DESCRIPTION
METHOD FOR PRODUCING HIGH-PURITY SOLUBLE THROMBOMODULIN

Technical Field
The present invention relates to a method for producing a high-purity soluble
thrombomodulin substantially not containing a denatured product of soluble thrombomodulin that

may be generated under acidic conditions.

Background Art

Thrombomodulin has been known as a substance that acts to specifically bind to thrombin
so as to inhibit the blood coagulation activity thereof, and at the same time, acts to significantly
promote the ability of the thrombin to activate protein C. Thrombomodulin has also been known to
have strong blood coagulation-inhibiting action. It has also been known that thrombomodulin
extends the coagulation time by thrombin, or that it suppresses platelet aggregation due to thrombin.
Protein C is a vitamin K-dependent protein that plays an important role in a blood coagulation
fibrinolytic system. Protein C is activated by the action of thrombin, so that it becomes activated
protein C. It has been known that the activated protein C inactivates an activated blood coagulation
factor V and an activated blood coagulation factor VIII in vivo, and that it is involved in generation
of a plasminogen activator having thrombolytic action (Non-Patent Document 1). Accordingly, it
has been considered that thrombomodulin promotes the activation of protein C by thrombin, and
thus that this is useful as an anticoagulant or a thrombolytic agent. ~Also, it has been reported in an
animal experiment that thrombomodulin is effective for therapy or prevention of diseases associated
with acceleration of coagulation (Non-Patent Document 2).

Conventionally, thrombomodulin has been discovered and obtained as a glycoprotein that
is expressed on the vascular endothelial cells of various animal species, including humans as typical
examples, and thereafter has been successfully cloned. That is to say, a human thrombomodulin
precursor gene containing a signal peptide has been cloned from a human lung cDNA library by
genetic engineering, and all the gene sequences of thrombomodulin have been analyzed. As a
result, an amino acid sequence consisting of 575 residues containing a signal peptide (in general, 18

amino acid residues are exemplified) has been clarified (Patent Document 1). It has been known
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that a mature thrombomodulin, from which the signal peptide has been cleaved, is composed of 5
regions, namely, an N-terminal region (amino acids 1-226: this is the position determined when the
signal peptide is assumed to consist of 18 amino acid residues, and the same holds true for other
regions), a region having six EGF-like structures (amino acids 227-462), an O-linked glycosylation
region (amino acids 463-498), a transmembrane region (amino acids 499-521), and an
intracytoplasmic region (amino acids 522-557), from the N-terminal side of the mature peptide. It
has also been known that, among the six EGF-like structures, the 4% 5% and 6™ EGF-like structure
portions from the N-terminal side (that is, minimal units of activity) mainly have the same activity as
that of the entire-length thrombomodulin (Non-Patent Document 3).

Unless a surfactant is present, the entire-length thrombomodulin is hardly dissolved. Thus,
addition of a surfactant is necessary for producing a thrombomodulin preparation. In contrast, there
is also a soluble thrombomodulin that can be fully dissolved even in the absence of a surfactant.
The soluble thrombomodulin may be prepared by removing at least a part of the transmembrane
region or the entire transmembrane region. For example, it has been confirmed that a soluble
thrombomodulin consisting of only 3 regions, namely, an N-terminal region, a region having six
EGF-like structures, and an O-linked glycosylation region (that is, a soluble thrombomodulin having
an amino acid sequence consisting of amino acids 19-516 of SEQ ID NO: 1), can be obtained by
applying recombination techniques, and that this recombinant soluble thrombomodulin has the same
activity as that of a native thrombomodulin (Patent Document 1). In addition, there are some other
reports regarding soluble thrombomodulins (Patent Documents 2 to 9). Also, a human
urine-derived soluble thrombomodulin and the like have been exemplified as native
thrombomodulins (Patent Documents 10 and 11).

As recognized in many cases, as a result of spontaneous mutations or mutations occurring
when thrombomodulins are obtained, polymorphic mutations have been found even in human genes.
At present, thrombomodulin genes in which the amino acid at position 473 of a human
thrombomodulin precursor having the aforementioned amino acid sequence consisting of 575 amino
acid residues is converted to Val or Ala have been identified. In a nucleotide sequence encoding
this amino acid, the nucleotide at position 1418 is converted to T or C (Non-Patent Document 4).
However, the two thrombomodulins are completely identical in terms of their activity and physical

properties. Thus, it can be considered that they are substantially identical.
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It has been reported that thrombomodulin has effects on the therapy of DIC (Non-Patent
Document 5). In addition to the aforementioned intended uses, it is anticipated that
thrombomodulin will be used in the therapy and prevention of various diseases such as acute
coronary syndrome (ACS), thrombosis, peripheral vascular obstruction, arteriosclerosis obliterans,
vasculitis, functional disorder occurring after heart surgery, complication caused by organ
transplantation, angina pectoris, transient ischemic attack, toxemia of pregnancy, diabetes, liver VOD
(liver veno-occlusive disease; e.g. fulminant hepatitis, veno occlusive disease of liver occurring after
bone marrow transplantation), deep venous thrombosis (DVT), and adult respiratory distress
syndrome (ARDS).

As denatured products of thrombomodulin, an aggregate generated in a freeze-drying
process and an aggregate generated during long-term preservation in a freeze-dried state have been
known (Patent Documents 12 to 16).

Known methods for producing soluble thrombomodulin at an industrial level for use in
pharmaceutical products include: a method using affinity chromatography in which an antibody
reacting with thrombomodulin is supported in a purification step; a method for producing high-purity
soluble thrombomodulin substantially containing neither serum-derived products nor
antibody-derived products, which is characterized in that the soluble thrombomodulin is obtained as
a pass-through fraction in a step of allowing the soluble thrombomodulin obtained by affinity
chromatography to come into contact with a cation exchanger under conditions consisting of a
specific conductivity of 25 to 34 ms/cm and pH 3 to 4 (Patent Document 17); and a method for
purifying thrombomodulin, which is characterized in that it comprises preliminarily purifying a
human urine thrombomodulin-containing sample by thrombin-bound affinity chromatography and
then purifying the sample by adsorption chromatography using hydroxyapatite as an adsorbent
(Patent Document 18).

Patent Document 1: JP Patent Publication (Kokai) No. 64-6219 A (1989)

Patent Document 2: JP Patent Publication (Kokai) No. 2-255699 A (1990)
Patent Document 3: JP Patent Publication (Kokat) No. 3-133380 A (1991)
Patent Document 4: JP Patent Publication (Kokai) No. 3-259084 A (1991)
Patent Document 5: JP Patent Publication (Kokai) No. 4-210700 A (1992)
Patent Document 6: JP Patent Publication (Kokai) No. 5-213998 A (1993)
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Patent Document 7: W092/00325

Patent Document 8: W(092/03149

Patent Document 9: W093/15755

Patent Document 10: JP Patent Publication (Kokai) No. 3-86900 A (1991)

Patent Document 11: JP Patent Publication (Kokai) No. 3-218399 A (1991)

Patent Document 12: JP Patent Publication (Kokai) No. 6-321085 A (1994)

Patent Document 13: JP Patent No. 3007785

Patent Document 14: JP Patent Publication (Kokai) No. 11-171790 A (1999)

Patent Document 15: W095/16460

Patent Document 16: JP Patent No. 3822383

Patent Document 17: JP Patent Publication (Kokai) No. 11-341990 A (1999)

Patent Document 18: JP Patent No. 3745805

Non-Patent Document 1: Koji Suzuki, Igaku no Ayumi (Progression of Medicines), Vol. 125, p. 901
(1983)

Non-Patent Document 2: K. Gomi et al., Blood 75., 1396-1399 (1990)

Non-Patent Document 3: M. Zushi et al., J. Biol. Chem., 246, 10351-10353 (1989)
Non-Patent Document 4: D. Z. Wen et al., Biochemistry, 26, 4350-4357 (1987)
Non-Patent Document 5: S. M. Bates et al., Br. J. of Pharmacol., 144, 1017-1028 (2005)

Disclosure of the Invention
Object to be Solved by the Invention
It is an object of the present invention to provide a method for producing thrombomodulin

substantially not containing a denatured product of soluble thrombomeodulin with high productivity.

Means for Solving the Object

In a process of producing soluble thrombomodulin at an industrial level, or in a method for
producing soluble thrombomodulin comprising a step of inactivating viruses under acidic conditions,
the present inventor has found a novel object that a denatured product of soluble thrombomodulin is
generated when the soluble thrombomodulin is left under acidic conditions and the denatured

product of soluble thrombomodulin should be efficiently eliminated. In order to eliminate the
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denatured product of the soluble thrombomodulin, the present inventor has studied the use of gel
filtration chromatography (GFC), size exclusion chromatography (SEC), and the like. However,
the present inventor has found that the gel filtration chromatography (GFC) or the size exclusion
chromatography (SEC) has small processing capacity, and thus that its column volume should be
increased (common column volume: 5% or less) or multiple cycles are necessary. In addition, as a
method of increasing efficiency, an increase in the linear velocity of chromatography is considered.
However, such increase in the linear velocity is not appropriate because it decreases separation
capacity. Moreover, as another method, an increase in the concentration of the processed protein is
also considered. However, this method is problematic in terms of an addition of a concentration
step for increasing the protein concentration, a decrease in separation capacity caused by high
viscosity due to a high protein concentration, and the like.

Thus, in order to produce soluble thrombomodulin at an industrial level to be directed
towards achieving the aforementioned object of the present invention, the present inventor has
considered it important to separate a denatured product of the soluble thrombomodulin by a method
involving high productivity, by which the aforementioned object has been achieved. In order to
achieve the aforementioned novel object, the present inventor has conducted intensive studies
regarding various conditions using various chromatographic carriers. As a result, the present
inventor has succeeded in finding a method for efficiently and stably separating a denatured product
of the soluble thrombomodulin by using an anion exchanger or hydroxyapatite as a carrier and by
determining conditions suitable for each of the carriers.

Specifically, the present invention includes the following features.

[Al] A method for producing soluble thrombomodulin substantially not containing a denatured
product of the soluble thrombomodulin that may be generated from the soluble thrombomodulin
under acidic conditions, which comprises:

(1) a step of subjecting a soluble thrombomodulin-containing material that contains or is suspected to
contain a denatured product of the soluble thrombomodulin to an anion exchanger or hydroxyapatite;
and

(2) a step of obtaining a soluble thrombomodulin-containing fraction that does not substantially
contain a denatured product of the soluble thrombomodulin under separation conditions in which the

soluble thrombomodulin can be separated from a denatured product of the soluble thrombomodulin.
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[A2] The method for producing soluble thrombomodulin substantially not containing a
denatured product of the soluble thrombomodulin that may be generated from the soluble
thrombomodulin under acidic conditions according to [A1] above, which comprises: (0) a step of
leaving the soluble thrombomodulin under acidic conditions of pH 5 or less; (1) a step of subjecting
a soluble thrombomodulin-containing material that contains or is suspected to contain a denatured
product of the soluble thrombomodulin, which is obtained through the step (0) above, to an anion
exchanger or hydroxyapatite; and (2) a step of obtaining a soluble thrombomodulin-containing
fraction that does not substantially contain a denatured product of the soluble thrombomodulin under
separation conditions in which the soluble thrombomodulin can be separated from a denatured
product of the soluble thrombomodulin.

[A2-2] The method for producing soluble thrombomodulin substantially not containing a
denatured product of the soluble thrombomodulin that may be generated from the soluble
thrombomodulin under acidic conditions according to [A1] above, which comprises: (*) a step of
purifying soluble thrombomodulin; (0) a step of leaving the soluble thrombomodulin under acidic
conditions of pH 5 or less; (1) a step of subjecting a soluble thrombomodulin-containing material
that contains or is suspected to contain a denatured product of the soluble thrombomodulin, which is
obtained through the step (0) above, to an anion exchanger or hydroxyapatite; and (2) a step of
obtaining a soluble thrombomodulin-containing fraction that does not substantially contain a
denatured product of the soluble thrombomodulin under separation conditions in which the soluble
thrombomodulin can be separated from a denatured product of the soluble thrombomodulin.

[A2-3] The production method according to any one of [A1], [A2], and [A2-2] above, wherein the
step of subjecting the soluble thrombomodulin-containing material to an anion exchanger or
hydroxyapatite is a step of subjecting the soluble thrombomodulin-containing material to an anion
exchanger.

[A2-4] The production method according to any one of [A1], [A2], and [A2-2] above, wherein the
step of subjecting the soluble thrombomodulin-containing material to an anion exchanger or
hydroxyapatite is a step of subjecting the soluble thrombomodulin-containing material to
hydroxyapatite.

[A3]  The production method according to any one of [A1] to [A2-4] above, wherein the content

of the soluble thrombomodulin is 80% or more with respect to total proteins in the soluble
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thrombomodulin-containing material.

