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METHOD OF PRODUCING FACTOR VIiIl PROTEINS BY RECOMBINANT METHODS

BACKGROUND OF THE INVENTION

Related Applications
This Application claims the benefit of priority to U.S. Provisional Application No.

60/818,177, filed June 30, 2006.
Field of the Invention

Embodiments of the invention relate generally to production of recombinant Facior
VIl proteins. Embodiments of the invention also relate to the overexpression or production
of recombinant Factor VI proteins for the treatment of hemophilia A.

Description of the Related Art

Bleeding disorders can result from a deficiency in the functional levels of one or
more of the blood proteins, collectively known as blood coagulation factors, that are
required for normal hemostasis, i.e. blood coagulation. The severity of a given bleeding
disorder is dependent on the blood level of functional coagulation factors. Mild bleeding
disorders are generally observed when the functional level of a given coagulation factor
reaches about 5% of normal, but if the functional level falls below 1%, severe bleeding is
likely to occur with any injury to the vasculature.

Medical experience has shown that essentially normal hemostasis can be
temporarily restored by intravenous infusion of biological preparations containing one or
more of the blood coagulation factors. So-called replacement therapy, whereby a
biological preparation containing the deficient blood coagulation factor is infused when
bleeding occurs (on demand) or to prevent bleeding (prophylactically), has been shown to
be effective in managing patients with a wide variety of bleeding disorders. In general, for
replacement therapy to be effective, intravenous infusions of the missing coagulation factor
are targeted to achieve levels that are well above 5% of normal over a two- to three-day
period.

Historically, patients who suffer from hemophilia, a genetically acquired bleeding
disorder that results from a deficiency in either blood coagulation Factor VIl (hemophilia A)
or Factor IX (hemophilia B), were successfully treated by periodic infusion of whole blood
or blood plasma fractions of varying degrees of purity.

More recently, with the advent of biotechnology, biologically active preparations of
synthetic (recombinant) blood coagulation factors have become commercially available for

treatment of blood coagulation disorders. Recombinant blood coagulation proteins are
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essentially free of the risks of human pathogen contamination that continue to be a
concern that is associated with even high purity commercial preparations that are derived
from human blood.

Adequate treatment of bleeding disorders is largely limited to the economically-
developed regions of the world. In the case of hemophilia it is estimated that over 75% of
the patient population worldwide receives inadequate or, worse, no treatment of their
disease. For many regions of the world, the cost of safe and effective commercial
preparations of coagulation factors is prohibitive for routine management of bleeding
disorders and, in some cases, only emergency treatment with donated products is
available.

In regions of the world where adequate treatment of bleeding disorders is
potentially available, the cost is very high and patients are almost always dependent on
third party payors, e.g. health insurance or government subsidized programs, to acquire
the commercial products needed. On average, hemophilia treatment in the United States
is estimated to cost about $50,000 per patient per year for the commercial product required
for routine, on-demand, care. However, this cost could be much higher insofar as the
Medical and Scientific Advisory Committee for the National Hemophilia Foundation has
recommended that patients should receive prophylactic treatment which, in the case of an
adult hemophiliac, could drive the annual cost to well over $250,000 per year. Given that
life-time insurance caps of about $1 million are generally associated with most policies in
the United States, hemophiliacs are severely constrained in terms of the amount of
commercial product that they can afford for care which, at the least, affects their quality of
life during adulthood and, at the worst, raises the risk of life-threatening bleeding.

For the past 25 years or so, biotechnology has offered the promise of producing
low cost biopharmaceutical products. Unfortunately, this promise has not been met due in
major part to the inherent complexity of naturally occurring biological molecules and a
variety of limitations associated with the synthesis of their recombinant protein
counterparts in genetically engineered cells. Regardless of the cell type, e.g. animal,
bacteria, yeast, insect, plant, etc., that is chosen for synthesis, proteins must achieve
certain minimal structural properties for safe and effective therapeutic use. In some cases,
recombinant proteins must simply fold correctly after synthesis to attain the three-
dimensional structure required for proper function. In other cases, recombinant proteins
must undergo extensive, enzyme directed, post-translational modification after the core
protein has been synthesized within the cell. In addition, protein made in foreign
recombinant cells must be successfully secreted out of the cell. Deficiencies in any one of

a number of intracellular trafficking or enzymatic activities can result in the formation of a
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large percentage of non-functional protein and limit the usefuiness of a genetically
engineered cell system for the economical production of a biopharmaceutical product
intended for commercial use.

