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SHORTACTING FACTOR VII 
POLYPEPTIDES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. App. Ser. 
No. 61/745,674, filed Dec. 24, 2012, and U.S. App. Ser. No. 
61/787,026, filed Mar. 15, 2013, which are hereby incorpo 
rated by reference in their entirety. 

FIELD OF THE DISCLOSURE 

0002 Human coagulation Factor VII variants and the 
polynucleotides encoding Such variants, vectors and host 
cells comprising and expressing Such variants, methods of 
obtaining Such variants, methods of using Such variants, com 
positions of the variants, and additional inventive features 
related thereto are provided herein. 

BACKGROUND 

0003 Blood coagulation is a process consisting of a com 
plex interaction of various blood components (or factors) that 
eventually gives rise to a fibrin clot. Generally, the blood 
components, which participate in what has been referred to as 
the coagulation “cascade.” are enzymatically inactive pro 
teins (proenzymes or Zymogens) that are converted to pro 
teolytic enzymes by the action of an activator (which itself is 
an activated clotting factor). Coagulation factors that have 
undergone such a conversion are generally referred to as 
“active factors' and are designated by the addition of the letter 
“a” to the name of the coagulation factor (e.g., Factor VIIa). 
0004 Initiation of the haemostatic process is mediated by 
the formation of a complex between tissue factor, which is 
exposed to the circulating blood following injury to the vessel 
wall, and Factor VIIa, which is present in the circulation in an 
amount corresponding to about 1% of the total Factor VII 
protein mass. This complex is anchored to the tissue factor 
bearing cell and converts Factors IX and X to their active 
forms Factor IXa and Factor Xa on the cell surface. Factor Xa 
converts prothrombinto thrombin on the tissue factor-bearing 
cell, which activates Factor VIII, Factor V. Factor XI, and 
Factor XIII. Furthermore, the limited amount of thrombin 
formed in this initial step of haemostasis also activates the 
platelets. Following the action of thrombin on the platelets, 
the platelets change shape and expose charged phospholipids 
on their surface. This activated platelet surface forms the 
template for further Factor X activation and the full thrombin 
generation. The further Factor X activation on the activated 
platelet surface occurs via a Factor IXa and Factor VIIIa 
complex formed on the surface of the activated platelet, and 
Factor Xa then converts prothrombin into thrombin while still 
on the surface. Thrombin then converts fibrinogen into fibrin, 
which is insoluble and which stabilizes the initial platelet 
plug. This process is localized to the site of the tissue factor 
exposure thereby minimizing the risk of a systemic activation 
of the coagulation system. In recent years, Factor VII and 
tissuefactor have been found to be the maininitiators of blood 
coagulation. 
0005 Factor VIIa is produced from its precursor, Factor 
VII, which is synthesized in the liver and secreted into the 
blood where it circulates as a single-chain glycoprotein (mo 
lecular weight of about 50,000 Da). Wild-type Factor VII as 
used herein has the amino acid sequence and nucleotide 
sequence disclosed in FIGS. 1 and 2. The term “Factor VII' is 
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meant to encompass Factor VII polypeptides in their 
uncleaved form (the Zymogen form) as well as those that have 
been proteolytically or otherwise processed to yield their 
respective bioactive forms, which may be referred to as Factor 
VIIa. Wild type Factor VII is cleaved typically between resi 
dues 152 and 153 to produce Factor VIIa. 
0006 Factor VII is converted in vitro into the two-chain 
form Factor VIIa by Factor Xa, Factor XIIa, Factor IXa, or 
thrombin. Like several other plasma proteins involved in hae 
mostasis, Factor VII is dependent on Vitamin K for its activ 
ity, which is required for the gamma-carboxylation of mul 
tiple glutamic acid residues that are clustered close to the 
amino terminus of the protein. These gamma-carboxylated 
glutamic acids are required for the metal ion-induced inter 
action of Factor VII with phospholipids. In the presence of 
tissue factor, phospholipids, and calcium ions, the two-chain 
Factor VIIa rapidly activates Factor X or Factor IX by limited 
proteolysis. Factor VIIa is susceptible to proteolytic cleavage, 
giving rise to a number of degradation products that do not 
have clotting activity. 
0007 Factor VII variants having an amino acid sequence 
derived from wild type Factor VII by substitution, deletion, 
and/or insertion of one or more amino acids have been pub 
lished. For example, Dickinson et al. (Proc. Natl. Acad. Sci 
USA (1996) 93, 14379-14384) relates to Factor VII variants 
wherein Lys157, Val158, Glu296, Met298, Asp334, Ser336, 
or Lys227 have been individually replaced by Ala. Iwanaga et 
al. (Thromb. Haemost. (supplement August 1999), 466, 
abstract 1474) relates to FactorVIIa variants wherein residues 
316-320 are deleted or residues 311-322 are replaced with the 
corresponding residues from trypsin. U.S. Pat. App. Pub. 
2008/0058255A1 to Bolt et al. relates to Factor VII variants 
having a glycosylation-disrupting Substitution at either N145 
or N322, or at both N145 and N322. Toso et al. reported a 
series of Factor VII structure-function studies based on natu 
rally occurring mutations. The mutant recombinant Factor 
VII proteins included T324M, E385K, and two mutant Factor 
VII proteins lacking glycosylation core sequences in either 
the Factor VII heavy chain (N322Q) or the Factor VII light 
chain (N145Q). Toso et al., “Lack of Heavy Chain Glycosy 
lation in Patient with Factor VII Deficiency Not Responsible 
for Mutant FVIIa Activity.” Blood, vol. 96, no. 11, part 2 (16 
Nov. 2000), p. 79b (42' Annual Meeting of the American 
Society of Hematology). 
0008 Most naturally occurring peptides and proteins con 
tain carbohydrate moieties attached to the peptide or protein 
via specific linkages to a select number of amino acids along 
the length of the primary peptide or protein chain. Thus, many 
naturally occurring peptides and proteins are termed 'glyco 
peptides’ or “glycoproteins.” respectively. The variability of 
the glycosylation pattern on any given peptide or protein can 
impact the function of that peptide or protein. For example, 
the structure of the N-linked glycans on a peptide or protein 
can impact various characteristics of the peptide or protein, 
including the protease Susceptibility, intracellular trafficking, 
secretion, tissue targeting, biological half-life, and antigenic 
ity of the peptide or protein in a cell or organism. The alter 
ation of one or more of these characteristics can affect the 
efficacy of a peptide or protein in its natural setting, and can 
also affect the efficacy of the peptide or protein as a therapeu 
tic agent in situations where the peptide or protein has been 
generated for that purpose. 
0009. The carbohydrate structure attached to the peptide 
or protein chain is known as a glycan molecule. The spe 
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cific glycan structure present on a peptide or protein affects 
the Solubility and aggregation characteristics of the peptide or 
protein, the folding of the primary peptide or protein chain, 
and, therefore, its functional or enzymatic activity, the resis 
tance of the peptide or protein to proteolytic attack, and the 
control of proteolysis leading to the conversion of inactive 
forms of the peptide or protein to active forms. For example, 
terminal sialic acid residues present on the glycan molecule 
affect the length of the half-life of the peptide or protein in the 
mammalian circulatory system. Peptides and proteins whose 
glycans do not contain terminal sialic acid residues generally 
are more rapidly removed from the circulation by the liver. 
0010. The glycan structures found in naturally occurring 
glycopeptides and glycoproteins are typically divided into 
two classes, N-linked and O-linked glycans. Wildtype Factor 
VIIa contains two N-linked and two O-linked glycosylation 
sites. N-linked glycosylation is the most common covalent 
modification in eukaryotes. N-linked glycosylation occurs at 
the consensus sequence Asn-X-Ser/Thr, where the glycan 
attaches to the amine group of asparagine and X represents 
any amino acid except proline. N-linked glycans are based on 
the common core pentasaccharide, Man (GlcNAc), which 
can be further modified by the addition of monosaccharides 
Such as N-acetylgalactosamine, galactose, neuraminic acid, 
N-acetylglucosamine, fructose, mannose, and fucose. The 
Man (GlcNAc) core with various monosaccharides includ 
ing terminal sialic acids may be attached via a N-acetylglu 
cosamine to at the ASn in the ASn-X-Ser/Thr consensus 
sequence. This chemically complex co-translational modifi 
cation serves many purposes and affects the biology of the 
protein in diverse ways including proper folding, functional 
group orientation, and clearance rates. 
0011 A variety of methods have been proposed in the art 
to customize the glycosylation pattern of a peptide or protein, 
including those described in U.S. Pat. No. 8,008,252 to 
DeFrees et al. 

0012. It is often desirable to stimulate or improve the 
coagulation cascade in a subject. Factor VIIa has been used to 
control bleeding disorders caused by clotting factor deficien 
cies (e.g., haemophilia A and B or deficiency of coagulation 
Factors XI or VII) or clotting factor inhibitors. Recombinant 
Factor VIIa, manufactured and sold by Novo Nordisk under 
the trade name NovoSeven(R), is approved for the for the 
treatment of bleeding episodes in hemophilia A or B patients 
with inhibitors to Factor VIII or Factor IX and in patients with 
acquired hemophilia; prevention of bleeding in Surgical inter 
ventions or invasive procedures in hemophilia A or B patients 
with inhibitors to Factor VIII or Factor IX and in patients with 
acquired hemophilia; treatment of bleeding episodes in 
patients with congenital Factor VII deficiency and prevention 
of bleeding in Surgical interventions or invasive procedures in 
patients with congenital Factor VII deficiency. U.S. Pat. No. 
5,180,583 to Hedner discloses using Factor VIIa to control 
excessive bleeding in situations not caused by clotting factor 
defects or clotting factor inhibitors. Hedner discloses treating 
bleeding disorders caused for example by a defective platelet 
function, thrombocytopenia, or von Willebrand’s disease, 
and compositions for those uses. 
0013 There is a need to treat bleeding from disorders not 
caused by congenital or developed clotting factor deficiencies 
or inhibitors to clotting factors. Several clinical trials have 
demonstrated the efficacy of recombinant Factor VIIa to con 
trol bleeds. However, there are concerns over an increase in 
undesirable thromboembolic events from use of this mol 
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ecule. Bleeding is a major problem in many disorders, such as 
in connection with Surgery, complications following Surgery, 
stem and organ transplants, intracranial hemorrhage, aortic 
aneurysm, and trauma, or overdose of certainanti-coagulants. 

BRIEF SUMMARY 

0014. It is an object to treat bleeding disorders and epi 
sodes with Factor VII polypeptides that are short-acting. One 
object of the present work is to provide compositions of 
Factor VII polypeptides (wild-type or variant) that are short 
acting, characterized by one or more pharmacokinetic traits 
such as a shortened half-life. It is an object to provide such a 
Factor VII molecule with reduced opportunity for thrombotic 
events outside of the target site and the treatment time-frame. 
It is an object to provide Factor VII polypeptides (wild-type or 
variant) with enhanced clearance due to altered glycosylation 
patterns. 
00.15 Described herein is a composition of variant Factor 
VII polypeptides, in which the variant Factor VII polypeptide 
comprises an amino acid sequence having at least two 
sequence alterations relative to the amino acid sequence of 
SEQID NO: 16, wherein the at least two sequence alterations 
are (1) a glutamine residue substituted for the proline residue 
in position 10, and (2) a glutamic acid residue substituted for 
the lysine residue in position 32; and wherein the ratio of 
moles of conjugated Sialic acid to moles of N-linked glycan in 
the composition is less than 0.05, less than 0.1, less than 1.0, 
less than 2.0, less than 3.0, less than 4.0, less than 5.0 or less 
than 6.0. Also described herein is a composition of variant 
Factor VII polypeptides in which the variant Factor VII 
polypeptide comprises an amino acid sequence having at 
least two sequence alterations relative to the amino acid 
sequence of SEQ ID NO: 16, wherein the at least two 
sequence alterations are (1) a glutamine residue substituted 
for the proline residue in position 10, and (2) a glutamic acid 
residue substituted for the lysine residue in position 32; and 
wherein the ratio of moles of conjugated Sialic acid per mole 
of N-linked glycan is within a range selected from the group 
consisting of (1) from 0 to 5:(2) from 0 to 4; (3) from 0 to 3: 
(4) from 0 to 2; (5) from 0 to 1 and (6) from 0 to 0.5. 
0016. Also described herein is an isolated variant Factor 
VII polypeptide comprising an amino acid sequence having 
at least two sequence alterations relative to the amino acid 
sequence of SEQ ID NO: 16, wherein the at least two 
sequence alterations are (1) a glutamine residue substituted 
for the proline residue in position 10, and (2) a glutamic acid 
residue substituted for the lysine residue in position 32, 
wherein the polypeptide has a ratio of moles of conjugated 
sialic acid to moles of N-linked glycan of less than 0.05, less 
than 0.1, less than 1.0, less than 2.0, less than 3.0, less than 
4.0, less than 5.0 or less than 6.0. Also described herein is a 
composition of Factor VII polypeptides, wherein the Factor 
VII polypeptides comprise the amino acid sequence of SEQ 
ID NO: 16 (wild type Factor VII) and the ratio of moles of 
conjugated sialic acid to moles of N-linked glycan in the 
composition is within a range selected from the group con 
sisting of (1) from 1 to 5:(2) from 1 to 4; (3) from 1 to 3; (4) 
from 1 to 2; and (5) from 0.5 to 1; or conjugated sialic acid is 
undetectable. 
0017. Also described herein is an isolated variant Factor 
VII polypeptide selected from the group consisting of 
0018 (1) a polypeptide comprising a Factor VII amino 
acid sequence having sequence alterations relative to the 
sequence of SEQID NO: 16, wherein the sequence alter 
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ations consist of (1) a glutamine residue substituted for the 
proline residue in position 10, (2) a glutamic acid residue 
substituted for the lysine residue in position 32, and (3) a 
sequence alteration Such that N-linked glycosylation at 
position 145 is disrupted; 

0019 (2) a polypeptide comprising a Factor VII amino 
acid sequence having sequence alterations relative to the 
sequence of SEQID NO: 16, wherein the sequence alter 
ations consist of (1) a glutamine residue substituted for the 
proline residue in position 10, (2) a glutamic acid residue 
substituted for the lysine residue in position 32, and (3) a 
sequence alteration Such that N-linked glycosylation at 
position 322 is disrupted; 

0020 (3) a polypeptide comprising a Factor VII amino 
acid sequence having sequence alterations relative to the 
amino acid sequence of SEQ ID NO: 16, wherein the 
sequence alterations consist of (1) a glutamine residue 
substituted for the proline residue in position 10, and (2) a 
glutamic acid residue substituted for the lysine residue in 
position 32, and (3) sequence alterations such that N-linked 
glycosylation at positions 145 and 322 is disrupted; 

0021 (4) a polypeptide comprising a Factor VII amino 
acid sequence having sequence alterations relative to the 
amino acid sequence of SEQ ID NO: 16, wherein the 
sequence alterations consist of (1) a glutamine residue 
substituted for the proline residue in position 10, and (2) a 
glutamic acid residue substituted for the lysine residue in 
position 32, wherein positions 145 and 322 are asparagine 
and have attached N-linked glycosylation; 

0022 (5) a polypeptide comprising a Factor VII amino 
acid sequence having sequence alterations relative to the 
amino acid sequence of SEQ ID NO: 16, wherein the 
sequence alterations consist of (1) a glutamine residue 
substituted for the proline residue in position 10, (2) a 
glutamic acid residue substituted for the lysine residue in 
position 32, (3) a glutamic acid residue substituted for the 
alanine residue in position 34, (4) a glutamic acid residue 
substituted for the arginine residue in position36, and (5) a 
sequence alteration Such that N-linked glycosylation at 
position 145 is disrupted; 

0023 (6) a polypeptide comprising a Factor VII amino 
acid sequence having sequence alterations relative to the 
amino acid sequence of SEQ ID NO: 16, wherein the 
sequence alterations consist of (1) a glutamine residue 
substituted for the proline residue in position 10, (2) a 
glutamic acid residue substituted for the lysine residue in 
position 32, (3) a glutamic acid residue substituted for the 
alanine residue in position 34, (4) a glutamic acid residue 
substituted for the arginine residue in position36, and (5) a 
sequence alteration Such that N-linked glycosylation at 
position 322 is disrupted; 

0024 (7) a polypeptide comprising a Factor VII amino 
acid sequence having sequence alterations relative to the 
amino acid sequence of SEQ ID NO: 16, wherein the 
sequence alterations consist of (1) a glutamine residue 
substituted for the proline residue in position 10, (2) a 
glutamic acid residue substituted for the lysine residue in 
position 32, (3) a glutamic acid residue substituted for the 
alanine residue in position 34, (4) a glutamic acid residue 
substituted for the arginine residue in position36, and (5) a 
sequence alterations such that N-linked glycosylation at 
positions 145 and 322 is disrupted; and 

0025 (8) a polypeptide comprising a Factor VII amino 
acid sequence having sequence alterations relative to the 
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amino acid sequence of SEQ ID NO: 16, wherein the 
sequence alterations consist of (1) a glutamine residue 
substituted for the proline residue in position 10, (2) a 
glutamic acid residue substituted for the lysine residue in 
position 32, (3) a glutamic acid residue substituted for the 
alanine residue in position 34, and (4) a glutamic acid 
residue substituted for the arginine residue in position 36, 
wherein positions 145 and 322 are asparagine and have 
attached N-linked glycosylation. 

