RAJ (human lymphocyte) and 293 (human kidney). Host
cell lines are typically available from commercial services, the American Tissue
Culture Collection or from published literature. The polypeptides of the invention can
also be expressed in non-mammalian cells such as bacteria or yeast or plant cells. In
thisregard it will be appreciated that various unicellular hon-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,
include members of the enterobacteriaceae, such as strains of Escherichia coli or
Salmonella; Bacillaceae, such as Bacillus subtilis; Pneumococcus; Streptococcus, and
Haemophilus influenzae. 1t 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 assembled into functional molecules.
[00129] In addition to prokaryotes, eukaryotic microbes may also be used.
Saccharomyces cerevisiae, or common baker's yeast, isthe most commonly used
among eukaryotic microorganisms athough anumber of other strains are commonly
available including Pichia pastoris. For expression in Saccharomyces, the plasmid

Y Rp7, for example, (Stinchcomb etal., (1979), Nature, 282:39; Kingsman etal., (1979),
Gene, 7:141; Tschemper et al, (1980), Gene, 10:157) is commonly used. This plasmid
already contains the TRPI gene which provides a selection marker for amutant strain of
yeast lacking the ability to grow in tryptophan, for example ATCC No. 44076 or PEP4-1
(Jones, (1977), Genetics, 85:12). The presence of the trpl lesion as a characteristic of the
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yeast host cell genome then provides an effective environment for detecting
transformation by growth in the absence of tryptophan.

[00130] Asused herein the term "endogenous” refers to molecules (e.g. nucleic
acid and/or protein molecules) that are naturally present in acell. In contrast, the term
"exogenous'or "heterologous' refers to such molecules that are not normally found in a
given context, e.g., in acell or in apolypeptide. For example, an exogenous or
heterologous molecule may be introduced into acell and is present after manipulation of
the cell, (e.g., by transfection or other forms of genetic engineering) or aheterologous
amino acid sequence may be present in aprotein in which it is not naturally found
[00131] Asused herein, the term "cleavage site" or "enzymatic cleavage site"
refers to asiterecognized by an enzyme. Certain enzymatic cleavage sites comprise an
intracellular processing site. In one embodiment, apolypeptide has an enzymatic
cleavage site cleaved by an enzyme is one that is activated during the clotting cascade,
such that cleavage of such sites occurs at the site of clot formation. Exemplary such sites
include those recognized by thrombin, Factor Xla or Factor Xa. Exemplary FXla
cleavage sites include, e.g, TQSFNDFTR and SVSQTSKLTR. Exemplary thrombin
cleavage sitesinclude, e.g, DFLAEGGGVR, TTKIKPR, LVPRG (SEQ ID NO:35)
and and a sequence comprising or consisting of ALRPR (e.g. ALRPRVVGGA).
Other useful cleavage sites are known in the art.

[00132] Asused herein, the term "processing site" or "intracellular processing
site" refers to atype of enzymatic cleavage site in a polypeptide which isthe target for
enzymes that function after trandation of the polypeptide. In one embodiment, such
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.

[00133] One example of processing sites includes sites targeted by the
PACE/furin (where PACE isan acronym for Paired basic Amino acid Cleaving
Enzyme) family of endopeptidases. These enzymes are localized to the Golgi
membrane and cleaves many proteins on the carboxyterminal side of the sequence
motif Arg-[any residue]-(Lys or Arg)-Arg. Asused herein the "furin" family of
enzymes includes, e.g., furin, PC2, PC1/PC3, PC4, PACE4, PC5/PC6, and
LPC/PC7/PC8/SPC7. Other useful processing cites are known in the art.

[00134] A "chimeric protein” or "fusion protein”, asused herein, refers to any

protein comprised of afirst amino acid sequence derived from afirst source, bonded,
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covalently or non-covaently, to asecond 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 biological entities, or
two different proteins from the same biological entity, or abiologica entity and a
non-biological entity. A chimeric protein can include for example, aprotein derived
from at least 2 different biological sources. A biological source can include any non-
synthetically produced nucleic acid or amino acid sequence (e.g. agenomic or cDNA
sequence, aplasmid or vira vector, anative virion or amutant or analog, as further
described herein, of any of the above). A synthetic source can include aprotein or
nucleic acid sequence produced chemically and not by abiological system (e.g. solid
phase synthesis of amino acid sequences). A chimeric protein can also include a
protein derived from at least 2 different synthetic sources or aprotein derived from at
least one biological source and at least one synthetic source. A chimeric protein may
also comprise afirst amino acid sequence derived from afirst source, covalently or
non-covalently linked to anucleic acid, derived from any source or a small organic or
inorganic molecule derived from any source. The chimeric protein may comprise 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 amino acid sequence
and the small organic or inorganic molecule. Examples of chimeric molecules
include the scFc molecules of the invention.

[00135] Asused herein, the term "clotting factor," refers to molecules, or
analogs thereof, naturally occurring or recombinantly produced which prevent or
decrease the duration of ableeding episode in asubject. In other words, it means
molecules which in their active form have pro-clotting activity, i.e., areresponsible
for the conversion of fibrinogen into amesh of insoluble fibrin causing the blood to
coagulate or clot.

[00136] "Clotting activity", as used herein, means the ability to participate in a
cascade of biochemical reactions that culminates in the formation of afibrin clot
and/or reduces the severity, duration or frequency of hemorrhage or bleeding episode.
[00137] "Hemostasis’, as used herein, means the stopping or slowing of
bleeding or hemorrhage; or the stopping or slowing of blood flow through ablood
vessel or body part.
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[00138] "Hemostatic disorder”, asused herein, means agenetically inherited or
acquired condition characterized by atendency to hemorrhage, either spontaneously
or as aresult of trauma, due to an impaired ability or inability to form afibrin clot.
Examples of such disorders include the hemophilias. The three main forms are
hemophilia A (factor V111 deficiency), hemophilia B (factor IX deficiency or
"Christmas disease”) and hemophilia C (factor X1 deficiency, mild bleeding
tendency), Von Willebrand disease, factor Xi deficiency (PTA deficiency), Factor XII
deficiency, deficiencies or structural abnormalities in fibrinogen, prothrombin, Factor
V, Factor VII, Factor X or factor X1, Bernard-Soulier syndrome is adefect or
deficiency in GPIb. GPIb, the receptor for vVWF, can be defective and lead to lack of
primary clot formation (primary hemostasis) and increased bleeding tendency), and
thrombasthenia of Glanzman and Naegeli (Glanzmann thrombasthenia). In liver
failure (acute and chronic forms), there isinsufficient production of coagulation
factors by the liver; this may increase bleeding risk.
[00139] Asused herein, the term "targeting moiety" refers to amolecule,
fragment thereof or acomponent of a polypeptide which localizes or directs the
polypeptides of the invention to adesired site or cell. In one embodiment, a construct
of the invention comprises a "targeting moiety” which enhances the activity of the
polypeptide, e.g., by localizing the molecule to adesired site. Such amoiety may be,
e.g., an antibody or variant thereof (e.g., an scFv) or apeptide. In another
embodiment, such atargeting moiety may be apolypeptide, areceptor binding portion
of aligand, or aligand binding portion of areceptor which is linked to apolypeptide
of the invention and binds to the desired target, e.g., on acell or tissue. The targeting
moiety may be genetically fused to aconstruct, chemically conjugated to the construct
or linked to the construct via apeptide bnd, e.g., a polypeptide spacer. For example,
targeting moieties may be attached to a construct of the invention by formation of a
bond between the targeting moiety and an Fc moiety of a construct, where the
targeting moiety comprises afirst functiona group and the Fc moiety comprises a
second functional group, and where the first and second functional groups are capable
of reacting with each other to form achemical bond (see, e.g., U.S. patent 7381408).
In one embodiment, of the invention atargeting moiety binds to platelets as described
in more detain herein.
[00140] Asused herein, the phrase "subject that would benefit from

administration of apolypeptide” includes subjects, such as mammalian subjects, that
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would benefit from administration of polypeptides of the invention, e.g., for treatment
of adisorder. For example, in one embodiment, the subject may benefit from
reduction or elimination of a soluble or particulate molecule from the circulation or
serum (e.g., atoxin or pathogen) or from reduction or elimination of apopulation of
cells expressing the target (e.g., tumor cells). In another embodiment, a subject may
benefit from the biological activity of the imparted by the binding portion of the
construct, e.g., as in the case of apolypeptide comprising aclotting factor. As
discussed above, the polypeptide can be used in unconjugated form or can be
chemically conjugated or linked , e.g., to afunctional moiety, to form amodified
polypeptide for administering to said subject.

[00141] Treat, treatment, treating, as used herein refers to, e.g., thereduction in
severity of adisease or condition; the reduction in the duration of a disease course; the
amelioration of one or more symptoms associated with adisease or condition; the
provision of beneficial effects to a subject with adisease or condition, without
necessarily curing the disease or condition. In another embodiment, administration of
acomposition made according to the invention results in the prophylaxis of one or

more symptoms associated with a disease or condition.

I, Molecules Comprisin2 Sin2le-Chain Fc (" scFc") Re2ions

[00142] In one embodiment, the invention provides for nucleic acid molecules
encoding polypeptides comprising at least one genetically fused Fc region or portion
thereof within a single polypeptide chain (i.e., polypeptides comprising asingle-chain
Fc (scFc) region). A nucleic acid molecule of the invention encodes apolypeptide in
which the Fc moieties are genetically fused in a contiguous linear sequence of amino
acids via acsckc linker.

[00143] The invention aso provides polypeptides specified by such nucleic
acid molecules. In one embodiment, the invention provides unprocessed polypeptides
in which at least two Fc moieties or domains (eg. , 2, 3, 4, 5, 6, or more Fc moieties or
domains) within the same linear polypeptide chain that are capable of folding (eg. ,
intramolecularly or intermolecularly folding) to form one functional scFc region
which is linked by an Fc polypeptide linker. For example, in one preferred
embodiment, apolypeptide of the invention is capable of binding, via its scFc region,

to at least one Fc receptor (e.g. an FcRn, an FcyR receptor (eg. , FeyRIIN), or a
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complement protein (e.g. Clg)) in order to improve half life or trigger an immune
effector function (e.g., antibody-dependent cytotoxicity (ADCC), phagocytosis, or
complement-dependent cytotoxicity (CDCC) and/or to improve manufacturability).
[00144] In one embodiment, the invention pertains to processed (e.g., mature)
polypeptides in which the at least one cleavage site adjacent to a cscFc polypeptide
linker has been cleaved such that the molecule is no longer a single polypeptide chain.
The resulting processed polypeptide is comprised of at least two polypeptide chains
(owing to cleavage at the enzymatic cleavage site(s) Pl and/or P2).

[00145] In one embodiment, such processed polypeptides comprise a
biologically active moiety linked to the second Fc moiety (i.e., the second Fc moiety
when counting from the amino terminus to the carboxy terminus prior to cleavage of
the polypeptide linker) which has afree amino terminus after cleavage of the
polypeptide linker.

[00146] In one embodiment, abiologically active moiety attached to the N-
terminus of the second Fc moiety comprises an antigen binding site (e.g., an scFv
molecul€). In another embodiment, abiologically active moiety attached to the N-
terminus of the second Fc moiety is catalytically active, e.g., has enzymatic activity.
In another embodiment, abiologically active moiety attached to the N-terminus of the
second Fc moiety is secreted by acell as azymogen requiring further enzymatic
processing of the biologically active moiety in order to be fully activated, e.g., FVII,
IX, orX).

[00147] 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
during processing. For example, Factor VI is generally produced recombinantly as a
zymogen and require activation during manufacturing to produce the active form for
administration. In one embodiment, a polypeptide of the invention is secreted from
the cell in which it is expressed in active form to improve manufacturability. Asis set
forth in more detail below, such clotting factors can be produced by expressing the
light chain of aclotting factor and the heavy chain of aclotting factor separately in the
context of an csckFc molecule. Activation of such aconstruct is delayed until late in
the secretory pathway during processing, e.g., when the protein colocalizes with

active processing enzymes in the trans-Golgi apparatus.
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5 [00148] A variety of polypeptides of aternative designs are within the scope of
the invention. For example, in one embodiment, anucleic acid molecule of the
invention specifies a polypeptide represented by the formula:

A-F1-P1- L-P2-B-F2 (I)

[00149] in linear sequence from the amino to carboxy terminus wherein A isa
10  biologicaly active moiety, Fl isafirst Fc moiety or domain, Pl isan enzymatic

cleavage site, L is an cscFc linker, P2 is an enzymatic cleavage site B is abiogically

active moiety, F2 is a second Fc 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 same or different. Formula (1) comprises at least aPl or P2 and optionally
15  both. Pl and P2, if both present, can be the same or different. Formula (I) comprises

at least aFl and F2. FI and F2, if both present, can be the same or different.

[00150] Exemplary polypeptides according to formula | include: A-F1-P1- L-
P2-F2; FI-PI- L-P2-B-F2; A-F1-P1- L- F2; FI-PI- L-B-F2; A-FI- L-P2-F2; and Fl-
L-P2-B-F2.

20  [00151] In one embodiment, FI and F2 each comprise a CH2 and CH3 moiety.

A. Fc Moieties or Domains
[00152] Fc moieties useful as Fl and F2 for producing the polypeptides of the
present invention may be obtained from anumber of different sources. In preferred
25  embodiments, an Fc moiety of the polypeptide is derived from ahuman
immunoglobulin. It isunderstood, however, that the Fc moiety may be derived from
an immunoglobulin of another mammalian species, including for example, arodent
(eg. amouse, rat, rabbit, guinea pig) or non-human primate (eg. chimpanzee,
macaque) species. Moreover, the polypeptide Fc domain or portion thereof may be
30  derived from any immunoglobulin class, including IgM, IgG, IgD, IgA and IgE, and
any immunoglobulin isotype, including IgGl, 1gG2, 1gG3 and 1gG4. In apreferred
embodiment, the human isotype 1gG (e.g., 1gGl) isused.
[00153] A variety of Fc moiety gene sequences (e.g. human constant region
gene sequences) are available in the form of publicly accessible deposits. Constant
35  region domains comprising an Fc moiety sequence can be selected having a particular
effector function (or lacking aparticular effector function) or with aparticular
modification to reduce immunogenicity. Many sequences of antibodies and antibody-

encoding genes have been published and suitable Fc moiety sequences (e.g. hinge,
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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.

[00154] 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.
4,683,195; 4,683,202; 4,800,159; 4,965,188; and in, e.g., "PCR Protocols: A Guide to
Methods and Applications' Innis et al. eds., Academic Press, San Diego, CA (1990);
Hoetal. 1989. Gene 77:51; Horton et al. 1993. Methods Enzymol. 217:270). PCR
may beinitiated by consensus constant region primers or by more specific primers
based on the published heavy and light 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. In this case the libraries 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., 5' primers based on the N-terminal sequence of purified antibodies (Benhar
and Pastan. 1994. Protein Engineering 7:1509); rapid amplification of cDNA ends
(Ruberti, F. et a. 1994. J. Immunol. Methods 173:33); antibody leader sequences
(Larrick et a. 1989 Biochem. Biophys. Res. Commun. 160:1250). The cloning of
antibody sequences is further described in Newman et al, U.S. Pat. No. 5,658,570, filed
January 25, 1995, which isincorporated by reference herein.

[00155] The polypeptides of the invention may comprise two or more Fc
moieties (eg., 2, 3,4,5,6,7,8,9, 10, or more Fc moieties). These two or more Fc
moieties can form aFc region. In one embodiment, the Fc moieties may be of
different types. In one embodiment, at least one Fc moiety present in the polypeptide
comprises ahinge domain or portion thereof. In another embodiment, the polypeptide
of the invention comprises at least one Fc moiety which comprises at least one CH2
domain or portion thereof. In another embodiment, the polypeptide of the invention
comprises at least one Fc moiety which comprises at least one CH3 domain or portion

thereof. In another embodiment, the polypeptide of the invention comprises at least
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one Fc moiety which comprises at least one CH4 domain or portion thereof. In
another embodiment, the polypeptide of the invention comprises at least one Fc
moiety which comprises at least one hinge domain or portion thereof and at least one
CH2 domain or portion thereof (e.g, in the hinge-CH2 orientation). In another
embodiment, the polypeptide of the invention comprises at least one Fc 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). In another embodiment, the
polypeptide of the invention comprises at least one Fc moiety comprising at least one
hinge domain or portion thereof, at least one CH2 domain or portion thereof, and least
one CH3 domain or portion thereof, for example in the orientation hinge-CH2-CH3,
hinge-CH3-CH2, or CH2-CH3-hinge.

[ 00156] In certain embodiments, the polypeptide comprises at least one
complete Fc region derived from one or more immunoglobulin heavy chains (eg. , an
Fc domain including hinge, CH2, and CH3 domains, athough these need not be
derived from the same antibody). In other embodiments, the polypeptide comprises at
least two complete Fc regions derived from one or more immunoglobulin heavy
chains. In preferred embodiments, the complete Fc moiety is derived from ahuman
IgG immunoglobulin heavy chain (e.g., human 1gGl).

[ 00157] In another embodiment, a polypeptide of the invention comprises at
least one Fc moiety comprising a complete CH3 domain (about amino acids 341-438
of an antibody Fc region according to EU numbering). In another embodiment, a
polypeptide of the invention comprises at least one Fc moiety comprising acomplete
CH2 domain (about amino acids 231-340 of an antibody Fc region according to EU
numbering). In another embodiment, apolypeptide of the invention comprises at |east
one Fc moiety comprising at least a CH3 domain, and at least one of ahinge region
(about amino acids 216-230 of an antibody Fc region according to EU numbering),
and a CH2 domain. In one embodiment, apolypeptide of the invention comprises a
least one Fc moiety comprising ahinge and a CH3 domain. In another embodiment, a
polypeptide of the invention comprises at least one Fc moiety comprising ahinge, a
CH,, and a CH; domain. In one embodiment, an Fc moiety comprises or consists of
amino acids corresponding to EU numbers 221 to 447.

[ 00158] In preferred embodiments, the Fc moiety is derived from ahuman 1gG

immunoglobulin heavy chain (e.g., human 1gGl).
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5 [00159] In another embodiment, a polypeptide of the invention comprises at
least one Fc moiety comprising an FcRn binding partner. An FcRn binding partner is
amolecule or portion thereof that can be specifically bound by the FcRn receptor with
consequent active transport by the FcRn receptor of the FcRn binding partner.
Specifically bound refers to two molecules forming acomplex that isrelatively stable

10 under physiologic conditions. Specific binding is characterized by ahigh affinity and
alow to moderate capacity as distinguished from nonspecific binding which usually
has alow affinity with amoderate to high capacity. Typically, binding is considered
specific when the affinity constant KA is higher than 106 M™!, or more preferably
higher than 108 M. If necessary, non-specific binding can be reduced without

15 substantialy affecting specific binding by varying the binding conditions. The
appropriate binding conditions such as concentration of the molecules, ionic strength
of the solution, temperature, time allowed for binding, concentration of ablocking
agent (e.g. serum albumin, milk casein), etc., may be optimized by a skilled artisan
using routine techniques.

20  [00160] The FcRn receptor has been isolated from several mammalian species
including humans. The sequences of the human FcRn, monkey FcRn rat FcRn, and
mouse FcRn are known (Story et al. 1994, J. Exp. Med. 180:2377). The FcRn receptor
binds 1gG (but not other immunoglobulin classes such as IgA, IgM, IgD, and IgE) at
relatively low pH, actively transports the 1gG transcellularly in aluminal to serosal

25  direction, and then releases the IgG at relatively higher pH found in the interstitial
fluids. It isexpressed in adult epithelial tissue (U.S. Pat. Nos. 6,485,726, 6,030,613,
6,086,875; WO 03/077834; US2003-0235536A1) including lung and intestinal
epithelium (Isradl et a. 1997, Immunology 92:69) renal proximal tubular epithelium
(Kobayashi et al. 2002, Am. J. Physiol. Renal Physiol. 282:F358) as well as nasal

30  epithelium, vaginal surfaces, and biliary tree surfaces.

[00161] FcRn binding partners of the present invention encompass molecules
that can be specifically bound by the FcRn receptor including whole IgG, the Fc
fragment of 1gG, and other fragments that include the complete binding region of the
FcRn receptor. The region of the Fc portion of 1gG that binds to the FcRn receptor has

35  been described based on X-ray crystallography (Burmeister et a. 1994, Nature
372:379). The mgor contact area of the Fc with the FcRn is near thejunction of the
CH2 and CH3 domains. Fc-FcRn contacts are al within asingle Ig heavy chain. The

FcRn binding partners include whole 1gG, the Fc fragment of 1gG, and other
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fragments of 1gG that include the complete binding region of FcRn. 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 amino acid residues 385-387, 428, and 433-436 of the
CH3 domain. References made to amino acid humbering of immunoglobulins 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.

[00162] The Fc region of 1gG can be modified according to well recognized
procedures such as site directed mutagenesis and the like to yield modified 1gG or Fc
fragments or portions thereof that will be bound by FcRn. Such modifications include
modifications remote from the FCRn contact sites as well as modifications within the
contact sites that preserve or even enhance binding to the FcRn. For example, the
following single amino acid residues in human 1gGl Fc (Fc yi) can be substituted
without significant loss of Fc binding affinity for FcRn: P238A, S239A, K246A,
K248A, D249A, M252A, T256A, E258A, T260A, D265A, S267A, H268A, E269A,
D270A, E272A, L274A, N276A, Y278A, D280A, V282A, E283A, H285A, N286A,
T289A, K290A, R292A, E293A, E294A, Q295A, Y296F, N297A, S298A, Y 300F,
R301A, V303A, V305A, T307A, L309A, Q311A, D312A, N315A, K317A, E318A,
K320A, K322A, S324A, K326A, A327Q, P329A, A3300Q, P331A, E333A, K334A,
T335A, S337A, K338A, K340A, Q342A, R344A, E345A, Q347A, R355A, E356A,
M358A, T359A, K360A, N361A, Q362A, Y373A, S375A, D376A, A378Q, E380A,
E382A, S383A, N384A, Q386A, E388A, N389A, N390A, Y391F, K392A, L398A,
SA00A, D4A01A, D413A, K414A, RA16A, Q418A, Q419A, N421A, V4A22A, SA24A,
E430A, N434A, T437A, Q438A, K439A, SA40A, SA44A, and K447A, where for
example P238A represents wildtype proline substituted by alanine at position number
238. As an example, one specific embodiment, incorporates the N297A mutation,
removing ahighly conserved N-glycosylation site. In addition to aanine other amino
acids may be substituted for the wildtype amino acids at the positions specified above.
Mutations may be introduced singly into Fc giving rise to more than one hundred
FcRn binding partners distinct from native Fc. Additionally, combinations of two,
three, or more of these individual mutations may be introduced together, giving rise to
hundreds more FcRn binding partners. Moreover, one of the FcRn binding partners of

aconstruct of the invention may be mutated and the other FCRn binding partner not
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mutated at all, or they both may be mutated but with different mutations. Any of the
mutations described herein, including N297A, may be used to modify Fc, regardless
of the biologically active molecule (e.g., EPO, IFN, Factor VI, Factor rx , T20).
[00163] Certain of the above mutations may confer new functionality upon the
FcRn binding partner. For example, one embodiment incorporates N297A, removing
ahighly conserved N-glycosylation site. The effect of this mutation isto reduce
immunogenicity, thereby enhancing circulating half life of the FcRn binding partner,
and to render the FcRn binding partner incapable of binding to FcyRI, FcyRIIA,
FcyRIIB, and FcyRIIA, without compromising affinity for FCRn (Routledge et al.
1995, Transplantation 60:847; Friend et al. 1999, Transplantation 68:1632; Shields et
al. 1995, J. Biol. Chem. 276:6591). As afurther example of new functionality arising
from mutations described above affinity for FCRn may be increased beyond that of
wild type in some instances. This increased affinity may reflect anincreased "on" rate,
adecreased "off" rate or both an increased "on" rate and a decreased "off" rate.
Mutations believed to impart an increased affinity for FcRn include T256A, T307A,
E380A, and N434A (Shields et al. 2001, J. Biol. Chem. 276:6591).

[00164] Additionally, at least three human Fc gamma receptors appear to
recognize abinding 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 IgGl "ELLG" to the corresponding sequence from
1gG2 "PVA" (with one amino acid deletion). It has been shown that FcyRI, FcyRll,
and FcyRI1I, which mediate various effector functions will not bind to 1gGI when
such mutations have been introduced. Ward and Ghetie 1995, Therapeutic
Immunology 2:77 and Armour et al. 1999, Eur. J. Immunol. 29:2613.

[00165] In one embodiment, the FCRn binding partner is apolypeptide
including the sequence PKNSSMISNTP (SEQ ID NO: 12) and optionally further
including a sequence selected from HQSLGTQ (SEQ ID NO: 13), HQNLSDGK
(SEQ ID NO: 14), HQNISDGK (SEQ ID NO: 24), or VISSHLGQ (SEQ ID NO: 25)
(U.S. Pat. No. 5,739,277).

[00166] Two FcRn receptors can bind a single Fc molecule. Crystallographic
data suggest that each FcRn molecule binds a single polypeptide of the Fc

homodimer. In one embodiment, linking the FCRn binding partner, e.g., an Fc
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fragment of an IgG, to abiologically active molecule provides ameans of delivering
the biologically active molecule oraly, buccally, sublingualy, rectaly, vaginaly, as
an aerosol administered nasally or via apulmonary route, or via an ocular route. In
another embodiment, the chimeric protein can be administered invasively, e.g.,
subcutaneously, intravenously.

[00167] The constant region domains or portions thereof making up an Fc
moiety of apolypeptide of the invention may be derived from different
immunoglobulin molecules. For example, apolypeptide of the invention may
comprise a CH2 domain or portion thereof derived from an 1gGl molecule and a CH3
region or portion thereof derived from an 1gG3 molecule. In another example, a
polypeptide can comprise an Fc moiety comprising ahinge domain derived, in part,
from an 1gGl molecule and, in part, from an 1gG3 molecule. As set forth herein, it
will be understood by one of ordinary skill in the art that an Fc moiety may be altered
such that it varies in amino acid sequence from anaturally occurring antibody
molecule.

[00168] In another embodiment, a polypeptide of the invention comprises an
sckc region comprising one or more truncated Fc moieties that are nonetheless
sufficient to confer Fc receptor (FcR) binding properties to the Fc region. For
example, the portion of an Fc domain that binds to FcRn (i.e., the FCRn binding
portion) comprises from about amino acids 282-438 of 1gGI, EU numbering (with the
primary contact sites being amino acids 248, 250-257, 272, 285, 288, 290-291, 308-
311, and 314 of the CH2 domain and amino acid residues 385-387, 428, and 433-436
of the CH3 domain. Thus, an Fc moiety of apolypeptide of the invention may
comprise or consist of an FcRn binding portion. FcRn binding portions may be
derived from heavy chains of any isotype, including IgGl, 1gG2, 1gG3 and 1gG4. In
one embodiment, an FcRn binding portion from an antibody of the human isotype
IgGl isused. In another embodiment, an FcRn binding portion from an antibody of
the human isotype 1gG4 is used.

[ 00169] In one embodiment, apolypeptide of the invention lacks one or more
constant region domains of acomplete Fc region, i.e, they are partially or entirely
deleted. In acertain embodiments polypeptides of the invention will lack an entire
CH2 domain (ACH2 constructs). Those skilled in the art will appreciate that such
constructs may be preferred due to the regulatory properties of the CH2 domain on the
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catabolic rate of the antibody. In certain embodiments, polypeptides of the invention
comprise CH2 domain-deleted Fc regions derived from avector (e.g., from IDEC
Pharmaceuticals, San Diego) encoding an 1gGi human constant region domain (see,
e.g., WO 02/060955A2 and WO02/096948A2). This exemplary vector is engineered
to delete the CH2 domain and provide a synthetic vector expressing adomain-deleted
IgGi constant region. It will be noted that these exemplary constructs are preferably
engineered to fuse abinding CH3 domain directly to ahinge region of the respective
Fc domain.

[00170] In other constructs it may be desirable to provide a spacer moiety
between one or more constituent Fc moieties. For example, a spacer moiety may be
placed between ahinge region and a CH2 domain and/or between a CH2 and a CH3
domains. For example, compatible constructs could be expressed wherein the CH2
domain has been deleted and the remaining CH3 domain (synthetic or unsynthetic) is
joined to the hinge region with a5 - 20 amino acid spacer. Such a spacer may be
added, for instance, to ensure that the regulatory elements of the constant region
domain remain free and accessible or that the hinge region remains flexible.
Preferably, any linker peptide compatible with the instant invention will be relatively
non-immunogenic and not prevent proper folding of the scFc region.

[00171] In certain embodiments, the polypeptides of the invention may
comprise adimeric Fc region comprising Fc moieties of the same, or substantially the
same, sequence composition (herein termed a "homodimeric Fc region”). In other
embodiments, the polypeptides of the invention may comprise adimeric Fc region
comprising a least two Fc moieties which are of different sequence composition (i. e,
herein termed a "heterodimeric Fc region”). In one exemplary embodiment, the
heterodimeric Fc region comprises an amino acid substitution in afirst Fc moiety
(eg. , an amino acid substitution of Asparagine at EU position 297), but not in a
second Fc moiety.

[00172] In certain embodiments, the Fc region is hemi-glycosylated. For
example, the heteromeric scFc region may comprise afirst, glycosylated, Fc moiety
(e.g., aglycosylated CH2 region) and a second, aglycosylated, Fc moiety (e.g., an
aglycosylated CH2 region), wherein alinker is interposed between the glycosylated
and aglycosylated Fc moieties. In other embodiments, the Fc region is fully
glycosylated, i.e., al of the Fc moieties are glycosylated. In still further
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embodiments, the Fc region may be aglycosylated, i.e., none of the Fc moieties are
glycosylated.

[00173] In certain embodiments, an Fc moiety employed in a polypeptide of the
invention is atered, e.g., by amino acid mutation (e.g., addition, deletion, or
substitution). Asused herein, the term "variant Fc moiety"” refers to an Fc moiety
having 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
ahuman IgGI antibody, avariant comprises at |east one amino acid mutation (e.g.,
substitution) as compared to awild type amino acid at the corresponding position of
the human IgGI Fc region.

[00174] 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
that residue would be given in an Fc region in an antibody (as set forth using the EU
numbering convention). One of skill in the art can readily generate alignments to
determine what the EU number corresponding to aposition in an Fc moiety would be.
[00175] In one embodiment, the Fc variant comprises a substitution at an amino
acid position located in ahinge domain or portion thereof. In another embodiment,
the Fc variant comprises a substitution at an amino acid position located in a CH2
domain or portion thereof. In another embodiment, the Fc 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
located in a CH4 domain or portion thereof.

[00176] In certain embodiments, the polypeptides of the invention comprise an
Fc variant comprising more than one amino acid substitution. The polypeptides of the
invention may comprise, for example, 2, 3,4, 5, 6,7, 8,9, 10 or more amino acid
substitutions. Preferably, the amino acid substitutions are spatially positioned from
each other by an interval of at least 1 amino acid position or more, for example, at
least 2, 3,4, 5,6,7,8,9,0r 10 amino acid positions or more. More preferably, the
engineered amino acids are spatially positioned apart from each other by an interval

of at least 5, 10, 15, 20, embodiments, the polypeptides of the invention comprise an
Fc variant comprising more than one amino acid substitution. The polypeptides of the
invention may comprise, for example, 2, 3,4, 5, 6,7, 8,9, 10 or more amino acid
substitutions. Preferably, the amino acid substitutions are spatially positioned from

each other by an interval of at least 1 amino acid position or more, for example, at
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least 2, 3,4,5,6,7,8,9, or 10 amino acid positions or more. More preferably, the
engineered amino acids are spatially positioned apart from each other by an interval
of at least 5, 10, 15, 20, or 25 amino acid positions or more.

[00177] In certain embodiments, the Fc variant confers achange in at least one
effector function imparted by an Fc region comprising said wild-type Fc domain (eg. ,
an improvement or reduction in the ability of the Fc region to bind to Fc receptors
(e.g. FecyRI, FecyRIl, or FcyRIII) or complement proteins (e.g. Clg), or to trigger
antibody-dependent cytotoxicity (ADCC), phagocytosis, or complement-dependent
cytotoxicity (CDCC)). In other embodiments, the Fc variant provides an engineered
cysteine residue

[00178] The polypeptides of the invention may employ art-recognized Fc
variants which are known to impart achange (e.g., an enhancement or reduction) in
effector function and/or FcR or FcRn binding. Specifically, abinding molecule of the
invention may include, for example, achange (e.g., a substitution) at one or more of
the amino acid positions disclosed in International PCT Publications WO88/07089A1,
W096/14339A1, WO98/05787A1, W098/23289A1, WO099/5 1642A1,
W099/58572A1, WOOQ0/09560A2, WO00/32767A1, WO00/42072A2,
WO002/44215A2, WO02/060919A2, WO03/074569A2, WO04/016750A2,
WO004/029207A2, WO04/035752A2, WO04/06335 1A2, WO04/074455A2,
WO04/099249A2, WO05/040217A2, WO04/044859, WO05/070963A1 ,
WOO05/077981A2, WO05/092925A2, WO05/123780A2, WO06/019447A1,
WO06/047350A2, and WO06/085967A2; US Patent Publication Nos.

US2007/023 1329, US2007/023 1329, US2007/0237765, US2007/0237766,
US2007/0237767, US2007/0243 188, US20070248603, 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, each of which is
incorporated 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 another embodiment, adifferent
change at one or more of the disclosed amino acid positions (e.g., the different

substitution of one or more amino acid position disclosed in the art) may be made.
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[00179] In certain embodiments, a 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.
[00180] Such polypeptides exhibit either increased or decreased binding to
FcRn when compared to polypeptides lacking these substitutions and, therefore, have
an increased or decreased half-life in serum, respectively. Fc variants with improved
affinity for FcRn are anticipated to have longer serum half-lives, and such molecules
have useful applications in methods of treating mammals where long half-life of the
administered polypeptide is desired, e.g., to treat achronic disease or disorder
(see,e.g, US Patents 7,348,004, 7,404,956, and 7,862,820). In contrast, Fc variants
with decreased FcRn binding affinity are expected to have shorter half-lives, and such
molecules are also useful, for example, for administration to amammal 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. Fc variants with decreased FcRn binding
affinity are also less likely to cross the placenta and, thus, are also useful in the
treatment of diseases or disorders in pregnant women. In addition, other applications
in which reduced FcRn binding affinity may be desired include those applications in
which localization the brain, kidney, and/or liver is desired. In one exemplary
embodiment, the polypeptides of the invention exhibit reduced transport across the
epithelium of kidney glomeruli from the vasculature. In another embodiment, the
polypeptides of the invention exhibit reduced transport across the blood brain barrier
(BBB) from the brain, into the vascular space. |n one embodiment, a polypeptide
with atered FcRn binding comprises at least one Fc moiety (e.g, one or two Fc
moieties) having one or more amino acid substitutions within the "FcRn binding
loop" of an Fc moiety. The FcRn binding loop is comprised of amino acid residues
280-299 (according to EU numbering) of awild-type, full-length, Fc moiety. In other
embodiments, apolypeptide of the invention having atered FcRn binding affinity
comprises at least one Fc moiety (e.g, one or two Fc moieties) having one or more
amino acid substitutions within the 15 AFcRn "contact zone." Asused herein, the
term 15 AAFcRn "contact zone" includes residues at the followi ng positions of awild-
type, full-length Fc moiety: 243-261, 275-280, 282-293, 302-319, 336- 348, 367,
369, 372-389, 391, 393, 408, 424, 425-440 (EU numbering). In preferred
embodiments, apolypeptide of the invention having atered FcRn binding affinity
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comprises at least one Fc moiety (e.g, one or two Fc moieties) 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 (e.g., N434A or N434K), and 438. Exemplary amino acid
substitutions which altered FcRn binding activity are disclosed in International PCT
Publication No. WO05/047327 which isincorporated by reference herein.

[00181] A polypeptide of the invention 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 Fc moiety
having a mutation leading to reduced glycosylation (eg. , N- or O-linked
glycosylation) or may comprise an atered glycoform of the wild-type Fc moiety (eg. ,
alow fucose or fucose-free glycan).

[00182] In other embodiments, a polypeptide of the invention comprises at
least one Fc moiety having engineered cysteine residue or analog thereof which is
located at the solvent-exposed surface. Preferably the engineered cysteine residue or
analog thereof does not interfere with an effector function conferred by the scFc
region. More preferably, the ateration does not interfere with the ability of the scFc
region to bind to Fc receptors (e.g. FcyRI, FcyRIl, or FcyRIIl) or complement
proteins (e.g. Clq), or to trigger immune effector function (e.g., antibody-dependent
cytotoxicity (ADCC), phagocytosis, or complement-dependent cytotoxicity (CDCC)).
[00183] In one embodiment, an unprocessed polypeptide of the invention may
comprise agenetically fused Fc region (i.e., scFc region) having two or more of its
constituent Fc moieties independently selected from the Fc moieties described herein.
In one embodiment, the Fc moieties of adimeric Fcregion are the same. In another
embodiment, at least two of the Fc moieties are different. For example, the Fc
moieties 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 amino 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 invention may differ in sequence at one or more amino acid positions. For

example, at least two of the Fc moieties may differ at about 5 amino acid positions
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(e.g. 1,2, 3,4, o0r 5amino acid positions), about 10 positions, about 15 positions,

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

B. Polypeptide Linkers

[00184] The genetic constructs of the instant invention encode polypeptides
comprising two or more Fc domains or moieties linked via a csckc linker to form an
Fc region comprised in asingle polypeptide chain. The cscFc linker is flanked by at
least one enzymatic cleavage site , e.g., asite for processing by an intracellular
enzyme. Cleavage of the polypeptide at the at |east one enzymatic cleavage site
results in apolypeptide which comprises at least two polypeptide chains. These
linkers are referred to herein as "cscFc linkers' and the csckc linker is interposed
between the two Fc moieties of apolypeptide which comprisesit. If the cscFc linker
connects two Fc moieties contiguously in the linear polypeptide sequence, itisa
"direct” linkage. In contract, the cscFc linkers maylink the first Fc moiety to a
binding moiety which is, in turn, linked to the second Fc moiety, thereby forming an
indirect linkage.