Achieving high levels of functional Factor VIII proteins by recombinant technology
has been limited in part by the lack of availability of suitable Factor VIl expression
systems. Attempts by others at overexpressing Factor VIl at levels required to produce
commercially viable Factor VIII have failed. To increase the availability of blood
coagulation Factor VIl protein to meet the worldwide medical need for the treatment of
bleeding disorders such as hemophilia A, improvements in the production of fully functional
protein, Factor VI, from genetically engineered cells is required. New recombinant
expression systems capable of producing large quantities of functional Factor VIl are
needed. Because wild-type Factor VIl is secreted at relatively low levels in transfection
studies, it would further be desirable to provide expression systems capable of producing
large quantities of Factor VIII protein having increased secretion as compared to wild-type
Factor VIIl. The present application addresses a need for a method to produce
recombinant Factor VIl protein in sufficient yield for commercial production.

Further aspects, features and advantages of this invention will become apparent

from the detailed description of the embodiments which follow.

SUMMARY OF THE INVENTION

Provided herein are methods for overexpressing or producing a recombinant Factor
VIl protein. The provided methods comprise introducing into a cell a nucleic acid molecule
encoding a Factor VIII protein operably linked to a promoter, wherein the promoter is
characterized by the ability to produce commercially viable Factor VIii protein; and
incubating the cell under conditions for overexpressing or producing Factor VIl protein.
The cell used for recombinant production of Factor Vil protein may be a mammalian cell
and may further be selected from the group consisting of a COS-1, CHO and HEK 293
cell. The nucleic acid molecule operably linked to a promoter may comprise a cDNA which
encodes the Factor Vil protein. The promoter operably linked to the nucleic acid molecule
encoding a Factor VIII protein may be a Chinese hamster elongation factor 1-a (CHEF1)
promoter.

A Factor VIl protein overexpressed or produced by the recombinant methods
provided herein may be a wild-type Factor VIII protein which is in one embodiment is a
human protein. A Factor VIII protein may comprise modifications that enhance secretion
and/or expression of the Factor VIII protein to be overexpressed or produced. Accordingly,

the Factor VIII protein may comprise a deletion of the B-domain starting at Arg 740 when
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the protein is aligned with the wild-type Factor Vill, followed by the addition of an amino
acid spacer containing at least one N-linked glycosylation site, wherein the amino acid
spacer containing the at least one N-linked glycosylation site facilitates the secretion or
expression of the B-domain-deletion Factor VIl protein. The Factor Vill protein may
further comprise an amino acid sequence inserted at position 750 when the protein is
aligned with wild-type Factor VI, the inserted amino acid sequence consisting of a 226
amino acid spacer containing 6 N-linked glycosylation sites, thereby partially replacing the
B domain of the modified Factor VIl protein. The Factor VIil protein may comprise an
amino acid sequence inserted at position 769 when the protein is aligned with the wild-type
Factor VI, the inserted amino acid sequence consisting of a 29 amino acid spacer
containing one N-linked glycosylation site, thereby partially replacing the B domain of the
modified Factor VIl protein. The Factor VIl protein may comprise an amino acid
sequence inserted at position 794 when the protein is aligned with the wild-type Factor Vlil,
the inserted amino acid sequence consisting of a 55 amino acid spacer containing 2 N-
linked glycosylation sites, thereby partially replacing the B domain of the modified Factor
VIl protein. The Factor VIl protein may comprise an amino acid sequence inserted at
position 857 when the protein is aligned with the wild-type Factor VIll, the inserted amino
acid sequence consisting of a 117 amino acid spacer containing 3 N-linked glycosylation
sites, thereby partially replacing the B domain of the modified Factor VIII protein. The
Factor VIl protein may comprise an amino acid sequence inserted at position 903 when
the protein is aligned with the wild-type Factor Vlil, the inserted amino acid sequence
consisting of a 163 amino acid spacer containing 4 N-linked glycosylation sites, thereby
partially replacing the B domain of the modified Factor VIl protein. The Factor VIl protein
may comprise an amino acid sequence inserted at position 946, the inserted nucleic acid
sequence consisting of a 206 amino acid spacer containing 5 N-linked glycosylation sites,
thereby partially replacing the B domain of the modified Factor VIIi protein. The Factor V|
protein may comprise an amino acid sequence inserted at position 1009 when the protein
is aligned with the wild-type Factor Vi, the inserted amino acid sequence consisting of a
269 amino acid spacer containing 8 N-linked glycosylation sites, thereby partially replacing
the B domain of the modified Factor VIl protein.