0026. Also described herein are Factor VII polypeptides 
having reduced conjugation of sialic acid with the Factor VII 
polypeptide. In certain examples, the Factor VII polypeptide 
is a variant polypeptide that produces altered glycosylation 
pattern. In other examples, the Factor VII polypeptide is a 
wild-type Factor VII polypeptide which has reduced conju 
gation of Sialic acid. In certain embodiments, reduced silica 
acid conjugation can be effectuated by treatment of the 
polypeptide with a sialidase enzyme. In other embodiments, 
reduced sialic acid conjugation can be effectuated by produc 
ing recombinant Factor VII polypeptides in a cell line that is 
partially or completely deficient in sialylation of peptides. In 
further embodiments, the reduced sialic acid conjugation can 
be effectuated by coexpressing the recombinant Factor VII 
polypeptide and a recombinant or exogenous sialidase 
enzyme in a cell line. 
0027. Also described is a method for treating a mammal 
having a disease or a disorder wherein blood clot formation is 
desirable, comprising administering to a mammal in need 
thereof an effective amount of a Factor VII polypeptide that 
has reduced sialic acid conjugation. In certain embodiments, 
the ratio of moles of conjugated sialic acid to moles of 
N-linked glycan is less than 0.05. In other embodiments, the 
Factor VII polypeptide comprises the amino acid sequence of 
SEQ ID NO: 16. In further embodiments, the Factor VII 
polypeptide comprises wild-type factor VII. In additional 
embodiments, the disease or disorder being treated is selected 
from the group consisting of a hemorrhage, gastrointestinal 
bleeding, uncontrolled bleeding, bleeding in a mammal 
undergoing transplantation or resection or Surgery, variceal 
bleeding, thrombocytopenia, hemophilia, intracranial hemor 
rhage, aortic aneurysm, and over administration of an antico 
agulant. 
0028. Further variants, compositions, methods and related 
products and processes are disclosed in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0029 FIGS. 1A-1H show the nucleotide sequences for 
three Factor VII molecules used in the present application. 
“V1 is a variant of human Factor VII having four amino acid 
mutations relative to wildtype human amino acid sequence of 
SEQID NO: 16: (P10O, K32E, T106N and V253N). “V2 is 
a variant of human Factor VII having six amino acid muta 
tions relative to wildtype human amino acid sequence of SEQ 
ID NO: 16: (P10O, K32E, A34E, R36E,T106N and V253N). 
FIG.1 also shows the nucleotide sequences for various con 
structs used in the examples. 
0030 FIG. 2 shows the amino acid sequences for three 
Factor VII molecules used in the present application. Wild 
type human Factor VII as used herein has the amino acid 
sequence of SEQID NO: 16.V1 has the amino acid sequence 
of SEQID NO: 17. V2 has the amino acid sequence of SEQ 
ID NO: 18. In V1 and V2, the changes from wild type Factor 
VII of SEQID NO: 16 are shown in bold. 
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0031 FIG. 3 is a scheme depicting three Factor VII mol 
ecules used in the examples of the present application. 
Attachment of glycans at N-glycosylation sites is shown. For 
the depiction of the glycans, a Solid box represents N-acetyl 
glucosamine, a shaded oval represents mannose, an open oval 
represents galactose, a dark diamond represents sialic acid 
(also known as N-acetylneuraminic acid) and a closed tri 
angle represents fucose. The glycan structure is a depiction 
using one possible variant of a glycan and does not represent 
an actual measured glycan. 
0032 FIG. 4 is a scheme depicting an N-linked glycan 
showing attachment at the ASn in the ASn-X-Ser/Thr consen 
Sus sequence. The Man (GlcNAc) core with various 
monosaccharides including terminal sialic acids are shown. 
0033 FIG.5 is a scheme depicting two approaches used in 
the present disclosure to decrease the half-life of Factor VII 
variants, exemplified with reference to V2. 
0034 FIG. 6 is a table of hypoglycosylated Factor VII 
molecules. 
0035 FIG. 7 shows the results of an LC-MS method to 
identify the sialic acid remaining on the heavy chain of V2 
after desialylation according to the conditions of the experi 
ment. 

0036 FIG. 8 shows the analysis of desialylated V2 for 
sialic acid content. 
0037 FIG.9 shows the results of a phospholipid FX acti 
Vation assay. 
0038 FIG. 10 shows the results of a PL-TGA assay on 
desialylated proteins. 
0039 FIG. 11 shows expression of hypoglycosylated Fac 
tor VII variants. 
0040 FIG. 12 is a table showing determination of “spe 

cific activity” of hypoglycosylated FVII variants using trans 
fection Supernatants. 
004.1 FIG. 13 shows the results of a PL-TGA assay on 
purified hypoglycosylated variant pMB 121. 
0042 FIG. 14 shows the in vitro hepatocyte clearance of 
desialylated V2 compared to wild type Factor VII. 
0043 FIG. 15 shows the results of in vitro hepatocyte 
clearance with Factor VII variants. The hypoglycosylated 
variants did not display an increase in clearance in this model. 
This result suggests a different clearance mechanism for these 
molecules from that utilized by the desialylated V2. 
0044 FIG.16 shows pharmacokinetic study results in rat. 
Half-lives of the desialyated V2 and V1 were significantly 
shorter than their unmodified parental molecules in Sprague 
Dawley rats as measured by Factor VII ELISA. 
0045 FIG. 17 shows a pharmacokinetic study results in 
HemA mice. 
0046 FIG. 18 shows a desialylated V2 efficacy study in 
HemA mice. 
0047 FIG. 19 shows a desialylated V2 efficacy study in 
TVT HemA model. 

0.048 FIG. 20 shows the results of thrombin-antithrombin 
(“TAT) generation in HemA mice with desialylated V2 com 
pared to Factor VII. 
0049 FIG. 21 shows a desialylated V2 efficacy study in 
coagulation-competent mice. 
0050 FIG.22 shows the in vitro hepatocyte clearance of 
desialylated wild-type Factor VII (dWT VIIa) compared to 
wild-type Factor VII with normal conjugation of sialic acid. 
0051 FIG. 23 shows tail cut study results in the human 
tissue factor knock-in (TFKI) mice for dWTVIIa compared 
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to wild-type Factor VII. Desialylated Factor VII was found to 
be significantly more efficacious than wild-type Factor VII. 
0052 FIG. 24 shows results of an ELISA analysis of 
Thrombin Anti-Thrombin (TAT) complexes after administra 
tion of either dWTVIIa or wild-type Factor VII 
0053 FIG.25 shows the results of an analysis of thrombus 
formation in a FeCls thrombosis model. The given dose of 
dWT VIIa produced greatly reduced thrombus formation as 
compared to wild-type Factor VII. 
0054 FIG. 26 shows the apparent binding affinities of 
dWTVIIa and wild-type Factor VII for soluble tissuefactor as 
measured by a fluorogenic Substrate. 
0055 FIG. 27 shows the conversion of Factor X to Factor 
Xaby a complex of soluble tissue factor and either dWTVIIa 
or wild-type Factor VII. 

DETAILED DESCRIPTION 

0056 Methods for modulating the pharmacokinetics of 
recombinant Factor VII polypeptides (wild-type or variant) to 
limit thrombotic complications in treatment of acute bleeding 
are described herein. Also described are Factor VII polypep 
tides with reduced sialic acid conjugation. Further described 
are variants of recombinant Factor VII with enhanced clear 
ance from the blood and a decrease in the duration of efficacy. 
Such variants have a shorter half-life in vivo than recombi 
nant wild type Factor VII, due to altered glycosylation pat 
terns. Also described are methods of production and use of 
Such short-acting Factor VII polypeptides. 
0057 To explain Factor VII and glycosylation, FIGS. 3 
and 4 are provided. FIG. 3 shows schematically three 
examples of Factor VII molecules with their domains. Factor 
VII is a protein consisting of a Gla, EGF, and catalytic domain 
and containing 2 N-linked Glycans (N145 and N322). V1 is a 
Factor VII variant with four mutations (P10O, K32E, T106N, 
V253N). V2 is a Factor VII variant with six mutations (P10O. 
K32E, A343, R36E, T106N, V253N). V1 and V2 both have 
increased affinity for activated platelets and contain two addi 
tional N-glycosylation sites resulting in longer half-lives as 
compared to wild type Factor VII. The two mutations found 
solely in V2 (A34E. R36E) are believed to account for its 
tissue-factor-independence. 
0.058 FIG. 4 shows schematically an example of an 
N-linked glycan showing attachment at the ASn in the ASn 
X-Ser/Thr consensus sequence. The Man (GlcNac) core 
with various monosaccharides including terminal Sialic acids 
are shown. 
0059 Methods of preparing a Factor VII polypeptide hav 
ing a desired short half-life is provided herein. Two general 
methods are provided to make a short-acting Factor VII 
polypeptide, which methods can be used separately or in 
combination. As shown Schematically in FIG. 5 using one 
example of a Factor VII variant, a glycosylated Factor VII 
variant can be processed by desialylation or deglycosylation 
to alter the glycosylation pattern of the variant and thereby to 
alter, and preferably shorten, its half-life. This method could 
also be used to desialylate a wild-type Factor VII polypeptide. 
0060. Desialylation may occur by any method known in 
the art. Examples of suitable methods include enzymatic 
desialylation by contact with any known enzyme that func 
tions to desialylate including, without limitation, sialidases 
including neuraminidase-agarose beads (Sigma N5254) and 
the neuraminidase from Clostridium perfringens identified at 
GI:40479 and in FEBS Lett. 238 (1), 31-34 (1988). Such 
desialylation may be accomplished by contacting a partially 
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purified recombinant Factor VII polypeptide with a sialidase 
in vitro under suitable conditions, or by co-expression of the 
sialidase in the host cell expressing the recombinant Factor 
VII polypeptide. The contacting in vitro may be of such 
duration that only partial desialylation occurs. For example, 
where a desired half-life can be obtained from a molecule 
with a ratio of from 0.5 to 1 moles of conjugated sialic acid to 
moles of N-linked glycan in the composition of Factor VII 
polypeptides, then contacting with a sialidase for a limited 
period of time before full desialylation occurs is recom 
mended. Partial desialylation may also be obtained by using 
a modified sialidase, by contacting the Factor VII polypeptide 
with the sialidase under conditions that slow or impair the full 
functioning of the Sialidase, or by other methods apparent to 
those skilled in the art to produce only partially desialylated 
polypeptides. Partial desialylation may be measured by com 
parison to the ratio of conjugated sialic acid to glycan in a 
reference preparation having been fully desialylated. 
0061. Desialylation may also be accomplished through 
expression of the Factor VII polypeptide (wild-type or vari 
ant) in a cell line that lacks or is deficient in one or more 
cellular components needed for sialic acid addition. Certain 
cell lines have been or may be modified to reduce or remove 
sialylation. For example, Lec2 cells with Chinese hamster 
ovary (“CHO) origin produce glycoproteins with approxi 
mately ten-fold less sialic acid than the wild type cell. It is 
believed that desialylation of a glycan results in a molecule 
that can be actively cleared by liver receptors including the 
Asialoglycoprotein Receptor (ASGPR) and for this reason it 
shortens half-life. 

0062. The second approach is to deglycosylate a Factor 
VII variant and thereby obtain a molecule with a shortened 
half-life. Reduction in glycosylation enhances clearance of 
Factor VII through renal clearance (50-60 Kd cut off, rev. in 
Caliceti P and Veronese FM, "Pharmacokinetic and biodis 
tribution properties of poly(ethylene glycol)-protein conju 
gates.” Adv. Drug Deliv Rev. 2003:55(10): 1261-77, Wein 
Stein Tet al., “Distribution of glycosaminoglycans in rat renal 
tubular epithelium. JAm Soc Nephrol. 1997; 8(4):586-95, 
Choi H S et al., “Renal clearance of quantum dots.” Nat 
Biotechnol. 2007; 25(10): 1165-70), surface charge and iso 
electric point (pl) change (which have been related to the 
increase in glycoprotein circulation, see review in Byrne B. et 
al., “Sialic acids: carbohydrate moieties that influence the 
biological and physical properties of biopharmaceutical pro 
teins and living cells. Drug Discovery Today 2007; 12(7-8): 
319), and through less glycoprotein-mediated protection 
from any number of plasma proteases (Ton G. et al., 2005, 
NieY et al., 2006). 
0063 Deglycosylation as used herein includes, without 
limitation, a genetic modification of a Factor VII polypeptide 
that results in an altered amino acid sequence as compared to 
a reference Factor VII polypeptide, which alteration removes 
an N-linked glycosylation site. For example, a Factor VII 
variant can be produced with a glycosylation-disrupting alter 
ation at one or more amino acid residues required for the 
N-linked glycan consensus sequence, i.e., Asn-X-Ser/Thr 
where X represents any amino acid except proline. As used 
herein a glycosylation-disrupting alteration of a Factor VII 
amino acid sequence refers to an alteration relative to wild 
type Factor VII that results in a substitution, addition, or 
deletion of one or more amino acid residues and that results in 
a loss of one or more sites for N-linked glycosylation. For 
example, N-linked glycosylation sites may be removed by 
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replacing N145 and/or N322, both present in wildtype Factor 
VII, with any amino acid (naturally occurring or non-natu 
rally occurring). Glycosylation sites should be identified that 
have minimal effect on activity when altered to disrupt gly 
cosylation. In another example, deglycosylation may occur 
by expression of the Factor VII polypeptide (wild-type or 
variant) in a cell line that lacks the machinery for glycosyla 
tion. For example, Factor VII produced in bacterial cells is 
expected to be completely unglycosylated because bacterial 
cells lack the cellular machinery for glycosylation. In another 
embodiment, the Factor VII polypeptide is produced in a cell 
line that lacks terminal glycosylation enzymes or that has 
Such enzymes but one or more have activity that is less than 
that found in the wild type cell line. See, e.g., Appa R. et al., 
201, Narita Met al., 1998, Seested et al., 2010. In another 
embodiment, the Factor VII polypeptide is produced in a cell 
line that harbors a defect in an enzyme involved in the syn 
thesis or attachment of a glycan to Factor VII or a defect in an 
enzyme involved in the synthesis of CMP-sialic acid trans 
porter. In another embodiment, the Factor VII polypeptide is 
treated with deglycosylase or chemicals to deglycosylate. 
0064 Treatment by sialidase, deglycosylase, or chemicals 
to reduce or remove glycans from a Factor VII polypeptide 
may occur during expression, purification, or post-purifica 
tion. 

