A Method for Producing An Active Hepatocyte Growth Factor
(HGF)

Technical Field
[0001]
The present invention relates to a method for producing

active hepatocyte growth factor activator (also referred to

herein as "active HGFA") and active hepatocyte growth factor
(also referred to herein as "active HGF") without using animal
serum.

Background Art
[0002]

HGF 1is a factor having Thepatic parenchymal cell
proliferation activity that is purified from the blood plasma
of human fulminant hepatitis patients (Patent Literature 1 and
Non-Patent Literature 1), and has been reported as having
various pharmacological effects such as antitumoral effect,
enhancement o0f cell-mediated immunity, wound therapeutic
effect, and tissue regeneration promotional effect (Patent
Literature 2).

[0003]

Until now, the gene encoding the aforementioned HGF has
been cloned and produced by recombinant DNA technology (Patent
Literatures 3 - 5). Moreover, it 1is known that HGF takes
single-stranded and double-stranded forms which are composed
of 2 types of subunits (a chain of approximately 60 kDa and f
chain of approximately 30 kDa), where the single-stranded form
does not have biocactivity and gains bioactivity in the double-
stranded form. Further, it is known that in the production by
recombinant DNA technology, HGF can be obtained as the active
double-stranded form under culturing with animal serum, but
under culturing without animal serum, the majority of the HGF
produced is obtained as the inactive single-stranded form (e.g.
Patent Literature ©60). Since a protease contained in animal

serum 1is involved in the conversion from the single-stranded



inactive Thepatocyte growth factor form (also referred to
herein as "pro-HGF") into the double-stranded active HGF form,
it is thought necessary to wuse animal serum in order to
efficiently obtain active HGF.

[0004]

On the other hand, in recent years, the mainstream in
the ©production of Dbiological material by recombinant DNA
technology is culturing without animal serum in order to avoid
the risk of wvirus contamination etc. Accordingly, in order to
manufacture active HGF with a medium without animal serum, it
is necessary to convert the single-stranded pro-HGF form into
active HGF by some means. HGFA that can convert pro-HGF into
active HGF (Patent Literature 7), or serine protease such as
urokinase plasminogen activator (Non-Patent Literature 2) are
known as such means. However, there are problems that these
enzymes that can convert pro-HGF into active HGF are serum-
derived, and when they are required to produce by integration
of the gene into microorganisms or animal cells for production,
they are produced as the precursor forms 1in a serum-free

culture and therefore difficult to use as they are.
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Summary of the Invention
Problems to be Solved by the Invention
[0007]

The object of the present invention i1is to provide a
method for producing active HGFA and active HGF without using
animal serum.

The another object of the present invention is to
provide active HGFA, active HGF, and preparations thereof

produced by the method of the present invention.

Means for Solving the Problems
[0008]

As a result of extensive investigation by the present
inventors to solve the above problems, it was found that by
culturing mammalian cells expressing 1inactive hepatocyte
growth factor activator (pro-HGFA) in a medium without serum
to obtain the culture supernatant thereof, and subjecting the
aforementioned culture supernatant to a particular treatment,
pro-HGFA contained in the aforementioned culture supernatant
can be converted into active HGFA. Accordingly, since pro-HGF
produced under culturing without animal serum can be converted
into active HGF by active HGFA similarly produced under
culturing without animal serum, active HGF that does not
contain animal serum-derived component or a preparation
comprising the same can be produced.

[0009]

Accordingly, the ©present invention encompasses the
following aspects:

[1] A method for producing active hepatocyte growth
factor activator (HGFA), characterized in that it comprises:
Step 1:

a step of obtaining a culture supernatant comprising

pro-HGFA Dby culturing mammalian cells expressing inactive



hepatocyte growth factor activator (pro-HGFA) in a medium
without serum, and
Step 2:

a step of adjusting the culture supernatant comprising
pro-HGFA obtained in the above step to weakly acidic to
convert pro-HGFA into active HGFA.

[0010]

[2] The production method according to (1],
characterized in that said step further comprises adding
sulfated polysaccharides to said culture supernatant.

[0011]

[3] The production method according to [1] or [2],
characterized 1in that said step of adjusting the culture
supernatant to weakly acidic 1is a step of adjusting pH to 4.0
- 6.0.

[0012]

[4] The production method according to any of [1] to [3],
characterized in that said step of adjusting the culture
supernatant to weakly acidic is performed at a temperature of
15 - 40°C.

[0013]

[5] The production method according to any of [1] to [4],
characterized in that said culture supernatant 1is obtained
after a decline in the survival rate of mammalian cells in
culture.

[0014]

[6] The production method according to any of [1] to [5],
characterized in that said mammalian cell is a Chinese hamster
ovary (CHO) cell.

[0015]

[7] The production method according to any of [1] to [6],
characterized in that said pro-HGFA has the amino acid
sequence shown in SEQ ID NO. 2.

[0016]
[8] The production method according to any of [1] to [7],

characterized in that said culture supernatant is said culture



supernatant per se, a dilution of said culture supernatant, a
concentrate of said culture supernatant, or a partially
purified product of said culture supernatant.

[0017]

[9] Active HGFA characterized in that it is obtained by
the production method according to any of [1] to [8].

[0018]

[10] A method for production active hepatocyte growth
factor (HGF), characterized in that it comprises a step of
allowing active HGFA to act on a culture supernatant
comprising 1inactive hepatocyte growth factor (pro-HGF) to
convert said pro-HGF into active HGF,

wherein

said culture supernatant comprising pro-HGF is a culture
supernatant obtained by culturing cells expressing pro-HGF in
a medium without serum, and

said active HGFA 1is produced by the method according to
any of [1] to [8].

[0019]

[11] The production method according to [107],
characterized in that said medium for culturing cells
expressing pro-HGF 1is a medium without any animal-derived
components.

[0020]

[12] The production method according to [10] or [11],
characterized in that said pro-HGF has the amino acid sequence
shown in SEQ ID NO. 1.

[0021]

[13] Active HGF characterized in that it is obtained by
the production method according to any of [10] to [12].

[0022]

Those skilled 1in the art shall recognize that an
invention of any combination of one or more characteristics of
the present invention described above 1is also encompassed by

the scope of the present invention.



Effects of the Invention
[0023]

According to the ©present invention, a method for
producing active HGFA and active HGF without wusing animal
serum is provided.