Also provided herein are methods for identifying a cell expressing commercially
viable Factor VIl protein, comprising: a) introducing into cells a nucleic acid molecule
encoding a Factor VIl protein operably linked to a promoter, wherein the promoter is
characterized by the ability to overexpress or produce commercially viable Factor VIl
protein; b) incubating the cells under conditions for overexpressing or producing Factor Vi

protein; ¢) selecting clones expressing high levels of FVIII relative to the other clones; d)
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recloning the cells selected in step c); and e) identifying at least one subclone expressing a
higher level of FVIII relative to those selected in step ¢). This method may further
comprise: f) recloning the at least one subclone identified in step e); and g) identifying at
least one subclone expressing a higher level of FVIII relative to the at least one subclone
selected in step e).

Also provided herein are nucleic acid molecules encoding a Factor VIl protein
operably linked to a promoter, wherein the promoter is characterized by the ability {0
overexpress or produce commercially viable amounts of Factor VIl protein. A nucleic acid
molecule may comprise a cDNA which encodes the Factor VIII protein. The promoter
operably linked to the nucleic acid molecule may be a Chinese hamster elongation factor
1-a (CHEF1) promoter. The nucleic acid molecule encoding the Factor VIll protein may
comprise modifications that enhance secretion and/or expression of the Factor VIII protein
to be overexpressed or produced. Accordingly, the nucleic acid molecule may encode a
Factor VIl protein comprising a deletion of the B-domain starting at Arg 740 when the
protein is aligned with the wild-type Factor VI, followed by the addition of an amino acid
spacer containing at least one N-linked glycosylation site, wherein the amino acid spacer
containing the at least one N-linked glycosylation site facilitates the secretion or expression
of the B-domain-deletion Factor VIl protein. The Factor VIII protein may comprise an
amino acid sequence inserted at position 750, the inserted amino acid sequence
consisting of a 226 amino acid spacer containing 6 N-linked glycosylation sites, thereby
partially replacing the B domain of the modified Factor VIl protein. The Factor VIil protein
may comprise an amino acid sequence inserted at position 769 when the protein is aligned
with the wild-type Factor VIII, the inserted amino acid sequence consisting of a 29 amino
acid spacer containing one N-linked glycosylation site, thereby partially replacing the B
domain of the modified Factor VIii protein. The Factor VIl protein may comprise an amino
acid sequence inserted at position 794 when the protein is aligned with the wild-type
Factor VIlI, the inserted amino acid sequence consisting of a 55 amino acid spacer
containing 2 N-linked glycosylation sites, thereby partially replacing the B domain of the
modified Factor VIl protein. The Factor VI protein may comprise an amino acid
sequence inserted at position 857 when the protein is aligned with the wild-type Factor VII|,
the inserted amino acid sequence consisting of a 117 amino acid spacer containing 3 N-
linked glycosylation sites, thereby partially replacing the B domain of the modified Factor
VIl protein. The Factor VIII protein may comprise an amino acid sequence inserted at
position 903 when the protein is aligned with the wild-type Factor VI, the inserted amino
acid sequence consisting of a 163 amino acid spacer containing 4 N-linked glycosylation
sites, thereby partially replacing the B domain of the modified Factor VIII protein. The
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Factor VIl protein may comprise an amino acid sequence inserted at position 946 when
the protein is aligned with the wild-type Factor VIII, the inserted amino acid sequence
consisting of a 206 amino acid spacer containing 5 N-linked glycosylation sites, thereby
partially replacing the B domain of the modified Factor Vil protein. The Factor VIl protein
may comprise an amino acid sequence inserted at position 1009 when the protein is
aligned with the wild-type Factor Vi, the inserted amino acid sequence consisting of a 269
amino acid spacer containing 8 N-linked glycosylation sites, thereby partially replacing the
B domain of the modified Factor VIl protein.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A Is a diagram of the wild-type FVIIlI and FV domain structures;