It is to be noted that, in a case in which cited item numbers are indicated as a range (e.g.
[A1] to [A2-4] as described above) and an item having a sub-number such as [A2-2] is disposed in
the range, it means that the item having a sub-number such as [A2-2] is also cited. This rule also
holds for the following descriptions.
[A3-2] The production method according to any one of [A1] to [A2-4] above, wherein the content
of the soluble thrombomodulin is 90% or more with respect to total proteins in the soluble
thrombomodulin-containing material.
[A3-3] The production method according to any one of [A1] to [A2-4] above, wherein the content
of the soluble thrombomodulin is 95% or more with respect to total proteins in the soluble
thrombomodulin-containing material.
[A3-4] The production method according to any one of [Al] to [A2-4] above, wherein the content
of the soluble thrombomodulin is 99% or more with respect to total proteins in the soluble
thrombomodulin-containing material.
[A4]  The production method according to any one of [Al] to [A3-4] above, wherein the step (2)
is a step of carrying out linear gradient elution, stepwise gradient elution, or gradient elution in which
linear gradient elution is combined with stepwise gradient elution, so as to obtain an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin.

It is to be noted that, in a case in which cited item numbers are indicated as a range (e.g.
[Al] to [A3-4] as described above) and an item having a sub-number such as [A3-2] is disposed in
the range, it means that the item having a sub-number such as [A3-2] is also cited. This rule also
holds for the following descriptions.
[A5]  The production method according to any one of [Al] to [A3-4] above, wherein the step (2)
is a step of obtaining a pass-through fraction, in which a fraction containing soluble thrombomodulin
that does not substantially contain a denatured product of the soluble thrombomodulin is obtained.
[A6]  The production method according to any one of [Al] to [A3-4] above, wherein the step (2)
is a step of carrying out isocratic elution to obtain an elution fraction containing soluble
thrombomodulin that does not substantially contain a denatured product of the soluble
thrombomodulin,



[A7]  The production method according to any one of [A1] to [A3-4] above, wherein the step (1)
is a step of subjecting the soluble thrombomodulin-containing material to an anion exchanger using a
buffer solution of pH 4 to 9; and the step (2) is a step of carrying out linear gradient elution, stepwise
gradient elution, or gradient elution in which linear gradient elution is combined with stepwise
gradient elution, using a buffer solution of pH 5 to 9 having a salt concentration of 0 to 1 M, so as to
obtain an elution fraction containing soluble thrombomodulin that does not substantially contain a
denatured product of the soluble thrombomodulin, either (a) after the position of a fraction from
which the soluble thrombomodulin is eluted has previously been confirmed, or (b) while confirming
the presence of the soluble thrombomodulin in the elution fraction.

[A7-2] The production method according to [A7] above, wherein the item (a) is applied from the
item (a) or (b).

[A7-3] The production method according to [A7] above, wherein the item (b) is applied from the
item (a) or (b).

[A8]  The production method according to any one of [A1] to [A3-4] above, wherein the step (1)
is a step of subjecting the soluble thrombomodulin-containing material to an anion exchanger using a
buffer solution of pH 5 to 8 having a salt concentration of 0.1 to 0.2 M; and the step (2) is a step of
obtaining a pass-through fraction using a buffer solution of pH 5 to 8 having a salt concentration of
0.1to0 0.2 M, so as to obtain a fraction containing soluble thrombomodulin that does not substantially
contain a denatured product of the soluble thrombomodulin.

[A9]  The production method according to any one of [A1] to [A3-4] above, wherein the step (1)
is a step of subjecting the soluble thrombomodulin-containing material to hydroxyapatite using a
buffer solution of pH 6 to 9 having a phosphate concentration of 8 mM or less; and the step (2) is a
step of carrying out linear gradient elution, stepwise gradient elution, or gradient elution in which
linear gradient elution is combined with stepwise gradient elution, using a buffer solution of pH 6 to
9 having a phosphate concentration of 0 to 0.5 M, so as to obtain an elution fraction containing
soluble thrombomodulin that does not substantially contain a denatured product of the soluble
thrombomodulin, either (a) after the position of a fraction from which the soluble thrombomodulin is
eluted has previously been confirmed, or (b) while confirming the presence of the soluble
thrombomodulin in the elution fraction.

[A9-2] The production method according to [A9] above, wherein the item () is applied from the
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item (a) or (b).

[A9-3] The production method according to [A9] above, wherein the item (b) is applied from the
item (a) or (b).

[A10] The production method according to any one of [Al] to [A3-4] above, wherein the step (1)
is a step of subjecting the soluble thrombomodulin-containing material to hydroxyapatite using a
buffer solution of pH 6 to 9 having a phosphate concentration of 5 to 20 mM or less; and the step (2)
is a step of obtaining a pass-through fraction using a buffer solution of pH 6 to 9 having a phosphate
concentration of 5 to 20 mM, so as to obtain a fraction containing soluble thrombomodulin that does
not substantially contain a denatured product of the soluble thrombomodulin.

[A11] The production method according to any one of [Al] to [A10] above, which does not
comprise a step of adjusting the pH of an elution fraction containing soluble thrombomodulin that
does not substantially contain a denatured product of the soluble thrombomodulin to pH 4 or less,
after the elution fraction has been obtained.

[A12] The production method according to any one of [A1] to [A11] above, which is a production
method comprising a concentration step and/or a desalination step, wherein the pH of an elution
fraction containing soluble thrombomodulin that does not substantially contain a denatured product
of the soluble thrombomodulin is not adjusted to pH 4 or less after the elution fraction has been
obtained, wherein the production method is used to convert the soluble thrombomodulin to a
pharmaceutical material.

[A13] The production method according to any one of [A1] to [A12] above, wherein the content
of a denatured product of soluble thrombomodulin in the soluble thrombomodulin that does not
substantially contain the denatured product of soluble thrombomodulin is 3% or less.

[A14] The production method according to any one of [Al] to [A13] above, wherein the soluble
thrombomodulin is thrombomodulin obtained from transformant cells prepared by transfecting host
cells with DNA encoding the amino acid sequence shown in SEQ ID NO: 9 or 11.

[A15] A method for purifying soluble thrombomodulin in such a way that the soluble
thrombomodulin does not substantially contain a denatured product of the soluble thrombomodulin
that may be generated from the soluble thrombomodulin under acidic conditions, which comprises
(1) a step of subjecting a soluble thrombomodulin-containing material that contains or is suspected to

contain a denatured product of the soluble thrombomodulin to an anion exchanger or hydroxyapatite,
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and (2) a step of obtaining a soluble thrombomodulin-containing fraction that does not substantially
contain a denatured product of the soluble thrombomodulin under separation conditions in which the
soluble thrombomodulin can be separated from a denatured product of the soluble thrombomodulin;
or the purification method, wherein, in the step of subjecting a soluble thrombomodulin-containing
material to an anion exchanger or hydroxyapatite, a buffer solution of the soluble
thrombomodulin-containing material is prepared, and the soluble thrombomodulin that does not
substantially contain a denatured product of the soluble thrombomodulin is obtained as a
pass-through fraction.

[A15-2] The purification method according to [A15] above, which has the characteristic feature
according to any one of [A1] to [A14] above.

[A16] The production method according to any one of [A1] to [A15] above, wherein the content
of a denatured product of soluble thrombomodulin in the thrombomodulin that does not substantially
contain the denatured product of soluble thrombomodulin is 3.0% or less.

[B1] A method for producing thrombomodulin substantially not containing a denatured product
of soluble thrombomodulin from a soluble thrombomodulin-containing material that contains or is
suspected to contain a denatured product of the soluble thrombomodulin that may be generated from
the soluble thrombomodulin under acidic conditions, which comprises (1) a step of subjecting the
thrombomodulin-containing material to an anion exchanger or hydroxyapatite and (2) a step of
obtaining an elution fraction containing soluble thrombomodulin that does not substantially contain a
denatured product of the soluble thrombomodulin under separation conditions in which the soluble
thrombomodulin can be separated from the denatured product of the soluble thrombomodulin.

[B2] A method for producing thrombomodulin substantially not containing a denatured product
of soluble thrombomodulin from a soluble thrombomodulin-containing material that contains or is
suspected to contain a denatured product of the soluble thrombomodulin that may be generated from
the soluble thrombomodulin under acidic conditions, which comprises a step of subjecting a soluble
thrombomodulin-containing material to an anion exchanger or hydroxyapatite, wherein a buffer
solution of the soluble thrombomodulin-containing material is prepared, and the soluble
thrombomodulin that does not substantially contain a denatured product of the soluble
thrombomodulin is obtained as a pass-through fraction.

[B3]  The production method according to [B1] above, wherein the step (1) is a step of subjecting
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a soluble thrombomodulin-containing material to an anion exchanger, using a buffer solution of pH 4
to 9, and the step (2) is a step of carrying out linear gradient elution, stepwise gradient elution, or
gradient elution in which linear gradient elution is combined with stepwise gradient elution, using a
buffer solution of pH 5 to 9 having a salt concentration of 0 to 1 M, so as to obtain an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin, after the position of the elution fraction has previously been confirmed, or
while confirming the presence of the elution fraction.

[B4]  The production method according to [B1] above, wherein the step (1) is a step of subjecting
a soluble thrombomodulin-containing material to an anion exchanger, using a buffer solution of pH 4
to 5, and the step (2) is a step of carrying out linear gradient elution, stepwise gradient elution, or
gradient elution in which linear gradient elution is combined with stepwise gradient elution, using a
buffer solution of pH 5 to 9 having a salt concentration of 0 to 1 M, so as to obtain an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin, after the position of the elution fraction has previously been confirmed, or
while confirming the presence of the elution fraction.

[B5]  The production method according to [B2] above, wherein a buffer solution of pH 5 to 8
having a salt concentration of 0.1 to 0.2 M is used, and a soluble thrombomodulin-containing
material is subjected to an anion exchanger to obtain soluble thrombomodulin substantially not
containing a denatured product of the soluble thrombomodulin as a pass-through fraction.

[B6] The production method according to [B1] above, wherein the step (1) is a step of subjecting
a soluble thrombomodulin-containing material to hydroxyapatite, using a buffer solution of pH 6 to 9
having a phosphate concentration of 8 mM or less, and the step (2) is a step of carrying out linear
gradient elution, stepwise gradient elution, or gradient elution in which linear gradient elution is
combined with stepwise gradient elution, using a buffer solution of pH 6 to 9 having a phosphate
concentration of 0 to 0.5 M, so as to obtain an elution fraction containing soluble thrombomodulin
that does not substantially contain a denatured product of the soluble thrombomodulin, after the
elution fraction has previously been confirmed, or while confirming the presence of the elution
fraction.

[B7]  The production method according to [B1] above, wherein the step (1) is a step of subjecting

a soluble thrombomodulin-containing material to hydroxyapatite, using a buffer solution of pH 6 to 9
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having a phosphate concentration of 1 to 4 mM, and the step (2) is a step of carrying out linear
gradient elution, stepwise gradient elution, or gradient elution in which linear gradient elution is
combined with stepwise gradient elution, using a buffer solution of pH 6 to 9 having a phosphate
concentration of 1 to 40 mM, so as to obtain an elution fraction containing soluble thrombomodulin
that does not substantially contain a denatured product of the soluble thrombomodulin, after the
elution fraction has previously been confirmed, or while confirming the presence of the elution
fraction.

[B8]  The production method according to [B2] above, wherein a buffer solution of pH 6 to 9
having a phosphate concentration of 5 to 20 mM is used, and a soluble thrombomodulin-containing
material is subjected to hydroxyapatite to obtain soluble thrombomodulin substantially not
containing a denatured product of the soluble thrombomodulin as a pass-through fraction.

[B9] The production method according to any one of [B1] to [B8] above, wherein, after an
elution fraction containing soluble thrombomodulin that does not substantially contain a denatured
product of the soluble thrombomodulin has been obtained, the pH of the elution fraction is not set at
pH 4 or less.

[B10] The production method according to any one of [B1] to [B8] above, wherein, after an
elution fraction containing soluble thrombomodulin that does not substantially contain a denatured
product of the soluble thrombomodulin has been obtained, a concentration step or a desalination step
is carried out without setting the pH of the elution fraction at pH 4 or less, so as to convert the soluble
thrombomodulin to a pharmaceutical material.

[B11]  The production method according to any one of [B1] to [B10] above, wherein the content
of a denatured product of soluble thrombomodulin in the soluble thrombomodulin that does not
substantially contain the denatured product of soluble thrombomodulin is 3% or less.

[B12]  The production method according to any one of [B1] to [B11] above, wherein the content
of a denatured product of soluble thrombomodulin in the soluble thrombomodulin that does not
substantially contain the denatured product of soluble thrombomodulin is 1% or less.

[B13] The production method according to any one of [B1] to [B12] above, wherein the soluble
thrombomodulin is a peptide obtained from transformant cells prepared by transfecting host cells
with DNA encoding the amino acid sequence shown in SEQ ID NO: 9 or 11.
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Effect of the Invention

The production method of the present invention does not require a concentration step of
increasing the concentration of a processed protein. Thus, use of the production method of the
present invention enables separation of a denatured product of soluble thrombomodulin from the
soluble thrombomodulin, with high productivity, regardless of limitation by a processed volume.
As a result, a high-purity soluble thrombomodulin substantially not containing a denatured product

of the soluble thrombomodulin can be obtained.

Best Mode for Carrying out the Invention

The thrombomodulin used in the present invention has been known to have action to (1)
selectively bind to thrombin and to (2) promote the activation of protein C caused by the thrombin.
In addition, it is preferable that the present thrombomodulin generally have (3) action to extend the
coagulation time by thrombin and/or (4) action to suppress the platelet aggregation caused by
thrombin. Such action of thrombomodulin may be referred to as thrombomodulin activity.