[00185] Asis set forth above, other polypeptide linkers may optionally be used
in aconstruct of the invention, e.g., to connect abiologically active moiety to an Fc
moiety. These polypeptide linkers are referred to here as spacers. Some exemplary
locations of spacers that can be used in connection with the invention include, e.g.,
polypeptides comprising GlySer amino acids such as those set forth in the
accompanying figures and described in more detail below.

[00186] In one embodiment, the polypeptide linker is synthetic, i.e., non-
naturally occurring. In one embodiment, a polypeptide linker includes peptides (or
polypeptides) (which may or may not be naturally occurring) which comprise an
amino acid sequence that links or genetically fuses afirst linear sequence of amino
acids to a second linear sequence of amino acids to which it 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 occurring amino acids. In another embodiment, the

polypeptide linker may comprise naturally occurring amino acids occurring in alinear
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sequence that does not occur in nature. In still another embodiment, the polypeptide
linker may comprise anaturally occurring polypeptide sequence.

[00187] In certain embodiments, apolypeptide linker can be used to fuse
identical Fc moieties, thereby forming ahomomeric scFc region. In other
embodiments, apolypeptide linker can be used to fuse different Fc moieties (eg. a
wild-type Fc moiety and an Fc moiety variant), thereby forming a heteromeric sckFc
region.

[00188] In another embodiment, a polypeptide linker comprises or consists of a
gly-ser linker. In one embodiment, a csckc linker comprises at least aportion of an
immunoglobulin hinge and agly-ser linker. Asused herein, the term "gly-ser linker"
refers to apeptide that consists of glycine and serine residues. An exemplary gly/ser
linker comprises an amino acid sequence of the formula (Gly,Ser)n (SEQ ID NO: 4),
wherein is apositive integer (eg. , 1,2,3,4,5,6,7,8,9,0r 10). A preferred gly/ser
linker is (Gly,Ser) ,(SEQ ID NO:29) , (Gly,Ser) ,(SEQ ID NO:6) or (Gly,Ser) .
(SEQ ID NO: 5) Another exemplary gly-ser linker is GGGSSGGGSG (SEQ 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 linker sequences
described herein). In other embodiments, agly-ser linker is attached at one or both
ends of another sequence of the polypeptide linker (eg. , any of the polypeptide linker
sequences described herein). In yet other embodiments, two or more gly-ser linkers
areincorporated in series in apolypeptide linker. In one embodiment, apolypeptide
linker of the invention comprises at least aportion of an upper hinge region (e.g.,
derived from an 1gGl , 1gG2, 1gG3, or IgG4 molecule), at least aportion of amiddle
hinge region (e.g., derived from an 1gGl , 1gG2, 1gG3, or 1IgG4 molecule) and a series
of gly/ser amino acid residues (e.g., agly/ser linker such as (Gly,Ser)n) (SEQ ID
NO:4)).

[00189] Polypeptide linkers of the invention are at least one amino acid in
length and can be of varying lengths. In one embodiment, apolypeptide linker of the
invention is from about 1to about 50 amino acids in length. Asused in this context,
the term "about" indicates +/- two amino acid residues. Since linker length must be a
positive interger, the length of from about 1to about 50 amino acids in length, means
alength 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, apolypeptide linker of the invention is from about 15 to about
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50 amino acids in length. In another embodiment, apolypeptide linker of the
invention is from about 20 to about 45 amino acids in length. In another embodiment,
apolypeptide linker of the invention isfrom about 15 to about 35 or about 20 to about
30 amino acids in length. In another embodiment, apolypeptide 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, 29, 30, 40, 50, or 60 amino acids in length.

[00190] In one embodiment, apeptide linker of the invention is 20 or 30 amino
acids in length.

[00191] Polypeptide linkers can be introduced into polypeptide sequences using
techniques 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.

C. Enzymatic Cleavage Sites
[00192] In one embodiment, one or more enzymatic cleavage site(s) flanks, i.e.,
is adjacent to(upstream or downstream of) a csckc linker (L) of an unprocessed
polypeptide of the invention forming a cleavable scFc linker. For example, in one
embodiment of a construct encoding a polypeptide of the invention, acleavage siteis
fused at one or both ends of an csckc linker (L). For example, in one embodiment,
the polypeptide is represented by the formula:

A-F1-P1- L-P2-B-F2 (I)
[00193] in linear sequence from the amino to carboxy terminus wherein A isa
biologically active moiety, FI isafirst Fc moiety or domain, Pl is an enzymatic
cleavage site, L is an csclc linker, P2 is an enzymatic cleavage site B is abiogicaly
active moiety, F2 is a second Fc 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 same or different. Formula (I) comprises at least one of P1 or P2 and
optionally both. Pl and P2, if both present, can be the same or different. Formula (1)
comprises at least aFl and F2. FI and F2, if both present, can be the same or
different. In one embodiment, P 1 and P2 are both present and are recognized by the

same or by different enzymes.
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5 [00194] In one embodiment, one or both of the enzymatic cleavage sitesis an

intracellular processing site recognized by a member of the furin family of enzymes,
e.g., furin, PC2, PCL/PC3, PC4, PACE4, PC5/PC6, and L PC/PC7/PC8/SPCY.
Exemplary cleavage sites for this family of enzymes include an amino acid sequence
comprising the motif Arg-Xaa-Lys/Arg-Arg(SEQ ID NO:34). Other cleavage sites

10 areknown in the art.
[00195] In another embodiment, a Factor Xla or X acleavage site may be
incorporated into aconstruct of the invention. Exemplary FXla cleavage sites
include, e.g, TQSFNDFTR and SVSQTSKLTR. Exemplary thrombin cleavage sites
include, e.g, DFLAEGGGVR, TTKIKPR, LVPRG (SEQ ID NO:35) and a sequence

15  comprising or consisting of ALRPR (e.g. ALRPRVVGGA)).
[00196] In one embodiment, an scFc linker iscleaved at one site (e.g., when PI
ispresent). In another embodiment, an sckc linker is cleaved at two sites (e.g., when
PI and P2 are present). 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

20  presence of extraneous amino acid sequences, two cleavage sites may be included in a
polypeptide of the invention. In some embodiments, all or substantialy all of the
linker is excised, while in some embodiments, aportion of the cleavage site may

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

25 D. Biologically Active Moieties
[00197] The polypeptides of the invention comprise at least one biologically
active moiety. Such amoiety can be biologically active as asingle chain, or may
reguire association with another polypeptide chain (e.g., by dimerization), or may
need to be enzymatically cleaved to impart biological activity.

30 [00198] The polypeptides of the invention can comprise only one biologically
active moiety (creating a molecule which is monovalent with regard to the
biologically active moiety, but which is multimeric (e.g., dimeric) with regard to the
number of polypeptide chains present after processing or cleavage). Examples of such
molecules are shown in US 7404956, which isincorporated in its entirety by

35  reference.

[00199] In one embodiment, abiologicaly active moiety is operably linked
(eg. viaapolypeptide linker) or directly by apeptide bond to the C-terminus and/or

N terminus of an Fc moiety. In certain embodiments, the polypeptides of the
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invention may comprise two or more biologically active moieties. In one
embodiment, the biologically active moieties are identical. In another embodiment,
the biologically active moieties are different or are each separate subunits or chains of
one functional molecule.

[00200] In certain aspects, apolypeptide of the invention comprises more than
one biologically active moiety and is multivalent, i.e., has at least one bhiologically
active moiety having afirst biological activity and at least one second hiologically
active moiety having asecond biological activity. In certain embodiments, at |east
one biologically active moiety of the invention is an antigen binding region of an
antibody or an antigen binding fragment thereof (e.g. an antibody or antigen binding
fragment described supra).

[00201] In other embodiments, two or more same or different biologically
active moieties are linked to each other {e.g., via apolypeptide linker) in series, and
the tandem array of biologically active moieties is operably linked {e.g., chemically
conjugated or genetically fused {e.qg., either directly or via apolypeptide linker)) to
either the C-terminus or the N-terminus of a single genetically-fused Fc region (i.e., a
single scFc region) or atandem array of genetically-fused Fc regions (i.e., tandem
sckc regions). In other embodiments, the tandem array of biologically active moieties
isoperably linked to both the C-terminus and the N-terminus of a single genetically-
fused Fc region or atandem array of genetically-fused Fc regions.

[00202] In one embodiment, apolypeptide of the invention comprises at least
one of abiologically active moiety that isan antigen binding site {e.g., an antigen
binding site of an antibody, antibody variant, or antibody fragment), areceptor
binding portion of ligand, or aligand binding portion of areceptor.

[00203] In one embodiment, the biologically active moiety modulates cellular
activation or inhibition (e.g., by binding to acell surface receptor and resulting in
transmission of an activating or inhibitory signal). In one embodiment, the
biologically active moiety is capable of initiating transduction of asignal which
results in death of the cell (e.g., by acell signal induced pathway, by complement
fixation or exposure to apayload (e.g., atoxic payload) present on the binding
molecule), or which modulates adisease or disorder in asubject (e.g., by mediating or
promoting cell killing, by promoting lysis of afibrin clot or promoting clot formation,
or by modulating the amount of a substance which isbioavailable (e.g., by enhancing

or reducing the amount of aligand such as TNFa in the subject)). In another
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embodiment, the polypeptides of the invention have at least one binding site specific
for an antigen targeted for reduction or elimination, eg., acell surface antigen or a
soluble antigen, together with at least one genetically-fused Fcregion (i.e., scFc
region).
[00204] In another embodiment, binding of abiologically active moiety of the
invention to atarget molecule (e.g. antigen) results in the reduction or elimination of
the target molecule or acell expressing the target molecule, eg., from atissue or from
circulation. In another embodiment, the abiologically active moiety has at least one
binding site specific for atarget molecule that can be used to detect the presence of
the target molecule (e.g., to detect a contaminant or diagnose acondition or disorder).
Exemplary biologically active moieties are discussed further below.

i. Antigen Binding Portions
[00205] In certain embodiments, apolypeptide of the invention comprises at |east
one biologically active moiety which isabinding site, e..g, an antigen binding portion of
an antibody.
[00206] In other embodiments, abinding site of apolypeptide of the invention
may comprise an antigen binding portion of an antibody. The term "antigen-binding
portion" refers to apolypeptide fragment of an immunoglobulin, antibody, or
antibody variant which binds antigen or competes with intact antibody (i.e. , with the
intact antibody from 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 known in the art. Antigen binding portions can be
produced by recombinant or biochemical methods that are well known in the art.
Exemplary antigen-binding fragments include VH and VL regions, Fv, Fab, Fab', and
(Fab’) .
[00207] In exemplary embodiments, agenetic construct encoding apolypeptide
of the invention comprises a nucleotide sequence encoding at least one antigen
binding fragment that is operably linked (eg. , chemically conjugated or genetically-
fused (eg. , directly fused or fused via apolypeptide linker)) to the C-terminus and/or
N-terminus of a genetically-fused Fc region (i.e., a scFc region). In one exemplary
embodiment, an immature polypeptide of the invention comprises an antigen binding
fragment (eg, aFab) which isoperably linked to the N-terminus (or C-terminus) of at

least one genetically-fused Fcregion via ahinge domain or portion thereof (eg. , an
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IgGl hinge or portion thereof, e.g., ahuman 1gGl hinge). An exemplary hinge
domain portion comprises the sequence DKTHTCPPCPAPELLGG(SEQ 1D NO: 28).
[00208] In other embodiments, abiologically active moiety of the invention
may comprise abinding site from asingle chain binding molecule (e.g., asinge chain
variable region or scFv). Techniques described for the production of single chain
antibodies (U.S. Pat. No. 4,694,778; Bird, Science 242:423-442 (1988); Huston et al.,
Proc. Natl. Acad. Sci. USA 85:5879-5883 (1988); and Ward et al., Nature 334:544-
554 (1989)) can be adapted to produce single chain molecules. Single chain
antibodies are formed by linking the heavy and light chain fragments of the Fv region
via an amino acid bridge, resulting in asingle chain antibody. Techniques for the
assembly of functional Fv fragments in E. coli may also be used (Skerra et al.,
Science 242:1038-1041 (1988)).

[00209] Single chain variable region sequences comprise a single polypeptide
having one or more antigen binding sites, e.g., av L domain linked by aflexible linker
to avHdomain. The VL and/or VH domains may be derived from any of the
antibodies or antibody variants described supra. ScFv molecules can be constructed
inaVv Hlinker-v L orientation or V L-linker-v H orientation. The flexible linker that
links the v L and v H domains that make up the antigen binding site preferably
comprises from about 10 to about 50 amino acid residues. In one embodiment, the
polypeptide linker is agly-ser polypeptide linker. An exemplary gly/ser polypeptide
linker is of the formula (Gly4Ser)n, wherein nis apositive integer (eg., 1, 2, 3,4, 5,
or 6). Other polypeptide linkers are known inthe art. Antibodies having single chain
variable region sequences (e.g. single chain Fv antibodies) and methods of making
said single chain antibodies are well-known in the art (see e.g., Ho et a. 1989. Gene
77:51; Bird et al. 1988 Science 242:423; Pantoliano et al. 1991. Biochemistry
30:10117; Milenic et a. 1991. Cancer Research 51:6363; Takkinen et al. 1991.
Protein Engineering 4:837).

[00210] In 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 ascFv linker interposed between av Hdomain and avL
domain, wherein the v Hand v L domains are linked by adisulfide bond between an
amino acid in the v Hand an amino acid in the VL domain. In other embodiments, the
stabilized scFv molecule may comprise a scFv linker having an optimized length or

composition. In yet other embodiments, the stabilized scFv molecule may comprise a
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VHor VL domain having at least one stabilizing amino acid substitution(s). In yet
another embodiment, a stabilized scFv molecule may have at least two of the above
listed stabilizing features.

[00211] Stabilized scFv molecules have improved protein stability or impart
improved protein stability to the polypeptide to which they are operably linked.
Preferred 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 Comparisons can be made, for example, between the scFv molecules of
the invention. In certain preferred embodiments, the stabilized scFv molecule
comprises a (Gly ,Ser)4 scFv linker and adisulfide bond which links v Hamino acid 44
and VL 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 isincorporated herein by
reference in its entirety.

[00212] In certain exemplary embodiments, the polypeptides of the invention
comprise at least one scFv molecule that is operably linked (e.g., chemically
conjugated or genetically-fused (e.g., directly fused or fused via a polypeptide linker)
to the C-terminus and/or N-terminus of a genetically-fused Fc region (i.e., a scFc
region). Inone exemplary embodiment, apolypeptide of the invention comprises at
least one scFv molecule (e.g, one or more stabilized scFv molecules) which are
operably linked to the N-terminus (or C-terminus) of at least one genetically-fused Fc
region via agly/ser linker.

[00213] Polypeptides of the invention may comprise avariable region or portion
thereof (e.g. aVL and/or VH domain) derived from an antibody using art recognized
protocols or may be obtained from an art-recognized antibody using standard molecular
biology techniques.

[00214] Those skilled in the art will also appreciate that DNA encoding antibody
variable domains may also be derived from antibody libraries expressed in phage, yeast,
or bacteria using methods known in the art. Exemplary methods are set forth, for
example, in EP 368 684 BI; U.S. Pat. No. 5,969,108; Hoogenboom et al., (2000)
Immunol. Today 21:371; Nagy etal. (2002) Nat. Med. 8:801; Huie etal. (2001), PNAS,
98:2682; Lui et al. (2002), J. Mol. Biol. 315:1063, each of which isincorporated herein
by reference. Several publications (e.g., Marks et al. (1992), Bio/Technology 10:779-
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783) have described the production of high affinity human antibodies by chain shuffling,
aswell as combinatorial infection and in vivo recombination as a strategy for
constructing large phage libraries. In another embodiment, ribosomal display can be
used to replace bacteriophage as the display platform (see, e.g., Hanes, et al. (1998),
PNAS 95:14130; Hanes and Pluckthun. (1999), Curr. Top. Microbiol. Immunol.
243:107; He and Taussig. (1997), Nuc. Acids Res., 25:5132; Hanes etal. (2000), Nat.
Biotechnol. 18:1287; Wilson etal. (2001), PNAS, 98:3750; or Irving etal. (2001) J.
Immunol. Methods 248:31).

[00215] Moreover, variable region sequences useful for producing the
biologically active moieties of the present invention may be obtained from a number
of different sources. For example, as discussed above, avariety of human gene
sequences are available in the form of publicly accessible deposits. Many sequences
of antibodies and antibody-encoding genes have been published and suitable variable
region sequences (e.g. VL and VH segquences) can be chemically synthesized from
these sequences using art recognized techniques.

[00216] Further, abiologically active moiety of the invention may comprise a
variable domain or CDR derived from afully murine, fully human, chimeric,
humanized, deimmunized, non-human primate or primatized antibody.

[00217] Exemplary antibodies from which binding sites can be derived for use
in the molecules of the invention are known in the art. For example, antibodies
currently approved by the FDA can be used to derive binding sites.

[00218] In one embodiment, apolypeptide of the invention binds to a molecule
which is useful in treating cancer.

[00219] In till other embodiments, abiologically active moiety of the invention
binds to amolecule which isuseful in treating an autoimmune or inflammatory
disease or disorder.

[00220] For example, apolypeptide may bind to an antigen present on an
immune cell (e.g., aB or T cell) or an autoantigen responsible for an autoimmune
disease or disorder. The antigen associated with an autoimmune or inflammatory
disorder may be atumor-associated antigen described supra. Thus, atumor
associated antigen may also be an autoimmune or inflammatory associated disorder.
Asused herein, the term "autoimmune disease or disorder" refers to disorders or
conditions in a subject wherein the immune system attacks the body's own cells,

causing tissue destruction. Autoimmune diseases include general autoimmune
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diseases, i.e., in which the autoimmune reaction takes place simultaneously in a
number of tissues, or organ specific autoimmune diseases, i.e., in which the
autoimmune reaction targets a single organ. Examples of autoimmune diseases that
can be diagnosed, prevented or treated by the methods and compositions of the
present invention include, but are not limited to, Crohn's disease; Inflammatory bowel
disease (IBD); systemic lupus erythematosus; ulcerative colitis; rheumatoid arthritis;
Goodpasture's syndrome; Grave's disease; Hashimoto's thyroiditis; pemphigus
vulgaris, myasthenia gravis; scleroderma; autoimmune hemolytic anemia;
autoimmune thrombocytopenic purpura; polymyositis and dermatomyositis;
pernicious anemia; Sjogren's syndrome; ankylosing spondylitis; vasculitis; type |
diabetes mellitus; neurological disorders, multiple sclerosis, and secondary diseases
caused as aresult of autoimmune diseases.

[00221] In other embodiments, abiologically active moiety of the invention
that binds to atarget molecule associated with an inflammatory disease or disorder.
Asused herein the term "inflammatory disease or disorder" includes diseases or
disorders which are caused, at least in part, or exacerbated by inflammation, e.g.,
increased blood flow, edema, activation of immune cells (e.g., proliferation, cytokine
production, or enhanced phagocytosis). For example, apolypeptide of the invention
may bind to an inflammatory factor (e.g., amatrix metalloproteinase (MMP), TNFa,
an interleukin, aplasma protein, acytokine, alipid metabolite, a protease, atoxic
radical , amitochondrial protein, an apoptotic protein, an adhesion molecule, etc.)
involved or present in an areain aberrant amounts, e.g., in amounts which may be
advantageous to alter, e.g., to benefit the subject. The inflammatory process isthe
response of living tissue to damage. The cause of inflammation may be due to
physical damage, chemical substances, micro-organisms, tissue necrosis, cancer or
other agents. Acute inflammation is short-lasting, e.g., lasting only afew days. If itis
longer lasting however, then it may bereferred to as chronic inflammation.

[00222] Inflammatory disorders include acute inflammatory disorders, chronic
inflammatory disorders, and recurrent inflammatory disorders. Acute inflammatory
disorders are generally of relatively short duration, and last for from about afew
minutes to about one to two days, although they may last several weeks. The main
characteristics of acute inflammatory disorders include increased blood flow,
exudation of fluid and plasma proteins (edema) and emigration of leukocytes, such as

neutrophils. Chronic inflammatory disorders, generaly, are of longer duration, e.g.,
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weeks to months to years or even longer, and are associated histologically with the
presence of lymphocytes and macrophages and with proliferation of blood vessels and
connective tissue. Recurrent inflammatory disorders include disorders which recur
after aperiod of time or which have periodic episodes. Examples of recurrent
inflammatory disorders include asthma and multiple sclerosis. Some disorders may
fall within one or more categories. Inflammatory disorders are generaly
characterized by heat, redness, swelling, pain and loss of function. Examples of
causes of inflammatory disorders include, but are not limited to, microbial infections
(e.g., bacterial, viral and fungal infections), physical agents (e.g., burns, radiation, and
trauma), chemical agents (e.g., toxins and caustic substances), tissue necrosis and
various types of immunologic reactions. Examples of inflammatory disorders include,
but are not limited to, osteoarthritis, rheumatoid arthritis, acute and chronic infections
(bacterial, viral and fungal); acute and chronic bronchitis, sinusitis, and other
respiratory infections, including the common cold; acute and chronic gastroenteritis
and colitis; acute and chronic cystitis and urethritis; acute respiratory distress
syndrome; cystic fibrosis; acute and chronic dermatitis; acute and chronic
conjunctivitis; acute and chronic serositis (pericarditis, peritonitis, synovitis, pleuritis
and tendinitis); uremic pericarditis; acute and chronic cholecystis; acute and chronic
vaginitis; acute and chronic uveitis; drug reactions; and burns (thermal, chemical, and
electrical).

[00223] In yet other embodiments, abiologically active moiety of the invention
binds to amolecule which is useful in treating aneurological disease or disorder. For
example, apolypeptide may bind to an antigen present on aneural cell (e.g., aneuron,
aglial cell, or a). In certain embodiments, the antigen associated with a neurological
disorder may be an autoimmune or inflammatory disorder described supra. Asused
herein, the term "neurological disease or disorder” includes disorders or conditions in
asubject wherein the nervous system either degenerates (e.g., neurodegenerative
disorders, as well as disorders where the nervous system fails to develop properly or
fails to regenerate following injury, e.g., spinal cord injury. Examples of neurological
disorders that can be diagnosed, prevented or treated by the methods and
compositions of the present invention include, but are not limited to, Multiple
Sclerosis, Huntington' s Disease, Alzheimer's Disease, Parkinson' s Disease,
neuropathic pain, traumatic brain injury, Guillain-Barre syndrome and chronic

inflammatory demyelinating polyneuropathy (CIDP).
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[00224] In other aspects, the biologically active moieties of the invention may
comprise antigen binding sites, or portions thereof, derived from modified forms of
antibodies. Exemplary such forms include, e.g., minibodies, diabodies, triabodies,
nanobodies, camelids, Dabs, tetravalent antibodies, intradiabodies (e.g., Jendreyko et
a. 2003. J.Biol. Chem. 278:47813), fusion proteins (e.g., antibody cytokine fusion
proteins, proteins fused to at least aportion of an Fc receptor), and bispecific
antibodies. Other modified antibodies are described, for example in U.S. Pat. No.
4,745,055; EP 256,654; Faulkner et al., Nature 298:286 (1982); EP 120,694; EP
125,023; Morrison, J. Immun. 123:793 (1979); Kohler et al., Proc. Natl. Acad. Sci.
USA 77:2197 (1980); Raso et ., Cancer Res. 41:2073 (1981); Morrison et a., Ann.
Rev. Immunol. 2:239 (1984); 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 chains also are known. See, for example, U.S.
Pat. No. 4,444,878; W O 88/03565; and EP 68,763 and references cited therein.
[00225] In another embodiment, abiologically active moiety of the invention
comprises an antigen binding site or region which is adiabody or an antigen binding
site derived therefrom. Diabodies are dimeric, tetravalent molecules each 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 V| and V, domains on the same polypeptide chain cannot interact. Instead,
theV, and V,, domain of one polypeptide chain interact with the V|, and V|, domain
(respectively) on a second polypeptide chain (see, for example, WO 02/02781). In
one embodiment, an immature 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 Fc region (i.e., scFc region).

[00226] In certain embodiments, a biologically active moiety of the invention
comprises asingle domain binding molecule (e.g. asingle domain antibody) linked to
an sckc. Exemplary single domain molecules include an isolated heavy chain
variable domain (V) of an antibody, i.e., aheavy chain variable domain, without a
light chain variable domain, and an isolated light chain variable domain (V) of an
antibody, i.e., alight chain variable domain, without aheavy chain variable domain,.
Exemplary single-domain antibodies employed in the molecules of the invention
include, for example, the Camelid heavy chain variable domain (about 118 to 136

amino acid residues) as described in Hamers-Casterman, et a., Nature 363:446-448
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(1993), and Dumoulin, et al., Protein Science 11:500-515 (2002). Other exemplary
single domain antibodies include single VH or VL domains, aso known as Dabs®
(Domantis Ltd., Cambridge, UK). Yet other single domain antibodies include shark
antibodies (e.g., shark 1g-NARS). Shark Ig-NARs comprise ahomodimer of one
variable domain (V-NAR) and five C-like constant domains (C-NAR), wherein
diversity isconcentrated in an elongated CDR3 region varying from 5 to 23 residues
inlength. In camelid species (e.g., Ilamas), 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 in VHH, (b) alonger CDR3 in VHH, and (c)
the frequent occurrence of adisulfide bond between CDR1 and CDR3 in VHH.
Methods for making single domain molecules are described in US Patent Nos
6.005,079 and 6,765,087, both of which are incorporated herein by reference.
Exemplary single domain antibodies comprising VHH domains include Nanobodies®
(Ablynx NV, Ghent, Belgium).

[00227] In one embodiment, biologically active moiety comprises an antigen
binding portion of an antibody that binds to a TNF receptor family member. The
nucleotide and amino acid sequences of several TNF receptors family members are
known in the art and include at least 29 human genes. TNFRSF1A (TNFRI, aso
known as DR1, CD120a, TNF-R-I p55, TNF-R, TNFRI, TNFAR, TNF-R55,
pPS5TNFR, p55R, or TNFR60, GenBank Gl No. 4507575; see also US 5,395,760)),
TNFRSF1B (CD120b, also known as p75, TNF-R, TNF-R-11, TNFR80, TNFR2, TNF-
R75, TNFBR , or p75TNFR; GenBank Gl No. 4507577), TNFRSF3 (Lymphotoxin
Beta Receptor (LTpR), also known as TNFR2-RP, CD 18, TNFR-RP, TNFCR, or
TNF-R-111; Gl Nos. 4505038 and 20072212), TNFRSF4 (OX40, aso known as
ACT35, TXGPLL, or CD134 antigen; Gl Nos. 4507579 and 8926702), TNFRSF5
(CDA40, also known as p50 or Bp50; Gl Nos. 4507581 and 23312371), TNFRSF6
(FAS, also known as FAS-R, DcR-2, DR2, CD95, APO-1, or APT1; GenBank Gl
Nos. 4507583, 23510421, 23510423, 23510425, 23510427, 23510429, 23510431, and
23510434)), TNFRSF6B (DcR3, DR3; GenBank Gl Nos. 4507569, 23200021,
23200023, 23200025, 23200027, 23200029, 23200031, 23200033, 23200035,
23200037, and 23200039), TNFRSF7 (CD27, aso known as Tp55 or S152; GenBank
Gl No. 4507587), TNFRSF8 (CD30, also known as Ki-1, or D1S166E; GenBank Gl
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Nos. 4507589 and 23510437), TNFRSF9 (4-1-BB, aso known as CD137 or ILA; Gl
Nos. 5730095 and 728738), TNFRSF10A (TRAIL-R1, aso known as DR4 or Apo2;
GenBank Gl No. 21361086), TNFRSF10B (TRAIL-R2,, also known as DR5,
KILLER, TRICK2A, or TRICKB; GenBank Gl Nos. 22547116 and 22547119),
TNFRSF10C (TRAIL-R3, also known as DcRI, LIT, or TRID; GenBank Gl No.
22547121), TNFRSF10D (TRAIL-R4, also known as DcR2 or TRUNDD),
TNFRSF11A (RANK; GenBank Gl No. 4507565; see US Patent Nos. 6,562,948;
6,537,763; 6,528,482; 6,479,635; 6,271,349; 6,017,729), TNFRSF11B
(Osteoprotegerin (OPG), aso known as OCIF or TR1; Gl Nos. 38530116, 22547122
and 33878056), TNFRSF12 (Translocating chain-Association Membrane Protein
(TRAMP), dso known as DR3, WSL-1, LARD, WSL-LR, DDR3, TR3, APO-3,
Fnl4, or TWEAKR; GenBank Gl No. 7706186; US Patent Application Publication
No. 2004/0033225A1), TNFRSF12L (DR3L), TNFRSF13B (TACI; GI No.
6912694), TNFRSF13C (BAFFR; Gl No. 16445027), TNFRSF14 (Herpes Virus
Entry Mediator (HVEM), aso known as ATAR, TR2, LIGHTR, or HVEA; GenBank
Gl Nos. 23200041, 12803895, and 3878821), TNFRSF16 (Low-Affinity Nerve
Growth Factor Receptor (LNGFR), also known as Neurotrophin Receptor or
p75(NTR); GenBank Gl Nos. 128156 and 4505393), TNFRSF17 (BCM, also known
as BCMA; GI No. 23238192), TNFRSF18 (AITR, aso known as GITR; GenBank Gl
Nos. 4759246, 23238194 and 23238197), TNFRSF19 (Troy/Trade, aso known as
TAJ; GenBank GI Nos. 23238202 and 23238204), TNFRSF20 (RELT, also known as
FLJ14993; Gl Nos. 21361873 and 23238200), TNFRSF21 (DR6), TNFRSF22
(SOBa, aso known as Tnfrh2 or 2810028K06Rik), and TNFRSF23 (mSOB, also
known as Tnfrhl). Other TNF family members include EDARL (Ectodysplasin A
Receptor, also known as Downless (DL), ED3, ED5, ED1R, EDA3, EDA1R, EDA-
AIR; GenBank Gl No. 11641231; US Patent No. 6,355,782), XEDAR (aso known as
EDA-A2R; GenBank Gl No. 11140823); and CD39 (Gl Nos. 2135580 and 765256).
ii. Non-Immunoglobulin Binding Molecules
[00228] In certain other embodiments, abiologicaly active moiety of the
invention comprises one or more binding sites derived from a non-immunoglobulin
binding molecule. Asused herein, the term "non-immunoglobulin binding
molecules’ are binding molecules whose binding sites comprise aportion (e.g., a

scaffold or framework) which is derived from apolypeptide other than an
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immunoglobulin, but which may be engineered (e.g., mutagenized) to confer adesired
binding specificity.

[00229] Other examples of biologically active moieties not derived from
antibody molecules include receptor binding sites and ligand binding sites which are
discussed in more detail infra.

[00230] Non-immunoglobulin biologically active moieties can comprise
binding site portions that are derived from amember of the immunoglobulin
superfamily that is not an immunoglobulin (e.g. a T-cell receptor or acell-adhesion
protein (e.g., CTLA-4, N-CAM, telokin)). Such binding molecules comprise a
binding site portion which retains the conformation of an immunoglobulin fold and is
capable of specifically binding an IGF1-R eptitope. In other embodiments, non-
immunoglobulin binding molecules of the invention also comprise abinding site with
aprotein topology that is not based on the immunoglobulin fold (e.g. such as ankyrin
repeat proteins or fibronectins) but which nonetheless are capable of specifically
binding to atarget (e.g. an IGF-1R epitope).

[00231] Non-immunoglobulin biologically active moieties may be identified by
selection or isolation of atarget-binding variant from alibrary of binding molecules
having artificially diversified binding sites. Diversified libraries can be generated
using 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 involved when the binding site interacts with its
cognate target molecule can berandomized 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 investigation of the
crystal structure of the binding site in complex with the target molecule. Candidate
positions for randomization include loops, flat surfaces, helices, and binding cavities
of the binding site. In certain embodiments, amino acids within the binding site that
are likely candidates for diversification can be identified by their homology with the
immunoglobulin fold. For example, residues within the CDR-like loops of
fibronectin may be randomized to generate alibrary of fibronectin binding molecules
(see, eg., Koideet a., J. Mal. Biol., 284: 1141-1151 (1998)). Other portions of the
binding site which may be randomized include flat surfaces. Following

randomization, the diversified library may then be subjected to a selection or
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screening procedure to obtain binding molecules with the desired binding
characteristics, e.g. specific binding to an IGF-IR epitope described supra. For
example, selection can be achieved by art-recognized methods such as phage display,
yeast display, or ribosome display.

[00232] In one embodiment, abiologically active moiety isderived from a
fibronectin binding molecule. Fibronectin binding molecules (e.g., molecules
comprising the Fibronectin typel, I1, or 111 domains) display CDR-like loops which,
in contrast to immunoglobulins, do not rely on intra-chain disulfide bonds. Methods
for making fibronectin polypeptides are described, for example, in WO 01/64942 and
in US Patent Nos. 6,673,901, 6,703,199, 7,078,490, and 7,119,171, which are
incorporated herein by reference. In one exemplary embodiment, the fibronectin
polypeptide is as AdNectin® (Adnexus Therpaeutics, Waltham, MA).

[00233] In another embodiment, abiologicaly active moiety of the invention
comprises abinding site from an Affibody® (Abeam, Cambridge, MA). Affibodies
are derived from the immunoglobulin binding domains of staphylococcal Protein A
(SPA) (seeeg., Nord et al., Nat. Biotechnol., 15: 772-777 (1997)). Affibody binding
sites employed in the invention may be synthesized by mutagenizing an SPA-related
protein (e.g., Protein Z) derived from adomain of SPA (e.g., domain B) and selecting
for mutant SPA-related polypeptides having binding affinity for an IGF-IR epitope.
Other methods for making affibody binding sites are described in US Patents
6,740,734 and 6,602,977 and in WO 00/63243, each of which isincorporated herein
by reference.

[00234] In another embodiment, abiologicaly active moiety of the invention
comprises abinding site from an Anticalin® (Pieris AG, Friesing, Germany).
Anticalins (also known as lipocalins) are members of adiverse B -barrel protein
family whose function is to bind target molecules in their barrel/loop region.
Lipocalin binding sites may be engineered to bind an IGF-IR epitope by randomizing
loop sequences connecting the strands of the barrel (see e.g., Schlehuber et al., Drug
Discov. Today, 10: 23-33 (2005); Beste et al., PNAS, 96: 1898-1903 (1999).
Anticalin binding sites employed in the binding molecules of the invention may be
obtainable starting from polypeptides of the lipocalin family which are mutated in
four segments that correspond to the sequence positions of the linear polypeptide
sequence comprising amino acid positions 28 to 45, 58 to 69, 86 to 99 and 114 to 129
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of the Bilin-binding protein (BBP) of Pieris brassica. Other methods for making
anticalin binding sites are described in W099/16873 and WO 05/019254, each of
which is incorporated herein by reference.

[00235] In another embodiment, abiologically active moiety of the invention
comprises abinding site from acysteine-rich polypeptide. Cysteine-rich domains
employed in the practice of the present invention typically do not form aa-helix, ap
sheet, or a B-barrel structure. Typically, the disulfide bonds promote folding of the
domain into athree-dimensional structure. Usually, cysteine-rich domains have at
least two disulfide bonds, more typically at least three disulfide bonds. An exemplary
cysteine-rich polypeptide isan A domain protein. A-domains (sometimes called
"complement-type repeats’) contain about 30-50 or 30-65 amino acids. In some
embodiments, the domains comprise about 35-45 amino acids and in some cases
about 40 amino acids. Within the 30-50 amino acids, there are about 6 cysteine
residues. Of the six cysteines, disulfide bonds typically are found between the
following cysteines: Cl and C3, C2 and C5, C4 and C6. The A domain constitutes a
ligand binding moiety. The cysteine residues of the domain are disulfide linked to
form acompact, stable, functionally independent moiety. Clusters of these repeats
make up aligand binding domain, and differential clustering can impart specificity
with respect to the ligand binding. Exemplary proteins containing A-domains
include, e.g., complement components (e.g., C6, C7, C8, C9, and Factor 1), serine
proteases (e.g., enteropeptidase, matriptase, and corin), transmembrane proteins (e.g.,
ST7, LRP3, LRP5 and LRP6) and endocytic receptors (e.g., Sortilin-related receptor,
LDL-receptor, VLDLR, LRP1, LRP2, and ApoER2). Methods for making A domain
proteins of adesired binding specificity are disclosed, for example, in WO 02/088171
and WO 04/044011, each of which isincorporated herein by reference.

[00236] In other embodiments, abiologically active moiety of the invention
comprises abinding site from arepeat protein. Repeat proteins are proteins that
contain consecutive copies of small (e.g., about 20 to about 40 amino acid residues)
structural units or repeats that stack together to form contiguous domains. Repeat
proteins can be modified to suit aparticular target binding site by adjusting the
number of repeats in the protein. Exemplary repeat proteins include Designed
Ankyrin Repeat Proteins (i.e., aDARPIns®, Molecular Partners, Zurich, Switzerland)
(seeeq., Binz et a., Nat. Biotechnal., 22: 575-582 (2004)) or leucine-rich repeat
proteins (ie., LRRPS) (see e.g., Pancer et al., Nature, 430: 174-180 (2004)). All so far
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determined tertiary structures of ankyrin repeat units share a characteristic composed
of aB-hairpin followed by two antiparallel a-helices and ending with aloop
connecting the repeat unit with the next one. Domains built of ankyrin repeat units
are formed by stacking the repeat units to an extended and curved structure. LRRP
binding sites from part of the adaptive immune system of sealampreys and other
jawless fishes and resemble antibodies in that they are formed by recombination of a
suite of leucine-rich repeat genes during lymphocyte maturation. Methods for making
DARpin or LRRP binding sites are described in WO 02/20565 and WO 06/083275,
each of which isincorporated herein by reference.

