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(57) Abrégé(suite)/Abstract(continued):

containing factor 8 (FVIIl) capable of controlling the content of von Willebrand factor (vWF) and von Willebrand factor (VWF) by
separately purifying factor 8 (FVIII) and von Willebrand factor (WVF) from plasma in a single process and mixing factor 8 (FVIIl) and
von Willebrand factor (vWWF) at a proper ratio. According to the present invention, a composition containing factor 8 (FVIIl), which
variously changes the content of von Willebrand factor (vWWF), and von Willebrand factor (VWF) can be produced/purified without
increasing the amount of impurities other than von Willebrand factor (VWF), compared with a single purified product of factor 8
(FVII, without significantly increasing the processing time (within 3 hours) compared with a single purification process of factor 8
(FVIII, and without changing the yield of factor 8 (FVIII).
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[aBSTRACT]

The present invention relates to a method for preparing
a composition contalining factor & (FVIII) capable of
controlling the content of von Willebrand factor (vWF) and
von Willebrand factor (vWE) and, more specifically, to a
method for preparing a composition containing factor & (FVIII)
capable of controlling the content of von Willebrand factor
(VWE) and von Willebrand factor (vWE) by separately purifyving
factor 8 (FVIII) and von Willebrand factor (vWFE) from plasma
in a single process and mixing factor 8 (FVIII) and von
Willebrand factor (vWE) at a proper ratio. According to the
present invention, a composition containing factor 8 (FVIII),
which variously changes the content of von Willebrand factor
(vWE) , and von Willebrand factor (VIWE) can be
produced/purified without increasing the amount of
impurities other than von Willebrand factor (vWE), compared
with a single purified product of factor 8 (FVIII), without
significantly increasing the processing time (within 3 hours)
compared with a single purification process of factor &

(FVIII), and without changing the vyield of factor 8 (FVIII).
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[DESCRIPTION]
[Invention Titlel

METHOD OF PREPARING COMPOSITION CONTAINING FACTOR VIII
(FVIII) AND VON WILLEBRAND FACTOR (VWF) WITH CONTROLLED

CONTENT OF VON WILLEBRAND FACTOR (VWF)

[Technical Fieldl

[1] The present invention relates to a method of
preparing a composition comprising factor VIII (FVIII) and
von Willebrand factor (vWF), wherein the content of the von
Willebrand factor (VWE) can be controlled and, more
specifically, to a method for preparing a composition
comprising factor VIII (FVIII) and von Willebrand factor
(VWEF) wherein the content of the von Willebrand factor (vWF)
can be controlled by separately purifying the factor VIII
(FVIII) and the von Willebrand factor (vWF) from plasma in
a single process and mixing the factor VIII (FVIII) with
the von Willebrand factor (vWF) at an appropriate ratio.
[2]

[Background Art]

[3] The anti-hemophilia factor (factor VIII) is a
protein coenzyme that has the function of facilitating the
formation of fibrin clots by promoting the activity of factor
X during blood clotting. Factor VIII corrects defects of

blood clotting in the plasma of hemophilia patients and
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circulates in the plasma in the form of a complex with von

Willebrand factor (hereinafter referred to as “VvWE”).

[4] vWF is a protein that can change the defects of
platelet functions in von Willebrand deficiency and forms a
complex with factor VIII. VvWF is a hemostatic factor which
is produced in wvascular endothelial cells or bone marrow
megakaryocytes and present as a multimeric structure (having
a molecular weight of 500 to 20,000 kDa) in which a single
subunit including 2050 amino acid residues {(monomer having a
molecular weight of about 250 kDa) is linked via a disulfide
bond. The concentration of vWF in the blood is about 10 pg/ml,
and as the molecular weight thereof increases, inactivity
thereof increases. VWF has two major functions as a
hemostatic factor. One is the function as a carrier protein
that stabilizes the blood-clotting factor VIII by binding
thereto and the other is the function of forming a thrombus
by adhering platelets to tissues in the vascular endothelial

cells of the injured vascular wall and aggregating the same.

[5] A part of the factor VIII/von Willebrand complex
having blood-clotting activity is <called “factor VIII
clotting protein”, “WIII clotting activity”, or simply
“factor VIII:C”, and other part having the activity of
correcting defects in platelet function in von Willebrand

deficiency is referred to as “factor-VIII-related antigen”,
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“WIII:Ag”, “WIII:RP factor”, or “vWF”. This complex is formed
via a non-covalent bond and may be divided into two proteins,
each having its own characteristics under appropriate

conditions.

[6] Recent clinical SIPPET research results have shown
that FVIII/VWF products have a lower incidence of
immunogenicity in hemophilia A ©patients than products

obtained by purifying FVIII alone at high purity.

[7] In order to determine the medicinal wvalue of the
blood-clotting activity resulting from factor VIII:C and the
structures of the complex VIII:C/vWF, factor VIII:C, and VvWF,
many attempts have been made to separate, purify and
concentrate the factor VIII:C and vWF. The methods used for
this are generally based on immunoadsorption or ion exchange
chromatography and are not applied industrially due to the
problem therewith in which it 1is difficult to detach the
target protein or recover the protein having the same
activity from a charged ionic material without affecting the

activity of the protein.

[8] Tuddenham et al. reported a method for separating
factor VIII:C from vWF using immunoadsorption chromatography
(see: E.G.D. Tuddenham et al., Journal of Laboratory Clinical
Medicine, 93:40 (1979)). That is, factor VIII:C is separated

from vWF and other plasma proteins using chromatography using

Date Regue/Date Received 2020-04-22
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a column packed with agarose beads bound with multivalent
antiserum against vWFE (anti-vWF) . Plasma containing
VIII:C/vWF is made to pass through a column on which both
VIII:C and VWF are adsorbed, undesired plasma proteins are
removed from the column by washing with buffer, and the
desired factor VIII:C is then obtained by eluting with
calcium ions. Although this method realizes improved purity
and efficiency of factor VIII:C, the final product still
contains VWF and other plasma proteins. These impurities are
considered to be due to the use of multivalent antiserum that
binds to agarose beads. Since most immunoglobulins that
constitute antiserum are not specific for vWF, the degree of
binding of vWF-specific antibodies to agarose is relatively
low due to competition with other types of antibodies. For
this reason, the final product is often contaminated with

other plasma proteins.

[91

[10] Austin et al. also reported a method for separating
factor VIII:C from vVvWE and ristocetin cofactors through
chromatography using a column packed with aminohexyl-
substituted agarose. (see: D.E.G. Austen, British Journal of
Haematology, 43:669 (1979)). This method is improved with
regard to human and swine VIII:C/vWF complexes, but has a

problem in that the final product still includes impurities.
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[11] The methods by both Tuddenham et al. and Austin et
al. have disadvantages in that the concentration of the final
purified product is low and a large amount of impurities is

contained in the final product.

[12] Furthermore, Zimmerman et al. reported a method for
separating high-purity factor VIII:C at a high concentration
from VvWF using two-step purification (see: USP 4,361,509).
That is, the first step is immunoadsorption of the factor
VIII:C contained in the plasma and the concentrate, and the
adsorbent used therefor is a vWF-specific monoclonal antibody
having an appropriate medium such as agarose beads bound
thereto. The monoclonal antibody used herein is obtained by
producing a monoclonal antibody from the ascites of the mouse
and then purifying the same. Plasma containing VIII:C/vWF is
made to pass through a column packed with an electro-
adsorbent, so that VIII:C/vWF is first adsorbed, unadsorbed
proteins are removed from the column by washing with a buffer,
and only the adsorbed factor VIII:C is eluted by treating
with a calcium-containing solution. The VvWF moiety remains
adsorbed to the anti-vWF monoclonal antibody bound to the
medium. The factor VIII:C thus recovered is highly pure and
almost completely free of impurities, but the concentration
thereof is, disadvantageously, too low for use in medicine.
Thus, the second step of this process 1is concentration of
the purified factor VIII:C using affinity chromatography.

