
DESCRIPTION -HOD FOR PRODUCING HIGH-PURITY SOLUBLE THR.OlvIBOMODNLIN
Technical Field        'The present invention relates to a method for
producing a bighpurity soluble thrombemodulin substantially not
containing a denatured product of soluble thrombomo ulin that may be
venerated wider acidic conditions. Background Art
Thrombomodulin has been known as a substance that acts to
specifically hind to thronibin so as to inhibit the blood coagulation
activity thereof, and at the same time, acts to sitpiitieantly
promote the ability of the thrombin to activate protein C.
Thrombemodulin has also been knoiim to have strong blood
wagulationallibiting ac.tion, It has also been known that
thrombemodtdin extends the coagulation flute by thrombin, or that it
suppresses platelet aggregation due to thrombin, Protein C is a
vitamin lcdependent protein that an important role in a blood
coagulation fibtinolytic 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 Mood
coagulation factor V and an activated blood coagulation factor VIII
in vivo, and that it is involved in generation of a plasminogen
activator having thrembolytio action (Nen-Patent Document ).
Accordingly, it has been considered that thrombomodulin promotes the
activation of protein C by thrombin, and thus that this is usethl as
an anticoagulant or a thrombolytie agent. Also, it has been reported
in an mimed experiment that throinhomodialin is effective Ibr therapy
or jirevenlion of diseases associated with accelemnon of coagulation
(Non- a        Conventionally, thrombomodulin has been discovered
and. obtained as a glycoprotein that is pressed on the vascular
endothelial cells of various animal species, including humans as
typical examples, - has been successfally cloned. That is to say, a
human thromhomodulin precursor gene containing a signal peptide has
been cloned thlril a human lung cONA library by genetic engineering,
and all the gene sequences of thrombomodtdin have been analyzed. As
a. result., an amino acid sequence consisting of 575 residues
containing a signal peptide (in general, 18 amino nein residues are
exemplified) has been clarified (Patent Document. I). It has been
known  that a mature tbromhomodunn, hum which the signal peptide has
been cleaved, is empof 5  regions, namely; an N-temtinat 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 talc for other regions), a maion having six EGF-iike structures
(amino acids 227-462), an Winked glycosylation region (amino acids
463-498), a tmnsin.embrane region (amino acids 499-521), and an
yloplasmic region (amino acids 522--557), from the N-terminal side o
r ture peptide, It has also been known that, among the six FOE-like
structures, the 4th, Sth, portions from the N--terminal side (that is
minimal units of activity)re the same lienas that of the
entire-length tbrombomodafin (Non--Patent Document 3).
Unless a surfactant is present, the enritridength thrombemodtdin is
hardly dissolved. Thus, addition of a surfactant is necessary for
producing a ihrombomodulin preparation. In contrast, there is also a
soluble thrombemodulut, that can be fully dissolved even hi the
absence of a. surfactant, The soluble thremborsodulin may be prepared
by removing at least a part of the transmembrane region or the entire
Matismembiane region. For example, it has been confirmed that a
soluble thronthomodulin consisting of only 3 regions, namely, an



It has been reported that thrombomodulin has effects on the therapy
of DR: (Non-Patent Document 5).In addition to the aforementioned
intended uses, it is anticipated that thrombomedulin siIi be used in
the therapy and prevention of various diseases such as acute coronary
synurome rAulfo, thromaxits, peripheral vascular obstruction, w
sclerosis obliterans, vaseutitis, fimetional disorder occtating Ether
heart surgery, complication caused by organ transplantation, angina
pectoris, transient ischeiri- atta-k, toxemia of pregnancy; diabetes,
(liver veno-oeclusive disease; e.g lininiaft hepatitis, veno
occlusive disease of liver occurring after bone marrow
transplantation); deep venous thrombosis (DVF), and adult respiratory
distress smdrome (ARDS). As denatured prod -cthou ettaggregate
generated in a famze-drying process and. an aggregate generated
during long-icon preservation in a 0-x.2e-dried state have been known
(Patent Documents 12 to 6).        Known methods for producing
soluble thromhomodulin at an Indust:6rd level for use in
phairmaceutical products include: a method using affinity
chromatography M which an antibody reacting with thrombomodui in 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 eharactelized in
that the sohdale thrombomodulin is obtained as a pass-through
fraction in a step of allowing the soluble thrombamodulin obtained by
affinity chromatography to come into contact with a cation exchange:
under conditions consisting of' specific conductivity of 25 to 34
malem and 3 to 4 (Patent Document 17); and a method for
romboniodulita which is characterized in that it comprises
prehminarily purifying a human urine fratimbomodidin-containing
sample by thrombin-bound affinity chromatography and then pwifying
the sampe by adsivion chromatography using hydroxya.patite as an
adsorbent (Patent Document 18). PatentPatent Publication (Kokai) No.
(46219 A (1989) Patent Document 2: JP Patent Publication (Kokai) No.
2-255699 A (1990) Patent Document 3: JP Patent Publication (Kokai)
No. 3-133380 A (1991) Patent Document 4: JP Patent Publication
(Kekai) No. 3259084A (1991) Patent Document 5: SP Patent Publication.
(Kokat) No. 4-210700 A (1992) Patent Document 6: JP Patent
Publication (Coital) No. 5-213998 A (1993)  



Patent Document 7:.192/00325 Patent Document 8; W092/03149 Patent
Document 9: W093/15755 Patent Document 10: JP Patent Publication
(iCokal) No. 3-86900 A (19( Patent Document 11; JP Patent Publication
(Kokai) No 3-218399 A(1991) Patent Document 12: JP Patent Publication
(Kokai) No, 6-321685 A (1994) Patent Document 13: JP Patent No.
3007785 Patent Document 14: JP Patent Publication (lc ai) No.
11-171790 A(1999) Patent Document 15; W095/16460 Patent Document 16:
JP Patent No. 3822183 Patent Document 1.7: JP Patent Publication
(Kokai) No. 11-341990 A(19 Patent Document 18; JP Patent No. 3745805
Non-Patent Document 1: Koji Suzuki, /gab no Awarfedicines), 1 125, p.
901 (1983) Non-Patent Document 2; K. Coml. al., Blood 75.,
1396-1399(1990) 