[00237] Other non-immunoglobulin binding sites which may be employed in
molecules of the invention include binding sites derived from Src homology domains
(e.g. SH2 or SH3 domains), PDZ domains, beta-lactamase, high affinity protease
inhibitors, or small disulfide binding protein scaffolds such as scorpion toxins.
Methods for making binding sites derived from these molecules have been disclosed
in the art, see e.g., Silverman et al., Nat. Biotechnol., 23(12): 1493-4 (2005); Panni et
a, J. Biol. Chem., 277: 21666-21674 (2002), Schneider et a., Nat. Biotechnal., 17:
170-175 (1999); Legendre et al., Protein Sci., 11:1506-1518 (2002); Stoop et al., Nat.
Biotechnol., 21: 1063-1068 (2003); and Vita et a., PNAS, 92: 6404-6408 (1995). Yet
other binding sites may be derived from abinding domain selected from the group
consisting of an EGF-like domain, a Kringle-domain, aPAN domain, a Gla domain, a
SRCR domain, aKunitz/Bovine pancreatic trypsin Inhibitor domain, a Kazal-type
serine protease inhibitor domain, a Trefoil (P-type) domain, avon Willebrand factor
type C domain, an Anaphylatoxin-like domain, a CUB domain, athyroglobulin type |
repeat, LDL-receptor class A domain, a Sushi domain, aLink domain, a
Thrombospondin type | domain, an Immunoglobulin-like domain, a C-type lectin
domain, aMAM domain, avon Willebrand factor type A domain, a Somatomedin B
domain, aWAP-type four disulfide core domain, aF5/8 type C domain, a Hemopexin
domain, aLaminin-type EGF-like domain, a C2 domain, a CTLA-4 domain, and other
such domains known to those of ordinary skill in the art, as well as derivatives and/or
variants thereof. Additional non-immunoglobulin polypeptides include Avimers®
(Avidia, Inc., Mountain View, CA -see International PCT Publication No. WO
06/055689 and US Patent Pub 2006/0234299), Telobodies® (Biotech Studio,
Cambridge, MA), Evibodies® (Evogenix, Sydney, Australia -see US Patent No.
7,166,697), and Microbodies® (Nascacell Technologies, Munich, Germany).
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iii. Binding Portions of Receptors or Ligands
[00238] In other aspects, a polypeptide of the invention comprises aligand
binding site of areceptor and/or areceptor binding portion of aligand which is
operably linked to at least one genetically-fused Fc region.
[00239] In certain embodiments, transmembrane regions or lipid or
phospholipid anchor recognition sequences of the ligand binding receptor are
preferably inactivated or deleted prior to fusion. DNA encoding the ligand or ligand
binding partner is cleaved by arestriction enzyme at or proximal to the 5' and 3'ends
of the DNA encoding the desired ORF segment. The resultant DNA fragment can be
readily inserted (e.g., ligated in-frame) into DNA encoding a genetically-fused Fc
region. The precise site at which the fusion is made may be selected empiricaly to
optimize the secretion or binding characteristics of the soluble fusion protein. DNA
encoding the fusion protein can then subcloned into an appropriate expression vector
than can be transfected into ahost cell for expression.
[00240] Exemplary binding portions of receptors or ligands that can be present
in apolypeptide of the invention are set forth below:

a. Cytokines and Cytokine Receptors
[00241] Cytokines have pleiotropic effects on the proliferation, differentiation,
and functional activation of lymphocytes. Various cytokines, or receptor binding
portions thereof, can be utilized in the fusion proteins of the invention as biologically
active molecules, binding sites and/or domains. Exemplary cytokines include the
interleukins {e.g. IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-11, IL-12,
IL-13, and IL-18), the colony stimulating factors (CSFs) {e.g. granulocyte CSF (G-
CSF), granulocyte-macrophage CSF (GM-CSF), and monocyte macrophage CSF (M-
CSF)), tumor necrosis factor (TNF) alpha and beta, cytotoxic T lymphocyte antigen 4
(CTLA-4), and interferons such as interferon-a, B, ory (US Patent Nos. 4,925,793 and
4,929,554).
[00242] Cytokine receptors typically consist of aligand-specific alpha chain
and acommon beta chain. Exemplary cytokine receptors include those for GM-CSF,
IL-3 (US Patent No. 5,639,605), IL-4 (US Patent No. 5,599,905), IL-5 (US Patent No.
5,453,491), 1L 10 receptor, IFNy (EP0240975), and the TNF family of receptors (e.g.,
TNFa {eg. TNFR-1 (EP 417, 563), TNFR-2 (EP 417,014) lymphotoxin beta
receptor).

b. Adhesion Proteins
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5 [00243] Adhesion molecules are membrane-bound proteins that allow cells to
interact with one another. Various adhesion proteins, including leukocyte homing
receptors and cellular adhesion molecules, or receptor binding portions thereof, can be
incorporated in afusion protein of the invention as biologically active molecules,
binding sites and/or domains. Leukocyte homing receptors are expressed on

10  leukocyte cell surfaces during inflammation and include the B-I integrins (e.g. VLA-
1,2, 3, 4, 5, and 6) which mediate binding to extracellular matrix components, and the
P2-integrins (e.g. LFA-1, LPAM-1, CR3, and CR4) which bind cellular adhesion
molecules (CAMSs) on vascular endothelium. Exemplary CAMs include ICAM-1,
ICAM-2, VCAM-1, and MAdCAM-1. Other CAMs include those of the selectin

15  family including E-selectin, L-selectin, and P-selectin.

c. Chemokines
[00244] Chemokines, chemotactic proteins which stimulate the migration of
leucocytes towards a site of infection, can aso be incorporated into afusion protein of
the invention. Exemplary chemokines include Macrophage inflammatory proteins

20  (MIP-1-a and MIP-1-B), neutrophil chemotactic factor, and RANTES (regulated on
activation normally T-cell expressed and secreted).

d. Hormones
[00245] Exemplary growth hormones for use as biologically active moietiesin
the fusion proteins of the invention include renin, human growth hormone (HGH; US

25  Patent No. 5,834,598), N-methionyl human growth hormone; bovine growth
hormone; growth hormone releasing factor; parathyroid hormone (PTH); thyroid
stimulating hormone (TSH); thyroxine; proinsulin and insulin (US Patent Nos.
5,157,021 and 6,576,608); follicle stimulating hormone (FSH); calcitonin, luteinizing
hormone (LH), leptin, glucagons, bombesin; somatropin; mullerian-inhibiting

30  substance; relaxin and prorelaxin; gonadotropin-associated peptide; prolactin;
placental lactogen; OB protein; or mullerian-inhibiting substance.

e. Receptors and Ligands
[00246] In one embodiment, apolypeptide of the invention combines the
binding site(s) of the ligand or receptor (e.g. the extracellular domain (ECD) of a

35  receptor) with at least one genetically-fused Fc region (i.e., scFc region). In certain
embodiments, the binding site or domain of the ligand-binding portion of areceptor
may be derived from areceptor bound by an antibody or antibody variant described

supra. In other embodiments, the ligand binding portion of areceptor is derived from
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areceptor selected from the group consisting of areceptor of the Immunoglobulin (1g)
superfamily (e.g., asoluble T-cell receptor, e.g., mMTCR® (Medigene AG, Munich,
Germany), areceptor of the TNF receptor superfamily described supra (e.g., asoluble
TNFa receptor of an immunoadhesin), areceptor of the Glia Cell-Derived
Neurotrophic Factor (GDNF) receptor family (e.g., GFRa3), areceptor of the G-
protein coupled receptor (GPCR) superfamily, areceptor of the Tyrosine Kinase (TK)
receptor superfamily, areceptor of the Ligand-Gated (LG) superfamily, areceptor of
the chemokine receptor superfamily, IL-1/Toll-like Receptor (TLR) superfamily, and
acytokine receptor superfamily.

In other embodiments, the binding site or domain of the receptor-binding
portion of aligand may be derived from aligand bound by an antibody or antibody
variant described supra. For example, the ligand may bind areceptor selected from
the group consisting of areceptor of the Immunoglobulin (1g) superfamily, areceptor
of the TNF receptor superfamily, areceptor of the G-protein coupled receptor
(GPCR) superfamily, areceptor of the Tyrosine Kinase (TK) receptor superfamily, a
receptor of the Ligand-Gated (LG) superfamily, areceptor of the chemokine receptor
superfamily, IL-l/Toll-like Receptor (TLR) superfamily, and acytokine receptor
superfamily. In one exemplary embodiment, the binding site of the receptor-binding
portion of aligand is derived from aligand belonging to the TNF ligand superfamily
described supra {e.g., CD40L).

[00247] Growth factors or their receptors (or receptor binding or ligand binding
portions thereof) may be incorporated in the fusion proteins of the invention.
Exemplary growth factors include Vascular Endothelial Growth Factor (VEGF) and
its isoforms (U.S. Pat. No. 5,194,596); Fibroblastic Growth Factors (FGF), including
aFGF and bFGF; atrial natriuretic factor (ANF); hepatic growth factors (HGFs; US
Patent Nos. 5,227,158 and 6,099,841), neurotrophic factors such as bone-derived
neurotrophic factor (BDNF), glial cell derived neurotrophic factor ligands (e.g.,
GDNF, neuturin, artemin, and persephin), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4,
NT-5, or NT-6), or anerve growth factor such as NGF-p platelet-derived growth
factor (PDGF) (U.S. Pat. Nos. 4,889,919, 4,845,075, 5,910,574, and 5,877,016);
transforming growth factors (TGF) such as TGF-alpha and TGF-beta (WO 90/14359),
osteoinductive factors including bone morphogenetic protein (BMP); insulin-like
growth factors-1 and -1l (IGF-I and IGF-11; US Patent Nos. 6,403,764 and 6,506,874);
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Erythropoietin (EPO); Thrombopoeitin (TPO; stem-cell factor (SCF), thrombopoietin
(TPO, c-Mpl ligand), and the Wnt polypeptides (US Patent No. 6,159,462).
[00248] Exemplary growth factor receptors which may be used as biologically
active moieties of the invention include EGF receptors; VEGF receptors (e.g. Fltl or
FIKI/KDR), PDGF receptors (WO 90/14425); HGF receptors (US Patent Nos.
5,648,273, and 5,686,292), and neurotrophic receptors including the low affinity
receptor (LNGFR), also termed as p75NTR or p75, which binds NGF, BDNF, and NT-
3, and high affinity receptors that are members of the trk family of the receptor
tyrosine kinases (e.g. trkA, trkB (EP 455,460), trkC (EP 522,530)).

f. Heterodimeric Receptors
[00249] In one embodiment, antagonists to cytokines that utilize an a
specificity determining component which, when combined with the cytokine, binds to

afirst B signal transducing component to form anonfunctional intermediate which

then binds to asecond 3 signal transducing component causing [3 -receptor
dimerization and consequent signal transduction can be made using the methods of
the invention. Such molecules are described in the art (see e.q., US Patent 6,927,044).
In one example, a soluble specificity determining component of the receptor and the
extracellular domain of the first b signal transducing component of the cytokine
receptor are combined to form aheterodimer that binds the cytokine to form a
nonfunctional complex. Exemplary cytokines that can beinhibitied using such
heterodimeric receptors include: IL1, IL-2, IL-3, IL-4, IL-5, IL-3, IL-4, IL-5, IL-11,
IL- 15, GMCSF, LIF, INFy, and TGER.

E. Clotting Factors

[00250] Exemplary clotting factors (blood coagulation factors) for use as
biologically active moieties in the fusion proteins of the invention include the clotting
factors (e.g., factors V, VII, VIII, IX, X, XI, XII and XIII, von Willebrand factor);
tissue factor (U.S. Pat. Nos. 5,346,991, 5,349,991, 5,726, 147, and 6,596,84);
thrombin and prothrombin; fibrin and fibrinogen; plasmin and plasminogen;
plasminogen activators, such asurokinase or human urine or tissue-type plasminogen
activator (t-PA). Variants and biologically active portions of such clotting factors
may also be used asbiologically active molecules. Exemplary molecules that can be
made using the scFc regions of the invention are also set forth in, e.g., U.S. Patent
7,404,956 and 7,348,004.
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[00251] Factors VII, IX, and X are all structuraly related in that in each the
amino terminal end of the light chain is not amenable to the incorporation of
additional moieties, due to the requirement for the propeptide sequence that provides
adocking site for the vitamin K-dependent gamma-glutamyl carboxylase. 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.e., moieties linked via a cleavage site or moieties which consist of a
cleaveage site, due to the requirement for afree N-terminus in order to form a
catalytically active protease domain. Although factor VI is often shown to illustrate
exemplary embodiments of the invention, the subject constructs may be made using
factor IX, or X. For example, one of skill in the art would understand that the FV11
portion of aconstruct of the invention could be substituted with aFIX or FX portion.
[00252] Exemplary clotting factor constructs of the invention are set forth in
the accompanying Figures. Although the Figures generally illustrate the clotting
Factor as a single chain (in its zymogen form) it will be understood that the clotting
factor may also be present in its active form in a construct of the invention, e.g. as a
two chain, disulfide bonded form.

[00253] In one embodiment, aclotting factor of the invention is expressed by a
cell in active form. In another embodiment, aclotting factor is expressed in inactive
form and is 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
clotting factor of the invention comprises aclotting factor in inactive form and the
clotting factor is activated in vivo after administration.

[00254] In one embodiment, aclotting factor of the invention is a mature form
of Factor VII or avariant thereof. Factor VII (FVII, F7; aso referred to as Factor 7,
coagulation factor V11, serum factor VII, serum prothrombin conversion accelerator,
SPCA, proconvertin and eptacog alpha) is a serine protease that is part of the
coagulation cascade. FV1I includes a Gladomain, two EGF domains (EGF- 1 and
EGF-2), and a serine protease domain (or peptidase SI domain) that ishighly
conserved among al members of the peptidase SI family of serine proteases, such as
for example with chymotrypsin. FVII occurs as a single chain zymogen, an activated
zymogen-like two-chain polypeptide and afully activated two-chain form. Asused
herein, a "zymogen-like" protein or polypeptide refers to aprotein that has been

activated by proteolytic cleavage, but still exhibits properties that are associated with
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azymogen, such as, for example, low or no activity, or aconformation that resembles
the conformation of the zymogen form of the protein. For example, when it is not
bound to tissue factor, the two-chain activated form of FVII is azymogen-like
protein; it retains aconformation similar to the uncleaved FVII zymogen, and, thus,
exhibits very low activity. Upon binding to tissue factor, the two-chain activated form
of FVII undergoes conformational change and acquires its full activity as a
coagulation factor.

[00255] Exemplary FVII variants include those with increased specific activity,
e.g., mutations that increase the activity of FVII by increasing its enzymatic activity
(Kcat or Km). Such variants have been described in the art and include, e.g., mutant
forms of the molecule as described for example in Persson et al. 2001. PNAS
98:13583; Petrovan and Ruf. 2001. J.Biol. Chem. 276:6616; Persson et al. 2001 J.
Biol. Chem. 276:29195; Sogjima et a. 2001. J. Biol. Chem. 276:17229; Soejima et
al. 2002. J. Biol. Chem. 247:49027. |In one embodiment, avariant form of FVII
includes the mutations Exemplary mutations include V158D-E296V-M298Q. In
another embodiment, avariant form of FVII includes areplacement of amino acids
608-619 (LQQSRKVGDSPN, corresponding to the 170- loop) from the FVII 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 et a. (2009
N.E. Journal of Medicine 361:1671) describe an R338L mutation. Chang et al. (1988
JBC 273:12089) and Pierri et a. (2009 Human Gene Therapy 20:479) describe an
R338A mutation. Other mutations are known in the art and include those described,
e.g., in Zogg and Brandstetter. 2009 Structure 17:1669; Sichler etl a. 2003. J. Biol.
Chem. 278:4121; and Sturzebecher et al. 1997. FEBS Lett 412:295. Another
version of factor rx (the triple mutatnt V86A/E277A/R338A) with augmented
clotting activities has been described by Lin et al. 2010. Journal of Thrombosis and
Haemostasis 8: 1773). The contents of these references are incorporated herein by
this reference.

[00256] Full activation, which occurs upon conformational change from a
zymogen-like form, occurs 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 FVIla includes both two-chain forms thereof, the

zymogen-like form and the fully activated two-chain form.
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[00257] In one embodiment, aclotting factor of the invention is amature form
of Factor VIII or avariant thereof. FVIII 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 anegatively charged phospholipid surface in the presence of
calcium ions. FVIII is synthesized as a2351 amino acid single-chain polypeptide
having the domain structure A1-A2-B-A3-C1-C2. Wehar, G. A. et a., Nature
312:337-342 (1984) and Toole, J. J. et al., Nature 312:342-347 (1984). The domain
structure of FVI1II isidentical to that of the homologous coagulation factor, factor V
(FV). Kane, W. H. et a., PNAS (USA) 83:6800-6804 (1986) and Jenny, R. J. et dl.,
PNAS (USA) 84:4846-4850 (1987). The FVIII A-domains are 330 amino acids and
have 40% amino acid identity with each other and to the A-domain of FV and the
plasma copper-binding protein ceruloplasmin. Takahashi, N. et al., PNAS (USA)
81:390-394 (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 a., PNAS (USA) 87:8417-8421 (1990). The
FVIII B-domain is encoded by asingle exon and exhibits little homology to any
known protein including FV B-domain. Gitschier, J. et al., Nature 312:326-330 (1984)
and Cripe, L. D. et al., Biochemistry 31:3777-3785 (1992).

[00258] FVIII is secreted into plasma as a heterodimer of aheavy chain
(domains A1-A2-B) and alight chain (domains A3-C1-C2) associated through a
noncovalent divalent metal ion linkage between the Al- and A3-domains. In plasma,
FVIII is stabilized by binding to von Willebrand factor. More specifically, the FVIII
light chain isbound by noncovalent interactions to aprimary binding site in the amino
terminus of von Willebrand factor. Upon proteolytic activation by thrombin, FVIII is
activated to aheterotrimer of 2 heavy chain fragments (Al, a50 kDa fragment, and
A2, a43 kDa fragment) and the light chain (A3-C1-C2, a73 kDa chain). The active
form of FVIII (FVI1I1a) thus consists of an Al-subunit associated through the divalent
metal ion linkage to athrombin-cleaved A3-C1-C2 light chain and afree A2 subunit
associated with the Al domain through an ion association. Eaton, D. et a.,
Biochemistry 25: 505 (1986); Lollar, P. et a., J. Biol. Chem. 266: 12481 (1991); and
Fay, P.J. et al., J. Biol. Chem. 266: 8957 (1991). This FVIlla heterotrimer isunstable
and subject to rapid inactivation through dissociation of the A2 subunit under

physiological conditions.
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[00259] In one embodiment, aclotting factor comprises a B-domain deleted
version of factor VIII. "B-domain" of Factor VIII, as used herein, isthe same as the

B-domain known in the art that is defined by internal amino acid sequence identity
and sites of proteolytic cleavage, eg., residues Ser741-Argl648 of full-length human
Factor VIII. The other human Factor VIII domains are defined by the following
amino acid residues: Al, residues Alal-Arg372; A2, residues Ser373-Argr740; A3,
residues Serl690-Asn2019; Cl, residues Lys2020-Asn2172; C2, residues Ser2173-
Tyr2332. The A3-C1-C2 sequence includes residues Serl690-Tyr2332. The
remaining sequence, residues Glul649-Argl689, isusualy referred to asthe a3 acidic
region. The locations of the boundaries for al of the domains, including the B-
domains, for porcine, mouse and canine Factor VIl are aso known in the art. In one
embodiment, the B domain of Factor VIl isdeleted ("B-domain-deleted factor VIII"
or "BDD FVIII"). Anexample of aBDD FVIII is REFACTO® (recombinant BDD
FVIII with S743/Q1638 fusion), which isknown in the art.

[00260] A "B-domain-deleted Factor VIII" may have the full or partial
deletions disclosed in U.S. Pat. Nos. 6,316,226, 6,346,513, 7,041,635, 5,789,203,
6,060,447, 5,595,886, 6,228,620, 5,972,885, 6,048,720, 5,543,502, 5,610,278,
5,171,844, 5,112,950, 4,868,112, and 6,458,563, each of which isincorporated herein
by reference in its entirety. In some embodiments, aB-domain-deleted Factor VI
sequence of the present invention comprises any one of the deletions disclosed at col.
4,line 4 to cal. 5, 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-domain deleted Factor VIl isthe
S743/Q1638 B-domain deleted Factor VI (SQ version Factor VIII) (e.g., Factor VIII
having a deletion from amino acid 744 to amino acid 1637, e.g., Factor VIII having
amino acids 1-743 and amino acids 1638-2332 of SEQ ID NO: 6, i.e.,, SEQ ID NO:
2). In some embodiments, a B-domain-deleted Factor VIl of the present invention
has adeletion disclosed at col. 2, lines 26-51 and examples 5-8 of U.S. Patent No.
5,789,203 (also US 6,060,447, US 5,595,886, and US 6,228,620). In some
embodiments, aB-domain-deleted Factor VIl has adeletion described in col. 1, lines
25to col. 2, line 40 of US Patent No. 5,972,885; col. 6, lines 1-22 and example 1 of
U.S. Patent no. 6,048,720; col. 2, lines 17-46 of U.S. Patent No. 5,543,502; col. 4, line
22 tocol. 5, line 36 of U.S. Patent no. 5,171,844; coal. 2, lines 55-68, figure 2, and
example 1of U.S. Patent No. 5,112,950; col. 2, line 2 to col. 19, line 21 and table 2 of
U.S. Patent No. 4,868,112; col. 2, line 1to col. 3, line 19, col. 3, line 40 to cal. 4, line
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67, col. 7,line 43 to col. 8, line 26, and col. 11, line 5to col. 13, line 39 of U.S. Patent
no. 7,041,635; or col. 4, lines 25-53, of U.S. Patent No. 6,458,563. In some
embodiments, aB-domain-deleted Factor VIl has adeletion 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 trandation product into two polypeptide
chain, as disclosed in WO 91/09122, which isincorporated herein by reference in its
entirety. In some embodiments, aB-domain-deleted Factor VIl is constructed with a
deletion of amino acids 747-1638, i.e., virtualy acomplete deletion of the B domain.
Hoeben R.C, etal. J. Biol. Chem. 265 (13): 7318-7323 (1990), incorporated herein
by reference inits entirety. A B-domain-deleted Factor VIII may aso contain a
deletion of amino acids 771-1666 or amino acids 868-1562 of Factor VIII. Meulien
P., etal. Protein Eng. 2(4): 301-6 (1988), incorporated herein by reference in its
entirety. Additional B domain deletions that are part of the invention include:
deletion of amino acids 982 through 1562 or 760 through 1639 (Toole et al., Proc.
Natl. Acad. Sci. U.SA. (1986) 83, 5939-5942)), 797 through 1562 (Eaton, et al.
Biochemistry (1986) 25:8343-8347)), 741 through 1646 (Kaufman (PCT published
application No. WO 87/04187)), 747-1560 (Sarver, et al., DNA (1987) 6:553-564)),
741 though 1648 (Pasek (PCT application N0.88/00831)), or 816 through 1598 or 741
through 1648 (Lagner (Behring Inst. Mitt. (1988) No 82:16-25, EP 295597)), each of
which isincorporated herein by reference in its entirety. Each of the foregoing
deletions may be made in any Factor V111 sequence.

[00261] In one embodiment, aclotting factor of the invention is a mature form
of Factor rx or avariant thereof. Factor IX circulates as a415 amino acid, single
chain plasma zymogen (A. Vysotchin et al., J. Biol. Chem. 268, 8436 (1993)). The
zymogen of FIX is activated by FXla or by the tissue factor/FVIla complex. Specific
cleavages between arginine-alanine 145-146 and arginine-valine 180-181 result in a
light chain and aheavy chain linked by a single disulfide bond between cysteine 132
and cysteine 289 (S. Bajg et al., Biochemistry 22, 4047 (1983)). The structural
organization of FFX is similar to that of the vitamin K-dependent blood clotting
proteins FVII, FX and protein C (B. Furie and B. Furie, supra). The approximately 45
amino acids of the amino terminus comprise the gamma-carboxy glutamic acid, or gla,
domain. This isfollowed by two epidermal growth factor homology domains (EOF),
an activation peptide and the catalytic "heavy chain” which is amember of the serine
protease family (A. Vysotchin et a., J. Biol. Chem. 268, 8436 (1993); S. Spitzer et al .,
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Biochemical Journal 265, 219 (1990); H. Brandstetter et al., Proc. Natl. Acad Sci.
USA 92, 9796 (1995)).

[00262] In one embodiment, aclotting factor of the invention is a mature form
of Factor X. Factor X isavitamin-K dependent glycoprotein of amolecular weight
of 58.5 kDa, which is secreted from liver cells into the plasma as azymogen. Initialy
factor X isproduced as aprepropeptide with asignal peptide consisting in total of 488
amino acids. The signal peptide is cleaved off by signal peptidase during export into
the endoplasmatic reticulum, the propeptide sequence is cleaved off after gamma
carboxylation took place at the first 11 glutamic acid residues at the N-terminus of the
mature N-terminal chain. A further processing step occurs by cleavage between
Argl82 and Serl83. This processing step also leads concomitantly to the deletion of
the tripeptide Argl80-Lys81-Argl82. The resulting secreted factor X zymogen
consists of an N-terminal light 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
disulfide bridge between Cysl72 and Cys342. Further posttransational processing
steps include the .beta.-hydroxylation of AsplO3 aswell as N- and O-type
glycosylation.

[00263] It will beunderstood that in addition to wild type (WT) versions of
these clotting factors or biologically active portions thereof, the present invention may
also employ precursor truncated forms thereof that have activity, allelic variants and
species variants, variants encoded by splice variants, and other variants, including
polypeptides that have at least 40%, 45%, 50%, 55%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or more sequence identity to the mature form of the
clotting factor and which retain the ability to promote clot formation. For example,
modified FVI1 polypeptides and variants thereof which retain at least one activity of a
FVII, such as TF binding, factor X binding, phospholipid binding, and/or coagulant
activity of aFVIl may be employed. By retaining activity, the activity can be atered,
such as reduced or increased, as compared to awild-type clotting factor so long as the
level of activity retained is sufficient to yield adetectable effect. Exemplary
sequences of clotting factors that can be used in the constructs of the invention are
found in the accompanying sequence listing.

[00264] Exemplary modified polypeptides include, but are not limited to,
tissue-specific isoforms and alelic variants thereof, synthetic molecules prepared by

tranglation of nucleic acids, proteins generated by chemical synthesis, such as
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syntheses that include ligation of shorter polypeptides, through recombinant methods,
proteins isolated from human and non-human tissue and cells, chimeric polypeptides
and modified forms thereof.

[00265] Other variants of clotting factors include versions that are modified to
ater activity. For example, high specific activity versions of clotting factors are
known in the art and can be used to make apolypeptide of the invention. Exemplary
such high specific activiaty variants are described, e.g., in Persson et al. PNAS. 2001.
98:13583 and Soegjima et a. Journal of Biological Chemistry. 2002. 277:49027. For
example, in one embodiment, ahigh specific activity version of Factor VII, removes
amino acids 311 to 322 of the FVII mature sequence (LQQSRKYVGDSPN,
corresponding to the 170- loop) and replaces them with amino acids EASYPGK from
the 170-loop of trypsin. This substitution has been shown to confer high specific
activity. An additional high specific activity version of Factor VII contains three
point mutations in the heavy chain of FVII, V158D, E296V and M298Q.

[00266] 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 afull-length mature polypeptide.
Exemplary clotting factor variants are known in the art.

[00267] Exemplary clotting factors are those of mammalian, e.g., human,
origin. The sequences of exemplary clotting factors are presented in the
accompanying sequence listing, e.g., alone or in the context of an clotting factor
construct.

[00268] In one embodiment, more than one clotting factor may be present in a
polypeptide of the invention. In another embodiment, apolypeptide of the invention
comprises alight chain of aclotting factor genetically fused to one Fc moiety of a
construct of the invention and aheavy chain of aclotting factor genetically fused to
the second Fc moiety of aconstruct of the invention, or vise versa.

[00269] Exemplary constructs comprising clotting factors as biologically active
moieties are shown in the working examples. For example, in one embodiment, a
clotting factor zymogen (e.g., factor VII heavy and light chain) is attached via an
optional linker (e.g., 6x(G,S)) linker or directly to the amino terminus of afirst Fc
moiety (comprising CHI, CH2, and CH3 domains). The carboxy terminus of the first
Fc moiety has acscFc linker (e.g., a6x(G,S) linker or 4x(G,4S) linker) which

comprises afirst processing site (e.g., RRRRS processing site). The other end of the
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csckc linker comprises a second processing site (e.g., an RKRRKR or RRRR
processing site) and isoptionally linked via a spacer to atargeting moiety (e.g., a
platelet targeting moiety) or is directly linked to a second Fc moiety. Where a
targeting moiety ispresent, it may be linked to the second Fc moiety via a spacer
(eg., 6x (G,9). TheFVII-027, FVII-064 and FIX-044 molecules described herein
are examples of such constructs.

[00270] Other exemplary constructs result in the secretion of an activated
clotting factor rather than azymogen following processing of the linker by proteases.
For example, in one embodiment, the light chain of aclotting factor isfused via a
spacer (e.g., a4x(G,S) linker) to the amino terminus of afirst Fc moiety (comprising
CHI, CH2, and CH3 domains). The carboxy terminus of the first Fc moiety is linked
to alinker (e.g., a6x(G,S) cscke linker) which comprises afirst processing site (e.g.,
RRRR) processing site). The other end of the linker comprises a second processing
site, e.g., an RKRRKR processing site and is genetically fused to the heavy chain of
the clotting factor (e.g., FVII heavy chain) which isin turn fused to the amino
terminus of the second Fc moiety via asecond spacer (e.g., a4x(G,S) linker). An
example of such aconstruct is the FV11-024 construct described herein and shown in
Figure 2.

[00271] Additional constructs were made to vary the way in which the heavy
and light chains of aclotting factor are expressed. As shown in Figure 7, the heavy
and light chain can be expressed as a single chain (FV-011 and FV-003) or separately
(FV-010, FVI1I-013, or FV1I-018).

[00272] An additional construct was made to test the ability of FVII to be
expressed in activated form. The FVI11-025 construct is set forth in Figure 9.

[00273] Another construct in which adifferent biologically active moiety,
IFNB, was employed is set forth in Figure 10 to show that not only clotting factors
can be made using the methods of the invention. In making this construct, IFN was
linked to afirst Fc moiety using a spacer molecule.

[00274] Failure to express the FVII heavy chain with afree N terminus led to
generation of the constructs described in Figure 11. In these constructs, FVIIFc is
expressed as aheterodimer where one subunit comprises the FV1I light chain and an

Fc moiety, and the other subunit comprises the heavy chain preceded by an RKRRKR
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processing site (FV11-019) or by alight chain C terminal fragment and an RKRRKR
processing site (FV11-020).

F. Targeting Moieties
[00275] In one embodiment, the antigen binding portion targets the composition
to aparticular cell type or tissue. Such targeting moieties may comprise, e.g., an
antigen binding site, aligand binding portion of areceptor, or areceptor binding
portion of aligand. In another embodiment, atargeting moiety is apeptide.
[00276] In one embodiment, aclotting factor of the invention istargeted to
platelets to enhance its efficacy by localizing the clotting factor to the site of
coagulation using a "targeting moiety" which binds to amolecule expressed on
platelets. Preferably the targeted molecules are not expressed on cells or tissues other
than platelets, i.e., the targeting moieties specifically bind to platelets.
[00277] In one embodiment, receptors/conformations found on resting platelets
aretargeted. By doing so, sites for coagulation could be primed for enhanced
efficacy. Targeting such molecule may also extend half life of the clotting factor
and/or prevent clearance. Examples of such targets include, e.g., Gplb of the
Gplb/V/IX complex, and GpVI and nonactive form of GPIIb/ll1a
[00278] In one embodiment, receptors/conformations only found on activated
platelets are targeted in order to localize the clotting factor to site of active
coagulation. Examples of such targets include, e.g., the active form of Gpllb/llla as
well as CD62P.
[00279] In one embodiment, apolypeptide of the invention comprises a
"targeting moiety" which has affinity for and binds to platelets. For example, in one
embodiment, atargeting moiety binds to the GPIb complex, e.g, GPlb-alpha
Examples of such targeting moieties include the peptides PS4, OS1, and OS2 which
bind to both active and nonactive platelets (Benard et a. 2008 Biochemistry
47:4674); In another embodiment, atargeting moiety binds to the active
conformation of GPllbllla. Examples of such targeting moieties inlcude SCE5 and
MB9 variable regions which bind active platelets only (Schwarz et a. 2004 FASEB
Journal express article 10.1096/fj.04-1513fje; Schwarz et al. 2006 Circulation
Research. 99:25-33; U.S. Patent publication 20070218067). In another embodiment,
atargeting moiety binds to both the active/nonactive conformation of GPIIbllla. An

example of such atargeting moiety isthe variable region of the AP3 antibody
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(Peterson et al. 2003. Hemostasis, Thrombosis, and Vascular Biology 101:937; WO
20101 15866).

[00280] Other platelet targets or targeting moieties which bind to such targets
could be readily selected by one of ordinary skill in the art.

[00281] The polypeptides 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 moieties may be linked to each other
(e.g. , via aspacer) in series, and the tandem array operably linked to a construct of the
invention. When two or more targeting moieties are present in aclotting factor of the
invention, the moieties may be the same or different.

[00282] In one embodiment, atargeting moiety isfused to apolypeptide of the
invention by acleaveable linker or aternatively, in other embodiment, the
polypeptide further comprises acleavage site. Either of the cleavable linker or the
cleavage site may be cleaved to remove the targeting moiety at the site of aclot. In
another embodiment, atargeting moiety is attached via a spacer which is not
cleaveable and, therefore, isnot cleaved at the site of aclot.

[00283] In one embodiment, the targeting moiety islocated on the N- or C-
terminus of factor VIII. In another embodiment, atargeting moiety islocated on the
C-terminus of FVII, FIX, FX, or the C-terminus of either or both chains of FVlla,
FFXa, of FXa. In one embodiment the targeting moiety may be positioned at the N or
C terminus of the second Fc moiety (F2), or the C-terminus of either or both Fc
moieties (FI and/or F2). The targeting moiety may be linked to the biologically
active moiety or Fc moiety via a spacer.

[00284] In one embodiment, atargeting moiety is not fused to a construct via a
peptide bond, but rather ischemically conjugated to the construct. For example,
targeting moieties may be attached to a construct of the invention by formation of a
bond between the targeting moiety and an Fc moiety of a construct, where the
targeting moiety comprises afirst functional group and the Fc moiety comprises a
second functional group, and where the first and second functional groups are capable
of reacting with each other to form achemical bond (see, e.g., U.S. patent 7381408).
[00285] Exemplary formats of targeted clotting factors are also set forth in the
accompanying Figures.

[00286] In one embodiment, apolypeptide of the invention comprises at |least

one of an antigen binding site (e.g. , an antigen binding site of an antibody, antibody
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variant, or antibody fragment), apolypeptide, areceptor binding portion of ligand, or
aligand binding portion of areceptor 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 targeting moieties
are found in the instant examples.

[00287] For example, in certain embodiments, a polypeptide of the invention
comprises at least one antigen binding portion (e.g., binding site) of an antibody. In one
embodiment, the antigen binding portion targets the composition to platelets. Such an
antibody may bind to an epitope expressed by al platelets (e.g., activated and
inactivated) or may bind to an epitope expressed specifically by activated platel ets).
[00288] Exemplary antibodies from which binding sites can be derived or
exemplary antibody binding sites for use in the polypeptide molecules of the
invention are known in the art. As set forth above, antibodies known to bind to
platelets can be used to derive binding sites, for example, the AP3 antibody or the
MB9 scFv described in US 2007/0218067 or the variable region or an scFv molecule
comprising the variable region can be used as atargeting moiety in aconstruct of the
invention. Other exemplary antibody binding sites include SCE5 which targets a
confirmation found on activated platelets. Other useful antibodies can be readily
selected from those known in the art.

[00289] In certain other embodiments, the polypeptides of the invention
comprise one or more binding sites derived from anon-immunoglobulin binding
molecule. Asused herein, the term "non-immunoglobulin binding molecules' are
binding molecules whose binding sites comprise aportion (e.g., ascaffold or
framework) which is derived from apolypeptide other than an immunoglobulin, but
which may be engineered (e.g., mutagenized) to confer adesired binding specificity.
[00290] Other examples of binding molecules comprising binding sites not
derived from antibody molecules include receptor binding sites and ligand binding
sites which bind to platelets.

[00291] Non-immunoglobulin binding molecules may be identified by
selection or isolation of atarget-binding variant from alibrary of binding molecules
having artificialy diversified binding sites. Diversified libraries can be generated
using 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 involved when the binding site interacts with its
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cognate target molecule can berandomized 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 investigation of the
crystal structure of the binding site in complex with the target molecule. Candidate
positions for randomization include loops, flat surfaces, helices, and binding cavities
of the binding site. In certain embodiments, amino acids within the binding site that
arelikely candidates for diversification can be identified using techniques known in
the art. Following randomization, the diversified library may then be subjected to a
selection or screening procedure to obtain binding molecules with the desired binding
characterigtics, e.g. specific binding platelets using methods known in the art.
Selection can be achieved by art-recognized methods such as phage display, yeast
display, or ribosome display. In one embodiment, molecules known in the art to bind
to platelets may be employed in the constructs of the invention. For example,
peptides which bind to GPlba as described in the art (e.g., PS4, 0S1, or 0S2) may be
used (Benard et a. 2008. Biochemistry 47:4674-4682).