0065. In one embodiment, at least one of the N-linked 
glycosylation sites in Factor VII variant V1 (N322, N145) or 
Factor VII variant V2 (N322, N145, N106, N253) was selec 
tively removed with a minimal effect on activity. The N-gly 
can site was obliterated at the DNA level by disrupting the 
N-glycan consensus sequence. This was done by removal of 
the N (Asparagine) codon and replacement with the Q 
(Glutamine) codon. FIG. 6 is a table showing examples of 
hypoglycosylated variants. Glycosylation variants were 
made on wildtype Factor VII (referred to herein as “F7), V1, 
and V2 backbones. The engineered N-Glycan sites (N106, 
N253) in V1 and V2 were reverted back to their wild type 
sequence (T106, V253). Variants pMB113, pMB117, and 
pMB 121 are wild type Factor VII, V1, and V2 constructs 
respectively containing the two endogenous N-glycosylation 
sites (N145, N322). All other variants in FIG. 6 have had one 
or both of their endogenous N-glycan sites removed by intro 
ducing N to Q mutations (N145Q, N322Q). This deglycosy 
lation approach results in faster clearance. 
0066. In one aspect of the present disclosure, deglycosy 
lation and desialylation are combined to result in Factor VII 
polypeptides having desirable shortened half-lives. For 
example, a Factor VII molecule may be genetically modified 
to include additional N-linked glycosylation sites beyond the 
two present in wild type Factor VII. This variant may then be 
desialylated using one of the methods described herein. The 
resulting molecule may then retain the glycan structure at 
each N-linked glycosylation site without the terminal sialic 
acid. In experiments reported herein, Applicants report Such 
variants that have a faster elimination time than a similar 
desialylated Factor VII variant that had fewer N-linked gly 
cosylation sites. Similarly, a Factor VII polypeptide having 
only the two N-linked glycosylation sites found in wild type 
Factor VII may be deglycosylated at one of these sites and 
then subjected to desialylation. The resulting Factor VII vari 
anthaving one N-linked glycan lacking sialic acid has differ 
ent pharmacokinetics than the similar Factor VII polypeptide 
that did not lack a second N-linked glycosylation site based 
on the experimental evidence reported herein. 
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Definitions and Embodiments 

0067. Unless defined otherwise, all technical and scien 
tific terms used herein generally have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this disclosure belongs. Generally, the nomenclature 
used herein and the laboratory procedures in cell culture, 
molecular genetics, organic chemistry, and nucleic acid 
chemistry and hybridization are those well-known and com 
monly employed in the art. Standard techniques are used for 
nucleic acid and polypeptide synthesis. The nomenclature 
used herein and the laboratory procedures in analytical chem 
istry and organic synthesis described below are those well 
known and commonly employed in the art. Standard tech 
niques, or modifications thereof, are used for chemical 
syntheses and chemical analyses. Procedures used for genetic 
engineering are well known and can be found, for example, in 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor, N.Y. 
0068. The term “sialic acid' or “sialyl refers to any mem 
ber of a family of nine-carbon carboxylated Sugars. The most 
common member of the sialic acid family is N-acetyl 
neuraminic acid (2-keto-5-acetamido-3,5-dideoxy-D-glyc 
ero-D-galactononulopyranos-1-onic acid (often abbreviated 
as Neu5Ac, NeuAc, or NANA)). 
0069. The terms “polypeptide' and “protein” are used 
interchangeably herein and refer to a polymer in which the 
monomers are amino acids and are joined together through 
amide bonds. Additionally, unnatural amino acids, for 
example, 3-alanine, phenylglycine, and homoarginine, are 
also included. Amino acids that are not gene-encoded can also 
be used with the technology disclosed herein. Furthermore, 
amino acids that have been modified to include reactive 
groups, glycosylation sites, polymers, therapeutic moieties, 
biomolecules, and the like can also be used. All of the amino 
acids used herein can be either the D- or L-isomer. The L-iso 
mer is generally preferred. As used herein, "polypeptide' and 
“protein’ refer to both glycosylated and unglycosylated 
polypeptides and proteins, respectively. 
0070 The term "amino acid refers to naturally occurring 
and synthetic amino acids, as well as amino acid analogs and 
amino acid mimetics that function in a manner similar to the 
naturally occurring amino acids. Naturally occurring amino 
acids are those encoded by the genetic code, as well as those 
amino acids that are later modified, e.g., hydroxyproline, 
Y-carboxyglutamate, and 0-phosphoserine. Amino acid ana 
logs' refers to compounds that have the same basic chemical 
structure as a naturally occurring amino acid, i.e., an O. carbon 
that is bound to a hydrogen, a carboxyl group, an amino 
group, and an R group, e.g. homoserine, norleucine, methion 
ine Sulfoxide, methionine methyl Sulfonium. Such analogs 
have modified R groups (e.g. norleucine) or modified peptide 
backbones, but retain the same basic chemical structure as a 
naturally occurring amino acid. “Amino acid mimetics' 
refers to chemical compounds that have a structure that is 
different from the general chemical structure of an amino 
acid, but that function in a manner similar to a naturally 
occurring amino acid. 
(0071. The term “half-life' or “t/2, as used herein in the 
context of administering a polypeptide or protein drug to a 
patient, is defined as the time required for plasma concentra 
tion of a drug in a patient to be reduced by one half. 
0072 Half-life can be determined in test animals, for 
example, by administering a dose of about 25-250 micro 
gram/kg of the preparation; obtaining plasma samples at pre 
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determined times after administration; and determining the 
content of the Factor VII polypeptide in the samples using one 
or more of a clotting assay (or any bioassay), an immunoas 
say, or an equivalent. The data can be displayed graphically 
and then the bioavailability will be determined as the area 
under the curve. In certain examples, rat or murine models are 
used for half-life measurements. Relative bioavailability of a 
Factor VII polypeptide or composition thereof refers to the 
ratio of the area under the curve of the short-acting Factor VII 
polypeptide to that of wild-type Factor VII or another appro 
priate comparator polypeptide or protein. Any Factor VII 
variant that has blood coagulation activity of Factor VII is 
useful for the purposes and methods described herein. Factor 
VII variants as used herein are polypeptides. The terms “vari 
ant Factor VII polypeptides” and “Factor VII variants' are 
used interchangeably herein. In one embodiment, the Factor 
VII variants have an amino acid sequence derived from wild 
type Factor VII (SEQ ID NO: 16) by substitution, deletion, 
and/or insertion of one or more amino acids. In designating 
amino acid Substitutions, the first letter represents the amino 
acid present in the wild type human Factor VII at a position. 
The following number represents the position in human wild 
type Factor FVII. The second letter represents the amino acid 
replacing the amino acid found in the wild type. For example, 
“P10O represents a substitution of a glutamine (Q) for a 
proline (P) at amino acid position 10. 
0073. In certain examples, the Factor VII variant com 
prises one or more amino acid substitutions selected from the 
group consisting of P10O, K32E, R36E, A34E, T106N, and 
V253N. In other examples, the Factor VII variant comprises 
at least 2, 3, 4, 5, or 6 of these substitutions. In further 
examples, the Factor VII variant comprises an amino acid 
sequence having at least two sequence alterations relative to 
the amino acid sequence of SEQID NO: 16 (wildtype human 
Factor VII), wherein the at least two sequence alterations are 
(1) a glutamine residue substituted for the proline residue in 
position 10, and (2) a glutamic acid residue Substituted for the 
lysine residue in position 32. In another example, the Factor 
VII variant comprises an amino acid sequence having at least 
three sequence alterations relative to the amino acid sequence 
of SEQID NO: 16, wherein the at least three sequence alter 
ations are (1) a glutamine residue substituted for the proline 
residue in position 10, (2) a glutamic acid residue substituted 
for the lysine residue in position 32, and (3) a glutamic acid 
residue substituted for the arginine residue in position 36. In 
a further example, the Factor VII variant comprises an amino 
acid sequence having at least four sequence alterations rela 
tive to the amino acid sequence of SEQID NO: 16, wherein 
the at least four sequence alterations are (1) a glutamine 
residue substituted for the proline residue in position 10, (2) a 
glutamic acid residue Substituted for the lysine residue in 
position 32, (3) a glutamic acid residue substituted for the 
arginine residue in position36, and (4) a glutamic acid residue 
substituted for the alanine residue in position 34. In one 
particular example, the Factor VII variant comprises an amino 
acid sequence having at least six sequence alterations relative 
to the amino acid sequence of SEQID NO: 16, wherein the at 
least six or six sequence alterations are (1) a glutamine resi 
due substituted for the proline residue in position 10, (2) a 
glutamic acid residue Substituted for the lysine residue in 
position 32, (3) a glutamic acid residue substituted for the 
arginine residue in position 36, (4) a glutamic acid residue 
Substituted for the alanine residue in position34, (5) an aspar 
agine residue substituted for threonine residue in position 106 
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and (6) an asparagine residue substituted for the valine resi 
due in position 253. In another particular example, the Factor 
VII variant comprises only these six alterations. More details 
on these variants are found in WO 200158935 to Maxygen, 
and U.S. Pat. No. 7,371,543 to Pedersen et al., both of which 
are incorporated by reference herein in their entireties. 
0074 The Factor VII variants described herein can be 
designed using any functional Factor VII polypeptide as a 
starting polypeptide. In certain embodiments, the Factor VII 
polypeptide is a human Factor VII polypeptide. In further 
embodiments, the Factor VII polypeptide is the human Factor 
VII polypeptide of SEQ ID NO: 16, or a modified form or 
allelic variant thereof. Useful starting polypeptides also 
include modified or variant Factor VII polypeptides compris 
ing an amino acid sequence at least 99%, 98%, 97%, 96%, 
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%. 86%, 
85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 
75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, or 66% 
identical to the sequence of wildtype human Factor VII (SEQ 
ID NO: 16) that also possess Factor VII activity. Further, in 
certain examples, the variant Factor VII polypeptides of the 
present disclosure include any polypeptide with at least about 
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 
89%, 88%, 87%. 86%, 85%, 84%, 83%, 82%, 81%, 80%, 
79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 
69%, 68%, 67%, or 66% identity to the sequence of SEQID 
NO: 16 that possess Factor VII functionality and that also 
contain one or more of the amino acid alterations discussed 
herein relative to SEQIDNO: 16. In another embodiment, the 
Factor VII polypeptide comprises an amino acid sequence 
having more than 99%, 98%, 97%, 96%. 95%, 94%, 93%, 
92%, 91%, 90%, 89%, 88%, 87%. 86%, 85%, 84%, 83%, 
82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 
72%. 71%, 70%, 69%, 68%, 67%, or 66% homology to SEQ 
ID NO:16 and has Factor VII activity, and that also has one or 
more of the amino acid alterations referenced herein. 

0075 Factor VII variants as used herein also includes gly 
cosylation variants of wild type Factor VII. For example, a 
partially desialylated wild type Factor VII variant and com 
positions thereof can be useful because it has a shorter half 
life than wild type Factor VII. Also useful herein are pharma 
ceutical formulations of partially or completely desialylated 
wild type Factor VII and use of such polypeptides and for 
mulations in the treatment of the diseases recited herein that 
benefit from a short-acting polypeptide having Factor VII 
activity. Partial or complete desialylation can be measured by 
the ratio of moles of conjugated sialic acid to moles of 
N-linked glycan in a composition of Factor VII polypeptides 
as described herein. 

0076 Nucleotide sequences encoding the Factor VII vari 
ants herein are also useful. In one embodiment, the Factor VII 
polypeptides are encoded by a nucleotide sequence having at 
least 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 
90%, 89%, 88%, 87%. 86%, 85%, 84%, 83%, 82%, 81%, 
80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 
70%, 69%, 68%, 67%, or 66% identity across the full length 
to the nucleotide sequence of wild type Factor VII (SEQ ID 
NO: 1) and that encode a functional Factor VII polypeptide. 
In certain examples, the nucleotide sequence also encodes a 
polypeptide containing one or more of the amino acid alter 
ations discussed herein relative to SEQID NO: 16. In another 
embodiment, the Factor VII polypeptide is encoded by a 
nucleotide sequence having more than 99%, 98%, 97%, 96%, 
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%. 86%, 
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85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 
75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, or 66% 
homology to the nucleotide sequence of wild type Factor VII 
(SEQ ID NO: 1) and that encodes a functional Factor VII 
polypeptide. In certain examples, the nucleotide sequence 
also encodes a polypeptide containing one or more of the 
amino acid alterations discussed herein relative to SEQ ID 
NO: 16. 

0077. The percent identity values are calculated over the 
entire amino acid or nucleic acid sequence region. A series of 
programs based on a variety of algorithms are available to the 
skilled worker for comparing different sequences. In at least 
one embodiment, the percent identity between two amino 
acid sequences is determined using the Needleman and Wun 
sch algorithm (Needleman 1970, J. Mol. Biol. (48):444-453), 
which has been incorporated into the needle program in the 
EMBOSS software package (EMBOSS: The European 
Molecular Biology Open Software Suite, Rice, P., Longden, 
I., and Bleasby, A, Trends in Genetics 16(6), 276-277, 2000), 
using either a BLOSUM 45 or PAM250 scoring matrix for 
distantly related proteins, or either a BLOSUM 62 or 
PAM 160 scoring matrix for closer related proteins, and a gap 
opening penalty of 16, 14, 12, 10, 8, 6, or 4 and a gap 
extension penalty of 0.5, 1, 2, 3, 4, 5, or 6. Guides for local 
installation of the EMBOSS package as well as links to WEB 
Services can be found at emboss. Sourceforge.net. A non 
limiting example of parameters to be used for aligning two 
amino acid sequences using the needle program are the 
default parameters, including the EBLOSUM62 scoring 
matrix, a gap opening penalty of 10, and a gap extension 
penalty of 0.5. In yet another embodiment, the percent iden 
tity between two nucleotide sequences is determined using 
the needle program in the EMBOSS software package (EM 
BOSS: The European Molecular Biology Open Software 
Suite, Rice, P. Longden, I., and Bleasby, A, Trends in Genet 
ics 16(6), 276-277, 2000) using the EDNAFULL scoring 
matrix with a gap opening penalty of 16, 14, 12, 10, 8, 6, or 4 
and a gap extension penalty of 0.5, 1, 2, 3, 4, 5, or 6. A 
non-limiting example of parameters to be used for aligning 
two amino acid sequences using the needle program are the 
default parameters, including the EDNAFULL scoring 
matrix, a gap opening penalty of 10, and a gap extension 
penalty of 0.5. The nucleic acid and protein sequences can 
further be used as a “query sequence' to perform a search 
against public databases to, for example, identify other family 
members or related sequences. Such searches can be per 
formed using the BLAST series of programs (version 2.2) of 
Altschul et al. (Altschul 1990, J. Mol. Biol. 215:403-10). 
BLAST using nucleic acid sequences of the present disclo 
sure as query sequence can be performed with the BLASTn, 
BLASTx, or thBLASTX program using default parameters to 
obtain either nucleotide sequences (BLASTn, thBLASTx) or 
amino acid sequences (BLASTX) homologous to sequences 
encoded by the nucleic acid sequences of the present disclo 
Sure. BLAST using protein sequences encoded by the nucleic 
acid sequences of the present disclosure as query sequence 
can be performed with the BLASTp or the tRLASTnprogram 
using default parameters to obtain either amino acid 
sequences (BLASTp) or nucleic acid sequences (thBLASTn) 
homologous to sequences of the present disclosure. To obtain 
gapped alignments for comparison purposes, Gapped 
BLAST using default parameters can be utilized as described 
in Altschul et al., 1997, Nucleic Acids Res. 25(17):3389 
34O2. 
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0078. The polynucleotides of the present disclosure either 
essentially consist of the aforementioned nucleotide 
sequences or comprise the aforementioned nucleotide 
sequences. Thus, they can contain further nucleotide 
sequences as well. In certain embodiments, the polynucle 
otide can comprise, in addition to an open reading frame, 
further untranslated sequence at the 3' and/or at the 5' termi 
nus of the coding gene region, for example at least 10, 20, 30, 
40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, or more 
nucleotides of the sequence upstream of the 5' terminus of the 
coding region and/or at least 10, 20, 30, 40, 50, 60, 70, 80.90, 
100, 200, 300, 400, 500, or more nucleotides of the sequence 
downstream of the 3' terminus of the coding gene region. 
Furthermore, the polynucleotides can encode fusion proteins 
wherein one partner of the fusion protein is a polypeptide 
being encoded by a nucleotide sequence recited above. Such 
fusion proteins can comprise so called “tags' which may 
serve as a detectable marker or as an auxiliary measure for 
purification purposes. Tags for the different purposes are well 
known in the art and comprise FLAG-tags, 6-histidine-tags, 
MYC-tags and the like. In one embodiment, the polynucle 
otide further comprises an expression control sequence 
operatively linked to the nucleotide sequence. 
0079. In certain embodiments, a nucleic acid sequence 
encoding the Factor VII polypeptide is inserted into a suitable 
vector. Numerous vectors useful for various purposes are well 
known in the art and persons skilled in the art would be able 
to readily select an appropriate vector for their desired appli 
cation. In certain examples, the vector may be a cloning 
vector or an expression vector. In other examples, the vector 
may be a plasmid, a viral vector, a cosmid, or an artificial 
chromosome. In certain examples, the nucleic acid encoding 
the Factor VII polypeptide may be placed adjacent to and/or 
under the control of an appropriate promoter. Numerous pro 
moters useful for various purposes are well known in the art 
and persons skilled in the art would be able to readily select an 
appropriate promoter for their desired application. In certain 
examples, the promoter may be a constitutive promoter, an 
inducible promoter, or a tissue specific promoter. 
0080. In certain embodiments, the Factor VII polypeptides 
are recombinantly produced in a cell, tissue, or organism. In 
certain embodiments, such recombinant production is 
accomplished by transforming or transfecting a host cell with 
a nucleic acid molecule encoding the variant polypeptide or a 
vector containing such a nucleic acid. Numerous methods of 
transformation and transfection are well known in the art and 
persons skilled in the art would be able to readily select an 
appropriate method for their desired application. 
0081. Such recombinant production can also be accom 
plished using any suitable host cell, tissue, or organism. Suit 
able cells, tissues, and organisms are well known in the art and 
persons skilled in the art would be able to readily select an 
appropriate host for their desired application. In some 
embodiments, the host cell is mammalian. Examples of Suit 
able mammaliancell lines are the COS-1 (ATCCCRL 1650), 
baby hamster kidney (BHK), HEK293 (ATCC CRL 1573: 
Graham et al., J. Gen. Virol. 36:59-72, 1977), HEK293T 
(ATCCCRL 11268; DSMACC 2494), and HEK293F (Invit 
rogen R79007) cell lines. A useful BHK cell line is the tk 
ts 13 BHK cell line (Waechter and Baserga, Proc. Natl. Acad. 
Sci. USA 79:1106-1110, 1982, incorporated herein by refer 
ence), hereinafter referred to as BHK570 cells. The BHK570 
cell line has been deposited with the American Type Culture 
Collection, 12301 Parklawn Dr., Rockville, Md. 20852, 
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under ATCC accession number CRL 10314. A tk tS 13 BHK 
cell line is also available from the ATCC under accession 
number CRL 1632. In addition, a number of other cell lines 
can be used within the present disclosure, including Rat Hep 
I (Rat hepatoma; ATCC CRL 1600), Rat Hep II (Rat 
hepatoma; ATCC CRL 1548), TCMK (ATCC CCL 139), 
Human lung (ATCC HB 8065), NCTC 1469 (ATCC CCL 
9.1), CHO (ATCC CCL 61), CHO K1 (ATCC CCI61), 
DUKX cells (Urlaub and Chasin, Proc. Natl. Acad. Sci. USA 
77:4216-4220, 1980) and CHO-DG44 cells (Urlaub et al. 
Cell 33: 405-412, 1983). 
I0082 Compositions of Factor VII polypeptides are useful 
in which the Factor VII polypeptides are defined as herein and 
the ratio of moles of conjugated Sialic acid per mole of 
N-linked glycan in the composition is less than 0.05, less than 
0.1, less than 1.0, less than 2.0, less than 3.0, less than 4.0, less 
than 5.0 or less than 6.0, or compositions wherein the ratio of 
moles of conjugated Sialic acid per mole of N-linked glycan is 
within a range selected from the group consisting of (1) from 
0 to 8; (2) from 0 to 7: (3) from 0 to 6; (4) from 0 to 5; (5) from 
0 to 4; (6) from 0 to 3; (7) from 0 to 2; (8) from 0 to 1 and (9) 
from 0 to 0.5, or ratios of from 1 to 8, 1 to 7, 1 to 6, 1 to 5, 1 
to 4, 1 to 3, 1 to 2, 2 to 8, 2 to 7, 2 to 6, 2 to 5, 2 to 4, 2 to 3, 
3 to 8, 3 to 7, 3 to 6, 3 to 5, 3 to 4, 4 to 8, 4 to 7, 4 to 6, 4 to 5, 
and 0.1 to 1. The ratio is a measurement of the moles of sialic 
acid bound to a glycoprotein relative to the number of glycans 
on the glycoprotein. The number of glycans refers to the 
number of Sugar moieties attached to an N-linked glycan in 
the glycoprotein, where one N-linked glycosylation site can 
Support only one glycan as defined herein for purposes of this 
ratio. The ratio is determined using a sialic acid fluorescence 
labeling kit such as that sold by Takara Bio Inc. (cat. #4400). 
Such a sialic acid fluorescence labeling kit includes a step for 
the release of sialic acid from the bound glycoprotein, Such as 
by partial acid hydrolysis or by use of Sialidase, such as 
Arthrobacter ureafaciens sialidase. The free sialic acids are 
then labeled with a fluorophore such as 1,2-diamino-4,5- 
methyleneoxybenzene (DMB). The labeled sialic acids are 
then quantitatively measured using HPLC and comparing 
peak heights to a calibration curve. Thus, the ratio measured 
is a ratio of moles of Sialic acid per mole of glycan released 
from all the Factor VII polypeptides of the composition. 
I0083. In one series of embodiments, the compositions of 
Factor VII polypeptides or the isolated polypeptides them 
selves have a half-life as measured in human or mammalian 
plasma, for example murine or rat plasma, of less than 2 
hours, less than 1.5 hours, less than 1 hour, less than 0.75 hour, 
less than 0.5 hour, less than .25 hour, less than 0.1 hour, or so 
short that it cannot reasonably be measured. 
I0084 As used herein, Factor VII activity is a biological 
activity that may be quantified by measuring the ability of a 
preparation to promote blood clotting using Factor VII-defi 
cient plasma and thromboplastin, as is well known in the art. 
In certain examples, a Factor VII polypeptide having Factor 
VII activity shows at least 25%, at least 40%, at least 50%, at 
least 60%, at least 70%, at least 80%, or at least 90% of the 
activity of wild type Factor VII as measured under the same 
conditions. 

