Claims

1. A method for producing soluble thrombomodiilin substantially not containing a denatured prodict of the soluble
thrombomodulin that may be generated from the soluble thrombomodulin under acidic conditions, wherein the
content of the denatured product of the soluble thrombomaduiin in the soluble thrombemodulin that does not sub-
stantiatly contain the denatured product of sofuble thrombomodulin is 3% or less, which comprises:

{0 a step of leaving the soluble thrombomaodulin 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, ta an anion exchanger of hydroxya-
patite; and (2) a slep of obtaining a soluble thrombamedulin-containing fraction that does not subslantially
contain a denatured product of the soluble thrombomadulin, wherein the content of the denatured product of
the soluble thrombomodulin in the soluble thrombomodulin that does not substantislly contain the denatured
product of soluble thrombomaodulin is 3% or less, under separation canditions in which the soluble thrombo-
maodulin can be separated from a denatured proguct of the soluble thrambamodulin,

2. The praduction mathod aceording 1o claim 1, whergin lhe step of leaving (he soluble thrombamaodulin under acidie
condilions of pH 5 or fess is a step of keaving the scluble thrombomodulin under acidic conditions of pH 4 or less.

3. The production method according to any one of claims 1 to 2, whereln the step of subjecting the soluble thromba-
modulin-containing matetial o the anion exchanger ot hydroxyapatile is the step of subjecting the soluble throm-
bomaedulin-containing material 10 the anion exchanger.

4. The production method according to any one of claims 1 {0 2, wherein the step of subjecting the saluble thrombo-
modulin-cortaining material o lhe anion exchanger or hydroxyapatile is the siep of subjecting the seluble throm-
bormodulin-cantaining material to the hydroxyapatite.

5. The production method according to any one of claims 1 to 4, wherein the content of the soluble thrombomodulin
is 80% or more with respect to total proteins in the scluble thrombomadulin-containing material.

8. The production method according to any one of claims 1 to 5, wherein the step (2) is a slep of carrying out linear
gradient elution, stepwise gradient elution, or gradient elution in which linear gradient elution 18 combined with
stepwise gradient 2lution, so as to abtain an elution fraction containing soluble thrombomodulin that does not sub-
stantially contaln a denatured praduct of the soluble thrambomadulin, wherein the content of the denstured product
of the soluble thrombomadulin in the soluble thrombomodulin that does not substanlially contain the denatured
product of soluble thrombomodulinis 3% or less.,

7. The production method according 1o any one of claim 1 to 5, wherein the step (2) is a step of obtaining a pass-
through fraction, inwhich a fraction containing soluble thrombomadulin that daes not substantiatly cortain adenatured
product of the sofubie thrombomeodulin is obtained, wherein the content of the denatured product of the soluble
thrombomodulin in the soluble thrombomadulin that does nol substantially contain the denatured product of soluble
thrombomodulin is 3% or less.

8. The praduction methad acoording lo any one of claims 1 1o §, wherein lhe step (2) is a step of carrying out isocralic
elution toebtain an elution frastion containing seiuble thrombomodulin that does not substantially contain adenatured
product of the soluble thrombomodulin, wherein Lhe content of the denalured product of Lhe soluble thrombomodulin
in the soluble thrombomodulin that does nat substantially contain the denatured product of soluble thrombomadulin
is 3% or less,

9. The production methed according to any one of claims 1 to 5, wherein the step (1) is a step of subjecting the soluble
thrembernodulin-conlaining material to an anion exchanger using & buffer solution of pH 4 to 9; and the step (2} s
a step of carying oul linear gradient elution, stepwise gradient elution, or gradient elution in which linear gradient
elution is cornbined wilh stepwise gradient elution, using a buffer solution of pH 5 10 9 having a salt concentration
of 0 to 1 M, $0 as to obdain an elution fraction cantaining soluble thrombomodulin that dogs not substantially contain
a denatured product of the soluble thrombomodulin, wherein lhe conlent of the denatured product of the soluble
lhrembornoduiin in the soluble thrombomodulin that does not substantially contain the denatured product of soluble
hremboamodulin is 3% or less, while confirming the presence of the sokluble thrombomodulin in lhe efulion fraction.
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The production method according to any one of claims 1 1o 5, whersin the step (1) is a slep of subjecting the soluble
thrombomedulin-containing material to an anion exchanger using a buffer solulian of pH 5 lo 8 having a sall con-
gentration of 0.1 10 0.2 M: and the step (2) is 2 step of obtaining 2 pass-through fraction using a buffer solution of
pH 5 1o 8 having a salt concentration of 0.1 to 0.2 M., 50 &s to obtain a fraclion containing sokuble thrombomodulin
that does not substantially contain a denatured preduct of the soluble thrambomadulin, wherein the content of the
denatured product of the soluble thrombomoedulin in the soluble thrombomodulin that does not substantially contain
the denatured product of saluble thrembomodulin is 3% or less.