1. Prepar ation of Polypeptides

[00292] A variety of methods are available for producing apolypeptide of the
invention. In one embodiment, the invention relates to anucleic acid construct
comprising anucleic acid sequence encoding a polypeptide molecule of the invention.
It will be understood that because of the degeneracy of the code, avariety of nucleic
acid sequences will encode the amino acid sequence of the polypeptide. The desired
polynucleotide can be produced by de novo solid-phase DNA synthesis or by PCR
mutagenesis of an earlier prepared polynucleotide encoding the target polypeptide.
[00293] Nucleic acids encoding abiologically active molecule can be readily
synthesized using recombinant techniques well known in the art. Alternatively, the
peptides themselves can be chemically synthesized. Nucleic acids of the invention
may be synthesized by standard methods known in the art, e.g., by use of an
automated DNA synthesizer (such as are commercially available from Biosearch,
Applied Biosystems, etc.). As examples, phosphorothioate oligonucleotides may be
synthesized by the method of Stein et al. 1988, Nucl. Acids Res. 16:3209,

methyl phosphonate oligonucleotides can be prepared by use of controlled pore glass
polymer supports as described in Sarin et al. 1988, Proc. Natl. Acad. Sci. USA
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85:7448. Additional methods of nucleic acid synthesis are known in the art. (see, eg.,
U.S. Pat. Nos. 6,015,881, 6,281,331; 6,469, 136).

[00294] Methods for linking desired biologically active moieties, whether
derived from antibodies or other molecules, to cleavable scFc scaffolds are known in
the art.

[00295] Oligonucleotide-mediated mutagenesis is one method for preparing a

substitution, in-frame insertion, or ateration (e.g. , altered codon) to introduce a codon
encoding an amino acid substitution (eg. , into an Fc 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, aDNA
polymerase isused to synthesize an entire second complementary strand of the
template that incorporates the oligonucleotide primer. In one embodiment, genetic
engineering, eg. , primer-based PCR mutagenesis, is sufficient to incorporate an
alteration, as defined herein, for producing apolynucleotide encoding apolypeptide
of the invention.

[00296] For recombinant production, apolynucleotide sequence encoding the
polypeptide isinserted into an appropriate expression vehicle, i.e., avector which
contains the necessary elements for the transcription and translation of the inserted
coding sequence, or in the case of an RNA vira vector, the necessary elements for
replication and trandation.

[00297] In one embodiment, anucleic acid molecule encoding the protein is
inserted into the vector in proper reading frame. The expression vector isthen
transfected into a suitable target cell which will express the polypeptide. Transfection
techniques 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, EMBO, J. 1: 841). A variety of host-expression vector systems may be utilized
to express the proteins described herein in eukaryotic cells. In one embodiment, the
eukaryotic cell isan animal cell, including mammalian cells (e. g. 293 cells, PerC6,
CHO, BHK, Cos, HelL a cells). When the protein is expressed in a eukaryotic cell the
DNA encoding the protein may also code for asignal sequence that will permit the
protein to be secreted. One skilled in the art will understand that while the protein is
trandlated the signal sequence is cleaved by the cell to form the mature protein.
Various signal sequences are known in the art e. g. , native factor VIl signal sequence,

native factor rx signa sequence and the mouse IgK light chain signal sequence.
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Alternatively, where asignal sequence is not included the protein can be recovered by
lysing the célls.

[00298] The protein of the invention can be synthesized in atransgenic animal,
such as arodent, goat, sheep, pig, or cow. The term "transgenic animals' refers to
non-human animals that have incorporated aforeign gene into their genome. Because
this gene ispresent in germline tissues, it ispassed from parent to offspring.
Exogenous genes are introduced into single-celled embryos (Brinster et al. 1985,
Proc. Natl. Acad.Sci. USA 82 : 4438). Methods of producing transgenic animals are
known in the art. including transgenics that produce immunoglobulin molecules
(Wagner et al. 1981, Proc. Natl. Acad. Sci. USA 78; 6376; McKnight et 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 a. 2003, Theriogenology
59: 107; Maassagne et al. 2003, Xenotransplantation 10 (3): 267).

[00299] 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 to, vector pUR278 (Ruther et a. 1983, EMBO J. 2: 1791)
in which the protein described herein coding sequence may be ligated into the vector
in frame with the lac z coding region so that ahybrid protein is produced; pGEX
vectors may be used to express proteins with a glutathione S-transferase (GST) tag.
These proteins are usually soluble and can easily be purified from cells by adsorption
to glutathione-agarose beads followed by eution in the presence of free glutathione.
The vectors include cleavage sites (e. g. PreCission Protease (Pharmacia, Peapack, N.
J.)) for easy removal of the tag after purification.

[00300] For the purposes of this invention, numerous expression vector systems
may be employed. These expression vectors are typically replicable in the host
organisms either as episomes or as an integral part of the host chromosomal DNA.
Expression vectors may include expression control sequences including, but not
limited to, promoters (eg. , naturally-associated or heterologous promoters),
enhancers, 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 eukaryotic host
cells. Expression vectors may also utilize DNA eements which are derived from
animal viruses such as bovine papilloma virus, polyoma virus, adenovirus, vaccinia

virus, baculovirus, retroviruses (RSV, MMTV or MOMLYV), cytomegalovirus
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(CMV), or SV40 virus. Others involve the use of polycistronic systems with internal
ribosome binding sites.

[00301] 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
sequences (see, eg., Itakuraet al., US Patent 4,704,362). 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 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.

[00302] An exemplary 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 origin of replication, the bovine growth
hormone polyadenylation sequence, neomycin phosphotransferase exon 1 and exon 2,
the dihydrofolate reductase gene and leader sequence. This vector has been found to
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 systems are also taught in U.S. Pat.
Nos. 5,736,137 and 5,658,570, each of which isincorporated by reference inits
entirety herein. This system provides for high expression levels, e.g., > 30
po/cell/day. Other exemplary vector systems are disclosed e.g., in U.S. Patent No.
6,413,777.

[00303] In other embodiments the polypeptides of the invention of the instant
invention 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
systems 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 aso
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.
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[00304] 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 to
those of skill inthe art. These include, but are not limited to, transfection (including
electrophoresis and electroporation), protoplast fusion, calcium phosphate
precipitation, cell fusion with enveloped DNA, microinjection, and infection with
intact virus. See, Ridgway, A.A.G. "Mammalian Expression Vectors' Chapter 24.2,
pp. 470-472 Vectors, Rodriguez and Denhardt, Eds. (Butterworths, Boston, Mass.
1988). Most preferably, plasmid introduction into the host is via electroporation. The
transformed cells are grown under conditions appropriate to the production of the
light chains and heavy chains, and assayed for heavy and/or light chain protein
synthesis. Exemplary assay techniques include enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), or flourescence-activated cell sorter analysis
(FACS), immunohistochemistry and the like.

[00305] Asused herein, the term "transformation” shall be used in abroad
sense to refer to the introduction of DNA into arecipient host cell that changes the
genotype and consequently results in achange in the recipient cell.

[00306] Along those same lines, "host cells" refers to cells that have been
transformed with vectors constructed using recombinant DNA techniques and
encoding at least one heterologous gene. 1n descriptions of processes for isolation of
polypeptides from recombinant hosts, the terms "cell" and "cell culture”" are used
interchangeably to denote the source of polypeptide unless it is clearly specified
otherwise. In other words, recovery of polypeptide from the "cells' may mean either
from spun down whole cells, or from the cell culture containing both the medium and
the suspended cells.

[00307] 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 expressed therein. Exemplary host cell lines include, but are not limited to,
CHO, eg., DG44 and DUXB1 1 (Chinese Hamster Ovary lines, DHFR minus), HELA
(human cervical carcinoma), CVI (monkey kidney ling), COS (aderivative of CVI
with SV40 T antigen), R1610 (Chinese hamster fibroblast) BALBC/3T3 (mouse
fibroblast), HAK (hamster kidney line), SP2/0 (mouse myeloma), P3.times. 63-
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Ag3.653 (mouse myeloma), BFA-IcIBPT (bovine endothelial cells), RAJ (human
lymphocyte), PerC6, and 293 (human kidney). Host cell lines are typically available
from commercia services, the American Tissue Culture Collection or from published
literature.

[00308] In one embodiment, ahost cell endogenously expresses an enzyme (or
the enzymes) necessary to cleave the polypeptide linker (L) during processing to form
the mature polyptide. During this processing, the polypeptide linker (L) is
substantially removed to reduce the presence of extraneous amino acids. In another
embodiment of the invention, ahost cell istransformed to express one or more
enzymes which are heterologous or exogenous to the cell such that processing of the
polypeptide linker (L) occurs or isimproved.

[00309] In one embodiment an enzyme which may be endogenously or
exogenously expressed by acell isamember of the furin family of enzymes.
Complete cDNA and amino acid sequences of human furin (i.e., PACE) were
published in 1990. Van den Ouweland A M et a. (1990) Nucleic Acids Res. 18:664;
Erratum in: Nucleic Acids Res. 18:1332 (1990).

[00310] U.S. Pat. No. 5,460,950, issued 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.
[00311] U.S. Pat. No. 5,935,815, issued to van de Ven et a., likewise describes
recombinant human furin (i.e., PACE) and the coexpression of furin with a substrate
precursor polypeptide of aheterologous protein to improve expression of active,
mature heterologous protein. Possible substrate precursors disclosed in this patent
include aprecursor of Factor 1X. Other family members in the mammalian furin/
subtilisin/Kex2p-like proprotein convertase (PC) family in addition to PACE are
reported to include PC1/PC3, PC2, PC4, PC5/6 (hereinafter referred to simply as
PC5), PACE4, and LPC/PC7/PC8/SPC7. While these various members share certain
conserved overall structural features, they differ in their tissue distribution, subcellular
localization, cleavage specificities, and preferred substrates. For areview, see
Nakayama K (1997) Biochem J. 327:625-35. Similar to PACE, these proprotein
convertases generally include, beginning from the amino terminus, asignal peptide, a
propeptide (that may be autocatalytically cleaved), asubtilisin-like catalytic domain
characterized by Asp, His, Ser, and Asn/Asp residues, and aHomo B domain that is
also essentia for catalytic activity and characterized by an Arg-Gly-Asp (ROD)
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sequence. PACE, PACE4, and PC5 aso include a Cys-rich domain, the function of
which is unknown. In addition, PC5 has isoforms with and without atransmembrane
domain; these different isoforms are known as PC5B and PC5A, respectively.
Comparison between the amino acid sequence of the catalytic domain of PACE and
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;
65 percent for PACE4 and PC5; 61 percent for PCL/PC3; 54 percent for PC2; and 51
percent for LPC/PC7/PC8/SPC7. Nakayama K (1997) Biochem J. 327:625-35.
[00312] 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
et a. (1993) JBiol Chem. 268:8458-65; Rehemtulla A et al. (1993) Biochemistry.
32:11586-90.

[00313] U.S. Pat. No. 5,840,529, issued to Seidah et al., discloses nucleotide
and amino acid sequences for human PC7 and the notable ability of PC7, as compared
to other PC family members, to cleave HIV gpl60 to gpl20 and gp41.

[00314] Nucleotide and amino acid sequences of rodent PC5 were first
described as PC5 by Lusson J et a. (1993) Proc Natl Acad Sci USA 90:6691-5 and as
PC6 by Nakagawa T et al. (1993) J Biochem (Tokyo) 113:132-5. U.S. Pat. No.
6,380,171, issued to Day et al., discloses nucleotide and amino acid sequences for
human PC5A, the isoform without the transmembrane domain (see, e.g., US Patets
7,795,400 and 7,566,595).

[00315] Genes encoding the polypeptides of the invention can aso 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 aso be transformed; i.e., those capable of being grown in cultures
or fermentation. Bacteria, which are susceptible to transformation, include members
of the enterobacteriaceae, such as strains of Escherichia coli or Salmonella;
Bacillaceae, such as Bacillus subtilis; Pneumococcus; 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 beisolated, purified and then assembled into functional molecules.

[00316] In addition to prokaryates, eukaryotic microbes may also be used.

Saccharomyces cerevisiae, or common baker's yeast, isthe most commonly used
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among eukaryotic microorganisms athough anumber of other strains are commonly
available.

For expression in Saccharomyces, the plasmid Y Rp7, for example, (Stinchcomb et al.,
Nature, 282:39 (1979); Kingsman et a., Gene, 7:141 (1979); Tschemper et al., Gene,
10:157 (1980)) is commonly used. This plasmid already contains the TRP1 gene which
provides a selection marker for amutant 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 acharacteristic 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 yeast promoters
include, among others, promoters from alcohol dehydrogenase, isocytochrome C, and
enzymes responsible for methanol, maltose, and galactose utilization.

[00317] Alternatively, polypeptide-coding nucleotide sequences can be
incorporated in transgenes for introduction into the genome of atransgenic animal and
subsequent expression in the milk of the transgenic animal (see, e.g., Deboer et al.,
US 5,741,957, Rosen, US 5,304,489, and Meade et al, US 5,849,992). Suitable
transgenes include coding sequences for polypeptides in operable linkage with a
promoter and enhancer from amammary gland specific gene, such as casein or beta
lactoglobulin.

[00318] In vitro production allows scale-up to give large amounts of the desired
polypeptides. Techniques for mammalian cell cultivation under tissue culture
conditions are known in the art and include homogeneous suspension culture, e.g. in
an airlift reactor or in acontinuous stirrer reactor, or immobilized or entrapped cell
culture, e.g. in hollow fibers, microcapsules, on agarose microbeads or ceramic
cartridges. If 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-cdllulose or (immuno-)affinity
chromatography, e.g., after preferential biosynthesis of a synthetic hinge region
polypeptide or prior to or subsequent to the HIC chromatography step described
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herein. An affinity tag sequence (e.g. aHis(6) tag) may optionaly be attached or
included within the polypeptide sequence to facilitate downstream purification.
[00319] In one embodiment, ahost cell of the invention can comprise agenetic
construct encoding a scFc polypeptide and one or more enzymes that can cleave a
csckc linker (L). The construct and the enzyme(s) can be expressed using asingle
vector or two vectors. When the polypeptides are cloned on separate expression
vectors, the vectors are co-transfected to obtain expression and assembly of intact
whole proteins.

[00320] The subject methods result in apopulation of mature proteins that is
substantially enriched for the desired heterodimeric two chain mature protein as
compared to prior art methods. In one embodiment, a mature polypeptide
composition of the invention substantially lacks unprocessed (i.e., single chain forms
of the polypeptide). In one embodiment, the cell culture medium in which host cells
expressing the polypeptides of the invention comprises apopulation of polypeptide
which substantially lacks unprocessed (i.e., single chain forms) of the polypeptide,
thereby simplifying purification. In another embodiment, the cell culture medium in
which host cells expressing the polypeptides of the invention comprises apopulation
of polypeptide which is enriched for active forms of abiologically active forms of a
molecule. For example, in one embodiment, expression of aheterodimeric
polypeptide of the invention using acsckc linker allows for expression of active
forms of molecules, e.g., clotting factors, without the need to activate them in an
additional step.

[00321] Once expressed, the mature two chain protein can be purified
according to standard procedures of the art, including ammonium sulfate
precipitation, affinity column chromatography, HPLC purification, gel electrophoresis
and the like (see generally Scopes, Protein Purification (Springer-Verlag, N.Y .,
(1982)). 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.

[00322] In vitro production allows scale-up to give large amounts of the desired
altered polypeptides of the invention. Techniques for mammalian cell cultivation
under tissue culture conditions are known in the art and include homogeneous
suspension culture, e.g. in an airlift reactor or in a continuous stirrer reactor, or

immobilized or entrapped cell culture, e.g. in hollow fibers, microcapsules, on agarose
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microbeads or ceramic cartridges. |f 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.

IV. Purification of Polypeptides

[00323] In one embodiment, the invention pertains to amethod of purification
of mature polypeptide molecules of the invention which are expressed as double-
chain (i.e., dimeric) comprising an Fc region that is not genetically-fused Fc. Such
molecules can be separated from unprocessed molecules comprising a genetically-
fused Fc region as well as other contaminants. Methods for purification are known in
the art and include, e.g., size-exclusion chromatography, gel filtration column, SDS-
PAGE, etc. Theinvention also pertains to purified populations of double-chain

molecules.

V. Labeling or Conjugation of Functional Moieties to Polypeptides

[00324] The polypeptides of the present invention may be used in non-
conjugated form or may be conjugated to at least one of avariety of functional
moieties, e.g., to facilitate target detection or for imaging or therapy of the patient.
The polypeptides of the invention can be labeled or conjugated either before or after
purification, when purification is performed. In particular, the polypeptides of the
present invention may be conjugated (eg. , via an engineered cysteine residue) to a
functional moiety. Functional moieties are preferably attached to aportion of the
polypeptide other than abinding site (eg. , apolypeptide linker or an Fc moiety of a
genetically-fused Fc region (i.e., acsckc region)).

[00325] Exemplary functional moieties include cytotoxins (such as
radioisotopes, cytotoxic drugs, or toxins) therapeutic agents, cytostatic agents,
biological toxins, prodrugs, peptides, proteins, enzymes, viruses, lipids,and biological

response modifiers,

VI. M ethods of Administering Polypeptides of the I nvention

[00326] Methods of preparing and administering polypeptides of the invention
to a subject are well known to or are readily determined by those skilled in the art.
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5 [00327] Compositions for administration to a subject include nucleic acid
molecules which comprise a nucleotide sequence encoding a molecule of the
invention whether processed or unprocessed (for gene therapy applications) aswell as
polypeptide molecules.

[00328] The route of administration of the polypeptides of the invention may

10  beord, parenteral, by inhalation or topical. The term parenteral asused herein
includes intravenous, intraarterial, intraperitoneal, intramuscular, subcutaneous, rectal
or vaginal administration. Theintravenous, intraarterial, subcutaneous and
intramuscular forms of parenteral administration are generally preferred. While all
these forms of administration are clearly contemplated as being within the scope of

15 theinvention, aform for administration would be a solution for injection, in particular
for intravenous or intraarterial injection or drip. Usually, a suitable pharmaceutical
composition for injection may comprise abuffer (e.g. acetate, phosphate or citrate
buffer), a surfactant (e.g. polysorbate), optionally astabilizer agent (e.g. human
albumin), etc. However, in other methods compatible with the teachings herein, the

20  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.

[00329] Preparations for parenteral administration include sterile agueous or
non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive ail,

25  and injectable organic esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/agueous solutions, emulsions or suspensions, including saline and buffered
media. In the subject invention, pharmaceutically acceptable carriers include, but are
not limited to, 0.01-0. 1M and preferably 0.05M phosphate buffer or 0.8% saline.
Other common parenteral vehicles include sodium phosphate solutions, Ringer's

30  dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous
vehicles include 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 agents, and inert
gases and the like.

35  [00330] More particularly, pharmaceutical compositions suitable for injectable
use include sterile agueous solutions (where water soluble) or dispersions and sterile
powders for the extemporaneous preparation of sterile injectable solutions or

dispersions. In such cases, the composition must be sterile and should be fluid to the
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extent that easy syringability exists. It should be stable under the conditions of
manufacture 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 (eg. , glycerol,
propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures
thereof. The proper fluidity can be maintained, for example, by the use of acoating
such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants.

[00331] Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
ascorbic acid, thimerosal and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyacohols, such as mannitol, sorbitol, or
sodium chloride in the composition. Prolonged absorption of the injectable
compositions can be brought about by including in the composition an agent which
delays absorption, for example, aluminum monostearate and gelatin.

[00332] In any case, sterile injectable solutions can be prepared by
incorporating an active compound (e.g., apolypeptide by itself or in combination with
other active agents) in the required amount in an appropriate solvent with one or a
combination of ingredients enumerated herein, asrequired, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the active
compound into a sterile vehicle, which contains abasic dispersion medium and the
required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuum drying and freeze-drying, which yields apowder of an active
ingredient plus any additional desired ingredient from aprevioudly sterile-filtered
solution thereof. The preparations for injections are processed, filled into containers
such as ampoules, bags, bottles, syringes or vials, and sealed under aseptic conditions
according to methods known in the art. Further, the preparations may be packaged
and sold in the form of akit such as those described in co-pending U.S.S.N.
09/259,337 and U.S.S.N. 09/259,338 each of which isincorporated herein by
reference. 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 to autoimmune or neoplastic disorders.
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[00333] Effective doses of 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. Usualy, the patient is ahuman but non-human mammals
including transgenic mammals can aso be treated. Treatment dosages may be titrated
using routine methods known to those of skill in the art to optimize safety and
efficacy.

[00334] In one embodiment, the dose of abiologically active moiety (e.g.,
comprising FIX) can range from about 25 to 100 1U/kg, e.g., 0.417 mg/kg to 1.67
mg/kg. In another embodiment, the dose of abiologically active moiety (e.g.,
comprising FVIII) can range from about 25 to 65 1U/kg, e.g., 0.003125 mg/kg to
0.008125 mg/kg. In another embodiment, the dose of abiologically active moiety
(e.g., comprising FVII), can range from about 90 to 270 ug/kg or 0.090 to 0.270
mag/kg.

[00335] In another embodiment, the dosage can range, e.g., from about 1000
ug/kg to 0.1 ng/kg body weight. In one embodiment, the dosing range is lug/kg to
100 ug/kg. In another embodiment, doses can range from. 0.0001 to 100 mg/kg, and
more usually 0.01 to 5 mg/kg (eg. , 0.02 mg/kg, 0.25 mg/kg, 0.5 mg/kg, 0.75 mg/kg,
Img/kg, 2 mg/kg, etc.), of the host body weight. For example dosages can be 1
mg/kg body weight or 10 mg/kg body weight or within the range of 1-10 mg/kg,
preferably at least 1 mg/kg.

[00336] Doses intermediate in the above ranges are aso intended to be within
the scope of the invention. Subjects can be administered such doses daily, on
aternative days, weekly or according to any other schedule determined by empirical
analysis. An exemplary treatment entails administration in multiple dosages over a
prolonged period, for example, of at least six months. In one embodiment, additional
exemplary treatment regimes entail administration once per every two weeks or once
amonth or once every 3to 6 months. Exemplary dosage schedules include 1-10
mg/kg or 15 mg/kg on consecutive days, 30 mg/kg on aternate days or 60 mg/kg
weekly. In some methods, two or more polypeptides with different binding
specificities are administered simultaneously, in which case the dosage of each

polypeptide administered falls within the ranges indicated.
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[00337] Polypeptides of the invention can be administered on multiple
occasions. Intervals between single dosages can be weekly, monthly or yearly.
Intervals can also beirregular as indicated by measuring blood levels of modified
polypeptide or antigen in the patient. In some methods, dosage is adjusted to achieve
aplasma modified polypeptide concentration of 1-1000 pg/ml and in some methods
25-300 ug/ml. Alternatively, polypeptides can be administered as a sustained release
formulation, in which case less frequent administration isrequired. Dosage and
frequency vary depending on the half-life of the polypeptide in the patient.

[00338] The dosage and frequency of administration can vary depending on
whether the treatment is prophylactic or therapeutic. In prophylactic applications,
compositions containing the polypeptides of the invention or acocktail thereof are
administered to apatient not already in the disease state to enhance the patient's
resistance or reduce symptoms associated with adisease or disorder. Such an amount
is defined to be a "prophylactic effective dose." In therapeutic applications, a
relatively high dosage (e.g. , from about 1to 400 mg/kg of polypeptide per dose, with
dosages of from 5 to 25 mg being more commonly used for radioimmunoconjugates
and higher doses for cytotoxin-drug modified polypeptides) at relatively short
intervals is sometimes required until progression of the disease isreduced or
terminated, and preferably until the patient shows partial or complete amelioration of
symptoms of disease. Thereafter, the patient can be administered a prophylactic
regime.

[00339] Polypeptides of the invention can optionally be administered in
combination with other agents that are effective in treating the disorder or condition in
need of treatment (e.g., prophylactic or therapeutic).

[00340] While the polypeptides of the invention may be administered as
described immediately above, it must be emphasized that, in other embodiments,
polypeptides may be administered to otherwise healthy patients as afirst line therapy.
In such embodiments the polypeptides may be administered to patients having normal
or average red marrow reserves and/or to patients that have not, and are not,
undergoing. Asused herein, the administration of polypeptides of the invention in
conjunction or combination with an adjunct therapy means the sequential,
simultaneous, coextensive, concurrent, concomitant or contemporaneous

administration or application of the therapy and the disclosed polypeptides. Those

91



10

15

20

25

30

35

WO 2012/006635 PCT/US2011/043599

skilled in the art will appreciate that the administration or application of the various
components of the combined therapeutic regimen may betimed to enhance the overall
effectiveness of the treatment. For example, chemotherapeutic or biologic agents
could be administered in standard, well known courses of treatment in conjunction
with the subject molecules. A skilled artisan (e.g. aphysician) 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.

[00341] In thisregard it will be appreciated that the combination of the
polypeptide and the agent may be administered in any order and within any time
frame that provides atherapeutic benefit to the patient. That is, the agent and
polypeptide may be administered in any order or concurrently. In selected
embodiments the polypeptides of the present invention will be administered to
patients that have previously undergone chemotherapy. In yet other embodiments, the
polypeptides and the chemotherapeutic treatment will be administered substantially
simultaneously or concurrently. For example, the patient may be given the
polypeptide while undergoing a course of chemotherapy. In preferred embodiments
the polypeptide will be administered within 1year of any agent or treatment. In other
preferred embodiments the polypeptide will be administered within 10, 8, 6, 4, or 2
months of any agent or treatment. In still other preferred embodiments the
polypeptide will be administered within 4, 3, 2 or 1week of any agent or treatment.

In yet other embodiments the polypeptide will be administered within 5,4, 3,2o0r 1
days of the selected agent or treatment. It will further be appreciated that the two
agents or treatments may be administered to the patient within a matter of hours or
minutes (i.e. substantially simultaneously).

[00342] In one embodiment, apolypeptide of the invention can be administered
as anucleic acid molecule. Nucleic acid molecules can be administered using
techniques known in the art, including via vector, plasmid, liposome, DNA injection,
electroporation, gene gun, intravenously injection or hepatic artery infusion. Vectors
for use in gene therapy embodiments are known in the art.

[00343] It will further be appreciated that the molecules of the instant invention
may be used in conjunction or combination with an agent or agents (e.g. to provide a
combined therapeutic regimen). Exemplary agents with which amolecule of the

invention may be combined include agents that represent the current standard of care
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for aparticular disorder being treated. Such agents may be chemical or biologic in
nature. The term "biologic" or "biologic agent” refers to any pharmaceutically active
agent made from living organisms and/or their products which isintended for use as a
therapeutic.

[00344] 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 isknown in the art. See for example, Bruce A Chabner et al., Antineoplastic
Agents, in GOODMAN & OILMAN'S THE PHARMACOL OGICAL BASIS OF THERAPEUTICS
1233-1287 ((Joel G. Hardman et al., eds., 9" ed. 1996). In another embodiment, an
amount of such an agent consistent with the standard of care is administered.

[00345] Aspreviously discussed, the polypeptides of the present invention,
may be administered in a pharmaceutically effective amount for the in vivo treatment
of mammalian disorders. Inthisregard, it will be appreciated that the molecule of the
invention can be formulated to facilitate administration and promote stability of the
active agent. Preferably, pharmaceutical compositions 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. For the purposes of
the instant application, apharmaceutically effective amount of apolypeptide of the
invention, conjugated or unconjugated to atherapeutic agent, shall be held to mean an
amount sufficient to achieve abenefit, e.g., to ameliorate symptoms of a disease or
disorder or to detect a substance or acell. Of course, the pharmaceutical

compositions of the present invention may be administered in single or multiple doses
to provide for apharmaceutically effective amount of the polypeptide.

[00346] The polypeptides of the invention have many uses aswill be
recognized by one skilled in the art, including, but not limited to methods of treating a
subject with adisease or condition. In keeping with the scope of the present
disclosure, the molecule of the invention may be administered to ahuman or other
animal in accordance with the aforementioned methods of treatment in an amount
sufficient to produce atherapeutic or prophylactic effect. It will be understood that
the type of disorders that can be treated depend upon the biologically active moiety
present in the polypeptide and the known biological effects of the biologically active
moiety. Given the modular nature of the disclosed polypeptides, biologically active
moieties can be selected by those of skill in the art and placed into a scFc scaffold

with a cscFc linker according to the claimed invention.
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[00347] In one embodiment,when the polypeptide comprises aclotting factor as
abiologically active moiety, the invention relates to a method of treating a subject
having ahemostatic disorder comprising administering atherapeutically effective
amount of at least one polypeptides of the invention.

[00348] Polypeptides of the invention which comprise aclotting factor can be
used to treat or prevent ahemostatic disorder by promoting the formation of afibrin
clot. The polypeptides of the invention can be used to treat hemostatic disorders, e.g.,
those known to be treatable with the particular clotting factor present in the
polypeptide. The hemostatic disorders that may be treated by administration of the
chimeric protein of the invention include, but are not limited to, hemophilia A,
hemophilia B, von Willebrand's disease, Factor X | deficiency (PTA deficiency),
Factor XI1 deficiency, aswell as deficiencies or structural abnormalities in fibrinogen,
prothrombin, Factor V, Factor VII, Factor X, or Factor XIII.

[00349] In one embodiment, the hemostatic disorder isan inherited disorder. In
one embodiment, the subject has hemophilia A, and the polypeptides comprises
Factor VII or Factor Villa. In another embodiment, the subject has hemophilia A and
the chimeric protein comprises Factor VII or Factor Vila. In another embodiment, the
subject has hemophilia B and the chimeric protein comprises Factor rx or Factor FXa
In another embodiment, the subject has hemophilia B and the polypeptides comprises
Factor VII or Factor Vila. In another embodiment, the subject has inhibitory
antibodies to Factor VII or Factor Villa and the polypeptides comprises Factor VII or
Factor Vila. In yet another embodiment, the subject has inhibitory antibodies against
Factor rx or Factor FXa and the polypeptides comprises Factor VII or Factor Vila
[00350] The polypeptides of the invention can be used to prophylactically treat
asubject with ahemostatic disorder. The polypeptides of the invention can be used to
treat an acute bleeding episode in a subject with ahemostatic disorder.

[00351] In one embodiment, the hemostatic disorder isthe result of a
deficiency in aclotting factor, e.g., Factor rx, Factor VIII. In another embodiment,
the hemostatic disorder can be the result of adefective clotting factor.

[00352] In another embodiment, 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 alimitation,

cancer, an autoimmune disease, or pregnancy. The acquired disorder can result from
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old age or from medication to treat an underlying secondary disorder (e.g. cancer
chemotherapy).

[00353] The invention also relates to methods of treating a subject that does not
have ahemostatic disorder or a secondary disease or condition resulting in acquisition
of ahemostatic disorder. The invention thus relates to amethod of treating a subject
in need of ageneral hemostatic agent comprising administering atherapeutically
effective amount of at least one polypeptide of the invention. For example, in one
embodiment, the subject in need of ageneral hemostatic agent isundergoing, or is
about to undergo, surgery. The polypeptides factor of the invention can be
administered prior to or after surgery as aprophylactic. The polypeptides of the
invention can be administered during or after surgery to control an acute bleeding
episode. The surgery can include, but isnot limited to, liver transplantation, liver
resection, or stem cell transplantation.

[00354] In another embodiment, the polypeptides of the invention can be used
to treat a subject having an acute bleeding episode who does not have ahemostatic
disorder. The acute bleeding episode can result from severe trauma, e.g., surgery, an
automobile accident, wound, laceration gun shot, or any other traumatic event

resulting in uncontrolled bleeding.

[00355] This invention is further illustrated by the following examples which
should not be construed as limiting. The contents of all references, patents and
published patent applications cited throughout this application are incorporated herein

by reference.
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EXAMPLES

[00356] Throughout the examples, the following materials and methods were
used unless otherwise stated.
Example 1: Cloning of pSYN-FVI1-024

[00357] The coding sequence of FVII was obtained by reverse transcription
coupled to polymerase chain reaction from ahuman liver mRNA library (Ambion,
Austin, Texas) using the following primers:

FVII-F1

GGGAATGTCAACAGGCAGGG (SEQ ID NO: 41)

FVII-R1

CTTGGCTTTCTCTCCACAGGC (SEQ ID NO:42)

[00358] A 50 pi reaction was carried out with 10 pmol of each primer using the
Superscript One-step RT-PCR with Platinum Tag system (Invitrogen, Carlsbad,
Calif.) according to the manufacturer's standard protocol in a MJ thermocycler. The
cycleused was 50° C for 30 minutes for the reverse transcription followed by
denaturing at 94° C for 2 minutes and 30 cycles of (94° C 30 seconds, 53° C 30
seconds, 72° C 90 seconds) followed by 10 minutes at 72° C The expected sized band
(-1400 bp) was gel-purified with a Gel Extraction kit (Qiagen, Vaencia, Calif.) and
cloned in pCR2. 1 TOPO using the TOPO TA Cloning kit (Invitrogen, Carlsbad,
Calif.) to produce the intermediate plasmid pSY N-FV11-001. To construct aplasmid
for the expression of atwo-chain FVII-Fc and Fc heterodimer, the FVII coding
sequence was PCR-amplified using the following primers:

Hindlll-Kozak-FVII-F
CGACAAGCTTGCCGCCACCATGGTCTCCCAGGCCCTCAGG (SEQ ID NO:
43)

Bspel-Fc-FVI1I-R
CGACTCCGGAGCTGGGCACGGTGGGCATGTGTGAGTTTTGTCGGGAAATG
GGGCTCGCAGG (SEQ ID NO: 44)

[00359] The forward primer Hindlll-Kozak-FVII-F adds aHindlll restriction
site followed by a Kozak sequence immediately upstream of the FVII coding region.
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The reverse primer Bspel-Fc-FVII-R adds afragment of the constant region of 1gGl
(the Fc region) comprising amino acids 221-233 (EU numbering). This process aso
incorporates a BspEl restriction site at amino acids 231-233 using the degeneracy of
the genetic code to preserve the correct amino acid sequence (EU numbering). A 50 ul
reaction was carried out with 15 pmol of each primer and template pSY N-FV11-001
using Platinum Pfx DNA Polymerase system according to manufacturer's protocol in
aMJ Thermocycler using the following cycles: 95° C 2 minutes; 30 cycles of (95° C
15 seconds, 49° C 30 seconds, 68° C 90 seconds); 68° C 10 minutes. Plasmid pSY N-
FIX-027 (pBUD FIXFc/Fc) was digested with Hindlll 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 (Qiagen,
Valencia, Calif.). Next, the PCR-amplified FVII sequence was subcloned into Hindlll
and EcoRl sites of the vector derived from pSY N-FFX-027 after removing the FFX
insert. This generated pSYN-FV11-002 (pBUD FVIIFc/Fc). Next, A (GGGGS)
polypeptide linker was added between FVI11 and the Fc region coding sequences in
pSYN-FVI1-002 using the following primers:

FVI1I-linker-F:

CATCCCCAGCACGTACGTCC (SEQ ID NO: 45)

FVII-Linker-R:
GGGCATGTGTGAGTTTTGTCTGATCCCCCGCCACCGGAACCTCCACCGCCT
GATCCACCCCCACCTGATCCGCCGCCACCGGACCCACCTCCGCCGGAGCC
ACCGCCACCGGGAAATGGGGCTCGCAGGAGG (SEQ ID NO: 46)

Fc-linker-F:

GACAAAACTCACACATGCCCACC (SEQ ID NO: 47)

Fc-linker-R:

GCAGAATTCTCATTTACCCGGAG (SEQ ID NO: 48)

[00360] Two 12 pi PCR reactions were carried out with either 12 pmol of
FVIl-linker-F and FVII-Linker-R (reaction 1) or Fc-linker-F and Fc-linker-R (reaction
2) using Expand High Fidelity System (Boehringer Mannheim, Indianapolis, Ind.)
according to manufacturer's standard protocol in aMJ Thermocycler. The first and
second reactions were carried out with 1 |1g of pSYN-FV11-002 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 1

97



10

15

20

25

30

35

WO 2012/006635

and 670 bp for reaction 2) were gel purified with a Gel Extraction kit (Qiagen,
Valencia, Calif.), then combined in a PCR reaction with 25 pmol of FVII-linker-F and
Fc-linker-R as before, but with 30 rounds of amplification. The expected sized band
(1200 bp) was gel purified with aGel Extraction kit (Qiagen, Vaencia, Calif.) and
digested with restriction enzymes Kpnl and EcoRI. The expected sized band (920 bp)
was gel purified as before and cloned into the Kpnl/EcoRI sites of pSYN-FV11-002 to
generate pSYN-FV11-003 (pBUD FVIIFc/6x(GGGGS) (SEQ ID NO: 36)/Fc).
Cloning of pSYN-FVI1-024 to express atwo-chain heterodimer

[00361] Plasmid (pSY N-FV11-024) was generated for the expression of atwo-
chain heterodimer where one chain consists of the FVII light chain (residues 1-152)
followed by a (GGGGS) . (SEQ ID NO: 36) linker followed by the Fc region, while
the other chain contains aFVI1 heavy chain (residues 153 to 406) followed by a
(GGGGS) &« (SEQ ID NO: 36) linker followed by the Fc region. The plasmid is
designed to express the heterodimer as asingle polypeptide where the C-terminus of
the FVII heavy chain-linker- Fc chain is connected to the N-terminus of the heavy
chain-linker-Fc chain by the following polypeptide sequence: RRRRS-(GGGGS) -
RKRRKR (SEQ ID NO: 50), where the RRRRS (SEQ ID NO: 38) and RKRRKR
(SEQ ID NO: 39) sequences are proprotein convertase cleavage sites. Intracellular
cleavage by proprotein convertases following the last Arg at each cleavage site can
result inremoval of the polypeptide linker. Consequently, cells will express a2 chain
heterodimer where the FVII light chain-linker-Fc chain has aRRRRS (SEQ ID NO:
38) sequence at the C-terminus, but the remainder of the linker and the RKRRKR
(SEQ ID NO: 39) sequence have otherwise been removed. Construction of the pSY N-

FVI11-024 and several intermediate plasmids required the use of the following primers:

HindllI-Sall-BpEl-Fc-F
AGTCAAGCTTGTCGACTCCGGAACTCCTGGGCGGACC (SEQ ID NO: 51)
BamHI-linker(PACEI)-Fc-R
CATCGGATCCCCCGCCACCGGAACCTCCACCGCCTGATCCACCCCCACCT
GATCCGCCGCCACCGCTCCGGCGGCGCCGTTTACCCGGAGACAGGGAGAG
G (SEQ ID NO: 52)

HindllI-Kozak-FVI1-F
CGACAAGCTTGCCGCCACCATGGTCTCCCAGGCCCTCAGG (SEQ ID NO:
43)
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BspEIl-Fc-linker-FVIILC-R
GAGTTCCGGAGCTGGGCACGGTGGGCATGTGTGAGTTTTGTCTGATCCCCC
GCCACCGGAACCTCCACCGCCTGATCCACCCCCACCTGATCCGCCGCCAC
CGGACCCACCTCCGCCGGAGCCACCGCCACCTCGGCCTTGGGGTTTGCTG
G (SEQ ID NO: 53)

BamHI-2xlink-pace-HC-F
CAGTCTGGATCCGGCGGTGGAGGTTCCGGTGGGGGTGGATCAAGGAAGA
GGAGGAAGAGGATTGTGGGGGGCAAGGTGTGCC (SEQ ID NO: 54)
Fc-EcoRI-R

ATGTCTGAATTCTCATTTACCCGGAGACAGGGAGAGG (SEQ ID NO: 55)
[00362] To generate the first intermediate plasmid, a PCR reaction was
performed with 25 pmol of primers HindllI-Sall-BpEl-Fc-F and BamHI-
linker(PACEI)-Fc-R and template pSY N-Fc-001 using Expand High Fidelity System
(Boehringer Mannheim, Indianapolis, Ind.) according to manufacturer's standard
protocol in aMJ Thermocycler. The following cycles were used: 95° C 2 minutes; 30
cycles of (95° C 30 seconds, 58° C 30 seconds, and 72° C 1 minute); 72° C 10
minutes. The correct sized band (approximately 730 bp) was gel purified as above and
cloned into the HindllI/BamHI sites of pBUDCE4 vector (Invitrogen, Carlsbad,
Calif.), generating pSY N-FV11-014. PCR amplification with primers HindllI-Sall-
BpEIl-Fc-F and BamHI-linker(PACEI)-Fc-R generated a DNA fragment encoding a
portion of the Fc region (Amino A X-Y) followed by an RRRRS (SEQ ID NO: 38)
sequence and (GGGGS), (SEQ ID NO: 29) polypeptide linker. Primer Hindlll-Sall-
BpEI-Fc-F introduces aHindlll and Sail restriction site at the 5' end of the molecule,
while primer BamHI-linker(PACEI)-Fc-R introduces aBamHI at the 3' end that
overlaps the codons encoding the last 2 residues of the GGGGS (SEQ ID NO: 56)
linker (residues GS with codons GGA TCC)

[00363] Next, another PCR reaction was performed as above with primers
Hindlll-Kozak-FVI1-F and BspEl-Fc-linker-FVIILC-R and template pSY N-FV11-002
using the same conditions described for cloning of pSY N-FV11-014, but with an
annealing temperature of 57° C The expected sized band (approximately 700 bp) was
gel purified and cloned into the Hindlll and BspEl sites of pSYN-FV11-014 to
generate pSY N-FV11-023. Primers Hindlll- Kozak-FV11-F and BspEI-Fc-linker-
FVIILC-R amplified aDNA fragment encoding the FVI1 light chain followed by a
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(GGGGS) (x (SEQ ID NO: 36) polypeptide linker and aportion of the Fc region up to
amino acid 232 (EU numbering). Primer Hindlll-Kozak-FV1I-F introduces aHindlll
restriction site at the 5' end of the molecule followed by a Kozak sequence while
primer BspEl-Fc-linker-FVIILC-R adds aBspel site at the 3' end of the molecule.
[00364] In the final step a PCR reaction was carried out as above with primers
BamHI-2xlink-pace-HC-F and Fc-EcoRI-R and template pSY N-FV11-003 with the
following cycles. 95° C 2 minutes; 30 cycles of (95° C 30 seconds, 55° C 30 seconds,
and 72° C 2 minute); 12 ° C| minutes. This PCR reaction generated a DNA molecule
encoding a(GGGGS) ,« (SEQ ID NO: 29) polypeptide linker followed by a RKRRKR
(SEQ ID NO: 39) sequence followed by the FVII heavy chain. Primers BamHI-
2xlink-pace-HC-F and Fc-EcoRI-R introduce a BamHI site and an EcoRl site at the 5'
and 3'end of the molecule, respectively. The expected sized band (approximately
1600 bp) was cloned into the BamHI and EcoRI sites of pSYN-FV11-023 to generate
pSYN-FVI1-024. The final structure of trandation of pSYN-FVI1-024 isillustrated in
Figure IB.