0085 Pharmaceutical formulations of the Factor VII 
polypeptides and compositions thereof comprising the Factor 
VII polypeptide and a pharmaceutically acceptable excipient 
or carrier are also useful. In certain examples, the pharma 
ceutical formulations are for parenteral administration, Such 
as by intravenous, Subcutaneous or intramuscular administra 
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tion, and dosing may be as a single bolus dose, intermittent 
dosing, or as a continuous intravenous infusion. Topical for 
mulations are also useful. One embodiment comprises a phar 
maceutical formulation comprising an isolated Factor VII 
polypeptide as described herein, or comprising a composition 
of Factor VII polypeptides as described herein, in a lyo 
philized preparation that is reconstituted at the time of use. 
Alternatively, the pharmaceutical formulation can be a stable 
liquid ready-to-use formulation not requiring reconstitution. 
The pharmaceutical formulation can be a lyophilized powder 
in single-use vials of 1, 2, 5, or 8 mg of Factor VII polypep 
tide. After reconstitution with a specified volume of liquid, 
Such as sterile water containing histidine, the final Solution 
can contain any Suitable amount of Factor VII polypeptide 
that produces atherapeutic effect, Such as, without limitation, 
1 mg/mL (1000 micrograms/mL), 2 mg/mL, 3 mg/mL, 4 
mg/mL, 5 mg/mL, 1-2 mg/mL, 1-3 mg/mL, 1-5 mg/mL, 1-10 
mg/mL, 0.5-1 mg/mL, or 0.5-2 mg/mL of Factor VII polypep 
tide. Proper dosage for administration to a patient can be 
readily determined by persons skilled in the art based upon, 
for example, the weight of the patient, the type of bleeding 
disorder or episode being treated, and the activity of the 
particular Factor VII polypeptide being employed. In certain 
examples, dosing can be in the range of 70-110 micrograms/ 
kg, 70-90 micrograms/kg, or 80-100 micrograms/kg and can 
be 90 micrograms/kg. The lyophilized powder may be recon 
stituted withanaqueous carrier, such as water, buffered water, 
0.4% saline, 0.3% glycine, etc. Actual methods for preparing 
parenterally administrable compositions will be known or 
apparent to those skilled in the art and are described in more 
detail in, for example, Remington’s Pharmaceutical Sci 
ences, 18th ed., Mack Publishing Company, Easton, Pa. 
(1990). Topical application, such as can be advisable in the 
case of trauma, can be carried out by means of a spray, 
perfusion, catheters, stent, vascular graft or stent, ointment, or 
other preparation known in the art. In certain examples, topi 
cal administration can be by way of a sold or semi-solid 
matrix. Such as a Surgical sponge or collagen matrix, which 
has been treated with, infused with, coated with, or soaked in 
a composition comprising the Factor VII variant. Methods of 
preparing Such matrices are well known in the art (see, e.g., 
Thrombosis/Hemostasis 12:445, 2006) and the skilled artisan 
would be able to readily determine an appropriate dose and 
method of application of the composition onto the given 
matrix. 

I0086. In one embodiment, the present disclosure relates to 
kits comprising the Factor VII polypeptide. In certain 
examples, the kit contains a vial containing ready-to-use liq 
uid containing the Factor VII polypeptide in a suitable phar 
maceutical composition. In other examples, the kit contains a 
vial containing lyophilized Factor VII polypeptide, or a lyo 
philized formulation comprising the polypeptide, and also a 
diluent for reconstitution. In other examples, the kit contains 
a topical formulation of the Factor VII polypeptide, for 
example, an ointment, spray, or liquid, and a matrix Such as a 
sponge or other medical matrix to which the topical formu 
lation may be applied before administration to the patient. 
0087 Compositions of the Factor VII polypeptides 
described herein are also useful. Factor VII exists in mixture 
with its natural degradation products. Accordingly, a compo 
sition of Factor VII polypeptides includes polypeptides hav 
ing one of the full amino acid sequences as recited herein and 
degradation products having partial amino acid sequences of 
those described herein. Furthermore, because Factor VII is a 
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glycoprotein, compositions of Factor VII can be expected to 
contain a heterogeneous mixture of Factor VII polypeptides 
wherein each glycoprotein in the composition does not have 
exactly the same glycosylation as the others. Reference to 
compositions of Factor VII polypeptides or isolated Factor 
VII polypeptides is meant to encompass mixtures of Such 
polypeptides wherein the individual polypeptides have dif 
ferent glycosylation, and thus the terms "composition' or 
"isolated Factor VII polypeptide' encompass a heterogeneity 
of the glycosylation patterns within the polypeptides. 
I0088. The Factor VII polypeptides and compositions 
described herein are useful for the treatment of blood clotting 
disorders, and those disorders that benefit from blood coagul 
lation, and particularly for coagulation with a drug having a 
shorter half-life than wild type Factor VII. Accordingly, the 
Factor VII polypeptides and compositions herein are useful 
for penetrating traumatic injury; blunt traumatic injury; 
bleeding in elective Surgery; bleeding in cardiac Surgery; 
bleeding in spinal Surgery; orthopedic Surgery; neuroSurgery; 
oncology Surgery; post-partum Surgery; menorrhagia; bleed 
ing in stem cell transplantation; bleeding in liver transplanta 
tion; gastrointestinal bleeding; active variceal bleeding in 
cirrhosis; non variceal bleeding in cirrhosis; diffuse alveolar 
hemorrhage; aortic aneurysm; intracerebral hemorrhage; 
traumatic brain injury; brain contusion; reversal of warfarin; 
reversal of heparin; reversal of anticoagulants; reversal of 
anti-thrombotics; Factor VII deficiency; burns; prophylaxis 
in hemophilia patients with inhibitors; partial hepatectomy 
for non-cirrhotic and cirrhotic patients; acquired hemophilia; 
idiopathic thrombocytopenic purpura; Glanzmann's Throm 
basthenia; Glanzmann's Thrombasthenia refractory to plate 
let transfusion and Bernard-Soulier Syndrome. 
I0089 Also disclosed herein is a useful assay for measur 
ing the half-life of coagulation factors such as Factor VII. 
There is a method of determining the half-life of a coagulation 
factor comprising incubating viable rathepatocyte cells with 
a blood coagulation factor, removing a sample at testing time 
point 1, separating Supernatant from cells in the sample and 
quantifying the activity or amount of the blood coagulation 
factor in the Supernatant in the sample, wherein the activity or 
amount of the blood coagulation factor is determined using a 
double-antibody sandwich ELISA assay. The method may be 
repeated at different time points to develop a plot of activity or 
amount of blood clotting factor over time. 

EXAMPLES 

Methods to Obtain Desialylated Factor VII Polypeptides 

0090 Numerous methods were employed to generate 
desialylated Factor VII polypeptides (both wild-type and 
variant), including enzymatic desialylation of the polypep 
tide, production of the Factor VII polypeptide in a sialylation 
deficient cell line, and co-expression of Factor VII and a 
sialidase in a recombinant cell. 

Generation of Sialic Acid Deficient Cell Line 

0091 Endogenous sialic acid is synthesized in mamma 
lian cells involving a complex pathway consisting of 32 
enzymes (Wickramasinghe and Medrano 2011). The biosyn 
thesis of sialic acid starts in cytosol converting UDP-N- 
acetylglucosamine (UDP-GlcNAc) to Neu5Ac involving 
several enzymes, such as UDP-N-acetylglucosamine-2-epi 
merase/Nacetylmannosamine kinase (GNE), sialic acid 
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9-phosphate synthase (NANS), and sialic acid 9-phosphate 
phosphatase (NANP). Neu5Ac in cytosol is imported into the 
nucleus through nuclear pores and converted into CMP 
Neu5Ac by an enzyme called CMP-Sia synthase (CMAS). 
Synthesized CMP-Neu5Ac is again transported back into the 
cytosol via nuclear pores for further modification and conju 
gation in the Golgi apparatus. Conversion of Neu5Ac into 
Neu5Gc in cytosol is catalyzed by the enzyme CMP-NeuAc 
hydroxylase (CMAH). Then, CMP-Neu5Ac and CMP 
Neu5Gc are transported into the Golgi compartment via a 
hydrophobic type 3 membrane transporter, CMP-sialic acid 
transporter (SLC35A1), located in the membrane of the 
median trans-Golgi. CMP-sialic acid transporter is a key ele 
ment in the cellular sialylation pathway (Hirschberg, et al. 
1998). A homozygous mutation of this gene causes post-natal 
lethality in the mouse (MGI 4.32, Homologene). In humans 
mutations in SLC35A1 are associated with the reduction or 
complete loss of Sialyl conjugates. Some insertion and dele 
tion mutations in SLC35A1 are associated with congenital 
disorders of glycosylation in humans leading to defects in 
nervous system development, coagulation, and immune defi 
ciency (Martinez-Duncker, et al., 2005). Once CMP 
Neu5Ac/CMP-Neu5Gc is transported into the Golgi appara 
tus they are conjugated with carbohydrates, glycoproteins, 
and glycolipids by enzymes in the sialyltransferase (ST) fam 
ily with 20 members. 
0092 CMP-sialic acid transporter (SLC35A1) is the key 
molecule Supporting Sialic acid conjugation in the Golgi 
apparatus, and mutations to this transporter protein lead to 
synthesis of proteins lacking propersialylation. To produce 
desialylated Factor VII, a Factor VII production cell line with 
CMP-Sialic acid transporter gene knockout is produced. 
Alternatively, desialylation could be achieved by expression 
of the Factor VII variant in a cell line that produces protein 
therapeutics with a very low level or no sialylation on the 
therapeutic molecules. This technology could be used to pro 
duce therapeutic proteins with short T'/2 in patients. 
0093. Lec2 cell with Chinese hamsterovary (CHO) origin 
was identified with the property of producing approximately 
10-fold less sialic acid in glycoproteins and glycolipids than 
the respective wild-type cells (Stanley and Siminovitch, 
1977, Stanley, 1980 and 1983). A later study showed that 
Lec2 mutants were unable to translocate CMP-sialic acid 
across membranes of Golgi vesicles in an in vitro assay, while 
translocation of other nucleotide derivatives was compara 
tively normal in mutant cells (Deutscher, et al., 1984). By 
using expression cloning, the gene encoding the CMP-Sialic 
acid transporter from Lec2 cells was reported (Eckhardt et al., 
1996). Further investigation indicated that the deletion of 
nucleotides 575-751 in the CMP-sialic acid transporter gene 
was responsible for the Lec2 phenotype (Eckhardt, et al., 
1998). Other mutations in the CMP-sialic acid transporter 
gene, such as in the case of 1E3, 6B2.8G8, and 9D3 cells, also 
lead to the Lec2 phenotype (Eckhardt, et al., 1998). 

Experiment 1 

0094. This experiment is designed to determine whether 
the mutation in the gene of CMP-sialic acid transporter, such 
as in the case of Lec2 cells, results in expressed recombinant 
protein (e.g., Factor VII) deficient in sialylation in compari 
son with the same protein expressed from normal CHO cells. 
0095 (1) Testing the expression of recombinant protein, 
such as Factor VII, from Lec2 cells. Expression vectors con 
taining a Factor VII variant gene (e.g., pMB117 and 
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pMB121) are transfected into Lec2 cells and normal CHO 
cells under normal transfection conditions. Expression levels 
of Factor VII from cell culture of these cells is monitored by 
a Factor VII activity assay. The culture of transfected cells is 
scaled-up and the culture conditioned media is harvested for 
the purification of Factor VII. 
0096 (2)Testing the sialic acid content of purified Factor 
VII expressed from Lec2 cells in comparison to the same 
protein expressed from normal CHO cells. Purification of 
Factor VII from these conditioned media is conducted fol 
lowing the normal Factor VII purification methods. The puri 
fied Factor VII from either Lec2 cells or normal CHO cells is 
analyzed for sialic acid content of the purified Factor VII. The 
biological activity and pharmacokinetic (PK) parameters are 
analyzed as described herein. 

Experiment 2 

0097. In order to produce a manufacturing cell line to 
express a Factor VII variant with no sialic acid on the 
expressed recombinant proteins, gene deletion methods are 
used targeting the CMP-Sialic acid transporter gene to modify 
a cell line that expresses Factor VII (e.g., a CHO cell line). In 
order to completely inhibit the sialylation in the cell, other 
targets, such as UDP-N-acetylglucosamine-2-epimerase? 
Nacetylmannosamine kinase (GNE), sialic acid 9-phosphate 
synthase (NANS), sialic acid 9-phosphate phosphatase 
(NANP), and CMP-Sia synthase (CMAS) as listed above in 
the introduction, optionally can also be deleted to enhance the 
inhibition of the CMP-Neu5Ac biosynthesis which provides 
the substrate for the CMP-sialic acid transporter. 
0098. Two gene deletion technologies, TALE nucleases 
(TALENs) from Life Technologies and ZFP Nucleases 
(ZFNs) from Sangamo BioSciences/Sigma-Aldrich, can be 
used for conducting the knockout of CMP-sialic acid trans 
porter gene, or the knockout of multiple genes in the sialic 
acid synthesis pathway. 
(0099. The Factor VII expression cell line with CMP-sialic 
acid transporter gene knockout is evaluated to confirm the 
deletion of CMP-sialic acid transporter gene. The confirmed 
cell line is cultured to produce Factor VII. Factor VII from the 
CMP-sialic acid transporter gene-deleted cell line is purified 
and evaluated as described herein and compared to the Factor 
VII from the parental Factor VII expression cell line for sialic 
acid content on the molecule. 