In the method for producing the active HGF of the
present invention, since there is no need to use any animal
serum 1in the production process thereof, a composition
comprising the active HGF obtained by the aforementioned
production method does not comprise animal serum-derived

component and can be extremely safely applied to human.

Brief Description of the Drawings
[0024]

Figure 1 shows that an HGFA culture supernatant prepared
by activation of a pro-HGFA culture supernatant activates pro-
HGF in a culture supernatant derived from CHO cells comprising
pro-HGEF.

Figure 2 shows the wverification result employing design
of experiments (DoE) regarding conditions under which the pro-
HGFA culture supernatant is activated.

Figure 3 shows SDS-PAGE after chromatographic
purification that employs a multimodal anion exchanger Capto
Adhere as the chromatography support and 20 mM Tris-
hydrochloride buffer (pH 8.0) comprising 0.25 M arginine and
0.7 M arginine as the eluent.

Figure 4 shows SDS—-PAGE after chromatographic
purification that employs a multimodal anion exchanger Capto
Adhere as the chromatography support and 20 mM Tris-
hydrochloride buffer (pH 8.0) comprising 1 M arginine as the
eluent.

Figure 5 shows non-reductive and reductive SDS-PAGE
results of the purified product at each stage of purification
where purification similar to Example 5 was performed with a
culture supernatant comprising pro-HGF that is not activated

by a HGFA culture supernatant.



Figure 6 shows the result of measuring cell

proliferation activity in the presence of TGFB for purified

HGF obtained in Example 5.

Description of Embodiments
[0025]

Reference herein to "active hepatocyte growth factor
(active HGF)," unless otherwise explicitly shown, is construed
as referring to the double-stranded activated HGF form, and is
used 1in discrimination with inactive hepatocyte growth factor
(pro-HGF) which is the single-stranded inactive form thereof.
[0026]

In the present invention, HGF may comprise HGF derived
from humans, mice, rats, rabbits, or other animals. In the
present invention, HGF is preferably HGF derived from humans.
[0027]

In the present invention, human HGF (hHGF) includes a
polypeptide having the amino acid sequence shown in SEQ ID NO.
1 or a variant thereof. A variant of the polypeptide having
the amino acid sequence shown in SEQ ID NO. 1 includes a
polypeptide having an amino acid sequence having addition,
deletion, or substitution of one or multiple amino acids to
the amino acid sequence shown in SEQ ID NO. 1, as well as
having HGF activity similar to or more than the polypeptide

having the amino acid sequence shown in SEQ ID NO. 1 or which

may be activated to have the activity. "Multiple" as used
herein is 2 - 150, more preferably 2 - 80, more preferably 2 -
70, more preferably 2 - 60, more preferably 2 - 50, more

preferably 2 - 40, more preferably 2 - 30, more preferably 2 -
20, more preferably 2 - 10, or more preferably 2 - 5.
[0028]

A variant of the polypeptide having the amino acid
sequence shown in SEQ ID NO. 1 also includes a polypeptide
having an amino acid sequence showing at 1least 80%, more
preferably at least 85%, and more preferably at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity



with the amino acid sequence shown in SEQ ID NO. 1, as well as
having HGF activity similar to or more than the polypeptide
having the amino acid sequence shown in SEQ ID NO. 1 or which
may be activated to have the activity.

[0029]

A variant of the polypeptide having the amino acid
sequence shown in SEQ ID NO. 1 also includes a polypeptide
having the amino acid sequence encoded by a polynucleotide
that hybridizes under stringent condition to a polynucleotide
encoding the amino acid sequence shown in SEQ ID NO. 1, as
well as having HGF activity similar to or more than the
polypeptide having the amino acid sequence shown in SEQ ID NO.
1 or which may be activated to have the activity.

[0030]

In the present invention, a "stringent condition" can
include those where in the ©post hybridization washing,
hybridization 1s achieved with washing at for example a
condition of "2 X SSC, 0.1% SDS, 50°C," a condition of "2 X SSC
0.1% SDS, 42°C," or a condition of "1 X SSsC, 0.1% SDS, 37°C,"
and a more stringent condition can include those where
hybridization is achieved with washing at for example
conditions of "2 X Ssc, 0.1% SDS, 65°C,"™ "0.5 X SsC, 0.1% SDsS,
42°c," "0.2 X ssc, 0.1% SDS, 65°C," or "0.1 X sSC, 0.1% SDs,
65°C" (1 X SSC 1is 150 mM sodium chloride, 15 mM sodium citrate,
pH 7.0). More particularly, as a method that employs Rapid-
hyb buffer (Amersham Life Science), it 1is conceivable to
perform prehybridization at 68°C for 30 minutes or more, after
which a probe is added and retained at 68°C for 1 hour or more
to allow formation of hybrids, and then to perform three
washes in 2 X SSC and 0.1% SDS at room temperature for 20
minutes, three washes in 1 X SSC and 0.1% SDS at 37°C for 20
minutes, and finally two washes in 1 X SSC and 0.1% SDS at 50°C
for 20 minutes. More preferably, wusing a solution, for
example, comprising 5 X SSC, 7% (W/V) SDS, 100 pg/mL denatured
salmon sperm DNA, and 5 X Denhardt's solution (1 X Denhardt's

solution comprises 0.2% polyvinylpyrrolidone, 0.2% bovine



serum albumin, and 0.2% Ficoll) as prehybridization and
hybridization solutions, prehybridization is performed at 65°C
for 30 minutes to 1 hour and hybridization is performed at the
same temperature overnight (6 - 8 hours). In addition, it is
also possible to perform for example prehybridization in
Expresshyb Hybridization Solution (CLONTECH) at 55°C for 30
minutes or more, add a labeled probe and incubate at 37 - 55°C
for 1 hour or more, and three washes in 2 X SSC and 0.1% SDS
at room temperature for 20 minutes and then one washing in 1 X
SSC and 0.1% SDS at 37°C for 20 minutes. Here, a more
stringent condition can be achieved for example by raising the
temperature for prehybridization, hybridization, or second
washing. For example, the temperature for prehybridization
and hybridization can be 60°C, or 65°C or 68°C for a further
stringent condition. Those skilled in the art will be able to
set conditions for obtaining isoforms, allelic wvariants, and
corresponding genes derived from other organism species for
the gene of the present invention by factoring in various
conditions such as other probe concentration, probe length,
and reaction time 1in addition to conditions such as salt
concentration of such a Dbuffer and temperature. For a
detailed protocol of the hybridization method, reference can
be made to "Molecular Cloning, A Laboratory Manual 2nd ed."
(Cold Spring Harbor Press (1989); in particular Section 9.47-
9.58), "Current Protocols in Molecular Biology" (John Wiley &
Sons (1987-1997); in particular Section 6.3-6.4), "DNA Cloning
1: Core Techniques, A Practical Approach 2nd ed." (Oxford
University (1995); in particular Section 2.10 for conditions),
and the like.