Example 2. Heterodimeric Constructs Comprising FIX-Fc

Cloning of pSY N-FIX-044

[00365] Plasmid pSY N-FFX-044 was constructed for the expression of a2-
chain FFX-Fc and Fc heterodimer produced in the cell as asingle chain protein where
the FFX-Fc coding DNA region islinked to the second Fc coding region by aDNA
fragment encoding the following polypeptide sequence: RRRRS-(GGGGS)4,-RRRR
(SEQ ID NO: 57), where the RRRR (SEQ ID NO: 40) sequence is aproprotein
convertase cleavage site. Proprotein convertases then cleave 5' of the last Arg in the
RRRRS (SEQ ID NO: 38) and RRRR (SEQ ID NO: 40) sequences intracellularly.
Consequently, cells express a2 chain FFX-Fc/Fc heterodimer where the FFX-Fc chain
has aRRRRS (SEQ ID NO: 38) sequence at the C-terminus, but the remainder of the
linker and the 3' RRRR (SEQ ID NO: 40) sequence have otherwise been removed.
For this purpose, the synthesis of aDNA fragment (Genscript-FFX-044) was
outsourced (Genscript, Piscataway, NJ). This fragment consisted of aDNA sequence
encoding aportion of the Fc region from residues 231-447 (EU numbering) followed
by aRRRRS (SEQ ID NO: 38) sequence followed by (GGGGS) 4 (SEQ ID NO: 6)
polypeptide linker and aRRRR (SEQ ID NO: 40) sequence upstream of another
portion of the Fc region (residues 221-230, EU numbering). The DNA region
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encoding residues 231-233 of the Fcregion at the 5' of the molecule overlaps a BspEl
site, while the region encoding residues 236-238 of the Fc region at the 3' of the
molecule include an Rsrll restriction site. Genscript-FrX-044 was designed so that the
Rsrll site of the 5' Fc region and the BspEl site of the 3' Fc region were removed
using the degeneracy of the genetic code to preserve the correct amino acid sequence.
Genscript-FrX-044 was cleaved with restriction enzymes BspEl and Rsrll and cloned
into the same sites of pSY N-FEX-029 to generate pSY N-FEX-044. The final structure
of trandation of pSYN-FFX-044 isillustrated in Figure 1B.

Example 3. Heterodimeric Constructs comprising FVII-Fc and MB9-Fc

Cloning of pSYN-FV1I-027

[00366] Plasmid (pSY N-FVI1-027) was generated for the expression FVII-Fc
and MB9-Fc heterodimer, where MB9 is a scFv previously shown to bind to receptor
GPIlb/ll1a on activated platelets. Protein from pSY N-FV11-027 is expressed in the cell
as asingle polypeptide where the C-terminus of the FV11-Fc subunit islinked to the
N-terminus of the MB9-Fc subunit by a (GGGGS) , (SEQ ID NO: 36) polypeptide
linker. Furthermore, RRRRS (SEQ ID NO: 38) and RKRRKR (SEQ ID NO: 39)
sequences were inserted at the 5' and 3' end of the polypeptide linker, respectively,
for intracellular cleavage by proprotein convertases following the last Arg at each
sequence. Consequently, cells will express a2 chain FV1I-Fc/MB9-Fc heterodimer
where the FV1I-Fc chain has a RRRRS (SEQ ID NO: 38) sequence at the C-terminus,
but the remainder of the linker and the RKRRKR (SEQ ID NO: 39) sequence have
otherwise been removed.

[00367] Asafirst step a series of intermediate plasmid were generated using
the following primers:

Hindlll-Sall-BpsEl-Fc-F
AGTCAAGCTTGTCGACTCCGGAACTCCTGGGCGGACC (SEQ ID NO: 51)
BamHI-linker-Fc-R
CATCGGATCCCCCGCCACCGGAACCTCCACCGCCTGATCCACCCCCACCT
GATCCGCCGCCACCTTTACCCGGAGACAGGGAGAGG (SEQID NO: 58)
Bcll-Fc-F

CAGTCTTGATCAGACAAAACTCACACATGCCCACC (SEQID NO: 59)
scFc-EcoRI-R

ACTGACGAATTCTCATTTACCCGGAGACAGGGAG (SEQ ID NO: 60)
Hindlll-K ozak-FV11-F:
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CGACAAGCTTGCCGCCACCATGGTCTCCCAGGCCCTCAGG (SEQ ID NO:
43)

FVI1I-HC-BspEI-R:
AGGAGTTCCGGAGCTGGGCACGGTGGGCATGTGTGAGTTTTGTCGGATCC
CCCGCCACCGGAACCTCCACCGCCTGATCCACCCCCACCTGATCCGCCGC
CACCGGACCCACCTCCGCCGGAGCC ACCGCCACCGGGAAATGGGGLTCGC
AGGAGG (SEQ ID NO: 61)

[00368] A 50 ul PCR reaction was carried out with 25 pmol of Hindlll-Sall-
BpEIl-Fc-F and BamHI-linker-Fc-R and template pSY N-Fc-001 using the following
cycle: 95° 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
(Qiagen, Valencia, Calif.) and cloned into the Hindlll and BamHI restriction sites of
pBUDCE4 (Invitrogen, Carlsbad, Calif.) to generate intermediate pSY N-FV11-007.
Primers Hindlll-Sall-BpEl-Fc-F and BamHI-linker-Fc-R amplify the Fc region
starting at amino acid 221 (EU numbering) and add aHindlll and a Sail restriction
enzyme siteimmediately upstream of site Fc region, aswell as aDNA fragment
encoding a(GGGGS) ,« (SEQ ID NO: 6) linker followed by a BamHI site
immediately downstream of the Fc coding region. Next, a50 ul reaction was carried
out with 25 pmol of Bcll-Fc-F and scFc-EcoRI-R, and template pSY N-Fc-011 using
the same cycles as above. The expected sized band (-700 bp) was gel purified as
above, cut with restriction enzymes BamHI and EcoRI, and cloned in the Bcll/EcoRl
restriction sites of pSYN-FV11-007 to generate the intermediate plasmid pSY N-FVI1-
008. The primer pair Bcll-Fc-F and scFc-EcoRI-R amplifies the Fc region while
adding aBell 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 Hindlll- Kozak-FVII-F and FVII-HC-
BspEI-R and template pSY N-FV11-001 using the following cycle: 95° C 2 minutes,
30 cycles of (95° C 30 seconds, 55° C 30 seconds, 72° C 90 seconds). The primer pair
amplifies the FVI1I coding region while adding a DNA fragment at the 3' end of the
molecule encoding a (GGGGS)¢, (SEQ ID NO: 36)polypeptide linker followed by a
fragment of the Fc region ending at amino acid 221 (EU numbering). Primer Hindlll-
Kozak-FVII-F generates aHindlll restriction site at the 5' of the molecule followed
by a Kozak sequence directly upstream of the FVII coding region. The FVII-HC-
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BspEI-R primer introduces DNA encoding the polypeptide linker as well asthe Fc
portion. The expected sized band (-1500 bp) was gel purified as above and cloned
into the Hindlll/BspEl sites of pSYN-FV11-008 to generate pSY N-FV11-011.

[00369] Next, 2 DNA fragments were synthesized: Genescript-FV11-027-1 and
Genscript-FVI11-026-2. Genescript-FV11-027-1 consists of aDNA fragment encoding
aportion of the Fc region (starting at nucleotide 1306, EU numbering) followed by
the sequence RRRRS-(GGGGS) .-RKRRKR (SEQ ID NO: 50) followed by aportion
of the MB9 scFv (residues 1-142). An EcoRI site was introduced in the coding
sequence of MB9 using the degeneracy of the genetic code to preserve the proper
amino acid sequence and overlaps the last 6 bases of Genescript-FV11-027- 1. In
addition, the first 6 bases at the 5' include a Sapl site found within the Fc region.
Genscript-FVI11-026-2 consists of aDNA fragment encoding a portion of the MB9
(residues 143-273) followed by a (GGGGS). (SEQ ID NO: 36) polypeptide linker
followed by the Fc region and an EcoRI site. An EcoRI site was introduced in the
coding sequence of MB9 using the degeneracy of the genetic code to preserve the
proper amino acid sequence and overlaps the first 6 bases of Genescript-FV11-026-2.
[00370] Genescript-FV11-027-1 was cloned into the Sapl and EcoRI sites of
pSYN-FVI1-011 to generate pSY N-FV11-036. Next, Genscript-FV11-026-2 was
cloned into the EcoRl site of pSYN-FV11-036 to generate pSY N-FV11-027. Correct
orientation of the last cloning step was confirmed by restriction enzyme analysis and
DNA sequencing. The final structure of translation of pSYN-FV11-027 isillustrated
in Figure IB.

Example 4. Transient transfections of cells

[00371] HEK-293-F cells were grown in suspension in Freestyle media
(Invitrogen) supplemented with vitamin K3 (Sigma Aldrich, St. Louis, MO) to 2
pg/liter (growth media) as suspension cells at 37° C/109% CO ,. Cells we subcultured
every three to four days by seeding at cell density of 5xI0 > cells/ml.

[00372] Twenty-four hours prior to transfection cells were seeded at adensity
of 7x10 > cells/ml in growth media supplemented with LONG™R3IGF-I (Sigma
Aldrich, St. Louis, MO) to 20 ug/liter (transfection media). On the day of
transfection, atransfection solution was made with avolume equal to 5% of the total
volume of the cell culture to be transfected. In the transfection solution DNA was
added (final concentration 20 mg/L) to afreshly made solution of PEI (60 mg/L) in
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transfection media. The solution was swirled for 30 seconds and incubated for five
minutes at room temperature before adding directly to the cell culture. Four hours
later avolume equal to the cell culture volume of OptiCHO (Invitrogen)
supplemented with vitamin K3 (when transfecting FIX or FVII constructs )(,
LONG™R3IGF-I and 200 mM L-glutamine was added to the cells. The cell culture
was allowed to grow as shown above and daily media samples were taken to assess
protein expression.

Example 5. Analysis of protein generated from transient transfections

[00373] For analysis of protein from transient transfections, conditioned media
from transfections were subjected to protein A immunoprecipitation. Briefly, cell
culture supernatant was mixed with approximately 50 ul of protein A-Sepharose 50%
slurry and incubated at 4°C with rocking for 1 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 minutes at 100°C, spun down and loaded on SDS-PAGE gels
and run according to standard protocols. Gels were transferred to nitrocellulose
membranes and Western blots were performed to detect the Fc region or the FV1I
light chain. For Fc detection, the antibody used was a goat anti-human 1gG (Fc
specific)-horseradish peroxidase conjugate (Pierce ImmunoPure antibody, catalog
#31413). For FVII light chain detection an anti light chain monoclonal antibody was
used (Green Mountain, clone 6MA-219). The antibodies were diluted 1:15,000 (for Fc
detection) or 1:200 (for light chain detection) in PBST (PBS with 0.1% Tween-20)
with 5% nonfat dry milk and incubated with the membrane for 1 hour at room
temperature. The membrane was then washed in PBST 3 times for 10 minutes and
signal was detected by a chemiluminescent method for Fc detection. For FVII light
chain detection, the membrane was further incubated for one hour in asolution
containing HRP-labeled goat anti-mouse antibody (Southern Biotech, # 1010-05)
diluted 1:5000 in PBST. The membrane was aso washed in PBST 3 times for 10
minutes and the signal was detected by a chemiluminescent method.
Chemiluminescent detection was performed using ECL Plus Western Blotting
Detection System (Amersham Biosciences catalog #RPN2132) according to

manufacturer's protocol. Signal was visualized in a Storm 840 Phosphorimager
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(Molecular Devices). Alternatively, protein gels could be analyzed by Coomassie
Blue staining

Example 6. The Generation of Constructs Comprising Alternate Processing
Sites

[00374] Cloning of pSY N-FIX-056 intermediate : Synthesis of DNA fragment
Genscript-FV11-043 was outsourced (Genscript). This fragment consisted of a DNA

molecule encoding aportion of the Fc region (residues 232 to 447, EU numbering)
followed by a (GGGGS)4x (SEQ ID NO: 6) polypeptide linker and another portion of
the Fcregion (residues 221 to 238, EU numbering). This DNA fragment was digested
with BspEl and Rsrll and subloned into the BspEI/Rsrll sites of pSY N-FrX-044 to
generate pSY N-FIX-049. Hindlll/EcoRI fragment from pSY N-FIX-049 comprising
the FIX coding region followed by the single chain Fc coding region was subcloned in
to the Hindlll/EcoRI sites of pPBUDCEA4.1 (Invitrogen) to generate pSY N-FIX-056.
[00375] Cloning of pSY N-FIX-050, -052 and -053: Synthesis of DNA
fragments Genscript-FrX-050, -052, -053 was outsourced (Genscript). These

fragments comprise aportion of the Fcregion (from Sail site in pSY N-FFX-056), an
RRRRS (SEQ ID NO: 38) sequence, a (GGGGS)4x (SEQ ID NO: 6) polypeptide, a
variable propeptide convertase cleavage site and aportion of the Fc region (up to the
Rsrll in the second Fc of pSY N-FFX-056). Each DNA fragment encodes for a
different variable propeptide convertase cleavage site: genscript-FrX-050, RAGR,;
genscript-FIX-052 RSKR; and genscript-FIX-053, RKRRKR (SEQ ID NO: 39) (thus,
they are identical to 044 with the exception of these sequences; 044 comprises the
RRRR(SEQ ID NO: 40) site). Sall/Rsrll fragments from Genscript-FIX-050, -052,
and -053 were subcloned into Sall/Rsrll sites of pSY N-FFX-056 to generate pSY N-
FIX-050, -052, and -053, respectively.

Example 7: FIXFc constructs with cscFc linker

[00376] Construct FFX-044 (Figure 3A) was made comprising a FFX molecule
followed by an Fcregion with acsckc linker connecting both Fc moieties as described
in Figure 3A. Figure 3B shows western blot data (Fc western) for FIX-044 following
transfection and protein A pulldown. FIX-044 was cotransfected the Kex2, PC7,
PACE or PC5.

Cloning of PC5

[00377] The coding sequence for human PC5 was abtained by RT-PCR. The
following primers were used (areas that anneal to the cDNA are indicated in bold):

105



10

15

20

25

WO 2012/006635 PCT/US2011/043599
Primers SEQID | Sequences
NO
PC5-Kpnl- 5-ATCTACACCATCTCCATCAGCAGC3
F:
PC5 Notl-R: 5"AAGGCGGCCGCTCAGCCTTGAAATGTACATGTTTTGEC3
PC5-UTR- 5-AGCGAGGGAGCAGCGAGG-3
F:
PC5- 5-GGTAGTTGACATGGCGGTTGG-3
Hindlll-R:
PC5-M12- 5-CAGCGACTTAAGCCACCATGGGCTGGGGGAGCCG-3
F:
PC5-Kpnl- 5-GTAGGTTGTGGCCAGCGTGG-3
R:

Coding sequence for human PC5 (GenBank accession no. NM-006200) was
obtained in two pieces. The 3'-1750 bp were obtained using the primers PC5-Kpnl-F
and PC5-Notl-R with the Invitrogen SUPERSCRIPT™ RT-PCR with PLATINUM ™
Taq kit according to the manufacturer's standard protocol, from human liver mRNA.
The cycle used for the reverse transcription was 30 min a 50 °C followed by
denaturing at 94 °C for 2 min and 35 cycles of 94 °C for 15 sec, 54 °C for 30 sec, 72
°C for 3 min, followed by 10 min extension at 72 °C and then storage at 4 °C. This
produced a fragment from the internal Kpnl site in the PC5 coding sequence through
the stop codon, with a Notl site added at the 3' end. This fragment was then cloned
into pCR2.1 TOPO according to manufacturer's protocol to generate pSY N-PC5-001
(pCR2./PC5 (Kpnl-Notl)). This fragment was then subcloned into pcDNA3.1/hygro
using the Kpnl and Notl restriction sites to generate pSYN-PC5-002
(pcDNA3.L/hygro/PC5 (Kpnl-Natl)).

The 5' -1100 bp of PC5 was obtained in two steps. It was first amplified by
RT-PCR using the primers PC5-UTR-F and PC5-HindllI-R to amplify a -1520 bp
fragment from human liver mRNA, using similar conditions as above, with an
annealing temperature of 57 °C. These primers have complete homology to the native
PC5 sequence, in the untrandated 5' sequence and sequence 3' from the internal
unique Hindlll site, respectively. Note that this Hindlll siteis not present in the fina
construct due to a silent nucleotide substitution. This DNA fragment was then gel
purified and used as a template for a second PCR reaction with PC5-Afl2-F, which
adds an Aflll cloning site followed by a Kozak sequence to the N-terminal coding
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sequence at the 5' end, and PC5-Kpnl-R, which anneals 3' to the internal unique Kpnl
site, to generate an -1100 bp fragment. The reaction was carried out with the
EXPAND™ High Fidelity System according to the manufacturer's standard protocol
in aMJ Thermocycler using the following cycles: 94 °C, 2 min; 14 cycles of (94 °C,
30 sec, 57 °C, 30 sec, 72 °C, 2 min), followed by 72 °C, 10 min. This fragment was
then subcloned into pSYN-PC5-002 using the Aflll and Kpnl restriction sites to
generate pSY N-PC5-003 (pcDNA3.1/hygro/PC5).

The nucleotide sequence encoding PC5 in pSY N-PC5-003 has the following

sequence (SEQ ID NO:):

at gggct ggg ggagccgct g ct gct gcccg ggacgtttgg acctgctgtg
cgtgct ggeg ct gct cgggyg gctgcct get cccegt gt gt cggacgcgcg
tctacaccaa ccact gggca gt caaaat cg ccgggggct t cccggaggcec
aaccgt at cg ccagcaagt a cggattcatc aacat aggac agat aggggc

cct gaaggac
ttatctcgag
gaat ggat cc
cttcagt cgt
t gt ggt at at
aat at cgaag
cactatcctg
actacgat gc
atgcctcgtt
t ggagaagt g
ctttcaacgc
gacatggttg
ttacagcgcc
cagcccccect
agaggcct cg
caaagaccac
ccat cagcag
tgttcatcca
gaaaat cat ¢
ggacgt cagc
gaagccaat ¢
gacttcccgt
ctggttttaa
gccat ggt ga
gt gt gt ggag
cagt gcgctc
cat gt caact
caggagagga
ctcagetttt
aact gggagt
ctgggtcctt
ct ccaggt aa
cagccat at t
tagccgagtt
gt ccctgega
gaccact gca
caggat ct gt
agcgct gcag
ggt gaccaat
caacagct gt
aaaatctttg

tact accact
cagagggacc
aacagcaagt
gcccagtcta
gcact gcagt
gagcct ggaa
gat gacggaa
t ct ggcaagt
at gat gcaag
gcagccgct g
caagat cgga
aagcaaaat c
agct ggggcec
cacccggcaa
gctctgtgtt
tgctcctgtg
cact gcagaa
cgct ggccac
actacagatc
ct cagcccecc
cgtttctgac

gcgggacat t
ggt gagccat
t ggaggcaga
agcacagacc
cat ct acaaa
acct ggagca
gacct ggcca
ggccaacagg
t cat gacoat
gaagtttatg
at t gaaagaa
caccaaccaa
gaagacccca
ccct gagt gc
atgactgttt
gt ct ccagct
gaagt gt gcc
gcatgtcctg
gttact cact
ccggaaat gc

tctaccatag
cacagtttca
ggt aaaaaag
cctatttcaa
gacaat acac
gagaggct ac
tt gagagaac
tgcgacgt ga
caacgagaac
caaacaattc
ggagt gcgaa
agttagcttc
cggat gat ga
gcctttgaaa
tgtttgggca
at ggct acac
agcggaaaga
aacct acagc
t gaggcagcg
at ggct gcag
ct ggagagac
t gaacgct aa
ctttatggat
gaagt ggacc
gacaaat caa
gcct caggcet
cgtcgttgtg
tctacct gac
ctatttgatc
tcattgctgg
atactccctc
tggtctttgg
tgaatttccg
cagacgact a
agt gaggttg
gcact act ac
gcccccct gg
cccaactgtg
caaat at gga

gccct gat gg
agt gaaaact
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caggacgat t
tttcaatgga
cggacaaaga
t gat cccaag
at ccctgecca
acgggaaaga
ccat ccagat
at gggaat ga
aagcat ggga
gcact gcaca
tgct ggacgg
aacccccagc
t ggcaagact
acggcgtt ag
tct ggaaat g
caacagcatc
aaccttggta
agcggggagt
tt gcacggac
gcatcattgc
gt acagcat g
t gact ggaaa
tt ggact gat
accgttcccc
gacaat ccgc
gct cagat aa
cgcat cacca
ct cgecct ct
act ccat gga
ggagaaagag
t cagct aagg
tcctctacgg
aaagt ggaac
t ggcacagag
gct gt gacgg
tacaagct ga
ccact accac
agtcctgcett
tactttctga
gt cat at cag
gcaagacat g

aaaaggt cag
accaaaggt g
gggat t at ga
tggcccagta
gt ct gacat g
acat t gt ggt
ct gat gcaaa
cttggaccca
ctcgetgtge
gtcggaattg
agat gt cacg
acgt gcacat
gt ggacggac
aat ggggcgg
gt ggaaggag
tacaccat ct
cct ggaagag
cctacgat aa
aaccacact g
gctggeect g
ttattgtcag
accaat gct g
ggacgcagaa
ggcagcacgt
cctaacagt g
ccccaaccgc
t cacccaccc
ggaact aggt
aggat t caaa
ct gct ggt ga
aactttaaga
cacctccgtg
ggttccgcta
gattat gcag
gccaggacca
aaaacaat ac
gccgacaaga
t gggagccat
at gaagaaac
gat accaaga
tactgaattc
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cat aact gt a
ctctgtctcc
cctgccaccg
attaact gca
ctgtagtatc
cct gcaaaaa
aagaact gt a
t caaat ggga

gaggcttctg
cttcaacaac

cagaat gt ag
t gt gaagat g
cttctgegece
cagagggct a
agct at t act
atgtgatatc
caagct gccc
gccatttgca
tatgcttgtg
tttgctgcaa

ggat gggtta
gacggtattt

acttgtgctg
cttcat ggag
ttgaccactc
agttgtttga
t agt gggt at
aggat gcaac
aaaaagaaca

agcct gcagg
caacggccag
gggcaggage
gat gggagat
tt cagagaat
cgt gcaat gg
ctcttagact
ggaagagt cc
at ct gt gcca

aacat gt aca

tttcaaggc

PCT/US2011/043599

gat cccggt g
gact gccagce
t gat gggt gc
gcgt gcagag
ggat acaaat
cccaggattc
taggaatgtg
t gggcggaag
acggaaggt t

SEQ ID NO: contains substitutions from the GenBank sequence that do not affect the
Specificaly,
(corresponding to position 876 of GenBank accession no. NM-006200) is aT instead

amino acid coding sequence. the nucleotide a position 399
of aC, but preserves the amino acid Ser 133 (corresponding to amino acid numbering
in GenBank accession no. NP-006191); nucleotide position 1473 (GenBank position
1950) is a C instead of a T, but preserves the amino acid Ala 491; and nuclectide
position 1485 (GenBank position 1962) is an A instead of a G, but preserves the
amino acid Ser 496. The nucleotide change at position 1473 eliminates a Hindlll
restriction site.

Cloning of PACE-SOL

The coding sequence for human PACE was obtained by RT-PCR. The following
primers were used (areas that anneal to the cDNA are indicated in bold):

SEQ ID
NO

PACE-FI: 5-GGTAAGCTTGCCATGGAGCTGAGGCCCTGGTTGC-3'

PACE-RI: 5-GTTTTCAATCTCTAGGACCCACTCGCC 3'

PACE-I2: 5-GCCAGGCCACATGACTACTCCGC-3'

PACE-R2: 5-GGTGAATTCTCACTCAGGCAGGTGTGAGGGCAGC-3'

The primer PACE-F1 adds a Hindlll site to the 5' end of the PACE sequence
beginning with 3 nucleotides before the start codon, while the primer PACE-R2 adds
astop codon after amino acid 715, which occurs at the end of the extracellular domain
of PACE, aswell as adding an EcoRl site to the 3' end of the stop codon. The PACE-
RI and PACE-F2 primers anneal on the 3' and 5' sides of an internal BamHI site,
respectively. Two RT-PCR reactions were then set up using 25 pmol each of the
primer pairs of PACE-FI/RI or PACE-F2/R2 with 20 ng of adult human liver RNA
(Clontech; Palo Alto, Calif.) in a50 ui RT-PCR reaction using the SUPERSCRIPT™
One-Step RT-PCR with PLATINUM® Tag system (Invitrogen, Carlsbad, CA.)
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according to manufacturer's protocol. The reaction was carried out in a MJ
Thermocycler using the following cycles. 50 °C 30 minutes;, 94 °C 2 minutes;, 30
cycles of (94 °C 30 seconds, 58 °C 30 seconds, 72 °C 2 minutes), followed by 72 °C
10 minutes. Each of these fragments was ligated into the vector pGEM T-Easy
(Promega, Madison, WI) and sequenced fully. The F2-R2 fragment was then
subcloned into pcDNA6 V5/His (Invitrogen, Carlsbad, CA) using the BamHI/EcoRl
sites, and then the FI-RlI fragment was cloned into this construct using the
Hindlll/BamHI sites. The final plasmid, pcDNA6-PACE, produces a soluble form of
PACE (amino acids 1-715), as the transmembrane region has been deleted. The
sequence of PACE in pcDNAG-PACE is essentially as described in Harrison S et al.,
(1998) Semin Hematol 35(2 Suppl 2):4-10.

Cloning of Kex2-SOL

The coding sequence for the yeast endoprotease, KEX2, was obtained by RT-PCR
from Saccharomyces cerevisiae polyA-i- mRNA (BD Clontech, cat #6999-1) using the
following primers (areas that anneal to the cDNA areindicated in bold):

Primers SEQ ID NO [ Sequences

KEX2-F: 5-GCGCTAGCCGTACGGCCGCCACCATGAAAGTGAGGAAATATATTAC-
TTTATGC-3'

KEX2-BglII-F: 5-GCTATTGATCACAAAGATCTACATCCTCC-3

KEX2-BglII-R: 5-GGAGGATGTAGATCTTTGTGATCAATAGC-3

KEX2-675-R: 5-GCGAATTCCGGTCCGTCATTGCCTAGGGCTCGAGAGTTTTTTAGGA-
GTGTTTGGATCAG-Y

These primers were used to obtain coding sequence for KEX2 (amino acids 1-675),
the yeast homolog to PACE, in two pieces in amanner similar to that used for PACE-
SOL, Example 3 above; similarly, the transmembrane region was removed to generate
the soluble form of the protein.

Cloning of PC7-SOL

The coding sequence for PC7 was obtained by RT-PCR from human adult liver
MRNA using the following primers (areas that anneal to the cDNA are indicated in
bold):

SEQ ID

NO
PC7- 5-GCATGGACTCCGATCCCAACG-3¥
BamMut-F:
PC7- 5-CGTTGGGATCGGAGTCCATGC-3'
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BamM ut-R:

PC7-F: 5-GGTAAGCTTGCCGCCACCATGCCGAAGGGGAGGCAGAAAG-
3

PC7-SOL-R: 5-TTTGAATTCTC AGTTGGGGGTGATGGTGTAACC -3'

PC7-Xma-F: 5-GGCACCTGAATAACCGACGG -3

PC7-Xma-R: 5-CGTCACGTTGATGTCCCTGC -3

[00378] These primers were used to abtain coding sequence for PC7 (amino

acids 1-663) in three pieces in amanner similar to that used for PACE-SOL, above;
similarly, the transmembrane region was removed to generate the soluble form of the
protein.

[00379] The most efficient cleavage of the cscFc linker was observed when
cotransfected with PC5 and PACE (reducing conditions, lanes 11 and 12). A series of
constructs were generated (FIX-050, FIX-052 and FIX-053) where the second
processing site was modified as shown in Figure 3A. These constructs we transiently
transfected (with or without PC5 cotransfection) and the proteins analyzed by Fc
western blot following aprotein A pulldown as shown in Figure 3C. Optimal cleavage
of the cscFc was observed for FFX-052 and -053 with PC5 cotransfection

Example 7: Intracellular processing of cscFc linker in FVIlaFc heterodimer that
results in expression of active protease

[00380] Figure 2 reveds aFVIIFc construct (FV11-024) expressed as two-chain
heterodimer where one chain consists of the FVI1 light chain followed by a
(GGGGS),x linker followed by the first Fc moiety, while the other chain contains a
FVII heavy chain followed by a (GGGGS),x linker followed by the second Fc moiety.
The plasmid is designed to express the heterodimer as a single polypeptide where the
C-terminus of the FVII heavy chain-linker-Fc chain is connected to the N-terminus of
the heavy chain-linker-Fc chain by the following polypeptide sequence: RRRRS-
(GGGGS) sx-RKRRKR where the RRRRS and RKRRKR sequences are proprotein
convertase cleavage sites. FVI11-024 was cloned, transiently expressed and analyzed
by western blot analysis as described herein. The plasmid expressing FV11-024 was
cotransfected with PC5 to fully process the cscFc linker, described in the protein
sequence, connecting the C-terminus of the first Fc moiety to the N-terminus of the
heavy chain. The effect of PC5 on the processing of the proprotein convertase
cleavage sites in the FV11-024 linker was tested as shown in Figure 2. Under

nonreducing conditions the effect of PC5 on cleavage site processing cannot be
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detected because the FVII light chain-Fc and FVI1I heavy chain-Fc subunits remain
linked via 2 disulfide bonds in the Fc region (lanes 2 and 3). Under reducing
conditions we observed partial processing of FV11-024 generated from cells not
cotransfected with PC5 (lane 4), but full processing when the cells were cotransfected
with PC5 (lane 5). Full cleavage of the processing sites results in generation of the
active form of FV1la, which requires afree N-terminus of the heavy chain to adopt an
active conformation

Example 8: Processing of cscFc linker in FVIIITFc

The FVIIIFc construct illustrated in Figure 4 was cloned and purified. Briefly,
the coding sequence of human recombinant B-domain deleted FVI111 was obtained by
reverse transcription-polymerase chain reaction (RT-PCR) from human liver poly A
RNA (Clontech) using FVI11I-specific primers. The FVIII sequence includes the
native signal sequence for FVI1l. The B-domain deletion starts after serine 743
(S743; 2287 bp) and ends before glutamine 1638 (Q1638; 4969 bp) for atotal deletion
of 2682 bp (SQ version).

The coding sequence for human recombinant Fc was obtained by RT-PCR
from ahuman leukocyte cDNA library (Clontech) using Fc specific primers. Primers
were designed such that the B-domain deleted FV111 sequence was fused directly to
the N-terminus of the Fc sequence with no intervening linker. The FVIIIFc DNA
sequence was cloned into the mammalian dual expression vector pBUDCE4.1
(Invitrogen) under control of the CMV promoter.

A second identical Fc sequence including the mouse Igk signal sequence was
obtained by RT-PCR and cloned downstream of the second promoter, EF1a, in the
expression vector pPBUDCE4.1. This final construct was designated pSY N-FV111-
013.

A second plasmid was created from similar constructs using PCR and standard
molecular biology techniques, in order to express rEVI111BDD-Fc-Fc in which the
rFVI1IBDDFc coding sequence was fused to the second Fc sequence with a
(GGGGS)4 linker, allowing for production of only the rFVI11BDD-Fc monomer-
dimer hybrid in transient transfection. This construct was designated pSY N-FV111-
041. To make pSY N-FVI11-049,intermediate pSYN-FVI11-048 was generated by
cloning Nhel/Xhol fragment from pBUD-CE4.1 into pSY N-FV111-013. The synthesis
of aDNA fragment comprising the region from Rsrll to Xbal sites of pSYN-FVIII-
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049 was outsourced. This fragment was subcloned into the RsrlI/Xbal sites of pSY N-
FV111-048 to generate pSY N-FV111-049.

The protein was expressed by transient transfection as described herein. PC5 was
cotransfected to fully process the cscFc linker, described in the protein sequence,
connecting the C-terminus of the first Fc moiety to the N-terminus of the second Fc
moiety. SDS PAGE analysis in Figure 4 reveals 3 distinct bands for purified FVI1I-
049 under reducing conditions: light chain-Fc (LC-Fc), heavy chain (HC) and Fc.
This shows that the linker connecting both Fc moieties has been processed.

Example 9 Processing of cscFc linker in FVII-Fc

Cloning of pSYN-FVI1-064

Synthesis of DNA sequence from Hindlll to EcoRI of pSYN-FVI1-064 was
outsourced and cloned into HindlllI/EcoRI sites of pBUDCE4.1 (Invitrogen)
Expression and purification of FVI1-064

DNA was transiently transfected as described herein. The transfection DNA contained
PCS5 to fully process the cscFc linker, described in the protein sequence, connecting
the C-terminus of the first Fc moiety to the N-terminus of the second Fc moiety

Characterization of cleavage of csckc linker of FV11-064

FV11-064 was purified using lon Exchange: Q sepharose 4FF from GE healthcare.
Secondary capture was performed using shFcRn (soluble human FcRn) affinity
(NHS- coupled shiFcRn with sepharose 4FF beads). All steps were performed at
150cm/hrs linear Flow Rate. Figure 5illustrates SDS PAGE analysis of FV11-064
following transient expression (cotransfected with PC5) and purification. Under
reducing conditions we observe 2 distinct bands for FVI1-Fc and Fc, demonstrating
full cleavage of the cscFc linker

Example 10. Processing of cscFc of a FVIIFc protein with a platelet targeting

construct

In this example FV11-027 (Figure 6) was transiently expressed with PC5
cotransfection to remove the csckc linker described in the protein sequence. The
construct was cloned, expressed and purified as described herein. SDS PAGE analysis
of the purified protein in Figure 6 revealed two distinct bands for FV1I-Fc and MB9-
Fc under reducing conditions, showing that the cscFc linker was fully processed.

