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PRODUCTION OF FULLY PROCESSED AND FUNCTIONAL FACTOR X IN A FURIN-
SECRETING MAMMALIAN EXPRESSION SYSTEM

FIELD

[0001] Disclosed herein are expression systems, transformed cells, and methods related
thereto, for expression of fully-processed and active recombinant Factor X in the presence of

furin.
BACKGROUND

[0002] Human coagulation Factor X (FX), activated FX (FXa), and variants thereof, are
used as therapeutic agents in blood coagulation disorders including, but not limited to,
hemophilia and von Willebrand disease. FX, a vitamin K-dependent serine protease, Iis
synthesized as a single chain precursor protein in the endoplasmic reticulum, with subsequent
intracellular proteolytic furin cleavage in the Golgi apparatus before secretion by the producing
cell into the blood stream, or into the culture medium Iin case of recombinant expression. Three
furin cleavage sites in FX are responsible for proper FX proteolytic processing. The mature form
of FX Is a disulfide-linked two-chain molecule consisting of a heavy and light chain, formed after
cleavage of the precursor protein. Further modifications of the molecule include y-carboxylation
of the light chain and N- and O-linked glycosylation of the activation peptide which is attached to

the heavy chain.

[0003] Besides FX, further Vitamin K-dependent coagulation factors bearing the consensus
recognition site Arg—X-Lys/Arg—Arg (SEQ ID NO:4) are substrates of the ubiquitously
expressed endoprotease furin, also known as paired basic amino acid residue-cleaving enzyme
(PACE). Adequate proteolytic processing of recombinant proteins of the coagulation cascade
are impaired in cell culture expression systems due to intracellular processing limitations at high
yield expression. Similar to von Willebrand Factor and coagulation Factor |X (FIX) which exhibit
insufficient proteolytic processing at high expression rates in recombinant mammalian cells, FX
secretion in low producing CHO cell clones Is characterized by fully processed FX, whereas
high producing clones comprise unprocessed single chain FX and multiple unprocessed forms
of FX light chain, in addition to the correctly processed FX heavy and light chain species. Types
and degrees of unprocessed FX light chain varied among individual cell clones and under
different cell culture conditions such as cell density. Additional in vivo furin co-expression or
post-cell culture in vitro furin incubation is needed to support the endogenous furin proteolytic

machinery, facilitating intact protein cleavage.
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[0004] Furin co-expression is indispensable for the expression of fully processed FX at
high yield. However, to date no threshold level of furin has been reported that would ensure a
high percentage of intact processed FX in cell culture systems. High levels of furin are toxic,
therefore levels of furin expression by FX-producing mammalian expression systems must be
balanced between levels that are toxic, yet potentially process 100% of the FX precursor
protein, and those that are too low, resulting in healthy cell cultures in which suboptimal

processed FX is produced.
SUMMARY

[00035] Disclosed herein is a system for expressing furin and a human Factor X (FX) in the
same cell line and thereby providing a critical furin concentration in the culture supernatant for
the generation of fully processed and fully active FX, while maintaining the viabllity of the

culture.

[0006] Thus, disclosed herein is a transformed cell comprising a nucleotide sequence
encoding a human furin, such that the transformed cell expresses and secretes functional furin
Into a culture supernatant, wherein the functional furin is secreted at a concentration of about 50
U/mL to about 300 U/mL in the culture supernatant after culture for between about 36 and about
/8 hours. In one embodiment, the transformed cells further comprise a nucleotide sequence
encoding a protein cleavable by furin and exhibiting an Arg-(Lys/Arg)-Arg motif. In another
embodiment, the nucleotide sequence encoding human furin and the nucleotide sequence
encoding the protein are on different expression vectors. In another embodiment, the
nucleotide sequence encoding human furin and the nucleotide sequence encoding the protein

are on the same expression vector.

[0007] Also provided is a eukaryotic protein expression system comprising a cell line
suitable for expression of mammalian proteins; a first expression vector adapted for expression
of human furin by the cell line, wherein the first expression vector includes a nucleotide
sequence encoding a human furin polypeptide; and a second expression vector adapted for
expression of a protein by the cell line, wherein the second expression vector includes a
nucleotide sequence encoding a protein cleavable by furin and exhibiting an Arg-(Lys/Arg)-Arg
motif, wherein the cell line is capable of secreting functional furin into the culture supernatant at
a concentration of about 50 U/mL to about 300 U/mL after culture for between about 36 and

about 78 hours.
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[0008] Also provided is a eukaryotic protein expression system comprising a cell line
suitable for expression of mammalian proteins; a first expression vector adapted for expression
of human furin and a protein cleavable by furin, and exhibiting an Arg-(Lys/Arg)-Arg motif, by the
cell line, wherein the first expression vector includes a nucleotide sequence encoding a human
furin polypeptide and a nucleotide sequence encoding the protein cleavable by furin, wherein
the cell line Is capable of secreting functional furin into the culture supernatant at a
concentration of about 50 U/mL to about 300 U/mL after culture for between about 36 and about
/8 hours. In one embodiment, the nucleotide sequence encoding human furin and the
nucleotide sequence encoding the protein are on different expression vectors. In another
embodiment, the nucleotide sequence encoding human furin and the nucleotide sequence

encoding the protein are on the same expression vector.

[0009] Also provided is a transformed cell comprising a first nucleotide sequence encoding
a human furin and a second nucleotide sequence encoding a human FX, such that the
transformed cell expresses and secretes functional furin and FX into a culture supernatant,
wherein the furin Is secreted at a concentration of about 50 U/mL to about 300 U/mL in the
culture supernatant after culture for between about 36 and about 78 hours and at least 85% of
the FX is fully processed. In one embodiment, the nucleotide sequence encoding human furin
and the nucleotide sequence encoding the FX are on different expression vectors. In another
embodiment, the nucleotide sequence encoding human furin and the nucleotide sequence

encoding the FX are on the same expression vector.

[0010] Also provided is a eukaryotic protein expression system comprising a cell line
suitable for expression of mammalian proteins; a first expression vector adapted for expression
of human furin by the cell line, wherein the first expression vector includes a nucleotide
sequence encoding a human furin polypeptide; and a second expression vector adapted for
expression of FX by the cell line, wherein the second expression vector includes a nucleotide
sequence encoding FX, wherein the cell line is capable of secreting functional furin into the
culture supernatant at a concentration of about 50 U/mL to about 300 U/mL after culture for

between about 36 and about 78 hours.

[0011] Further provided is a eukaryotic protein expression system comprising a cell line
suitable for expression of mammalian proteins; a first expression vector adapted for expression
of human furin and FX, wherein the first expression vector includes a nucleotide sequence

encoding a human furin polypeptide and a nucleotide sequence encoding FX, wherein the cell
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line Is capable of secreting functional furin into the culture supernatant at a concentration of
about 50 U/mL to about 300 U/mL after culture for between about 36 and about 78 hours.