5
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About 10 to 20 IU (international unit) of the VIII:C factor-
containing solution obtained in the first step is injected
into a column packed with aminohexyl-substituted agarose and
washed sufficiently with a buffer solution, and then a
calcium-ion-containing solution is injected into the column
to elute the factor VIII:C with a concentration of at least
1,000 units/ml, which corresponds to an at least 160,000-
fold concentration of plasma. However, in accordance with
this purification method, the anti-vWF monoclonal antibody
(produced from the ascites of the mouse) bound to the medium
is detached upon elution of factor VIII:C, and the final
eluate contains a mouse-derived protein, that is, an anti-
vWF monoclonal antibody. Thus, this method has a problem in
that the eluate is not suitable for administration to a human

subject in need of factor VIII:C.

[13] To date, in the process for purifying the factor
VIII/von Willebrand complex, the content of von Willebrand
factor cannot be controlled as desired while maintaining a
high yield of 40 to 60% unless factor VIII is artificially
discarded. There has been reported no process capable of
reducing the content of impurities other than von Willebrand

factor compared to before the control.

[14] Accordingly, there is a need for the development of

a new purification method capable of separating and purifying
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a complex including factor VIII and vVvWF bound at an
appropriate ratio at high concentration by controlling the

content of VvWF while minimizing the contamination of

impurities.
[15]
[16] In this circumstance, the present inventors have

found that the content of vWF can be controlled by performing
two elution processes using anion exchange chromatography
and one additional elution process using cation exchange
chromatography and mixing the eluate obtained during each
elution in one process at a desired ratio, if necessary, in
the process of separating and purifying the factor VIII and
vWF from plasma, and thus a composition having a VvWF content
and a content ratio of the factor VIII and vWF, which are
artificially controlled, can be separated and purified at
high purity and high concentration. Based on this finding,

the present invention has been completed.

[17]

[18]

[Disclosurel

[Technical Problem]

[19] It is one object of the present invention to provide
a method of preparing a composition containing factor

VIII/von Willebrand factor (FVIII/vWF) and having a varying

7
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content of the von Willebrand factor (vWF), without causing
a change in the yield of the factor VIII.

[Technical Solution]

[20] In accordance with one aspect of the present
invention, the above and other objects can be accomplished
by the provision of a method of preparing a composition
comprising factor VIII and von Willebrand factor (FVIII/VWF)
with a controlled content of the von Willebrand factor (VvWFE),

the method comprising:

[21] (a) obtaining a primary eluate using a first elution
buffer by performing anion exchange chromatography on a

plasma sample isolated from a human body;

[22] (b) obtaining an eluate by performing cation exchange

chromatography on the primary eluate;

[23] (c) obtaining an eluate by applying a second elution
buffer to a column used to obtain the primary eluate through

the anion exchange chromatography of step (a); and

[24] (d) mixing the eluate of the cation exchange
chromatography obtained in step (b) with the secondary eluate

of the anion exchange chromatography obtained in step (c).

[25] In another aspect of the present invention, provided
is a pharmaceutical composition for treating a blood-clotting

disorder comprising, as an active ingredient, a composition

Date Regue/Date Received 2020-04-22
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comprising factor VIII and von Willebrand factor (FVIII/vWF)

prepared by the method.

[26] In another aspect of the present invention, provided
is a method of treating a blood-clotting disorder comprising
administering the composition to a patient with a blood-
clotting disorder.

[27] In another aspect of the present invention, provided
is the use of the composition for the preparation of a drug
for treating a blood-clotting disorder.

[28]

[Description of Drawings]

[29] FIG. 1 is a flowchart showing a process of preparing
a composition comprising factor VIII (FVIII) and von

Willebrand factor (vWF) according to the present invention.

[30] FIG. 2 shows the removal behavior of fibrinogen,
fibronectin, FII, FX, IgA and IgM, as main impurities in the

process according to the present invention.

[31] FIG. 3 shows the result of SDS-PAGE analysis of
products obtained during respective steps in the process

according to the present invention.

[32] FIG. 4 shows the protein distribution in the anion
exchange chromatography step in the process according to the
invention, wherein the black rectangles represent a column-

loading step, the light gray rectangles represent a column-
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washing step, and the dark gray rectangles represent a column

elution step.

[33] FIG. 5 shows the result of SDS-PAGE analysis of a
product obtained by mixing an AEX eluate with a CEX eluate
followed by concentration, in the process according to the

present invention.

[34] FIG. 6 shows the result of comparison in VWF
multimeric patterns between standard human plasma (lane 1)
and three purified product batches (lanes 2, 3 and 4)

according to the present invention.

[35] FIG. 7 shows the result of size exclusion
chromatography, measured at 280 nm, of the product according

to the present invention.

[36]

[37]

[Best Model

[38] Unless defined otherwise, all technical and
scientific terms used herein have the same meanings as
appreciated by those skilled in the field to which the
present invention pertains. In general, the nomenclature used
herein is well-known in the art and is ordinarily used.

[39]

[40] The present invention is based on the finding that,

by performing two elution processes using anion exchange

10

Date Regue/Date Received 2020-04-22



CA 03079956 2020-04-22

chromatography and one additional elution process using
cation exchange chromatography and mixing the eluate obtained
during each elution in one process at a desired ratio, if
necessary, in the process of separating and purifying the
factor VIII and von Willebrand factor (vWF) from plasma, the
loss of the von Willebrand factor (vWF) during anion exchange
chromatography can be alleviated and the content of the vWF
can be controlled, and the complex of factor VIII (FVIII)
and vWF, having a controlled vWF content, can be separated
and purified at high purity and high concentration.

[41]

[42] Thus, in one aspect, the present invention relates
to a method of preparing a composition comprising factor
VIII/von Willebrand factor (FVIII/vWF), with a controlled
content of the von Willebrand factor (vWF).

[43] The method may comprise:

[44] (a) obtaining a primary eluate using a first elution
buffer by performing anion exchange chromatography on a
plasma sample isolated from a human body;

[45] (b) obtaining an eluate by performing cation exchange
chromatography on the primary eluate;

[46] (c) obtaining a secondary eluate by applying a second
elution buffer to a column used to obtain the primary eluate
through the anion exchange chromatography of step (a) to;

and

11
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[47] (d) mixing the eluate of the cation exchange
chromatography obtained in step (b) with the secondary eluate
of the anion exchange chromatography obtained in step (c).

[48]

[49] The plasma sample isolated from the human body in
the present invention may be obtained by a method including:
(i) freezing the plasma sample isolated from the human body,
dissolving the resulting precipitate, forming a cold
precipitate and removing impurities; and (ii) sterilizing
the product of step (i) through treatment with a detergent.
[50]

[51] In the present invention, the factor VIII (FVIII)
and von Willebrand factor (vWF) can be purified from the
plasma sample isolated from the human body, and additionally,
in order to extract the factor VIII (FVIII) and von
Willebrand factor (vWF) present 1in the frozen plasma
precipitate, in the step of dissolving the frozen plasma
precipitate, the frozen plasma precipitate is added to the
extract and then dissolved at a temperature of 23 to 27°C
for 3 to 5 hours while stirring at 200 to 300 rpm and.

[52]

[53] In the ©present invention, the frozen plasma
precipitate is dissolved in an extracting solution containing
heparin 1.5 + 0.5 IU/cryopaste kg (green cross, sodium
heparinate, Cat. No. 50-1341-7), ethanol 1 + 0.5%/cryopaste

12
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kg (Korean alcohol, Cat. No. 40000533), and water for
injection 3 L/cryopaste kg, but this extracting solution may
be replaced with an extracting solution commonly used in the
art. When unfrozen serum is used, the step of dissolving the
precipitate may be modified to be suitable for the unfrozen
serum.