As such thrombomodulin activity, thrombomodulin preferably has the actions in (1) and (2)
above, and more preferably has all the actions in (1) to (4) above.

As the action to promote the activation of protein C caused by thrombin, the activity level of
the action to promote the activation of protein C or the presence of absence of such action can easily
be confirmed by applying the test methods clearly described in various types of known publications
including JP Patent Publication (Kokai) No. 64-6219 A (1989). Moreover, the action to extent the
coagulation time caused by thrombin or the action to suppress the platelet aggregation caused by
thrombin can also be confirmed in the same above manner.

An example of the soluble thrombomodulin described in the present invention is soluble
thrombomodulin that is soluble in water in the absence of a surfactant. ~As a preferred example of
the solubility of such soluble thrombomodulin is a solubility of 1 mg/ml or more, or 10 mg/ml or
more in water, for example, in distilled water used for injection (in general, around a neutral range in
the absence of a surfactant such as Triton X-100 or Polidocanol). Such solubility is preferably 15
mg/ml or more, or 17 mg/ml or more; more preferably 20 mg/ml or more, 25 mg/ml or more, or 30
mg/ml or more; and particularly preferably 60 mg/ml or more. In some cases, such solubility may

be 80 mg/ml or more, or 100 mg/ml or more. In order to determine whether or not soluble
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thrombomodulin was dissolved, after the soluble thrombomodulin has been dissolved, the solution is
observed by the naked eye, for example, directly below white light source, at a position of brightness
of approximately 1,000 lux. When the solution is clear and does not contain insoluble substances
that are clearly seen, it can be understood as a clear indicator of dissolution of the soluble
thrombomodulin. In addition, it is also possible to filtrate the solution and to confirm the presence
or absence of a residue.

The thrombomodulin used in the present invention preferably comprises an amino acid
sequence consisting of amino acids at positions 19 to 132 of the amino acid sequence as shown in
SEQ ID NO: 1, which has been known as the central portion of the thrombomodulin activity of
human thrombomodulin. The amino acid sequence of the present thrombomodulin is not
particularly limited, as long as it comprises an amino acid sequence consisting of amino acids at
positions 19 to 132 of the amino acid sequence as shown in SEQ ID NO: 1. The amino acid
sequence consisting of amino acids at positions 19 to 132 of the above-described amino acid
sequence as shown in SEQ ID NO: 1 may be naturally or artificially mutated, as long as it has action
to promote the activation of protein C caused by thrombin, namely, thrombomodulin activity. That
is to say, the amino acid sequence consisting of amino acids at positions 19 to 132 may comprise a
substitution, deletion, or addition of one or multiple amino acids with respect to the amino acid
sequence as shown in SEQ ID NO: 1. The acceptable level of mutation is not particularly limited,
as long as the aforementioned amino acid sequence has thrombomodulin activity. The mutated
amino acid sequence consisting of amino acids at positions 19 to 132 of the amino acid sequence as
shown in SEQ ID NO: 1 shows homology of, for example, 50% or more, preferably 70% or more,
more preferably 80% or more, further preferably 90% or more, particularly preferably 95% or more,
and most preferably 98% or more, with the original amino acid sequence. Such an amino acid
sequence is referred to as a homologous mutation sequence. As described later, such a mutated
amino acid sequence can be easily produced by a common genetic engineering technique.

In the amino acid sequence as shown in SEQ ID NO: 3, Val that is the amino acid at
position 125 of the amino acid sequence as shown in SEQ ID NO: 1 has been substituted with Ala.
The thrombomodulin used in the present invention also preferably includes an amino acid sequence
consisting of amino acids at positions 19 to 132 of the amino acid sequence as shown in SEQ ID

NO: 3.
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Thus, the type of the thrombomodulin used in the present invention is not particularly
limited, as long as it has, at least, an amino acid sequence consisting of amino acids at positions 19 to
132 of the amino acid sequence as shown in SEQ ID NO: 1 or 3, or a homologous mutation
sequence of the aforementioned sequence, and it comprises at least a peptide sequence having
thrombomodulin activity. Preferred examples of the present thrombomodulin. include a peptide
consisting of a sequence consisting of amino acids at positions 19 to 132 or at positions 17 to 132 of
the amino acid sequence as shown in SEQ ID NO: 1 or 3, and a peptide consisting of a homologous
mutation sequence of the aforementioned sequence and having at least thrombomodulin activity. A
peptide consisting of a sequence consisting of amino acids at positions 19 to 132 of the amino acid
sequence as shown in SEQ ID NO: 1 or 3 is more preferable. Moreover, in another more preferred
embodiment, there can also be applied a peptide consisting of a homologous mutation sequence of
the amino acid sequence consisting of amino acids at positions 19 to 132 or at positions 17 to 132 of
the amino acid sequence as shown in SEQ ID NO: 1 or 3 and having at least thrombomodulin
activity.

In another embodiment, the thrombomodulin used in the present invention preferably
comprises an amino acid sequence consisting of amino acids at positions 19 to 480 of the amino acid
sequence as shown in SEQ ID NO: 5.  The type of the present thrombomodulin in this embodiment
is not particularly limited, as long as it comprises such an amino acid sequence consisting of amino
acids at positions 19 to 480 of the amino acid sequence as shown in SEQ ID NO: 5. The amino
acid sequence consisting of amino acids at positions 19 to 480 of the aforementioned amino acid
sequence as shown in SEQ ID NO: 5 may be homologously mutated, as long as it has action to
promote the activation of protein C caused by thrombin, namely, thrombomodulin activity.

In the amino acid sequence as shown in SEQ ID NO: 7, Val that is the amino acid at
position 473 of the amino acid sequence as shown in SEQ ID NO: 5 has been substituted with Ala.
The thrombomodulin used in the present invention also preferably includes an amino acid sequence
consisting of amino acids at positions 19 to 480 of the amino acid sequence as shown in SEQ ID
NO: 7.

Thus, the type of the thrombomodulin used in the present invention is not particularly
limited, as long as it has, at least, an amino acid sequence consisting of amino acids at positions 19 to

480 of the amino acid sequence as shown in SEQ ID NO: 5 or 7, or a homologous mutation
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sequence of the aforementioned sequence, and it comprises at least a peptide sequence having
thrombomodulin activity. Preferred examples of the present thrombomodulin include a peptide
consisting of a sequence consisting of amino acids at positions 19 to 480 or at positions 17 to 480 of
the amino acid sequence as shown in SEQ ID NO: 5 or 7, and a peptide consisting of a homologous
mutation sequence of the aforementioned sequence and having at least thrombomodulin activity,. A
peptide consisting of a sequence consisting of amino acids at positions 19 to 480 of the amino acid
sequence as shown in SEQ ID NO: 5 or 7 is more preferable. Moreover, in a further more
preferred embodiment, there can also be applied a peptide consisting of a homologous mutation
sequence of the amino acid sequence consisting of amino acids at positions 19 to 480 or at positions
17 to 480 of the amino acid sequence as shown in SEQ ID NO: 5 or 7 and having at least
thrombomodulin activity.

In a further embodiment, the thrombomodulin used in the present invention preferably
includes an amino acid sequence consisting of amino acids at positions 19 to 515 of the amino acid
sequence as shown in SEQ ID NO: 9.  The type of the present thrombomodulin in this embodiment
is not particularly limited, as long as it comprises such an amino acid sequence consisting of amino
acids at positions 19 to 515 of the amino acid sequence as shown in SEQ ID NO: 9. The amino
acid sequence consisting of amino acids at positions 19 to 515 of the aforementioned amino acid
sequence as shown in SEQ ID NO: 9 may be homologously mutated, as long as it has action to
promote the activation of protein C caused by thrombin, namely, thrombomodulin activity.

In the amino acid sequence as shown in SEQ ID NO: 11, Val that is the amino acid at
position 473 of the amino acid sequence as shown in SEQ ID NO: 9 has been substituted with Ala.
The thrombomodulin used in the present invention also preferably includes an amino acid sequence
consisting of amino acids at positions 19 to 515 of the amino acid sequence as shown in SEQ ID
NO: 11.

Thus, the type of the thrombomodulin used in the present invention is not particularly
limited, as long as it has, at least, an amino acid sequence consisting of amino acids at positions 19 to
515 of the amino acid sequence as shown in SEQ ID NO: 9 or 11, or peptide sequence having a
homologous mutation sequence of the aforementioned sequence and having at least thrombomodulin
activity. More preferred examples of the present thrombomodulin include a peptide consisting of a

sequence consisting of amino acids at positions 19 to 516, at positions 19 to 515, at positions 17 to
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516, or at positions 17 to 515 of the amino acid sequence as shown in SEQ ID NO: 9 or 11, and a
peptide consisting of a homologous mutation sequence of the aforementioned sequence and having
at least thrombomodulin activity. A peptide consisting of a sequence consisting of amino acids at
positions 19 to 516, at positions 19 to 515, at positions 17 to 516, or at positions 17 to 515 of the
amino acid sequence as shown in SEQ ID NO: 9 is particularly preferable. In addition, a mixture
thereof is also a preferred example. Moreover, in another particularly preferred embodiment, there
can also be applied a peptide consisting of a sequence consisting of amino acids at positions 19 to
516, at positions 19 to 515, at positions 17 to 516, or at positions 17 to 515 of the amino acid
sequence as shown in SEQ ID NO: 11. A mixture thereof is also a preferred example of the
thrombomodulin of the present invention. Further, a peptide consisting of a homologous mutation
sequence thereof and having at least thrombomodulin activity is also another preferred example of
the present thrombomodulin.

A peptide having a homologous mutation sequence is as described above. Such a peptide
having a homologous mutation sequence also includes a peptide that may comprise a substitution,
deletion, or addition of one or more, namely; one or multiple, and preferably several (for example, 1
to 20, preferably 1 to 10, more preferably 1 to 5, and particularly preferably 1 to 3) amino acids in the
amino acid sequence of the target peptide. The acceptable level of mutation is not particularly
limited, as long as the peptide has thrombomodulin activity. The mutated peptide shows homology
of, for example, 50% or more, preferably 70% or more, more preferably 80% or more, further
preferably 90% or more, particularly preferably 95% or more, and most preferably 98% or more, at
the amino acid sequence level with the target peptide.

Moreover, other preferred examples of the thrombomodulin used in the present invention
include a peptide consisting of a sequence (462 amino acid residues) as shown in SEQ ID NO: 14, a
peptide consisting of a sequence (272 amino acid residues) as shown in SEQ ID NO: 8, and a
peptide consisting of a sequence (236 amino acid residues) as shown in SEQ ID NO: 6, which are
described in JP Patent Publication (Kokai) No. 64-6219 (1989) A.

The type of the thrombomodulin used in the present invention is not particularly limited, as
long as it has at least an amino acid sequence consisting of amino acids at positions 19 to 132 of the
amino acid sequence as shown in SEQ ID NO: 1 or 3. Among others, a peptide having at least an

amino acid sequence consisting of amino acids at positions 19 to 480 of the amino acid sequence as
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shown in SEQ ID NO: 5 or 7 is preferable, and a peptide having at least an amino acid sequence
consisting of amino acids at positions 19 to 515 of the amino acid sequence as shown in SEQ ID
NO: 9 or 11 is more preferable. A more preferred example of the peptide having at least an amino
acid sequence consisting of amino acids at positions 19 to 515 of the amino acid sequence as shown
in SEQ ID NO: 9 or 11 is a peptide consisting of a sequence consisting of amino acids at positions 19
to 516, at positions 19 to 515, at positions 17 to 516, or at positions 17 to 515 of the amino acid
sequence as shown in SEQ ID NO: 9 or 11. Furthermore, a mixture obtained from such peptides
each consisting of a sequence consisting of amino acids at positions 19 to 516, at positions 19 to 515,
at positions 17 to 516, or at positions 17 to 515 of the amino acid sequence as shown in SEQ ID NO:
9 or 11 is also a preferred example of the thrombomodulin of the present invention.

In the case of the aforementioned mixture, the mixing ratio between a peptide that starts
from position 17 of the amino acid sequence as shown in SEQ ID NO: 9 or 11 and a peptide that
starts from position 19 thereof'is (30 : 70) to (50 : 50), and preferably (35 : 65) to (45 : 55).

Moreover, the mixing ratio between a peptide that terminates at position 515 of the amino
acid sequence as shown in SEQ ID NO: 9 or 11 and a peptide that terminates at position 516 is (0 :
100) to (90 : 10), and may be (70 : 30) to (50 : 10), or may be (0 : 100) to (30 : 70).

The mixing ratio of such peptides can be obtained by a common method.

It is to be noted that the sequence consisting of amino acids at positions 19 to 132 of the
amino acid sequence as shown in SEQ ID NO: 1 corresponds to the sequence consisting of amino
acids at positions 367 to 480 of the amino acid sequence as shown in SEQ ID NO: 9, and that the
sequence consisting of amino acids at positions 19 to 480 of the amino acid sequence as shown in
SEQ ID NO: 5 corresponds to the sequence consisting of amino acids at positions 19 to 480 of the
amino acid sequence as shown in SEQ ID NO: 9.