[0012] Also provided is a method of preparing a recombinant protein comprising
transfecting a cell line suitable for expression of mammalian proteins with a first expression
vector adapted for expression of human furin by the cell line, wherein the first expression vector
Includes a nucleotide sequence encoding a human furin polypeptide; and transfecting the cell
line with a second expression vector adapted for expression of a protein by the cell line, wherein
the second expression vector includes a nucleotide sequence encoding a protein exhibiting an
Arg-(Lys/Arg)-Arg motif; wherein the cell line transfected with the first and the second
expression vectors expresses and secretes functional human furin at a concentration of about
50 U/mL to about 300 U/mL in the culture supernatant after culture for between about 40 and
about 80 hours or about 36 and about 78 hours. In one embodiment, the cell line is transfected
with the first expression vector and the second expression vector substantially simultaneously.
In another embodiment, the cell line is transfected with the first expression vector and cells
secreting stable levels of furin are obtained prior to transfecting the cell line with the second
expression vector. In yet another embodiment, the cell line Is transfected with the seconad
expression vector and cells secreting stable levels of the protein are obtained prior to

transfecting the cell line with the first expression vector.

[0013] In one embodiment, the protein is von Willebrand Factor, Factor Il, Factor |X, Factor

X, Protein C, Protein S, or Protein Z. In another embodiment, the protein is Factor X.

[0014] Also provided is a method of preparing a recombinant protein comprising
transfecting a cell line suitable for expression of mammalian proteins with a first expression
vector adapted for expression of human furin by the cell line, wherein the first expression vector
iIncludes a nucleotide sequence encoding a human furin polypeptide; and transfecting the cell
line with a second expression vector adapted for expression of FX by the cell line, wherein the
second expression vector includes a nucleotide sequence encoding a FX polypeptide; wherein
the cell line transfected with the first and the second expression vectors expresses and secretes
functional human furin at a concentration of about 50 U/mL to about 300 U/mL in the culture
supernatant after culture for between about 36 and about 78 hours. In one embodiment, the cell
line Is transfected with the first expression vector and the second expression vector substantially
simultaneously. In another embodiment, the cell line Is transfected with the first expression
vector and cells secreting stable levels of furin are obtained prior to transfecting the cell line with

the second expression vector. In yet another embodiment, the cell line Is transfected with the
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second expression vector and cells secreting stable levels of the protein are obtained prior to

transfecting the cell line with the first expression vector.

[0015] In another embodiment, the cells are capable of secreting functional furin into the
culture supernatant at a concentration of at least about 50 to about 60 U/mL after culture for
between about 36 and about 78 hours and wherein at least 90% of the FX is fully processed. In
another embodiment, the cells are capable of secreting functional furin into the culture
supernatant at a concentration of at least about 90 to about 100 U/mL after culture for between

about 36 and about 78 hours and wherein at least 95% of the FX is fully processed.

[0016] Also provided is a recombinant FX produced by a transformed cell disclosed herein.
[0017] Further provided is a recombinant FX produced by an expression system disclosed
herein.

[00138] Also provided is a recombinant FX produced by a method disclosed herein.

[0019] Also provided is an expression system for recombinant FX adapted to secrete furin

Into a culture supernatant at a concentration of between about 50 U/mL and about 300 U/mL

after culture for between about 36 and about 78 hours.

[0020] Also provided is a method of producing mature, fully-processed FX comprising an
expression system secreting furin into a culture supernatant at a concentration between about
50 U/mL and about 300 U/mL after culture for between about 36 and about 78 hours.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1A depicts the RCL.012-74.pD3H-Furin expression vector and FIG. 1B depicts
the nucleotide sequence of the vector (SEQ ID NO:1). The human furin sequence is underlined

and the start and stop codons are double underlined.

[0022] FIG. 2 depicts the nucleotide sequence of human furin (SEQ ID NO:2). Start and

stop codons are double underlined.
[0023] FIG. 3 depicts the amino acid sequence of human furin (SEQ ID NO:3).

[0024] FIG. 4 depicts the degree of fully processed Factor X (FX) in cultures.
Densitometric quantification was conducted of a FX Western blot under reducing conditions and
stained with a polyclonal anti-FX antibody. The clones (clone ID 42 to 52) exhibit up to 4 species
of FX with varying pixel intensities including the unprocessed F X single chain (box 1, 5, 9, etc.),

the FX heavy chain (box 2, 6, 10, etc.), the unprocessed propeptide-containing FX light chain
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(box 3, 7, 11, etc.) and the processed FX light chain (box 4, 8, 12, etc.). The pixel intensity of

boxes 45-48 was determined for background subtraction.

[0025] FIG. 5 depicts the secreted furin concentration and the percentage of fully
processed FX/total FX in culture. A dose-response relationship exists between the secreted
furin concentration in the cell culture supernatant (determined with a furin activity assay) and the
% fully processed FX/total FX (determined by densitometric quantification of respective bands in

Western blots).

[0026] FIG. 6 depicts an analysis of furin dose and fully processed FX. Data (circles) with
cell specific (dark lines) and population average (light lines) predicted fully processed FX/total

FX (%) as a function of furin concentration with the E,.x model.

[0027] FIGs. 7A-D depict an E,ax model validity test. FIG. 7A depicts residual of response
versus predicted response where data points are scattered symmetrically around zero indicating
no systematic trend. FIG. 7B depicts a normal Q-Q plot for the residuals indicating that the
assumption of normal distributed errors hold as data points are scattered around the line of
identity. FIG. 7C depicts residual of response versus cell line where data points are scattered
symmetrically around zero indicating no systematic trend. FIG. 7D depicts observed and
predicted values plotted against each other indicating a good fit of the data as the data points

are scattered symmetrically around the line of identity.

[0028] FIG. 8 depicts a null model for testing the hypothesis that the degree of FX
processing Is independent of furin concentration. Data (circles) and the fitted null model with
iIntercepts only assuming that processed FX is independent from the furin concentration (cell

specific and population averages fits as dark and light lines, respectively).

[0029] FIG. 9 depicts a dose-response curve and calculated furin minimum concentrations
to yield 90% and 95% processed FX. The population average predicted of fully processed
FX/total FX (%) as a function of furin concentration (black line) along with furin concentrations
that give 90% and 95% fully processed FX/total FX obtained by numerical optimization of the
fitted model.

DETAILED DESCRIPTION

[0030] Provided herein are transformed cells, eukaryotic expression systems, methods for
producing recombinant proteins, and recombinant proteins made by the methods, all directed to

expression of furin and Factor X (FX) in the same cell line and thereby providing a critical furin
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concentration in the culture supernatant for the generation of fully processed and mature FX,

while maintaining the viability of the culture.

[0031] Common to the transformed cells, eukaryotic expression systems and methods for
production of recombinant proteins is the ability of the host cell to produce consistent levels of
recombinant furin. Furin is necessary for cleavage of certain mammalian proteins, including FX,
from a precursor protein form to a mature, fully processed form. Low concentrations of furin in
the culture supernatant of the expression system result in accumulation of propeptide-containing
and other non- or partially-processed forms of the protein. Concentrations of furin that are too

high result in impaired growth of the host cells and ultimately cell death.