[54]

[55] In order to remove vitamin-K-dependent proteins such
as FII, FVII, FIX and FX, an aluminum hydroxide gel is added
to the dissolved precipitate to form a cold precipitate.
Specifically, the dissolved precipitate is stirred at 22 to
28°C and at 200 to 300 rpm for 5 to 10 minutes, the pH is
adjusted to 6.1 to 6.6, and the dissolved precipitate is
slowly allowed to cool to a temperature of 10 to 14°C over a
period of 30 minutes to 90 minutes to form a cold precipitate.
The aluminum hydroxide gel added is preferably 150 to 250 g
of a formulation of a 1 to 3% aluminum hydroxide gel
suspension per 1 kg of the frozen plasma precipitate, but
the amount may be appropriately added or subtracted depending
on the state of the plasma precipitate.

[56]

[57] In order to remove the aluminum hydroxide gel and
impurities, the cold precipitate is applied to a centrifuge
at a input rate of 5 to 7 L/min and centrifuged at a rate of

3,000 rpm or more and at a constant temperature of 10 to

13
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14°c, and the centrifuged solution is <collected Dby
clarification-filtration.

[58]

[59] The product of step (i) 1is sterilized by treatment
with a detergent. In this case, the solvent and detergent
may be used without limitation, as long as they can
inactivate viruses, particularly lipid-enveloped viruses.
The detergent may be selected from the group consisting of
nonionic and ionic detergents, and is preferably
substantially unmodified. In particular, in view of ease of
removal, a nonionic detergent is preferred, and tri-n-butyl
phosphate (TNBP), as disclosed in US Pat. No. 4,764,369, is
most preferred as the solvent, but the present invention is
not limited thereto.

[60]

[61] The virus-inactivating agent particularly preferable
for implementing the present invention is a mixture of one
or more selected from TNBP and polysorbate 80 (Tween™ 80),
Triton™ X-100 and Triton X-45, but is not limited thereto.
[62]

[63] A preferred detergent mixture is added such that the
concentration of TNBP in the clarified solution is within
the range of 0.2 to 0.6% by weight, specifically 0.24 to
0.36% by weight, and the concentration of polysorbate 80 is

within the range of 0.6 to 1.5% by weight, specifically, 0.8

14
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to 1.2% by weight.

[64]

[65] The detergent mixture is treated under conditions
capable of forming a solution substantially free of risk from
viral activity by inactivating lipid-enveloped viruses. The
reaction temperature in the above conditions is specifically
4 to 30°C, more specifically 19 to 28°C, and most
specifically 26 to 27°C, the reaction time is specifically 1
to 24 hours, more specifically 4 to 12 hours, and most
specifically about 5 to 7 hours, and the detergent mixture

is preferably treated while slowly stirring the same at 40

to 80 rpm.
[66]
[67] Toyopearl™ DEAE 650M resin 1is used as an anion

exchange resin in the anion exchange chromatography of step
(a), and a Na*-controlling ligquid is added such that the Na*
concentration of the detergent-treated solution is adjusted
to 120 to 150 mmol/L, the pH is adjusted to 6.8 to 7.2, and
the detergent-treated solution is applied into the column at
a flow rate of 80 to 120 cm/hour and adsorbed onto the resin.
Then, re-equilibration 1s ©performed by applyinga re-
equilibration buffer in an amount of 4 to 6 times the volume
of the column at a flow rate of 80 to 120 cm/hour, and then
a primary eluate is eluted by applying a first elution buffer

in an amount of 4 to 6 times the volume of the column at a

15
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flow rate of 80 to 120 cm/hour. The first elution buffer
contains 150 to 170 mM NaCl, 8 to 12 mM Na-citrate "H,O0, 100
to 140 mM glycine and 0.5 to 1.5 mM CaCl,:2H,0, and the pH
can be specifically adjusted to 6.6 to 7.4, more specifically,
the pH can be adjusted to 6.8 to 7.2, and most specifically,

the pH can be adjusted to 6.9 to 7.1.

[68]

[69] SP Sepharose™ resin is used as a cation exchange
resin in the cation exchange chromatography of step (b), and
the primary eluate is applied into the column at a flow rate
of 180 to 200 cm/hour and adsorbed onto the resin. Then, an
elution buffer is applied into the column onto which the
primary eluate adsorbed in an amount of 4 to 6 times the
volume of the column at a flow rate of 230 to 270 cm/hour to
elute an eluate. The elution buffer to obtain the eluate
through cation exchange chromatography contains 380 to 420
mM NaCl, 8 to 12 mM Na-citrate H,O0, 100 to 140 mM glycine and
0.5 to 1.5 mM CaCl,-2H,0, and the pH can be specifically
adjusted to 6.0 to 7.0, more specifically, the pH can be
adjusted to 6.3 to 6.7, and most specifically, the pH can be

adjusted to 6.4 to 6.6.

[70]

[71] Then, in step (c), a second elution buffer is applied

in an amount of 2 to 4 times the volume of

16
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the column into the column used for obtaining the primary
eluate at a flow rate of 30 to 60 cm/hour to elute a secondary
eluate. The second elution buffer contains 230 to 270 mM NacCl,
8 to 12 mM Na-citrate-H»0, 100 to 140 mM glycine and 0.5 to
1.5 mM CaCl-2H20, and the pH can be specifically adjusted to
6.6 to 7.4, more specifically, the pH can be adjusted to 6.8
to 7.2, and most specifically, the pH can be adjusted to 6.9

to 7.1.

[72]

[73] In the present invention, the steps (b) and {(c) may
be performed simultaneously, or may be performed in an
appropriately changed order. Meanwhile, the eluate of the
anion exchange chromatography of step (a) may contain a
mixture of the factor VIII and vWF, the eluate of the cation
exchange chromatography of step (b) may contain vWF, and the
factor VIII is present in an amount of 0.01% by weight or
less. The eluate of the cation exchange chromatography of
step (b) and the secondary eluate of the anion exchange

chromatography of step (c) may be mixed in a volume ratio of

9:1 to 1:9.
[74]
[75] The anion exchange resin used herein may be

substituted with a diethylaminoethyl (DEAE) or dgquaternary

ammonium group, but is not limited thereto. Specifically,

17
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either an anion exchange resin having a strongly basic
quaternary ammonium group or a weakly basic diethylaminoethyl

(DEAE) group may be selected and used.
[76]

[77] For example, the strongly basic anion exchange resin
includes, but is not limited to, Q Sepharose Fast Flow, Q
Sepharose High Performance, Resource Q, Source 15Q, Source
30Q, Mono Q, Mini Q, Capto™ Q, Capto Q ImpRes, Q HyperCel™,

Q-Ceramic HyperD F, Nuvia Q, UNOsphere Q, Macro-prep high Q,

Macro-prep 25 Q, Fractogel™ EMD TMAE (S), Fractogel EMD TMAE
Hicap (M), Fractogel EMD TMAE (M), Eshmuno™ (Q, Toyopearl
QAE-550C, Toyopearl™ SuperQ-650C, Toyopearl GigaCap Q-650M,

Toyopearl (Q-600C AR, Toyopearl SuperQ-650M, Toyopearl
SuperQ-650S5, TSKgel SuperQ-5PW (30), TSKgel SuperQ-5PW (20),

TSKgel SuperQ-5PW, and the like, but any other strongly basic
anion exchange resin known in the art may be used. In addition,
the example of the weakly basic anion exchange resin includes,
but is not limited to, Toyopearl DEAE, DEAE Sepharose Fast
Flow, Eshmuno Q, Fractogel EMD DEAE and the like, and any
other weakly basic anion exchange resin known in the art may
be used. More specifically, the anion exchange chromatography
may be carried out using an anion exchange chromatography
resin selected from the group consisting of Toyopearl DEAE,

Q Sepharose Fast Flow, DEAE Sepharose Fast Flow, Mono Q,

18
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Capto Q, Fractogel EMD TMAE (M), Eshmuno Q, Toyopearl GigaCap

Q-650M and Fractogel EMD DEAE.