Non-.Patent Document 3: M. Zushi. et al., .1, Blot, Chem, 246,
10351-10353(1989) Non-Patentlent 4:0. Z. Wen et rd., Biochemistry;
26, 4350-4357 (1987) Non--Patent Document 5: S. M. Bates et al., Br.
S. of Pharmaeol., 144, 1017-1028 n Disclosure of the nventi Object to
be Solved by the Invention        It is an object of the present
invention to provide a method ibm producing thronibomodithn
substantially not containing a denatured product of soluble
thrombomodulin with high productivity Means for Solving the Object
hi a process of producing soluble thronThomodulin at an industrial
evei, or in a method for producing soluble Ihrembomodulia comp .sing
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  denatured product ofthe soluble ihrombratiod.ulin, the
present inventor has studied the use of gel filtration chromatography
(GEC), size exclusion chromatography (SEC), and the like. However,
the present inventor has found that the gel filtration chromatography
(GEC) or the size exclusion chromatography (SEC) has small processing
capacity, tind thus that its column volume should be increased
(common column volume: 5% or less) or multiple cycles are .EXTeSSary.
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 sqatatron capacity. Moreover, as another method, an
increase in the concentration of the processed protein is also
considered. However, this method is problematic in teims of an
addition of a concentration step ihr 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 thromhomodulin at an industrial level to
be towards achieving the aforementioned object of the present
invention, the present inventor has consideted 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 wt.:ions conditions using various chromatographic carriers,
As a result, the present ceeded in. finding a method thr efficiently
and stably separating a denatured product soluble thrombomodulln by
using an anion exchanger or hydroxyapatite as a carrier and by
determiningconditions suitable for each of the carriers.
Specifically, the present invention includes the following features,
['Al]A method fbr producing soluble tbrontlx)modulin substantially
not containing a denatured product of the soluble thrombothodulin
that may. be generated from the soluble thromboinodulin under acidic
conditions, which campuses:       p of subjectinc a soluble
dirombotnodthin-contarrang material that contains or is suspected to
contain a denatured product of the soluble thrombomodulin to an anion
exchanger or hydroxyapante; and    a step of obtaining , soluble
tfuontlxanodulin-containing fraction that does not substantitlly
contain a denatured product of the soluble. thrombomodulin wider
separation conditions in which the soltible thrombomodulm can be
separated from a denatured product of the soluble thrombomodulin. 5
[A2]The method for producing soluble thrombomodulin substantially not
containing a denatured product of the soluble thmmbomodulin that may
be generated from the soluble thrombornodulin under acidic conditions
according to [Al I above, which comprises: (0) a step of leaving the
soluble thrombomodulin under acidic conditions of pH 5 or less: (I) a
step of subjecting a soluble thromlximodulimeontaining material that:
contains or is suspected to contain a denatured product of the
soluble thrombemodulin, which is obtained through the step (0) above,
to an anion exchanger or hydroxyapante: and (2) a step of obtaining a
soluble thrombomodulin-containing fraction that does not
substantially contain a denatured product of the soluble
thrombomodttlin under separation conditions in Which the soluble
ihrombomodulin can be separated from a denatured product of the
soluble thrambomodulin, [A2-2I Thefor producing soluble
thrombomodulin substantially not. containing a denatured product of
the soluble thrombortiodulin that may be graierated from the soluble
thrombomodulin under acidic conditions according to [Al] above,c
comprises: (*) a step of purifying soluble thromhotnodulim (0) a step
of leaving the soluble throuthernexhidn under acidic conditions of pH
5 or less; (I) a step of subjecting, a soluble
thrombomodulincontaining materittd that contains or is suspected to
(X)fitaill 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 thronaboinodulin can be
separated from a denatured. product of the soluble thrombomodulin:
[A2-3] The production method according to any one of [Al], [AZ[A2_24
above, wherein the 



step of subjecting the soluble thro.mbomoduiin-eontaining mate.tial
to an anion exchanger or hydroxyapatite is a step of subjecting the
soluble throinbomodulitircontaining material to an anion exchanger.
[2.-4] The production method according to any OM of [Alt [A2], and
[A21/ above, wherein the step of subjecting soluble
thrombomodulin-containing material to an anion exchanger or
hydroxyapatite is a step of subjecting the soluble
thamthomodulimmontaining material to hydro x yapatite. [A$]The
production method according to any one of [An to [A24] above, wherein
the conte of the soluble dammbomodulin is 80% or more with resp.cet
to total proteins in the soluble  omodulimeontaining material.
It is to be noted that, in a case in which cited item numbers are
indicated as a range (e.g. [Al] to [A2-4] as described above) and an
item baying a submunber such as [A2-21 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 tbr the frillowing descriptions. [A32] The
production method according to any one of [Al] to [A2-4] above,
wherein of the soluble thromhomoddin is 90% or more with respect to
total proteins in the soluble thrombomoddin-coritaining material.
tA3-3] The production method according to any one of [A jt.o A2-41
above, wherein the content of the soluble thrombomodulin is 95% or
MOM 'with respect to total proteins in the soluble
thromhomodulin-containing material. [A3-4] The production method
according to any one of [Al] to [A2-4] above, wherein the content of
the soluble thrombomoddin is 99% or more with respect to total
proteins in the soluble ilnombomodulincontaining material. [A4]The
production method according to any one of [Al] to [A3-4] above," the
step (2) is a step of carrying out linear 2:Ladled elution, stepwise
gtarlient elution, or gmlient elution in which linear gradient
elution is combined with stepwise gradient elution, so as to obtain
an elution fraction containing soluble tkombomodalin that does not
substantially contain a denatured product of the soluble
anon:nom-nod:dim        It is to be noted that in a case in which
cited item numbers we indicated as a rant, (e.g. [Al] to [A34] as
described above) and an item having a sub-number such as [A3JI 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
desctiptioria [AS]The production method according to any one of [Al]
to [A3-41 above, wherein the step 