[0032] As used herein, the term “furin® includes full-length furin as well as any furin
fragment capable of cleavage of the consensus recognition site Arg—X-Lys/Arg—Arg. Active
truncated forms of furin are known in the art and are suitable for use in the instant disclosure,
Non-limiting examples of suitable furin fragments can be found in U.S. 6,210,926 and Preininger
et al. (Cytotechnology 30:1-15, 1999), both of which are incorporated by reference herein for all

they disclose regarding truncated forms of recombinant furin.

[0033] Also within the scope of the present disclosure are variants of the furin and Factor X
proteins disclosed herein. For example, conservative amino acid changes may be made, which
although they alter the primary sequence of the protein or peptide, do not normally alter its
function. Conservative amino acid substitutions typically include substitutions within the
following groups: glycine, alanine; valine, isoleucine, leucine; aspartic acid, glutamic acid,

asparagine, glutamine; serine, threonine; and lysine, arginine; phenylalanine, tyrosine.

[0034] Also Included are fusion proteins, or other modifications, or FX which have
increased half-life after administration to a subject. Examples of such would be fusions with an
immunoglobulin Fc domain, an albumin domain, an extended (XTEN) recombinant polyeptide
(see US 8,673,860 which is incorporated by reference herein for all it discloses regarding XTEN
polypeptides), poly Glu or poly Asp sequences, transferrin, or a PAS (Pro Ala Ser)-containing

polypeptides attached to the FX sequence.

[0035] Modifications (which do not normally alter primary sequence) include in vivo, or in
vitro chemical derivatization of polypeptides, e.g., acetylation, or carboxylation. Also included
are modifications of glycosylation, e.g., those made by modifying the glycosylation patterns of a
polypeptide during its synthesis and processing or in further processing steps; e.g. by exposing

the polypeptide to enzymes which affect glycosylation, e.g., mammalian glycosylating or
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deglycosylating enzymes. Also embraced are sequences which have phosphorylated amino
acid residues, e.g., phosphotyrosine, phosphoserine, or phosphothreonine. Proteins can also
be modified chemically after purification with water soluble biocompatible polymers, e.g.,

polyethylene gycol, polysialic acid, or hydroxyethyl starch.

[0036] Also Included are polypeptides which have been modified using ordinary molecular
biological techniques so as to improve their resistance to proteolytic degradation or to optimize
solubility properties. Analogs of such polypeptides include those containing residues other than
naturally occurring L-amino acids, e.g., D-amino acids or non-naturally occurring synthetic
amino acids. The peptides of the invention are not limited to products of any of the specific

exemplary processes listed herein.

[0037] The disclosure herein is generally directed to systems, transformed cells,
expression vectors, and methods for producing at least one recombinant mammalian protein
which Is post-translationally processed by furin (a recombinant furin-requiring mammalian
protein). The mammalian protein is one or more of von Willebrand Factor, Factor Il, Factor IX,

Factor X, Protein C, Protein S, or Protein Z. In another embodiment, the protein is FX.

[0038] The concentration of furin in the culture supernatant is targeted within an optimum
range for production of mature, fully-processed proteins while maintaining viability of the culture
after a defined period of culture. Thus, a useful concentration of furin in a culture supernatant
for the production of a mature, fully-processed mammalian protein is between about 50 U/mL
and about 400 U/mL, between about 50 U/mL and about 350 U/mL, between about 50 U/mL
and about 300 U/mL, between about 50 U/mL and about 250 U/mL, between about 50 U/mL
and about 200 U/mL, between about 50 U/mL and about 175 U/mL, between about 50 U/mL
and about 150 U/mL, between about 50 U/mL and about 125 U/mL, or between about 50 U/mL
and about 100 U/mL. In one embodiment, the concentration of furin in the culture supernatant

IS not less than 50 U/mL.

[0039] In other embodiment, the useful concentration of furin in the culture supernatant for
the production of a mature, fully-processed mammalian protein after a defined period of culture
Is between about 50 U/mL and about 60 U/mL, between about 55 U/mL and about 65 U/mL,
between about 60 U/mL and about 70 U/mL, between about 65 U/mL and about 75 U/mL,
between about 70 U/mL and about 80 U/mL, between about 75 U/mL and about 85 U/mL,
between about 80 U/mL and about 90 U/mL, between about 85 U/mL and about 95 U/mL,
between about 90 U/mL and about 95 U/mL, between about 95 U/mL and about 105 U/mL,
between about 100 U/mL and about 110 U/mL, between about 115 U/mL and about 125 U/mL,
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between about 120 U/mL and about 130 U/mL, between about 125 U/mL and about 135 U/mL,
between about 130 U/mL and about 140 U/mL, between about 135 U/mL and about 145 U/mL,
between about 140 U/mL and about 150 U/mL, between about 145 U/mL and about 155 U/mL,
between about 150 U/mL and about 160 U/mL, between about 155 U/mL and about 165 U/mL,
between about 160 U/mL and about 170 U/mL, between about 165 U/mL and about 175 U/mL,
between about 170 U/mL and about 180 U/mL, between about 175 U/mL and about 185 U/mL,
between about 180 U/mL and about 190 U/mL, between about 185 U/mL and about 195 U/mL,
or between about 190 U/mL and about 200 U/mL. In another embodiment, the useful
concentration of furin in the culture supernatant for the production of a mature, fully-processed
mammalian protein after a defined period of culture is between about 50 U/mL and about 60
U/mL, or about 57 U/mL. In another embodiment, the useful concentration of furin in the culture
supernatant for the production of a mature, fully-processed mammalian protein Is between
about 90 U/mL and about 100 U/mL, or about 96 U/mL.

[0040] In other embodiments, the useful concentration of furin in the culture supernatant for
the production of a mature, fully-processed mammalian protein after a defined period of culture
IS less than about 400 U/mL, less than about 375 U/mL, less than about 350 U/mL, less than
about 325 U/mL, less than about 300 U/mL, less than about 275 U/mL, less than about 250
U/mL, less than about 225 U/mL, less than about 200 U/mL, less than about 175 U/mL, less
than about 150 U/mL, less than about 125 U/mL, or less than about 100 U/mL.

[0041] In other embodiments, the useful concentration of furin in the culture supernatant for
the production of a mature, fully-processed mammalian protein after a defined period of culture
IS more than about 50 U/mL, more than about 60 U/mL, more than about 70 U/mL, more than
about 80 U/mL, more than about 90 U/mL, more than about 100 U/mL, more than about 110
U/mL, more than about 120 U/mL, more than about 130 U/mL, more than about 140 U/mL,
more than about 150 U/mL, more than about 160 U/mL, more than about 170 U/mL, more than
about 180 U/mL, more than about 190 U/mL, or more than about 200 U/mL.

[0042] For the purposes of the present disclosure, the levels of furin in culture supernatants
disclosed herein are generated within a period of time from about 12 hours to about 96 hours
after the initiation of the culture (after culture for about 12 hours to about 96 hours) and reflect
the levels of furin which accumulate in the culture supernatant during that period. In other
embodiments, the desired levels of furin in culture supernatants are reached within about 18
hours to about 90 hours, about 24 hours to about 84 hours, about 30 hours to about 78 hours,
about 36 to about 72 hours, about 40 hours to about 80 hours, about 42 hours to about 68
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hours, or about 48 hours to about 72 hours after the initiation of the culture, or after culture for

the indicated period of time.