[78]

[79] The appropriate volume of resin used for the anion
exchange chromatography is determined based on the column
dimensions, i.e., the diameter of the column and the height
of the resin, and depends, for example, on the amount of
immunoglobulin solution in the solution that is applied and
the binding performance of the resin that is used. Prior to
anion exchange chromatography, the anion exchange resin is
specifically equilibrated with a buffer to allow the resin

to bind to a counter ion thereof.

[80]

[81] In the present invention, Toyopearl DEAE 650M resin
is used as the anion exchange resin, and any equalibration
buffer, wash buffer and elution buffer known in the art, such
as sodium phosphate buffer, citric acid buffer or acetic acid

buffer, may be used as the column buffer.

[82]

[83] In the present invention, the cation exchange resin
may be Sephadex™, Sepharose, HyperCel, Source, SP Sepharose,
SP Sepharose Fast Flow, Fractogel EMD S03 or the like, but

is not limited thereto, and any cation exchange resin known

19
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in the art may be used. In one embodiment of the present
invention, SP Sepharose resin is used as the cation exchange
resin. Meanwhile, any equalibration buffer, wash buffer and
elution buffer known in the art, such as sodium phosphate
buffer, citric acid buffer or acetic acid buffer, may be used

as the column buffer.

[84]

[85] In step (d) of the present invention, the eluate of
the cation exchange chromatography obtained in step (b) and
the secondary eluate of the anion exchange chromatography
obtained in step (c) are mixed, and the titer of factor VIII
(FVIII) and von Willebrand factor (vWF) is 1:0.6 to 1:1.4,
specifically 1:1. In this case, the titer of the factor VIII
(FVIII) and the von Willebrand factor (vWF) in the primary
eluate and the secondary eluate, and the titer of the von
Willebrand factor (vWF) in the eluate (the eluate obtained
after cation exchange chromatography) are measured to

determine the degree of mixing.

[86]

[87] In the present invention, the method may further
comprise, after the step (d), (e) concentrating the mixed
solution such that the concentration of the factor VIII
(FVIII) is adjusted to 125 IU/mL or more; and (f) adding the

secondary eluate obtained in step (c) to further control the
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titer of the factor VIII (FVIII) and the von Willebrand

factor (vWFE).

[88]

[89] In the step (e), the mixture is concentrated and
micro-filtered. In the present invention, the mixture is
concentrated using a 100 kDa cut-off size () membrane made
of cellulose acetate. In the present invention, the factor
VIII (FVIII) is preferably concentrated to a concentration
of 125 IU/mL or more.

[90]

[91] In step (f), the secondary eluate obtained in step
(c) may be added to further control the titer of the factor
VIII (FVIII) and the von Willebrand factor (vWF). At this
time, the titer of the factor VIII (FVIII) and the von
Willebrand factor (vWF) is controlled depending on the amount

of the secondary eluate that is added.

[92]

[93] After controlling the titer of the factor VIII (FVIII)
and the von Willebrand factor (vWF), the formulation is
prepared by applying a formulation buffer. The formulation
buffer contains 8.9 to 9.1 mg/mL of glycine, 2.8 to 3.2 mg/mL
of Na-citrate-2H,0, 0.1 to 0.2 mg/mL of CaCl;-2H20, 20 to 30

mg/mL of sucrose, and 1.0 to 1.5 mg/mL of Polysorbate 80.

[94]
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[95] Meanwhile, in each step of the present invention,
microfiltration is appropriately performed so that the factor
VIII (FVIII) and the von Willebrand factor (vWF) can be

purified with high purity.
[96]

[97] In still another aspect, the present invention
relates to a pharmaceutical composition for treating a blood-
clotting disorder comprising, as an active ingredient, a
composition comprising factor VIII and von Willebrand factor

(FVIII/vWF) prepared by the method.

[98] In the present invention, the titer of the factor
VIII (FVIII) and the von Willebrand factor (vWF) may be 1:0.2
to 1:3.0, preferably 1:0.6 to 1:2.8, but is not limited
thereto.

[99] The blood-clotting disorder may be hemophilia A or

von Willebrand deficiency, but is not limited thereto.

[100] The pharmaceutical composition according to the
present invention may further contain a pharmaceutically

acceptable carrier.

[101] The pharmaceutically acceptable carrier contained in
the pharmaceutical composition may include a
pharmaceutically acceptable carrier commonly used in the
preparation, such as lactose, dextrose, sucrose, sorbitol,

mannitol, starch, gum acacia, calcium phosphate, alginate,
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gelatin, calcium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, cellulose, water, syrup,
methylcellulose, methylhydroxybenzoate, propylhydroxy
benzoate, talc, magnesium stearate, mineral oil and the like.
The pharmaceutical composition may further contain a
lubricant, a wetting agent, a sweetener, a flavoring agent,
an emulsifier, a suspending agent, a preservative, or the
like, in addition to the ingredients described above.

[102]

[103] The composition may be prepared into a unit dose
form, or may be incorporated into a multi-dose container
through formulation wusing a pharmaceutically acceptable
carrier and excipient according to an ordinary method. In
this case, the formulation may be in the form of a solution
in an o0il or aqueous medium, a suspension, a syrup or an
emulsion, or may be in the form of an extract, a powder, a
granule, a tablet or a capsule. The composition may further
contain a dispersant or a stabilizer. In addition, the
composition may be administered alone as a single therapeutic
agent or in combination with another therapeutic agent. In
this case, the composition of the present invention may be
administered sequentially or simultaneously with a
conventional therapeutic agent.

[104]

[105] In another aspect, the present invention provides a
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method of treating a blood-clotting disorder comprising
administering the composition to a patient with a blood-
clotting disorder.

[106] The composition according to the present invention
may be administered to a subject through a variety of routes
and a dosage depending on the condition of the patient and
the presence of side effects, and the optimum administration
method and dosage may be selected within an appropriate range
by those skilled in the art. In addition, the composition
may be administered in combination with other drugs or
physiologically active substances, the therapeutic effect of
which is known for the disease to be treated, or may be
formulated as a combination with other drugs.

[107]

[108] In another aspect, the present invention provides
the use of the composition for the preparation of a drug for
treating a blood-clotting disorder.

[109]

[110] Hereinafter, the present invention will be described
in more detail with reference to examples. However, it will
be obvious to those skilled in the art that these examples
are provided only for illustration of the present invention
and should not be construed as limiting the scope of the
present invention.

[111]

24

Date Regue/Date Received 2020-04-22



[112] Example 1: Process of purifying factor VIII/von

Willebrand (FVIII/VvWF) complex
[113]
[114] 1-1. Precipitate dissolution

[115] The plasma-frozen cryoprecipitate was added to an
extraction buffer (containing heparin 1.5 + 0.5 IU/cryopaste
kg (Green Cross, Sodium Heparin, Cat. No. 50-1341-7), ethanol
1 + 0.5% / cryopaste kg (Korean alcohol) and water for
injection 3 L/ cryopaste kg) and dissolved at 25 £+ 1°C for 4
hours after addition of the cryoprecipitate while stirring

at 250 rpm, and then the pH was adjusted to 7.1 £ 0.1.
[116]
[117] 1-2. Cold precipitation/centrifugation

[118] A suspension (200 g/cryopaste kg) of 2% aluminum
hydroxide gel [Al(OH)3; gel, Brenntag, Cat. No. A1090S] was
added to the dissolved precipitate solution and stirred at
250 rpm and at 24 to 26°C for 5 to 10 minutes. After adjusting
the pH to 6.3 to 6.4, the temperature of the liquid was
gradually dropped to 10 to 13°C for 60 minutes to form a cold
precipitate. After adjusting the rotation speed of a
centrifuge (GEA™, BKB45) to 5,400 rpm, centrifugation was
performed by applying the cold precipitate into the

centrifuge at a input rate of 5 to 7 L/min while maintaining
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the temperature at 10 to 14°C. The centrifuged solution was
collected by clarifying filtration through a 2.0/1.2 um

filter (Merck Millipore™, PolySep II).
[119]

[120] 1-3. Pretreatment with solvent/detergent (S/D)

[121] The temperature of the liguid that had undergone the
clarifying filtration was adjusted to 26 to 27°C, and the pH
was adjusted to 6.9 to 7.1. While stirring the pH-adjusted
solution at 350 rpm, an inactivation solution was added for
20 minutes to 60 minutes such that tri-n-butyl phosphate
(TNBP) (Merck Millipore, Cat. No. 1.00002) and polysorbate
80 (J. T. Baker, Cat. No. 4117) were present in amounts of
0.3 £ 0.06% and 1.0 + 0.2%, respectively, and the solution
was then further stirred for 30 minutes. The stirred solution
was collected by microfiltration through a 0.45/0.2 umfilter
(Sartorius™, Sartobran P).