is a step of obtaining a pass-through fraction, in which a fraction
containing soluble thrombomodunn that does not substantially contain
a denatured. product of the soluble thminhomoddin is obtained,
I.A6.1The production method according to any one of [Al] to [A3-4]
above, wherein the step (2) is a step of can in out ism:rade elution
to obtain an elution 1'2:action containing soluble thrombomodulin
that does not substantially contain a denatured product of the
soluble thrombo.noodulin.  is a step of subjecting the soluble
thrombomodulin-containing material to an anion exchanger using a
buffer solution of pli14 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 I M, so as to       an elution faction
containing soluble tiammIximodulin that does not substantially
contain a denatured product of the soluble titter:fixing:ode:1M
either (a) after the position of a fraction from which the soluble
thrombomodulin is doted has previously been confirmed, or (b) while
confirming the presence of the soluble dirembomodulin in the elution
fraction. [A7-2] The production method according to [.A7] above,
wherein the item (a) is applied from the item (a) R711 The production
method according toaboveerein the item (b) is applied from the a) or
Co),          The production method. according to any re of [Al] to
[A34] above, wherein the step (I) is a step of subjecting the soluble
thrombomoduilmcontaining material to an anion exchanger using a.
lution of pH 5 to 8 having a salt concentration of 0,1 to 02 M; and
the step (2) is a step of obtaining a pass-tbrough fraction using a
boiler solution of pH 5 to 8 having a salt concentration of 0.1 to
0.2 M. so as to obtain a fraction containing soluble thrombomoddin
that does not substantially contain a denatured product of the
soluble thimn.bomodutin, [A9]The production method according to any
one of [Al] to [A34] above, wherein the step (I) is a step of
subjecting the soluble thrombamodulimcontaining material to
bydroxyapatite using a buffer solution of pH 6 to 9 having a
phosphate concentration of mim or less; and the step (2) ;3 a step of
carrying out linear gradient elution, stepwise gradient elution, or
gradient elution in which :meat gradient elution is combined with
stepwise gradient elution, using a huller solution of pH 6 to 9
having a phosphate concentration of 0 to 0.5 M, so as to obtain an
elation fraction containing soluble throinbomodulin that does not
substantially contain a denatured product of the soluble
thrombomoddin, either (a) after the position of a fraction from which
the soluble thfrimbomodulin is eluted has previously been confirmed,
or (h) while confirming the presence of the soluble thrombornothdin
in the elution faction. 9h11 The production method according\S]
above, wherein the. item (a) is applied from the  item (a) or ()). 



[A9-3]The production method according to [49] above wherein the item
(b) is applied from the item (a) or (b), [A 0] The production method.
according to any one of [Al] to [A3-4] above, wherein the step (I) is
a step of subjecting the soluble thromIximodulimcontaining matenal to
hydroxyapatite using a huller solution of pH 6 to 9 haying a
phosphate concentration of 5 to 20 inh,1 or less; and the step (2..)
is a. step of obtaining a pass-through fraction using a huller
solution of 6 to 9 having a phosphate concentration of 5 to 20 raM,
30 as to obtain a fraction containing soluble thrombomodulin that
does not substantially contain a denatured. product of the soluble
thrombomodulin, [Al 1] The production method neon-ling to any one of
[All to [A1.0] above, which does not comprise a step of adjusting the
PH of an elution fraction, containing soluble throinhomodulin that
does not substantially contain a denatured product of the soluble
thrombomodulin to pH 4 or leas, alter the elution fraction has been
obtained, [A1.21 The production method according lo any one of [All
to [Al I] above, which is a. production method comprising a
concentration step and/or a desalination step, wherein the pH of an
elution fraction containing soluble thrombomodulth 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 matetial,
[A13] The production method according to any one of [All to [Al2]
above, wherein the Mehl of a denatured product of soluble
thrombomodalin in the soluble thrombomodulin that. does not
substantially contain the denatured product of soluble
thrombornodulin is 3% or less, [Alt] The production method according
to any one of [Al] to 141:3-] above, i.atherein the soluble
thrombratiodulin is thromhomodulin obtained from mansformant cells
prepared by transfecting host-cells with DNA encoding the amino acid
sequence sherma in SEQ ID NO 9 or 11, [A15] A method for purifying
soluble thrombrmnodulitt in such a way that the soluble
thrombomodulan does not substantially contain a. denatured product of
the soluble thrombemedulin that may be generated from the soluble
thrombomodulin under acidic conditions, which comprises (1) a step of
subjecting a soluble tlrromboniodulix3contahthlg material that
contains or is suspected to contain a denatured product of the
soluble thrombranodulin to an anion exchanger or hydroxyapatitc,  and
(2) a step of ohtairrng a soluble thrornbomodulimeoritaining fraction
that does not substantially contain a. denatured product of the
soluble thrombramodulin under separation conditions in Which the
soluble thrombomodatin can he separated from a denatured product of
the soluble thrombomodulim or the purification method, wherein, in
the step of subjecting a. soluble thrombomodulimconialning 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 thrombontod.ulin is obtained as a
pass-darougn fraction. lA15-211 The purification method according;
above,ich has the characteristic feature according to any one of [Al]
to [A141 above. [A16] The production method according to any one of'
[Al]51 above,wherein, the content of a denatured product of soluble
thrombomodulin in the Ihromiximodulin that does not substantially
tithe denatured product of soluble thrombomodu in is 3.0% or less.



11132]A method for producing thrombomodWin substantially not
containing a denatured product. of soluble thrombomodulin from a
soluble thrombomodulia-containing material that contains or is
suspected to contain a denatured product of the soluble
thromixamodulin that may be generated him the soluble thmmbomodtilin
under acidic conditions, which comprises a step of subjecting a
soluble throinbamodulin-containMg material to an anion exchanger or
hydroxyapafite, wherein a buffer solution of the soluble
thrombomods.din-coataining material is prepared, and the soluble
thrmnbornodulin that does not substantially contain a denatured
product of the soluble thrortmodalin is obtained as a pass-through
fraction.  a soluble thrombomodulimorintaining material to an anion
exchanger, using a buffer solution of pH 4 to 9, and the step (2) is
a step of eanying out linear gradient elution, stepwise gradient
elufion, or gradient elution in which linear gradient elutior is
combined with stepwise tantrilent elution, using a butter solution of
pH 5 to 9 having a salt concentration of 0 to 1 M, so as to obtain an
thltioEl fraction containing soluble thrombomodulin that does not
substantially contain a denatured product of the soluble
thrombrimodulin, after the position of the elution fraction has
previously been conthmed, or while confirming the presence of the
elution fraction. [1:14]The production method according to [81]
above, wherein the step (I) is a step of subjecting  scluble
tiuombornodulin-containing material to an anion exchanger, using a
butler solution of p1-14 to 5, and the step () 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 butler solution of pH 5 to 9 having a. sah
concentration of 0 to 1 M, so as to obtain an elution fraction
containing soluble thrombontodulin that does not substantially
contain a denatured product of the soluble thrombomodulin, atler the
position of the elution fraction has previously been confirmed, or
While confirming the presence of the elution fraction. [85]The
production method according to [132] 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 throtnbomodullancontaining 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. [136.]The production method according to [B1]
above, wherein the step (1) is a step of subjecting a soluble
thrombomodulimeontaining material to hydroxyapatite, using a buffer
solution of pH 6 to 9 having a phosphate concentration of 8 inivi 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 Cancentration
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 tlimmbernothilin, after the elution fraction
has previously been confirmed, or while cot:finning the preset cc of
the elution fraction, 1.371The production method according toj above,
wherein the step (1) is a step of subjecting a soluble
thatimbemodulin-containing niaterial to hydroxyapathe, using a.
buffer solution of pH 6 to 9 11  having a phosphate concentuthon at I
to 4 naM, and the step (2) is a step of carrying out linear gradient