[0043] Alternatively, the levels of furin In culture supernatants disclosed herein are
expressed as a concentration of furin secreted by a quantity of cells per volume of culture
supernatant per day. In a non-limiting example, the concentration of furin is expressed as U/10°
cells/day. In other embodiment, a useful concentration of furin in the culture supernatant for the
production of a mature, fully-processed mammalian protein is between about 20 U/10° cells/day
and about 75 U/10° cells/day, between about 25 U/10° cells/day and about 75 U/10° cells/day,
between about 30 U/10° cells/day and about 75 U/10° cells/day, between about 35 U/10°
cells/day and about 75 U/10° cells/day, between about 40 U/10° cells/day and about 75 U/10°
cells/day, between about 45 U/10° cells/day and about 75 U/10° cells/day, between about 50
U/10° cells/day and about 75 U/10° cells/day, between about 55 U/10° cells/day and about 75
U/10° cells/day, between about 60 U/10° cells/day and about 75 U/10° cells/day, between about
20 U/10° cells/day and about 70 U/10° cells/day, between about 20 U/10° cells/day and about
65 U/10° cells/day, between about 20 U/10° cells/day and about 60 U/10° cells/day, between
about 20 U/10° cells/day and about 55 U/10° cells/day, between about 25 U/10° cells/day and
about 55 U/10° cells/day, between about 25 U/10° cells/day and about 50 U/10° cells/day,
between about 25 U/10° cells/day and about 45 U/10° cells/day, or between about 25 U/10°
cells/day and about 40 U/10° cells/day.

[0044] The concentration of furin in the culture supernatant is sufficient to process at least
about 75% of the mammalian precursor protein to a mature, functional protein. The protein is
any protein translated as a precursor protein and processed into a mature form, at least in part,
by the actions of furin. In one embodiment, the protein is FX. In other embodiments, the furin
concentration is sufficient to process at least about 80% of the mammalian FX precursor protein
to a mature, functional FX protein, to process at least about 82% of the mammalian FX
precursor protein to a mature, functional FX protein, to process at least about 84% of the
mammalian FX precursor protein to a mature, functional FX protein, to process at least about
86% of the mammalian FX precursor protein to a mature, functional FX protein, to process at
least about 88% of the mammalian FX precursor protein to a mature, functional FX protein, to
process at least about 90% of the mammalian FX precursor protein to a mature, functional FX
protein, to process at least about 92% of the mammalian FX precursor protein to a mature,
functional FX protein, to process at least about 93% of the mammalian FX precursor protein to a

mature, functional FX protein, to process at least about 94% of the mammalian FX precursor
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protein to a mature, functional FX protein, to process at least about 95% of the mammalian FX
precursor protein to a mature, functional FX protein, to process at least about 96% of the
mammalian FX precursor protein to a mature, functional FX protein, to process at least about
97% of the mammalian FX precursor protein to a mature, functional FX protein, to process at
least about 98% of the mammalian FX precursor protein to a mature, functional FX protein, to
process at least about 99% of the mammalian FX precursor protein to a mature, functional FX
protein, or to process 100% of the mammalian FX precursor protein to a mature, functional FX

protein.

[0045] As used herein, the term “precursor protein” refers to a precursor protein that is
iInactive and is turned into an active form by cleavage and, optionally, other post-translational

modifications in the cell after synthesis.

[0046] Thus, provided herein are transformed cells adapted for secretion of both furin and
a mammalian protein, such as FX. The transformed cells can be any eukarytotic cell suitable
for secretion of mammalian proteins, regardless of whether the cells produce endogenous furin.
Suitable cell lines for generation of the transformed cells include, but are not limited to, Chinese
hamster ovary (CHO) cells, human embryonic kidney cells, primate kidney cells (e.g., COS
cells, HEK293), fibroblasts (e.g., murine fibroblasts), and mouse myeloma cells (e.g., NSO-GS).
Suitable cell lines are capable of high level expression of mammalian proteins and are capable
of post-translational modifications, e.g., glycosylation, formation of disulfide bonds,
phosphorylation, and y-carboxylation. Methods for selecting and culturing host cells and for
iInducing the host cells to express a polypeptide are generally known to the person skilled in the

art.

[0047] Also disclosed herein are expression systems comprising cells suitable for
production of mammalian proteins and at least one expression vector adapted for expression of
at least one mammalian protein. Eukaryotic expression vectors are generally available for
expression in mammalian cells. In order to enable furin and a mammalian protein, such as FX,
to be expressed according to the methods disclosed herein, nucleotide sequences encoding the
proteins are introduced into a eukaryotic cell by means of transfection, transformation or
infection with an expression vector, whereby the polypeptides are expressed. The expression of
the furin and/or mammalian proteins can be either transient or stable. The furin and mammalian
nucleotide sequences are present as a plasmid, or as a part of a viral or non-viral expression
vector. Particularly suitable viral vectors include, but are not limited to, baculoviruses, vaccinia

viruses, adenoviruses, cytomegaloviruses, adeno-associated viruses, replication-competent
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lentiviruses (RCL), and herpes viruses. Non-limiting examples of viral eukaryotic expression
vectors include Rc/CMV, Rc/RSV, RCL, and SV40 vectors. Exemplary non-viral eukaryotic
expression vectors Iinclude, but are not limited to, virosomes, liposomes, cationic lipids,
plasmids, and polylysine-conjugated DNA. Exemplary plasmid expression vectors include, but

are not limited to, pSLX, pcDNA, and others known to persons of ordinary skill in the art.

[0048] In another embodiment, disclosed herein is an expression vector comprising a furin-
encoding nucleotide sequence, a mammalian protein-encoding nucleotide sequence, such as
an FX-encoding nucleotide sequence, or a combination thereof. In one embodiment, both the
furin and the protein sequences are expressed from a single expression vector. In another
embodiment, the furin sequence and the protein sequences are expressed from different
expression vectors. In one embodiment, if the furin and protein nucleotide sequences are
expressed from the same expression vector, they are optionally separated by an internal
ribosome entry site (IRES). The genes can be expressed from one or more promoters.
Furthermore, nucleotide sequences encoding for each protein can be oriented Iin opposite
directions on the plasmid or oriented Iin the same direction. The expression vectors further
comprise selectable elements and other regulatory sequences for effective production of

mammalian proteins as is understood by persons of ordinary skill in the art.

[0049] Also disclosed herein are expression vectors that allow expression of furin and other

mammalian proteins by use of recombinase-mediated cassette exchange.