[122]

[123] 1-4. Treatment with solvent/detergent (S/D)

[124] The S/D pretreated solution was inactivated at 26 to
27°C for 5 to 7 hours while slowly stirring at 40 to 80 rpm.
[125]

[126] 1-5. Anion exchange chromatography process

[127] Toyopearl DEAE 650M resin (Tosoh™, Cat. No. 0007974)

was packed into a column to a height of 23 * 2 cm. A Nat-
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controlling liquid was added such that the concentration of
Na* in the S/D treated solution was 135+13.5 mmol/L, and the
pH was adijusted to 6.9 to 7.1. The pH-adjusted solution was
subjected to clarifying filtration and then injected into a
column and adsorbed at a flow rate of 100 cm/hour. After
adsorption, re-equilibration was performed by flowing 4 to 6
CV of a re-equilibration buffer (120 mM NaCl, 10 mM Na-
citrate:2H»0, 120 mM glycine, pH 7.0 + 0.1) at a flow rate
of 100 cm/hour. After re-equilibration, primary elution was
performed by flowing 4 to 6 CV of a first elution buffer (160
mM NaCli, 10 mM Na-citrate-2H,0, 120 mM glycine, 1 mM
CaCl,-2H,0, pPH 7.0 + 0.1) at a flow rate of 100 cm/hour. After
the primary elution, secondary elution was performed by
flowing 3 CV of a second elution buffer (250 mM NaCl, 10 mM
Na-citrate -2H»0, 120 mM glycine, 1 mM CaCl,-2H»O0, pH 7.0 +
0.1) at a flow rate of 45 cm/hour.

[128]

[129] 1-6. Cation exchange chromatography process

[130] SP Sepharose resin (GE, Cat. No. 17-0729) was packed
into a column to a height of 17 +# 1.7 cm. The primary eluate
collected through anion exchange chromatography was
collected by microfiltration through a 0.45/0.2 um filter
(Sartorius, Sartobran P). The micro-filtered solution was
applied into a column and adsorbed at a flow rate of 200

cm/hour. After adsorption, washing was performed by flowing
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5 CV of a wash buffer (260 mM NaCl, 10 mM Na-citrate -2H,O,
120 mM glycine, 1 mM CaCl,-2H,0, pH 6.5 £ 0.1) at a flow rate
of 250 cm/hour. After washing, elution was performed by
flowing 5 CV of a elution buffer (400 mM NaCl, 10 mM Na-
citrate-2H,0, 120 mM glycine, 1 mM CaCl,-2H,0, pH: 6.5 £ 0.1)
at a flow rate of 250 cm/hour. The collected eluate (tertiary
eluate) was mixed with CEX equilibration buffer (10 mM Na-
citrate-2H,0, 120 mM glycine, 1 mM CaCl,-2H,O0, pH 6.5 £ 0.1)
in an amount of 0.6 times the volume of the eluate.

[131]

[132] 1-7. Analysis of titer of FVIII activity

[133]

[134] 1-7-1. Standard Preparation

[135] The standard (NIBSC, blood-clotting factor VIII:C
concentrate, human (07/350) or standard equivalent thereto)
was diluted to 1.0 IU/mL 1in an FVIII-deficient plasma
(Siemens™, Cat. No. OTXW100) and then diluted 5-, 10-, 20-
and 40-fold with CA system buffer (Siemens, Cat. No. B4265-
35) containing 1% albumin.

[136]

[137] 1-7-2. Sample preparation

[138] Fach sample was diluted to 1.0 IU/mL of factor VIII
with FVIII-deficient plasma (Siemens, Cat. No. OTXW100) and
then diluted 16-, 18-, 20- and 22-fold with CA system buffer

containing 1% albumin.
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[139]

[140] 1-7-3. Titer measurement

[141] The time taken for clotting of the standard and
sample was measured using a coagulometer (Merlin™ medical,
MC10 Plus) to analyze the activated partial thromboplastin
time (aPTT).

[142] When the percentage (%) of the time taken for the
sample to clot with respect to the time taken for the standard
to clot was obtained, the titer wvalue of the sample was
obtained using the following Equation:

[143]

[144] Equation) titer value of sample (IU/mL)

[145] = Sample measurement result (%) x dilution factor
(fold) x 0.002 (correction factor) x standard titer (IU/mL)
[146]

[147] 1-8. vWF addition

[148] The collected secondary eluate of anion exchange
chromatography and the diluted eluate (tertiary eluate) of
cation exchange chromatography were subjected to process
inspection, and a mix solution prepared by mixing FVIII and
vWF 1in a total titer ratio of 1:1 was collected by
microfiltration through a 0.45/0.2 um filter (Sartorius,
Sartobran P).

[149]

[150] 1-9. Concentration and microfiltration
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[151] The VWF added soclution was concentrated to adjust
the FVIII concentration to 125 IU/mL or more using a 100 kDa
cut-off size 100 kDa membrane (Sartorius, Hydrosart) made of
cellulose acetate. The concentrated solution was collected
by microfiltration through a 0.45/0.2 um filter (Sartorius,
Sartobran P), which was used as a stock fraction.

[152]

[153] 1-10. Titer adjustment

[154] The titer of FVIII was adjusted to 125 IU/mL through
the addition of anion exchange chromatography second elution
buffer (250 mM NaCl, 10 mM Na-citrate-2H»0, 120 mM glycine,
1 mM CaCl,-2H»0, pH 7.0 £ 0.1).

[155]

[156] 1-11. Formulation

[157] The titer and Na' concentration were adjusted to 100
IU/mL and 200 * 50 mM, respectively, through the addition of
a formulation buffer (8.97 mg/mL of glycine, 2.936 mg/mL of
Na-citrate -2H,0, 0.16 mg/mL of CaCly-2H,0, 25.0 mg/mL of
sucrose, and 1.25 mg/mL of Polysorbate 80).

[158]

[159] 1-12. Sterile filtration

[160] The filtrate collected by sterile filtration through
a 0.45/0.2 um filter (Sartorius, Sartobran P) was used as a
final stock solution and refrigerated until filling.

[161]

30

Date Regue/Date Received 2020-04-22



CA 03079956 2020-04-22

[162] The overall process is summarized in Table 1 below.