[138]The production, method according to [32] above, wherein a di:6hr
solution of pH 6 to 9 having a phosphate concentration of 5 to 20
rriM is used, and a soluble thrombomodulimcontaining material is
subjected to hydroxyapatile to obtain soluble thrombomodulin
substantially not containing a denatured product of the soluble
thrombomodulin as a. pass-through fraction.    ] The production
method according to any one of [131] to [B11 above, wherein, after an
elution fraction containing soluble thrombomodtdiri that does not
substantially contain a denatured product of the soluble
thrombomodulan has been obtained, the pH of the elution fraction is
not set at pH 4 or less, [BIG] The production method according to any
on[131] to [1381 above, wherein, after an elution fraction containing
soluble thrombomodulin that does not substantially contain a
denatured product of the soluble thrombornochtlin 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.
[811] The production method according to any one of [131] to 101
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 thrombomodalin
is 3% or less; [312] The production method according to any on - of
11131] to [1311] above, wherein the content of a denatured product of
soluble tbrombomosoluble thromboniodulin that does not substantially
contain the denatured product of soluble thrombornodul in is 1% or
less. [1313] The production method according to any one of [B11 to
[E1121 above, wherein the soluble thrombornodulin is a peptide
obtained from transibnmint cells prepared by transfreting host cells
with DNA encoding the amino add sequence shown in SEQ1D NO; 9 or 11,
Effect of the Invention The productionKid 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 thrombomodulia from the soluble thrombomodulin, with high
productivity, regardless of limitation by a processed volume. As a
result, a isighturity soluble thrombomodsdia substantially not
containing a denatured product: of the soluble thrombomodulin can be
obtained. Best Mode kir Carrying out the Invention 



The thrombomodulin used in the present invention as 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 an- (4) action to
suppress the platelet aggregation caused by thrombin. Such action of
thrombomedulin may be referred to as thromittomodulin activity.
As such thrombamodutin activity; drombomodulin preferably has the
actions in Wand (2) above, and more preferably has all the actions in
(I) to (4) above,        As the action to promote the activation of
protein C caused by thrombim 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 hieludiEg JP
Patent Publication (Kokai) No. 64-6219 A (1989). Moreover, die 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 sarne above Maalien        An example of the soluble
dirombomodulin described in the present venfion is soluble
thrombomodulin that is soluble in water in the absence of a
surfactant. As a. prefetred example of the solubility of such soluble
thrombornocinlin is a solubility of 1 ingind or more, or 10 mg'ml or
more in water, for example. in distilled water used for injection
general, around a neutral range in the absence of a surfactant such
as Triton X100 or Polidocanol), Such solubility is preferably 15
nagitni or more, or 17 mgdni ox more; mote preferably 2.0 nigtml or
moni, 25 mg/Fri or more, or 30 rviinal or more; and particularly
preferably 60 nagfinl or more. In some cases, such solubility may be
Si) Mg/3111 or more, or 100 or more, In order to determine whether or
not soluble  thrombomodulin was dissolved, after the soluble
thrombomodulin has been dissolved, the sown Observed by the naked
eye, for example, directly below White light source, at a. position
oflit-rightness of approximately 11;00 lax. When the solution is
clear and does not contain insoluble substances that are clearly
seen, it can be understood as a cleat indicator of dissolution of the
soluble throinbomodulin. In addition, it is also possible to filtrate
the sohilo31 and to confirm the presence or absence of a residue.
Thehodulin used in the present invention preferably comprises an
amino acid sequence consisting of ammo 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
thronthomodulim The aminti acid sequence of the present
thrombomodulin is not particularly limited, as long; as it comprises
an amino acid sequence consisting 'no acids at positions 19 to 132 of
the amino acid sequence as shown in SEQ ID NO: 1, The amino sequence
consisting cc as shown in nino acids at. positions 19 to 132 of the.
above-described amino acid 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 as long as the aforementioned amino acid
sequence has thrombamodulin activity. The mutated amino acid sequence



Thus, the type of the thrombomodutin used hi the present invention is
not particularly        as long as it has, at least, an atraris acid
sequence consisting of amino acids at positions 19 to 132 of the
amino acid sequence as shown in. SEQ ID NO: I or 3, or a homologous
mutation sequence of the aforementioned sequence, and it comprises at
least a peptide sequence haying 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 tbromiximodulin
activity. A peptide consistingrence consisting of amino acids at
positions 19 to 1.32 of the amino acid sequence as shown in SEQ, ID
NO: I or 3 is more preferable. Moreover, in another more preferred
embodiment, there can also be applied, a. peptide consistiirg of a
homologous mutation sequence of the amino acid sequence consisting of
amino acids at positions 19 to 132 oral positions 1.7 to 132 of the
amino acid sequence as shown in SEQ ID NO: I or 3 and haying at least
thrombomoo activity. In another ern xtthe thrombemodulin used in the
present invention preferably comp6ses 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
thrombornodulin 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
SfiO 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 stquence
as shows in Sas? 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 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
Sli:Q NO: 7, 1e typeomhomodunn 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:.) or 7, or a homologous
mutation Is  sequence of the stint entioned sequence, and it
comprises at least a peptide sequence having; thromboirtodulin
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 co:Isis:Mg of
a homologous mutation sequence of the aforementioned sequence and
having at least thmmhomodalin activity A peptide consisting of a
sequence consisting of amino acids at positions 19 to: 480 of the
amino acid sequence as shown in SEO ID NO: 5 or 7 is more preferable.
Moreover, furthicr more. preferred embodiment, them can also be
applied a peptide consisting of a homologous mutation sequence of the
amino acid sequence consisting of amino acids at positions 1.9 to 480
or at positions 17 to 480 of the amino acid sequence as shown in SEQ
ID NO: 5 or 7 and ha;ing at least thminbomodulin activity: 