Further, the sequence consisting of amino acids at positions 19 to 132 of the amino acid
sequence as shown in SEQ ID NO: 3 corresponds to the sequence consisting of amino acids at
positions 367 to 480 of the amino acid sequence as shown in SEQ ID NO: 11, and the sequence
consisting of amino acids at positions 19 to 480 of the amino acid sequence as shown in SEQ ID
NO: 7 corresponds to the sequence consisting of amino acids at positions 19 to 480 of the amino acid
sequence as shown in SEQ ID NO: 11.

Still further, the sequences each consisting of amino acids at positions 1 to 18 of the amino
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acid sequences as shown in SEQ ID NOS: 1, 3, 5,7, 9, and 11 are all identical to one another.

As described below, the thrombomodulin used in the present invention can be obtained
from transformant cells that are prepared by incorporating DNA encoding the peptide having the
amino acid sequence as shown in SEQ ID NO: 1, 3, §, 7, 9, 11, etc. (specifically, the nucleotide
sequence as shown in SEQ ID 2, 4, 6, 8, 10, 12, etc., respectively) into a vector and then by
transfecting host cells with the vector. As thrombomodulin used herein, thrombomodulin obtained
from transformant cells prepared by transfecting host cells with a vector comprising DNA encoding
the amino acid sequence shown in SEQ ID NO: 9 or 11 (specifically the DNA shown in SEQ ID
NO: 10 or 12, respectively) is preferable.

It is only necessary that such peptides have the aforementioned amino acid sequences.
Thus, a sugar chain may be or may not be added. Addition of a sugar chain is not particularly
limited. In addition, in genetic engineering techniques, the type of such a sugar chain, a position to
which a sugar chain is added, and the level of addition differ depending on the type of host cell used,
and they are not particularly limited. The binding position of such a sugar chain and the type
thereof are described in JP Patent Publication (Kokai) No. 11-341990 (1999) A. In the case of the
thrombomodulin of the present invention, the same sugar chain may be added to the same position as
those described in the aforementioned publication. As described later, the method for obtaining the
thrombomodulin of the present invention is not limited to genetic engineering. In the case of
obtaining the present thrombomodulin by genetic engineering, however, as a signal sequence that
can be used in expression, a nucleotide sequence encoding the amino acid sequence consisting of
amino acids at positions 1 to 18 of the aforementioned amino acid sequence as shown in SEQ ID
NO: 9, a nucleotide sequence encoding the amino acid sequence consisting of amino acids at
positions 1 to 16 of the aforementioned amino acid sequence as shown in SEQ ID NO: 9, and other
known signal sequences such as the signal sequence of a human tissue plasminogen activator can be
used (Intermational Publication WO88/9811, and JP Patent Publication (Kokai) No. 11-341990
(1999) A).

When a DNA sequence encoding thrombomodulin is introduced into host cells, there is
preferably applied a method, which comprises incorporating the DNA sequence encoding
thrombomodulin into a vector, and more preferably into an expression vector capable of expressing

in animal cells, and then introducing the vector into the host cells. Such an expression vector is a
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DNA moleculs thet 15 constituted with ¢ promoter sequencee, 2 sequence for adding 2 rbosome
hinding site tc mRNA, « DNA sequence encoding & protein to be expressed, a splicing signa., a
tenminator sequence for transcription tenminalion, a replication origin sequence, and others,
Examples of a preferred animal cell expression vector inchude: pSV2-X reported by R. C. Mulligan
et al. |[Proc. Netl. Acad. Sci. U.S.A. 78, 2072 (1981}]; ard pBPGIT (69-6) repoited by P. M. Howley
ct al. [Methods in Emzymology, (01, 387, Academie Press (1083)].

Examples of kost cells that can be wsed in production of such peptides inelude Chinese
kamster ovary (CHO) cells, COS-1 cells, COS-7 cells, VERO (AT'CC CCL-81) cells, BIK cells,
caninz kidney-derived MUDCK cells, and hamster AV-12-664 cells.  In addition, examples of such
Lost cells derived from hurnan cells includs Hel.a cells, WI38 cells, and human 293 cells.  Of thesc
cells, CHO cells are extremely common and preferable.  Among CHO cdlls, DHFR-CHO cells are
more preferable.

In a genetic engineering process or a peptide production precess, microorzanisms such as
Escherichia coli are often used. A host-vector system suitable for cach process is preferahly nged.
An adequate vector sysiem can be selected even depending on the aforementioned host cells. A
thrombomodulin gene used in a genetic ccombination technique has been cloned.  Examples of
producing thrombamodulin by such a genctic recombination technique have been disclosed.
Further, a method for purifying thromboen:odulin tc obtain a purified product has also been known
[JP Patent Publication (Kokai) Nos. 64-6219 [1989) A, 2-255699 (1990] A, 5-213998 (1993) A,
5-310787 (1993) A, and 7-155176 (1995) A; and J. Biol. Chem., 264: 10351-10353 (1989)].
Accordingly, the thrombomodulin used it the present invention can be produced by the methods

described in the aforementioned reports, or by methods equivalent thereto.  For example, J¥ Patent

Publication (Kokai) No. 646219 (1989) A discloscs the Escherichia coli K-12 strain DS (ATCC
Accession No. 67283) comprising a plasmid pSV2TM.2 containing DNA encoding the full-length
tarombomodulin, - A swain (Escherichia coli DHS/pSV2TM 12} (FERM BP-5570), wherein the
aforcmentioned strain Las been re-deposited with the former National Institue of Bioscierce and
Human-Technology on June 19, 1996 (the current National Institute of Advanced Industrial
Science and Technology, an Independent Administrative Institution under the Ministry of
Economy, Trade and Industry (AIST)) (1-3. Higashi 1 chome, Tsukuba-shi, Ibaraki-ken, 305,
JAPAN), can also be used. The thrombomodulin of the present invention can be prepared by a

known genetic engineering technique using the DNA encoding the full-length thrombomodulin

as a
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raw material.

The thrombomodulin used in the present invention may be prepared by a conventionally
known method or a method equivalent thereto. For example, the present thrombomodulin can be
prepared with reference to the aforementioned method of Yamamoto et al. [JP Patent Publication
(Kokai) No. 64-6219 A (1989)] or the method described in JP Patent Publication (Kokai) No.
5-213998 A (1993). That is to say, a human-derived thrombomodulin gene may be subjected to
genetic engineering to convert it to DNA encoding the amino acid sequence as shown in SEQ ID
NO: 9, for example, and it may be further modified, as necessary. For such modification, a codon
encoding the amino acid at position 473 of the amino acid sequence as shown in SEQ ID NO: 9
(particularly, the nucleotide at position 1418) is subjected to site-directed mutagenesis according to
the method described in Method in Enzymology, 100: 468 (1983), Academic Press, so as to obtain
DNA encoding the amino acid sequence as shown in SEQ ID NO: 11 (which specifically consists of
the nucleotide sequence as shown in SEQ ID NO: 12), for example. Using synthetic DNA used for
mutation that has the nucleotide sequence as shown in SEQ ID NO: 13, the nucleotide T at position
1418 of SEQ ID NO: 10 may be converted to the nucleotide C, so as to obtain mutated DNA, for
example.

The thus prepared DNA is incorporated into, for example, Chinese hamster ovary (CHO)
cells to obtain transformant cells. Such cells are then selected, as appropriate. The selected cells
are then cultured to obtain a culture solution, and thrombomodulin can be produced from the culture
solution by purifying it according to a known method. As stated above, it is preferable that the
aforementioned host cells be transfected with the DNA (SEQ ID NO: 10) encoding the amino acid
sequence as shown in SEQ ID NO: 9. A method for producing the thrombomodulin used in the
present invention is not limited to the aforementioned method. For example, such thrombomodulin
may be extracted and purified also from urine, blood, other types of body fluids, etc. Otherwise, it
may also be extracted and purified from tissues producing thrombomodulin, a culture solution of
such tissues, etc. Further, the thrombomodulin may be further subjected to a cleavage treatment
using protease, as necessary.

When the thrombomodulin of the present invention is produced by the aforementioned cell
culture method, there may be cases where the N-terminal amino acid becomes diversified as a result

of posttranslational modification of protein. For example, the amino acids at positions 17, 18, 19,
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or 22 of SEQ ID NO: 9 may become the N-terminus in some cases. In addition, there may also be
cases where the N-terminal amino acid is modified such that the glutamic acid at position 22 could
be converted to pyroglutamic acid. It is preferable that the amino acid at position 17 or 19 become
the N-terminus. It is more preferable that the amino acid at position 19 become the N-terminus.
Moreover, in another preferred embodiment, the amino acid at position 17 may become the
N-terminus. With regard to the aforementioned modification, diversification, etc., the same holds
true for SEQ ID NO: 11.

Furthermore, when the thrombomodulin of the present invention is produced using DNA
having the nucleotide sequence as shown in SEQ ID NO: 10, the C-terminal amino acid may
become diversified, and as a result, a peptide that is shorter than the ordinary peptide by one amino
acid residue may be produced in some cases. That is, there may be cases where the amino acid at
position 515 becomes the C-terminus, and it is further amidated, so that the C-terminal amino acid
can be modified. As a result, a peptide with diversified N-terminal amino acid and C-terminal
amino acid, or a mixture thereof, may be produced. The amino acid at position 515 may preferably
become the C-terminus. Moreover, in another preferred embodiment, the amino acid at position
516 may become the C-terminus. With regard to the aforementioned modification, diversification,
etc., the same holds true for DNA having the nucleotide sequence as shown in SEQ ID NO: 12.

The thrombomodulin obtained by the aforementioned method may be a peptide mixture
with diversified N-terminus and C-terminus. A specific example is a mixture of peptides consisting
of a sequence consisting of amino acids at positions 19 to 516, at positions 19 to 515, at positions 17
to 516, or at positions 17 to 515 of the amino acid sequence as shown in SEQ ID NO: 9.

The present invention provides a method for producing soluble thrombomodulin
substantially not containing a denatured product of the soluble thrombomodulin that may be
generated from the soluble thrombomodulin under acidic conditions. The present production
method is not particularly limited, as long as it comprises (1) a step of subjecting a soluble
thrombomodulin-containing material that contains or is suspected to contain a denatured product of
the soluble thrombomodulin to an anion exchanger or hydroxyapatite and (2) a step of obtaining a
soluble thrombomodulin-containing fraction that does not substantially contain a denatured product
of the soluble thrombomodulin under separation conditions in which the soluble thrombomodulin
can be separated from a denatured product of the soluble thrombomodulin. However, this
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production method preferably comprises (0) a step of leaving soluble thrombomodulin under acidic
conditions of pH 5 or less, before the step (1), and it more preferably comprises (0) a step of leaving
soluble thrombomodulin under acidic conditions of pH 5 or less and (*) a step of purifying soluble
thrombomodulin, before the step (1). The time point at which the step (*) is carried out is not
particularly limited in the production method of the present invention. The step (*) is preferably
carried out before the step (1).

Acidic conditions under which a denatured product of soluble thrombomodulin may be
generated from the soluble thrombomodulin in the present invention include, for example, pH 5 or
less, preferably pH 4 or less, and more preferably pH 3 or less. The lower limit of such pH is, for
example, pH 1 or more, preferably pH 2 or more, and more preferably pH 3 or more. In addition,
the time required under such acidic conditions is, for example, 0.5 hours or more, preferably 1 hour
or more, and more preferably 2 hours or more. Moreover, the temperature applied under such
acidic conditions is, for example, room temperature, preferably 15°C or lower, and more preferably
8°C or lower. The lower limit of such temperature is generally 0°C or higher, preferably 2°C or
higher, and more preferably 5°C or higher. Under the aforementioned acidic conditions, soluble
thrombomodulin is present in the form of a mixture of the soluble thrombomodulin and a denatured
product thereof.

The upper limit of the content of a denatured product of soluble thrombomodulin in the
“thrombomodulin substantially not containing the denatured product of soluble thrombomodulin”
produced by the method of the present invention is preferably 3.0% or less, more preferably 2.0% or
less, further preferably 1.0% or less, and particularly preferably 0.5% or less. The lower limit of the
aforementioned content is 0.01% or more. However, it is preferably a detection limit or less. The
content percentage of a denatured product of soluble thrombomodulin can be measured by
chromatography. For example, 150 pl of an analytical sample is subjected to an analytical size
exclusion chromatography, TSK-GEL G3000SWXL (7.8 mm LD. x 30 cm; TOSOH). A mobile
phase of a phosphate buffer containing sodium sulfate is used, and the absorbance at 280 nm is
measured at a flow rate of 0.9 ml/min. Thus, the content percentage can be obtained based on the
peak area of the soluble thrombomodulin.