[163] [Table 1]

Process name Process conditions Object
Temperature: 25£1°C .
Precipitate Dissolution time: 4 hours Extraction of Factor

VIII and vWF

dissolution Amount of added EtOH: 1+0.1%/cryopaste g .
present in cryopaste

Heparin: 1.5+0.5 IU/cryopaste g

Removal of
impurities (vitamin-
K-dependent

Temperature: 25£1°C
pH: 7.1+0.1
Al(OH); gel: 0.2 g/cryopaste g

Adsorption with
aluminum hydroxide

gel Al(OH); gel treatment time: 7.5+£2.5 minutes pr(l):ts]lﬁ,s IS;II)C(I? ;‘;(I;H’
Removal of
Cold precipitation / pH: 6.35+£0.05 aluminum
centrifugation Temperature: 11.5+1.0°C hydroxide gel

and impurities

0.3% TNBP in filtrate, 1% polysorbate 80 in
filtrate
Temperature: 26.5+0.5°C
pH: 7.0+0.1
S/D addition, stirring for 30 minutes and then
reaction for 6+1 hr (incubation)

S/D treatment Viral inactivation

Sample: Solution obtained by S/D
reaction and then 1.2 um filtration
pH: 7.0+0.1
Na* concentration adjustment:
135+13.5 mmol/L
Linear flow rate: 100 cm/hour
pH: 7.0+0.1
NaCl: 120 mM
Na-citrate:2H,O: 10 mM
Glycine: 120 mM
Na' concentration: 135+13.5

mmol/L Removal of S/D
Anion exchange Linear flow rate: 100 cm/hour ingredients and
hromatoeranh CV:5+1 CV impurities,
chromatography pH: 7.0£0.1 high-purity FVIII
NaCl: 160 mM purification
Na-citrate:2H>O: 10 mM
Glycine: 120 mM
Washing CaCl'2H,0: 1 mM
Na, concentration: 175+17.5
mmol/L
Linear flow rate: 100 cm/hour
CV: 5.0£0.5 CV
pH: 7.0+0.1
NaCl: 250 mM
Na-citrate:2H,O: 10 mM
Glycine: 120 mM

AEX load

Equilibration

Elution
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CaCl (2H,0): 1 mM
Na' concentration: 265+26.5
mmol/L
Linear flow rate: 45 cm/hour
CV:2CV

Cation exchange
chromatography

Sample: solution obtained by AEX
clution 1 and 0.2 um filtration
pH: 7.0+£0.1
Linear flow rate: 200 cm/hour

CEX load

pH: 6.5+0.1
NaCl: 260 mM
Na-citrate:2H>O: 10 mM
Glycine: 120 mM
Washing CaCl (2H,0): 1 mM
Na" concentration: 275+27.5
mmol/L
linear flow rate: 250 cm/hour
CV:5CV

pH: 6.5+0.1
NaCl: 400 mM
Na-citrate:2H,O: 10 mM
Glycine: 120 mM
Elution CaCl (2H,0): 1 mM
Na* concentration: 420+42.0
mmol/L
linear flow rate: 250 cm/hour
CV:3CV

Impurity removal,
high-purity vWF
purification

vWF addition

AEX elution 2 + CEX elution + CEX equilibration
buffer (CEX volume x 0.6)

CEX equilibration buffer
pH: 6.5+0.1
Na-citrate-2H>0: 10 mM
Glycine: 120 mM
CaCl» (2H,0): 1 mM

FVIII, vWF titer of AEX cluate and vWF titer of
CEX eluate are measured before mixing

mixing

Concentration

100 kDa membrane, TMP 0.2~0.3 bar
Concentration fold: 10~33 fold

Concentration

[164]

[165] Example 2: Determination of removal

major impurities during purification process

[166]
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[167] Removal behaviors of fibrinogen, fibronectin, FII,
FX, IgA and IgM present as major impurities in each step of
the process were determined.

[168]

[169] The removal behaviors of all of fibrinogen,
fibronectin, FII, FX, IgA and IgM were determined by ELISA.
The detailed experimental method is as follows.

[170]

[171] Fibrinogen content was tested using a commercially
available human fibrinogen ELISA kit (manufactured by
Assaypro, Cat. No. EF1040-1) in accordance with the manual
provided by the kit manufacturer.

[172]

[173] Fibronectin content was tested using a commercially
available human fibronectin ELISA kit (manufactured by
Assaypro, Cat. No. EF1045-1) in accordance with the manual
provided by the kit manufacturer.

[174]

[175] FII content was tested using a commercially available
human prothrombin ELISA kit (manufactured by Assaypro, Cat.
No. EP3023-1) in accordance with the manual provided by the
kit manufacturer.

[176]

[177] FX content was tested using a commercially available

human fibrinogen ELISA kit (manufactured by Assaypro, Cat.
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No. EF1010-1) in accordance with the manual provided by the
kit manufacturer.

[178]

[179] IgA content was tested using a commercially available
human IgA ELISA quantitation set {(manufactured by Bethyl,
Cat. No. E80-102) and an ELISA Starter Accessory Kit
(manufactured by Bethyl, Cat. No. E101) in accordance with
the manual provided by the kit manufacturer.

[180]

[181] IgM content was tested using a commercially available
human IgM ELISA quantitation set {(manufactured by Bethyl,
Cat. No. E80-102) and an ELISA Starter Accessory Kit
{(manufactured by RBethyl, Cat. No. E101) in accordance with
the manual provided by the kit manufacturer.

[182]

[183] The result showed that 90.6% of fibrinogen was
removed after cold precipitation and centrifugation
processes and 99.9% or more of fibrinogen was removed after
the AEX process, and that 95.9% of fibronectin was removed
after cold precipitation and centrifugation processes and
99.9% or more of fibronectin was removed after the AEX
process. This indicates that fibrinogen and fibronectin were
mainly removed through cold precipitation and centrifugation.
In addition, 97.4% of FII and 97.3% of FX were removed after

cold precipitation and centrifugation. Then, 93.6% of FII
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and 85.1% of FX were removed after the AEX process. From the
dissolution process to the AEX process, 99.8% of FII and 99.6%
of FX were removed and the majority of FII and FX were removed
by cold precipitation and centrifugation. Meanwhile, the
majority of IgA and IgM were removed during the AEX process,
unlike the four kinds of impurities. The removal rates of
IgA and IgM after cold precipitation and centrifugation were
relatively low, 18.9% and 55.6%, respectively, but 99.9% of
IgA and 99.2% of IgM were removed after AEX. That is, it was
found that IgA and IgM were mainly removed through the AEX
process. 99.9% or more of fibrinogen, £fibronectin and FX
contained in the CEX load solution was removed through the
CEX process. 95.6% of IgA and 97.4% of IgM were removed but
only 87.7% of FII was removed, which is lower than the removal
of the other impurities (FIG. 2).

[184]

[185] The analysis showed that the removal of major
impurities such as fibrinogen, fibronectin, FII and FX during
the cold precipitation and centrifugation processes and the
removal of IgA and IgM during the AEX process are important
in determining quality. In addition, the analysis showed that
some impurities remaining in the AEX primary eluate were
removed through the CEX process, and the amounts of residuail
impurities according to the process of the present invention

are shown in Table 2 below. As can be seen from the following
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table, the levels of impurities that may affect the safety
of the purified product are equal to or higher than those of
conventional products.

[186]

[187] [Table 2]
Analysis | Batch | Batc | Batch | Batch | Green |Immunate|Octanate | Fahndi | Wilate
item 1 2 Eight

[
I~

Fibronectin| 0.1 | 0.1 | 0.1 | 0.1 | 25 0.4 05 0.4 0.8
(ug/FVII
1U)
Fibrinogen | 1.8 | 1.0 | 15 | 1.7 | 47 05 2.0 03 1.7
(ug/FVIII
1U)
FII 0.02 | 0.01 | 0.01 |<0.01
(ug/FVII
1U)
FX <0.01 [<0.01[<0.01 |<0.01
(ug/FVII
1U)
IgA 0.06 | 0.03] 0.05 | 006 | 0.10 | 0.10 <001 | 0.0l | 0.01
(ug/FVIII
V)
IgM 02 |03 |04 |03 | 1.1 0.1 0.2 0.1 0.2
(ug/FVII
1U)

[188]

[189] Example 3: SDS-PAGE [non-reducing condition]
analysis of process product obtained during each step

[190]

[191] SDS-PAGE analysis was performed on the product
obtained during each process step. Each sample was diluted
to 7.5 ug/well with non-reducing loading buffer and loaded
in 3 to 8% Tris-acetate gel and electrophoresis was performed

at 100 V for 90 minutes.
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[192] The result showed that impurities of 70 kDa or less
and impurities of 230 to 270 kDa were removed during the AEX
column process. It was found that the CEX column process was
efficient for purifying only multimeric VvWF of 460 kDa or
more at high purity (FIG. 3).