Production of Desialylated Factor VII by Coexpression of 
Factor VII and a Bacterial Sialidase 

0100. To generate a desialylated form of FVII, we co 
expressed FVII along with a bacterial sialidase variant 
derived from the Arthrobacter ureafaciens sialidase (AU 
sialidase) (N-acetylneuraminate glycohydrolase, EC 3.2.1. 
18). CHO cells stably expression FVII (e.g., SEQID NO 16 
with P10O, K32E, A34E and R36E mutations) were further 
transfected with AU sialidase using a po08 expression vec 
tor. The expressed protein has a growth hormone signal 
sequence at the N-terminus to promote secretion of the pro 
tein. Stable clones were selected that produced AU sialidase 
as detected by a chromogenic assay for sialidase in the 
medium. We also showed that the cells continued to express 
high levels of FVII protein, which was detected by ELISA 
assay, SDS PAGE and Western blotting, using FVII specific 
antibodies as the probe. Using a lectin blotting assay, we were 
notable to detect sialic acid on FVII protein in the condition 



US 2015/0344863 A1 

media, using purified FVII. In contrast, similar levels of puri 
fied FVII derived from cells not transfected with sialidase 
showed a strong lectin binding signal. Taken together, our 
data show that the AU sialidase was expressed in the CHO cell 
medium at levels sufficient to efficiently desialylate FVII that 
was co-expressed by the cells. 

Enzymatic Preparation of Desialylated Factor VII Using a 
Soluble Sialidase Treatment 

0101 The following starting materials were utilized in this 
experimental trial: 
0102) Factor VII: 20 mg Wild Type Factor VIIa, concen 
tration about 1 mg/ml 
(0103 Sialidase: 20 ug, 0.25 mg/ml, 50000U/ml, P0720L, 
purchased from New England BioLabs 
0104 Buffer solution A: 25 mM histidine, 50 mM. NaCl, 
pH 6.4 
0105 Buffer solution B: 25 mM histidine, 1M NaCl, pH 
6.4 

0106 FVIIa formulation buffer: 2.3 mg/ml sodium chlo 
ride, 1.5 mg/ml calcium chloride dehydrate, 1.3 mg/ml gly 
cylglycine, 0.1 mg/ml polysorbate 80.25 mg/ml mannitol, 10 
mg/ml Sucrose, 0.5 mg/ml methionine, 1.6 mg/ml histidine, 
pH 6.0 
01.07 
column 

0108. Using these materials, the following procedure was 
carried out: 

0109 1. To 20 mgs of FVIIa (about 1 mg/ml), add 20 ug of 
sialidase (0.25 mg/ml. 1:1000 mass ratio) of sialidase 
0110 2. Incubate the reaction at room temperature over 
night (about 19 hr) before chromatographically purifying 
desialylated FVIIa as described below. 
0111. 3. Purify desialylated FVIIa on a 5 ml HiTrapQ 
Sepharose HP column as follows: 
0112 a) Equilibrate the Q-Sepharose column with 5CV of 
buffer A (25 mM histidine, 50 mM. NaCl, pH 6.4). 
0113 b) Before applying to the column, dilute the FVIIa 
and sialidase reaction with 200 ml of buffer A and adjust pH 
to 6.4. 

0114 c) Load at a flow rate of 2.5 ml/min using an AKTA 
Explorer system while monitoring A280. Collect Flow 
through fraction. 
0115 d) After loading is completed, wash the column with 
10 CV of Buffer A. 

0116 e) Elute the column with 20 CV of 0-50% buffer B 
(25 mM histidine, 1M NaCl, pH 6.4) in 40 min. Collect peak 
fractions (Desialylated NovoSeven) 
0117 f) Dialyze the peak fractions vs. FVIIa formulation 
buffer at 4°C. overnight 
0118 
0119 The product was shown to be highly pure by SDS 
PAGE, aSEC, and active in biological assays for FVIIa. 
Assays for Sialic acid content showed no residual sialic acid 
and LC-MS analysis of the heavy chain showed not signifi 
cant alteration of glycan structure other than removal of sialic 
acid. 

Purification column: 5 ml HiTrap Q Sepharose HP 

g) Freeze the sample at -80°C. in aliquots. 
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Enzymatic Preparation of Desialylated Factor VII Using 
Neuraminidase-Agarose Beads 

I0120 Recombinant wild type Factor VII as used herein is 
NovoSeven(R) obtained from Novo Nordisk and referred to 
herein as “F7. Other starting materials are V1 and V2 as 
described Supra. 
I0121. Frozen starting material was quick-thawed in a 37 
C. water bath and pooled. The protein was concentrated 2.5- 
fold by centrifugation; concentrate was gently mixed by 
pipetting to minimize any Super-concentration (aggregation) 
at the protein-filter interface. 
0.122 The V2 was buffer-exchanged from its V2 formula 
tion buffer (containing histidine, CaCl, trehalose, methion 
ine, and trace levels of Tween(R)-20, at a pH 6.4-6.6) into MES 
buffer (containing 10 mMMES, 10 mM CaCl, 50 mMNaCl, 
pH 6.0, sterile-filtered). This was achieved one of three ways. 
In the first option, V2 was buffer-exchanged with NAP-10 
gravity flow columns (GE, 17-0854-01), which were pre 
washed 3-5 times with 3 column-volumes each of MES 
buffer. The V2 was then loaded onto the column and eluted 
with 1.5 times the load volume of MES buffer. In the second 
option, V2 was buffer-exchanged by overnight dialysis in 
MES buffer. Dialysis cassettes were pre-soaked in MES 
buffer and the V2 was loaded by syringe into the 3.500 
MWCO slide-a-lyzer cassettes (Thermo Scientific, 66130), 
overnight at 4°C. in 10 L pitchers with sterile-filtered MES 
buffer. In the third option, V2 was buffer-exchanged into MES 
buffer through a Sephadex G-25 (Sigma, G-25-80) gel-filtra 
tion column, and equilibrated with MES buffer. 
I0123. The buffer-exchanged V2 was desialylated with 
neuraminidase-agarose (Sigma N5254). The agarose bead 
product is provided in a 50% slurry mixture, stored in ammo 
nium sulfate buffer; beads were pre-washed 3-5 times in MES 
buffer; the bead/buffer mixture was separated by centrifuga 
tion at 1000 rcf for 3min at 4°C., and the supernatant liquid 
was pipetted off and discarded. To the washed beads, the 
buffer-exchanged V2 was added and gently mixed by rotation 
at room temperature for 16 to 22 hours. 2.08 mL of packed 
beads per mg of protein were used for desialylation; for a 
larger scale preparation, this was reduced 1:10, to 0.208 mL 
of beads per mg of protein. Afterward, the desialylated V2 
was recovered by centrifugation and pipetted off. The beads 
were washed once gently for 5 minutes by rotation in 1:1 by 
Volume of fresh MES buffer; the wash mixture was centri 
fuged as before and the supernatant was pooled with the V2. 
The beads were finally removed either by sterile-filtration 
through a 0.2 micron Syringe filter or by vacuum filtration 
through at 0.45 micron filter. 
0.124 Several rounds of endotoxin removal were per 
formed with EndoTrap HD resin (Hyglos). The resin was 
washed 3-5 times in MES buffer and wash buffer was dis 
carded. In two batches, 1-3 mL of washed resin was gently 
mixed with the desialylated V2 overnight at room tempera 
ture. The resin was removed by centrifugation and then fil 
tered through syringe or vacuum filter. 
(0.125. The desialylated V2 was concentrated 4.75-fold to 
2.1 mg/mL by centrifugation in Ultracels for 10-minute 
cycles; the concentrates were gently mixed by pipetting to 
reduce any aggregation at the protein-filter interface. 
0.126 The desialyated V2 was further separated from 
higher-molecular weight species (and aggregated endotoxin) 
with HiLoad 26/60 Superdex 200 size exclusion column. The 
column and the AKTA purifier system was pre-sanitized with 
0.1N NaOH+20% EtOH. The system was pH-neutralized, 
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rinsed with water, and equilibrated with reconstituted and 
pooled V2 formulation buffer. Several batches of concentrate 
were manually injected into a 12 mL sample loop and loaded 
onto size exclusion column at a flow rate of 3 mL/min: the 
eluate was recovered and fractionated with a Frac-900 into 
polystyrene tubes (17x100 mm, Fisherbrand, 14-956-6D). 
Early, high-molecular weight peaks were excluded and the 
desired V2 fractions were pooled and tested for endotoxin 
levels and concentration using Charles River EndoSafe PTS 
and NanoDrop ND-1000. V2 buffer was used to elute the 
desialylated V2. 
0127. Five batches of size-exclusion were performed and 
the collected eluates were pooled into one batch which was 
concentrated to 1.0 mg/mL in Ultracels. The final preparation 
was sterile-filtered through 0.2 micron syringe filters and 
tested for endotoxin and concentration. ImL aliquots were 
pipetted into labeled 2 mL tubes (Sarstedt, 72.694.006), 
flash-frozen in an ethanol/dry-ice batch, and stored in a 
labeled box at -80° C. until use. 

Characterization Protein Analytics and InVitro Assay 

0128. The final prep material as well as the non-treated 
starting material were characterized by protein gel analysis 
with 4-12% Bis-Tris NuPAGE (Novex NP0335BOX) in MES 
running buffer and by analytical size exclusion (TSK3000 
column; running buffer: 200 mMKH2PO4, 150 mMKC1, pH 
6.8, flow rate: 0.15 ml/min, fluorescence detection). Small 
test samples were analyzed by LC-MS for sialic acid content 
on the Factor VII heavy chain as well as DMB-labeled sialic 
acid quantification of total protein using the Takara Bio Inc. 
kit discussed herein. The activity was tested by phospholipid 
dependent Factor X activation and thrombin generation 
assayS. 

Sialic Acid Content Analysis 

0129. An LC-MS method was used to identify the sialic 
acid on the N-glycan of the heavy chain of Factor VII for the 
non-treated control and desialylated Factor VII. 10 ug of 
protein was reduced with 10 mMDTT mix at 37 C for 30 min 
then analyzed on the Agilent 1200 Capillary LC System: 
Column: PLRP-S 8 um 4000A, 0.3x150 mm, 75° C. Buffer 
systems: A: Water with 0.2% Formic Acid+0.01%TFA: B: 
ACN with 0.2% Formic Acid--0.01% TFA. Gradient: 50 
uL/min, 10% B in 2 min, to 90%B in 25 min, 90% B wash 5 
min, 10% B equilibration for 5 min. 
0130 Agilent 6520 Q-TOF system: DualEsi source, gas 
temp: 350°C., drying gas: 7 psi, nebulizer: 10psi, scan range: 
500-3000 amu, 1 spectra?s. Reference ions: 1221.990637 and 
2421.91399 amu, 50 ppm window, Min 1000 counts. 
0131 The results are reported in FIG. 7. 

Sialic Acid Quantification Using DMB Labeling Kit 

0132 Sialic Acid Fluorescence Labeling Kit (Takara Bio 
Inc., Cat #4400) is for quantitative and highly sensitive analy 
sis of Sialoglycoconjugates. This HPLC-based sialic acid 
fluorescence labeling technique using 1,2-diamino-4,5-me 
thyleneoxybenzene (DMB) is a simple and highly sensitive 
quantitative method. In this method, free sialic acids are ana 
lyzed by reverse phase HPLC (Glycosepk, from Glyko, 
#1-4727) after labeling by DMB. 
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Conclusion 

I0133. The V2 heavy chain has two N-glycosylation sites. 
The N-glycans are fucosylated, heavily sialylated bitri-and 
tetra-structures. No terminal sialic acids are found on the 
de-Sialylated sample, which suggests the sample is fully 
desialylated and that >99.9% of the sialic acid on the Factor 
VII N-glycan has been removed. 

Half-Life Assay Using Rat Hepatocytes 

Preparation of Hepatocytes 
I0134) Cryopreserved primary rat hepatocytes were 
obtained from Cellzdirect (Invitrogen). Each vial containing 
approximately 5 million cells was thawed and the cells were 
added to 10 ml of Thawing Medium, followed by centrifuga 
tion at 60 g for 3 minutes. The cells were resuspended in 
Incubation Medium+0.25% BSA (about 4 ml) and the cells 
were counted using a hemacytometer. Viable cells were 
counted after staining with Trypan blue to identify dead cells. 
Cell viability was 80-82%. Cells were used in the clearance 
assay immediately after counting. 
I0135 Thawing Medium: Invitrogen CM3000 Thawing/ 
Plating Supplement Pack added to 500 ml Williams E 
Medium. Incubation Medium: Invitrogen CM4000 Cell 
Maintenance Supplement Packadded to 500 ml Williams E 
Medium. 

In Vitro Hepatocyte Clearance Assay 
0.136 Primary rat hepatocytes, 1 million viable cells per 
ml, were incubated with 25 ng/ml of various Factor VII vari 
ants in Cellz)irect Incubation Medium+0.25% BSA, in 
Eppendorf tubes with gentle end over end mixing at 37°C. in 
a starting volume of 1.2 ml. At each of the indicated time 
points, 0.25 ml of the mixture was removed and immediately 
centrifuged to pellet the cells (1000 rpm, 3 minutes in Eppen 
dorf centrifuge). 0.18 ml of the clarified supernatant was 
removed, quick frozen and stored overnight at -80°C. On the 
next day, Factor VII in the Supernatants was quantified using 
an ELISA assay in which the corresponding purified mutant 
protein was used as the standard. No-cell control Supernatants 
in which Factor VII variants were incubated for 2 hours at 37° 
C. in medium alone were used as the Zero time point values. 
Each incubation was done in triplicate. Intrinsic clearance 
values were calculated based on the method of Lu et al. (Lu 
ref.) using the equation CLint=0.693 / in vitro T, normal 
ized for the incubation volume and the number of cells. In 
vitro half-life (T2) was calculated using the program Win 
Nonlin (Pharsight Corporation, Sunnyvale, Calif.). Superna 
tants from hepatocyte incubations were assayed using a 
double-antibody sandwich ELISA format. 0.1 ml per well of 
anti-Factor VII monoclonal antibody (1.0 ug/ml, in PBS) was 
added to Greiner Microlon 65506196-well plates. After incu 
bation overnight at 4°C., plates were blocked with 0.2 ml per 
well of 1% casein blocking buffer (50 mM TrishC1, 100 mM 
NaCl, 0.05% Tween 20 pH7.2) for 1.5 hours at 37° C. Plates 
were washed four times with 0.3 ml per well PBS+0.05% 
Tween 20 (using a BioTek ELX405 plate washer), and then 
relevant Factor VII standard and unknown samples were 
added to the plates. 0.18 ml of each hepatocyte supernatant 
was diluted two-fold by adding 0.18 ml of Dilution Buffer (50 
mM TrishC1, 100 mM. NaCl, 0.1% casein, 0.05% Tween 20 
pH7.2). 0.10 ml of each diluted supernatant was added in 
triplicate to the ELISA plate. Standards were made from the 
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corresponding purified Factor VII variant diluted in Dilution 
Buffer. Two-fold serial dilutions of the standard were made in 
Dilution Buffer to yield dilutions in the range of 50 to 0.8 
ng/ml final concentration. Factor VII standards and samples 
(0.1 ml per well) were incubated 2 hours at room temperature 
(21°C.). Plates were washed four times as described above, 
and then biotinylated detection antibody, 1 lug/ml in Dilution 
Buffer (50 mM TrishC1, 100 mM NaCl, 0.1% casein, 0.05% 
Tween 20 pH7.2) was added (0.1 ml per well) followed by 
incubation for 1.5 hours at room temperature. Plates were 
washed four times as described above, and then Streptavidin 
horseradish peroxidase, diluted 1/1000 in Dilution Buffer 
was added (0.1 ml per well) followed by incubation for 1 hour 
at room temperature. Plates were washed again and Ultra 
TMB was added, 0.1 mlperwell. After incubation for 10 to 15 
minutes at room temperature, the reaction was stopped with 
the addition of 0.05 ml per well 2 MHSO4. Absorbance was 
read at 450 nm using a Molecular Devices Spectramax M2 
plate reader. Data analysis was performed using Softmax Pro 
5.4 (Molecular Devices). 
0.137 Cryopreserved rat hepatocytes, Thawing Medium, 
and Incubation Medium (CellZDirect), were from Invitrogen/ 
Life Technologies (Grand Island, N.Y.). 1-Step Ultra-TMB 
(One Step) substrate, catalog no. 34.028, was from Thermo 
Scientific (Rockford, Ill.) Streptavidin-horseradish peroxi 
dase (SA-HRP), catalog no. DY998, was from R&D Systems, 
Minneapolis, MN. Phosphate-buffered saline, pH 7.2 was 
from Invitrogen (Carlsbad, Calif.). Sprague-Dawley Rat 
plasma (5% sodium citrate anticoagulant) was from Biorec 
lamation (Westbury, N.Y.). Greiner Microlon plates (cat. no. 
655061) were obtained through Fisher Scientific (Pittsburgh, 
Pa.). 