In a further embodiment, the thibmbomodulin used in the present
invention preferably includes an amino acid sequence consisting of
amino acids at positions 19 to 515 of he amino acid sequence as shown
in SEQ ID NO: 9. The typo of the present thrombomodulin in this
embodiment is not particularly limited, as long as it comprises such
an amino acid sequence consisting of amino ac h at positions 19 to
51$ 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
homotogously 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 NC): 11, \lid
that is the amino acid at ion 47:3 of the amino acid sequence as
shown in SEQ ID NO: 9 has beensubstituted with Ala.
nrom.bornoclutin used in the present invention also preferably
includes an a nimi acid sequence consisting of amino acids at
positions 19 to 515 of the amino acid sixpence as shown in SEQ NO:
11.        Thus, the type; of the thninthomodulin 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 shosva in SEQ ID NO: 9 or ii. or
peptide sequence having a homologous mutation sequence of the
aforementioned sequence and haying at least thrombomodulin activity.
More preferred examples of the present thrombomodulin include a.
peptide consisting of a sequence consisting of amino ands at
positions 19 to 516, at positions 19 to 515, at positions 17 to  516,
or at positions 17 to 515 of the amino and sequence as shown in SEQ
ID NO: 9 or II, and a peptide consisting of a homologous mutation,
sequence of the aforementioned sequence and having at least
thromborcedulin activity A peptide consisting of a sequence
consisting of amino acids at positions 19 to 516, at positions 19 to
515, al positions 17 to 516, or at positions 17 to 515 of the amino
acid sequence as shown in SEC! ID NO: 9 is particularly preferable.
In addition, a mixture thereoi is also a preferred example. Moreover,
in another particularly preferred embodiment, there can also be
appIie. a pLpb.de consisting of a sequence consisting of amino acids
at positions 19 to 516, at positions 19 to 515, at positions 17 to
516, or t positrons 17 to 515 of the amino add sequence as shown in
SEC) ID NC): 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 resent thrombin:loch:6m peptide fia6tig, a homologous mutation
sequence :is as described above. Such a peptide g 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
Ito 1.0, more preferably Ito 5, and. panicularly 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 throinhomodutin activity, The mutated peptide shows
homology    or 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.              ex, other



The type of the thromhomodulin LIZItXi in the ?present jnVCfltjon is
not partcuiar1v limited, as long as it has at least an amino acid
sequence consisting or amino acids at positions 19 to 1.32 of the
shown in SEQ ID NO :.5 orrtefetable, 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
pref.:in:able. A more preferred example of the peptide haying at
least an amino acid sequence consisting of amino acids at positions
19 to 515 of the amino acid sequence as shown in SEQ NO: 9 or I 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 positrons 17 to 515 of the amino acid sequence as shown in 18EQ
ID NO: 9 or 11. Furthermore, a mixture obtabled from such peptides
each consisting of a. sequence consisting of amino acids at positions
19 to 5162 at positions 19 to 515, at positions 17 to 516, or at
positions 17 to 515 of the amino acid sequence as shown in 813.(1 ID
NO: 9 or 11 is also a pm:fel-rep 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 1.1 and a.
peptide that starts from position 19 thereof is (30 : 70) to (50:
50), and prefensh1y (15 : 65) to (45 55).        Moreover; the inking
ratio between a peptide that terminates at position 515 of the amino
acid sequence as shown in SEQ ID NO: 9 or II and a peptide that
terminates at position 516 is (0 : 100) to (90 : 10), and may be
(70:30; to (90 10), or may be (0 : 100) to (30 70), The mixing ratio
of ,11 peptides can be obtained by a common method.        It is to
be rioted 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 nino 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 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 II) NO: 9: Further, the sequence consisting
of amino acids at positionsamino 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 11) NO: 11, and
the sequence consisting of amino acids at positions 19 to 480 of the
amino acid sequence as shown in SEQ. IT) 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 farther, the
sequences each consisting of amino acids at positions Ito 18 of the
amino  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
transintmant cells that' are prepared by incorporating DNA encoding
the peptide having the amino acid sequence as shown in SEQ ID NO: 1,
3,(specifically, the nucleotide sequence as shown in SEQ ID 2 "12,
etc, respectively) into a vector and. then by transfecting host cells
with the vector. As ihrombontadulin used herein, thrombemodidin
obtained from transformant cells prtmarM by tratialheting 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 



NO: 10 or 12, respectively) is preferable.          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 bindillg position of such a sugar tdpai.n
and the type thereof ate described in .JP Patent Publication (Kokai)
No. 11-341990 (1999) A. In the case of the thmathomodulin 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 thromiximodulin. of the
present invention is not limited to genetic engineering, hi the case
of obtaining the pmsent thminbomodulin by genetic engineering,
however its a signal. sequence that can be used in expression, a
nucleotide sequence encoding the amino acid sequence consisting of
amino acid.s at positions 1 to IS of the aforementioned amino acid
sequence as shown in SEQ 10 NO: 9, a nucleotide sequence encoding the
amino acid sequence consisting of amino acids at positions I to 16 of
the allpremernioned 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 (International
Publication W08/3/9811, and JP Patent Publication (Kokai) No,
11-141990 (1999) A).               DNA sequence encoding
Ilaremhomodulin is introduced into host cells, there is preferably
applied a method, which comprises incorporating the DNA sequence
encoding thiombomodulin into a vector, and 3;303.0 preferably nun an
expression vector capable of expressing in animal Gas, and then
introducing the -vector into the host cells, Such an expression
vector is a 19  :Intiskannitinni;cant:,sttincntn it:: adding, a
3-sho:AAtn,-. hik:t,in ;AMittRNA; ct :Th":". :sekanKt: tnnndiii:A; k;
pratcdn to :X,: (IITII:71:9:.:t:, IISi kea-ic tjp,:rat
CM::CICIIInII:30:1,tIIIIIII::it:II 0110n ExanaMs ora IIrdent:::
3IIIMO: eel: CY:IV:NS:Oncc crLdby R C.Mol:Acan         NAIIci. YSct.
I/S.k 78. 2072 (1 981ft, and A:B.P69.1 (69-5) n:mn.cd by P.M :Instn-x
tti. lAvAnk.ttb:inEin:AynAok:gy" :01, 387, Acadta-nic Pas: (1983)].
ikakpies of  et-::1s that can   Inuoton ut CCIII:t ep chsacii.dc.
Chktcte- ::::IIM:et: n'y':II3tCCAAA-i :nAlk Cos-VERO (A112(2ceN,
kitiney-derhtt: MOCK nidla, and liart:::TnAt-ceth:.iidd:tii33;,
cx::,,raptcs (.4 stch Lost Cens.: detivcd kat:human
ecils:achAdc1101..a :Atils, W1g celis; and tatitm.: 293 cat, 01
tin:A:n                   sxJia aoi extittme;:), common and
ninthrabn:. Among CT tA) calls DilEtc-C.H0 cas arc mon:: prefitrabk, 