[0050] If furin and the mammalian protein are expressed from different expression vectors,
then the expression vectors will have different selection markers so that cells transformed with
the vector can be selected. Such selected cells may then be isolated and grown into

monoclonal cultures

[0051] Promoters which permit constitutive, regulatable, tissue-specific, cell type-specific,
cell cycle-specific, or metabolism-specific expression in eukaryotic cells are suitable, for
example, for expression in mammalian cells. Regulatable elements are promoters, activator
sequences, enhancers, silencers and/or repressor sequences. Examples of regulatable
elements which permit constitutive expression in eukaryotes are promoters which are
recognized by RNA polymerase |ll or viral promoters, cytomegalovirus (CMV) enhancer, CMV
promoter, SV40 promoter or long terminal repeat (LTR) promoters, e.g. derived from MMTV
(mouse mammary tumor virus) and other viral promoter and activator sequences which are
derived from, for example, hepatitis B virus (HBV), hepatitis C virus (HCV), herpes simplex virus

(HSV), human papilloma virus (HPV), Epstein-Barr virus (EBV), heat hock promoters, or human
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immunodeficiency virus (HIV). Examples of regulatable elements which permit inducible
expression In eukaryotes are the tetracycline operator in combination with an appropriate
repressor. The expression of furin and mammalian protein nucleotide sequences can also take
place under the control of tissue-specific, or protein-specific, promoters. Non-limiting examples

of protein-specific promoters are FX gene promoters or furin gene promoters.

[0052] In certain embodiments, the cells are transformed with another protein in addition to
furin and the mammalian protein. In one embodiment, the additional protein Is vitamin K
epoxide reductase (VKOR). In certain embodiments, the additional protein is expressed from
the same expression vector as one, or both, of furin and the mammalian protein, or the

additional protein is expressed from a different expression vector.

[0053] Also disclosed herein are expression systems comprising host cells and one or
more expression vectors adapted to express furin and at least one additional mammalian

protein, e.g. FX.

[0054] Also disclosed herein are methods of producing fully processed recombinant furin-
requiring mammalian proteins, such as FX. In one embodiment, a stable, recombinant furin-
producing cell line is produced and subsequently transfected with an expression vector
containing the nucleotide sequence for at least one furin-requiring mammalian protein. Stable,
recombinant furin-producing cell lines can be established and stored for transfection with an
expression vector containing the nucleotide sequence for at least one furin-requiring
mammalian protein as needed. Alternatively, expression vectors for furin and for the furin-
requiring mammalian protein, such as FX, can be transfected into the host cells within about 30
minutes, about 60 minutes, about 2 hours, about 6 hours, about 12 hours, or about 24 hours of
each other. In another embodiment, two or more expression vectors are transfected into the
host cells substantially simultaneously. For the purposes of the present disclosure, substantially

simultaneously refers to any time period that is less than or equal to 1 hour.

[0055] Transformed cells are selected according to the selection markers present in the
expression vector(s) to produce stable pools of transformed cells and then the pools are
optionally cloned to yield stable clones. The stable clones produce between about 50 U/mL and
about 300 U/mL, between about 50 U/mL and about 400 U/mL, between about 50 U/mL and
about 350 U/mL, between about 50 U/mL and about 300 U/mL, between about 50 U/mL and
about 250 U/mL, between about 50 U/mL and about 200 U/mL, between about 50 U/mL and
about 175 U/mL, between about 50 U/mL and about 150 U/mL, between about 50 U/mL and
about 125 U/mL, or between about 50 U/mL and about 100 U/mL of furin in the culture
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supernatant after about 36 to about 78 hours, about 36 to about 72 hours, about 40 hours to
about 78 hours, about 42 hours to about 68 hours, or about 48 hours to about 72 hours after the
Initiation of the culture, or after culture for the indicated period of time. Furthermore, the stable
clones yield more than 80% fully-processed and active recombinant mammalian protein, such

as FX, of all the recombinant protein, such as FX, produced by the transformed cells.

[0056] Also disclosed herein is an expression system for recombinant furin and
recombinant FX secreting furin into the culture supernatant at an accumulated concentration of
between about 50 U/mL and about 300 U/mL after about 36 to about 78 hours of culture.

[0057] Also disclosed herein is a method of producing mature, fully-processed FX
comprising use of an expression system secreting furin into the culture supernatant at an
accumulated concentration between about 50 U/mL and about 300 U/mL after about 36 to about

/8 hours of culture.

[0058] Also encompassed herein are recombinant mammalian proteins produced by the

claimed methods and any full-processed mammalian recombinant FX.
EXAMPLES

Example 1. Production of fully processed and fully active recombinant Factor X by

defined levels of furin

[0059] For FX expression, the mammalian expression plasmid pSLX containing either
human codon-optimized FX or both, human codon-optimized FX and human codon-optimized
vitamin K epoxide reductase (FX/VKOR), separated by an internal ribosome entry site (IRES),
was used. Constructs for Chinese hamster ovary (CHO)-S and CHO-DG44 expression systems
iIncluded geneticin selection and dihydrofolate reductase (dhfr) selection, respectively. For furin
expression, the mammalian expression plasmid pcDNAS3.1 containing human full length furin in

combination with hygromycin as selection marker was used (FIG. 1A).

[0060] Initially, CHO-derived cell lines (CHO-S and CHO DG44) were transfected with the
FX or FX/VKOR constructs to generate stable pools and subsequently the pools were subjected
to subcloning to generate stable clones. In a second round of transfection and subcloning, a
selected number of FX- or FX/VKOR-expressing clones were each super-transfected with furin

resulting in stable pools and stable clones expressing FX/furin or FX/VKOR/furin.

[0061] Stable recombinant FX-producing CHO-S and CHO-DG44 cell lines were grown In

animal component-free media, in shaker flasks for about 42 to about 72 hours and with starting
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cell numbers of 0.3x10° or 0.5x10° cells/mL. CHO-S cells were maintained in PowerCHO®-CD
media (Lonza BioWhittaker) supplemented with 4 mM glutamine, 500 ug/mL geneticin, 500
ug/mL hygromycin and 5 yg/mL vitamin K1. CHO-DG44 cells were maintained in OptiCHO ™-
CD media (Life Technologies) supplemented with 6 mM glutamine, 500 nM methotrexate (MTX)
and 5 yg/mL vitamin K1.

[0062] The harvested cell culture supernatant was analyzed by Western blotting under
reducing conditions to determine the quality of recombinant human FX using a polyclonal goat
anti-human FX or polyclonal sheep anti-human FX (Affinity Biologicals). Densitometric analysis
of the Western blots enabled the quantification of the different species of correctly processed
FX, termed heavy chain FX (HC) and light chain FX (LC), and inadequately cleaved FX species,
termed single chain FX (SC) and propeptide-containing light chain FX (PP-LC).

[0063] For FX quantification, the cell culture supernatant was analyzed with ELISA to
determine the FX concentration and with the FXa chromogenic assay using Russell’'s viper
venom (RVV) as activator to determine the concentration of active FX. These assays were
calibrated using plasma-derived FX (Hyphen Biomed). The specific activity is given in %, by
dividing the concentration of active FX by the concentration of total FX multiplied by 100. For
furin quantification, active furin was determined in a furin fluorogenic assay calibrated against a

furin reference material (New England Biolabs).