Methods to Obtain Deglycosylated Variants: Molecular 
Variants 

0138 WildtypeFactor VIIa has two N-glycans (N322 and 
N145), and V1 and V2 each have 4 N-glycans (N106, N145, 
N253, N322). The additional 2 N-glycans (N106, N253) 
found in V1 and V2 were originally designed to increase 
half-life. For this work, these sites are removed by reverting 
them back to the endogenous amino acid sequence of wild 
type Factor VII (T106, V253). The remaining 2 endogenous 
N-glycan sites (N145 and N322) were then removed at the 
DNA level by engineering in NQ mutations at these sites. 
(FIG. 6) 
0139 Wild type Factor VII was cloned into pmCMV to 
make pMB 113. Inserts containing a single N to Q mutation at 
positions aa 145 or 322, as well as the double mutant (aa 145 
and 322) were synthesized and cloned into pMB113 using the 
Xbal and Pm1 I site resulting in clones pMB114-116. Inserts 
encoding the Gla domains of V1 and V2 were then cloned into 
pMB113-116 using AscI and Afel and resulted in constructs 
pMB117-120 (VI-based variants) and pMB121-124 (V2 
based variants). All constructs were sequence verified 
(McLab). Mammalian cells (CHO derived cell line) were 
transiently transfected via electroporation with each con 
struct in a 6 well format. 4 days post transfection, Supernatant 
was collected and assayed by Western Blot for expression, 
followed by a hEVII ELISA (AssayPro) and FVII activity 
assay. A subset of variants was thensingle cell cloned. The V2 
2-Nglycan variant referred to as pMB 121 was purified and 
activated for further analysis. 
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Method for Purification/Activation of FVIIa from 10L WAVE 
Expression Summary of Method 
0140 Purification and activation of FVII from diafiltered 
concentrated conditioned media was accomplished using a 
multi-step process taking place over several days. The media 
is first thawed and centrifuged to remove any aggregate that 
may have formed during freeze? thaw. A pSuedoaffinity cap 
ture step employing an anion exchange column 
(Q-Sepharose) eluted with CaCl is used to further concen 
trate the FVII protein and to change buffer. Next, a hydroxya 
patite column is used to further purify the FVII protein. A 
smaller Q-Sepharose column is then used to further purify 
FVII before it is activated for 24 hours in solution at pH 
7.8-8.2. The activation reaction is stopped by lowering the pH 
to 4.0. The FVIIa is finally dialyzed into Formulation Buffer 
(pH 6.5) and stored frozen. 
0.141. The final purified protein is characterized by SDS 
PAGE, aSEC, ELISA, glycoanalysis, endotoxin, and FVIIa 
activity assay. 
FVII ELISA 

0.142 Zymutest FVII enzyme-linked immunoassay (Ani 
ara, West Chester, Ohio). The ELISA is a two-site immunoas 
say with a rabbit anti-FVII polyclonal antibody bound to the 
wells of a 96-well microplate. Sample is introduced followed 
by a rabbit anti-FVII polyclonal antibody coupled to horse 
radish peroxidase (HRP). The assays were performed follow 
ing the manufacturers instructions. Briefly, samples and cali 
brator were diluted in assay buffer in a 96-well round bottom 
polypropylene dilution plate. 50LL aliquots of diluted sample 
were transferred to the provided rabbitanti-FVII coated plate 
and incubated for 15 minutes at room temperature. 200 uL 
HRP coupled rabbit anti-FVII was added and incubated for 1 
hour at room temperature. The plate was washed 5 times with 
300 uL of the provided wash buffer. TMB was added at 200 
LL/well and incubated for approximately 5 minutes at room 
temperature. The reaction was stopped by introducing 50 L 
0.45 M Sulfuric acid. Absorbance was read at 450 nm. Factor 
VII levels were derived by comparing sample values to a V2 
calibration curve generated using a 4-parameter curve fit. 
Factor VII Chromogenic Assay 
0.143 Biophen FVII chromogenic assay (Aniara, West 
Chester, Ohio) was used. The chromogenic assay principle 
involves formation of an enzyme complex consisting of Fac 
tor VII from the sample and rabbit thromboplastin (tissue 
factor) supplied by the manufacturer. FX, added in excess, is 
activated to FXa, which in turn cleaves a FXa specific chro 
mogenic Substrate (SXa-11) generating pNA. The amount of 
pNA released is directly proportional to the FXa activity. The 
assay was performed following the manufacturers instruc 
tions. Briefly, samples and calibrator were diluted in Tris 
BSA assay buffer in a 96-well round bottom polypropylene 
dilution plate (Fisher Scientific). Kit reagents, R1,R2, and R3 
and a 96 well flat bottom polystyrene assay plate (Costar) 
were warmed to 37° C. prior to use. 30 uI of sample and 
calibrator were transferred from dilution plate to assay plate 
followed by 30 ul of reagent R2 then 60 uL of reagent R1. 
The assay plate was mixed and incubated for 7 minutes at 37° 
C. in a jitterbug plate shaker (Boekel Scientific). 60 uL of R3 
was added and the rate of change in absorbance (change in 
OD at 405 mm/min) was measured at 37°C. using a Spectra 
Max Plus microplate reader (Molecular Devices). Factor VII 
levels were derived by comparing sample values to a V2 
calibration curve generated using a 4-parameter curve fit. 
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Phospholipid-Dependent Thrombin Generation Assay 

0144 Compared to wild-type FVIIa, the modification of 
Gla-domain (P10O/K32E) increases potency in FX activa 
tion, thrombin generation, and whole blood clotting in the 
presence of anionic phospholipids or activated platelets as a 
result of additional Y-carboxylation. PL-dependent TGA was 
designed to measurerFVIIa activity in the presence of anionic 
phospholipids and performed using thrombin calibrator and 
substrate reagent, FluCa-kit, from Thrombinoscope, BV. 
Phospholipid (PL) vesicles composed of 20% phosphati 
dylserine (PS), 40% phosphatidylethanolamine (PE), and 
40% phosphatidylcholine (PC) were from Avanti Polar Lipids 
and prepared by sonication in 100 mM NaCl, 50 mM Tris 
HCl (pH 7.2) for 10 minutes. 
(0145 Twenty uL of PL-vesicles (500 uM) or thrombin 
calibrators were dispensed into 96 well plates. Varying con 
centrations of rEVIIa were diluted into human Hema plasma, 
added in triplicate to the PL mixture, and equilibrated to 37 
C. for 10 min. Thrombin generation reactions were initiated 
by adding FluCasolution and the reactions were continuously 
monitored for 60 minutes following the Calibrated Auto 
mated Thrombography (CAT) method outlined by Thrombi 
noscope”. Data were acquired and analyzed using Throm 
binoscope” (3.4.0) software, which corrected for 
C-macroglobulin activity using a thrombin calibrator. The 
analysis parameter peak height represented the maximum 
level of thrombin generated, endogenous thrombin poten 
tial (ETP) corresponded to the total amount of thrombin 
generated. Thrombin generation parameters were analyzed 
with 4-parameter non-linear curve fitting method using Prism 
4.0 (GraphPad Inc). 

Phospholipid Dependent FX Activation Assay 

0146 The ability of FVIIa to activate FX in the presence of 
phospholipid vesicles without tissue factor was measured 
using a PL dependent FX activation assay. Factor VIIa or 
FVIIa variants are incubated with FX in the presence of 
phospholipid vesicles. Activation of FX is measured by addi 
tion of S-2765, a chromogenic substrate for FXa. Briefly, 
calibrator and samples are diluted in a polypropylene round 
bottom plate in Tris-HCl buffer. 30 uL of 4 g/mL FX (Hae 
matologic Technologies Inc.) was added to all wells of a 
96-well flat bottom polystyrene plate followed by 30 uL of 
phospholipid vesicles consisting of phosphatidylserine, 
phosphatidlycholine, and phosphatidylethanolamine at a wt. 
% ratio of 20:40:40. 30 u, of diluted sample and calibrator 
were transferred to the FX/phospholipid mixture. The plate 
was sealed, mixed gently, and incubated for 20-23 hours at 
37° C. 40 uL of a 5 mM solution of S-2765 (DiaPharma) was 
added to all wells. The plate was sealed and incubated for 6 
hours at 37° C. Absorbance was read at 405 nm in a micro 
plate reader. Activity of samples was determined by compar 
ing FX activation levels of samples to a F7 calibration curve. 
0147 Rat PK Study-Animals, Study Protocol (inject of 
preps, sampling of blood and prep, ELISA, data analysis, 
sacrifice of animals). 
0148 Proteins (F7, V2, V1, dV2 and dV1) were admin 
istered intravenously at 0.1 mg/kg into Sprague Dawley rats. 
Plasma samples were taken starting at limin post administra 
tion and analyzed by FVII ELISA. 
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HemA-PK Study 
0149 Proteins (F7, dV1) were administered i.v. at 1.0 
mg/Kg into HemA mice. Plasma samples were taken starting 
at 5 min post administration and analyzed by FVII ELISA and 
sTF-PT assay. 

FVII ELISA on Plasma Samples 

Materials 

0150 Monoclonal antibodies against FVIIa were used. 
One monoclonal antibody furthermore was biotinylated. 
Purified FVIIa variants (wild type or de-sialylated) are used 
as assay calibrators and assay controls. Blocking buffer is 1% 
(w/v) casein in 30 mM Tris pH 7.2, 60 mM. NaCl, 0.03% 
Tween-20. Assay dilution buffer (ADB) is 0.1% (w/v) casein, 
50 mM Tris pH 7.2, 0.1M NaCl, 0.05% Tween-20. Assay 
wash buffer is PBS+0.05% Tween-20. Immunoassay plates 
are Greiner Microlon high binding plates (#655061). Strepta 
vidin-horse radish peroxidase (SA-HRP) is from R&D Sys 
tems. HRP Substrate Ultra-TMB is from ThermoEisher 
Pierce. Blank mouse plasma was obtained from CD1 or 
Hema mice either commercially (Bioreclamation) or 
through in-house sources. All other materials (casein, Tris, 
NaCl, Tween-20, PBS, sulfuric acid) are of reagent-grade 
quality. 

Method for FVIIa Sandwich Immunoassay 
0151. 96-well assay plates are coated with 0.1 ml/well of 
antibody against FVIIa, 1 lug/ml in PBS, overnight at 4°C. 
The plates are aspirated and blocked with 0.2 ml/well of 
blocking buffer for at least 2 hr at room temperature with 
rotation (150 rpm). Following blocking, the wells are washed 
4x0.3 ml/well of wash buffer. FVIIa samples or standards are 
diluted 1:20 to a final concentration of 5% plasma in ADB and 
incubated 0.1 ml/well for at least 1.5 hr at room temperature 
with rotation. All standards, controls, and samples are mea 
Sured in triplicate wells. After washing the plates as previ 
ously described, biotinylated antibody against FVIIa is 
added, 42 ng/ml in ADB, 0.1 ml/well, and the plates are 
incubated for at least 1 hour at room temp with rotation. The 
plates are washed, followed by incubation with streptavidin 
HRP 1:1000 in ADB, incubating at least 1 hour at room temp 
with rotation. After a final plate wash, the wells are developed 
with 0.1 ml/well of Ultra-TMB, stopping the reaction with 
0.05 ml/well of 2M sulfuric acid. The stopped reactions are 
read at OD-450 nm, and the data are analyzed and calibrated. 
The lower limit of quantitation (LLOQ) for the assay is typi 
cally 15-30 ng/ml FVIIa in 100% plasma. 
Soluble Tissue Factor (sTF)-Based Modified PT Assay to 
Measure rFVIIa Activity 
0152 A Prothrombin Time (PT) assay was performed to 
measure the activity of human rEVIIa in Hema mouse ex 
Vivo plasma samples. 
(O153 Briefly, 50 uL of sample containing 10% of HemA 
mouse plasma and 50% of human FVII-deficient plasma 
(George King Inc) in aPTT buffer (0.15 MNaCl, 0.05 MTris 
pH 7.5, 0.1% BSA) were mixed with 50 uLofsTF-PT reagent 
and incubated at 37° C. for 30 sec. The sTF-PT reagent was 
composed of 1 volume of 2 uM recombinant human soluble 
TF (STF) and 1 volume of 8 uM phospholipid vesicles 
(PS'. PC':PE'). Clotting was initiated by adding 50 uL of 
25 mM of CaCl and the clotting time was recorded on a STA 
Coagulation Analyzer (Diagnostica Stago Inc). The standards 
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consisted of rFVIIa (wt-rFVII or modified rFVIIa variants) 
diluted 2-fold serially from 200 to 0.78 ng/mL. 

Efficacy of Desialylated V2 in Hemophilia A (HemA) Mice 

Acute Tail Cut Efficacy Study 
0154) To determine the blood loss, mice were anesthetized 
with isoflurane and the tails were placed in 37-38°C. warmed 
0.9% saline in 15 ml plastic tubes for 10 min. The tail was cut 
at 4 mm from the tip by Scalpel and immediately placed back 
into a separate pre-warmed 15 ml plastic tube containing 10 
ml of saline. The mouse was allowed to bleed freely over 40 
min. Desialylated V2 and F7 were dosed intravenously either 
5 minutes after or 15- and 30-minutes before tail cut injury. 
Blood loss was quantified gravimetrically by weighing tubes 
before and after blood was collected. 

Tail Vein Transection Efficacy (TVT) Study 
(O155 HemA mice were dosed with desialylated V2 or F7 
by tail vein injection at 1 hr before or 5 min after tail vein 
transection injury. Appropriate anesthesia was used. The tail 
vein was transected with a #11 scalpel straight blade, and a 
timer was started. The mouse was then returned to its indi 
vidual clean cage with white paper bedding (Versi-DriTM) 
placed on top of a 4x8 inch heating pad. The animal activity 
status was monitored hourly for the next 9 hrs and at the 24hr 
time point. Any mouse that showed signs of reduced activity 
level was noted on the monitor form and any mouse that 
showed signs of excessive blood loss was euthanized imme 
diately. 

Thrombin-Antithrombin (TAT) Assay in HemA Mouse 
Plasma 

Reagents: 

0156 (1) Capture Antibody: Anti-thrombin polyclonal 
antibody from Enzyme Research Labs, Cat #TAT-EIA-C.; (2) 
Detection Antibody: HRP-conjugated anti-AT-III polyclonal 
antibody, from Enzyme Research Labs, Cat #TAT-EIA-D. (3) 
Assay Diluent:from Enzyme Research Labs, Cat #TAT-EIA 
D, (4) HRP Substrate: Amplex Red, Invitrogen, cat #A12216, 
(5) Alpha-Thrombin: from Enzyme Research Labs, Cat iHT 
1002a, stored at -80°C., (6) AT-III: from Enzyme Research 
Labs, Cat it HAT, stored at -80°C., (7) BSA: from Sigma, Cat 
# A-7030; (8) AT-III Deficient Plasma: Purchased from 
Enzyme Research Labs, Cat: AT-DP, stored at -80° C. 

Buffers 

(O157 (1) TAT standard buffer: 20 mM Tris-HCl, pH7.4, 
0.15M NaCl, 1 mM EDTA, 0.05 U/mL heparin; (2) Coating 
Buffer: 1 tablet of bi-carbonate--100 ml dH2O, store at 4°C.; 
(3) Blocking buffer: 2%BSA-PBS; (4) Sample dilution 
buffer: add 0.1M HEPES, pH7.4, 0.15M NaCl, 1% BSA, 
0.05% Tween20, filter and aliquot, store at -20° C.; (5) Sub 
strate buffer: add 50 uL of 5 mg/mL Amplex Red, 20 ul of 3% 
H2O2 to PBS buffer. Mix, fresh prepared before adding to 
plates; (6) Preparation of 1 uMTAT standard stock: add 100 
uL of human AT-III at 1.36 mg/ml and 5.93 uL of human 
thrombin at 3.28 mg/mL to 419 uL of TAT buffer, mix, incu 
bate 10-20 min at 37° C.; (7) Preparation of 60 nM TAT 
standard stock: Add 50 uL of 1 uMTAT complex to 783 uL of 
AT-III deficient plasma, mix. Aliquot 50 uL/vials, store at 
-80° C. 
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Assay Procedure 
0158 1. Dilute anti-thrombin pab (capture antibody) in 
bicarbonate buffer (1:100 dilution: for one 96-well plate, add 
110 uL of antibody to 11 mL of bicarbonate buffer). 
0159 2. Add 100 uL diluted coating antibody to each well 
on a 2 HB Immulon 96-well plate. Tap plate gently to ensure 
all liquid to cover bottom of plate. Seal the plate and incubate 
overnight at 4°C. 
(0160. 3. Wash 4 times with 300 uL Wash buffer in an 
automated plate washer. Following the last wash, invert the 
plate and tap it against a clean paper towel. 
(0161 4. Add 150 uL of Blocking buffer (2% BSA-PBS) to 
each well. Seal the plate and incubate at Room temperature 
for 1.5 hour. 
(0162 5. Wash 4 times with 300 uL Wash buffer with an 
automated plate washer. Following the last wash, invert the 
plate and tap it against a clean paper towel. 
0163 6. Add 100 u, of Standard, sample and QC to each 
well in triplicates and incubate plates at room temperature for 
2 hr at room temperature. 
(0164 7. Wash 4 times with 300 uL Wash buffer with an 
automated plate washer. Following the last wash, invert the 
plate and tap it against a clean paper towel. 
(0165 8. Add 100 uL HRP-detection antibody (1/100, add 
110 uL of antibody to 11 mL of conjugate diluent), to each 
well. Seal the plate and incubate for 1 hour at room tempera 
ture. 