Example 11 Processing of cscFc of a Interferon-beta Fc fusion protein

In this example we generated a construct (IFN-beta-018) expressing interferon-beta

followed by alinker and an Fc region where both Fc moieties are connected by a
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csckc linker. The construct was cloned as follows: synthesis of aDNA fragment from
Bsi\WI/BspEl of pSY N-IFN-b-018 was outsourced and subcloned into BsiWI/BspEl
sites of pSY N-FIX-053 to generate pSY N-IFN-b-018 . Figure 10 illustrates Western
Blot analysis of IFN-beta-018 species following transient transfection of HEK 293
cells (with or without PC5 cotransfection) and protein A pulldown. Western blot data
revealed complete cleavage of the cscFc linkers when cotransfected with PC5.
Example 12. Additional Attempts at Expression of Activated Constructs
[00381] Several other constructs were made with the goal of expressing
activated FV1I, and are illustrated in Figure 7. However, these constructs did not
successfully express activated molecules.

Cloning of pSYN-FVI1-010

[00382] The FV11-010 construct is one in which the heavy chain of factor VII
was expressed in the context of an scFc scaffold and the light chain was expressed
separately.

[00383] PCR-amplify with primer pairs FVI1-HC-Hind3-1ggKss-F/FVII-HC-
BspEI-R, using pSYN-FVI1-001. Clone in BspEI/Hindlll sites of pSYN-FV11-008
(see supra), generating pSY N-FV11-009.

[00384] PCR amplify FVII light chain from pSY N-FV11-003 (refer to PO830)
with primers FVII-LC-Notl-F/ FVII-LC-Xhol-R and clone in pSY N-FV11-009 to
generate pSY N-FVI1-010

Primers

FVI | -HC-BspE I-R
AGGAGTTCCGGAGCTGGGCACGGTGGGCATGTGTGAGTTTTGTCGGATCCCCCGCCACCGGAACCTCCA
CCGCCTGATCCACCCCCACCTGATCCGCCGCCACCGGACCCACCTCCGCCGGAGCCACCGCCACCGGGA
AATGGGGCTCGCAGGAGG

FVI | -HC-Hind3- IggK ss-f
ACTGACAAGCTTGCCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCA
GGTTCCACTGGTATTGTGGGGGGCAAGGTGTGC

FVI 1 -LC-Not I -F
ACTGACGCGGCCGCGCCGCCACCATGGTCTCCCAGG

FVI | -LC-Xhol -R
ACTGACCTCGAGTTATCGGCCTTGGGGTTTGCTGG

Cloning of pSYN-FVI1-013

[00385] The FVI1-013 construct is one in which the light chain was expressed
in the context of an scFc scaffold and the heavy chain was expressed separately.
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5 [00386] PCR-amplify with primer pair FV1I-LC-linker-BamHI-R/ HindllI-
Kozak-FV1I-F from pSYN-FV11-001. The coding sequence of FVII was obtained by
reverse transcription coupled to polymerase chain reaction from ahuman liver mRNA

library (Ambion, Austin, Texas) using the following primers:
FVI | - Fl
10  GGGAATGTCAACAGGCAGGG
FVI I -RL
CTTGGCTTTCTCTCCACAGGC

A 50 pi reaction was carried out with 10 pmol of each primer using the Superscript
One-step RT-PCR with Platinum Taq system (Invitrogen, Carlsbad, Calif.) according

15  tothe manufacturer's standard protocol in aMJ thermocycler. The cycle used was 50°
C for 30 minutes for the reverse transcription followed by denaturing at 94° C for 2
minutes and 30 cycles of (94° C 30 seconds, 53° C 30 seconds, 72° C 90 seconds)
followed by 10 minutes at 72° C The expected sized band (-1400 bp) was gel-purified
with a Gel Extraction kit (Qiagen, Vaencia, Calif.) and cloned in pCR2.1 TOPO

20  using the TOPO TA Cloning kit (Invitrogen, Carlsbad, Calif.) to produce the
intermediate plasmid pSY N-FV11-OOland cloned in BamHI/Hindlll sites of pSY N-
FV11-011, generating pSY N-FVI1-012. PCR-amplify FVI1-HC from pSY N-FV11-009
using primer pair FV11-HC-Notl-F/FVI1-HC-Xhol-R ad subclone in pSY N-FV11-012
to generate pSY N-FV11-013

25
Primers
FVI | - LC- 6xl i nker - BanHl -
RACTGACGGAT CCCCCGCCACCGCGAACCT CCACCGCCTGATCCACCCCCACCTGATCCGCCGCCACCGG
ACCCACCT CCGCCGGAGCCACCGCCACCTCGEECCTTCEEGETTTGCTGEC
30 Hi ndl I | - Kozak-FVI | - F
CGACAAGCTTGCCGCCACCATGGT CTCCCAGGECCCTCAGG
FVI1-HC Notl - F
ACTGACGCGGECCGECGECCGCCACCATGGAGACAGAC
FVI | - HC- Xhol - R
35 ACTGACCTCGAGT TAGGGAAAT GGGGCTCGCAGGAG

Cloning of pSYN-FV11-018
[00387] For the FV11-018 construct, the heavy chain of FVII was expressed as

an Fc fusion protein and the light chain of FVI1 was separately expressed as a separate

40  Fcfusion protein.
[00388] Primers FV11-HC-Hind3-1ggK ss-F/scFc-EcoRI-R were used to PCR
amplify HCFVII-linker-Fc, using pSY N-FV11-010 as template. Subclone in
Hindlll/EcoRI sites of pPBUDCEA4. This makes pSY N-FV11-017. Next, PCR-amplify
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from pSYN-FVI1-013 with primers FVII-LC-Notl-F/FC-XHOI-R and subclone in
Xhol/Notl sites of FVI11-017. This makes PSYN-FVI1-018

Primers
scFc-EcoRI-R
ACTGACGAATTCTCATTTACCCGGAGACAGGGAG

Fc-Xhol-R

AGCTCTCGAGTCATTTACCCGGAGACAGGG

Figure 8 illustrates Western Blot analysis of FVIIFc species following transient
transfection of HEK 293 cdlls and protein A pulldown of the molecules illustrated in
Figure 7. Western blot data show that the FVII heavy chain cannot be expressed with
afree N terminus using acommon method of fusing a heterologous signal peptide to
the N-terminus of the heavy chain.

Example 13. Alter native attempts to express activated FVI1-Fc constructs
Failure to express the FVII heavy chain with afree N terminus led usto generate the
constructs described in Figure 11. Here FVIIFc is expressed as aheterodimer where
one subunit comprises the FVII light chain and an Fc moiety, and the other subunit
comprises the heavy chain preceded by an RKRRKR processing site (FVI1-019) or by
alight chain Cterminal fragment and an RKRRKR processing site (FV11-020). We
hypothesized that this may facilitate expression the heavy chain -Fc moiety subunit
since the heavy chain would not adopt the active conformation until cleavage of the
processing site in the Golgi. These constructs were analyzed by Fc western blot
following aprotein A pulldown of transiently transfected material. FVI1-011 (FVIIFc
with asingle chain Fc) was used as a control. Only light chain-Fc was observed,
suggesting that heavy chain Fc can not be expressed from FVI11-019 or FVI1-020
Example 14. Expression of activated FVIIFc proteinsin the monomer and
heterodimer structures

Cloning of pSYN-FV11-025.

Synthesis of a DNA fragment comprising the FVII coding region from Xbal to BsiWI
with an RKRRKR amino acid insertion between R152 and 1153 (mature sequence
numbering) was outsourced. The DNA fragment was subcloned in the Xbal/BsiWI
sites of pSYN-FV1I-01 1 (the sequence of which isincluded herein) to generate
pSYN-FV11-025

Figure 9 illustrates aheterodimeric csckc construct (FV11-024) and amonomeric Fc

construct (FV11-025). These constructs were made and Western blots were performed
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following protein A pulldown and transient expression with or without PC5
contransfection. The data show intracellular activation in the context of either the
heterodimer or the monomer enabled expression of the separate heavy chain, but that
the intracellular activation is more efficient in the context of the heterodimer (FVII-

024) than the monomer (FV11-025).

Example 15: Protein purification

Protein Purification of FVI11-064

FVI1-064 molecules were purified from conditioned media 1) Anion exchange
chromatography with pseudo-affinity elution (e.g. Q sepharose 4FF (GE Healthcare)
followed by eution with varying levels of CaC12 to selectively elute the most active
species), followed by 2) shFcRn (soluble human FcRn) affinity (NHS- coupled
shFcRn with sepharose 4FF beads) chromatography, binding Fc-containing proteins at
low pH (e.g. pH 6.2) and €luting at neutral pH (e.g. pH 8.0). 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.

Purification of FVI11-049

FVI11-049 was purified from clarified and chemically defined harvest media using a
two column purification process, including a FVIII-specific affinity purification step
(McCue 2009 Journal of Chromatography A. 1216:7824) followed by anion
exchange with standard 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.
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Informal Sequence Listing

pSYN-FVI [ -024 nucl eotide sequence
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at ggt ct ccc
gcagtcttcg
gcgttcctgg
tccttcgagg
tcttacagtg
gaccagct cc
acgcacaagg
agt gaccaca
gacggggt gt
aaaagaaat g
ggt ggcggcyg
gacaaaact c
ttcctcttcce
tgcgtggt gg
ggcgt ggagg
cgt gt ggt ca
t gcaaggt ct
gggcagcccc
aaccaggt ca
t gggagagca
gacggct cct
aacgtcttct
ctctccct gt
ggat caggcg
ggat caagga
ccat ggcagg
accat ct ggg
at cgcggt gc
gt ggcgcagy
ct gct ccgee
gaacggacgt
ggccagct gc
ct gat gaccc
gagt acat gt
ggaggcccac
ggccagggct
gagt ggct gc
tttccecggtg
ggat caggcg
t gcccagcac
gacaccct ca
gaagaccct g
acaaagccgc
ct gcaccagg
ccagccccca
tacaccct gc
gt caaaggct
aacaact aca
aagct caccg
cat gaggctc

aggccct cag
t aacccagga
aggagct gcg
aggcccggga
at ggggacca
agt cct at at
at gaccagct
cgggcaccaa
cct gcacacc
ccagcaaacc
gat caggt gg
acacat gccc
ccccaaaacc
tggacgt gag
t gcat aat gc
gcgt cct cac
ccaacaaagc
gagaaccaca
gcctgacctg
at gggcagcc
tcttcctcta
cat gct ccgt
ct ccgggt aa
gtggaggttc
agaggaggaa
tcctgttgtt
tggt ctccgce
t gggcgagca
t catcatccc
t gcaccagcc
t ct ct gagag
tggaccgt gg
aggact gcct
tctgtgccgg
at gccaccca
gcgcaaccgt
aaaagct cat
gcggtggetc
gtggaggttc
ct gaact cct
tgatctcccg
aggt caagtt
gggaggagca
act ggct gaa
t cgagaaaac
ccccat cccg
tctatcccag
agaccacgcc
t ggacaagag
tgcacaacca

gctcctctge
ggaagcccac
gccgggcet cc
gat ctt caag
gtgtgcctca
ctgcttctge
gatctgtgtg
gcgct cct gt
cacagt t gaa
ccaaggccga
gggtggat ca
accgt gccca
caaggacacc
ccacgaagac
caagacaaag
cgt cct gcac
cct cccagec
ggt gt acacc
cct ggt caaa
ggagaacaac
cagcaagct c
gat gcat gag
acggcgccgce
cggt ggcggy
gaggattgtg
ggt gaat gga
ggcccact gt
cgacct cagc
cagcacgt ac
cgtggtcctc
gacgct ggcc
cgccacggcec
gcagcagt ca
ct act cggat
ct accggggc
gggccacttt
gcgct cagag
cggcggaggt
cggt ggcggy
gggaggaccg
gacccct gag
caact ggt ac
gt acaacagc
tggcaaggag
cat ct ccaaa
ggatgagctg
cgacat cgcc
tccegtgttg
caggt ggcag
ct acacgcag

cttctgcttg
ggcgt cctge
ct ggagaggg
gacgcggaga
agt ccat gcc
ctccctgect
aacgagaacg
cggt gccacg
tatccatgtg
ggt ggcggt g
ggcggt ggag
gct ccggaac
ct cat gat ct
cct gaggt ca
ccgcgggagg
caggact ggc
cccat cgaga
ctgcccccat
ggcttctatc
tacaagacca
accgt ggaca
gctctgcaca
cggagcggt g
ggat ccggcg
gggggcaagg
gctcagtt gt
tt cgacaaaa
gagcacgacg
gt cccgggcea
actgaccatg
ttcgtgcgcet
ct ggagct ca
cggaaggt gg
ggcagcaagg
acgt ggt acc

ggggt gt aca
ccacgcccag

gggtccggtg
ggat cagaca
tcagtcttcc
gt cacat gcg
gt ggacggcg
acgtaccgtg
tacaagt gca
gccaaagggc
accaagaacc
gt ggagt ggg
gact ccgacg

caggggaacg
aagagcct ct

ggctt caggg
accggcgcecg
agt gcaagga
ggacgaagct
agaat ggggg
t cgagggccg
gcgget gt ga
aggggt actc
gaaaaat acc
gct ccggegg
gttccggtgg

t cct gggcgg
cccggacccc

agttcaactg
agcagt acaa
t gaat ggcaa
aaaccatctc
cccgggat ga
ccagcgacat
cgcct ccegt
agagcaggt g
accact acac
gcggceggatc
gtggaggttc
tgtgccccaa
gt ggggggac
t caagaact g
gggat gagca
ccaccaacca
tggtgcccct
tctcatt ggt
tggtcctcaa
gagactcccc
actcctgcaa
t gacgggcat
ccagggtctc
gagt cct cct
gcggceggatc
aaact cacac
tcttcceccce
tggt ggt gga
t ggaggt gca
t ggt cagcgt
aggt ctccaa
agccccgaga
aggt cagcct
agagcaat gg
gctccttctt
tcttctcatg
ccctgtctcc

ct gcct ggcet
gcgcgccaac
ggagcagt gc
gttctggatt
ct cct gcaag
gaact gt gag
gcagt act gc
tctgctggca
tattctagaa
aggtgggtcc

cgggggat ca
accgtcagtc

t gaggt caca
gt acgt ggac
cagcacgt ac
ggagt acaag
caaagccaaa
gct gaccaag
cgccgt ggag
gttggactcc
gcagcagggg
gcagaagagc
aggt gggggt
cggt gggggt
aggggagt gt
cctgat caac
gaggaacct g
gagccggcgg
cgacat cgcg
ctgcctgecc
cagcggctgg
cgtgcccegg
aaat at cacg
gggggacagt
cgt cagct gg
ccagtacatc
gcgagcccca
aggt gggggt
at gcccaccg
aaaacccaag
cgt gagccac
t aat gccaag
cctcaccgtc
caaagccctc
accacaggt g
gacctgcctg
gcagccggag
cctctacagc
ctccgtgatg
gggt aaat ga

FVI1-024 amino acid sequence. Signal sequence is shown in dotted
underline, propeptide is double underlined, |inker region connecting
FVI1 light chain or heavy chain to Fc region is underlined, Fc region

is shown in italics and linker
sites is shown in bold.

AN, SQALRLLC. . L. LLGLQGCLA AVFVTOEEAH _ GVLHRRRRAN
SFEEAREI FK DAERTKLFW SYSDGDQCAS SP! CK
THKDDQLI CV NENGGCEQYC SDHTGTKRSC RCHEGYSLLA
KRNASKPQGR GGGGSGGGEGES  GGGGSGEEGES  GEGGSEEEES
FLFPPKPKDT LM SRTPEVT CWDVSHED PEVKFNWYVD GVEVHNAKTK PREEQYNSTY
RVWSVLTVLH QDW.NGKEYK CKVSNKALPA Pl EKTI SKAK GQPREPQVYT LPPSRDELTK
NQVSLTCLVK GFYPSDI AVE WESNGOQPENN YKTTPPVLDS DGSFFLYSKL TVDKSRWQG

with proprotein convertase processing

AFLEELRPGS LERECKEEQC
DQLQSYI CFC LPAFEGRNCE
DGVSCTPTVE YPCKKI PI LE
DKTHTCPPCP APELLGGEPSV
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NVFSCSVIVHE
GSRKKRKRI V
| AVLGEHDLS
ERTFSERTLA
EYMF CAGYSD
EVL QKL VRSE
CPAPELLGGP
TKPREEQYNS
YTLPPSRDEL

ALHNHYTCKS LSLSPGKRRR RSGGGGSGCEG GSGEEEGESGCEG

GGKVCPKGEC PWQVLLLVNG
EHDGDEQSRR  VAQVI | PSTY
FVRFSLVSGN  GQLLDRGATA
GSKDSCKGDS ~ GGPHATHYRG
PRPGVLLRAP  FPGGGGSGGG

AQLCGGTLI N
VPGTTNHDI A
LELMVLNVPR
TWLTG VSW
GSGGGGSGGG

TI WABAAHC
LLRLHQPWL
LMrQDCLQQS

GQGCATVGHF
GSGGGGSGAEG

PCT/US2011/043599

GSGREGSEEG
FDKI KNWRNL
TDHWPLCLP
RKVGDSPNI T
GVYTRVSQYI
GSDKTHTCPP

SVFLFPPKPK DTLM SRTPE
TYRWEVLTV  LHQDW.NGKE
TKNQVSLTCL VKGFYPSDI A

VTCWODVSH
YKCKVSNKAL
VE VE SNGQPE

EDPEVKFNWY
PAPI EKTI SK
NNYKTTPPVL

VDGVEVHNAK

AKGQPREPQV
DSDGSFFLYS

KLTVDKSRWQ QGNVFSCSVM HEALHNHYTQ KSLSLSPCK*
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PSYN- FVI | -
at ggt ctccc
gcagtcttcg
gcgttcctgg
tccttcgagg
tcttacagtg
gaccagct cc
acgcacaagg
agt gaccaca
gacggggt gt
aaaagaaat g
gagt gt ccat
at caacacca
aacct gat cg
cggcggat gg
at cgcgcet gc
ct gcccgaac
ggct ggggec
ccccggcet ga
at cacggagt
gacagt ggag
agct ggggcc
t acat cgagt
gccccatttce
gggggt ggat
ccaccgt gcc
cccaaggaca
agccacgaag
gccaagacaa
accgtcctgc
gccct cccag
caggt gt aca
tgcctggtca
ccggagaaca
t acagcaagc
gt gat gcatg
aaacggcgcc
tccggt ggeg
aagagggcgg
gt gaaggt ct
cgacaggccc
acaaactatg
accgcctaca
agaggccgtg
cagggaaccc
gaaggt gaat
gt ggccccag
gt gcagt ggt
gaccggccct
ct gaccat ca
agt agt agtg
aaggct gccc
ggcggagot g
ggt ggcgggg
ggaggaccgt
acccct gagg
aact ggt acg

aggccct cag
taacccagga
aggagct gcg
aggcccggga
at ggggacca
agt cct at at
at gaccagct
cgggcaccaa
cctgcacacc
ccagcaaacc
ggcaggt cct
tct gggt ggt
cggt gct ggg
cgcaggt cat
tccgectgea
ggacgttctc
agctgctgga
t gacccagga
acatgttctg
gcccacat gc
agggct gege
ggct gcaaaa
ccggt ggegg
caggcggt gg
cagct ccgga
ccct cat gat
accct gaggt
agccgcggga
accaggactg
cccccatcga
ccctgeccecce
aaggcttcta
act acaagac
tcaccgt gga
aggctctgca
gccggagegg
ggggat ccgg
aagt gcagct
cct gcaaggc
ct ggacaagg
cacagaagtt
t ggagct gag
ctttgtataa
t ggt caccgt
t ct cagaagc
gacagacggc
accagcagaa
cagggat ccc
gcagggt cga
at cat gt ggt
cctcggt cac
ggt ccggt gg
gat cagacaa
cagtcttcct
t cacat gcgt

t ggacggegt

027 DNA seg-u. ence

gctcctctge
ggaagcccac
gccgggct cc
gat cttcaag
gtgtgcctca
ctgcttctge
gatctgtgtg
gcgct cct gt
cacagttgaa
ccaaggccga
gttgttggtg
ctccgeggec
cgagcacgac
cat ccccagce
ccagcccgtg
t gagaggacg
ccgtggegec
ctgcctgecag
tgccggcet ac
cacccact ac
aaccgt gggc
gct cat gcgce
tggct ccggce

aggtt ccggt
act cct gggc

ct cccggacce
caagt t caac
ggagcagt ac
gct gaat ggc
gaaaaccat ¢
at cccgggat
tcccagcgac
cacgcctccc
caagagcagg
caaccact ac
tggcggcgga
cggt ggaggt
ggt gcagt ct
ttctggatac
gct t gagt gg
t cagggct gg
caggct gaga
ccggaacgac
ctcctcaggg
acgcgt acag
caggat tacc
gccaggccag
tgagcgattc
agccggggat
at t cggcgga
tctgttcccg
cggcggat ca
aact cacaca
cttccecccca
ggt ggt ggac
ggaggt gcat

cttctgcttg
ggcgt cct gc
ct ggagaggg
gacgcggaga
agt ccat gcc
ctccctgect
aacgagaacg
cggt gccacg
tatccatgtg
at t gt ggggg
aat ggagct ¢
cactgtttcg
ct cagcgagc
acgtacgt cc
gtcctcactg
ctggecttcg
acggccct gg
cagt cacgga
t cggat ggca
cggggeacgt
cactttgggg
t cagagccac
ggaggt gggt
ggcgggggat
ggaccgt cag
cct gaggt ca
tggt acgt gg
aacagcacgt
aaggagt aca
t ccaaagcca
gagct gacca
at cgccgt gg
gt gt t ggact
tggcagcagg
acgcagaaga
t caggt gggg
t ccggt gggg
ggagct gagg
accttcaccg
at gggat gga
gt caccat ga
tct gacgaca
cggtccccca
agt gcat ccg
gct gt gct ga
t gt gggggaa
gcccect gt gc
tctggctcca
gaggccgact
gggaccaagc
ccgtccgegg
ggt ggggot g
tgcccaccgt
aaacccaagg
gt gagccacg
aat gccaaga

118

ggct t caggg
accggcgcecg
agt gcaagga
ggacgaagct
agaat ggggg
t cgagggecg
gcgget gt ga
aggggt actc
gaaaaat acc
gcaaggt gt g
agttgtgtgg
acaaaat caa
acgacgggga
cgggcaccac
accat gt ggt
tgcgettctce
agct cat ggt
aggt gggaga
gcaaggact ¢
ggt acct gac
t gt acaccag
gcccaggagt
ccggt ggegg
ccgacaaaac
tcttcctcett
cat gcgt ggt
acggcgt gga
accgt gt ggt
agt gcaaggt
aagggcagcc
agaaccaggt
agt gggagag
ccgacggct ¢
ggaacgtctt
gcctctccct
gt ggat cagg
gt ggat caag
t gaat aagcc
gct act at at
t caaccct aa
ccagggacac
cggcegtgta
actggttcga
ccccaaccct
ct cagccgcec
acaacattgg
tggtcgtcta
act ct gggaa
attactgtca
t gaccgt cct
ccget ggt gg
gat caggcgg
gcccagcacc
acaccct cat
aagaccct ga
caaagccgcg

ct gcct ggcet
gcgcgcecaac
ggagcagt gc
gttctggatt
ctcct gcaag
gaact gt gag
gcagt act gc
tctgctggca
tattctagaa
ccccaaaggg
ggggaccct g
gaact ggagg
t gagcagagc
caaccacgac
gcccctctge
at t ggt cagc
cctcaacgtg
ct ccccaaat
ct gcaagggg
gggcat cgtc
ggtct cccag
cctcctgega
cggat caggt
t cacacat gc
ccccccaaaa
ggt ggacgt g
ggt gcat aat
cagcgtcctc
ct ccaacaaa
ccgagaacca
cagcct gacc
caat gggcag
cttcttcctc
ctcatgctcc
gt ct ccgggt
cggt ggaggt
gaagaggagg
tggggcctca
gcact gggt g
cagt ggt ggc
gt ccat cagc
ttactgtgcg
cccct ggggce
taagct t gaa
ctcggtgtca
aagt aaaagt
t gat gat agc
cat ggccacc
ggt gt gggat
aggt cagccc
cggtggct cc

t ggaggttcc
tgaactcctg

gatct cccgg
ggt caagttc
ggaggagcag
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tacaacagca
ggcaaggagt
at ct ccaaag
gat gagct ga
gacat cgccg
cccgt gt tgg
aggt ggcagce
tacacgcaga

FVI1-027 amino acid sequence

underl i ne,
FVI1 or
convertase

N SQALRLLC. .

SFEEAREI FK
THKDDQLI CV
KRNASKPQGR
NLI AVLGEHD
LPERTFSERT
| TEYMFCAGY
YI EWLQKLMR
PPCPAPELLG
AKTKPREEQY
QVYTLPPSRD
YSKLTVDKSR
SGGGGSGEEG
RQAPGQGLEW
RGRAL YNRND
VAPGQTARI T
LTI SRVEAGD
GGGGSGREGES

cgt accgt gt
acaagt gcaa
ccaaagggca
ccaagaacca
t ggagt ggga
act ccgacgg

aggggaacgt
agagcctctc

propepti de

processi ng
L. LLGLQGCLA
DAERTKLFW
NENGGCEQYC
| VGGKVCPKG
L SEHDGDEQS
LAFVRFSLVS
SDGSKDSCKG
SEPRPGVLLR
GPSVFLFPPK
NSTYRWSVL
ELTKNQVSLT
FSCS
SGGEGEGSRKRR
MGW NPNSGG
RSPNWFDPWG
CGGNNI GSKS
EADYYCQWD
GGEESCEEES

ggt cagegt ¢
ggt ct ccaac
gccccgagaa
ggt cagectg

gagcaat ggg
ctccttcttc

cttctcatgc
cctgtctcceg

Si gnal

ct caccgtcc
aaagccct cc
ccacaggt gt
acct gcct gg
cagccggaga
ct ct acagca
tccgt gat gc
ggt aaat ga

i s double underlined

MB9 to Fc region is under |ined,
is shown

sites

and

AVFVTCEEAH _ GVLHRRRRAN

sequence

in bold

SYSDGDQCAS
SDHTGTKRSC
ECPWQVLLLV
RRVAQVI | PS
GAGQLLDRGA
DSGGPHATHY
APFPGGGGSG

SPCONGGSCK
RCHEGYSLLA
NGAQLCGGTL
TYVPGTTNHD
TALELM/LNV
RGTWLTG V
GGGSGEEGSG

tgcaccagga
cagcccccat
acaccct gcc
t caaaggct t
acaact acaa
agct caccgt
at gaggct ct

i s shown
i nker
i nker

AFLEELRPGS
DQLQSY!I CFC
DGVSCTPTVE
| NTI VWABAA

| ALLRLHQPV
PRLMIQDCLQ
SWGQGCATVG
GGGSGEEGSG

PCT/US2011/043599

ct ggct gaat
cgagaaaacc
cccat cccgce
ct at cccagc
gaccacgcect
ggacaagagc
gcacaaccac

in dotted

region connecting
with proprotein

LERECKEEQC
L PAFEGRNCE
YPC&I PI LE
HCFDKI KNWR
VLTDHWPLC

QSRKVGDSPN
HFGVYTRVSQ
GGGSDKTHTC

PKDTLM SRT
TVLHQDW.NG
CLVKGFYPSD
VVHEAL HNHY
KRAEVQLVQS
TNYAQKFQGW
QGTLVTVSSG
VOAYQRKPGQ
SSSDHWFGG

GGGGSDKTHT

TPEVTCWD

GKEYKCKVSN
DI AVEVESNG
YTQKSLSLSP

pPSYN-FI X-0
at gcagcgcg
ggat at ct ac
gcttgeettt
gatttgacag
aacat cacag
aaaaacaaag
ct aaagaatt
t gaat cggcc
agagagaat g
ct gaaagaac
catgtttaaa
ttggatttga
gcgagcagt t
at cgacttgc
tttctgtttc
atgtaaattc
ttaat gactt
aggttgtttt
ggatt gt aac
aacat aat at
ct caccacaa
t ggacgaacc
acacgaacat
acaaagggag
catgtcttcg
aaggaggt ag
ggaccagttt
at ggaat at a
ct gacaaaac
tcttcctcett

VSHEDPEVKF
KALPAPI EKT
QPENNYKTTP
G<'k

NWYVDGVEVH
| SKAKGQPRE
PVLDSDGSFF

44 DNA sequenee

t gaacat gat
t cagt gct ga
t agat at aga
caat attgaa
attttggctc
actttcttaa
attcttttac
aaagaggt at
t at ggaagaa
aactgaat tt
tggcggceagt
aggaaagaac
tt gt aaaaat
agaaaaccag
acaaacttct
tact gaagct
cact cgggtt
gaat ggt aaa
tgctgcccac
t gaggagaca
ctacaat gca
cttagtgcta
cttcctcaaa
atcagcttta
at ct acaaag
agat t cat gt
cttaact gga
taccaaggt a
t cacacat gc
ccccccaaaa

cat ggcagaa
at gt acaggt
aat at ct gat
gagt ct aaca
catgccct aa
gagat gt aaa
atttcagttt
aattcaggta
aagtgtagtt
t ggaagcagt
tgcaaggat g
t gt gaat t ag
agtgctgat a
aagtcctgtg
aagct caccc
gaaaccattt
gttggt ggag
gt t gat geat
tgt gt t gaaa
gaacat acag
gctattaata
aacagct acg
tttggatctg
gttcttcagt
ttcaccatct
caaggagat a
attattagct
teceggtatg
ccaccgt gcc
cccaaggaca

PEVTCVW\DV
KEYKCKVSNK
I AVEMESNGQ
TQKSLSLSPG
GAEVNKPGAS
VIMIRDTS | S
SASAPTLKLE
APVLWYDDS
GTKLTVLGQP
CPPCPAPELL
NAKTKPREEQ
PQVYTLPPSR
LYSKLTVDKS

t caccaggcc
ttgtttccett
gctgtcttct
gccagcacgc
agagaaattg
attttcatga
ttcttgatca
aatt ggaaga
tt gaagaagc
at gt t gat gg
acattaattc
at gt aacat g
acaaggt ggt
aaccagcagt
gt get gagae
t ggat aacat
aagat gccaa
tctgtggagg
ctggtgttaa
ageaaaageg
agt acaacca
ttacacct at
gct at gt aag
acct t agagt
at aacaacat
gt gggggacc
ggggt gaaga
t caact ggat
cagct ccgga
ccct cat gat

119

SHEDPEVKFN
ALPAPI EKTI
PENNYKTTPP
KRRRRSGGGEG
VKVSCKASGY
TAYMELSRLR
EGEFSEARVQ
DRPSG PERF
KAAPSVTLFP
GGPSVFLFPP
YNSTYRWSV
DEL TKNQVSL

RWOQGNVFSC

t cat caccat
ttttaaaata
tcactaaatt
aggtt ggt aa
gctttcagat
tgttttcttt
t gaaaacgee
gtttgttcaa
acgagaagt t
agat cagt gt
ct at gaat gt
t aacat t aag
ttgctcct gt
gccatttcca
tgtttttcct
cact caaagc
accaggt caa
etctategtt
aattacagtt
aaat gt gat t
tgacat t gee
ttgeattget
t ggct gggga
tccacttgtt
gttctgtget
ccatgttact
gt gt gcaatg
t aaggaaaaa
act cct ggga
ct cccggacc

WYVDGVEVHN
SKAKGQPREP
VLDSDGSFFL
SCEEESCEEG
TFTGYYMHAW
SDDTAVYYCA
AVLTQPPSVS
SGSNSGNVAT
PSAAAGGEGEES
KPKDTLM SR
LTVLHQDWLN
TCLVKGFYPS
SVVHEAL HNH

ctgectttta
cat t gagt at
ttgattacat
gtact gt ggg
tatttggatt
tttgctaaaa
aacaaaattc
gggaat ct ag
tttgaaaaca
gagt ccaat c
t ggt gt ccet
aat ggcagat
act gagggat
t gt ggaagag
gat gt ggact
acccaat cat
ttcccttgge
aat gaaaaat
gtcgcaggtg
cgaattattc
cttctggaac
gacaaggaat
agagtcttcc
gaccgagcca
ggcttccatg
gaagt ggaag
aaaggcaaat
acaaagct ca
ggaccgt cag
cct gaggt ca
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cat gcgt ggt
acggcgt gga
accgt gt ggt
agt gcaaggt
aagggcagcc
agaaccaggt
agt gggagag
ccgacggct c
ggaacgtctt
gcctctcect
gt ggat cagg
acacat gccc
ccccaaaacc
tggacgt gag
t gcat aat gc
gcgtcct cac
ccaacaaagc
gagaaccaca
gcctgacctg
at gggcagcc
tcttcctcta
cat gct ccgt
ct ccgggt aa

FI X-044 amno acid sequence.

underl i ne,
proprotein

ggt ggacgtg
ggt gcat aat
cagcgtcctc
ct ccaacaaa
ccgagaacca
cagcct gacc
caat gggcag
cttcttcctc
ctcatgctcc
gt ct ccgggt
cggt ggaggt
accgt gccca
caaggacacc
ccacgaagac
caagacaaag
cgt cct gcac
cctccecagec
ggt gt acacc
cct ggt caaa
ggagaacaac
cagcaagct ¢
gat gcat gag
at ga

propepti de
convertase

agccacgaag
gccaagacaa
accgt cctgc
gccct cccag
caggt gt aca
tgcctggtca
ccggagaaca
t acagcaagc
gt gat gcat g
aaacggcgcc
tccggtggeg
gcaccggaac
ct cat gat ct
cct gaggt ca
ccgcgggagg
caggact ggc
cccat cgaga
ctgccecccat
ggcttctatc
tacaagacca
accgt ggaca
gctct gcaca

Si gha

accct gaggt
agccgcggga
accaggact g
cccccatcga
ccectgecccce
aaggcttcta
act acaagac
tcaccgt gga
aggct ct gca
gccggagegg
ggggat cccg

tcct gggcgg
cccggacccce

agttcaactg
agcagt acaa
t gaat ggcaa

i s double underlined,

processi ng

ERECVEEKCS
FGFEGKNCEL
VSVSQTSKLT
QUVLNGKVDA
PHHNYNAAI N
HKGRSALVLQ
GTSFLTG
VFLFPPKPKD
YRWBVLTVL

KNQVSLTCLV
GNVFSCSVVH
HTCPPCPAPE
VHNAKTKPRE
REPQVYTLPP
FFLYSKLTVD

Genscr ipt-:71X-044 DNA

t ccggaact c
catgatctcc
t gaggt caag
gcgggaggag
ggactggctg
cat cgagaaa
gcccccat cc
cttctatccc
caagaccacg
cgt ggacaag
t ct gcacaac
gagcggt ggc
at cccgecegg

gggcggaccg

FEEAREVFEN
DVTCNI KNGR
RAE TVFPDVD
FCGGS | VNEK
KYNHDI ALLE
YLRVP LVDRA

I'S WEEECAMKGK

TLM SRTPEV
HQDWLNGKEY
KGFYPSDI AV
EALHNHYTOK
LLGGEPSVFLF
EQYNSTYRW
SRDEL TKNQV

KSRWOQGNVF

ct gggaggac
cggacccct g

tt caact ggt
cagtacaaca
aat ggcaagg
accatctcca
cgggat gagc
agcgacat cg
cctccegt gt
agcaggt ggc
cact acacgc

ggcggat cag
cggcgcgaca

Genscr i pt -FVI1-027-1

gaagagcct ¢
tgggggt gga
tgggggt gga
t gaggt gaat
caccggct ac
at ggat caac
cat gaccagg
cgacacggcc

tccectgtcte
tcaggcggtg
t caaggaaga
aagcct gggg
t at at gcact
cctaacagt g
gacacgtcca
gtgtattact

TERTTEFWKQ
CEQFCKNSAD
YVNSTEAETI
W VTAAHCVE
LDEPLVLNSY
TCLRSTKFTI
YG YTKVSRY
TCWDVSHE
KCKVSNKALP
EVESNGQPEN
SLSLSPGKRR
PPKPKDTLM
SVLTVLHQDW
SLTCLVKGFY
SCSVMHEALH

sequence
cgtcagtctt
aggt cacat g
acgtggacgg
gcacgt accg
agt acaagt g
aagccaaagg
t gaccaagaa

caagt t caac
ggagcagt ac
gct gaat ggc
gaaaaccat c
at cccgggat
t cccagcgac
cacgcctccc
caagagcagg
caaccact ac
tggcggegga
ccggeggege
accgtcagtc
t gaggt caca
gt acgt ggac
cagcacgt ac
ggagt acaag

PCT/US2011/043599

tggtacgt gg
aacagcacgt
aaggagt aca
t ccaaagcca
gagct gacca
at cgccgt gg
gt gt t ggact
tggcagcagg
acgcagaaga
tcaggt gggg
gacaaaact c
ttcctcttcce
tgcgtggt gg
ggcgt ggagg
cgtgtggtca
t gcaaggt ct

aaaccatctc caaagccaaa gggcagcccce
cccgggatga gctgaccaag aaccaggtca
ccagcgacat cgccgtggag tgggagagca
cgcctcececgt  gttggactcc gacggctcct
agagcaggtg gcagcagggg aacgtcttct
accactacac gcagaagagc ctctccctgt
sequence is shown in dotted
and linker with
sites is shown in bold.
GYLLSAECTV FLDHENANKI _ LNRPKRYNSG KLEEFVQGNL
YVDGDQCESN PCLNGGSCKD DI NSYECWCP
NKWCSCTEG  YRLAENQKSC EPAVPFPCGR
LDNI TQSTQS FNDFTRWGG EDAKPGQFPW
TGVKI TWAG  EHNI EETEHT EQKRNVIRI |
VTPI Cl ADKE YTNI FLKFGS GYVSGWGRVF
YNNMFCAGFH EGGRDSCQGD SGGPHVTEVE
VNW KEKTKL TDKTHTCPPC PAPELLGGPS
DPEVKFNWYV  DGVEVHNAKT KPREEQYNST
APl EKTI SKA KGQPREPQVY TLPPSRDELT
NYKTTPPVLD SDGSFFLYSK LTVDKSRWQQ
RRSGGEGGESGG GGSGEEESGE GGSRRRRDKT
SRTPEVTCW VDVSHEDPEV KFNWYVDGVE
LNGKEYKCKV SNKALPAPI E  KTI SKAKGQP
PSDI AVEVES NGQPENNYKT  TPPVLDSDGS
NHYTQKSLSL  SPCK*
cctcttceccc ccaaaaccca aggacaccct
cgtggtggtg gacgtgagcc acgaagaccc
cgtggaggtg cataatgcca agacaaagcc
tgtggtcagc gtcctcaccg tcctgcacca
caaggtctcc aacaaagccc tcccagcccc
gcagccccga gaaccacagg tgtacaccct
ccaggtcagc ctgacctgcc tggtcaaagg
ggagagcaat gggcagccgg agaacaacta

ccgtggagtg
t ggact ccga
agcaggggaa
agaagagcct

gt gggggt gg
aaact cacac

DNA sequence

cgggt aa acg
gaggttc egg
ggaggaa gag
cctcagt gaa
gggtgcg aca
gt ggcac aaa
t cagcac cgc

gtgcgag agg

cggctccttce
cgtcttctca
ctccctgtcet

at caggcggt
at gcccaccg

gcgeegeegg
tggcggggga
ggcggaagt g
ggtctcctge
ggcccct gga
et at geacag
ct acat ggag
ccgtgetttg

120

ttcctctaca
tgctccgtga
ccgggt aaac

ggaggttccg
tgcccagcac

agcggt ggcg
tccggegatg
cagct ggt gc
aaggcttctg
caagggcttg
aagtttcagg
ct gagcaggc
t at aacegga

gcaagct cac
t gcat gaggc
ggcgccgecg
gt ggcggggg
cggaact cct

gcggat cagg
gaggttccgg
agt ct ggagc
gat acacctt
agt ggat ggg
gct gggt cac
t gagat ct ga
acgaccggtc
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ccccaact gg
at ccgcccca

Genscript-FVI1-0 26-2

gaattctcag
ccaggacaga
t ggt accagc
ccct caggga
at cagcaggg
agtgatcatg
gccccect cgg
ggt gggt ccg

gggggat cag
ccgt cagt ct

gaggt cacat
t acgt ggacg
agcacgt acc
gagt acaagt
aaagccaaag
ct gaccaaga
gccgt ggagt
ttggactccg

cagcagggga
cagaagagcc

ttcgacccct
acccttaagc

aagcacgcgt
cggccaggat
agaagccagg
tccct gageg
t cgaagccgg
tggtattcgg
tcactctgtt
gt ggcggcegg
acaaaact ca
tcctettcecce
gcgt ggt ggt
gcgt ggaggt
gt gt ggt cag
gcaaggtctc
ggcagccccg
accaggt cag
gggagagcaa
acggctcctt
acgtcttctc
tctcectgte

B domain deleted FVIiIl

under | i ned;

S743/ Q1638

140t
1451

Full length
1

51

101

151

201

251

14 amino acid
between the HC and LC sequence

fusion site

M ELSTCFF

ggggccaggg
tt gaagaagg

DNA sequence

acaggctgtg
tacct gt ggg
ccaggcccct
attctctgge
ggat gaggcc
cggagggacc
cccgecegtce
at caggt ggg
cacat gccca
cccaaaaccc
ggacgt gagc
gcat aat gcc
cgtcctcacc
caacaaagcc
agaaccacag
cctgacct gc
t gggcageceg
cttcctctac
atgctccgtg
t ccgggt aaa

aaccctggtc
tgaattc

ct gact cagc
ggaaacaaca
gt gct ggt cg
tccaactctg
gact attact
aagct gaccg
gcggecegetg
ggt ggat cag

ccgt gcccag
aaggacaccc
cacgaagacc
aagacaaagc
gt cctgcacc
ct cccagecc
gt gt acaccc
ct ggt caaag
gagaacaact
agcaagct ca
at gcat gagg
tgagaattc

am no acid sequence:

l'i nker

i ndi cat ed

accgtctcct

cgccct cggt
tt ggaagt aa
t ct at gat ga
ggaacat ggc
gtcaggtgtg
t cct aggt ca
gt ggcggt gg
gcggt ggagg
cacct gaact
tcatgatctc
ct gaggt caa
cgcgggagga
aggact ggct
ccat cgagaa
tgcccccatc
gcttctatcc
acaagaccac
ccgt ggacaa
ctctgcacaa

Si gnal

PCT/US2011/043599

cagggagt gc

gt cagt ggcc
aagt gt gcag
t agcgaccgg
caccct gacc
ggat agt agt
gcccaaggct
ct ccggcgga

ttccggt ggc

cct gggagga
ccggacccct

gttcaactgg
gcagt acaac
gaat ggcaag
aaccatctcc
ccgcgat gag
cagcgacat ¢
gcctccegtg
gagcaggt gg
ccact acacg

pepti de

(containing the remaining B domain)

i s doubl e underlined,

in bold.