FIG. 1B is a diagram of the inactivation resistant FVIil of the present invention;

FIG. 2 is a table showing secretion activity of the A-1 mutated FVIII proteins of the present

invention compared to wild-type FVII;

FIG. 3 is a graph showing the thrombin activation of APC resistant FVII| of the present
invention and wild-type FVIII;

FIGS. 4A and 4B are photographs of gels showing the expression and thrombin cleavage
of the APC resistant FVIIl of the present invention;

FIGS. 5A and 5B are photographs of gels showing APC cleavage of the APC resistant

FVIII of the present invention;

FIG. 6 is a photograph of a gel showing purified wild-type and APC resistant FVIII of the

present invention;

FIGS. 7A and 7B are graphs showing APC-mediated functional inactivation of wild-type

and APC resistant FVIII of the present invention;

FIG. 8 is a diagram of the domain structure of the single-chain inactivation resistant FVIII of

the present invention;

FIG. 9 Is a diagram of the domain structure of the inactivation resistant heterodimer FVIIl
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protein of the present invention;

FIG. 10 is a photograph of a gel showing relative synthesis and secretion levels of the

inactivation resistant FVIII of the present invention;

FIG. 11 is a photograph of a gel showing the cleavage patterns of the inactivation resistant

FVIII of the present invention;

FIG. 12 is a graph showing the functional activation and inactivation of the inactivation

resistant FVIII of the present invention as compared to wild-type FVII,

FIG. 13 is a graph showing the activation and reduced rate of inactivation of immunoaffinity

purified inactivation resistant FVIIl of the present invention as compared to wild-type FVIII;

FIG. 14 is a graph illustrating the results of an ELISA assay demonstrating antibody-
inducible von Willebrand factor (VWF) binding of the inactivation resistant FVIII of the

present invention,

FIG. 15 is a graph illustrating the results of an ELISA assay demonstrating antibody-
inducible VWF binding of the inactivation resistant FVIII of the present invention following

thrombin activation;

FIG. 16 is a graph illustrating the results of an ELISA assay demonstrating antibody-
inducible VWF binding of the inactivation resistant FVIII of the present invention following

thrombin activation, and retained FVIII activity;

FIG. 17 is a diagram of the FVIII light chain epitopes;

FIG. 18 is a diagram showing that ESH8 does not inhibit inactivation resistant FVIII activity

in the presence of VWF;

FIG. 19 is a graph illustrating that thrombin activation of inactivation resistant FVIII/ESH8

does not alter vWF dissociation;

FIG. 20 depicts the kinetics of inactivation resistant FVIII-vWF association and

dissociation;
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FIGS. 21A and 21B depict the kinetics of thrombin activation;

FIG. 22 depicts the activity of bound FVIII-vWF complexes with and without ESHS;

FIG. 23 is a graph illustrating VWF binding to inactivation resistant FVIlI immobilized on
Mab NMC-VIII/5;

FIGS. 24A and 24B are graphs illustrating that increasing concentrations of VWF does not

inhibit binding of inactivation resistant FVIIIVESH8 complexes to phospholipids;

FIGS. 25A and 25B are graphs illustrating the binding affinity of the inactivation resistant
FVIII/ESH8/SPIII complex to phospholipids;

FIGS. 26A and 26B are graphs illustrating that ESH8 increases the half-life of inactivation

resistant FVIII in vivo, but in contrast to FVIIIl WT, does not inhibit activity;

FIG. 27 is a diagram that depicts VWF affinity, PL affinity, and cofactor activity in the
presence of VWF for FVIII LC, FVlilla LC, inactivation resistant FVIII/ESH8 with and without

thrombin;

FIG. 28 is a diagram of FVIII B-domain mutants with increasing number of N-linked

oligosaccharide content;