(0166 9. Wash 4 times with 300 uL Wash buffer with an 
automated plate washer. Following the last wash, invert the 
plate and tap it against a clean paper towel. 
(0167 10. Add 70 uL of Amplex Rd substrate (fresh pre 
pared) to each well. 
0168 11. Place the plate in the dark at room temperature 
and incubate for 15-30 min. 
(0169 12. Read the plate at OD485 mm/595 nm. 
0170 13. Plot standards with 4-parameter curve fit; Con 
centration from Controls and each sample were calculated 
from standard in each ELISA plate. 

Efficacy of Desialylated V2 in Coagulation-Competent Mice 
0171 An acute tail cut study was performed to determine 
the efficacy of dV2 in coagulation-competent mice. Coagul 
lation-competent mice were anesthetized with isoflurane and 
the tails were placed in 37-38°C. warmed 0.9% saline in 15 
ml plastic tubes for 10 min. After an iv administration of 5 
mg/kg tissue plasminogen activator (tPA), the tail was cut at 
50 mm from the tip by scalpel and placed back into a separate 
pre-warmed 15 ml plastic tube containing 10 ml of saline. 
Desialylated V2 and F7 were dosed intravenously immedi 
ately after tail cut injury. The mouse was allowed to bleed 
freely over 45 min. Blood loss was quantified gravimetrically 
by weighing tubes before and after blood was collected. 

Results 

In Vitro Characterization of Desialylated or Deglycosylated 
Proteins 

(0172. The heavy chain of dV2 was analyzed by LC-TOF 
MS. Analysis showed that that the N-Glycans on the heavy 
chain contained no sialic acid post sialidase treatment. Such 
analysis on the light chain was complicated by the presence of 
the Gla domain. To get a global picture of Sialic acid content 
of the treated molecule, Sialic Acid Fluorescence Labeling 
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was carried out. This method showed that greater than 99.9% 
of sialic acid was removed on V2 during the desialylation 
process. FIG. 7 shows the analysis of desialylated V2 for 
sialic acid content. LC-TOF MS analysis and Sialic Acid 
Fluorescent Labeling were utilized. Sialic acid content analy 
sis was carried out on dV1 as well with similar results (data 
not shown). The desialylated molecules were tested for activ 
ity by both the phospholipid-dependent Xa activation and 
phospholipid-dependent TGA assay. The PL-Xa and 
PL-TGA assays demonstrated that activity of the proteins 
post desialylation was not reduced. (See FIG.9 and FIG. 10). 
FIG. 9 shows PL-FXa activation assay on desialylated pro 
teins. Desialylated V1 and V2 (dV1, dV2) were tested for 
activity using the Phospho-lipid FXa activation assay. Both 
desialylated proteins had slightly higher activity in this assay 
as compared to their unmodified parental molecules. FIG. 10 
shows PL-TGA assay on desialylated proteins. By PL-TGA, 
dV2 and dV1 exhibited slightly increased activity over their 
unmodified parental molecules. Results were normalized to 
F7. 
0173 The PL-Xa assay consistently showed a measurable 
increase in activity of dV2 and dV1 over their unmodified 
parental molecules. The hypoglycosylated witFVIIa, V2, and 
V1 molecules were expressed (FIG. 11) and tested as crude 
expression extracts for both expression and activity. FIG. 11 
shows expression of hypoglycosylated FVII variants. Media 
samples 4 days post electroporation were analyzed for FVII 
expression. Western blot analysis using an anti-Gla domain 
antibody shows expression of the variants. Removal of the 
N-Glycan sites did not appear to affect activity when normal 
ized for expression levels. FIG. 12 shows determination of 
“specific activity” of hypoglycosylated FVII variants using 
transfection Supernatants. The activity of the crude expres 
sion Supernatants from two transient transfections of the 
hypoglycosylated variants were assayed by the Xa activation 
assay. When normalized for expression as measured by 
ELISA, no decrease in activity as a result of N-glycan 
removal was noted. As expected in this assay, V1 and F7 
proteins had similar activities while V2 molecules had lower 
activity, a result of its TF-independence. This was further 
demonstrated by the PL-TGA activity assay carried out on 
purified hypoglycosylated V2 with only 2N-Glycans (N322 
and N145) referred to as pMB121. FIG. 13 shows PL-TGA 
assay on purified hypoglycosylated variant pMB121. By PL 
TGA assay, pMB 1212 shows enhanced activity over F7 simi 
lar to unmodified V2. In vitro clearance of these molecules 
was tested in a hepatocyte clearance model. dV2 demon 
strated significant clearance in this model over unmodified V2 
(FIG. 14), while marginal or no increase in clearance was 
seen for the hypoglycosylated variants (FIG. 15). 

Rat PK and HemAPK 

0.174 Pharmacokinetic studies in Sprague Dawley rats 
demonstrated that desialylated and hypoglycosylated pro 
teins cleared significantly faster than their unmodified coun 
terparts as measured by a FVII ELISA. FIG.16 shows the rat 
pharmacokinetic results. Half-lives of the desialyated V2 and 
V1 were significantly shorter than their unmodified parental 
molecules in Sprague Dawley rats as measured by FVII 
ELISA. This was true for desialylated V2, desialylated V1, 
and pMB 121 (hypoglycosylated V2). The t1/2 for both the 
desialylated molecules was less than 1 min whereas the t/2 of 
their parental proteins was approximately 2.5 hrs. The clear 
ance of the hypoglycosylated V2 molecule pMB121 was 
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equivalent to that of F7 with a t/2 of 1.6 hrs. The PK study in 
Hema mice had a similar result with dV2 and F7 having 
half-lives of approximately 3 min and 2.6 hrs, respectively 
(FIG. 17 (A)). The short half-life was confirmed by sTF-PTT 
clotting assay (FIG.17 (B)). FIG. 17 shows HemAPK results. 
The half-life of desialyated V2 was significantly shorter than 
its unmodified parental molecule in HemA mice as measured 
by A) FVII ELISA and B) the sTF-PT assay. 

HemA Efficacy Models 

0.175 dV2 was tested in HemA mice for efficacy. Using 
the HemA tail cut model, dV2 was shown to be efficacious at 
a dose of 1 mg/kg (bolus, iv). By comparison, in this model, 
the efficacious dose for F7 was 2.5mg/kg (bolus, iv). These 
results demonstrate that dV2 is more efficacious than F7 
(FIG. 18 (A)). This model was also utilized to show that the 
efficacy of dV2 is cleared faster than that of F7 (FIG. 18 (B)). 
FIG. 18 shows the results of the desialylated V2 efficacy study 
in HemA mice. Studies with dV2 show that this molecule is 
A) more efficacious than and B) has faster efficacy clearance 
than F7 in the HemA tail cut model. 

0176). Using the more sensitive TVT model, the faster 
efficacy clearance of dV2 over F7 was also demonstrated and 
the efficacious dose confirmed. FIG. 19 shows a dV2 efficacy 
study in TVT HemA model. TVT studies using an efficacy 
model (TVT) with higher sensitivity confirmed dV2 has 
faster efficacy clearance than F7. Thrombin Anti-Thrombin 
(TAT) measurements as a marker of thrombogencity per 
formed at 30 and 60 min post administration in Hema mice 
showed significantly lower levels for dV2. FIG. 20 shows 
TAT measurements. In HemA mice, dV2 administered at its 
efficacious dose (1 mg/kg) generated less Thrombin Anti 
Thrombin (TAT) than the efficacious dose of F7 (2.5 mg/kg). 
This data, taken with the efficacy data, would suggest that 
dV2 has a more favorable therapeutic index than F7. 

Efficacy in Coagulation Competent Mice 

0177 dV2 was tested in thA-treated, coagulation-compe 
tent mice for efficacy. Using the tail cut model, dV2 was 
shown to be efficacious at doses of 0.3-1 mg/kg (bolus, iv). By 
comparison, in this model, the efficacious dose for F7 was 5 
mg/kg (bolus, iv). These results demonstrate that dV2 is more 
efficacious than F7 (FIG. 21). FIG.21 shows the results of the 
desialylated V2 efficacy study in tA-treated, coagulation 
competent mice. 

Clearance and Efficacy of Desialylated Wild-Type Factor VII 
(dWT VIIa) 
(0178. Desialylated wild-type Factor VII (dWTVIIa) was 
produced as described above using NovoSeven(R) obtained 
from Novo Nordisk as the starting Factor VII material and 
desialylating that starting polypeptide using soluble sialidase 
enzyme, as described above. The dWT VIIa was found to 
have a purity of 99%, low endotoxin, and no detectablesialic 
acid. Additionally, mass spectrometry analysis showed selec 
tive removal of sialic acid. 

(0179 The activity of this dWTVIIamaterial was analyzed 
and compared to wild-type Factor VII using the Biophen FVII 
chromogenic assay and modified PT Assay, as described 
above. Each of these analyses showed the dWTVIIa to have 
nearly identical activity to the wild-type Factor VII polypep 
tide. 
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0180 Clearance of dWTVIIa and wild-type Factor VII (1 
mg/kg) were also analyzed and compared using the human 
tissue factor knock-in (TFKI) mice mouse model. As shown 
in FIG.22, the half-life of dWTVIIa was significantly shorter 
than wild-type Factor VII and clearance (ml/h/kg) was more 
than 40 times faster. 

0181. The efficacy of dWT VIIa in comparison to wild 
type Factor VII was investigated using TFKI mice and the tail 
cut method described above. Briefly, 5 mg/kg tPA was 
injected intravenously into the mice, followed by clipping of 
the tail 50 mm from the tip. Wild-type Factor VII (No 
voSeven(R) or dWT VIIa were then injected intravenously 
with dosages ranging from 1-6 mg/kg. Blood was then col 
lected from the tail for 45 minutes, with unstable clots being 
disrupted every six minutes throughout the collection period. 
As shown in FIG. 23, dWTVIIa was surprisingly found to be 
significantly more efficacious than wild-type Factor VII. 
More specifically, a 3 mg/kg dose of dWT VIIa caused 
reduced blood loss in comparison to a 6 mg/kg dose of wild 
type Factor VII. Given the results of this analysis, it was 
determined that 2 mg/kg dWTVIIa is a bioequivalent dose to 
6 mg/kg wild-type factor VII. 
0182. The ability of dWT VIIa and wild-type Factor VII 
(NovoSeven(R) to cause systemic coagulation was also inves 
tigated by the Thrombin Anti-Thrombin (TAT) method 
described above. Mice were treated with bioequivalent doses 
of dWTVIIa (2 mg/kg) and wild-type Factor VII (6 mg/kg) 
and then the formation of TAT complexes was measured by 
ELISA. As shown in FIG. 24, the wild-type NovoSeven(R) 
Factor VII generated a significantly higher level of TAT than 
dWT VIIa. Given the fact that dWT VIIa generated only 
baseline TAT levels, this experiment suggests that this dose of 
dWT VIIa produces no observable systemic coagulation, 
despite the fact that the polypeptide is as efficacious as wild 
type Factor VII. 
0183. Further, the ability of dWTVIIa and wild-type Fac 
tor VII (NovoSeven(R) to cause thrombus formation was also 
investigated in a FeCls thrombosis model. Mice were treated 
with bioequivalent doses of dWT VIIa (2 mg/kg) and wild 
type Factor VII (6 mg/kg) 15 minutes prior to initiation of the 
thrombosis study. Thrombosis was then initiated by admin 
istration of a 3.25% FeC1 solution and then thrombus forma 
tion was measured by Doppler for 30 minutes. The resulting 
blood flow data was plotted on a blood flow versus time graph 
and then the percentage of the area under the curve for the 
control sample was calculated to determine the reduction in 
blood flow caused by thrombus formation for each of the 
Factor VII treatment groups. As shown in FIG. 25, the wild 
type NovoSeven(R) Factor VII generated a significantly 
reduced blood flow (average approx. 40%), while the dWT 
VIIa showed nearly no reduction in blood flow (average 
>90%). This experiment demonstrated that the given dose of 
dWT VIIa produced greatly reduced thrombus formation as 
compared to wild-type Factor VII. 
0184 The activity and efficacy of dWTVIIa compared to 
wild-type Factor VII was further investigated by examining 
the apparent binding affinities of these peptides for soluble 
tissue factor (STF) using an SN-17c tripeptide fluorogenic 
substrate (HTI). As shown in FIG. 26, this analysis demon 
strated that dWT VIIa (dF7) and wild-type Factor VII (F7) 
had equivalent apparent biding affinities for STF. However, as 
shown in FIG. 27, in an experimental model examining the 
ability of these peptides to activate Factor X by titrating the 
Factor X concentration in the presence of STF-Factor VII 
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complexes (0.5 nM Factor VII dWTVIIa or wild-type), 125 
nM sTF), the Michaelis Menten kinetics for dWT VIIa and 
wild-type Factor VII demonstrate that dWT VIIa (dF7) can 
activate Factor X more effectively (approximately 2-fold) 
than wild-type Factor VII (F7). This data suggests that dWT 
VIIa is able to convert more Factor X to Factor Xa per Factor 
VII active site than its wild-type counterpart. 

Discussion 

0185. There is an unmet medical need to develop a thera 
peutic drug that is efficacious for the treatment of acute bleed 
ing but with reduced thrombogenecity. An efficacious Factor 
VII polypeptide with a short half-life would potentially result 
in a molecule with a larger therapeutic window suitable for 
use in acute bleeds. 

0186 V2 and V1 are two Factor VIIa variants (FIGS. 1-3). 
These variants contain mutations to their Gla domains that 
increase their affinity for activated platelets and, in the case of 
V2, result in tissue factor independence. Both variants also 
have two additional N-Glycosylation sites, which results in a 
prolonged half-life as compared to wild type Factor VIIa, a 
trait that is advantageous for the treatment of hemophilia. 
However their use as treatments for acute bleeding would 
benefit from decreases in half-life. This modification would 
reduce the risk of off-target effects and, as a result, increase 
their therapeutic index. We have shown here that removal of 
the sialic acids present on the carbohydrate chains of V2 and 
V1 result in significantly faster clearance of the molecules in 
an in vitro hepatocyte clearance model. The hypoglycosy 
lated variants did not clear faster in this in vitro model, which 
Suggests that the mechanism of clearance between desially 
lated and hypoglycosyled molecules differ. In vivo studies 
conducted in Sprague Dawley rats demonstrated that the 
desialylated molecules (dV2 and dV1), as well as the 
hypoglycosylated variant pMB121, had a significantly 
decreased half-life. Interestingly, desialylated V2 and V1 
both had increased clearance rates as compared to the 
reported rate for desialylated wild type FVIIa. (Appa et al. 
Thrombosis and Haemostasis 1042./2010), a characteristic 
that may be due to their 2 additional N-glycans. One possible 
theory for this activity, without limitation on what is claimed 
herein, is that these extra N-Glycans would, upon desialyla 
tion, become additional ligands for the ASGPR or similar 
receptor and mediate faster clearance. Activity of these mol 
ecules was retained or increased in comparison to their paren 
tal molecules as measured by in vitro activity assays. Faster 
clearance of dV2 was further verified in vivo in a HemA 
mouse PK study and was shown to be efficacious in Hema 
tail clip and TVT studies. 
0187 Further, desialylation of wild-type Factor VII pro 
duced a Factor VII polypeptide that was cleared much more 
rapidly than wild-type, while also providing the Surprising 
result of increased efficacy as shown in numerous experimen 
tal models. 