LCLLRFCFSA TRRYYLGAVE

PRVPKSFPFN
DTW TLKNM

RQOASLEI SPI
EPQLRVKNNE
W/HY! AAEEE
TDETFKTREA
DVRPLYSRRL
YYSSFVNVER
NRSWYLTENI
HEVAYWYI LS
MENPGLW LG

TSWKKTLF  VEFTDHLFNI
ASHPVSLHAV GVSYVKASEG
KENGPMASDP LCLTYSYLSH
LHKF | LLFAV FDEGKSWHSE
LPGLI GCHRK  SVYVHVI GVG
TFLTAQTLLM DLGQFLLFCH
EAEDYDDDLT DSEMDWRFD
DWDYAPLVLA PDDRSYKSQY
| QHESG LGP LLYGEVGDTL
PKGVKHLKDF Pl LPGEl FKY
DLASGLI GPL LI CYKESVDQ
QRFLPNPAGY QLEDPEFQAS
I GAQTDFLSV FFSGYTFKHK
CHNSDFRNRG MTALLKVSSC
SKNNAI EPRi L_FSONPPVLKR _HOREI TRTTL

DFDI YDEDEN QSPRSFQKKT RHYFI AAVER
SVPQFKKWF ~ QEFTDGSFTQ PLYRGELNEH
RNQASRPYSF  YSSLI SYEED QRQGAEPRKN
TKDEFDCKAW AYFSDVDLEK DVHSGLI GPL
FALFFTI FDE TKSWYFTENM ERNCRAPCNI
MDTLPGLVMA QDQRI RWLL SMGSNENI HS
YNLYPGVFET VEMLPSKAG WRVECLI GEH
GVASGHI RDF Q TASGQYGQ WAPKLARLHY
LAPM | HG K TQGARQKFSS LYI SQFI | MY

FFGNVDSSA  KHNI FNPPI |

MPLGVESKAI

CEAQDLY

FVI T |
M ELSTCFF

ARY| RLHPTH

SDAQ TASSY FTNMFATWSP
PKEW.QVDFQ KTMKVTGVTT QGVKSLLTSM
ONGKVKVFQG NQDSFTPVWN  SLDPPLLTRY

am no acid sequence:

Si gnal

LCLLRFCFSA TRRYYLGAVE

PRVPKSFPFN
DTW TLKNM

GSHTYWWQVL
GSLAKEKTQT
HTVNGYVNRS

TSWYKKTLF

VEFTDHLFN

ASHPVSLHAV GVSYWKASEG
KENGPVASDP LCLTYSYLSH
LHKF | LLFAV FDEGKSWHSE
LPGLI GCCHRK  SVYWHVI GMG

121

LSWDYMQSDL
AKPRPPWWGL
AEYDDQTSQR
VDLVKDLNSG
TKNSLMQDRD
TTPEVHSI FL
| SSHQHDGVE
DDNSPSFI Q1

LNNGPQRI GR
L1 | FKNQASR
KWIVTVEDGP
RGNQ MSDKR
NI MHSI NGYV
MVYEDTLTLF
DKNTGDYYED
QSDQEE! DYD
LWDYGVBSSP
LGLLGPYI RA
FVKPNETKTY
LVCHTNTLNP
QVEDPTFKEN
I HFSGHVF TV
LHAGVSTLFL
SGSI NAWSTK
SLDGKKWOTY
YSI RSTLRVE
SKARLHLQGR
YVKEFLI SSS
LRI HPQSW/H

peptide u

LSWDYMQSDL
AKPRPPWVGL
AEYDDQTSQR
VDLVKDLNSG
TKNSLMQDRD
TTPEVHSI FL

with the

GELPVDARFP
LGPTI QAEVY
EKEDDKVFPG
LI GALLVCRE
AASARAWPKM
EGHTFLVRNH
AYVKVDSCPE
RSVAKKHPKT
KYKKVRFNVAY
PYN YPHG T
TKSDPRCLTR
NVI LFSVFDE
FDSLQLSVCL
PFSGETVFMS
SYEDI SAYLL
DTI SVEMKKE

RKKEEYKMAL
VYSNKCQTPL
EPFSW KVDL
RGNSTGTLMW

Q ALRMVEVLG

nder | i ned

GELPVDARFP
LGPTI QAEVY
EKEDDKVFPG
LI GALLVCRE
AASARAWPKM
EGHTFLVRNH
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801

851

901

951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151
2201
2251
2301
2351

FI X ami no acid sequence

under | i ne,

VSVSQTSKLT
QVVLNGKVDA
PHHNYNAAI N
HKGRSALVLQ
GISFLTA 1S

RQASLEI SPI
EPQLRVKNNE
W/HY! AAEEE
TDETFKTREA
DVRPLYSRRL
YYSSFVNVER
NRSWYLTENI
HEVAYWYI LS
MENPGLW LG
SKNNAI EPRS
| QNVSSSDLL
SEMTHFRPQL
SNNLI STI PS
SGGPLSLSEE
ALLTKDNALF
| LESDTEFKK
EGP| PPDAQN
LGPEKSVEGQ
LHENNTHNQE
TRQWVEGSYD
NQTKQ VEKY
| VDDTSTQAB
QANRSPLPI A
SHFLQGAKKN
KPDLPKTSGK
Al KANEANRP
SQEKSPEKTA
TERLCSQNPP
EDENQSPRSF
KVWFQEFTDG
PYSFYSSLI S
CKAWAYFSDV
| FDETKSWF
LVMAQDQRI R
VFETVEM_PS
| RDFQ TASG
HG KTQGARQ
SSG KHNI FN
SKAI SDAQ T
VDFQKTVKVT
VFQGNQDSFT
Y

propepti de
SPGALITICLL

RAE TVFPDVD
FCGGS | VNEK
KYNHDI ALLE
YLRVP LVDRA
WGEECAMKGK

FI X DNA sequence

at gcagcgcg
ggat at ct ac
ct gaat cggc
gagagagaat
act gaaagaa
ccatgtttaa
tttggatttg
t gcgagcagt
tatcgacttg
gtttctgttt
t at gt aaat t

t gaacat gat
t cagt gct ga
caaagaggt a
gt at ggaaga
caact gaat t
at ggcggcag
aaggaaagaa
tttgtaaaaa
cagaaaacca
cacaaacttc
ct act gaagc

TFLTAQTLLM
EAEDYDDDLT
DWDYAPLVLA
| QHESG LGP
PKGVKHLKDF
DLASGLI GPL
QRFLPNPAGV
I GAQTDFLSV
CHNSDFRNRG
FSQONSRHPST
M_LRQSPTPH
HHSGDWFTP
DNLAAGTDNT
NNDSKLLESG
KVSI SLLKTN
VTPLI HDRML

PDVBFFKM_F
NFL SEKNKW

KKI QEE | EKK
GAYAPVLQDF
ACTTRI SPNT
KNVKHLTPST
KVSSFPSI RP
NLSLAI LTLE
VELLPKVHI Y
GKVPFLRVAT
FKKKDTI LSL
VLKRHQRE | T
QKKTRHYF | A
SFTQPLYRGE

QYGWAPKLA
KFSSLYI SQF
PPI I ARYI RL
ASSYFTNMFA
GVTTQGVKSL
PVVNSL DPPL

Signal s
i s double u
GYLLSAECTV

DLGQFLLFCH
DSEMDWRFD

PDDRSYKSQY
LLYGEVGDTL
Pl LPGEI FKY
LI CYKESVDQ
QLEDPEFQAS
FFSGYTFKHK
MIALLKVSSC
RQKQFNATTI

GLSLSDLQEA
ESGLQLRLNE
SSLGPPSMPV
LMNSQESSWG
KTSNNSATNR
MDKNATALRL
LPESARW QR
VGKGEFTKDV
ETLI QENVL

RSLNDSTNRT
SQONFVTQRS
LTQ DYNEKE
| YLTRVLFQD
MT GDQREVGS
QKDLFPTETS
ESSAKTPSKL
NACESNHAI A
RTTLQSDQEE
AVERLVDYGM
LNEHLGLLGP
PRKNFVKPNE
| GPLLVCHTN
PCNI QVEDPT
NI HSI HFSGH
| GEHLHAGVB
RLHYSGS | NA
I 1| MYSLDGKK
HPTHYSI RST
TWSPSKARLH
LTSMYVKEFL
LTRYLRI HPQ

equence is
nderl i ned
FL DHENANK

shown

| SSHQHDGVE
DDNSPSFI Q)

LNNGPQRI GR
L1 | FKNQASR
KWIVTVEDGP
RGNQ MBDKR
NI MHSI NGYV
MVYEDTLTLF
DKNTGDYYED
PENDI EKTDP
KYETFSDDPS
KLGTTAATEL
HYDSQLDTTL
KNVSSTESGR
KTH DGPSLL
NHVBNKTTSS
THGKNSLNSG
GLKEMVFPSS
PQ HTVTGTK
KKHTAHFSKK
KRALKQFRLP
KGAl TQSPLS
NSSHLPAASY
LGTSATNSVT
NGSPGHLDLV
L DPLAVDNHY
Al NEGONKPE
| DYDDTI SVE
SSSPHVLRNR
Y| RAEVEDNI

FKENYRFHA

VFTVRKKEEY
TLFLVYSNKC
WSTKEPFSW
WOTYRGNSTG
L RVELMGCDL
L QGRSNAVRP

| SSSQDGHQW

SWHQ ALRM

LNRPKRYNSG

TERT TEFWKQ
CEQFCKNSAD
YVNSTEAETI

W VTAAHCVE
LDEPLVLNSY
TCLRSTKFTI

YG YTKVSRY

cat ggcagaa
at gt acagt t
t aat t caggt
aaagt gt agt
tt ggaagcag
tt gcaaggat
ctgtgaatta
t agt gct gat
gaagt cct gt
t aagct cacc
t gaaaccat t

YVDGDQCESN
NKWCSCTEG

LDNI TQSTQS
TGVKI TWAG

VTPI Cl ADKE
YNNMFCAGFH
VNW KEKTKL

t caccaggcc
tttcttgatc
aaatt ggaag
ttt gaagaag
tatgttgatg
gacat t aatt
gat gt aacat
aacaaggt gg
gaaccagcag
cgt gct gaga
tt ggat aaca

122

EHNI EETEHT
YTNI FLKFGS
EGGRDSCQGED
T

t cat caccat
at gaaaacgc
agtttgttca
cacgagaagt
gagat cagt g
cctatgaatg
gt aacatt aa
tttgctcctg
tgccatttcc
ctgtttttce
t cact caaag

PCT/US2011/043599

AYVKVDSCPE
RSVAKKHPKT
KYKKVRFMVAY
PYNI YPHG T
TKSDPRCLTR
NVI LFSVFDE
FDSLQLSVCL
PFSGETVFMB
SYEDI SAYLL
WFAHRTPMPK
PGAI DSNNSL
KKLDFKVSST
FGKKSSPLTE
LFKGKRAHGP
| ENSPSVWAON
KNVEMVQQKK
QGPSPKQLVS
RNLFLTNLDN
NFMKNLFLLS
GEEENLEGLG
LEETELEKRI

DCLTRSHSI P
RKKDSGVQES
YKKVENTVLP
EGSLLQGTEG
GTQ PKEEWK
| EVTWAKQGR
MKKEDFDI' YD
AQSGSVPQFK
M/TFRNQASR
HVAPTKDEFD
TVQEFALFFT
NGYI MDTLPG
KMALYNL YPG
QTPLGVASGH
KVDLLAPM |
TLMVFFG\VD
NSCSMPLGVE
QVNNPKEW.Q

TLFFONGKVK
EVLGCEAQDL

in dotted

KLEEFVQGNL
DI NSYECWCP
EPAVPFPCGR
EDAKPGQFPW
EQKRNVI RI 1
GYVSGAGRVF
SGGPHVTEVE

ctgcctttta
acaaaat t

agggaat ct a
ttttgaaaac
t gagt ccaat
ttggtgtccc
gaat ggcaga
t act gaggga
at gt ggaaga
t gat gt ggac
cacccaat ca
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tttaat gact
caggttgttt
tggattgtaa
gaacat aat a
cctcaccaca
ct ggacgaac
tacacgaaca
cacaaaggga
acatgtcttc
gaaggaggt a
gggaccagt t
t at ggaat at

t cact cgggt
t gaat ggt aa
ctgctgecca
tt gaggagac
act acaat gc
ccttagtgct
tcttcctcaa
gatcagcettt
gat ct acaaa
gagattcatg
tcttaactgg
at accaaggt

tgttggtgga
agttgatgca
ctgtgttgaa
agaacat aca
agct at t aat
aaacagct ac
atttggat ct
agttcttcag
gttcaccatc
t caaggagat
aattattagc
at cccggt at

gaagat gcca
ttctgtggag
actggtgtta
gagcaaaagc
aagt acaacc
gttacaccta
ggct at gt aa
taccttagag
t at aacaaca
agt gggggac
t ggggt gaag
gt caact gga

aaccaggt ca
gctctatcgt
aaatt acagt
gaaat gt gat
at gacatt gc
tttgcattgc
gt ggct gggg
ttccacttgt
tgttctgtge
cccatgttac
agt gt gcaat
tt aaggaaaa

PCT/US2011/043599

attcccttgg
t aat gaaaaa
t gt cgcaggt
tcgaattatt
ccttctggaa
t gacaaggaa
aagagtcttc
t gaccgagcc
tggcttccat
t gaagt ggaa
gaaaggcaaa
aacaaagct ¢

acttga
FX am no acid sequenc e. Signal sequence is shown in dotted underline
propeptide is double underlined
MGRPLHLVLL _ SASLAGLLLL  GESLF | RREO ANNILARVIR ANSFLEEMKK — GHLERECMVEE
TCSYEEAREV FEDSDKTNEF WAKYKDGDQC ETSPCONQGK CKDGLGEYTC TCLEGFEGKN
CELFTRKLCS LDNGDCDQFC HEEONSWCS CARGYTLADN GKACI PTGPY PCGKQTLERR
KRSVAQATSS SGEAPDSI TW KPYDAADLDP TENPFDLLDF NQTQPERGDN NLTRI VGGQE
CKDCGECPWQA  LLI NEENEGF CGGTI LSEFY | LTAAHCLYQ AKRFKVRVGD RNTEQEEGGE
AVHEVEW K HNRFTKETYD FDI AVLRLKT Pl TFRWWVAP ACLPERDWAE STLMICKTA
VSGFGRTHEK GRQSTRLKML  EVPYVDRNSC  KLSSSFI 1 TQ NMF CAGYDTK  QEDACQGDSG
GPHVTRFKDT  YFVTA VSWG  EGCARKGKYG | YTKVTAFLK W DRSMKTRG  LPKAKSHAPE
VI TSSPLK
FX DNA seg-u ence
at ggggcgcc cactgcacct cgtcctgctc agtgcctccc tggetggect cctgetgetc
ggggaaagtc tgttcatccg cagggagcag gccaacaaca tcctggcgag ggtcacgagg
gccaattcct ttcttgaaga gatgaagaaa ggacacctcg aaagagagtg catggaagag
acctgctcat acgaagaggc ccgcgaggtc tttgaggaca gcgacaagac gaatgaattc
tggaat aaat acaaagatgg cgaccagtgt gagaccagtc cttgccagaa ccagggcaaa
tgtaaagacg gcctcgggga atacacctgc acctgtttag aaggattcga aggcaaaaac
tgtgaattat tcacacggaa gctctgcagc ctggacaacg gggactgtga ccagttctgce
cacgaggaac agaactctgt ggtgtgctcc tgcgcccgcg ggtacaccct ggctgacaac
ggcaaggcct gcattcccac agggccctac ccctgtggga aacagaccct ggaacgcagg
aagaggtcag tggcccaggc caccagcagc agcggggagg cccctgacag catcacatgg
aagccatatg atgcagccga cctggacccc accgagaacc ccttcgacct gecttgacttce
aaccagacgc agcctgagag gggcgacaac aacctcacca ggatcgtggg aggccaggaa
tgcaaggacg gggagtgtcc ctggcaggcc ctgctcatca atgaggaaaa cgagggtttc
tgtggtggaa ccattctgag cgagttctac atcctaacgg cagcccactg tctctaccaa
gccaagagat tcaaggtgag ggtaggggac cggaacacgg agcaggagga gggcggt gag
gcggtgcacg aggtggaggt ggtcatcaag cacaaccggt tcacaaagga gacctatgac
ttcgacatcg ccgtgctccg gctcaagacc cccatcacct tccgcatgaa cgtggcgect
gcctgectcc ccgagcgtga ctgggccgag tccacgctga tgacgcagaa gacggggatt
gt gagcggct  tcgggcgcac ccacgagaag ggccggcagt ccaccaggct caagatgctg
gaggtgccct acgtggaccg caacagctgc aagctgtcca gcagcttcat catcacccag
aacatgttct gtgccggcta cgacaccaag caggaggatg cctgccaggg ggacagcggg
ggcccgcacg tcacccgctt caaggacacc tacttcgtga caggcatcgt cagctgggga
gagggctgtg cccgtaaggg gaagtacggg atctacacca aggtcaccgc cttcctcaag
tggatcgaca ggtccatgaa aaccaggggc ttgcccaagg ccaagagcca tgccccggag
gtcataacgt cctctccatt aaagtga
DNA sequence for pSYN FI X-053
1 ATGCAGCGCG TGAACATGAT CATGGCAGAA  TCACCAGGECC TCATCACCAT CTGCCTTTTA
61 GGATATCTAC TCAGIGCTGA ATGTACAGGT TTGITTCCTT TTTTAAAATA CATTGAGTAT
121 CGCTTGCCTTT TAGATATAGA AATATCTGAT GCTGICTTCT TCACTAAATT  TTGATTACAT
181 GATTTGACAG CAATATTGAA GAGICTAACA (GCCAGCACCC AGGITGGTAA  GTACTGIGeG
241 AACATCACAG ATTTTGGECTC CATGCCCTAA AGAGAAATTG GCTTTCAGAT  TATTTGGATT
301 AAAAACAAAG ACTTTCTTAA GAGATGTAAA ATTTTCATGA TGITTTCTTT TTTGCTAAAA
361 CTAAAGAATT ATTCTTTTAC ATTTCAGITT TTCTTGATCA TGAAAACGCC AACAAAATTC
421 TGAATCGGCC AAAGAGGTAT AATTCAGGTA AATTGGAAGA GITTGITCAA  GGGAATCTAG
481 AGAGAGAATG TATGGAAGAA AAGTGTAGIT TTGAAGAAGC ACGAGAAGTIT  TTTGAAAACA
541 CTGAAAGAAC AACTGAATTT TGGAAGCAGT ATGITGATGG AGATCAGIGT  GAGICCAATC
601 CATGITTAAA TGGCGGCAGI TGCAAGGATG ACATTAATTC CTATGAATGT  TGGTGICCCT
661 TTGGATTTGA AGGAAAGAAC TGTGAATTAG ATGTAACATG TAACATTAAG AATGGCAGAT
721 GCGAGCAGIT TTGTAAAAAT AGTGCTGATA ACAAGGTGGT  TTGCTCCTGT  ACTGAGGGAT
781 ATCGACTTGC AGAAAACCAG AAGICCTGTG AACCAGCAGT GCCATTTCCA TGTGGAAGAG
841 TTTCTGITTC ACAAACTTCT AAGCTCACCC GIGCTGAGAC TGITTTTCCT GATGIGGACT

123
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901

961
1021
1081
1141
1201
1261
1321
1331
1441
1501
1561
1621
1431
1741
1801
1361
1921
1931
2041
2101
2161
2221
2231
2341
2401
2461
2521
2531
2641
2701
2761
2821
2831
2941
3001
3051
3121

FI X-053 am no acid sequence.

dotted underline, propeptide is double underlined, and

linker with proprotein convertase processing sites is

shown in bold

i MORVNMIMAE SPGLITICLL . GYLLSAECTV _FIDHENANKI L NRPKRYNSG  KLEEFVQGNL

41 ERECMEEKCS FEEAREVFEN TERTTEFVKQ YVDGDQCESN  PCLNGGSCKD DI NSYECWCP
121 FGFEGKNCEL DVTCNI KNGR CEQFCKNSAD NKWCSCTEG — YRLAENQKSC — EPAVPFPCGR
181 VSVSQTSKLT RAETVFPDVD YVNSTEAETI |DNITQSTQS  FNDFTRWGG EDAKPGQFPW
241 QALNCGKVDA  FCGGSI VNEK W VTAAHCVE TGVKI TWAG EHNI EETEHT  EQKRNVI RI
301 PHHNYNAAI N KYNHDI ALLE LDEPLVLNSY VTPI Cl ADKE YTNI FLKFGS GYVSGWCRVF
361 HKGRSALVLQ YLRVPLVDRA TCLRSTKFTI YNNVFCAGFH EGGRDSCQGD SGGPHVTEVE
421 GISFLTA IS WGEECAMKGK YG YTKVSRY VNW KEKTKL ~ TDKTHTCPPC — PAPELLGGPS
481 VFLFPPKPKD TLM SRTPEV TCWDVSHE  DPEVKFNWYV DGVEVHNAKT KPREEQYNST
541 YRWBVLTVL  HQDWLNGKEY KCKVSNKALP APIEKTIZKA KGQPREPQVY  TLPPSRDELT
601 KNQVSLTCLV KGFYPSDI AV EVESNGQPEN NYKTTPPVLD  SDGSFFLYSK  LTVDKSRWQ
661 GNVFSCSVMH EALHNHYTQK SLSLSPGKRR RRSGGGGSGG GGSGGEGGSGG GGSRKRRKR:
721 KTHTCPPCPA PELLGGPSVF LFPPKPKDTL M SRTPEVTIC  VWDVSHEDP EVKFNWYVDG
781 VEVHNAKTKP REEQYNSTYR WWSVLTVLHQ DWNGKEYKC  KVSNKALPAP | EKTI SKAKG
841 QPREPQVYTL PPSRDELTKN QVSLTCLVKG FYPSDIAVEW ESNGQPENNY  KTTPPVLDSD
901 GSFFLYSKLT VDKSRWQQGN VFSCSVMHEA | HNHYTQKSL SLSPGK*

DNA sequence for pSYN-FVII-064

1 ATGGTCTCCC  AGGCCCTCAG — GCTCCTCTGC  CTTCTGCTTG  GGCTTCAGGG — CTGOCTGGCT

61 GCAGTCTTCG  TAACCCAGGA  GGAAGCCCAC — GGCGTCCTGC ACCGEOGCCG  GOGCGCCAAC
121 GOGITCCTGG AGGAGCTGOG ~ GCCGGGCTCC  CTGGAGAGGG  AGTGCAAGGA  GGAGCAGTGC
181 TCCTTCGAGG AGGCCCGGGA  GATCTTCAAG — GACGOGGAGA  GGACGAAGCT  GTTCTGGATT
241 TCTTACAGTG ATGGGGACCA  GIGTGOCTCA  AGTCCATGCC — AGAATGGGGG — CTCCTGCAAG
301 GACCAGCTCC  AGTCCTATAT  CTGCTTCTGC — CTCCCTGOCT  TCGAGGGCCG  GAACTGTGAG
361 ACGCACAAGG  ATGACCAGCT  GATCTGTGTG — AACGAGAACG  GOGGCTGIGA  GCAGTACTGC
421 AGTGACCACA  CGGGCACCAA  GCGCTCCTGT  CGGTGOCACG  AGGGGTACTC  TCTGCTGGCA

ATGTAAATTC
TTAATGACTT
AGGITGITTT

GGATTGTAAC
AACATAATAT

CTCACCACAA
TGGACGAACC
ACACGAACAT

ACAAAGGGAG
CATGICTTCG
AAGGAGGTAG
GGACCAGITT
ATGGAATATA
CTGACAAAAC
TCTTCCTCTT
CATGCGTGGT
ACGGCGTGGA
ACCGTGTGGT

AGTGCAAGGT

AAGGGCAGCC
AGAACCAGGT

AGTGGGAGAG
CCGACGCECTC
GGAACGTICTT
GCCTCTCCCT
GI'GGATCAGG
AAACTCACAC
TCTTCCCCCC
TGGTGGTGEA
TGGAGGTGCA
TGGTCAGCGT
AGGTCTCCAA
AGCCCCGAGA
AGGTCAGCCT

AGAGCAATGG
GCTCCTTCTT
TCTTCTCATG
CCCTGICTCC

TACTGAAGCT
CACTCGSGIT
GAATGGTAAA
TGCTGCCCAC
TGAGGAGACA
CTACAATGCA
CTTAGTGCTA
CTTCCTCAAA
ATCAGCTTTA
ATCTACAAAG
AGATTCATGT

CTTAACTGGA
TACCAAGGTG
TCACACATGC
CCCCCCAAAA
GGTGGACGTG
GGTGCATAAT
CAGCGTCCTC
CTCCAACAAA
CCGAGAACCA
CAGCCTGACC
CAATGGGCAG
CTTCTTCCTC
CTCATGCTCC
GICTCCGGGT

CGGTGGAGGT

ATGCCCACCG
AAAACCCAAG
CGTGAGCCAC
TAATGCCAAG
CCTCACCGTC
CAAAGCCCTC
ACCACAGGTG
GACCTGCCTG
GCAGCCGGAG
CCTCTACAGC
CTCCGTGATG
GGGTAAATGA

GAAACCATTT TGGATAACAT CACTCAAAGC
GITGGTGGAG  AAGATGCCAA ACCAGGTCAA
GITGATGCAT TCTGTGGAGG CTCTATCGIT
TGTGITGAAA CTGGTGITAA AATTACAGIT
GAACATACAG  AGCAAAAGCG AAATGTGATT
CCTATTAATA AGTACAACCA TGACATTGCC
AACAGCTACG TTACACCTAT TTGCATTGCT
TTTGGATCTG CCTATGTAAG TGGCTGGEGGA
GITCTTCAGT ACCTTAGAGT TCCACTTGIT
TTCACCATCT ATAACAACAT GITCTGTGCT
CAAGGAGATA GIGGGGGACC CCATGITACT
ATTATTAGCT GGGGTGAAGA GIGIGCAATG
TCCCCGTATG TCAACTGGAT TAAGGAAAAA
CCACCGTGCC CAGCTCCGGA ACTCCTGGGA
CCCAAGGACA CCCTCATGAT CTCCCGGACC
AGCCACGAAG ACCCTGAGGT CAAGITCAAC
GCCAAGACAA AGCCGCGGGA GGAGCAGTAC
ACCGTCCTGC ACCAGGACTG CCTGAATGEC
GCCCTCCCAG CCCCCATCCGA GAAAACCATC
CAGGTGTACA CCCTGCCCCC ATCCCGGGAT
TGCCTGGTCA AAGCCTTCTA TCCCAGCGAC
CCGGAGAACA ACTACAAGAC CACGCCTCCC
TACAGCAAGC TCACCGTCCGA CAAGAGCAGG
GIGATGCATG  AGCGCTCTGCA CAACCACTAC
AAACGECCCC GCCGCGAGCCG TGGCGGCCGA
TCCGGTEECG GGGGATCCAG GAAGAGGAGG
TGCCCAGCAC CGGAACTCCT GGGCCGACCG
GACACCCTCA TGATCTCCCG GACCCCTGAG
GAAGACCCTG  AGGTCAAGTT CAACTGGTAC
ACAAAGCCGC GGGAGGAGCA GTACAACAGC
CTGCACCAGG  ACTGCGCTGAA TGGCAAGGAG
CCAGCCCCCA TCGAGAAAAC CATCTCCAAA
TACACCCTGC CCCCATCCCG GGATGAGCTG
GTCAAAGGCT TCTATCCCAG CGACATCGCC
AACAACTACA AGACCACGCC TCCCGIGITG
AAGCTCACCG TGGACAAGAG CAGGTGGCAG
CATGAGCECTC TGCACAACCA CTACACGCAG
Si gnal sequence

PCT/US2011/043599

ACCCAATCAT
TTCCCTTGGC
AATGAAAAAT
GICGCAGGTG
CGAATTATTC
CTTCTGGAAC
GACAAGGAAT
AGAGICTTCC
GACCGAGCCA
GGCTTCCATG
GAAGTGGAAG
AAAGGCAAAT
ACAAAGCTCA
GGACCGICAG
CCTGAGGTCA
TGGTACGTGG
AACAGCACGT
AAGGAGTACA

GAGCTGACCA
ATCGCCGTGG
GIGTTGGACT
TGGCAGCAGG
ACGCAGAAGA
TCAGGTGGGG
AAGAGGGACA
TCAGICTTCC
GICACATGCG
GI'GGACGECG
ACGTACCGTG
TACAAGTGCA

ACCAAGAACC
GIGGAGT GGG
GACTCCGACG
CAGGGGAACG
AAGAGCCTCT

is shown in
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i
i 00
e

[

cQl
661
721
781
841
901
951
1021
1081
1141
1201
1261
1321
1381
1441
1501
1551
1621
1681
1741
1801
1861
1921
1981
2041

2161
2221
2231
2341
2401
2461
2521
2531
2641
2701
2761
2821

CACAGITGAA
CCAAGGCCGA
GITGITGGIG

CGAGCACGAC
CATCCCCAGC
CCAGCCCGTIG
TGAGAGGACG
CCGTGECGCC
CTGCCTGCAG
TGCCGGCTAC
CACCCACTAC
AACCGTGGGEC
GCTCATGCGC
TGGCTCCGEC
AGGTTCCGGT

ACTCCTGGGA
CACCCGGEAG
CAAGTTCAAC
GGAGCAGTAC
GCTGAATGGC
GAAAACCATC
ATCCCGGGAT

TCCCAGCGAC
CACGCCTCCC
CAAGAGCAGG
CAACCACTAC

GAAGAGGAGG
GGGCGGACCG
GGAGCCTGAG
CAACTGGTAC
GTACAACAGC
TGGCAAGGAG
CATCTCCAAA
GGATGAGCTG
CGACATCGCC
TCCCGIGITG
CAGGTGGCAG
CTACACGCAG

FVI1-064 am no acid sequence

dott ed underli ne,

connecting FVII
proprotein convertase processing sites

i
61

181
241
301
361
421
481
541
601
661
721
781
841
901

MVSQALRLLC. .