[0064] For statistical analysis, fully processed FX/total FX (%) was modeled as a function
of furin concentration using the Enax model on CHO-DG44 transfection pools (A), CHO-S
transfection pools (B), and CHO-S single cell-derived clones (C). This model is used for
statistical evaluation of dose-response studies. The En.x model uses four parameters (Eq, Emax,

EDsy, and n) to model FX as a function of furin as follows:
V= E() an (Xn ¢ Emax)/(EDn_so — xn)

where y refers to the fully-processed FX/total FX and x refers to the furin concentration. The
parameter Eqo refers to the basal effect corresponding to the response when the furin
concentration Is zero, Enax to the maximum effect attributable to the furin concentration, ED5p to
the furin concentration which produces half of Eax and the parameter n represents the slope

(Hill factor) determining the steepness of the curve.

[0065] To account that fully-processed FX/total FX approaches 100% if furin approaches
an Infinite large concentration, the E,ax model was modified to a function with three parameters

to be estimated as follows:
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V= E() -+ ()Cn ¢ (IOO'E())/(EDnj() — Xn)

[0066] This model was fitted to the data taking the variability among the three different cell
lines into account using a non-linear mixed effects model by allowing the parameters E; and n to

vary between the different cell lines by also modeling these two parameters as random effects.

[0067] Model diagnostics was done to validate the applied model. A comparison of the
fitted Enax model with the null model using the likelihood ratio test was performed to determine
statistical evidence for the E..x model estimating the percentage of fully processed FX of total

FX depending on the furin concentration.
[0068] Results

[0069] The CHO-based heterologous expression system for human FX, comprising CHO-
DG44 transfection pools (A), CHO-S transfection pools (B), and CHO-S single cell-derived
clones (C), was used as a basis to study the effect of furin expression on human FX processing
following different transfection strategies. Transfection pools, as well as clones, additionally

expressed VKOR which had no impact on the study.

[0070] After an incubation period of two to three culture days, the cell culture supernatant
was subjected to a series of analyses, including Western blot analysis under reducing
conditions, furin activity assay, ELISA and RVV assay (Table 1). On average, FX-producing
CHO pools and clones revealed a FX specific activity of over 50%, partly reaching 100% (Table
1). Western blot analyses showed that the recombinant FX was inadequately processed to
different degrees, as shown by two incompletely processed forms of FX (i.e. the propeptide-
containing FX light chain and the FX single chain) besides the fully processed, propeptide-free
FX light chain and FX heavy chain (FIG. 4). By means of densitrometric analysis of these four
species of FX, the percentage of fully processed FX, i.e. FX light chain plus FX heavy chain in
relation to total FX, ranged between 30% and almost 100% in cell culture supernatants (Table 1,
FIG. 4). Furthermore, no pre-activation was observed, which would be visible as heavy chain
band shortened by the size of the missing activation peptide. Also evaluated was whether the
concentration of secreted furin had an influence on the degree of processed FX by plotting
these two parameters (FIG. 5). As shown in FIG. 5, only partial processing of FX is feasible with
low concentrations of secreted furin (< 20 U/mL), whereas higher levels of secreted furin

correlate with better processed FX.
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[0071] To understand the influence of furin on FX processing and to provide statistical
support of the data, fully processed FX of total FX (%) was modeled as a function of furin
concentration using the E..x model on cell lines A, B and C (FIG. 6). Four model diagnostics
plots, indicating a good fit of the model to the data, are provided In FIGs. 7A-D. A
comparison of the fitted E.,.x model with the null model using the likelihood ratio test resulted
In a p-value <0.0001, providing statistical evidence for a higher percentage of fully
processed FX of total FX depending on a higher furin concentration (FIG. 8), once again
proving validity of the data. Based on the statistical analysis, the estimated furin
concentrations to be produced by the production cell line as detected in the cell culture
medium together with FX resulting in equal or higher 90% and equal or higher 95% fully
processed FX of total FX were at least 57 U/mL and at least 96 U/mL, respectively (FIG. 9).

[0072] In summary, the data provides a defined minimal level of secreted furin (at least
57 U/mL and at least 96 U/mL) in the cell culture supernatant that is required for sufficient

FX processing (equal or higher 90% and equal or higher 95%).

[0073] In biotechnological processes that express high levels of recombinant protein,
furin overexpression may be used to obtain fully processed zymogens. With our invention,
we provide for the first time a defined minimum of secreted furin warranting for high FX
processing (257 U/mL to achieve at least 90% fully processed FX and 296 U/mL furin for at
least 95% fully processed FX). This finding is particularly beneficial to fermentation
processes expressing recombinant FX, FXa and variants from human and animal species,
where the furin level may be used as an indicator for adequate processing of the FX

precursor protein, and as target for cell line and process development.

[074] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth used In the
specification and claims are to be understood as being modified in all instances by the term
“about.” As used herein the terms "about" and "approximately” means within 10 to 15%,
preferably within 5 to 10%. Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the specification and attached claims are approximations that may
vary depending upon the desired properties sought to be obtained by the present invention.
At the very least, and not as an attempt to limit the application of the doctrine of equivalents
to the scope of the claims, each numerical parameter should at least be construed in light of
the number of reported significant digits and by applying ordinary rounding techniques.
Notwithstanding that the numerical ranges and parameters setting forth the broad scope of
the invention are approximations, the numerical values set forth in the specific examples are

reported as precisely as possible. Any numerical value, however, inherently contains certain
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errors necessarily resulting from the standard deviation found In their respective testing

measurements.

[075] The terms “a,” "an,” "the” and similar referents used in the context of describing the
iInvention (especially in the context of the following claims) are to be construed to cover both
the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context. Recitation of ranges of values herein iIs merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range. Unless
otherwise Indicated herein, each individual value is incorporated into the specification as if it
were Individually recited herein. All methods described herein can be performed In any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.qg., “such as”) provided herein Is
iIntended merely to better illuminate the invention and does not pose a limitation on the
scope of the invention otherwise claimed. No language In the specification should be

construed as indicating any non-claimed element essential to the practice of the invention.

[076] Groupings of alternative elements or embodiments of the invention disclosed herein
are not to be construed as limitations. Each group member may be referred to and claimed
iIndividually or in any combination with other members of the group or other elements found
herein. It is anticipated that one or more members of a group may be included In, or deleted
from, a group for reasons of convenience and/or patentability. When any such inclusion or
deletion occurs, the specification is deemed to contain the group as modified thus fulfilling

the written description of all Markush groups used in the appended claims.

[077] Certain embodiments of this invention are described herein, including the best mode
known to the inventors for carrying out the invention. Of course, variations on these
described embodiments will become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventor expects skilled artisans to employ such
variations as appropriate, and the inventors intend for the invention to be practiced otherwise
than specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof i1s encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.

[078] Specific embodiments disclosed herein may be further limited in the claims using
consisting of or consisting essentially of language. When used in the claims, whether as
filed or added per amendment, the transition term “consisting of’ excludes any element,

step, or ingredient not specified in the claims. The transition term “consisting essentially of”
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limits the scope of a claim to the specitied materials or steps and those that do not materially
aftect the basic and novel characteristic(s). Embodiments of the invention so claimed are

Inherently or expressly described and enabled herein.