When 150 pl of an analytical sample is subjected to an analytical size exclusion
chromatography, TSK-GEL G3000SWXL (7.8 mm L.D. x 30 cm; TOSOH), using a mobile phase of

23




a phosphate buffer containing sodium sulfate, and analysis is then conducted at a flow rate of 0.9
ml/min, a denatured product of soluble thrombomodulin that may be generated from the soluble
thrombomodulin of the present invention under acidic conditions is detected at a retention time of
approximately 90% of the retention time of the soluble thrombomodulin. (When the retention time
of the soluble thrombomodulin is approximately 9 minutes, for example, the retention time of a
denatured product of the soluble thrombomodulin is approximately 8 minutes.) Furthermore, in an
electrophoretic method (Native-PAGE), such denatured product of soluble thrombomodulin that
may be generated from the soluble thrombomodulin of the present invention under acidic conditions
moved, and it was observed on the high molecular weight side of thrombomodulin. In SDS-PAGE,
such denatured product was not detected.

The kind of the soluble thrombomodulin-containing material used in the present invention,
which contains or is suspected to contain a denatured product of soluble thrombomodulin that may
be generated under acidic conditions (hereinafter abbreviated as a “denatured product-containing
material” at times), is not particularly limited, so long as it contains a soluble thrombomodulin and a
denatured product of soluble thrombomodulin. An example of such soluble
thrombomodulin-containing material is a soluble thrombomodulin solution obtained from a culture
supernatant prepared by culturing cells capable of producing soluble thrombomodulin in a serum
component-containing medium or a serum free medium. Preferred examples of such soluble
thrombomodulin-containing material include: a soluble thrombomodulin solution obtained by
performing a purification step on a culture supernatant prepared by culturing cells capable of
producing soluble thrombomodulin in a serum component-containing medium or a serum free
medium; and a soluble thrombomodulin solution left under acidic conditions after preparing the
aforementioned culture supematant. A more preferred example of such soluble
thrombomodulin-containing solution is a soluble thrombomodulin solution obtained by performing a
purification step on a culture supernatant prepared by culturing cells capable of producing soluble
thrombomodulin in a serum component-containing medium or a serum free medium. Further, in
another embodiment of the present invention, a soluble thrombomodulin solution left under acidic
conditions after preparing the aforementioned culture supernatant is preferable.

The aforementioned purification step is not particularly limited, as long as it is able to

eliminate at least proteins other than soluble thrombomodulin. Examples of such purification step
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include a step of eluting and recovering soluble thrombomodulin under acidic conditions, using
affinity chromatography in which an antibody reacting with thrombomodulin is supported, and a step
of allowing the soluble thrombomodulin obtained by the aforementioned affinity chromatography to
come into contact with a cation exchanger under conditions consisting of a specific conductivity of
25 to 34 ms/cm and pH 3 to 4, so as to recover the soluble thrombomodulin as a pass through
fraction.

The aforementioned soluble thrombomodulin-containing material (denatured
product-containing material) is not particularly limited, as long as it contains soluble
thrombomodulin and a denatured product of the soluble thrombomodulin. An example of such
soluble thrombomodulin-containing material is a material that does not substantially contain proteins
other than soluble thrombomodulin and a denatured product of the soluble thrombomodulin.
Specifically, the lower limit of the content of soluble thrombomodulin with respect to total proteins
in such soluble thrombomodulin-containing material is, for example, 50% or more, preferably 60%
or more, more preferably 70% or more, further preferably 80% or more, particularly preferably 90%
or more, extremely preferably 95% or more, and most preferably 99% or more. In addition, there
may be cases in which the content of 99.9% or more is preferable. The aforementioned content of
soluble thrombomodulin generally indicates the content of soluble thrombomodulin itself.
However, there may also be cases in which such content means the contents of both soluble
thrombomodulin and a denatured product of the soluble thrombomodulin. Even in a case in which
the content of soluble thrombomodulin means the contents of both soluble thrombomodulin and a
denatured product of the soluble thrombomodulin, the lower limit of the content of soluble
thrombomodulin with respect to total proteins in such soluble thrombomodulin-containing material
is, for example, 50% or more, preferably 60% or more, more preferably 70% or more, further
preferably 80% or more, particularly preferably 90% or more, extremely preferably 95% or more,
and most preferably 99% or more. In addition, there may also be cases in which the content of
99.9% or more is preferable.

The aforementioned content of soluble thrombomodulin can be measured using
chromatography. For example, an analytical reverse phase chromatography, Asahipak C4P-50 (4.6
mm LD. x 15 ¢cm; Showa Denko K.K.) is employed, and 150 pl of an analytical sample is subjected

at a flow rate of 0.8 ml/min, using a mobile phase consisting of distilled water containing 0.1%
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trifluoroacetic acid (liquid A) and acetonitrile containing 0.1% trifluoroacctic acid (liquid B).  The
mixing ratio of liquid A and liquid B is linearly changed trom 96 : 4 to 0 : 100 (48 minutcs later).
Thereafler, the absorbance at 280 nm of an cluate is measured and analyzed. Thus, the content of
soluble thrombomodulin can be obtained based on the peak areas of the soluble thrombomodulin and
other proteins.  Alternatively, the quantities of proteins other than soluble thrombomodulin are
measured by the ELISA method described in JP Patent Publication (Kokat) No. 11-341990 A (1999),
so that the content of the soluble thrombomodulin can be obtained.

In the present invention, after performing a step of leaving thrombomodulin under acidic
conditions of pH 5 or less, a material containing such thrombomodulin that contains or is suspected
to contain a denatured product of the soluble thrombomodulin is preferably subjected to an anion
exchanger or hydroxyapatite. The upper limit of such acidic conditions is preferably pH 5 or less,
more preferably pH 4 or less, and further preferably pH 3 or less.  The lower limit thercof is
preferably pH 1 or more, more preferably pH 2 or more, and further preferably pH 3 or more.

In addition, the time required under such acidic conditions is, for example, 0.5 hours or
more, preferably 1 hour or more, and more preferably 2 hours or more.  Morcover, the temperature
applied under such acidic conditions is, for example, room temperature, preferably 15°C or lower,
and more preferably 8°C or lower.  The lower limit of such temperature is generally 0°C or higher,
preferably 2°C or higher, and more preterably 5°C or higher.

A preferred salt used in the present invention is a chloride.  The most preferred salt is
sodium chloride.  In addition, preferred phosphates in hydroxyapatite are sodium phosphate and
potassium phosphate.

Separation conditions for separating soluble thrombomodulin from a denatured product of
the soluble thrombomodulin include: lincar gradient elution conditions; stepwise gradient elution
conditions; gradient elution conditions in which linear gradient elution is combined with stepwise
gradient clution; conditions in which soluble thrombomodulin is eluted from a pass-through fraction;
and isocratic elution conditions. Of these conditions, linear gradient clution conditions, stepwise
gradient elution conditions, gradient clution conditions in which linear gradient elution is combined
with stepwise gradient elution, and conditions in which soluble thrombomodulin is eluted from a
pass-through fraction are preferable. Further, linear gradient elution conditions, stepwise gradient

elution conditions, and gradient elution conditions in which linear gradient elution
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is combined with stepwise gradient elution are more preferable. Furthermore, in another
embodiment, conditions in which soluble thrombomodulin is eluted from a pass-through fraction are
preferable.  Still further, there may also be a case in which isocratic conditions are preferable.

As a pass-through fraction, there is a fraction in which soluble thrombomodulin is not
adsorbed on an anion exchanger or hydroxyapatite when a soluble thrombomodulin-containing
material is subjected to such anion exchanger or hydroxyapatite. The kind of such pass-through
fraction is not particularly limited, as long as it does not substantially contain a denatured product of
thrombomodulin. For example, a fraction of 1 to 20 column volumes, 1 to 50 column volumes, or
1 to 100 column volumes may be used.

Gradient elution conditions may be determined, as appropriate, depending on the type of a
column used. Specific conditions will be described later. In addition, for conditions in which
soluble thrombomodulin is eluted from a pass-through fraction, a buffer solution to be used may be
determined, as appropriate, depending on the type of a column used. Specific conditions will be
described later. Moreover, isocratic elution conditions may be determined, as appropriate,
depending on the type of a column used.

As an anion exchanger, an anion exchanger having a quaternary ammonium group such as
SourceQ (GE Healthcare Bio-Sciences), which is a strong anion exchanger, is preferably used.
Before subjecting a denatured product-containing material thereto, such anion exchanger may be
equilibrated with several column volumes of a buffer solution of pH 4 to 9 (the kind of such buffer
solution is not limited; for example, a 0.1M acetate bufter (pH 4), a 0.02 M phosphate buffer (pH
7.3), or a 0.02 M Tris buffer (pH 8)). After completion of such equilibration, a denatured
product-containing material is subjected to the amion exchanger. Before elution of soluble
thrombomodulin, the anion exchanger may be washed with a buffer solution of pH 4 to 9 (the kind
of such buffer solution is not limited; for example, a 0.1M acetate bufter (pH 4), a 0.02 M phosphate
buffer (pH 7.3), or a 0.02 M Tris buffer (pH 8)). With regard to the adsorbed denatured
product-containing material, soluble thrombomodulin may be separated from a denatured product of
the soluble thrombomodulin and may be eluted by gradient elution with a salt concentration of 0 to 1
M, using a buffer solution of pH 5 to 9, and preferably of pH 7 to 8 (the kind of such buffer solution
is not limited; for example, a 0.02 M phosphate buffer (pH 7.3) or a 0.02 M Tris buffer (pH 8)).

Separation conditions are not particularly limited, as long as they are conditions capable of
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separating soluble thrombomodulin from a denatured product of the soluble thrombomodulin and
eluting them. Examples of such gradient elution conditions include linear gradient elution
conditions, stepwise gradient elution conditions, and gradient clution conditions in which linear
gradient elution is combined with stepwise gradient elution. In such gradient elution, a salt
concentration is set at preferably 0 to 0.3 M, and more preferably 0.03 to 0.26 M. The amount of a
buffer solution used in elution is 2 to 40 column volumes, and preferably 5 to 20 column volumes.

When gradient elution conditions are used, as a step of obtaining an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin, there is applied, for example, (a) a step of obtaining such elution fraction
after the position of a fraction from which the soluble thrombomodulin is eluted has previously been
confirmed, or (b) a step of obtaining such elution fraction while confirming the presence of the
soluble thrombomodulin in the elution fraction.

Specifically describing the step (a), the position of an elution fraction that does not
substantially contain a denatured product of soluble thrombomodulin has previously been confirmed
by an analytic method for confirming the presence of soluble thrombomodulin and that of a
denatured product of the soluble thrombomodulin (for example, size exclusion chromatography
described in Example 7 later), and the elution fraction at the position is recovered. On the other
hand, specifically describing the step (b), while confirming by an analytic method for confirming the
presence of soluble thrombomodulin and that of a denatured product of the soluble thrombomodulin
(for example, size exclusion chromatography described in Example 7 later) that an elution fraction
contains soluble thrombomodulin and does not substantially contain a denatured product of the
soluble thrombomodulin, such elution fraction containing soluble thrombomodulin and substantially
not containing a denatured product of the soluble thrombomodulin is obtained. The step (b) is
preferable. In addition, there may also be cases in which the step (a) is preferable.

Moreover, soluble thrombomodulin substantially not containing a denatured product
thereof can also be obtained as a pass-through fraction by substituting a denatured
product-containing material with a suitable buffer solution before subjecting such denatured
product-containing material to an anion exchanger. Such pass-through fraction is a fraction in
which soluble thrombomodulin is not adsorbed on the anion exchanger when a soluble

thrombomodulin-containing material is subjected to the anion exchanger. A difference between
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soluble thrombomodulin and a denatured product thereof in terms of adsorbability on a column is
utilized. In this case, as an anion exchanger, an anion exchanger having a quaternary ammonium
group such as SourceQ, Q Sepharose FF (GE Healthcare Bio-Sciences), Sartobind (Sartorius K.K.)
or Mustang (PALL), which is a strong anion exchanger, is preferably used. A suitable buffer
solution used in substitution is preferably a bufter solution of pH 5 to 8 having a salt concentration of
0.1 to 0.2 M. The kind of such bufter solution is not limited. For example, 0.02 M phosphate,
0.18 M sodium chloride, pH 7.3 can be used. As a method of obtaining a pass-through fraction,
while confirming by an analytic method such as size exclusion chromatography described in
Example 7 later that an elution fraction contains soluble thrombomodulin and does not substantially
contain a denatured product of the soluble thrombomodulin, such fraction may be appropriately
obtained.

Moreover, isocratic elution conditions may also be used. In this case as well, such
conditions may be determined, as appropriate, with reference to gradient elution conditions and
conditions under which soluble thrombomodulin is eluted from a pass-through fraction.

As hydroxyapatite, Macro-Prep (R) Ceramic Hydroxyapatite TYPE 1 (BIO-RAD) is used,
for example.  Before subjecting a denatured product-containing material thereto, such
hydroxyapatite may be equilibrated with several column volumes of a buffer solution of pH 6 to 9
having a phosphate concentration of 8 mM or less, preferably 5 mM or less, and more preferably 2
mM or less (the kind of such buffer solution is not limited, but the following buffer solutions may be
used, for example: 5 mM phosphate, 0.2 M sodium chloride, pH 7; 1 mM phosphate, 25 mM TRIS,
0.2 M sodium chloride, pH 7.7; or 2 mM phosphate, 20 mM HEPES, 0.17 M sodium chloride, pH 7).
A buffer solution of a denatured product-containing material to be subjected to hydroxyapatite is a
buffer solution of pH 6 to 9 having a phosphate concentration of 8 mM or less, preferably S mM or
less, and more preferably 2 mM or less. After completion of such equilibration, a denatured
product-containing material is subjected to the hydroxyapatite. Before elution of soluble
thrombomodulin, the hydroxyapatite may be washed with a buffer solution of pH 6 to 9 having a
phosphate concentration of 8 mM or less, preferably 5 mM or less, and more preferably 2 mM or
less (the kind of such buffer solution is not limited, but the following buffer solutions may be used,
for example: 5 mM phosphate, 0.2 M sodium chloride, pH 7; 1 mM phosphate, 25 mM TRIS, 0.2 M
sodium chloride, pH 7.7; or 2 mM phosphate, 20 mM HEPES, 0.17 M sodium chloride, pH 7).