[0031]

Reference herein to "active hepatocyte growth factor
activator (active HGFA)," unless otherwise explicitly shown,
is construed as referring to activated HGFA, and is used in
discrimination with inactive hepatocyte growth factor
activator (pro-HGFA) which is the inactive form thereof.

[0032]



In the present invention, HGFA may include HGFA derived
from human, mouse, rat, rabbit, or other animals. In the
present invention, HGFA is preferably HGFA derived from humans.
[0033]

In the present invention, human HGFA includes a
polypeptide having an amino acid sequence shown in SEQ ID NO.
2 or a variant thereof. The variant of the polypeptide having
the amino acid sequence shown in SEQ ID NO. 2 includes a
polypeptide having an amino acid sequence having addition,
deletion, or substitution of one or multiple amino acids to
the amino acid sequence shown in SEQ ID NO. 2, as well as
having HGF activity similar to or more than the polypeptide

having the amino acid sequence shown in SEQ ID NO. 2 or which

may be activated to have the activity. "Multiple" as used
herein is 2 - 150, more preferably 2 - 80, more preferably 2 -
70, more preferably 2 - 60, more preferably 2 - 50, more

preferably 2 - 40, more preferably 2 - 30, more preferably 2 -
20, more preferably 2 - 10, or more preferably 2 - 5.
[0034]

The wvariant of the polypeptide having the amino acid
sequence shown in SEQ ID NO. 2 also includes a polypeptide
having an amino acid sequence showing at least 80%, more
preferably at least 85%, and more preferably at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
with the amino acid sequence shown in SEQ ID NO. 2, as well as
having HGFA activity similar to or more than the polypeptide
having the amino acid sequence shown in SEQ ID NO. 2 or which
may be activated to have the activity.

[0035]

The wvariant of the polypeptide having the amino acid
sequence shown in SEQ ID NO. 2 also includes a polypeptide
having the amino acid sequence encoded by a polynucleotide
that hybridizes under stringent condition to a polynucleotide
encoding the amino acid sequence shown in SEQ ID NO. 2, as

well as having HGF activity similar to or more than the
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polypeptide having the amino acid sequence shown in SEQ ID NO.
2 or which may be activated to have the activity.
[0036]

The present invention is described in detail below.
[0037]

In one aspect, the present invention relates to a method
for producing active HGFA without wusing animal serum.
Specifically, the method for producing the active HGFA of the
present invention 1is a method for producing active HGFA by
subjecting a culture supernatant comprising pro-HGFA
recombinantly expressed in mammalian cells to a given
treatment to thereby allow conversion into active HGFA. Since
animal serum 1is not used in the conversion into active HGFA,
according to the present method, the pro-HGFA obtained or a
composition comprising the same has significantly lower
possibility of inviting the risk of being contaminated with
infective materials such as virus derived from cells of other
animal species or other individuals, and can be employed for
various purposes as a highly safe biological material.

[0038]

Specifically, in one embodiment, the method for
producing the active HGFA of the present invention 1is
characterized in that it comprises the following steps:

Step 1:

a step of obtaining a culture supernatant comprising
pro-HGFA by culturing mammalian cells expressing pro-HGFA in a
medium without serum, and
Step 2:

a step of adjusting the culture supernatant comprising
pro-HGFA obtained 1in the above step to weakly acidic to
convert pro-HGFA into active HGFA.

[0039]

In another embodiment, the HGFA production method of the
present invention is characterized in that it comprises a step
of adjusting the culture supernatant comprising pro-HGFA to

weakly acidic to convert pro-HGFA into active HGFA, wherein
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said culture supernatant is a culture supernatant obtained by
culturing mammalian cells expressing pro-HGFA 1in a medium
without serum.

[0040]

Weak acidification of the culture supernatant 1is a
treatment for converting pro-HGFA into active HGFA. Since
conversion from pro-HGFA into active HGFA occurs by weak
acidification alone without externally adding enzymes etc. to
the culture supernatant, mammalian cell-derived components are
thought to be involved in the conversion from pro-HGFA into
active HGFA, and weak acidification is a means for activating
said mammalian cell-derived components. Weak acidification
may be performed by means well-known to those skilled in the
art, such as adding for example an acidic solution (inorganic
acids such as hydrochloric acid, sulfuric acid, and phosphoric

acid, or organic acids such as acetic acid, succinic acid, and

citric acid) at an appropriate concentration. In one
embodiment of the present invention, "weakly acidic" 1is a
range of pH 4.0 - 6.0, preferably 5.0 - 6.0, and more
preferably 5.3 - 5.6, for example pH 5.5.
[0041]

In the present invention, a "culture supernatant
comprising pro-HGFA" (also referred to herein as a "pro-HGFA
culture supernatant") is a fraction comprising pro-HGFA that

is obtained by cell culturing mammalian cells expressing pro-
HGFA, which can be obtained from a <cell culture of said
mammalian cells by those skilled in the art according to
conventional means. For example, the pro-HGFA culture
supernatant may be a fraction where residues are removed from
a cell culture of said mammalian cells by a means such as
centrifugation.
[0042]

In the present invention, the culture supernatant may be
any fraction prepared by applying any treatment to the culture
supernatant to an extent that the biological activity of pro-

HGFA is not lost. Accordingly, in the present invention, the
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culture supernatant includes, Dbut i1s not limited to, the
culture supernatant per se, and a dilution, a concentrate or a
partially purified product of the culture supernatant.