FIG. 29 is a graph depicting the relative efficiency of secretion of FVIII B domain variants;

FIG. 30 is a graph that depicts the relative efficiency of secretion of the combined F309S
and B domain variant 226aa/N6 ("F309/226aa/N6 variant”);

FIG. 31 is a graph that depicts expression of FVIII B domain variants in hemophilia A mice

following hydrodynamic tail vein injection of plasmid DNA,;

FIG. 32 is a graph that depicts in vivo expression of the FVIII B domain variants in FVIII

knockout mice;

FIG. 33 is a graph that depicts FVIll activity over time in mice; and
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FIG. 34 depicts the presence of the FVIII B domain variants in cell extract and cell media.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

While certain embodiments of the invention are herein described, it is to be
understood that modifications will occur to those skilled in the art without departing from
the spirit of the invention.

It is the object of the current invention to provide a method for creating a genetically
engineered cell that overexpresses or produces a high level of Factor VIl protein in
quantities suitable for commercialization world wide. It is a further objective of the
invention to provide a Factor VIII molecule which can be given to hemophiliacs by methods
other than by intravenous administration.

To overexpress or produce low cost Factor VIl protein biotherapeutics for
commercial use on a worldwide basis, a genetically engineered cell must be created for
production that (1) overexpresses or produces large quantities of the Factor V|
polypeptide chain that has the desired primary structure and (2) is capable of efficiently
performing all of the essential post-translational modifications that are needed to produce a
fully functional synthetic biopharmaceutical product.

The term “Factor VIl protein” or “FVIII protein” is intended to encompass a wild-
type Factor VIl protein, or any fragment, derivative, modification, or analogue thereof,
which encodes a protein, polypeptide, or peptide with the biological activity of Factor VIII.
Factor VIl proteins and nucleic acid sequences encoding the same are provided in U.S.
Ser. No. 10/383,206, the contents of which are incorporated herein in their entirety by this
reference. Examples of Factor VIl proteins include Factor VIl isoform a precursor (NCBI
Accession No. NP 000123, the contents of which are incorporated herein by reference)
and Factor VIl isoform b precursor (NCBI Accession No. NM_063916, the contents of
which are incorporated herein by reference).

As used herein, “biological activity” or “biologically active™ is determined with
reference to a Factor VIl standard derived from human plasma. Biological activity of a
Factor VIl protein may be determined using the commercially available Factor VIl assay,
COATEST (Kabi Pharmaceuticals) or other assay in the art. COATEST measures the
FVIli-dependent generation of Factor Xa from Factor X, with one unit defined as the
amount of FVIII activity in one ml of pooled human plasma, 100 to 200 ng/ml (Vehar et al.,
Biotechnology of Plasma Proteins, Albertini et al., eds. pg. 2155, Basel, Karger, 1991).
Pooled human plasma (George King Bio-Medical, Inc., Overland Park, Kans.) may be used
as the FVIII activity standard. The biological activity of the Factor Vil standard is taken to
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be 100%. In one embodiment, the Factor VIII of the invention has at least 5% of the activity
of the Factor VIl standard. In other embodiments, the Factor VIl of the invention has at
least 10% of the activity of the Factor VIl standard, at least 15% of the activity of the
Factor VIII standard, at least 20% of the activity of the Factor VIl standard, at least 25% of
the activity of the Factor VIl standard, at least 30% of the activity of the Factor VI
standard, at least 35% of the activity of the Factor VIl standard, at least 40% of the activity
of the Factor VIl standard, at least 45% of the activity of the Factor Vlll standard, at least
50% of the activity of the Factor VIl standard, at least 55% of the activity of the Factor Vil
standard, at least 60% of the activity of the Factor VIl standard, at least 65% of the activity
of the Factor VIl standard, at least 70% of the activity of the Factor VIl standard, at least
75% of the activity of the Factor VIl standard, at least 80% of the activity of the Factor VlI|
standard, at least 85% of the activity of the Factor VIl standard, or at least 90% of the
activity of the Factor Vil standard. “Biologically active” is used interchangably with the
term “procoagulant active.”