0188 Removal of the N-glycans or modification of the 
monosaccharide composition of the N-glycans of Factor VIIa 
or Factor VIIa variants results in faster clearing molecules. 
These molecules retain activity and are efficacious in vivo. 
The development of these fast clearing Factor VIIa molecules 
would be beneficial for the treatment of acute bleeding indi 
cations, as well as potentially being an antidote for the various 
anti-coagulants on the market. 
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cagagc.cggc gggtggcgca ggt catcatC cccagcacgt acgtc.ccggg Caccaccaac 72 O 

cacgacatc. c9ctgctc.cg cctgcaccag ccc.gtggtcc ticactgacca ttggtgcc C 78O 

Ctctgcctgc ccgaacggac gttctictag aggacgctgg cct tcgtgcg Cttct cattg 84 O 

gtcagoggct ggggg cagct gctggaccgt ggcgc.cacgg CCCtggagct catggtc.ctic 9 OO 

aacgtgcc cc ggctgatgac C caggactgc ctgcagoagt cacggaaggt gggagactic C 96.O 

ccacagat.ca C9gagtacat gttctgtgcc ggctact cqg atggcagcaa ggacticctgc 1 O2O 

aagggggaca gtggaggc cc acatgccacc Cactaccggg gCacgtggta Cctgacgggc 108 O 

atcgt.ca.gct gggggcaggg ctg.cgcaa.cc gtgggcc act ttggggtgta Caccagggit c 114 O 

tcc.cagtaca t cagtggct gcaaaagctic atgcgct cag agccacgc.cc aggagtic ct c 12 OO 

ctg.cgagc cc catttic cc 1218 

<210s, SEQ ID NO 16 
&211s LENGTH: 406 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 16 

Ala Asn Ala Phe Lieu. Glu Glu Lieu. Arg Pro Gly Ser Lieu. Glu Arg Glu 
1. 5 1O 15 

Cys Lys Glu Glu Glin Cys Ser Phe Glu Glu Ala Arg Glu Ile Phe Lys 
2O 25 3O 

Asp Ala Glu Arg Thr Llys Lieu. Phe Trp Ile Ser Tyr Ser Asp Gly Asp 
35 4 O 45 

Glin Cys Ala Ser Ser Pro Cys Glin Asn Gly Gly Ser Cys Lys Asp Glin 
SO 55 6 O 

Lieu. Glin Ser Tyr Ile Cys Phe Cys Lieu Pro Ala Phe Glu Gly Arg Asn 
65 70 7s 8O 

Cys Glu Thir His Lys Asp Asp Glin Lieu. Ile Cys Val Asn. Glu Asn Gly 
85 90 95 

Gly Cys Glu Gln Tyr Cys Ser Asp His Thr Gly Thr Lys Arg Ser Cys 
1OO 105 11 O 

Arg Cys His Glu Gly Tyr Ser Lieu. Lieu Ala Asp Gly Val Ser Cys Thr 
115 12 O 125 

Pro Thr Val Glu Tyr Pro Cys Gly Lys Ile Pro Ile Lieu. Glu Lys Arg 
13 O 135 14 O 

Asn Ala Ser Llys Pro Glin Gly Arg Ile Val Gly Gly Llys Val Cys Pro 
145 150 155 160 

Lys Gly Glu. Cys Pro Trp Glin Val Lieu. Lieu. Lieu Val Asn Gly Ala Glin 
1.65 17O 17s 

Lieu. Cys Gly Gly Thr Lieu. Ile Asn. Thir Ile Trp Val Val Ser Ala Ala 
18O 185 19 O 

His Cys Phe Asp Llys Ile Lys Asn Trp Arg Asn Lieu. Ile Ala Val Lieu. 
195 2OO 2O5 

Gly Glu. His Asp Lieu. Ser Glu. His Asp Gly Asp Glu Glin Ser Arg Arg 
21 O 215 22O 

Val Ala Glin Val Ile Ile Pro Ser Thr Tyr Val Pro Gly Thr Thr Asn 
225 23 O 235 24 O 

His Asp Ile Ala Lieu. Lieu. Arg Lieu. His Glin Pro Val Val Lieu. Thir Asp 
245 250 255 
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His Val Val Pro Leu. Cys Lieu Pro Glu Arg Thr Phe Ser Glu Arg Thr 
26 O 265 27 O 

Lieu Ala Phe Val Arg Phe Ser Lieu Val Ser Gly Trp Gly Glin Lieu. Lieu. 
27s 28O 285 

Asp Arg Gly Ala Thr Ala Lieu. Glu Lieu Met Val Lieu. Asn Val Pro Arg 
29 O 295 3 OO 

Lieu Met Thr Glin Asp Cys Lieu. Glin Glin Ser Arg Llys Val Gly Asp Ser 
3. OS 310 315 32O 

Pro Asn Ile Thr Glu Tyr Met Phe Cys Ala Gly Tyr Ser Asp Gly Ser 
3.25 330 335 

Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly Pro His Ala Thir His Tyr 
34 O 345 35. O 

Arg Gly. Thir Trp Tyr Lieu. Thr Gly Ile Val Ser Trp Gly Glin Gly Cys 
355 360 365 

Ala Thr Val Gly His Phe Gly Val Tyr Thr Arg Val Ser Glin Tyr Ile 
37 O 375 38O 

Glu Trp Lieu. Glin Llys Lieu Met Arg Ser Glu Pro Arg Pro Gly Val Lieu. 
385 390 395 4 OO 

Lieu. Arg Ala Pro Phe Pro 
4 OS 

<210s, SEQ ID NO 17 
&211s LENGTH: 4. Of 
212. TYPE PRT 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Variant human FVII peptide sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (407) ... (407) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<4 OOs, SEQUENCE: 17 

Ala Asn Ala Phe Lieu. Glu Glu Lieu. Arg Glin Gly Ser Lieu. Glu Arg Glu 
1. 5 1O 15 

Cys Lys Glu Glu Glin Cys Ser Phe Glu Glu Ala Arg Glu Ile Phe Glu 
2O 25 3O 

Asp Ala Glu Arg Thr Llys Lieu. Phe Trp Ile Ser Tyr Ser Asp Gly Asp 
35 4 O 45 

Glin Cys Ala Ser Ser Pro Cys Glin Asn Gly Gly Ser Cys Lys Asp Glin 
SO 55 6 O 

Lieu. Glin Ser Tyr Ile Cys Phe Cys Lieu Pro Ala Phe Glu Gly Arg Asn 
65 70 7s 8O 

Cys Glu Thir His Lys Asp Asp Glin Lieu. Ile Cys Val Asn. Glu Asn Gly 
85 90 95 

Gly Cys Glu Glin Tyr Cys Ser Asp His Asn Gly. Thir Lys Arg Ser Cys 
1OO 105 11 O 

Arg Cys His Glu Gly Tyr Ser Lieu. Lieu Ala Asp Gly Val Ser Cys Thr 
115 12 O 125 

Pro Thr Val Glu Tyr Pro Cys Gly Lys Ile Pro Ile Lieu. Glu Lys Arg 
13 O 135 14 O 

Asn Ala Ser Llys Pro Glin Gly Arg Ile Val Gly Gly Llys Val Cys Pro 
145 150 155 160 

Lys Gly Glu. Cys Pro Trp Glin Val Lieu. Lieu. Lieu Val Asn Gly Ala Glin 
1.65 17O 17s 
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Lieu. Cys Gly Gly Thr Lieu. Ile Asn. Thir Ile Trp Val Val Ser Ala Ala 
18O 185 19 O 

His Cys Phe Asp Llys Ile Lys Asn Trp Arg Asn Lieu. Ile Ala Val Lieu. 
195 2OO 2O5 

Gly Glu. His Asp Lieu. Ser Glu. His Asp Gly Asp Glu Glin Ser Arg Arg 
21 O 215 22O 

Val Ala Glin Val Ile Ile Pro Ser Thr Tyr Val Pro Gly Thr Thr Asn 
225 23 O 235 24 O 

His Asp Ile Ala Lieu. Lieu. Arg Lieu. His Glin Pro Val Asn Lieu. Thir Asp 
245 250 255 

His Val Val Pro Leu. Cys Lieu Pro Glu Arg Thr Phe Ser Glu Arg Thr 
26 O 265 27 O 

Lieu Ala Phe Val Arg Phe Ser Lieu Val Ser Gly Trp Gly Glin Lieu. Lieu. 
27s 28O 285 

Asp Arg Gly Ala Thr Ala Lieu. Glu Lieu Met Val Lieu. Asn Val Pro Arg 
29 O 295 3 OO 

Lieu Met Thr Glin Asp Cys Lieu. Glin Glin Ser Arg Llys Val Gly Asp Ser 
3. OS 310 315 32O 

Pro Asn Ile Thr Glu Tyr Met Phe Cys Ala Gly Tyr Ser Asp Gly Ser 
3.25 330 335 

Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly Pro His Ala Thir His Tyr 
34 O 345 35. O 

Arg Gly. Thir Trp Tyr Lieu. Thr Gly Ile Val Ser Trp Gly Glin Gly Cys 
355 360 365 

Ala Thr Val Gly His Phe Gly Val Tyr Thr Arg Val Ser Glin Tyr Ile 
37 O 375 38O 

Glu Trp Lieu. Glin Llys Lieu Met Arg Ser Glu Pro Arg Pro Gly Val Lieu. 
385 390 395 4 OO 

Lieu. Arg Ala Pro Phe Pro Xaa 
4 OS 

<210s, SEQ ID NO 18 
&211s LENGTH: 406 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Variant human FVII peptide sequence 

<4 OOs, SEQUENCE: 18 

Ala Asn Ala Phe Lieu. Glu Glu Lieu. Arg Glin Gly Ser Lieu. Glu Arg Glu 
1. 5 1O 15 

Cys Lys Glu Glu Glin Cys Ser Phe Glu Glu Ala Arg Glu Ile Phe Glu 
2O 25 3O 

Asp Glu Glu Glu Thir Lys Lieu. Phe Trp Ile Ser Tyr Ser Asp Gly Asp 
35 4 O 45 

Glin Cys Ala Ser Ser Pro Cys Glin Asn Gly Gly Ser Cys Lys Asp Glin 
SO 55 6 O 

Lieu. Glin Ser Tyr Ile Cys Phe Cys Lieu Pro Ala Phe Glu Gly Arg Asn 
65 70 7s 8O 

Cys Glu Thir His Lys Asp Asp Glin Lieu. Ile Cys Val Asn. Glu Asn Gly 
85 90 95 

Gly Cys Glu Glin Tyr Cys Ser Asp His Asn Gly. Thir Lys Arg Ser Cys 
1OO 105 11 O 
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Arg Cys His Glu Gly Tyr Ser Lieu. Lieu Ala Asp Gly Val Ser Cys Thr 
115 12 O 125 

Pro Thr Val Glu Tyr Pro Cys Gly Lys Ile Pro Ile Lieu. Glu Lys Arg 
13 O 135 14 O 

Asn Ala Ser Llys Pro Glin Gly Arg Ile Val Gly Gly Llys Val Cys Pro 
145 150 155 160 

Lys Gly Glu. Cys Pro Trp Glin Val Lieu. Lieu. Lieu Val Asn Gly Ala Glin 
1.65 17O 17s 

Lieu. Cys Gly Gly Thr Lieu. Ile Asn. Thir Ile Trp Val Val Ser Ala Ala 
18O 185 19 O 

His Cys Phe Asp Llys Ile Lys Asn Trp Arg Asn Lieu. Ile Ala Val Lieu. 
195 2OO 2O5 

Gly Glu. His Asp Lieu. Ser Glu. His Asp Gly Asp Glu Glin Ser Arg Arg 
21 O 215 22O 

Val Ala Glin Val Ile Ile Pro Ser Thr Tyr Val Pro Gly Thr Thr Asn 
225 23 O 235 24 O 

His Asp Ile Ala Lieu. Lieu. Arg Lieu. His Glin Pro Val Asn Lieu. Thir Asp 
245 250 255 

His Val Val Pro Leu. Cys Lieu Pro Glu Arg Thr Phe Ser Glu Arg Thr 
26 O 265 27 O 

Lieu Ala Phe Val Arg Phe Ser Lieu Val Ser Gly Trp Gly Glin Lieu. Lieu. 
27s 28O 285 

Asp Arg Gly Ala Thr Ala Lieu. Glu Lieu Met Val Lieu. Asn Val Pro Arg 
29 O 295 3 OO 

Lieu Met Thr Glin Asp Cys Lieu. Glin Glin Ser Arg Llys Val Gly Asp Ser 
3. OS 310 315 32O 

Pro Asn Ile Thr Glu Tyr Met Phe Cys Ala Gly Tyr Ser Asp Gly Ser 
3.25 330 335 

Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly Pro His Ala Thir His Tyr 
34 O 345 35. O 

Arg Gly. Thir Trp Tyr Lieu. Thr Gly Ile Val Ser Trp Gly Glin Gly Cys 
355 360 365 

Ala Thr Val Gly His Phe Gly Val Tyr Thr Arg Val Ser Glin Tyr Ile 
37 O 375 38O 

Glu Trp Lieu. Glin Llys Lieu Met Arg Ser Glu Pro Arg Pro Gly Val Lieu. 
385 390 395 4 OO 

Lieu. Arg Ala Pro Phe Pro 
4 OS 

1-7. (canceled) such that it produces a desialylated Factor VII polypep 
tide having a ratio of moles of conjugated sialic acid to 
moles of N-linked glycan selected from the group con 
sisting of a) less than 0.05, b) less than 0.1, c) less than 
1.0, d) less than 2.0, e) less than 3.0, f) less than 4.0, g) 
less than 5.0; and h) less than 6.0; and 

8. A composition of Factor VII polypeptides, wherein the 
Factor VII polypeptides comprise the amino acid sequence of 
SEQ ID NO: 16 and the ratio of moles of conjugated sialic 
acid to moles of N-linked glycan in the composition is within 
a range selected from the group consisting of (a) from 1 to 5: 
(b) from 1 to 4; (c) from 1 to 3; (d) from 1 to 2; and (e) from (2) isolating the desialylated Factor VII polypeptide 
O.5 to 1. thereby produced. 

9-13. (canceled) 15. The method of claim 14, wherein the Factor VII 
polypeptide comprises the wild-type Factor VII sequence of 

14. A method of preparing an isolated desialylated Factor SEQID NO: 16. 
VII polypeptide, said method comprising 16. The method of claim 14, wherein the Factor VII 

(1) producing a Factor VII polypeptide in a recombinant polypeptide comprises a variant sequence comprising two or 
cell line that is deficient in its ability to sialylate peptides more sequence alterations relative to SEQID NO: 16. 
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17-18. (canceled) 
19. A method of preparing an isolated desialylated Factor 

VII polypeptide, said method comprising 
(1) generating a recombinant cell line that coexpresses a 

recombinant Factor VII polypeptide and a recombinant 
sialidase enzyme; 

(2) culturing said recombinant cell line to allow expression 
of both the recombinant Factor VII polypeptide and the 
recombinant sialidase enzyme, wherein said recombi 
nant sialidase enzyme removes Sufficient amounts of 
covalently attached sialic acid residues to produce a 
desialylated Factor VII polypeptide having a ratio of 
moles of conjugated sialic acid to moles of N-linked 
glycan selected from the group consisting of a) less than 
0.05, b) less than 0.1, c) less than 1.0, d) less than 2.0, e) 
less than 3.0, f) less than 4.0 g) less than 5.0; and h) less 
than 6.0; and 

(3) isolating the desialylated Factor VII polypeptide 
thereby produced. 

20. The method of claim 19, wherein the Factor VII 
polypeptide comprises the wild-type Factor VII sequence of 
SEQID NO: 16. 

21. The method of claim 19, wherein the Factor VII 
polypeptide comprises a variant sequence comprising two or 
more sequence alterations relative to SEQID NO: 16. 

22-26. (canceled) 
27. A method for treating a mammal having a disease or a 

disorder wherein blood clot formation is desirable, said 
method comprising administering to the mammal an effective 
amount of the composition of Factor VII polypeptides of 
claim 8. 

28. (canceled) 
29. A method for treating a mammal having a disease or a 

disorder wherein blood clot formation is desirable, said 
method comprising administering to a mammal in need 
thereof an effective amount of a composition comprising 
isolated desialylated Factor VII polypeptides prepared by the 
method of claim 14. 

30. A method for treating a mammal having a disease or a 
disorder wherein blood clot formation is desirable, said 
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method comprising administering to a mammal in need 
thereof an effective amount of a composition comprising 
isolated desialylated Factor VII polypeptides prepared by the 
method of claim 19. 

31-44. (canceled) 
45. A pharmaceutical composition comprising the compo 

sition of Factor VII polypeptides of claim 8 and a pharma 
ceutically acceptable excipient. 

46. (canceled) 
47. A pharmaceutical composition comprising isolated 

desialylated Factor VII polypeptides prepared by the method 
of claim 14 and a pharmaceutically acceptable excipient. 

48. A pharmaceutical composition comprising isolated 
desialylated Factor VII polypeptides prepared by the method 
of claim 19 and a pharmaceutically acceptable excipient. 

49-50. (canceled) 
51. The method of claim 27, wherein the disease or disor 

der is selected from the group consisting of a hemorrhage, 
gastrointestinal bleeding, uncontrolled bleeding, bleeding in 
a mammal undergoing transplantation or resection or Surgery, 
Variceal bleeding, thrombocytopenia, hemophilia, intracra 
nial hemorrhage, aortic aneurysm, and over administration of 
an anticoagulant. 

52. The method of claim 29, wherein the disease or disor 
der is selected from the group consisting of a hemorrhage, 
gastrointestinal bleeding, uncontrolled bleeding, bleeding in 
a mammal undergoing transplantation or resection or Surgery, 
variceal bleeding, thrombocytopenia, hemophilia, intracra 
nial hemorrhage, aortic aneurysm, and over administration of 
an anticoagulant. 

53. The method of claim 30, wherein the disease or disor 
der is selected from the group consisting of a hemorrhage, 
gastrointestinal bleeding, uncontrolled bleeding, bleeding in 
a mammal undergoing transplantation or resection or Surgery, 
Variceal bleeding, thrombocytopenia, hemophilia, intracra 
nial hemorrhage, aortic aneurysm, and over administration of 
an anticoagulant. 