[0043]

In a preferred embodiment of the present invention, the
"step of converting pro-HGFA into active HGFA" further
comprises adding sulfated polysaccharides to said culture
supernatant. By adding sulfated polysaccharides, the
conversion from pro-HGFA into active HGFA can be performed
more efficiently. The timing for adding sulfated
polysaccharides may be at any time point of before weak
acidification of said culture supernatant, simultaneously with
weak acidification, or after weak acidification. Moreover,
the amount of sulfated polysaccharides added may vary
depending on e.g. the type of sulfated polysaccharides used,
and may be added at an amount of 0.01 - 50 mg, more preferably
0.1 - 20 mg, for example 1 mg per 1 mL of said pro-HGFA
culture supernatant.

[0044]

Sulfated polysaccharides that can be used for the method
for producing the active HGFA of the present invention can
include, but are not 1limited to, peparin, dextran sulfate,
chondroitin sulfate, fucoidan, and salts thereof. In a
preferred embodiment of the present invention, dextran sulfate
is used.

[0045]

In a preferred embodiment of the present invention, the
"step of converting pro-HGFA into active HGFA" 1is performed at
a temperature of 15 - 40°C, preferably 20 - 37°C, for example
25°C. By employing said temperature range, the conversion of
pro-HGFA into active HGFA can be made more efficient.

[0046]

In the method for producing the active HGFA of the
present invention, the "step of converting pro-HGFA into
active HGFA" 1is performed for a length of time sufficient to

recognize the desired HGFA activity after weak acidification.
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Such a length of time may vary depending on pH, the presence

or absence of sulfated polysaccharide used in combination, and

temperature condition etc., and can be 1 - 15 hours, for
example 6 - 8 hours after weak acidification.
[0047]

In one embodiment of the present invention, the pro-HGFA
culture supernatant is a culture supernatant that is obtained
after a decline in the survival rate of mammalian cells in
culture. Along with the decline in the survival rate of the
mammalian cells, the animal cell-derived components involved
in the conversion from pro-HGFA into active HGFA are eluted
out from dead cells, and can be sufficiently collected in the
pro-HGFA culture supernatant. The "decline in the survival
rate of mammalian cells in culture" herein refers to the
decline in the survival rate of the mammalian cells after
proliferation to maximum cell density. In the present
invention, the survival rate of mammalian cells in the pro-
HGFA culture supernatant 1s preferably 95% or less, more
preferably 80% or less, for example 70%.

[0048]

Since an enzyme derived from host cell lysosome 1is
thought to be involved in the activation from pro-HGFA to
active HGFA, an enzyme derived from lysosome may be added to
apply treatment.

[0049]

Mammalian cells that can be used in the method for
producing the active HGFA of the present invention can include,
but are not limited to, Chinese hamster ovary (CHO) cells,
Hela cells, HEK cells (including HEK 293 cells), COS cells,
NSO mouse myeloma cells, Sp2/0 mouse myeloma cells, and the
like. 1In a preferred embodiment of the present invention, CHO
cells are used as mammalian cells expressing pro-HGFA.

[0050]

The present invention also relates to a composition

comprising active HGFA or active HGFA produced by the method

for producing the active HGFA of the present invention. Since
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the composition comprising active HGFA or active HGFA of the
present invention can be produced without using animal serum
from recombinantly expressed pro-HGFA without wusing animal
serum, it can be used as a highly safe biological material e.g.
for the method for producing the active HGF described below.
[0051]

In another aspect, the present invention relates to a
method for producing active HGF. The method for producing the
active HGF of the present invention comprises allowing active
HGFA obtained by the method for producing the active HGFA of
the present invention to act on a culture supernatant
comprising pro-HGF recombinantly expressed in a medium
similarly without serum to convert pro-HGF into active HGF.
According to this method, since active HGF can be produced
without employing animal serum in all of the steps including
obtaining active HGFA employed for conversion into active HGF,
the active HGF obtained or a composition comprising the same
can be wused as a highly safe pharmaceutical material that
eliminates the «risk of Dbeing contaminated with infective
materials such as virus.

[0052]

Specifically, in one embodiment, the method for
producing the active HGF of the present invention is
characterized in that it comprises a step of allowing active
HGFA to act on a culture supernatant comprising pro-HGF to
convert said pro-HGF into active HGF,

wherein

said culture supernatant comprising pro-HGEF is a culture
supernatant obtained by culturing cells expressing pro-HGF in
a medium without serum, and

said active HGFA 1is produced by the above method for
producing the active HGFA of the present invention.

[0053]

Moreover, in another embodiment, the method for

producing the active HGF of the ©present invention 1is

characterized in that it comprises the following steps:
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Step A:

a step of adjusting the culture supernatant comprising
pro-HGFA to weakly acidic to convert pro-HGFA into active HGFA,
wherein said culture supernatant 1is a culture supernatant
obtained by culturing mammalian cells expressing pro-HGFA in a
medium without serum,

Step B:

a step of obtaining a culture supernatant comprising
pro-HGF by culturing cells expressing pro-HGF 1in a medium
without serum,

Step C:

a step of allowing the active HGFA obtained in said step
A to act on the culture supernatant comprising pro-HGF
obtained in said step B to convert said pro-HGF into active
HGEF'.

[0054]

In the present invention, a "culture supernatant
comprising pro-HGF" is a fraction comprising pro-HGF that is
obtained Dby culturing cells expressing pro-HGF, and those
skilled in the art can obtain the same from a culture of said
cells according to conventional means. For example, a culture
supernatant comprising pro-HGF may be a fraction where
residues are removed from a culture of said cells by a means
such as centrifugation.

[0055]

In the method for producing the active HGF of the
present invention, a culture supernatant obtained by culturing
mammalian cells expressing pro-HGFA in a medium without serum
may be employed as it is, or a dilution, a concentrate, or a
partially or completely purified product of the aforementioned
culture supernatant may be employed as the active HGFA that 1is
allowed to act on the "culture supernatant comprising pro-
HGF."

[0056]
In the present invention, a mammalian cell expressing

pro-HGFA can be obtained by, but not limited to, creating a
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vector comprising a nucleic acid encoding pro-HGFA, and
introducing this into a host cell mammalian cell to allow
transformation. Similarly, a cell expressing pro-HGF can be
obtained by <creating a vector comprising a nucleic acid
encoding pro-HGF, and introducing this into a host cell to
allow transformation.