[079] Furthermore, numerous references have been made to patents and printed
publications throughout this specification. Each of the above-cited references and printed

publications are individually incorporated herein by reference in their entirety.

[080] In closing, it is to be understood that the embodiments of the invention disclosed
herein are illustrative of the principles of the present invention. Other modifications that may
be employed are within the scope of the invention. Thus, by way of example, but not of
limitation, alternative configurations of the present invention may be utilized in accordance
with the teachings herein. Accordingly, the present invention is not limited to that precisely

as shown and described.
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What 1s claimed is:

1. A transformed cell comprising:

a nucleotide sequence encoding a human furin, such that the transformed cell
expresses and secretes functional furin into a culture supernatant, wherein the furin iIs
secreted at a concentration of about 50 U/mL to about 300 U/mL in the culture supernatant

after culture for about 36 to about 78 hours.

2. The transformed cell of claim 1, further comprising a nucleotide sequence encoding a

protein cleavable by furin and exhibiting an Arg-(Lys/Arg)-Arg motif.

3. The transformed cell of claim 2, wherein the nucleotide sequence encoding human

furin and the nucleotide sequence encoding the protein are on different expression vectors.

4. The transformed cell of claim 2, wherein the nucleotide sequence encoding human

furin and the nucleotide sequence encoding the protein are on the same expression vector.

5. The transformed cell of claim 2, wherein the protein is von Willebrand Factor, Factor

ll, Factor | X, Factor X, Protein C, Protein S, or Protein Z.

0. The transformed cell of claim 5, wherein the protein i1s Factor X.

7. The transformed cell of claim 6, wherein the functional furin 1S secreted at a

concentration of at least about 50 to about 60 U/mL in the culture supernatant.

3. The transformed cell of claim 7, wherein at least 90% of the Factor X produced by

the transformed cell is fully processed.

9. The transformed cell of claim 6, wherein the functional furin IS secreted at a

concentration of at least about 90 to about 100 U/mL in the culture supernatant.

10. The transformed cell of claim 9, wherein at least 95% of the Factor X produced by

the transformed cell is fully processed.

11. A transformed cell comprising:
a first nucleotide sequence encoding a human furin and a second nucleotide

sequence encoding a human Factor X, such that the transtormed cell expresses and
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secretes functional furin and Factor X into a culture supernatant, wherein the furin Is
secreted at a concentration of about 50 U/mL to about 300 U/mL in the culture supernatant
after culture for about 36 to about 78 hours and at least 85% of the Factor X is fully

processed.

12. The transformed cell of claim 11, wherein the nucleotide sequence encoding human

furin and the nucleotide sequence encoding the protein are on different expression vectors.

13 The transformed cell of claim 11, wherein the nucleotide sequence encoding human

furin and the nucleotide sequence encoding the protein are on the same expression vector.

14. The transformed cell of claim 11, wherein the functional furin 1s secreted at a
concentration of at least about 50 to about 60 U/mL in the culture supernatant after culture

for about 36 to about 78 hours.

15. The transformed cell of claim 14, wherein at least 90% of the Factor X produced by

the transformed cell is fully processed.

10. The transformed cell of claim 11, wherein the functional furin iIs secreted at a
concentration of at least about 90 to about 100 U/mL in the culture supernatant after culture

for about 36 to about 78 hours.

17. The transformed cell of claim 16, wherein at least 95% of the Factor X produced by

the transformed cell is fully processed.

18. The transformed cell of either of claims 1 or 11, wherein the furin concentration in the
culture supernatant reaches about 50 to about 300 U/mL after culture for about 42 to about
72 hours.

19. A eukaryotic protein expression system comprising:

a cell line suitable for expression of mammalian proteins;

a first expression vector adapted for expression of human furin by the cell line,
wherein the first expression vector includes a nucleotide sequence encoding a human furin
polypeptide; and

a second expression vector adapted for expression of a protein by the cell line,
wherein the second expression vector includes a nucleotide sequence encoding a protein

cleavable by furin and exhibiting an Arg-(Lys/Arg)-Arg motif,
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wherein the cell line Is capable of secreting functional furin into the culture
supernatant at a concentration of about 50 U/mL to about 300 U/mL after culture for about
36 to about 78 hours.

20. The eukaryotic protein expression system of claim 19, wherein the protein 1s von

Willebrand Factor, Factor |l, Factor IX, Factor X, Protein C, Protein S, or Protein Z.

21. The eukaryotic protein expression system of claim 20, wherein the protein is Factor
X.

22. The eukaryotic protein expression system of claim 21, wherein the cell line Is capable
of secreting functional furin into the culture supernatant at a concentration of at least about
50 to about 60 U/mL after culture for about 36 to about 78 hours.

23. The eukaryotic protein expression system of claim 22, wherein at least 90% of the

Factor X produced by the expression system is fully processed.

24. The eukaryotic protein expression system of claim 21, wherein the cell line 1s capable
of secreting functional furin into the culture supernatant at a concentration of at least about
90 to about 100 U/mL after culture for about 36 to about 78 hours.

25. The eukaryotic protein expression system of claim 24, wherein at least 95% of the

Factor X produced by the expression system is fully processed.

20. A eukaryotic protein expression system comprising:

a cell line suitable for expression of mammalian proteins;

a first expression vector adapted for expression of human furin by the cell line,
wherein the first expression vector includes a nucleotide sequence encoding a human furin
polypeptide; and

a second expression vector adapted for expression of Factor X by the cell line,
wherein the second expression vector includes a nucleotide sequence encoding Factor X,

wherein the cell line Is capable of secreting functional furin into the culture
supernatant at a concentration of about 50 U/mL to about 300 U/mL after culture for about
36 to about 78 hours.
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27 . The eukaryotic protein expression system of claim 26, wherein the cell line is capable
of secreting functional furin into the culture supernatant at a concentration of at least about
50 to about 60 U/mL after culture for about 36 to about 78 hours.

28. The eukaryotic protein expression system of claim 27 wherein at least 90% of the

Factor X produced by the expression system is fully processed.

29. The eukaryotic protein expression system of claim 26, wherein the cell line is capable
of secreting functional furin into the culture supernatant at a concentration of at least about
90 to about 100 U/mL after culture for about 36 to about 78 hours.

30. The eukaryotic protein expression system of claim 29, wherein at least 95% of the

Factor X produced by the expression system is fully processed.

31. A eukaryotic protein expression system comprising:

a cell line suitable for expression of mammalian proteins;

a first expression vector adapted for expression of human furin and a protein
cleavable by furin, and exhibiting an Arg-(Lys/Arg)-Arg motit, by the cell line, wherein the first
expression vector includes a nucleotide sequence encoding a human furin polypeptide and a
nucleotide sequence encoding the protein cleavable by furin, wherein the cell line is capable
of secreting functional furin into the culture supernatant at a concentration of about 50 U/mL
to about 300 U/mL after culture for about 36 to about 78 hours.