29



With regard to the adsorbed denatured product-containing material, soluble thrombomodulin may be
separated from a denatured product of the soluble thrombomodulin and they may be then eluted by
gradient elution with a phosphate concentration of 0 to 0.5 M, using a buffer solution of pH 6 to 9,
and preferably of pH 7 to 8. Separation conditions are not particularly limited, as long as they are
conditions capable of separating soluble thrombomodulin from a denatured product of the soluble
thrombomodulin. Examples of such gradient elution conditions include linear gradient elution
conditions and stepwise gradient elution conditions. This gradient elution is preferably carried out
with a phosphate concentration of 1 to 40 mM. More preferably, stepwise gradient elution is
carried out with a phosphate concentration of 8 to 10 mM, so as to obtain an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin. By further increasing the concentration of phosphate, a denatured
product of soluble thrombomodulin is eluted.

When gradient elution conditions are used, as a method of obtaining an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin, the same method as that in the case of separating soluble thrombomodulin
from a denatured product thereof using an anion exchanger can be applied.

Moreover, soluble thrombomodulin substantially not containing a denatured product
thereof can also be obtained as a pass-through fraction by substituting a denatured
product-containing material with a suitable buffer solution before subjecting such denatured
product-containing material to hydroxyapatite. Such pass-through fraction is a fraction in which
soluble thrombomodulin is not adsorbed on the hydroxyapatite when a soluble
thrombomodulin-containing material is subjected to the hydroxyapatite. A difference between
soluble thrombomodulin and a denatured product thereof in terms of adsorbability on a column is
utilized. In this case, as hydroxyapatite, Macro-Prep (R) Ceramic Hydroxyapatite TYPE 1
(BIO-RAD) can be used, for example. A suitable buffer solution used in substitution is a buffer
solution of pH 6 to 9 having a phosphate concentration of 5 to 20 mM, and preferably a buffer
solution of pH 6 to 7 having a phosphate concentration of 5 to 10 mM. The kind of such buffer
solution is not limited. For example, 10 mM phosphate, 10 mM sodium chloride, pH 7 can be used.
As a method of obtaining a pass-through fraction, while confirming by an analytic method such as

size exclusion chromatography described in Example 7 later that an elution fraction contains soluble
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thrombomodulin and does not substantially contain a denatured product of the soluble
thrombomodulin, such fraction may be appropriately obtained.

Moreover, isocratic elution conditions may also be used. In this case as well, such
conditions may be determined, as appropriate, with reference to gradient elution conditions and
conditions under which soluble thrombomodulin is eluted from a pass-through fraction.

Preferably, the production method of the present invention does not comprise a step of
adjusting the pH of an elution fraction containing soluble thrombomodulin that does not substantially
contain a denatured product of the soluble thrombomodulin to pH 4 or less, after a soluble
thrombomodulin-containing material has been subjected to an anion exchanger or hydroxyapatite to
obtain the aforementioned elution fraction. Moreover, even in the subsequent concentration step
and/or desalination step for converting the soluble thrombomodulin to a pharmaceutical material, it is
preferable not to adjust the pH of the elution fraction to pH 4 or less.

A preferred example of a method of purifying soluble thrombomodulin from a culture
supernatant prepared by culturing cells capable of producing soluble thrombomodulin in a serum
component-containing medium or a scrum free medium is a purification method using, as an
indicator, thrombomodulin activity such as the activity of thrombomodulin to promote protein C
activation by thrombin. A specific example is a purification method comprising: roughly purifying
a culture supernatant with Q-Sepharose FF used as an ion-exchange column to recover a fraction
having thrombomodulin activity; purifying the recovered fraction with a mouse
anti-thrombomodulin monoclonal antibody on an affinity column to recover a fraction having high
thrombomodulin activity; purifying the recovered fraction with SP-Sepharose FF used as a
cation-exchange column; concentrating a pass-through fraction; and then subjecting the resultant
fraction to gel filtration to obtain a thrombomodulin active fraction. After completion of such
purification with SP-Sepharose FF, the anion exchanger of the present invention, preferably an anion
exchanger having a quaternary ammonium group such as SourceQ (GE Healthcare Bio-Sciences),
which is a strong anion exchanger, or the hydroxyapatite of the present invention such as
Macro-Prep (R) Ceramic Hydroxyapatite TYPE 1 (BIO-RAD), is used under optimal conditions, so
as to easily obtain high-purity thrombomodulin that does not substantially contain a denatured
product of soluble thrombomodulin.

On the other hand, after purification with a mouse anti-thrombomodulin monoclonal
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antibody, the anion exchanger of the present invention, preferably an anion exchanger having a
quaternary ammonium group such as SourceQ (GE Healthcare Bio-Sciences), which is a strong
anion exchanger, is used under optimal conditions, so that a denatured product of soluble
thrombomodulin, a mouse antibody-derived product, and in the case of using a serum-containing
medium, a serum-derived product can be simultaneously eliminated, thereby easily obtaining
high-purity thrombomodulin that does not substantially contain a denatured product of soluble
thrombomodulin.

The high-purify thrombomodulin obtained by the aforementioned method is then subjected
to a concentration step and/or a desalination step in which the pH is not adjusted to pH 4 or less, so
as to obtain a buffer-exchanged, highly purified product. The soluble thrombomodulin obtained by
the aforementioned method can be used as a pharmaceutical material.

Further, the present invention provides a method for purifying soluble thrombomodulin in
such a way that the soluble thrombomodulin does not substantially contain a denatured product of
the soluble thrombomodulin that may be generated from the soluble thrombomodulin under acidic
conditions. The present purification method is not particularly limited, as long as it comprises (1) a
step of subjecting a soluble thrombomodulin-containing material  that contains or is suspected to
contain a denatured product of the soluble thrombomodulin to an anion exchanger or hydroxyapatite,
and (2) a step of obtaining a soluble thrombomodulin-containing fraction that does not substantially
contain a denatured product of the soluble thrombomodulin under separation conditions in which the
soluble thrombomodulin can be separated from a denatured product of the soluble thrombomodulin.
Moreover, as such purification method, a purification method having the characteristic features of the
aforementioned method for producing soluble thrombomodulin of the present invention may be

applied.

Examples

The present invention will be more specifically described in the following examples.
However, these examples are not intended to limit the scope of the present invention.
(Example 1) Rough purification with strong anion-exchange column

In accordance with the descriptions of JP Patent Publication (Kokai) No. 11-341990 A
(1999), DNA encoding the amino acid sequence shown in SEQ ID NO: 9 was prepared, modified,
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and then incorporated into Chinese hamster ovary cells by genetic engineering technique. The celis
were cultured, and a culture supernatant was then obtained. Thereafter, 41 1 of the obtained culture
supernatant was filtrated with a 0.2-pm membrane filter (Millipore; Millipak 20). The filtrated
culture supernatant was subjected to a Q-Sepharose (GE Healthcare Bio-Sciences) column
(diameter: 44 cm; height: 26.3 c¢m) that had been equilibrated with a 20 mM Tris-HCI buffer solution
(pH 7.4) containing 150 mM sodium chloride. Subsequently, the column was washed with 6
column volumes of a 20 mM acetate buffer solution containing 180 mM sodium chloride, and was
further washed with 8 column volumes of a 20 mM Tris-HCl buffer solution (pH 7.4) containing 180
mM sodium chloride. Thereafter, elution was initiated with a 20 mM Tris-HCI buffer solution (pH
7.4) containing 300 mM sodium chloride. 0.5 column volumes of an eluate was obtained as a
roughly purified product from the initial rise of the peak of the absorbance at 280 nm of the eluate.

It is to be noted that the flow rate was set at 760 mL/min.

(Example 2) Purification with monoclonal antibody

In accordance with the descriptions of JP Patent Publication (Kokai) No. 11-341990 A
(1999), an anti-thrombomodulin monoclonal antibody was prepared using human lung-derived
thrombomodulin as an antigen. The obtained anti-thrombomodulin monoclonal antibody was then
allowed to come into contact with and to react with CNBr-activated Sepharose 4 Fast Flow (GE
Healthcare Bio-Sciences), so that the anti-thrombomodulin monoclonal antibody was coupled
therewith, thereby producing anti-thrombomodulin monoclonal antibody-bound Sepharose 4 Fast
Flow. 16.51 out of the elution fraction obtained in Example 1 was subjected to a monoclonal
antibody column (diameter: 44 cm; height: 10.5 cm) that had been equilibrated with a 20 mM
phosphate buffer solution (pH 7.3) containing 0.3 M sodium chloride. The column was washed by
supplying 6 column volumes of a 20 mM phosphate buffer solution (pH 7.3) containing 1.0 M
sodium chloride, and then supplying 3 column volumes of a 0.1 M acetate buffer solution (pH 5.0).
Thereafter, elution was initiated with a 0.1 M glycine-HCI buffer solution (pH 3.0) containing 0.3 M
sodium chloride. An eluate was obtained from the initial rise to decay of the peak of the
absorbance at 280 nm of the eluate. Thereafter, a 0.5 M phosphate buffer solution (pH 7.3) was
added to the eluate in an amount of 1/10 with respect to the volume of the eluate, so as to obtain a

purified solution. It is to be noted that the flow rate was set at 760 mL/min.
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(Example 3) Purification with strong cation-exchange column

A 1.0 M glycine-HCI buffer solution (pH 2.0) was added to 193 ml out of the purified
solution obtained in Example 2, so as to adjust the pH of the solution to pH 3.5. This solution was
subjected to a SP-Sepharose FF (GE Healthcare Bio-Sciences) column (diameter: 16 mm; height: 12
cm) that had been equilibrated with a 0.1 M glycine buffer solution (pH 3.5) containing 0.3 M NaCl.
The column started to be washed with a 100 mM glycine-HCI buffer solution (pH 3.5) containing
300 mM NaCl. A pass-through fraction was obtained from the initial rise to decay of the peak of
the absorbance at 280 nm, and it was immediately neutralized with a 0.5 M phosphate buffer
solution (pH 7.3) so as to adjust the pH of the solution to pH 7, thereby obtaining a highly purified
product. It is to be noted that the flow rate was set at 3.3 mL/min. As a result of the measurement
by chromatography using the aforementioned Asahipak C4P-50 or the ELISA method described in
JP Patent Publication (Kokai) No. 11-341990 A (1999), the content of soluble thrombomodulin in the
highly purified product was found to be 99% or more.

(Example 4) Separation of denatured product of soluble thrombomodulin by anion exchanger linear
gradient elution (1)

10 ml out of the highly purified product obtained in Example 3 was diluted with 30 ml of
purified water. 40 ml of the thus diluted solution was subjected to a SourceQ 30 (GE Healthcare
Bio-Sciences) column (diameter: 0.5 cm; height: 9.8 cm) that had been equilibrated with a 20 mM
phosphate buffer solution (pH 6) containing 0.1 M sodium chloride. The column was washed with
3 column volumes of a 20 mM phosphate buffer solution (pH 6), and it started to be eluted by 0.1 M
to 0.3 M sodium chloride linear gradient elution with a 20 mM phosphate buffer solution (pH 6) at
an elution volume of 20 column volumes. An eluate was fractionated at a unit of 1 column volume
from the initial rise of the peak of the absorbance at 280 nm of the eluate. It is to be noted that the
flow rate during the loading of the sample and washing was set at 2.2 mL/min, and that the flow rate

during the elution was set at 0.3 mL/min. The chromatogram is shown in Figure 1.

(Example 5) Separation of denatured product of soluble thrombomodulin by anion exchanger linear
gradient elution (2)
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10 ml out of the highly purified product obtained in Example 3 was diluted with 30 ml of
purified water. 40 ml of the thus diluted solution was subjected to a SourceQQ 30 (GE Healthcare
Bio-Sciences) column (diameter: 0.5 cm; height: 9.8 cm) that had been equilibrated with a 20 mM
phosphate buffer solution (pH 7) containing 0.1 M sodium chloride. The column was washed with
3 column volumes of a 20 mM phosphate buffer solution (pH 7), and it started to be eluted by 0.1 M
to 0.3 M sodium chloride linear gradient elution with a 20 mM phosphate buffer solution (pH 7) at
an elution volume of 20 column volumes. An eluate was fractionated at a unit of 1 column volume
from the initial rise of the peak of the absorbance at 280 nm of the eluate. It is to be noted that the
flow rate during the loading of the sample and washing was set at 2.2 mL/min, and that the flow rate

during the elution was set at 0.3 mL/min. The chromatogram is shown in Figure 2.