[0057]

A gene expression vector etc. can be used as the above-
described wvector. A "gene expression vector" 1is a vector
which has the function to express the base sequence that the
nucleic acid of interest has, and may include a promoter
sequence, an enhancer segquence, a repressor sequence, an
insulator sequence, and the like for controlling the
expression of said base sequence. These sequences are not
particularly limited as long as they function in the host cell.
[0058]

The means to create the vector comprising the nucleic
acid of interest is well-known to those skilled in the art,
and those skilled 1in the art can suitably select an
appropriate method. For example, such a means can include,
but 1is not limited to, a ligase reaction that wutilizes a
restriction enzyme site and the 1like (Current Protocols 1in
Molecular Biology, John Wiley & Sons (1987) Section 11.4-
11.11; Molecular Cloning, A Laboratory Manual 2nd ed., Cold
Spring Harbor Press (1989) Section 5.61-5.63).

[0059]

The cells expressing pro-HGEF are not particularly
limited as long as they can express pro-HGF, and include, for
example, insect cells, eukaryotic cells, mammalian cells.
Preferably, in terms of efficiently expressing a nucleic acid
encoding pro-HGF derived from human, mammalian cells, e.g.,
CHO cells, HEK cells (including HEK 293 cells), Hela cells,
NSO cells, or SP2/0 mouse myeloma cells are used. In a
preferred embodiment of the invention, CHO cells are used as
the mammalian cell expressing pro-HGF.

[0060]
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The means for introducing the above vector into a host
cell is well-known, and those skilled in the art can suitably
select an appropriate method. Examples can include, but are
not limited to, for introduction of a vector into a host cell,
electroporation method (Chu et al. (1987) Nucleic Acids Res.
15: 1311-26), ~cationic 1liposome method, electrical pulse
perforation method (Current Protocols in Molecular Biology,
John Wiley & Sons (1987) Section 9.1-9.9), direct inject
method using a capillary glass tube, microinjection method,
lipofection (Derijard (1994) Cell 7: 1025-37; Lamb (1993)
Nature Genetics 5: 22-30; Rabindran et al. (1993) Science 259:
230-4), lipofectamine method (Thermo Fisher Scientific),
calcium phosphate method (Chen and Okayama (1987) Mol. Cell.
Biol. 7: 2745-52), DEAE dextran method (Lopata et al. (1984)
Nucleic Acids Res. 12: 5707-17; Sussman and Milman (1985) Mol.
Cell. Biol. 4: 1642-3), FreeStyle MAX Reagent (Thermo Fisher
Scientific), and the like.

[0061]

In regards to the serum-free medium used for culturing
cells expressing pro-HGFA and cells expressing pro-HGF, those
skilled in the art can suitably select an appropriate
composition depending on the type of host cell etc. used.
Moreover, other culture conditions can also Dbe suitably
selected by those skilled in the art, and for example, but not
limited to, the culture temperature can be suitably selected
from between 35.5 - 37.5°C, and the culture period can be
selected from between 5 - 20 days. For pro-HGFA, the culture
period may be set according to the target survival rate. The
carbon dioxide concentration during culture can be 5% CO; in
accordance to the general protocol.

[0062]

In one embodiment, the method for producing the active
HGF of the present invention is characterized in that followed
by said step, it further comprises a step of purifying active
HGF. This step may include purification of pro-HGF that may

remain in the preparation comprising active HGF.
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[0063]

The purification method that may be used in the present
invention 1s not particularly limited as long as 1t enables
purification without 1losing the physiologic activity of the
protein. In particular, it is preferred to use
chromatographic purification employing a mixed mode support in
the present invention.

[0064]

Mixed mode support 1is also referred to as mixture mode
support, and is a chromatography support in which ligands of
modes with two or more types of properties are bound into one
support. In particular, 1in the present invention, for the
purification of active HGF, active HGF can be efficiently
purified by chromatographic purification employing a mixed
mode support having characteristics of hydrophobicity and ion
exchange support.

[0065]

Examples of a "mixed mode support having characteristics
of hydrophobicity and ion exchange support" that may be used
in the method of the present invention can include, but are
not limited to, Capto adhere, Capto MMC, HEA HyperCel, PPA
HyperCel, MEP HyperCel, TOYOPEARL MX-Trp-650M, and the like.
[0066]

Chromatographic purification employing said mixed mode
support can be performed by adsorbing active HGF in the column
loading solution to said mixed mode support, and then washing
with a buffer to remove impurities, followed by elution. The
buffer for removing impurities can be set based on the pH,
electric conductivity, buffer component, salt concentration,
or additives that maintain the adsorption between the protein
which 1is the target for purification and the support while
reducing the affinity between impurities and the support.

[0067]

Examples of the column loading solution and buffer used

include, Dbut are not limited to, phosphate salts, citrate

salts, acetate salts, succinate salts, maleate salts, borate
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salts, Tris (base), HEPES, MES, PIPES, MOPS, TES, or Tricine
and the like.
[0068]

The column loading solution and buffer used can comprise
amino acids. Examples of such amino acids can include, but
are not limited to, glycine, alanine, arginine, serine,
threonine, glutamic acid, aspartic acid, histidine,
derivatives thereof, and the like.

[0069]

In the present invention, a column loading solution that
has suitable pH and salt concentration for adsorbing active
HGF onto said mixed mode support can be used. Such a pH range
is pH 6.0 - 10.0, more preferably pH 7.0 - 9.0, for example pH
8.0. Moreover, such a salt concentration is 0.01 - 5 M,
preferably 0.1 - 2 M, for example 1 M. The above salt
concentration can be prepared by employing for example 0.001 M
- 4 M sodium chloride, potassium chloride, calcium chloride,
sodium citrate, sodium sulfate, ammonium sulfate, or a
combination thereof.

[0070]

In the present invention, elution of active HGF can be
performed by employing a buffer that will reduce the affinity
between said mixed mode support and active HGF. Such a buffer
includes a buffer comprising at least 0.1 M arginine, more
preferably at least 0.3 M arginine, further preferably at
least 0.4 M arginine, for example 0.7 M arginine. Moreover,
in combination with or instead of arginine, a buffer
comprising magnesium ion (Mg?*) can also be employed.
Alternatively, elution of active HGF may also be performed by
a stepwise method that reduces pH stepwise to elute active HGF.
[0071]

In one embodiment of the ©present invention, said
purification may further comprise, after purification by a
mixture mode support comprising an ion exchange group and a
hydrophobic interaction group, purification by single or

multiple additional chromatographies. This will enable active
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HGF to be obtained at higher purity. Such a chromatographic
purification includes, but 1is not 1limited to, for example
chromatographic purification that employs a mixed mode support,
an anion exchange support, a cation exchange support, a
hydrophobic interaction support, a size exclusion support, a
gel filtration support, a reverse phase support, a
hydroxyapatite support, a fluoroapatite support, a sulfated
cellulose support, or a sulfated agarose support and the like.
[0072]

Note that the terms used herein are to be employed to
describe particular embodiments and do not intend to limit the
invention.