32. The eukaryotic protein expression system of claim 31, wherein the protein 1s von

Willebrand Factor, Factor I, Factor IX, Factor X, Protein C, Protein S, or Protein Z.

33. The eukaryotic protein expression system of claim 32, wherein the protein i1s Factor
X.

34. The eukaryotic protein expression system of claim 33, wherein the cell line is capable
of secreting functional furin into a culture supernatant at a concentration of at least about 50

to about 60 U/mL after culture for about 36 to about 78 hours.

39. The eukaryotic protein expression system of claim 34, wherein at least 90% of the

Factor X produced by the expression system is fully processed.
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30. The eukaryotic protein expression system of claim 33, wherein the cell line is capable
of secreting functional furin into a culture supernatant at a concentration of at least about 90

to about 100 U/mL after culture for about 36 to about 78 hours.

37. The eukaryotic protein expression system of claim 36, wherein at least 95% of the

Factor X produced by the expression system is fully processed.

38. A eukaryotic protein expression system comprising:

a cell line suitable for expression of mammalian proteins;

a first expression vector adapted for expression of human furin and Factor X, wherein
the first expression vector includes a nucleotide sequence encoding a human furin
polypeptide and a nucleotide sequence encoding Factor X, wherein the cell line is capable of
secreting functional furin into the culture supernatant at a concentration of about 50 U/mL to
about 300 U/mL after culture for about 36 to about 78 hours.

39. The eukaryotic protein expression system of claim 38, wherein the cell line 1s capable
of secreting functional furin into a culture supernatant at a concentration of at least about 50

to about 60 U/mL after culture for about 36 to about 78 hours.

40. The eukaryotic protein expression system of claim 39, wherein at least 90% of the

Factor X produced by the expression system is fully processed.

41. The eukaryotic protein expression system of claim 38, wherein the cell line 1s capable
of secreting functional furin into a culture supernatant at a concentration of at least about 90

to about 100 U/mL after culture for about 36 to about 78 hours.

42. The eukaryotic protein expression system of claim 41, wherein at least 95% of the

Factor X produced by the expression system is fully processed.

43. The eukaryotic protein expression system of any of claims 19, 26, 31 or 38, wherein
the furin concentration in the culture supernatant reaches about 50 to about 300 U/mL after

culture for about 42 to about 72 hours.

44. A method of preparing a recombinant protein comprising:
transfecting a cell line suitable for expression of mammalian proteins with a first
expression vector adapted for expression of human furin by the cell line, wherein the first

expression vector includes a nucleotide sequence encoding a human furin polypeptide; and
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transfecting the cells line with a second expression vector adapted for expression of
a protein by the cell line, wherein the second expression vector includes a nucleotide
sequence encoding a protein exhibiting an Arg-(Lys/Arg)-Arg motif;

wherein the cell line transtected with the first and the second expression vectors
expresses and secretes a functional human furin at a concentration of about 50 U/mL to

about 300 U/mL in the culture supernatant after culture for about 36 to about 78 hours.

45. The method of claim 44, wherein the protein iIs von Willebrand Factor, Factor I,

Factor | X, Factor X, Protein C, Protein S, or Protein Z.

406. The method of claim 45, wherein the protein i1s Factor X.

47 . The method of claim 45, wherein the functional furin is secreted by the cell line at a
concentration of at least about 50 to about 60 U/mL in the culture supernatant after culture

for about 36 to about 78 hours.

48. The method of claim 47, wherein at least 90% of the Factor X produced by the cell

line i1s fully processed.

49. The method of claim 45, wherein the functional furin is secreted by the cell line at a
concentration of at least about 90 to about 100 U/mL in the culture supernatant after culture
for about 36 to about 76 hours.

50. The method of claim 49, wherein at least 95% of the Factor X produced by the cell

line i1s fully processed.

51. The method of claim 44, wherein the cell line 1s transfected with the first expression

vector and the second expression vector substantially simultaneously.

52. The method of claim 44, wherein the cell line 1s transfected with the first expression
vector and cells secreting stable levels of furin are obtained prior to transfecting the cell line

with the second expression vector.
53. The method of clam 44, wherein the cell line 1s transfected with the second
expression vector and cells secreting stable levels of the protein are obtained prior to

transfecting the cell line with the first expression vector.

54. A method of preparing a recombinant protein comprising:
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transfecting a cell line suitable for expression of mammalian proteins with a first
expression vector adapted for expression of human furin by the cell line, wherein the first
expression vector includes a nucleotide sequence encoding a human furin polypeptide; and

transtecting the cells line with a second expression vector adapted for expression of
Factor X by the cell line, wherein the second expression vector includes a nucleotide
sequence encoding a Factor X polypeptide;

wherein the cell line transtected with the first and the second expression vectors
expresses and secretes a functional human furin at a concentration of about 50 U/mL to

about 300 U/mL in the culture supernatant after culture for about 36 to about 78 hours.

55. The method of claim 54, wherein the functional furin is secreted by the cell line at a
concentration of at least about 50 to about 60 U/mL in the culture supernatant after culture

for about 36 to about 78 hours.

50. The method of claim 55, wherein at least 90% of the Factor X produced by the cell

line i1s fully processed.

57. The method of claim 54, wherein the functional furin is secreted by the cell line at a
concentration of at least about 90 to about 100 U/mL in the culture supernatant after culture

for about 36 to about 78 hours.

58. The method of claim 57, wherein at least 95% of the Factor X produced by the cell

line i1s fully processed.

59. The method of claim 55, wherein the cell line 1s transfected with the first expression

vector and the second expression vector substantially simultaneously.

00. The method of claim 55, wherein the cell line is transfected with the first expression
vector and cells secreting stable levels of furin are obtained prior to transfecting the cell line

with the second expression vector.

61. The method of claim 55, wherein the cell line Is transfected with the second
expression vector and cells secreting stable levels of the protein are obtained prior to

transfecting the cell line with the first expression vector.
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62. The method of either of claims 44 or 54, wherein the furin concentration in the culture
supernatant reaches about 50 to about 300 U/mL after culture for about 42 to about 72

hours.

60. A fully-processed recombinant Factor X produced by the transformed cell of any one

of claims 1-18.

01. A fully-processed recombinant Factor X produced by the expression system of any

one of claims 19-43.

02. A fully-processed recombinant Factor X produced by the method of any one of claims
44-62.

03. An expression system for recombinant FX adapted to secrete furin into a culture
supernatant at a concentration of between about 50 U/mL and about 300 U/mL after culture
for about 36 to about 78 hours.

04. A method of producing mature, fully-processed FX comprising an expression system
secreting furin into a culture supernatant at a concentration between about 50 U/mL and
about 300 U/mL after culture for about 36 to about 78 hours.

09. A method of treatment of a coagulation disorder comprising:
administering to a subject in need thereof a fully-processed recombinant Factor X of
any of claims 60-62, wherein as a result of the administration, the coagulation disorder is

treated.

60. The method according to claim 65, wherein the coagulation disorder 1s hemophilia or

von Willebrand disease.
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