(Example 6) Separation of denatured product of soluble thrombomodulin by anion exchanger linear
gradient elution (3)

10 ml out of the highly purified product obtained in Example 3 was diluted with 30 ml of
purified water. 40 ml of the thus diluted solution was subjected to a SourceQ 30 (GE Healthcare
Bio-Sciences) column (diameter: 0.5 cm; height: 9.8 cm) that had been equilibrated with a 20 mM
Tris buffer solution (pH 8) containing 0.1 M sodium chloride. The column was washed with 3
column volumes of a 20 mM Tris buffer solution (pH 8), and elution was then initiated by 0.1 M to
0.3 M sodium chloride linear gradient elution with a 20 mM Tris buffer solution (pH 8) at an elution
volume of 20 column volumes. An eluate was fractionated at a unit of 1 column volume from the
initial rise of the peak of the absorbance at 280 nm of the eluate. It is to be noted that the flow rate
during the loading of the sample and washing was set at 2.2 mL/min, and that the flow rate during

the elution was set at 0.3 mL/min. The chromatogram is shown in Figure 3.

(Example 7) Evaluation of contents of denatured products of soluble thrombomodulins of Examples
4-6

Using an analytical size exclusion chromatography, TSK-GEL G3000SWXL (7.8 mm LD.
x 30 cm; TOSOH), the content of a denatured product of soluble thrombomodulin in each fraction
was evaluated. The column was equilibrated with a mobile phase. As such mobile phase, a 50

mM phosphate buffer solution (pH 7.3) containing 0.1 M sodium sulfate was used. 150 pl of each
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fraction was subjected to the aforementioned chromatography at a flow rate of 0.9 ml/min, so that it
was analyzed. In addition, the recovery rate of each fraction was calculated by measuring the
absorbance at 280 nm. The results of Examples 4 to 6 are shown in the following Table 1.
Moreover, with regard to the highly purified product obtained in Example 3 as well, the content of a
denatured product of soluble thrombomodulin therein was measured by the aforementioned method.
As a result, the content was found to be 7.0% (Figure 4). Under any of the conditions of Examples
4 1o 6, a high-purity soluble thrombomodulin that did not substantially contain a denatured product
of soluble thrombomodulin could be obtained at a recovery rate of 76% to 81%.
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Table 1:

Fractions 1 to 4 | Fraction | Fraction | Fraction
pool 5 6 7
Example 4 | TM denatured product content rate (%) 0.0 93 41.5 53.8
Recovery rate (%) 80 9 £ 4
Example 5 | TM denatured product content rate (%) 0.0 3.0 35.5 54.7
Recovery rate (%) 76 10 8 6
Example 6 | TM denatured product content rate (%) 0.0 8.8 40.2 50.0
Recovery rate (%) 81 9 7 3

(Example 8) Separation of denatured product of soluble thrombomodulin by anion exchanger
stepwise gradient elution

70 ml out of the highly purified product obtained in Example 3 was diluted with 210 ml of
purified water. The diluted solution was subjected to a SourceQ 30 (GE Healthcare Bio-Sciences)
column (diameter: 0.5 cm; height: 20.5 cm) that had been equilibrated with a 20 mM phosphate
buffer solution (pH 7.3) containing 30 mM sodium chloride. The column was washed with 3
column volumes of a 20 mM phosphate buffer solution (pH 7.3) containing 30 mM sodium chloride,
and elution was started with a 20 mM phosphate buffer solution (pH 7.3) containing 0.18 M sodium
chloride. An eluate was obtained from the initial rise of the peak of the absorbance at 280 nm of
the eluate to 6 column volumes. Using an analytical size exclusion chromatography, TSK-GEL
G3000SWXL (TOSOH), the content of a denatured product of soluble thrombomodulin in the eluate
was evaluated under the conditions of Example 7.  As a result, the content of the denatured product
of soluble thrombomodulin was found to be 0.0%. Thus, a high-purity soluble thrombomodulin
that did not substantially contain a denatured product of soluble thrombomodulin could be obtained.
The recovery rate of the eluate was found to be 89%. It is to be noted that the flow rate during the
loading of the sample and washing was set at 0.8 mL/min, and that the flow rate during the elution
was set at 0.4 mL/min. The chromatogram is shown in Figure 5.

(Example 9) Obtainment of soluble thrombomodulin-containing culture superatant by serum
free culture of Chinese hamster ovary cells, wherein human-derived thrombomodulin gene which
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had been prepared and modified was incorporated by genetic engineering technique

As serum free media containing no animal ingredients used in the culture for obtaining a
soluble thrombomodulin-containing culture supernatant, two types of media, namely, a medium for
seeding and a medium for perfusion culture were prepared.

In order to prepare the medium for seeding, 5 mL of HT supplement (liquid; catalog
number: 11067-030; manufacturer: Invitrogen) and 40 mL of 200 mM L-Glutamine (liquid; catalog
number: 25030-081; manufacturer: Invitrogen) were aseptically mixed into 1 L of IS CHO-CD
(liquid medium,; catalog number: 91119-1L; manufacturer: Irvine Scientific). When preserved, the
thus prepared medium for seeding was refrigerated (2°C to 8°C), and when used, it was heated in a
constant temperature bath at 36°C immediately before use.

In order to prepare the medium for perfusion culture, 20.8 g of IS CHO-CD-A3 (powder
medium; catalog number 98688; manufacturer: Irvine Scientific), 2.6 g of common salts (special
grade; manufacturer: Wako Pure Chemical Industries, Ltd.), and 4.4 g of sodium bicarbonate (special
grade; manufacturer: Wako Pure Chemical Industries, Ltd.) were added to and dissolved in 1 L of
deionized ultrafiltrated water, and the mixed solution was then aseptically filtrated with a 0.2-pm
filter (made of PVDF; manufacturer: Millipore). The thus prepared medium for perfusion culture
was refrigerated (2°C to 8°C), when it is preserved and used.

For initiation of seed culture, frozen cells capable of producing soluble thrombomodulin (JP
Patent Publication (Kokai) No. 11-341990 A (1999)) were rapidly melted in a 37°C constant
temperature bath, and the cells were then suspended in a medium for seed culture. The suspension
was centrifuged (2000 rpm; 2 minutes; Kokusan Chemical Co., Ltd.), and after elimination of a
centrifuged supernatant, a cell pellet was suspended in 100 mL of the medium for seed culture. The
suspension was dispensed into a 225-cm? T flask culture vessel (manufacturer: BD Biosciences) to
start a first step seed culture. The first step seed culture was carried out as static culture in a 36°C,
5% COzincubator. When the density of floating living cells in the first step seed culture reached
approximately 8 x 10° cells/mL, the cells were subcultured to a second seed culture.

The second step seed culture and the subsequent cultures were carried out as spinner
cultures. The scales and spinner culture vessels used in spinner cultures as seed cultures are as
follows: second step seed culture: 400 mL (a spinner flask made of glass; manufacturer: Shibata

Scientific Technology Ltd.); third step seed culture: 1.6 L (a spinner flask made of glass;
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manufacturer: Shibata Scientific Technology Ltd.); and fourth step seed culture: 6 L (a spinner flask
made of glass; manufacturer: Shibata Scientific Technology Ltd.)). Thus, the cells were
successively subcultured, so that the amount of a culture solution was increased. When the density
of floating living cells in a seed culture reached approximately 8 x 10° cells/mL, the cells were
subcultured to the next seed culture. In such subculture, a medium for seed culture was added to
the previous medium in the sane amount as a value obtained by subtracting the culture scale before
subculture from the culture scale after subculture, so as to increase the amount of the culture solution.
Spinner culture was carried out in a 36°C, 5% CO, incubator, using a magnetic stirrer (manufacturer:
Shibata Scientific Technology Ltd.) at a stirring number of 60 to 100 rpm.

When the density of floating living cells in the fourth seed culture reached approximately 8
x 10° cells/mL, 2 L of the seed culture solution was transferred into each of 3 perfusion culture tanks
(2-L perfusion culture fermenters; manufacturer: B. E. Marubishi Co., Ltd.), and perfusion culture
was then initiated.

In the perfusion culture, quantitative transportation of a perfusion culture medium supplied
to a perfusion culture tank was carried out using a perister pump (manufacturer: Master Flex) at a
flow rate of 2 L/day.

Cell separation in perfusion culture was carried out using a spin filter established in a
perfusion culture tank. The spin filters used in the 3 perfusion culture tanks were of all different
types. A first spin filter was a mesh made of stainless steel (FP-10; pore diameter: 10 pm;
manufacturer: Fuji Filter MFG Co., Ltd.). A second spin filter was a mesh made of stainless steel
(FP-30; pore diameter: 30 um; manufacturer: Fuji Filter MFG Co., Ltd.). A third spin filter was a
mesh made of polyester PETP (pore diameter: 10 um; catalog number: BB-8808571; manufacturer:
Sartorius K.K.),

A culture supernatant separated with a spin filter established in a perfusion culture tank was
intermittently removed from the tank via the pressure in the culture tank by the action of a level
sensor indicating a liquid level of 2 L in the perfusion culture tank, when the amount of the culture
solution became 2 L or more.  The intermittently removed culture supernatant was transferred into a
refrigerated vessel, and it was then refrigerated at 2°C to 8°C.

Conditions for the perfusion culture were controlled as follows: the temperature in the tank:
35°C to 37°C; dissolved oxygen level: 10% to 90%; and pH 6.8 to 7.6.
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The perfusion culture was carried out for 30 days. The mean living cell densities during
the culture were as follows: the first perfusion culture tank: 17 x 10° cells/mL; the second perfusion
culture tank: 10 x 10° cells/mL; and the third perfusion culture tank: 18 x 10° cells/mL.

Culture supernatants obtained from the 3 perfusion culture tanks for a period of time
between the 3™ day and the 30" day of the perfusion culture were gathered, and the mixture was then
filtrated with a 0.2-pm filter (made of PVDF; manufacturer: Millipore). The filtrated culture

supernatant was refrigerated (2°C to 8°C).

(Example 10) Purification with strong anion-exchange column

850 ml out of the culture supematant obtained in Example 9 was subjected to a
Q-Sepharose FF (GE Healthcare Bio-Sciences) column (diameter: 1.6 cm; height: 29 cm) that had
been equilibrated with a 20 mM sodium acetate-120 mM acetate buffer solution containing 30 mM
sodium chloride. Subsequently, the column was washed with 12 column volumes of a 20 mM
sodium acetate-120 mM acetate buffer solution (pH 3.8) containing 30 mM sodium chloride, and
elution was then initiated with a 20 mM sodium acetate-40 mM acetate buffer solution (pH 4.2)
containing 140 mM sodium chloride. 1/5 column volumes of a 1 M HEPES buffer solution (pH 8)
containing 10 mM potassium phosphate was added to an eluate from the initial rise of the main peak
of the absorbance at 280 nm of the eluate to 2 column volumes, so as to obtain a purified product.

It is to be noted that the flow rate was set at 2 mL/min.

(Example 11) Separation of denatured product of soluble thrombomodulin by hydroxyapatite
stepwise gradient elution

20 ml out of the purified product obtained in Example 10 was subjected to a Macro-Prep
(R) Ceramic Hydroxyapatite TYPE 1 (BIO-RAD) column (diameter: 0.5 cm; height: 9.7 cm) that
had been equilibrated with a 20 mM HEPES buffer solution (pH 7) containing 0.17 M sodium
chloride and 2 mM sodium phosphate. The column was washed with 6 column volumes of a 20
mM HEPES buffer solution (pH 7) containing 0.17 M sodium chloride and 2 mM sodium phosphate,
and elution was then carried out with 4 column volumes of a 8 mM phosphate buffer solution (pH 7)
containing 10 mM sodium chloride. An eluate was obtained from the initial rise to decay of the

peak of the absorbance at 280 nm of the eluate. It is to be noted that the flow rate was set at 0.4
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mL/min. Using an analytical size exclusion chromatography, TSK-GEL G3000SWXL (TOSOH),
the content of a denatured product of soluble thrombomodulin in the eluate was evaluated under the
conditions of Example 7. As a result, the content of the denatured product of soluble
thrombomodulin was found to be 0.8% or less. The column was reproduced with a 0.5 M

phosphate buffer solution (pH 7). The chromatogram is shown in Figure 6.

(Example 12) Rough purification with strong anion-exchange column (2)

5.2 1 of the culture supernatant obtained in Example 9 was subjected to a Capto Q (GE
Healthcare Bio-Sciences) column (diameter: 1.6 cm; height: 26 cm) that had been equilibrated with a
20 mM Tris-HCI buffer solution (pH 7.7) containing 150 mM sodium chloride. Subsequently, the
column was washed with 15 column volumes of a 20 mM Tris-HCl buffer solution (pH 7.7)
containing 0.18 M sodium chloride, and elution was then initiated with a 20 mM Tris-HCI buffer
solution (pH 7.7) containing 0.3 M sodium chloride. An eluate was obtained from the initial rise of
the peak of the absorbance at 280 nm of the eluate to 2 column volumes as a roughly purified

product. It is to be noted that the flow rate was set at 10 mL/min.