[0073]

Moreover, the term "comprising" as used herein, unless
the content <clearly indicates to be understood otherwise,
intends the ©presence o0f the described items (such as
components, steps, elements, and numbers), and does not
exclude the presence of other items (such as components, steps,
elements, and numbers).

[0074]

Unless otherwise defined, all terms used herein
(including technical and scientific terms) have the same
meanings as those broadly recognized by those skilled in the
art of the technology to which the present invention belongs.
The terms used herein, unless explicitly defined otherwise,
are to be construed as having meanings consistent with the
meanings herein and in related technical fields, and shall not
be construed as having idealized or excessively formal
meanings.

[0075]

Terms such as first and second are sometimes employed to
express various elements, and it should be recognized that
these elements are not to be limited by these terms. These
terms are employed solely for the purpose of discriminating
one element from another, and it is for example possible to

describe a first element as a second element, and similarly,
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to describe a second element as a first element without
departing from the scope of the present invention.
[0076]

The present invention will now be more specifically
described by Examples. However, the present invention can be
embodied by various embodiments, and shall not be construed as

being limited to the Examples described herein.

Examples
[0077]

The present invention will be specifically described
below by showing Examples, but the present invention is not to

be limited by the Examples.

[Example 1]

CHO cells that recombinantly express full length pro-
HGFA were thawed in EX-CELL custom design medium (from SAFC)
in a T75 flask (from Corning, 430421), expansion culture was
performed in a 250 mL shaker flask (from Corning, 431144), and
then cultured for 10 days 1in a 7 L culture tank (from
ABLE/Biott, BCP-07) at 121 rpm set at 36.5°C. The survival
rate of the cells at Day 10 of culturing was 47.1%. After
completion of culture, cells were removed by centrifugation
and microfiltered through a 0.2 pum filter (from Sartorius,
5445307H7--00), and the pro-HGFA supernatantcollected was
stored under refrigeration until use.

[0078]

50 mL of pro-HGFA culture supernatant obtained similarly
as above was placed in a 100 mL glass beaker, 5 mL, which is
1/10 volume of the supernatant, of 10 g/L aqueous solution of
dextran sodium sulfate (Mw. 500,000) was added, and then pH
was adjusted to 5.3 with 2 M hydrochloric acid. After the pH
adjustment, it was subjected to filtration with a 0.2 pum
filter, and then placed in a 250 mL shaker flask. Five
percent carbon dioxide was blown in for 60 seconds, and then

reaction was performed at room temperature with stirring speed
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set at 80 rpm for 6 hours. The activation reaction was
progressed at around pH 5.5. Sampling was performed after 6
hours of reaction, and HGFA activity was measured with
synthetic peptide as the substrate. The synthetic substrate
H-D-Val-Leu-Arg-pNA-2AcOH (from Bachem, 1L-1885) was dissolved
in 50 mM Tris-HCl1 - 0.15 M sodium chloride - 10 mM calcium
chloride buffer (pH 7.5) comprising 0.25% BSA, and adjusted to
2 mM. This was applied at 100 pL/well in the necessary number
of wells in a 96-well plate, and 10 pL each of the HGFA
culture supernatant which had been subjected to activation
treatment, positive control, and untreated pro-HGFA culture
supernatant were added. As the positive control, HGFA culture
supernatant which had been activated in advance and was
confirmed to be capable of sufficiently activating pro-HGF was
employed. The plate was shielded from light with an aluminum
foil, and incubated at 37°C for 1 hour. Absorbance was read
with a plate reader from TECAN (405 nm), and HGFA activity
value was caluculated Dby subtracting an absorbance of
untreated pro-HGFA culture supernatant from the original
absorbance. As a result, it was confirmed that the activity
value of the HGFA sample after activation showed 0.577, which
is comparable to the activity wvalue of the positive control.
It is thought that pro-HGFA is activated by the action of an
enzyme derived from the host CHO cell since any enzymes and
the like were not externally added to this reaction solution.
Moreover, when 1 M Tris was added to the solution after 7.6
hours of reaction to adjust pH to 7.0 and then the solution
was stored wunder refrigeration for 2 days to examine the
change in HGFA activity value, a large decline in the activity
value was not seen with the activity value immediately after
neutralization at 0.653, Day 1 of refrigeration at 0.667, and
Day 2 of refrigeration at 0.679, showing stability for 2 days

after activation (Table 1).

[0079]
[Table 1]
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Sample A405 HGFA Activity
Value

Measurement 1 Pro-HGFA 0.100 -
culture
supernatant

6 hours after 0.677 0.577
activation

Positive- 0.709 0.609
control

Measurement 2 Pro-HGFA 0.110 -
culture
supernatant

7.6 hours after 0.803 0.693
activation
(before
neutralization)

7.6 hours after 0.763 0.653
activation
(after
neutralization)

Day 1 of 0.777 0.0667
refrigerated
storage after
neutralization

Day 2 of 0.789 0.679
refrigerated
storage after
neutralization

Positive- 0.714 0.604
control

Table 1 HGFA Activity Value After Activation Treatment
[0080]

CHO cells that recombinantly express pro-HGF were thawed
in EX-CELL custom design medium in a T75 flask, expansion
culture was performed in a 250 mL shaker flask and a 7 L

culture tank, and this was then cultured for 9 days in a 20 L

culture tank at 144 rpm set at 36.5°C. The survival rate at
Day 9 of culturing was 90.6%. After filtration to remove

cells, 19.14 kg of pro-HGF culture supernatant that had been

microfiltered through a 0.2 um filter (from Sartorius,
5445307H9--00) was charged into a 30 L culture tank. To this,
0.96 kg, which is 1/20 volume of the HGF supernatant, of the
HGFA culture supernatant that had been activated and returned

to pH 7.0 and stored under refrigeration for 2 days was added

and reacted with stirring at 30 rpm at 25°C. Note that the
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activated HGFA culture supernatant charged was that which had
an activity value comparable to the positive control in HGFA
activity measurement. Sampling was performed after about 20

hours of reaction, and the activation state of pro-HGF was

confirmed with SDS-PAGE employing 5 - 20% polyacrylamide gel
(from DRC, NXV-271HP). A band of single strand was seen under

a non-reductive condition, and under a reductive condition
after activation the single strand substance had disappeared
and separated into o and [ chains, and thus sufficient
activation of pro-HGF was confirmed(Figure 1).