As used herein the term "procoagulant-active" and "active" FVIIl, may be used
interchangeably to refer to one or more polypeptide(s) or proteins demonstrating
procoagulant activity in a clotting assay. The term FVIIl may be used herein to encompass
FVllla and one skilled in the art will appreciate from the context in which the terms are
used which term (pre-thrombin activated FVIII or thrombin activated FVIII (FVilla)) is
intended. As used herein, the term "polypeptides” includes not only full length protein
molecules but also fragments thereof which, by themselves or with other fragments,
generate FVIII procoagulant activity in a clotting assay. It will be appreciated that synthetic
polypeptides of the protein products of the present invention are also within the scope of
the invention and can be manufactured according to standard synthetic methods. It will
also be appreciated that in the amino acid numbering system used herein, amino acid
residue 1 is the first residue of the native, mature FVIII protein. It will further be appreciated
that the term "domain" refers to the approximate regions of FVIIl, known to those skilled In
the art.

The term "DNA sequence encoding a Factor Vil protein” as used herein means
DNA which encodes a Factor VIiiI protein, i.e., such DNA may be a full-length gene
encoding a full-length Factor VIl protein, or a truncated gene, or a mutated gene encoding
a biologically active Factor VIl protein. The term "DNA sequence"” may be a cDNA and
refers generally to a polydeoxyribonucleotide molecule and more specifically to a linear
series of deoxyribonucleotides connected one to the other by phosphodiester bonds
between the 3' and 5' carbons of the adjacent pentoses, or a substantially duplicative

sequence thereof. Examples of DNA sequences encoding a Factor VIl protein include

-10-
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genomic Factor VIl DNA (NCBI Accession No. NG_005114, the contents of which are
incorporated herein by reference) and cDNA (NCBI Accession No.’s NM_000132 and
NM 019863, the contents both of which are incorporated herein by reference). An
example of a nucleic acid sequence encoding a Factor VI protein is a DNA sequence
encoding a Factor VIl protein.

The phrase "substantially duplicative” is meant to include those sequences which,
though they may not be identical to a given sequence, still result in expression product,
proteins, and/or synthetic polypeptides that have FVIII activity in a standard clotting assay.
Substantially duplicative sequences include analogs and derivatives thereof.

Factor VIII proteins according to the invention are capable of overexpression or
production at a level of at least about 20 IU/mL, at least about 30 IU/mL, at least about 40
lU/mL, at least about 50 1U/mL, at least about 60 IU/mL, at least about 70 IU/mL, at least
about 80 IU/mL, at least about 90 IU/mL, at least about 100 IU/mL, at least about 110
lU/mL, atleast about 120 IU/mL, at least about 130 IU/mL, at least about 140 IU/mL, at
least about 150 IU/mL, atleast about 160 IU/mL, at least about 170 IU/mL, at least about
180 IU/mL, atleast about 190 IU/mL, atleast about 200 IU/mL, or at least about 210
lU/mL of biologically active Factor VIl protein.

As used herein, the term “commercially viable Factor Vil protein” means a Factor
VHI protein, which, when overexpressed or produced from tissue culture cells, is capable of
overexpression or production at a level of at least about 20 1U/mL, at least about 30 |U/mL,
at least about 40 IU/mL, at least about 50 IU/mL, at least about 60 IU/mL, at least about
70 IlU/mL, atleast about 80 IU/mL, at least about 90 IU/mL, at least about 100 IU/mL, at
least about 110 IU/mL, at least about 120 IU/mL, at least about 130 IU/mL, at least about
140 IU/mL, at least about 150 IU/mL, at least about 160 IU/mL, at least about 170 IU/mL,
at least about 180 IU/mL, atleast about 190 IlU/mL, at least about 200 IU/mL, or at least
about 210 IU/mL of biologically active Factor Vil protein. Additionally, the term
“commercially viable Factor VllI protein” means a Factor VI protein, which, when
overexpressed or produced from tissue culture cells, is biologically active. In one
embodiment, the commercially viable Factor VIl protein is at least about 10% biologically
active, at least about 15% biologically active, at least about 20% biologically active, at least
about 25% biologically active, at least about 30% biologically active, at least about 35%
biologically active, at least about 40% biologically active, at least about 45% biologically
active, at least about 50% biologically active, at least about 55% biologically active, at least
about 60% biologically active, at least about 65% biologically active, at least about 70%
biologically active, at least about 75% biologically active, at least about 80% biologically

active, at least about 85% biologically active, or at least about 90% biologically active.
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The term “processing factor” is a broad term which includes any protein, peptide,
non-peptide cofactor, substrate, or nucleic acid molecule which promotes the formation of
a functional Factor VilI protein.