In a gennfic cog:meting puyAtts.:: -or a kynde nIIIIIIII:1:031
pnteit&t:SIIChuS ii,cchcrchctcnfiWe Ofter, liStd, A ittstntAaA
t:yAlAtcat :a:table thr each pAmess isPren:Inibly usH, AsstniegitanA
dcc Sy::::0III can be SC:II0tet: IIVet: MII"MIIIIIIIT: ell the
detemeAnitnted hnett ettls, A thIIIIIIMIIMXIIIIII: geM a,AAenck oc
ntnabnn t c.cnsc iiAS MIIII1 ck:ned, A1:AkatA::es of Fix:ming
11-ttombomeduAk by snch a genetic :::::notkihnilion zet.ttangne haw:
been &tn.:Qt.& harthcr, a meth:NA co; palifying franntbnkodoth: o
nbtain a patiftml product has also bean known 131' Pkat Pub:Kat:on
(Koktti) Ntn:. 64-62 9 C:989) A, 2-255699 (1990) A, 5,21:399A: (1991)
A, 5-31Q787 (1993) A, and 7-155:76 (1995) A; arid B?01, Chen, 264:
10351103S3 0989A; Amonding]y; the tkonlhonn:tinlin used in the
put:a:at unnAntion ctan bc produced by tint crethods rinsn:tbki
a:the, afoRtatent.nAtnA::: ickats, t,; by 'N 'N ecntitrabta extnnpn:
NitAn           (.Kkai. No iy1-62 9 0 A :li003e,S. the K- Aniallt DAK
FA; 'cc Acttcsion No. 67:3831 comprising a phistaid SV7JTvU2 mon:hung
DNA encoding On fAtkinngib Innantbontkkitn. A strait: (E.:Ai:wit:hi:A
con D1151pSV2IM 32) (PERM 1:3P-55701 :AcAcin the aforcinenthmed sakin
La:: ken n-,,deposnai with :Aia,A nAtrotAr National Lu
invoofl3k:A:dettAAA and Humari-i1ccntc'ott ,:11:wiC, :99t:: (the
CMIMII, NaII0IIII: iustrutc of AdvaknAd :nduAnt-nd SdOnC0 and
MCht:O:Ogy, an Independent 4.dantastransie ::.9,111:1103; under
tatkhIIMC:ty (A.:SM)choose-, Tsti:thint:sk, ibaraki-knn, 305,
AitAN.)..., can an:0 :x sad ftc thrnAnbeinocinint of the present
;.levtAID;X:n eanpri.:,Part:0 kiowa :IIIIIIIIII: tmgthenring Kan:clue
usic the DNA onnednin the ti-length Athombonioduhn as a  raw
material, The thrombomodulin usednt invention may be preparedcommit):
known method or a. method equivalent thereto. For example, the
present thrombomodulin can be prepared with reference to the
aforementioned method of Yamamoto et at IP Patent Publication (Kokai)
No. 61-6219 A (1 989)1 or the method described in JP Patent
Publication (Kokai) No. 5-213998 A (993). That is to say, a
human-derived thrombomodulin gene may be subjecit.xl to onetic
ertirtheering to convert it to DNA encoding the amino acie equence as
shown in SEQ TD 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 NO: 9
(particularly, the nucleotide at position 418) is subjected to she
-directed matagenesis 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 sho\t in SEQ ID
NO: 12), for example; Using synthetic DNA used. mutation that has the
nucleotide sequence as shown in SEQ. ID NO: 132 the nucleotide I at
position 1418 of S.F.Q ft) 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; (CEO) cells to obtain tomsfidmituit cells. Such cells are then
selected, as appropriate. The selected cells are then cultured to
obtain a culture solution, and. thrombomodulin cart he produced from
the culture solution by purifying it according to a. knosmti method.
As stated above, it is preferable that the aforementioned host cells
be transteeted with the DNA (SEQ TD NO: 10) encoding the amino acid
sequence as shown in SFQ ID NO: 9. A method for producing the
thrombomodulin used in the present invention is not limited to the



eases where the N-terminal amino acid is modified such that the
gititainie acid at position 22 could be converted to pyroglittamic
acid. It is preferable that the amino acid at position 17 02' 19
become, the N-terminus. It is more preferable that the LIETEICIO acid
at position 19 beCiMile the bi--terminus. Moreover, inaliother
preferred embodiment, the amino acid at position 17 may become the
N-terininus. With regard to the athrementioncd 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 Ixtpticle that is shorter than the ordinaty 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-terminu.s, and it is further amidated, so that the C-terminal amino
acid can be modified. As a result, a pe.ptide with diversified
N-termhird amino acid and C-temainal amino acid, m a mixture thereof,
may be produced. The amino acid at position 515 may preferably
becwrie the Cl-tetminas. Moreover, in another preferted embodiment,
the amino acid at position 516 may become the C-terminuti. 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 thrombomodufin 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 01a sequence consisting of amino acids at
positions 19 to 516, at positions 19 to 515, at positions 17 to 516,
or at posifiotts 17 to 515 of the amino acid sequence as shown in SEQ
ID NO: 9,        'Ube 13re:it:Int invention provides a method for
producing soluble -iluombornodulin substantially not containing a
denatured product of the soluble thrombomodulin that may be generated
from the soluble thrombomodulin wider acidic conditions. The present
production method is not particularly limited, as long as it
comprises (1) a step of subjecting a soluble
thrombomodulin-conhithinci 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
inbomodulin-containing fraction that does not substantially contain a
denatured product of the soluble thrombomodulin under separation
conditions in which the soluble thrombomodufin can be separated from
a denatured product of the soluble thrwrbomodulin. However, this 22
production method preferably comprises (0) a step of leaving soluble
thromboniodulin under acidic conditions of pH 5 or less, before the
step (I), and it more preferably comprises (0) a step of leaving
soluble thrombomoduiln under acidic conditions of pH 5 or less and
(*) a step of purifying soluble throtubomodulin, 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 preferably carried out before the step (11.
Acidic !auditions under which a denatured product of soluble
thrO3nlDOinoduhn may be generated from the soluble thrombomodulin irk
the present invention  include, for example, pH 5 or less, preferably
pH 4 or loss, and more preferably pH 3 or less. The lower limit of
such pH is, for example, pH 1 or more, preferably pll 2 or more, and
more preferably pH 3 or more, In addition, the time required tinder