[193]

[194] Example 4: vWFE loss during anion exchange
chromatography process step

[195]

[196] The intermediate of each step during the AEX process
used for FVIII purification was analyzed. As shown in FIG.
4, the result showed that the sample loaded into the AEX
column had a vWEF (IU) content more than 2 times the FVIII
(IU) content, but the final eluate had a vWF (IU) content of
only 0.4 times the FVIII (IU) content, which indicates that
a large amount of VvWF was lost in the AEX washing step (FIG.
4).

[197]

[198] Example 5: Analysis of FVIII titer recovery in anion
exchange chromatography process step

[199]

[200] The recovery rate of titer of FVIII in the AEX
process step was determined. As can be seen from Table 3,
the result of analysis of three batches showed that the FVIII

titer recovery rate was 85% in the AEX process, and the
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discarded FVIII in the unadsorbed and washed liquids during

the column process was about 15% of the load.

[201]
[202] [Table 31
AEX process FVIII mass balance
Load 10042
Unadsorbed liquid 4+1
Washed liquid 1142
(CEX load)
Eluate 85+10
[203]
[204] Example 6: Characterization by addition of cation

exchange chromatography eluate

[205]

[206] 6-1. Recovery of VvWF loss

[207] The AEX eluate and the CEX eluate were mixed and
concentrated, and then each sample was diluted in the same
amount of a reducing loading buffer and a non-reducing
loading buffer and loaded on a 4-12% Bis-Tris gel, and
electrophoresis was performed at 120 V for 90 minutes. The
result showed that a product with an improved vWF ratio could
be obtained (FIG. 5).

[208] When the CEX eluate was mixed with the AEX eluate,
the ratio of vWF:Rco/FVIII:0S5 was higher than the ratio of
vWF:Rco/FVIII:0S purified through the AEX process (Table 4),
which indicates that the vWF content increased more than two

times after mixing than before mixing.
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[209]

[210] Meanwhile, the impurity content ratio to the FVIII
(IU) was found to be unchanged before and after mixing the
CEX eluate, which is considered to be due to effective
removal of the impurities during the CEX process. Meanwhile,
the result of comparison in the FVIII activity between before
and after mixing the CEX eluate showed that the activity of
FVIII after mixing was similar to or higher than that before

mixing (Table 4).

[211]
[212]
[Table 4]
, Content
Lopuities Beflore mixing Alter mixing
yWE:Rco/FVIILOS (TUITy 0442001 0.93£0,05
Fibrinogen (ug/FVIL 1U) 1.57:£0,60 1.34+0.31
Fibrwoectin fog/FVIL T 02740017 0. 164005
Factor 2 (ug/FVIII TU) =002 =0.02
Factor 10 (ug/FVII IL) <0.01 < 1.01
IgA (ng/FVII TU) 0.06:4:0,00 0.07+0.03
wwwwwwwwwwwwwwwww TEM g FVIO ) 0340 09 0.3040.07
FVHI specilic activity fmg/F VI TU) 62.94+7.04 68.40:+7.02
[213]

[214] 6-2. Characterization of final product

[215] The results of the precise analysis in three batches
regarding the properties of the final product are shown in
Table 5, and there was no difference between the
vWF:Rco/FVIII:0S ratio and the vVWF:Rco/FVIII:CS ratio.
Therefore, it was found that when the final bulk solution

was filled into the vial after controlling a FVIII content
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in order to produce hemophilia A products, the both FVIII:O0S
and FVIII: C5 , could be easily used for FVIII activity
measurement. The residual content of impurities derived from
cryoprecipitate and of process-related impurities such as
heparin and aluminum were all measured as very low values.
[216]

[217] Meanwhile, the vWF:Rco/vWF:Ag ratio is about 0.9,
which suggests that the final product forms a high-
molecular-weight multimer (HMWM) , thereby being very
effective in promoting aggregation of platelets. HMWM is
known to be very effective in the treatment of mucosal
bleeding, and the concentration of vWF:Rco/vWF:Ag effective
for VWD treatment is known to be 0.7 or more.

[218]

[219] [Table 5]

Category Test item Regult
T e e e One stage method(O8) 100.943.3
FVI activity QUML) | s semic method(CS) 93,2453
YWF activity (fJU/mL) W“vl;gzﬁm Pl\‘uﬁx’cﬁ.ﬂ
Biological —— s bt 107 “7“3*9
property Specific activity of FVIILOS (IU/mg) 68.9+2.7
vWE Beo/yWE:Ag (TU/IL) 0.940.1
vWEF Reo/FVIILOS (TUAL) 09441
VWE Reo/FVILLS (TU7U) 1.0-0.0
Fibrinogen (pg/miL) 132,124
Fibronectin (ug/ml) <39.0
Coagulation factor T1 (ug/ml) 016008
Coagulation factor X (ng/mlL) 0. 270,02
hinpurity TpA (pgiml) 0.23+0.04
TG (ua/mi) F 4505
Heparin (MmL) < 0.65
[221] The VWF myltimer paAdlimgémm(pplas found tpp baés®@iiilar to

that of normal plasma containing rich high-molecular-weight

multimers (FIG. 6). This means that the addition of purified
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vWF to low-ratio VvWF:Rco/FVIII:C can vyield products
containing high-molecular-weight VvWEF multimers.

[222]

[223] The result of size exclusion chromatography analysis
of whether FVIII forms a complex with vWF revealed four major
peaks (FIG. 7). The results of fractionation of each peak
and analysis of FVIII and vWF activity of each fraction
showed that the peak 1 of 670 kDa or more exhibits not only
vWF activity but also FVIII activity, and that the other
three small-sized peaks exhibit neither vWF activity nor
FVIII activity. Taking into consideration the fact that the
size of FVIII 1is about 270 kDa, it can be seen that most
FVIII is present in the form of a stable complex in
combination with vWF.

[224]

[225] Example 7: Purification of product having controlled
mixing ratio of FVIII and vWF

[226]

[227] Concentrated FVIII and vWF coexist in the AEX eluate
of Example 1, and vWF is present in the CEX eluate (see FIG.
3, Lane 5 and Lane 9). In this case, the ratio of FVIII and
vWF can be adjusted depending on the mixing ratio of AEX
eluate and CEX eluate. The following Table 6 shows that the
ratio of FVIII and vWF is adjusted according to the mixing

ratio of the AEX eluate and the CEX eluate, and that there
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is almost no change in the content of the major impurities
per unit of the titer of FVIII, even when the mixing ratio
is adjusted.

[228]

[229] [Table 6]

o . IgA IgM
vWF/F | Fibrin | Fibrone | FXI FX
Batc | Sample FVIIL | vWF VIII | ogen ctin |ELISA| ELISA (ELIS | (ELIS
h# | name (IU/mL, (ug/ (ug/ (ug/ (ug/ (ug/ (ug/
(IU/mL) Ratio | FVID | FVII | FVII | FVII | FVII | FVII

) 1U) 1U) 118)) 118)) ) | 10)
234 | 84 | 04 | 08 0.2 1.1 0.6 01 | 05

AEX
eluate
CEX
eluate
AEX
eluate
60% +
CEX
eluate
40% mix
AEX
eluate
20% +
CEX
eluate
80% mix
AEX
eluate
CEX
cluate
AEX
eluate
60% +
CEX
eluate
40% mix
AEX
eluate
20% +
CEX
eluate
80% mix

- 44.7 -

21.8 16.7 0.8 0.6 0.2 0.9 0.7 0.0 0.3

19.9 19.6 1.0 0.7 0.3 0.9 0.5 0.0 0.2

33.2 11.6 0.3 0.7 0.3 0.7 0.3 0.0 0.2

- 44.7 -

27.8 19.8 0.7 0.6 0.3 0.8 0.5 0.0 0.2

25.7 26.8 1.0 0.4 0.2 0.7 0.5 0.0 0.2

[230]

[231]
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[232] Although specific configurations of the present
invention have been described in detail, those skilled in
the art will appreciate that this description is provided
to set forth preferred embodiments for illustrative purposes
and should not be construed as limiting the scope of the
present invention. Therefore, the substantial scope of the
present invention is defined by the accompanying claims and
equivalents thereto.