[0081]

[Example 2]

Using design of experiments (DoE), the wvalidity of pro-
HGFA activation parameters described in Example 1 which are pH
(5.3 - 5.5) and reaction temperature (room temperature) was
tested. Experiment conditions were set with central composite
design using JMP software (from SAS Institute), and a solution
for pro-HGFA activation treatment was prepared similarly to
the method described in Example 1. Note that pH was adjusted
to three conditions of pH 5.0, 5.5, and 6.0 with 2 M
hydrochloric acid. 100 pl each were placed in 1.5 mL tubes
and reacted by still standing at 20°C, 28.5°C and 37°C.
Sampling was performed after 3, 6, 9, and 15 hours of reaction,
and HGFA activity measured with synthetic peptide as the
substrate. HGFA activity value is obtained by subtracting the
value (A405) of untreated pro-HGFA culture supernatant. A
response surface plot was created by statistical analysis from
the HGFA activity values obtained from a total of 27
conditions, and the range having an activity wvalue of 0.4 or
more was shown in white. From this result, it was found that
the condition that gives the highest HGFA activity wvalue is pH
5.4 and a reaction temperature of 26.1°C, and that HGFA

activity value can be obtained in a wide range (Figure 2).

[0082]
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[Example 3]

2 mL of multimodal anion exchanger Capto Adhere (from GE
Healthcare, 28-4058-44) was equilibrated in advance with 20 mM
Tris-hydrochloride Dbuffer (pH 8.0) comprising 2 M sodium
chloride. To 32 mL of culture supernatant comprising active
HGF, sodium chloride was added to obtain 1 M. This culture
supernatant was loaded onto the column at a flow rate of 2
mL/min and the flow-through solution was collected. After
loading was complete, 20 mM Tris-hydrochloride buffer (pH
8.0) comprising 2 M sodium chloridewas flowed at an amount
corresponding to 3 times of the column volume to wash, and the
eluate was collected. After washing was complete, 20 mM Tris-
hydrochloride buffer (pH 8.0) comprising 0.25 M arginine was
flowed at an amount corresponding to 3 times of the column
volume to wash and the eluate was collected. Next, an
operation to flow 20 mM Tris-hydrochloride buffer (pH 8.0)
comprising 0.7 M arginine at an amount corresponding to 1
column wvolume to collect the eluate was repeated 5 times.
Finally, 20 mM Tris-hydrochloride buffer (pH 8.0) comprising
1.0 M arginine was flowed at an amount corresponding to 3
times of the column volume to collect the eluate. Figure 3
shows the result of performing SDS-PAGE under a non-reductive
condition with the solutions collected in this process. The
gel for SDS-PAGE employed was XV-PANTERA (NXV-271HP) from DRC,
and the molecular weight marker employed was Precision Plus
Protein All Blue Standards (161-0373) from BIORAD. The
samples were subjected to SDS-PAGE analysis after performing
10 minutes of heat treatment in Laemmli's sample buffer at 60°C.
Electrophoresis was performed under a constant voltage of 150
V, and the gel was stained when the electrophoresis was
complete with PAGE Blue83 from COSMO BIO to confirm the
separated ©proteins. When comparing the column loading
solution and the flow-through solution, the HGF Dband of
molecular weight of around 75,000 was decreased in the flow-
through solution, showing that 1t was adsorbed onto the

support. HGF was not eluted by flowing through 20 mM Tris-
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hydrochloride buffer (pH 8.0) comprising 2 M sodium chloride.
A component comprising much impurity was eluted in subsequent
washing with 20 mM Tris-hydrochloride Dbuffer (pH  8.0)
comprising 0.25 M arginine. Active HGF was then eluted by
flowing through 20 mM Tris-hydrochloride Dbuffer (pH 8.0)

comprising 0.7 M arginine.

[0083]
[Example 4]

1 mL of multimodal anion exchanger Capto Adhere (from GE
Healthcare, 28-4058-44) was equilibrated in advance with 20 mM
Tris-hydrochloride buffer (pH 8.0) comprising 2 M sodium
chloride. To 8 mL of culture supernatant comprising active
HGF was added an equal amount of 20 mM Tris-hydrochloride
buffer (pH 8.0) comprising 2 M sodium chloride to obtain 1 M.
This culture supernatant was loaded onto the column and the
flow-through solution was collected. After loading was
complete, 20 mM Tris-hydrochloride buffer (pH 8.0) comprising
2 M sodium chloride was flowed at an amount corresponding to 3
times of the column volume to wash, and the eluate was
collected. An amount corresponding to 5 times of the column
volume of 20 mM Tris-hydrochloride buffer (pH 8.0)comprising
1 M arginine was flowed, and the eluate was collected. Figure
4 shows the result of performing SDS-PAGE wunder a non-
reductive condition with the solutions collected in this
process. The gel for SDS-PAGE employed was XV-PANTERA (NXV-
271HP) from DRC, and the molecular weight marker employed was
Precision Plus Protein All Blue Standards (161-0373) from
BIORAD. The samples were subjected to SDS-PAGE analysis after
performing 10 minutes of heat treatment in Laemmli's sample
buffer at 60°C. Electrophoresis was performed under a constant
voltage of 150 'V, and the gel was stained when the
electrophoresis was complete with PAGE Blue83 from COSMO BIO
to confirm the separated proteins. When comparing the column
loading solution and the flow-through solution, HGF band was

decreased in the flow-through solution, showing that it was
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adsorbed onto the support. HGF was not eluted by flowing
through 20 mM Tris-hydrochloride buffer (pH 8.0) comprising 2
M sodium chloride. Active HGF was eluted with the subsequent
elution with 20 mM Tris-hydrochloride buffer (pH 8.0)

comprising 1 M arginine.