The production methad aceording 1o any one of claims 1 to 5, whersin the step (1) Is a step of subjecting the soluble
thrombomodulin-containing malerial to hydroxyapatite using a buffer solution of pH 6 to 9 having a phosphate
concentration of 8 mivt or less; and the step (2) is a step of carrying out linear gradient elution, stepwise gradient
elution, or gradiant elution inwhich linear gradient elition is combined with slepwise gradient elution, using a buffer
solution of pH 6 to 8 having a phosphate concentration of 0 1o 0.5 M, so as to obtain an elution fraction containing
soluble thrombomoduiin that does not substantially contain a denaturegd product of the soluble thrombomodulin,
wherein lhe content of the denatured product of the soluble thrombomodulin in the soluble thrombormodulin that
does not substantially contain the denatured product of soluble tirombomodulin is 3% or {ess, while confirming the
presance of the solublke thrombomedulin in ihe elution fraction.

The production method accarding to any one of claims 1 10 5, wherein the step {1) is a step of subjecting the soluble
thrombornodulin-containing material to hydroxyapalile using a buffer solution of pH 6 10 9 having a phosphale
concentration of 5 to 20 mM or less; and the step (2) is & siep of abtaining a pass-through fraction using a buffer
solution of pH 6 1o 9 having a phosphate concentration of 5 to 20 mM, so as to obtain a fraction containing soluble
thrombomaodulin that daes not substantially contain & denatured product of the seluble thrombomedulin, wherein
the content of the denalured product of the soluble thrombomodulin in the soluble thrombomadulin that does not
subslantially contain lbe denatured product of soluble thrombomodulia is 3% or less.

The production melhod according to any one of ¢laims 1 1o 12, which does not comprise a slep of adjusting the pH
of an elution fraction containing soluble thrombomoduilin thal does not substanlially contain a denatured proguct of
the soluble thrombomadulin io pH 4 or less, aftet the siution fraction has been oblained, wherein the content of the
denatured product of the soluble thrombomaodulin In the soluble thrombornadulin that does not substantially contain
the denalured product of seluble thrambamodulin is 3% or less.

The production method according to any one of claims 1 to 13, which is a production meathod comprising a concen-
tration step andfor a dasatination step, wherein the pH of an efutian fraction containing soluble thrombomaedulin that
does not subslantially contain a denatured product of the soluble thrombomedulin is not adjusted to pH 4 or less
after the glution fraction hag been obiained, wherein the confent of the denatured product of the soluble thrombo-
modulin in the soluble thrambomodulin that does not substantially contain the denatured product of sofuble throm-
bemadulin is 3% or less, and wherein the production method is used to convert the soluble thrombomodulin to a
pharmaceutical material,

The production method according o any one of claims 1 to 14, wherein the content of the denatured product of the
soluble thrombaomodulin in 1he soluble thrombomodulin that does not substantially contain the denatured praduct
of sotuble thrombomodulin is 1% or less.

The production method according to any one of claims 1 to 15, wherein the soluble thrombomodulinis thrembomadulin
obtained from transformant cells prepared by transfecting host ceils wilh DNA encoding the amine acid sequence
shown in SEQ ID NO: 9 or 11.

The produclion method according to any one of claims 1 to 16, wherein (he soluble thrombomodulin is a peplide
consisting of a sequence censisting of amino acids at positions 19 to 516 of the amine acid sequence as shown in
SEQ ID NO: 9 or 11. or a peplide that comnrises a subslitution, deletion, or addition of one of mulliple amino acids
in the amino acid sequience of said peptide and has thrombomodulin activity.
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CLAIMS

1. A method for producing soluble thrombomodulin substantially not containing a

product of the soluble thrombomodulin that may be generated from the soluble thror
under acidic conditions, which comprises:

(1) a step of subjecting a soluble thrombomodulin-containing material that containg 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 fractiory’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 prodyét of the soluble thrombomodulin.
2 The method for producing soluble thrombomodulin sybstantially not containing a denatured
product of the soluble thrombomodulin that may be genérated from the soluble thrombomodulin
under acidic conditions according to claim 1, which domprises: (0) a step of leaving the soluble
thrombomodulin under acidic conditions of pH 4 or less; (1) a step of subjecting a soluble
thrombomodulin-containing material that contaiys or is suspected to contain a denatured product of
the soluble thrombomodulin, which is obtainéd 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 denaturedt’ product of the soluble thrombomodulin under separation
conditions in which the soluble thyombomodulin can be separated from a denatured product of the
soluble thrombomodulin.

3. The production method according to claim 1 or 2, wherein the content of the soluble
thrombomodulin  is % or more with respect to total proteins in the soluble
thrombomodulin-conf4ining material.

4, The prodyction method according to any one of claims 1 to 3, wherein the step (2) is a step
of carrying ou/linear gradient elution, stepwise gradient elution, or gradient elution in which linear

gradient elytion is combined with stepwise gradient elution, so as to obtain an elution fraction

ifg soluble thrombomodulin that does not substantially contain a denatured product of the

soluble thrombomodulin.

5 The production method according to any one of claim 1 to 3, wherein the step (2) is a step of
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obtaining a pass-through fraction, in which a fraction containing soluble thrombomodulin that doc

not substantially contain a denatured product of the soluble thrombomodulin is obtained.
6. The production method according to any one of claims 1 to 3, wherein the step (2) ig’a step
of carrying out isocratic elution to obtain an elution fraction containing soluble thrombomgdulin that
does not substantially contain a denatured product of the soluble thrombomodulin.
7. The production method according to any one of claims 1 to 3, wherein the/tep (1) is a step
of subjecting the soluble thrombomodulin-containing material to an anion exchdnger using a buffer
solution of pH 4 to 9; and the step (2) is a step of carrying out linear grgdient elution, stepwise
gradient elution, or gradient elution in which linear gradient elution ig’ combined with stepwise
gradient elution, using a buffer solution of pH 5 to 9 having a salt congentration of 0 to 1 M, so as to

obtain an elution fraction containing soluble thrombomodulin

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.

8. The production method according to any ong’of claims 1 to 3, wherein the step (1) is a step
of subjecting the soluble thrombomodulin-contaiping material to an anion exchanger using a buffer
solution of pH 5 to 8 having a salt concentpdtion of 0.1 to 0.2 M; and the step (2) is a step of
obtaining a pass-through fraction using a hudffer solution of pH 5 to 8 having a salt concentration of
0.1 t0 0.2 M, so as to obtain a fraction cgntaining soluble thrombomodulin that does not substantially
contain a denatured product of the soluble thrombomodulin.

9. The production method atcording to any one of claims 1 to 3, wherein the step (1) is a step
of subjecting the soluble thpdbmbomodulin-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 gombined with stepwise gradient elution, using a buffer solution of pH 6 to 9
having a phos?ﬂtc concentration of 0 to 0.5 M, so as to obtain an elution fraction containing soluble

lin

thrombomo

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
ﬂy!mbomodulin in the elution fraction.
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10. The production method according to any one of claims 1 to 3, wherein the step (1) is a ste

not substantially contain a denatured product of the soluble thrombomodulin.

11.  The production method according to any one of claims 1 to 10, which/loes not comprise a
step of adjusting the pH of an elution fraction containing soluble thrombhémodulin that does not

/
substantially contain a denatured product of the soluble thrombomodulifi to pH 4 or less, after the

elution fraction has been obtained.

12.  The production method according to any one of claims 1 to 11, 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 no} ubstantially contain a denatured product
of the soluble thrombomodulin is not adjusted to 7 or less after the elution fraction has been
obtained, wherein the production method is used/to convert the soluble thrombomodulin to a
pharmaceutical material.

13. The production method according to/ any one of claims 1 to 12, wherein the content of a
denatured product of soluble thrombopiodulin in the soluble thrombomodulin that does not
substantially contain the denatured ])I‘O({lct of soluble thrombomodulin is 3% or less.

14. The production method atcording to any one of claims 1 to 13, wherein the soluble
thrombomodulin is thrombomodulin obtained from transformant cells prepared by transfecting host

cells with DNA encodhy/amino acid sequence shown in SEQ ID NO: 9 or 11.
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