An object of the present invention is a genetically engineered CHO or other cell that
overexpresses or produces large quantities of Factor VIl proteins whereby the percentage
of fully functional protein is adequate to produce a low cost biopharmaceutical product for
commercial use on a worldwide basis.

A nucleic acid molecule encoding a Factor VllI protein may be introduced into a cell
via transfection. Many transfection methods to create genetically engineered cells that
express large quantities of recombinant proteins are well known. Monoclonal antibodies,
for example, are routinely manufactured from genetically engineered cells that express
protein levels in excess of 1000 I[U/mL. The present invention is not dependent on any
specific transfection method that might be used to create a genetically engineered cell.

Many expression vectors can be used to create genetically engineered cells. Some
expression vectors are designed to express large quantities of recombinant proteins after
amplification of transfected cells under a variety of conditions that favor selected, high
expressing, cells. Some expression vectors are designed to express large quantities of
recombinant proteins without the need for amplification under selection pressure. The
present invention is not dependent on the use of any specific expression vector.

To create a genetically engineered cell to overexpress or produce large quantities
of a given Factor Vil protein, an expression vector that contains the cDNA encoding the
Factor VIl protein is introduced into cells such as by transfection. The present invention
requires that a transfected cell is created that is capable, under optimized growth
conditions, of overexpressing or producing a minimum of 20 IU/mL of the target Factor VIl
protein. Higher levels of production of the target Factor VIl protein may be achieved and
could be useful in the present invention. However, the optimum level of overexpression or
production of the target Factor Vill protein is a level at or above 20 IU/mL that can be
obtained in a significantly increased functional form when the target protein is expressed
with selected co-transfected enzymes that cause proper post-translational modification of
the target protein to occur in a given cell system.

To create a genetically engineered cell that is capable of efficiently performing all of
the essential post-translational modifications that are needed to produce a fully functional
synthetic biopharmaceutical product, selected enzymes may be co-introduced along with
the Factor VIl protein.

The method of the present invention involves the first selection of a cell that may be

genetically engineered to overexpress or produce large quantities of a Factor VIill protein.
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The cell may be selected from a variety of sources, but is otherwise a cell to which
an expression vector containing a DNA may be introduced, which in one embodiment is a
cDNA of a Factor VIl gene, or a substantially duplicative sequence thereof.

From a pool of transfected cells, clones are selected that overexpress or produce
quantities of the Factor VIl protein over a range (Target Range) that extends from the
highest level to the lowest level that is minimally acceptable for the production of a
commercial product. Cell clones that overexpress or produce quantities of the Factor Vil
protein within the Target Range may be combined to obtain a single pool or multiple sub-
pools that divide the clones into populations of clones that produce high, medium or low
levels of the Factor VIII protein within the Target Range.

It Is considered to be within the scope of the present invention that recombinant
cells that produce a Factor VIl protein within the Target Range may be analyzed to

determine the extent to which fully functional protein is overexpressed or produced. Such

. analysis will provide insight into the specific enzyme deficiencies that limit the production of

fully functional protein. Further, it is anticipated that analysis of sub-pools consisting of cell
clones that overexpress or produce high, medium, or low levels of the Factor VIl protein
within the Target Range will provide insight into the specific enzyme deficiencies that limit
the overexpression or production of fully functional protein at varying levels of production of
the Factor VIl protein. Such analysis, whether done on a single pool of cell clones or on
sub-pools, might reveal the specific enzyme deficiencies that must be eliminated {o
produce fully functional protein.

To eliminate the enzyme deficiencies within a pool of recombinant clones that limit
the overexpression or production of fully functional Factor VIl protein within the Target
Range, the method of the present invention provides for the transfection of the pool of cells
with an expression vector containing<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>