The aibminentioned 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  . include a step
of eluting and recovering soluble thromboino din under acidic orons,
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 ?than and as to
recover the soluble thromixtmodulin as a pass through fraction.
The aiot'cinentoned soluble thrombomodulirecontanung material
(denatured product-cow- g material) is not particularly limited, as
long as it contains soluble thrombomodulm and a denatured product of
the soluble thrombomodulla An example of such soluble
thrornbomodulin-containing materitd is a material that does not
substantially contain proteins other than soluble thrombomodulla and
a denatured product of the soluble thrombomodulin. Specifically, the
lower limit of the content of soluble thrombomodulin with respect to
total proteins        soluble thrombomodulirecontaining material is,
for example, 50% or more, preferably 60% or more, more preferably 70%
or mom, farther preferably 80% or more" particularly pmfbrably 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 alorementioned content of soluble
thrombomodulin generally indicates the content of soluble
tbrombomodulin itself However, there may also he eases in which such
content means the contents of both soluble thronthomodulin and a
denatured product of the soluble thromboinedulin, Even in. a case in
which the content: of soluble thrornbomodulin 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
thrombomodtdm-containMg material is, for example, 50% or more,
preferably 60% or mom, more preferably 70% or more, further
preferably 80% or more, particularly preferably 90% or mom, extremely
preferably 95% or mere, and most preferably 99% or more. In additon.
there May also be cases in which the content of 99.9% or more is
preferable.        The afacementiontyl content of soluble
thrombomodulin can be measured using chromatography. For example, an
analytical reverse phase chromatography, Asalifpcdc Cl4P-50 (4,6 mm
ID, x 15 enr, Showa Deniko. -KIK.) is employed, and 150 pl of art
analytical sample is subjected at a flow rate of 0,8 rtillmin, using
a mobile phase consisting of distilled water containing 0.1% 25
triflutTiroacetic acid (liquid 1/40 and acetoninale
contrtiningifilluoroacetic0mA:A         nAtio liquid A and B from 96
4 to 0 : 100 (48 minutes later). Thereiritei, thealascirbanee ffi
'280 mn of an eluaie is measured and analyzed. 'Elnas, the content of
sotutak thrombomodulin can be obtwried basedon the peak areas of the
soluble thrombomodulin wd other proteins. Alternatively the
quantities of proteiiiii(-Atter than soluble thrornbc,thoMin ate
ItleaSUICCI :LC ti..1S.A method deSeribCti. :44,12 Paten; Pubbeation
(Kokiin. No. t'l-34 '990 4, (L)co), so that the content ol the
soluble thrombomodulin can be obtained.         In the present
inventicm, aller pert:a-Ming ;E: SLUT) Of ICirldle: thron-ax)modulin
under acidic cerli,14O0113 of pH 5 or css., material containing such



potassium phosphate.         Separation conditions kir Separantly,
sOlUble lilltamborikidutiri from It denatured product of the soluble
thronabornodulin include: linear gradient elution conditions;
stepwise gradient elution conditions-, gradient elution conditions in
which linear gradient elution is conthithed with stepwise gradient
eltilion; C011(116(till.: DI which soluble thrombomodut in 3s Cluteti
from a pass-through hactiort; and isocratic elution cotiditions. Of
these conditions, linear pa:tient elution conditions, stepwise
gradient elution conditions, gradient elution conditions in which
linear gradient elution is combined with stepwise gradient elutima,
and conditions in which sotuble ithrombontodulin s ethted :nom a
pass-through traction are preterable. Etirtlier, linear gradient
elution conditions stepwise gradient elution coudItiou.s, and
gradient elution condi:Ions In which linear gradient elution 26  is
combined with stepwise gradient elution iT iThX
epr'etenible,Furthermore, tri another embodiment, Gond:nous in
:,:vitiel) soluble thrtunbomodulin is ()lifted from a pass-throttfiti
fraction are :..-)3t1'O1able. Still 11331j Ier, there tnay also be a
case in which isocratic conditions arc preferable.           As a
txfssitlicough Itaction, there is thtetiOn whifih soluble
tbroinhomodulin is net adsi-(rbed on an ardOil Oxchari,ger or
hydroxyapatite when a soluble thtumboitiodulin-contaming rnatelial tO
SUC1 ; anion exchanger or hydri-Piyalsatite. The kmd or such
1)ass-dircrugh fraction :s riot parbeularly innited, as longas n does
no: substantially contain a denatured product. oi thrOMbOMOCL.;1111.
For exainplia a nuetion of I to 20 column volumes, I it: 30 column
volumes, or V i 00 column volumes may be used. x(radient elution
couditiiiins may be detennitited,appmpriate, depending on the type of
column used. SI-X-C:Pc COilditiOnS Will be described litter. In
addition, for etmaions in which soluble throiribornodul LIS SthitCS1
paSS-thrOUgh 'radian, a boiler solution to he used :my he
fleiennined, as appropriate, depending on the Dt or a column used.
Specific conditions will be desenbed latC3- MOI-COVer, iSOCratie
conditions play be defentdriett, as appropriale, depending on the
type of a column used. As au 1/4' ',\1/4an arupp, exehaiver having a
quaternary angnol ;UM: gitt4) SUC1; ;:tS OCC:COQ 031). Healthcare
Bus-Seifinees); WITIC13 iS a strong arCOP, OXCliallgOT,(.3r:1i:raise;
used. Peibte subteen-rut denanuKti Orodococo3i.ia;oiog maicriai
thereto, such anion t:itchanger may be equilibrated with several
cuiuum volumes ((fa buffer solution or pH 4 to 9 (the kind of such
buffer solution 3S nel thilited; k)3- CalTIDIS:, a 0.] M acetate
butler ;pH 4X a 0,02 M phosphate. 'mini- (pll 7. $), or a 0.02 M TriS
buffer (i)11 5)) AIeI corny:lotion of auch equilibration, a denatured
Isroduct-containing material is subjected to the anion exchanger.
Betere elution of soluble throuthornodulin, the anion exchanger may
be washed with abuffer solution of pH 4 to $ the kind of such buffer
solution is not limited; for example, a 9.1 N.4 acetate buffer (pill:
4); a 0.02 Ni phosphate buffer (pH 7.3), or a 0.02 1:4 Ths buffer (pH
8).). With regard to the adsorbed denatured producticontammg
material, soluble throinhomodulin naCC4,1 be separated from a
denatured pi:Xi:it-A of the soluble thrembornoifulin and may be
elute," by gradient &Julien with a salt concentration of 0 to 1 M,
using a bulky S(fiCti0:1 of 5 to 9, and preferably of 7 to 8 (the
k:nd of such butler solution is not limited; kir example; a 0.02 M
phosphate buffer (pH 7.3) or a 0.02 M Iris buffer (pH SA Separation