SFEEARE | FK
THKDDQLI CV
KRNASKPQGR
NLI AVLGEHD
LPERTFSERT
| TEYMFCAGY
Y1 EWLQKLMR
PPCPAPELLG
AKTKPREEQY
QVYTLPPSRD
YSKLTVDKSR
SGGGGSRKRR
EDPEVKFNWY
PAPIEKTIZK
NNYKTTPPVL

sequence for

to Fc is underlined,

LLLG.QGCLA

DAERTKL Fwi
NENGGCEQYC
| VGGKVCPKG
L SEHDGDEQS
LAFVRFSLVS
SDGSKDSCKG
SEPRPGVLLR
GPSVFLFPPK
NSTYRVVSVL
ELTKNQVSLT
WOQGNVFSCS
KRDKTHTCPP
VDGVEVHNAK
AKGQPREPQV
DSDGSFFLYS

Si gnal

TATCCATGIG
ATTGIGGGEGEG
AATGGAGCTC
CACTGITTCG
CTCAGCGAGC
ACGTACGTCC
GTCCTCACTG
CTGGECCTTCG
ACGGCCCTGG
CAGTCACGGA
TCGGATGGCA
CGGGGECACGT
CACTTTGEEG
TCAGAGCCAC
GGAGGTGEGT
GGCGGGEGEGAT
GGACCGTCAG
CCTGAGGTCA
TGGTACGTGG
AACAGCACGT
AAGGAGTACA
TCCAAAGCCA
GAGCTGACCA
ATCGCCGTGG
GTGITGGACT
TGGCAGCAGG
ACGCAGAAGA
TCAGGTGEEG
AAGAGGGACA
TCAGTICTTCC
GTCACATGCG
GTGGACGECG
ACGTACCGTG
TACAAGTGCA
GCCAAAGGEC
ACCAAGAACC
GTGGAGTGEG
GACTCCGACG
CAGGGGAACG
AAGAGCCTCT

AVEVTQEEAH _ GVLHRRRRAN

SYSDGDQCAS
SDHTGTKRSC
ECPWQVLLLV
RRVAQVI | PS
GWGQLLDRGA
DSGGPHATHY

SPCONGGSCK
RCHEGYSLLA
NGAQLCGGTL
TYVPGITNHD
TALELMWLNV
RGTWLTA V

and

GAAAAATACC
GCAAGGTGTIG
AGITGIGTGG
ACAAAAT CAA
ACGACGGGGA
CGGGCACCAC
ACCATGIGGT
TGCGCTTCTC
AGCTCATGGT
AGGTGGGAGA
GCAAGGACTC
GGTACCTGAC
TGTACACCAG
GCCCAGGAGT
CCGGTGECGG
CCGACAAAAC
TCTTCCTCTT
CATGCGTGGT
ACGGCGTGGA
ACCGTGIGGT
AGTGCAAGGT
AAGGGCAGCC
AGAACCAGGT
AGTGGGAGAG
CCGACGECTC
GGAACGICTT
GCCTCTCCCT
GTGGATCAGG
AAACTCACAC
TCTTCCCCCC
TGGTGGTGGA
TGGAGGTGCA
TGGTCAGCGT
AGGTCTCCAA
AGCCCCGAGA
AGGTCAGCCT
AGAGCAATGG
GCTCCTTCTT
TCTTCTCATG
CCCTGICTCC

sequence i
propeptide is double underlined,

i nker
i s shown

AFLEELRPGS
DQLQSYI CFC
DGVSCTPTVE
| NTI VIASAA
| ALLRLHQPV
PRLMIQDCLQ
SWGQGCATVG

PCT/US2011/043599

TATTCTAGAA
CCCCAAAGGG
GGGGACCCTG
GAACTGGAGG
TGAGCAGAGC
CAACCACGAC
GCCCCTCTGC
ATTGGTCAGC
CCTCAACGTG
CTCCCCAAAT
CTGCAAGGGG
GGGCATCGTC
GGTCTCCCAG
CCTCCTGCGA
CGGATCAGGT
TCACACATGC
CCCCCCAAAA
GGTGGACGTG
GGTGCATAAT
CAGCGTCCTC
CTCCAACAAA
CCGAGAACCA
CAGCCTGACC
CAATGGGCAG
CTTCTTCCTC
CTCATGCTCC
GTCTCCGEGT
CGGTGGAGGT
ATGCCCACCG
AAAACCCAAG
CGTGAGCCAC
TAATGCCAAG
CCTCACCGTC
CAAAGCCCTC
ACCACAGGTG
GACCTGCCTG
GCAGCCGEAG
CCTCTACAGC
CTCCGTGATG
GGGTAAATGA

s shown

W th
in bold

LERECKEEQC
L PAFEGRNCE
YPCKI PI LE
HCFDKI KNVR
VLTDHVVPLC
QSRKVGDSPN
HFGVYTRVSQ

APFPEEEGESG  GEGSGEEESG — GEGSEEEESGE — GEESDKTHTC

PKDTLY!
TVLHQDW.NG
CLVKGFYPSD
VVHEAL HNHY
CPAPELLGGP
TKPREEQYNS
YTLPPSRDEL
KLTVDKSRWQ

pPSYN-FVI | | -049

1 ATGCAAATAG AGCTCTCCAC CTGCTTCTTT

8
Lz

1 ACCAGAAGAT ACTACCTGGG TGCAGIGGAA
1 GGTGAGCTGC CTGIGGACGC AAGATTTCCT

125

TRE PEVTCWDV

KEYKCKVSNK
I AVEVESNGQ
TQKSLSLSPG
SVFLFPPKPK
TYRWBVLTV

TKNQVSLTCL
QGNVFSCSVM

CTGTGCCTTT
CTGTCATGEG
CCTAGAGTGC

SHEDPEVKFN
ALPAPI EKT

PENNYKTTPP
KRRRRSGGGEG
DTLYI TREPE
L HODWLNGKE
VKGF YPSDI A
HEALHNHYTQ

TGCGATTCTG
ACTATATGCA
CAAAATCTTT

VEVWESNGQPE
KSLSLSPGK*

CTTTAGTGCC
AAGTGATCTC
TCCATTCAAC

in

i nker
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181
241

301
361

421

4S1

541

601

661

721

7S1
841

901

951
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1931
2041
2101
2161
2221
2231
2341
2401
2461
2521
25381
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3431
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
432 1
4381
4441
4501
4561
4621
4681
4741

ACCTCAGTCG
GCTAAGCCAA
GATACAGTGG
GGTGTATCCT
GAGAAAGAAG
AAAGAGAATG
GTGGACCTGG
GGGAGTCTGG
TTTGATGAAG
GCTGCATCTG
CTGCCAGGTC
ACCACTCCTG
CGCCAGGCGT
GACCTTGGAC
GCTTATGTCA
GAAGCGGAAG
GATGACAACT
TGGGTACATT
CCCGATGACA
AAGTACAAAA
ATTCAGCATG
TTGATTATAT
GATGTCCGTC
CCAATTCTGC
ACTAAATCAG
GATICTAGCIT
AGAGGAAACC
AACCGAAGCT
CAGCTTGAGG
TTTGATAGTT
ATTGGAGCAC
ATGGTCTATG
ATGGAAAACC
ATGACCGCCT
AGTTATGAAG
TTCTCTCAAA
CAGTCAGATC
GATITIGACA
CGACACTATT
CATGTTCTAA
CAGGAATTTA
TTGGGACTCC
AGAAATCAGG
CAGAGGCAAG
TTTTGGAAAG
GCTTATTTCT
CTGGTCTGCC
TTTGCTCTGT
GAAAGAAACT
TATCGCTTCC
CAGGATCAAA
ATTCATTTCA
TACAATCTCT
TGGCGGGTGG
GTGTACAGCA
CAGATTACAG
TCCGGATCAA
TTGGCACCAA
CTCTACATCT
CGAGGAAATT
AAACACAATA
TATAGCATTC
ATGCCATTGG
TTTACCAATA
AGTAATGCCT
AAGACAATGA
TATGTGAAGG
CAGAATGGCA
TCTCTAGACC
CAGATTGCCC
CACACATGCC
CCCCCAAAAC
GTGGACGTGA
GTGCATAATG
AGCGTCCTCA
TCCAACAAAG
CGAGAACCAC

TGTACAAAAA
GGCCACCCTG
TCATTACACT
ACTGGAAAGC
ATGATAAAGT
GTCCAATGGC
TAAAAGACTT
CCAAGGAAAA
GGAAAAGTTG
CTCGGGCCTG
TGATTGGATG
AAGTGCACTC
CCTTGGAAAT
AGTTTCTACT
AAGTAGACAG
ACTATGATGA
CTCCTTCCTT
ACATTGCTGC
GAAGTTATAA
AAGTCCGATT
AATCAGGAAT
TTAAGAATCA
CTTTGTATTC
CAGGAGAAAT
ATCCTCGGTG
CAGGACTCAT
AGATAATGTC
GGTACCTCAC
ATCCAGAGTT
TGCAGTTGTC
AGACTGACTT
AAGACACACT
CAGGTCTATG
TACTGAAGGT
ATATTTCAGC
ACCCACCAGT
AAGAGGAAAT
TTTATGATGA
TTATTGCTGC
GAAACAGGGC
CTGATGGCTC
TGGGGCCATA
CCTCTCGTCC
GAGCAGAACC
TGCAACATCA
CTGATGTTGA
ACACTAACAC
TTTTCACCAT
GCAGGGCTCC
ATGCAATCAA
GGATTCGATG
GTGGACATGT
ATCCAGGTGT
AATGCCTTAT
ATAAGTGTCA
CTTCAGGACA
TCAATGCCTG
TGATTATTCA
CTCAGTTTAT
CCACTGGAAC
TTTTTAACCC
GCAGCACTCT
GAATGGAGAG
TGTTTGCCAC
GGAGACCTCA
AAGTCACAGG
AGTTCCTCAT
AAGTAAAGGT
CACCGTTACT
TGAGGATGGA
CACCGTGCCC
CCAAGGACAC
GCCACGAAGA
CCAAGACAAA
CCGTCCTGCA
CCCTCCCAGC
AGGTGTACAC

GACTCTGTTT
GATGGGTCTG
TAAGAACATG
TTCTGAGGGA
CTTCCCTGGT
CTCTGACCCA
GAATTCAGGC
GACACAGACC
GCACTCAGAA
GCCTAAAATG
CCACAGGAAA
AATATTCCTC
CTCGCCAATA
GTTTTGTCAT
CTGTCCAGAG
TGATCTTACT
TATCCAAATT
TGAAGAGGAG
AAGTCAATAT
TATGGCATAC
CTTGGGACCT
AGCAAGCAGA
AAGGAGATTA
ATTCAAATAT
CCTGACCCGC
TGGCCCTCTC
AGACAAGAGG
AGAGAATATA
CCAAGCCTCC
AGTTTGTTTG
CCTTTCTGTC
CACCCTATTC
GATTCTGGGG
TTCTAGTTGT
ATACTTGCTG
CTTGAAACGC
TGACTATGAT
GGATGAAAAT
AGTGGAGAGG
TCAGAGTGGC
CTTTACTCAG
TATAAGAGCA
CTATTCCTTC
TAGAAAAAAC
TATGGCACCC
CCTGGAAAAA
ACTGAACCCT
CTTTGATGAG
CTGCAATATC
TGGCTACATA
GTATCTGCTC
GTTCACTGTA
TTTTGAGACA
TGGCGAGCAT
GACTCCCCTG
ATATGGACAG
GAGCACCAAG
CGGCATCAAG
CATCATGTAT
CTTAATGGTC
TCCAATTATT
TCGCATGGAG
TAAAGCAATA
CTGGTCTCCT
GGTGAATAAT
AGTAACTACT
CTCCAGCAGT
TTTTCAGGGA
GACTCGCTAC
GGTTCTGGGC
AGCACCTGAA
CCTCATGATC
CCCTGAGGTC
GCCGCGGGAG
CCAGGACTGG
CCCCATCGAG
CCTGCCCCCA

126

GTAGAATTCA
CTAGGTCCTA
GCTTCCCATC
GCTGAATATG
GGAAGCCATA
CTGTGCCTTA
CTCATTGGAG
TTGCACAAAT
ACAAAGAACT
CACACAGTCA
TCAGTCTATT
GAAGGTCACA
ACTTTCCTTA
ATCTCTTCCC
GAACCCCAAC
GATTCTGAAA
CGCTCAGTTG
GACTGGGACT
TTGAACAATG
ACAGATGAAA
TTACTTTATG
CCATATAACA
CCAAAAGGTG
AAATGGACAG
TATTACTCTA
CTCATCTGCT
AATGTCATCC
CAACGCTTTC
AACATCATGC
CATGAGGTGG
TTCTTCTCTG
CCATTCTCAG
TGCCACAACT
GACAAGAACA
AGTAAAAACA
CATCAACGGG
GATACCATAT
CAGAGCCCCC
CTCTGGGATT
AGTGTCCCTC
CCCTTATACC
GAAGTTGAAG
TATTCTAGCC
TTTGTCAAGC
ACTAAAGATG
GATGTGCACT
GCTCATGGGA
ACCAAAAGCT
CAGATGGAAG
ATGGATACAC
AGCATGGGCA
CGAAAAAAAG
GTGGAAATGT
CTACATGCTG
GGAATGGCTT
TGGGCCCCAA
GAGCCCTTTT
ACCCAGGGTG
AGTCTTGATG
TTCTTTGGCA
GCTCGATACA
TTGATGGGCT
TCAGATGCAC
TCAAAAGCTC
CCAAAAGAGT
CAGGGAGTAA
CAAGATGGCC
AATCAAGACT
CTTCGAATTC
TGCGAGGCAC
CTCCTGGGAG
TCCCGGACCC
AAGTTCAACT
GAGCAGTACA
CTGAATGGCA
AAAACCATCT
TCCCGCGATG

PCT/US2011/043599

CGGATCACCT
CCATCCAGGC
CTGTCAGTCT
ATGATCAGAC
CATATGTCTG
CCTACTCATA
CCCTACTAGT
TTATACTACT
CCTTGATGCA
ATGGTTATGT
GGCATGTGAT
CATTTCTTGT
CTGCTCAAAC
ACCAACATGA
TACGAATGAA
TGGATGTGGT
CCAAGAAGCA
ATGCTCCCTT
GCCCTCAGCG
CCTTTAAGAC
GGGAAGTTGG
TCTACCCTCA
TAAAACATTT
TGACTGTAGA
GTTTCGTTAA
ACAAAGAATC
TGTTTTCTGT
TCCCCAATCC
ACAGCATCAA
CATACTGGTA
GATATACCTT
GAGAAACTGT
CAGACTTTCG
CTGGTGATTA
ATGCCATTGA
AAATAACTCG
CAGTTGAAAT
GCAGCTTTCA
ATGGGATGAG
AGTTCAAGAA
GTGGAGAACT
ATAATATCAT
TTATTTCTTA
CTAATGAAAC
AGTTTGACTG
CAGGCCTGAT
GACAAGTGAC
GGTACTTCAC
ATCCCACTTT
TACCTGGCTT
GCAATGAAAA
AGGAGTATAA
TACCATCCAA
GGATGAGCAC
CTGGACACAT
AGCTGGCCAG
CTTGGATCAA
CCCGTCAGAA
GGAAGAAGTG
ATGTGGATTC
TCCGTTTGCA
GTGATTTAAA
AGATTACTGC
GACTTCACCT
GGCTGCAAGT
AATCTCTGCT
ATCAGTGGAC
CCTTCACACC
ACCCCCAGAG
AGGACCTCTA
GACCGTCAGT
CTGAGGTCAC
GGTACGTGGA
ACAGCACGTA
AGGAGTACAA
CCAAAGCCAA
AGCTGACCAA

TTTCAACATC
TGAGGTTTAT
TCATGCTGTT
CAGTCAAAGG
GCAGGTCCTG
TCTTTCTCAT
ATGTAGAGAA
TTTTGCTGTA
GGATAGGGAT
AAACAGGTCT
TGGAATGGGC
GAGGAACCAT
ACTCTTGATG
TGGCATGGAA
AAATAATGAA
CAGGTTTGAT
TCCTAAAACT
AGTCCTCGCC
GATTGGTAGG
TCGTGAAGCT
AGACACACTG
CGGAATCACT
GAAGGATTTT
AGATGGGCCA
TATGGAGAGA
TGTAGATCAA
ATTTGATGAG
AGCTGGAGTG
TGGCTATGTT
CATTCTAAGC
CAAACACAAA
CTTCATGTCG
GAACAGAGGC
TTACGAGGAC
ACCAAGAAGC
TACTACTCTT
GAAGAAGGAA
AAAGAAAACA
TAGCTCCCCA
AGTTGTTTTC
AAATGAACAT
GGTAACTTTC
TGAGGAAGAT
CAAAACTTAC
CAAAGCCTGG
TGGACCCCTT
AGTACAGGAA
TGAAAATATG
TAAAGAGAAT
AGTAATGGCT
CATCCATTCT
AATGGCACTG
AGCTGGAATT
ACTTTTTCTG
TAGAGATTTT
ACTTCATTAT
GGTGGATCTG
GTTCTCCAGC
GCAGACTTAT
ATCTGGGATA
CCCAACTCAT
TAGTTGCAGC
TTCATCCTAC
CCAAGGGAGG
GGACTTCCAG
TACCAGCATG
TCTCTTTTTT
TGTGGTGAAC
TTGGGTGCAC
CGACAAAACT
CTTCCTCTTC
ATGCGTGGTG
CGGCGTGGAG
CCGTGTGGTC
GTGCAAGGTC
AGGGCAGCCC
GAACCAGGTC
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4801
4861
4921
4981,
5041
5101
5161
5221
5231
5341
5401
5461
5521
5531
5641
5701
5741
5821

AGCCTGACCT
AATGGGCAGC
TTCTTCCTCT
TCATGCTCCG
TCTCCGGGTA
GGTGGAGGTT
AAGAGGAGGA
GGCGGACCGT
ACCCCTGAGG
AACTGGTACG
TACAACAGCA
GGCAAGGAGT
ATCTCCAAAG
GATGAGCTGA
GACATCGCCG
CCCGTGITGG
AGGTGGCAGC
TACACGCAGA

GCCTGGTCAA
CGGAGAACAA
ACAGCAAGCT
TGATGCATGA
AACGGCGCCG
CCGGTGECGEG
AGAGGGACAA
CAGTCTTCCT
TCACATGCGT
TGGACGGECGT
CGTACCGTGT
ACAAGTGCAA

CCAAAGGGCA
CCAAGAACCA
TGGAGTGGCGA
ACTCCGACGG
AGGGGAACGT

AGAGCCTCTC

AGGCTTCTAT
CTACAAGACC
CACCGTCGAC
GGCTCTGCAC
CCGGAGCGGT
GGGATCCGGC
AACTCACACA
CTTCCCCCCA
GGTGGTGGAC
GGAGGTGCAT
GGTCAGCGTIC
GGTCTCCAAC
GCCCCGAGAA
GGTCAGCCTG
GAGCAATGGEG
CTCCTTCTTC
CTTCTCATGC
CCTGICTCCG

FVII11-049 amino acid sequence.

in dotted underline,
convertase processing sites

i
51
121
el
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1551
1621
1581
1741
1801
1551
1921

DNA sequence for

1
51
121
181
241
301
361
421
481
541
601
651
721
781

MQ ELSTCFF.

TSWYKKTLF

GVSYWKASEG
VDLVKDLNSG
AASARAWPKM
RQASLEI SPI

EAEDYDDDLT
PDDRSYKSQY
LI | FKNQASR
TKSDPRCLTR
NRSWYLTENI

| GAQTDFLSV
MIALLKVSSC
QSDQEEI DYD
HVLRNRAQSG
RNQASRPYSF
AYFSDVDLEK
ERNCRAPCNI

| HFSGHVFTV
VYSNKCQTPL
LAPMI | HG K
KHNI FNPPI |

FTNVFATWEP
YVKEFLI SSS
Q ALRVEVLG
VDVSHEDPEV
SNKALPAPI E
NGQPENNYKT
SPGKRRRRSG
GGPSVFLFPP
YNSTYRWSV

DEL TKNQVSL
RWOQGNVFSC

ATGACCAACA
TCCATGAGCT
CTCCTGIGGC
ATCCCTGAGG
TATGAGATCC
AATGAGACTA
ACAGTCCTGG
CTGCACCTGA
CACTGTGCCT
CTTACAGGTT
GGGAGCGACA
TCAGTCTTCC
GTCACATGCG
GTGGACGECG

. LCLLRFCFSA

VEFTDHLFNI
AEYDDQTSQR
LI GALLVCRE
HTVNGYVNRS
TFLTAQTLLM
DSEMDWRFD
LNNGPQRI GR
PYNI YPHG T
YYSSFVNVER
QRFLPNPAGV
FFSGYTFKHK
DKNTGDYYED
DTl SVEMKKE
SVPQFKKVF

YSSLI SYEED
DVHSGL | GPL
QVEDPTFKEN
RKKEEYKMAL
GVASGHI RDF
TQGARCKFSS
ARYI RLHPTH
SKARLHLQGR
QDGHQWILFF
CEAQDL YDKT
KENWWVDGVE
KTl SKAKGQP
TPPVLDSDGS
GGGSGEEESG
KPKDTLM SR
LTVLHQDW.N
TCLVKGFYPS
SVIVHEAL HNH

| FN- b-

AGTGTICTCCT
ACAACTTGCT
AATTGAATGG
AGATTAAGCA
TCCAGAACAT
TTGTTGAGAA
AAGAAAAACT
AAAGATATTA
GGACCATAGT
ACCTCCGAAA
AAACTCACAC
TCTTCCCCCC
TGGTGGTGGA
TGGAGGTGCA

and

i nker
i s

TRRYYLGAVE
AKPRPPWVGL
EKEDDKVFPG
GSLAKEKTQT
LPGLI GCHRK
DLGQFLLFCH
DDNSPSFI Q

KYKKVREMAY
DVRPLYSRRL
DLASGLI GPL
QLEDPEFQAS
MV/YEDTLTLF
SYEDI SAYLL
DFDI YDEDEN
QEFTDGSFTQ
QRQGAEPRKN
LVCHTNTLNP
YRFHAI NGYI

YNLYPGVFET
Q TASGQYGQ
LYl SQFI 1 mY
YSI RSTLRVE
SNAVWRPQVNN
QNGKVKVFQG
HTCPPCPAPE
VHNAKTKPRE
REPQVYTLPP
FFLYSKLTVD
GGGSGEEESG
TPEVTCWD

GKEYKCKVSN
DI AVEVESNG
YTQKSLSLSP

018

CCAAATTGCT
TGGATTCCTA
GAGCCTTGAA
GCTGCAGCAG
CTTTCCTATT
CCTCCTGGCT
GGAGAAAGAA
TGGGAGGATT
CAGAGTGGAA
CGGTGECCEC
ATGCCCACCG
AAAACCCAAG
CGTGAGCCAC
TAATGCCAAG

127

Si gnal
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TCGCCGTGGA
TGITGGACTC
GGCAGCAGEG
CGCAGAAGAG
CAGGTGEEEG

GCCCAGCTCC
ACACCCTCAT
AAGACCCTGA
CAAAGCCGCG
TGCACCAGGA
CAGCCCCCAT
ACACCCTGCC
TCAAAGCCTT
ACAACTACAA
AGCTCACCGT
ATGAGGCTCT

sequence i

with proprotein

shown in

L SWDYMQSDL
LGPTI QAEVY
GSHTYWWQVL
LHKFI LLFAV
SVYWHVI GMG
| SSHQHDGVE
RSVAKKHPKT
TDETFKTREA
PKGVKHLKDF
LI CYKESVDQ
NI MHSI NGYV
PFSGETVFMS
SKNNAI EPRS
QSPRSFQKKT
PLYRGELNEH
FVKPNETKTY
AHGRQVTVQE
MDTLPGLVNA
VEM_PSKAG
WAPKLARL HY
SLDGKKWOTY
LMGCDLNSCS
PKEW.QVDFQ
NQDSFTPWN
LLGGPSVFLF
EQYNSTYRW
SRDEL TKNQV
KSRWOQGNVF
GGGSGEGGSR
V/SHEDPEVKF
KALPAPI EKT
QPENNYKTTP
G(*

CTCCTGITGT
CAAAGAAGCA
TATTGCCTCA
TTCCAGAAGG
TTCAGACAAG
AATGICTATC
GATTTCACCA
CTGCATTACC
ATCCTAAGGA
GGCTCCGGTG
TGCCCAGCTC
GACACCCTCA
GAAGACCCTG
ACAAAGCCGC

bol d

GELPVDARFP
DTW TLKNM

KENGPMASDP
FDEGKSWHSE
TTPEVHSI FL
AYVKVDSCPE
VWHY! AAEEE
| QHESG LGP
Pl LPGEI FKY
RGNQI MBDKR
FDSLQLSVCL
NVENPGLW LG
FSQNPPVLKR
RHYF | AAVER
LGLLGPYI RA
FWKVQHHVAP
FALFFTI FDE
QDQRI RWYLL

WRVECLI GEH
SGSI NAVWSTK
RGNSTGTLMW/
MPLGVESKAI

KTMKVTGVTT
SLDPPLLTRY
PPKPKDTLM

SVLTVLHQW
SLTCLVKGFY
SCSVMHEALH
KRRKRDKTHT
NWYVDGVEVH
| SKAKGQPRE
PVLDSDGSFF

GCTTCTCCAC
GCAATTTTCA
AGGACAGGAT
AGGACGCCGC
ATTCATCTAG
ATCAGATAAA
GGGGAAAACT
TGAAGGCCAA
ACTTTTACTT
GAGECGSGTC
CGGAACTCCT
TGATCTCCCG
AGGTCAAGTT
GGGAGGAGCA

GTGGGAGAGC
CGACGCECTCC
GAACGICTTC
CCTCTCCCTG
TGGATCAGCC
TGGATCAAGG
AGAACTCCTG
GATCTCCCGG
GGTCAAGITC
GGAGGAGCAG
CTGGCTGAAT
CGAGAAAACC
CCCATCCCGG
CTATCCCAGC
GACCACGCCT
GGACAAGAGC
GCACAACCAC

s shown

PRVPKSFPFN
ASHPVSLHAV
LCLTYSYLSH
TKNSLMQDRD
EGHTFLVRNH
EPQLRVKNNE
DWDYAPLVLA
LLYGEVGDTL
KWIVTVEDGP
NVI LFSVFDE
HEVAYWYI LS
CHNSDFRNRG
HQREI TRTTL
LWDYGVBSSP
EVEDNI WTF
TKDEFDCKAW
TKSWYFTENM
SMGSNENI HS
LHAGVBTLFL
EPFSW KVDL
FFG\VDSSG

SDAQ TASSY
QGVKSLLTSM
LRI HPQSW/H
SRTPEVTCW

LNGKEYKCKV
PSDI AVEVES
NHYTQKSLSL
CPPCPAPELL
NAKTKPREEQ
PQVYTLPPSR
LYSKLTVDKS

TACAGCTCTT
GTGTCAGAAG
GAACTTTGAC
ATTGACCATC
CACTGCCTGG
CCATCTGAAG
CATGAGCAGT
GGAGTACAGT
CATTAACAGA
CGGCGGTGGA
GGGAGGACCG
GACCCCTGAG
CAACTGGTAC
GTACAACAGC
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841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
168l
1741
1801
1861
1921
1981
2041

ACGTACCGTG
TACAAGTGCA

ACCAAGAACC
GTGGAGT GGG
GACTCCGACG
CAGGGGAACG
AAGAGCCTCT
GGGGGTGGAT
GACAAAACTC
TTCCTCTTCC
TGCGTGGTGG
GGCGTGRAGG
CGTGIGGTCA
TGCAAGGTCT

AACCAGGTCA
TGGGAGAGCA
GACGGCTCCT
AACGTICTTCT
CTCTCCCTGT

TGGTCAGCGT
AGGTCTCCAA
AGCCCCGAGA
AGGTCAGCCT
AGAGCAATGG
GCTCCTTCTT
TCTTCTCATG
CCCTGICTCC
CAGGCGGTGG
ACACATGCCC
CCCCAAAACC
TGGACGTGAG
TGCATAATGC
GCGTCCTCAC
CCAACAAAGC
GAGAACCACA
GCCTGACCTG
ATGGGCAGCC
TCTTCCTCTA
CATGCTCCGT
CTCCGGGTAA

CCTCACCGTC
CAAAGCCCTC
ACCACAGGTG
GACCTGCCTG
GCAGCCGGAG
CCTCTACAGC
CTCCGTGATG
GGGTAAACGG
AGGTTCCGGT

CAAGGACACC
CCACGAAGAC
CAAGACAAAG
CGTCCTGCAC
CCTCCCAGCC
GGTGTACACC
CCTGGTCAAA
GGAGAACAAC
CAGCAAGCTC
GATGCATGAG
ATGA

| FN-b-018 am no aci d sequence.

in dotted underline,
region is underlined,
convertase processing sites

61
121
i81
241
Zo1
361
421
481
541
01
661

MINKCLLOI A.
| PEE | KQLQQ
TVLEEKLEKE
LTGYLRN GGG
VTCVWDVSH
YKCKVSNKAL
VEVWESNGQPE
KSLSLSPGKR
FLFPPKPKDT
RWSVLTVLH
NQVSLTCLVK
NVFSCSVMVHE

.LLLCESTIAL..

FQKEDAALTI
DFTRGKLMBS
GSGGOEGSERG
EDPEVKFNWY
PAPIEKTIZK
NNYKTTPPVL
RRRSGGGGSG
LM SRTPEVT
QDW.NGKEYK
GFYPSDI AVE
ALHNHYTQKS

i nker
and

is

SMBYNLLGFL
YEMLQNI FAI
LHLKRYYGRI
GSDKTHTCPP
VDGVEVHNAK
AKGQPREPQV
DSDGSFFLYS
GGGSGEEGESG
CVWDVSHED
CKVSNKAL PA
VESNGQPENN
LSLSPGK*

i nker

CTGCACCAGG
CCAGCCCCCA
TACACCCTGC
GTCAAAGGCT
AACAACTACA
AAGCTCACCG
CATGAGECTC
CGCCGCCGEA
GGCGGGGEGAT
GCACCGGAAC
CTCATGATCT
CCTGAGGTCA
CCGCGGEAGG
CAGGACTGGC
CCCATCGAGA
CTGCCCCCAT
GGCTTCTATC
TACAAGACCA
ACCGTGGACA
GCTCTGCACA

Si gnal

shown in

QRSSNFQCQK
FRQDSSSTGW
LHYLKAKEYS
CPAPELLGGP
TKPREEQYNS
YTLPPSRDEL
KLTVDKSRWQ
GGGSRKRRKR
PEVKFNWYVD
PIEKTIZKAK
YKTTPPVLDS

ACTGGCTGAA
TCGAGAAAAC
CCCCATCCCG
TCTATCCCAG
AGACCACGCC
TCGACAAGAG
TGCACAACCA

CCAGGAAGAG
TCCTGEGECGG

AGITCAACTG
AGCAGTACAA
TGAATGGCAA
AAACCATCTC
CCCGGGATGA
CCAGCGACAT

AGAGCAGGTG
ACCACTACAC

sequence
regi on connecting IFN-b to Fc
with proprotein

bol d

LLWOLNGRLE
NETI VENLLA
HCAWT| VRVE
SVFLFPPKPK
TYRWSVLTV
TKNQVSLTCL
QG\VFSCSVM
DKTHTCPPCP
GVEVHNAKTK
GQPREPQUYT
DGSFFLYSKL

PCT/US2011/043599

TGGCAAGGAG
CATCTCCAAA
GGATGAGCTG
CGACATCGCC
TCCCGIGITG
CAGGTGGCAG
CTACACGCAG
CGGATCAGGT
GAGGAAGAGG
ACCGTCAGTC
TGAGGTCACA
GTACGTGGAC
CAGCACGTAC
GGAGTACAAG
CAAAGC CAAA
GCTGACCAAG
CGCCGTGGAG
GITGGACTCC
GCAGCAGEEG
GCAGAAGAGC

i s shown

YCLKDRWMNFD
NVYHQ NHLK
I LRNFYFI NR
DTLM SRTPE
L HQDW.NGKE
VKGFYPSDI A
HEALHNHYTQ
APELLGGPSV
PREEQYNSTY
LPPSRDELTK

TVDKSRWOQG

This invention is further illustrated by the following examples which should

not be construed as limiting. The contents of all references, patents and published

patent applications cited throughout this application are incorporated herein by

reference.
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What is claimed is:

1. A polypeptide, comprising (i) at least one biologically active
moiety, (ii) an Fcregion comprising at least two Fc moieties and
(iii) acleavable scFc (cscFc) linker interposed between the two Fc
moieties, wherein the csckc linker islinked to at least one
enzymatic cleavage site which results in cleavage of the csckc
linker.

2. The polypeptide of claim 1, wherein at least one biologicaly active
moiety comprises aclotting factor.

3. The polypeptide of clam 2, wherein the clotting factor is selected
from the group consisting of FVII, FVIla, FVIII, FFX, FFXa, FX, and
FXa

4, The polypeptide of clam 1 comprising the moieties A-F1-P1-L-P2-
B-F2 wherein A isoptionaly present and, if present, is abiologically
active moiety, Fl isan Fc moiety or domain, Pl isoptionally present
and, if present, isan enzymatic cleavage site, L is apolypeptide linker,
P2 is optionally present and, if present, isan enzymatic cleavage site, B
isoptionally present and, if present, isabiogically active moiety, and
F2 is an Fc moiety.

5. The polypeptide of claim 4, where A ispresent and is selected from
the group consisting of: an antigen binding portion of an antibody; a
non immunoglobulin binding molecule, abinding portion of aligand,
and abinding portion of areceptor, and aclotting factor.

6. The polypeptide of clam 4, wherein A comprises the light chain of
aclotting factor and B comprises the heavy chain of aclotting factor
which when associated form an active molecule.

7. The polypeptide of claim 4, where B ispresent and is selected from
the group consisting of: an antigen binding portion of an antibody; a
non immunoglobulin binding molecule, abinding portion of aligand, a
binding portion f areceptor, and aclotting factor.

3. The polypeptide of clam 4, wherein Fl and F2 each comprise a

CH2 and a CH3 domain.

129



10

15

20

25

30

35

WO 2012/006635 PCT/US2011/043599

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

The polypeptide of claim 4, which comprises the moieties A-Fl-B-
P1-L-P2-F2 or A-F1-P1-L-P2 B-F2 in linear sequence from amino to
carboxy terminus.

The polypeptide of claim 4 which has the formula selected from the
group consisting of: A-FI-PI- L-P2-F2; FH-PI- L-P2-B-F2; A-F1-P1-
L- F2; FI-PI- L-B-F2; A-H- L-P2-F2; FI- L-P2-B-F2, and A-F1-P1-
L-P2-B-F2 in linear sequence from amino to carboxy terminus..

The polypeptide of claim 1, which comprises one biologically active
moiety.

The polypeptide of claim 3, wherein A and B are both present and are
different biologicaly active moieties.

The polypeptide of claim 4 , wherein Pl and P2 are both present
and are recognized by the same or by different enzymes.

The polypeptide of claim 13, wherein at least one of Pl or P2
comprises comprises the amino acid sequence Arg-Arg-Arg-Arg.

The polypeptide of claim 13, wherein at least one of Pl or P2
comprises the amino acid sequence Arg-Lys-Arg-Arg-Lys-Arg.

The polypeptide of claim 13, wherein at least one of Pl or P2
comprises the amino acid sequence Arg-Arg-Arg-Arg-Ser.

The polypeptide of claim 4, wherein Pl and P2 are both present and
Pl comprise the sequence Arg-Arg-Arg-Arg and P2 comprises the
sequence Arg-Lys-Arg-Arg-Lys-Arg.

The polypeptide of claim 4, wherein PI or P2 comprises an amino
acid sequence selected from the group consisting of: TQSFNDFTR and
SVSQTSKLTR, DFLAEGGGVR, TTKIKPR, LVPRG, and ALRPR.

The polypeptide of claim 1, wherein the cscFc linker has alength of
about 1to about 50 amino acids.

The polypeptide of claim 19, wherein the cscFc linker has alength
of about 20 to about 30 amino acids.

The polypeptide of claim 1, wherein the cscFc linker comprises a
gly/ser peptide.

The polypeptide of claim 21, wherein the gly/ser peptide is of the
formula (Gly,Ser)n or S(Gly,Ser)n, wherein n is apositive integer
selected from the group consisting of 1,2, 3,4,5, 6,7, 8, 9and 10.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

The polypeptide of claim 22, wherein the S(Gly, Ser)n linker is
S(Gly, Ser)6 or S(Gly, Ser)4.

A polypeptide comprising two polypeptide chains, wherein the first
polypeptide chain comprises alight chain of aclotting factor linked to a
first Fc moiety and a second polypeptide chain comprises aheavy chain
of aclotting factor linked to a second Fc moiety, wherein the wherein
the light chain and the heavy chain associate to form an enzymatically
active clotting factor.

The polypeptide of claim 24, wherein the light chain of the clotting
factor islinked to the first Fc moiety and the heavy chain of the clotting
factor islinked to the second Fc moiety and wherein the clotting factor
is enzymatically active upon secretion by acell.

The polypeptide of claim 24, wherein the clotting factor is selected
from the group consisting of FVII, FVIla, FFX, FFXa, FX, and FXa.

The polypeptide of claim 1or 24 which comprses atargeting
moiety.

The polypeptide of claim 27, wherein the targeting moiety binds to
resting platelets.

The polypeptide of claim 27 wherein the targeting moiety
selectively binds to activated platelets.

The polypeptide of claim 28, wherein the targeting moiety
selectively binds to atarget selected from the group consisting of:
GPlba, GPVI, and the nonactive form of GPIIb/Illa

The polypeptide of claim 29, wherein the targeting moiety
selectively binds to atarget selected from the group consisting of: the
active form of GPIIb/llla, P selectin, GMP-33, LAMP-1, LAMP-2,
CD40L, and LOX-1.

The polypeptide of claim 27, wherein the targeting moiety binds to
the GPIb complex

The polypeptide of claim 27, which comprises atargeting moiety,
wherein the targeting moiety is apeptide selected from the group
consisting of: PS4, OS1, and OS2.
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34.

35.

36.
37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

The polypeptide of claim 27, wherein the targeting moiety
comprises an antibody variable region from an antibody selected from
the group consisting of: SCE5, MB9, and AP3.

The polypeptide of claim 24, where A isthe light chain of FVII and
B isthe heavy chain of FVII.

A composition comprising the polypeptide of claim 1or 24.

The composition of claim 36, wherein the composition comprises a
cell culture supernatant.

A nucleic acid molecule encoding the polypeptide of claim 1 or 24.

The nucleic acid molecule of claim 38, wherein the nucleic acid
molecule is present in avector.

The vector of claim 39, wherein the vector further comprises a
nucleotide sequence encoding an enzyme which cleaves at least one of
the intracellular processing sites.

A processed polypeptide comprising at least two amino acid chains
which polypeptide is encoded by the nucleic acid molecule of claim 38.

A host cell comprising the vector of claim 39, wherein the host cell
expresses an enzyme which cleaves the polypeptide linker.

The host cell of claim 42, wherein the enzyme is endogenous to the
cell.

The host cell of claim 42, wherein the enzyme is exogenous to the
cell.

A method for producing apolypeptide comprising culturing the host
cell of claim 43 or 44 in culture such that amature polypeptide
comprising two amino acid chains is produced.

A processed, heterodimeric polypeptide comprising two
polypeptide chains, wherein said processed, heterodimeric polypeptide
is made by expressing the vector of claim 45 in acell cultured in cell
culture medium and isolating the mature, heterodimeric polypeptide
from the culture medium.

A composition comprising the processed polypeptide of claim 46
and apharmaceutically acceptable carrier.

A composition comprising the nucleic acid molecule of claim 38and

apharmaceutically acceptable carrier.
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49.

50.

51.

52.

A method for treating or preventing adisease or disorder in a
subject, comprising administering the composition of claim 47 or 48.

The method of claim 49, wherein the disease or disorder is selected
from the group consisting of aclotting disorder, aneurological disorder,
an inflammatory disorder, an autoimmune disorder, and a neoplastic
disorder.

The method of claim 49, wherein the disease or disorder is a
disorder affecting hemostasis.

The method of claim 51, wherein the composition promotes clot

formation.
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Western blot of protein A immunoprecipitation following transient
transfection of pSYN-FVI-024 with or without pSYN-PC5-003. Lane 1,
SeeBlue Plus 2 molecular weight marker; Lane 2, pSYN-FVI-024,
non reducing; lane 3, pSYN-FVII-024+pSYN-PC5-003, non reducing;
lane 4, pSYN-FVI-024, reducing; lane 5, pSYN-FVI1-024+pSYN-PC5-
003, reducing.
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Western blot analysis (Fc western) of FVIIFc species following
transient transfection of HEK 293 cells and protein A pulldown
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