(Example 13) Purification with monoclonal antibody (2)

A monoclonal antibody was produced in accordance with Patent Document 2. 72 mL out
of the elution fraction obtained in Example 12 was subjected to a monoclonal antibody column
(diameter: 5 cm; height: 11 ¢m) that had been equilibrated with a 20 mM phosphate buffer solution
(pH 7.3) containing 0.3 M sodium chloride. 6 column volumes of a 20 mM phosphate buffer
solution (pH 7.3) containing 1.0 M sodium chloride was supplied to the column, and thereafter, 3
column volumes of a 0.1 M acetate buffer solution (pH 5.0) was supplied thereto, so that the column
was washed. Thereafter, elution was initiated with a 0.1 M glycine-HCI buffer solution (pH 3.0)
containing 20 mM sodium chloride, so as to obtain an eluate from the initial rise to decay of the peak
of the absorbance at 280 nm of the eluate. Thereafter, 15% by volume of a 0.3 M phosphate buffer
solution (pH 7.3) was added to the eluate, so as to obtain a purified solution. It is to be noted that
the flow rate was set at 9.8 mL/min. As a result of the measurement by chromatography using the
aforementioned Asahipak C4P-50 or the ELISA method described in JP Patent Publication (Kokai)
No. 11-341990 A (1999), the content of soluble thrombomodulin in the highly purified solution was
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found to be 99% or more.

(Example 14) High purification and elimination of denatured product of soluble thrombomodulin
with strong anion exchanger

75 mL out of the purified solution obtained in Example 13 was subjected to a SourceQ 30
(GE Healthcare Bio-Sciences) column (diameter: 0.5 cm; height: 20.5 cm) that had been equilibrated
with a 0.1 M acetate buffer solution (pH 4) containing 40 mM sodium chloride. 2 column volumes
of a 0.1 M acetate buffer solution (pH 4) containing 40 mM sodium chloride was supplied to the
column, then 4 column volumes of a 0.1 M acetate buffer solution (pH 4) containing 50 mM sodium
chloride was supplied thereto, and thereafter, 3 column volumes of a 20 mM phosphate buffer
solution (pH 7.3) containing 30 mM sodium chloride was supplied thereto, so that the column was
washed. Thereafter, elution was initiated with a 20 mM phosphate buffer solution (pH 7.3)
containing 0.18 M sodium chloride, so as to obtain an eluate from the initial rise of the peak of the
absorbance at 280 nm of the eluate to 6 column volumes thereof. It is to be noted that the flow rate
during the loading of the sample was set at 1 mL/min, and that the flow rate during washing and
elution was set at 0.3 mL/min. Using an analytical size exclusion chromatography, TSK-GEL
G3000SWXL (TOSOH), the content of a denatured product of soluble thrombomodulin in the eluate
was evaluated under the conditions of Example 7.  As a result, the content of the denatured product
of soluble thrombomodulin was found to be 0.1%. Thus, a high-purity soluble thrombomodulin
that did not substantially contain a denatured product of soluble thrombomodulin was obtained.

The recovery rate of the eluate was found to be 71%. The chromatogram is shown in Figure 7.

(Example 15) Evaluation of amount of proteins in which different types of products (mouse
antibody-derived product and Chinese hamster ovary cell-derived product) are mixed

By the ELISA method described in JP Patent Publication (Kokai) No. 11-341990 A (1999),
the elution fractions of Examples 13 and 14 were evaluated. The absorbance at 280 nm of each
elution fraction was measured. The results obtained by evaluating such elution fraction based on
the mixed amount per absorbance are shown in the following Table 2. The mixed amounts of

ingredients could be simultaneously decreased.
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Table 2:

] Mouse antibody-derived pI'Odl;t - rane;e hamster ovary cell-derive:d;(;duct
(ng/OD) (ng/OD)
Exam;le 1? 1 7 | 102 =
71;;xample 14 - 7 N.D. - N.D.

Brief Description of the Drawings

Figure 1 shows a chromatogram in separation of a denatured product of soluble
thrombomodulin by the anion exchanger linear gradient elution in Example 4.

Figure 2 shows a chromatogram in separation of a denatured product of soluble
thrombomodulin by anion exchanger linear gradient elution in Example 5.

Figure 3 shows a chromatogram in separation of a denatured product of soluble
thrombomodulin by the anion exchanger linear gradient elution in Example 6.

Figure 4 shows the results obtained by measuring the content of a denatured product of
soluble thrombomodulin in the highly purified product obtained in Example 3.

Figure 5 shows a chromatogram in elimination of a denatured product of soluble
thrombomodulin by the anion exchanger stepwise gradient elution in Example 8.

Figure 6 shows a chromatogram in elimination of a denatured product of soluble
thrombomodulin by the hydroxyapatite stepwise gradient elution in Example 11.

Figure 7 shows a chromatogram in high purification and elimination of a denatured product

of soluble thrombomodulin with a strong anion exchanger in Example 14.
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Claims

1. A method for producing soluble thrambormodiilin subslantially not containing a denalwred prodiict of the soluble
thrombomodulin thal may be generated from the soluble thrombomedulin under acidic conditions, wherein the
content of the denatured product of the soluble thrombomoduiin in the saluble thrombomodulin that does not sub-
stantially contain the denatured producl of soluble thrombomodulin is 3% or less, which comprises:

{0) a step of leaving the soluble thrombomadulin under acidic conditions of pH & or less; (1) a step of subjecting
a soluble thrombomodulin-containing material (hat contains or is suspected to contain a denalured product of
the soluble thrombomodulin, which is obtained through the step {0) above, (o an anion exchanger or hydroxya-
pallte; and (2) a slep of oblaining a soluble thrombomodulin-containing fraclion that does not subsiantially
contain a denalured product of the soluble thrombomodulin, wherein the content of the denatured product of
the soluble (hrambomodulin in the soluble thrombomoedulin that does not substantially contain the denatured
praduct of soluble thrombomadulin is 3% or less, under separation conditions in which the soluble thrombo-
modulin can be separated from a denatured produst of the soluble thrambomodulin.

2. The praduclion method according 1o claim 1, wheretn the step of leaving the soluble thrombomadulin under acidic
conditions of pH 5or iess is a slep of leaving lhe soluble thrombomodulin under acidic conditions of pH 4 or less,

3. The preduction method according 1o any one of claims 1 to 2, whereln the step of subjecting the scluble thrombo-
modulin-containing material to the anion exchanger or hydroxyapatile is the step of subjecting the soluble throm-
bomodulin-containing malerial (o the anion exchanger.

4. The preduction method according 1o any one of claims 1 to 2, wherein the step of subjecting the saluble thrombo-
modulin-containing material lo he anion exchanger or hydroxyapatile is the step of subjecting the soluble throm-
bomodulin-containing material to the hydroxyapalite.

5. The production method according to any one of claims 1 to 4, wherein the content of {he soluble thrombomeodulin
is 80% or more with respect 1o total prateins in the soluble thrombomadulin-containing material.

6. The production method according to any one of claims 1 la 5, wherein lhe slep (2) is a slep of carrying oul linear
gradient elution, stepwise gradient elulion. o gradient elution in which linear gradient elution is combined wilh
stepwise gradient elution, so as to obtain an elution fraction containing soluble thrombormodulin that does not sub-
stantially contain a denatured praduct of the soluble thrombomaduldin, whetein the content of the denstured product

of the soluble thrombomadulin in the soluble thrombomodulin that does not substantially contain the denatured
product of seluble thrombamodulin is 3% or less.

7. The production method according 10 any one of claim 1 lo 5, wherein the step (2) is a step of obtaining a pass-
through fraction, inwhich a {raction cantaining saluble thrombomadulin thatdoes not substantially contain adenatured
product of the saluble thrombomodulin is obtained, wherein the content of the denatured product of the scluble
lhrombomedulinin the soluble thrombomodulin that does not substantially conlain the denatured product of soluble
thrombamodulin is 3% or [ess.

8. The production methed according to any one of claims 110 §, wherein Ihe step (2) is a slep of carrying aul isacralic
elution to ebtain an elulionfraction containing soluble thrombomodulin that doe s not substantially contain adenatured
product of the soluble thrombomodulin, wherein the coantent of the denatured product of the saluble thrombomedulin

inthe soluble thrombomadulin that does not substantially centain the denatured product of soluble thrombomadulin
is 3% or less.

8. The production method according to any one of claims 110 5, wherein the step (1) is a step of subjecting the soluble
thrembarnodulin-containing material to an anien exchanger using a buffer solution of pH 4 te 9; and the step (2} is
a step of carrying oul linear gradient elution, stepwise gradient elution, or gradient elution in which linear gradient
elution is combined wilh stepwise gradient elution, using a buffer solution of pH 5 o 8 having a sall concentration
of 0 to 1 M, s0 as to abdain an elution fraction containing soluble thrombomodulin that does nol substantially contain
a denatured product of the soluble thrombomodulin, wherein lhe content of the denatured product of the soluble
thrombomodulin in the soluble thrombomadulin that does not substantialty contain the denatured product of soluble
lhrombomodulin is 3% or less, while cenfirming the presence of the sefuble thrombemodulin in the efulion fraction.
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The production method according to any one of claims 1 to 5. wherein the step (1) is a step of subjecting the soluble
thrombomadulin-containing material to an anion exchanger using a buifer solution of pH 5 lo 8 having a salt con-
gentration of 0.1 to 0.2 M: and the step (2) is a step of ablaining a pass-through fraction using a buffer solution of
pH 5 fo 8 having a salt concentralion of 0.1 10 0.2 M, s0 as 1o obtain a fraclion containing soluble thrambommodulin
thal does not subslantially cantain a denatured product of the soluble thrombomodulin, wherein the content of the
denatured product of the soluble thrombomodulin in the soluble thrombomodulin that does not substantially contain
lhe denatured product of soluble thrembomodulin is 3% or less.

The production method according to any one of claims 1 to 5, wherein the step (1) is 2 slep of subjecting the soluble
thrombomodulin-containing malerial to hydroxyapatite using a buffer solution of pH 6 to 9 having @ phosphate
concentration of 8 mi or less; and the step (2) is a step of carrying out linear gradient elution, stepwise gradient
elulion, or gradient elulion in whish linear gradient eliition is combined with slepwise gradienl elulion, using a buffer
solution of pH 8 to 9 having a phosphate concentration of 0 to 0.5 M. so as lo obtain an elution fraction containing
soluble thrombomeodulin that does nol substantially contain a denatured product of the soluble thrombemodulin,
wherein lhe content of the denatured product of 1he soluble thrombomodufin in the scluble thrambomodulin that
does not substantially contain the denatured product of soluble thrombomodulin is 3% or iess, while confirming the
presance of the soluble thrombomodulin i the efution fraction.

The production method according {o any one of claims 1 (o 5, wherein the slep {1) is a step of subjecling the scluble
thrombornodulin-conlaining material to hydroxyapalile using a buffer solution of pH € 10 9 having a phosphala
concentration of 5 to 20 mM or less; and the step (2) is a step of abtaining a pass-through fraction using a buffer
solution of pH 6 10 9 having a phosphate concentration of § {o 20 mhd, so as to oblain a [raction containing soluble
thrombomodulin that does hot substantially contain a denatured product of the soluble thrombemaodulin, wherein
(he content of the denatured product of the soluble thrombomodulin in the soluble thrombomodulin that does nat
substantially contain the denatured product of soluble thrembomodulia is 3% or less.

The production melhod according to any one of ¢laims 1 (o 12, which does not comprise a slep of adjusting the pH
of an elution fraction containing soluble thrombomedulin that does not substantially contain a denalured product of
the soluble thrombomadulin lo pH 4 or lass, after the elution fraction has been obtained, wherein the content of the
denatured product of Lhe soluble thrombomaoduiin in the soluble thrombomadulin that does not substantially contain
lhe denalurad product af soluble thrambomodulin is 3% or less.

The produciion method gecording Lo any one of ¢laims 1 Lo 13, which is 2 production rmethod comprising & cencen-
tration step andfor a desalination step, wherein the pH of an elution frastion containing soluble thrombomadulin that
does not subslantially contain a denatured product of the soluble thrombomadulin is nol adjusted fo pH 4 or less
after the elution fraction has been obtained, wherein the content of the denaiured praduct af the soluble thrombo-
modulinin the soluble thrombomodulin that does not substantially contain the denalured product of soluble throm-
bomadulin Is 3% or less, and wherein the produclion method is used to convert the soluble thrombomodulin to a
pharmaceutical material

The production melhod according Lo any one of claims 1 to 14, wherein the content of the denatured product of the
soluble thrombomodulin in the soluble thrombamodulin that does not substantially contain the denatured praduct
of soluble thrombomodulin is 1% or less.

The production method accarding to any one of claims 1 to 15, wherein the soluble thrombomodulinis thrombomaodulin

obtained from transformant cells prepared by transfecling host cells wilh DNA encoding the amine acid sequence
shown in SEQ ID NO: 9 or 11,

The produclion methad according to any one of claims 1 to 18, wherein the soluble thrombomodulin is a peplide
cansisting of a sequence consisting of amino acids at positions 19 to §16 of the amina acid sequence as shown in
SEQ ID NO: 9 or 11, of a peplide thal comprises a subslitution, deletion, or addition of one or miltiple aniino acids
in the amino acid sequence of said peptide and has lhrombomodulin aclivity.
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