[233]

[Industrial Applicability]

[234] The present invention has an effect of preparing a
composition comprising factor VIII (FVIII) and a varying
content of von Willebrand factor (vWF) 1) without increasing
the amount of impurities other than the von Willebrand factor
(VWF), compared to a separately purified product of factor
VIIT (FVIII), 1ii) without significantly increasing the
processing time (within 3 hours) compared to a separate
purification process of factor VIII (FVIII), and iii) without

changing the yield of the factor VIII (FVIII).
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CLAIMS

1. A method of preparing a composition comprising factor
VIII (FVIII) and wvon Willebrand factor (vWF) with a
controlled content of the von Willebrand factor (vWF), the
method comprising:

(a) obtaining a primary eluate using a first elution
buffer by performing anion exchange chromatography on a
plasma sample isolated from a human body;

(b) obtaining an eluate by performing cation exchange
chromatography on the primary eluate ;

(c) obtaining a secondary eluate by applying a second
elution buffer to a column used to obtain the primary
eluate through the anion exchange chromatography of step
(a); and

(d) mixing the eluate of +the cation exchange
chromatography obtained in step (b) with the secondary
eluate of the anion exchange chromatography obtained in
step (c),

wherein the first elution buffer comprises 140 to 170
mM NaCl, 8 to 12 mM Na-citrate-H,0, 100 to 140 mM glycine
and 0.5 to 1.5 mM CaCl;-2H20, and has a pH of 6.8 to 7.2,
and 1s applied in an amount of 4 to 6 times a volume of
the column at a flow rate of 80 to 120 cm/hour to elute
the primary eluate,

wherein the second elution buffer comprises 230 to 270

44

Date Regue/Date Received 2022-07-26



mM NaCl, 8 to 12 mM Na-citrate-H,O0, 100 to 140 mM glycine
and 0.5 to 1.5 mM CaCl,-2H»,0, and has a pH of 6.8 to 7.2,
and 1s applied in an amount of 2 to 4 times the volume of
the column at a flow rate of 30 to 60 cm/hour to elute the
secondary eluate, and

wherein the eluate of step (b) 1is obtained using an
elution buffer comprising 380 to 420 mM NaCl, 8 to 12 mM
Na-citrate -H20, 100 to 140 mM glycine and 0.5 to 1.5 mM
CaCl,-2H»0, and having a pH of 6.3 to 6.7, and is obtained
by applying an elution buffer in an amount of 4 to 6 times
the volume of the column at a flow rate of 230 to 270

cm/hour.

2. The method according to claim 1, wherein the primary
eluate of the anion exchange chromatography of step (a)
comprises a mixture of factor VIII and vWF, and the eluate
of the cation exchange chromatography of step (b)
comprises vWF and 0.01% by weight or less of the factor

VIII.

3. The method according to claim 1, wherein the eluate of
the cation exchange chromatography of step (b) and the
secondary eluate of the anion exchange chromatography of

step (¢) are mixed in a volume ratio of 9:1 to 1:9.

4. The method according to claim 1, wherein the exchange
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chromatography in step (a) is carried out using an anion
exchange chromatography resin which is Toyopearl™ DEAE, Q
Sepharose™ Fast Flow, DEAE Sepharose™ Fast Flow, Mono Q,
Capto™ Q, Fractogel™ EMD TMAE (M), Eshmuno™ Q, Toyopearl

GigaCap™ Q-650M or Fractogel™ EMD DEAE.

5. The method according to claim 1, wherein the cation
exchange chromatography in step (b) is carried out using
a cation exchange chromatography resin which is 8P
Sepharose™, SP Sepharose™ Fast Flow or Fractogel™ EMD

S03.

6. The method according to claim 1, wherein the plasma
sample isolated from the human body is obtained by a method
comprising:

(1) freezing the plasma sample isolated from the human
body, dissolving a resulting precipitate in an extracting
solution which comprises heparin, ethanol and water for
injection, forming a cold precipitate by adding an
aluminum hydroxide gel to the precipitate and slowly being
allowed to cool to a temperature of 10 to 14°C, and
removing impurities by a centrifugation; and

(ii) sterilizing the product of step (i) through

treatment with a detergent which can inactivate viruses.

7. The method according to claim 6, wherein the step (a)
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is carried out by adding a Na*-controlling liquid such
that a Na*' concentration of a detergent-treated solution
is adjusted to 120 to 150 mmol/L, adjusting a pH to 6.8
to 7.2, and applying the detergent-treated solution into
the column at a flow rate of 80 to 120 cm/hour to adsorb

the detergent-treated solution.

8. The method according to claim 7, wherein step (a)
further comprises perform re-equilibration by applying a
re-equilibration buffer in an amount of 4 to 6 times the
volume of the column at a flow rate of 80 to 120 cm/hour,

wherein the re-equilibration buffer comprises 80 to 120
mM NaCl, 8 to 12 mM Na-citrate-H,O0 and 100 to 140 mM

glycine, and has a pH of 6.8 to 7.2.

9. The method according to claim 1, wherein step (c)
comprises mixing the secondary eluate obtained in step (c)
with the eluate obtained in step (b) such that a titer of
the factor VIII (FVIII) and the wvon Willebrand factor

(VWF) is adjusted to 1:0.2 to 1:3.0.

10. The method according to claim 1, wherein the method
further comprises, after step (d):

(e} concentrating the mixed solution such that the
concentration of the factor VIITI (FVIII) is adjusted to

125 IU/mL or more; and
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(f) adding the secondary eluate obtained in step (c) to
further control the titer of the factor VIII (FVIII) and

the von Willebrand factor (vWF).
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FIG.3

-

i \HHHU\\\\HWHHHHNHW

‘Nnu .
Il

460
238

117

=3 | T
|

. A i
. T i

31

M: Marker

Lane 1 : Dissaluticn Lane? | Cold precipitation and cantrifuge
Lane3 : AEX load Laned : AEX unadsorbed liquid

Lanes | AEX elution Lane6 . CEX load

Lane7 : CEX uradsorbed liguid Laned : CEX wash

Lane9 : CEX elution

52

Date Regue/Date Received 2020-04-22



CA 03079956 2020-04-22

53

Date Regue/Date Received 2020-04-22



CA 03079956 2020-04-22

FIG.5
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FIG.6
F 1
Fovaltirraenr s
»7
»
F
&
2 L
3= Multimers
FIG.7
| ejv:b «TJ:& ﬂ T bk
0.30+ Fvinvwe
activity | o
=" o %
’ )
_, 020 W e
T ] i %m
] o
] % g
010+ e 3
1 , ]
_ a
“1 / h Q\“\
0.00- : e “
13 ¥ L L T Ll L L) ¥ v T ¥ L L T L] ¥ L] L L L ¥ ¥ L] ¥ u 11 ¥ L) Ll l L] ¥ L ¥ l L] H L L)
oo 1000 2000 | 000 4000 5000 6000 7000 8000 9000  100.00
Minnbes
55

Date Regue/Date Received 2020-04-22






	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - CLAIMS
	Page 48 - CLAIMS
	Page 49 - CLAIMS
	Page 50 - CLAIMS
	Page 51 - CLAIMS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - REPRESENTATIVE_DRAWING