[0084]
[Example 5]

To the culture supernatant comprising active HGF
obtained in the method of Example 1 was added an equal amount
of 40 mM Tris-hydrochloride buffer (pH 8.0) comprising 2 M
sodium chloride, and then the pH was adjusted to 8.0. The
above solution was loaded onto a Capto adhere (GE Healthcare,
17-5444-05) column equilibrated with 20 mM Tris-hydrochloride
buffer (pH 8.0) comprising 2 M sodium chloride, and after
loading was complete, washing with the buffer employed for
equilibration was performed. The column was washed with 20 mM
Tris-hydrochloride buffer (pH 8.0) comprising 0.25 M arginine
hydrochloric acid, after which it was eluted with 20 mM Tris-
hydrochloride buffer (pH 8.0) comprising 0.7 M arginine
hydrochloric acid, and the fraction comprising HGF was
collected.

[0085]

The Capto adhere purification fraction was pooled, the
solution diluted 7 times with 20 mM Tris-hydrochloride buffer
(pH 7.5) comprising 0.012% polysorbate 80 was loaded onto a
Capto Q (GE Healthcare, 17-5316-05) column equilibrated with
20 mM Tris-hydrochloride buffer (pH 7.5) comprising 0.012%
polysorbate 80, and after loading was complete, washing with
the buffer employed for equilibration was performed. The
column flow-through solution and the wash solution were pooled
as the Capto Q purification fraction.

[0086]

The Capto Q purification fraction was loaded onto a
UNOsphere S (Bio-Rad 156-0117) column equilibrated with 20 mM
phosphate buffer (pH 7.5), and after loading was complete,
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this was washed with the buffer employed for equilibration.
After completion of washing with the same solution, this was
washed with 20 mM phosphate buffer (pH 7.5) comprising 0.4 M
sodium chloride, and then the adsorbed HGF was eluted with 20
mM phosphate buffer (pH 7.5) comprising 0.6 M sodium chloride
as the UNOsphere S purification fraction.

[0087]

To the UNOsphere S purification fraction was added 20 mM
phosphate buffer (pH 7.5) comprising 5 M sodium chloride to
adjust the sodium chloride concentration of the solution to
3.3 M and the pH to 7.5. Phenyl Sepharose HP (GE Healthcare,
17-1082-04 column) was equilibrated with 20 mM phosphate
buffer (pH 7.5) comprising 3.3 M sodium chloride, and then the
above HGF solution was loaded. After loading was complete,
the column was washed with the buffer employed for
equilibration. The adsorbed HGF was eluted by a linear
gradient of the equilibration buffer (A) and 20 mM phosphate
buffer (pH 7.5) (B) (from 30 to 100% of B).

[0088]
[Example 6]

For the culture supernatant comprising unactivated pro-
HGF solution to which active HGFA was not added, Capto
adherese purification, CaptoQ purification, UNOspheresS
purification, and UF concentration buffer exchange were
carried out similarly to Example 5. Non-reductive and
reductive SDS-PAGE results of samples obtained in each step
shown in Figure 5 show that the unactivated pro-HGF is also

purified in the present purification process.

[0089]
[Example 7]
For the active HGF obtained in Example 5, cell

proliferation activity in the presence of TGFB-1 was measured.
Using mink lung epithelial cell Mv 1 Lu (cell No.: JCRB9128),

active HGF was added to <cells of which the growth was
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inhibited in the presence of Transforming Growth Factor p-1
(TGFB-1), and the active HGF proliferation activity thereof

based on the antagonistic action on TGEB-1 activity was

detected to measure the titer (Journal of Immunological
Methods, 258, 1-11, 2001).
[0090]

In each well of a 96-well plate, 50 puL of TGFB-1 (4
ng/mL), 50 uL each of International HGF reference standard
(NIBSC code: 96/564) or HGF (0, 4, 8, 16, 32, o064, 128, 256,
512, and 1024 ng/mL), and 100 pL of mink lung epithelium cell
suspension (1 X 10° cells/mL) were added and cultured at 37°C,
5% CO, concentration for 3 days, and then viable cells were
stained by Cell counting kit (DOJINDO LABORATORIES, Cat No.
343-07623) . Using a microplate reader, sigmoid curves were
obtained for each of International HGF reference standard and
HGF from absorbance at 450 nm (Figure o) . EC50 of
International HGF reference standard and HGF was 13.4 and 15.4
ng/mL, respectively, and HGF obtained with the above
production method had activity equivalent to that of the

International HGF reference standard.

Sequence Listing

ESAP1601F sequence listing.txt
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CLAIMS

1. A method for producing active hepatocyte growth factor activator (HGFA),
comprising:

a first step of obtaining a culture supernatant comprising inactive hepatocyte growth
factor activator (pro-HGFA) by culturing mammalian cells expressing pro-HGFA in a cell
culture medium without serum and then removing cells and cell residue from the cell culture
medium, wherein said pro-HGFA comprises the amino acid sequence of SEQ ID NO:2, and

a second step of adding an acidic solution to the culture supernatant comprising pro-
HGFA obtained in the first step to adjust the culture supernatant to pH 4.0 - 6.0 and convert pro-
HGFA into active HGFA.

2. The production method according to claim 1, wherein said second step further

comprises adding sulfated polysaccharides to said culture supernatant.

3. The production method according to claim 1, wherein said second step is performed at

a temperature of 15 - 40°C.
4. The production method according to claim 1, wherein said culture supernatant is
obtained after a decline in the survival rate of the mammalian cells cultured in the cell culture

medium.

5. The production method according to claim 1, wherein said mammalian cells are

Chinese hamster ovary (CHO) cells.

6. The production method according to claim 1, wherein said method further comprises
diluting or concentrating the culture supernatant obtained in the second step.
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7. A method for production of active hepatocyte growth factor (HGF), comprising
adding active hepatocyte growth factor activator (HGFA) to a culture supernatant comprising
inactive hepatocyte growth factor (pro-HGF) to convert said pro-HGF into active HGF,

wherein said pro-HGF comprises the amino acid sequence of SEQ ID NO:1,

wherein said culture supernatant comprising pro-HGF is a culture supernatant obtained
by culturing cells expressing pro-HGF in a cell culture medium without serum and then
removing cells and cell residue from the cell culture medium, and

wherein said active HGFA is produced by the method according to claim 1.

8. The production method according to claim 7, wherein said cell culture medium for

culturing cells expressing pro-HGF is a medium without any animal-derived components.
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