separating soluble thronthomoduho from a denatured. product of er
soluble tbronthomodulin and ebating them. Examples of such gradient
elution conditions include linear gradient elution conditions,
stepwise gradient elution conditIons,, and Dar elution conditions in
which linear gradient elution is combined, with stepvvise gradient
elution. in such gradient elution, a salt concentration is set at
preferably 0 to 03 M, and more preferably 6.03 to 0.26 M. The amount
of a buffer solution used in elution is 2 to 40 Mill= VOILIales, 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 thromInnodulin, there is
applied, for example, (a) a step of obtaining such elution fizadion
after the position of a fraction horn which the soluble
thrombomodulin is elated has previously been confirmed, or (b) a step
of obtaining such elution tiaction while confirming the presence of
the soluble thrombomodthin in the elution fraction.
Specifically describing the step (a), the position of an elution
fraction that does not substwtially contain a denatured product of
soluble thrombomodulin has previously been confirmed by an analytic
method for confirming the ptesence of soluble throtnbomodutin and
that of a denaluted product of the soluble thmmIxarrodulin (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 (13), while confirming
by an analytic method tin confirming the preSenCe of soluble
thromhornodutin and that of a denatured product of the soluble
thrombomodulin OW example, size exclusion chromatography described in
Example 7 later) that an elution .fraction contains soluble
thothabomodulin and does not substantially contain a denatured.
product of the soluble thrombomoduliff such elution fraction
containing soluble thrombemodulin and substantially not containing a
&rotor& product of the soluble flaromhomodulin is obtained, The step
(b) is preferable. In addition, there may also be cases in which the
step (a) is preferable.        Moreover, soluble tthernhomodulin,
substantially not containing a denatured product thereof can also be
obtained as a cass-through fraction by substituting a denatured
product-containing material with a suitable buffer solution betbre
subjecting such denatured pinduct-containirs material to an anion
exchanger Such passthrough fraction is a fraction in which soluble
thromhomodulin is not adsorbed on the anion exchanger when a soluble
thrombotriodulin-containing material is subjected to the anion
exchanger, A difference between  soluble tbrombomodrain and a
eletlatured pioduct thereot in 1:ennS of aasorbability on a column iS
ulilizcd 0-us case, as an imion exchanger, an anion exchanP,e1 having
a quaternary ananaetnnin 1SOL:1) 511:11 as SourceQ, Q Sepharose 111!
(GE Heahlicaie Etio-Scietices), Sartobind (Sartori:1s K.K.) or
Mustang (PAIL), which is a strong anion ma:hanger. is preferably
used. A suitable butler SO] utiou used In sutiiiMptayq is preferably
a buffet solution of oh to 8 haying a salt coneentiation of 0.1 to
0.2 M. The kind of such buffer solution is not limiied For example,
0.02 M phosphate, 0.18 M sodium chloride, H7.1li can be used Ma
method of obtaining a pass-throut.:th fraction, while coIll--1011P18l
b.,V 'an allabylic elethod snub as SIZO CKCJUS:011 ilt)Salbed
EKainpie 7 later that an elution fraction cm-gains soluble



in this case, as hydnaxyapatite, Macro-Prep (R) Ceramic
Hydroxyapatite TYPE 1 (HIO-RAD) can be used, Ibr example. A suitable
buffer solution used in substitution is a buffer solution of p11 6 to
9 having a phosphate concentration of 5 to 20 triM, and preferably a
buffer solution of pH 6 to 7 having a phosphate concentration of 5 to
10 niM, The kind of such butler solution is not limited. For example,
10 mM phosphate1M sodium chloride, pH 7 As a method of obtaining a
pass-through fraction, while confirming by an analytic method such as
size exclusion clarematog,raphy described in Example 7 later that. an
elution fraction contains soluble 30  thrsminkinK:daiiin and (loci:
riot substantially yOhtain a denatured product of the iioluble
tbrombomodulin, such fraction inay be :appropriately obtained,
Moreover, isocatic elution condinens mast' Qd;y3 be used. Li this
case as ;yell, s to conditions may be de:en-timed, a3 appropriate,
with reference to gradient ihrlig; COrghtiOri3 Mei COrgiiiheaSS
Irgder Which SOlUbir.: thrOrghOthodhlinis eilatx1 from a
Isz,,,ss-tissough fraction,         PR:len:My, the Dr:Auction
3I1Y:110d DI :he DR(1'n; Invention does not compristt a step of
allfimllrig the PH of an YthrhOil fraction containing soluble
thromboniJaitinn fin): doe :s riot substantially contain a denatured
product of dic soluble tfirombomodulin to pH 4 or less, after a
soluble Ihrombomistiolinseentaining material haS beer; SUISiCrieri
gigrgi itri)ydroxyalatite to obtain the aforernentoned elution
finction. Moreover; even in the subsequent con:ix:uric:ion step
and/or desalination step fir 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 pi:if:sang soluble thronibomodblin from a culture
supernatant prepared by culturing cells capable of producing soluble
thrombomodulin in a serum component-coutaining Ineffildir: or a serum
thee medium is a purification method using, as an indicator,
thstgitheniodiAin activity such as the activity of ihrombomodulin to
promote protein activation by :I-iron-it:flit, 'NN ex)le is a
purification method COMNS:hg: IOU g;h puneying a Cal:W:0 SiApaniatala
wi d ("?-aatharOSC-: FE used as an lonexchai :go column to recover a
Miction Laving jssibern odul in acti purifyi 1:11C, ICCOVCrCCI
IMO:33n With a .1001.;SC allh-tliftgrillgingirlhlig irlOhOdOhaj
antibody on an affinity column to recover a fraction having high
thibmbotriodulin aetryity, purifying, the recovered fraction with
Seplitirose bb used as a eadon-exchange column; concentrating a
pass-through fraction; and then subjecting the resultant 'fraction to
gel filtration to a thrombomodulin active fraction. Alter completion
of such punfieation With SP-Senharoat ER the anion exchanger of the
present invention, preferably an anion exebans2;er a Quaternary
ammonium group such as Source0 (GE  Rio-Sciences), winch is a strong
anion exchanger, Or the h ydroxyapatge of the present nwention such
as Marc--Prep (R) Dertunic Hydroxyapatite TYPE I (BIO-RAD), is used
under optimal conditions, so as :0 Obtain ihronthomoikilisi gist
iibes subSaailtiaily ckaliaiia a tiCaatiited prOdUet of soluble
thrombomoilnlin, On the other hand, after purification with a mouse
anti-thrombamodtdin monoclonal 3  antibody, the anion exchanger of
the present invention, preferably an anion exchanger having a
quatetnary ammonium group such as Source() (GE Healthcare
Rio-Sciences), which is a strong anion exchanger, is used under
optimal conditions, so that a denatured product of soluble



The present invention will be more specifically described in the
following examples. However, these example.s 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,  and then incorporated into Chinese hamster
ovary cells by genetic engineering technique The bells were cultured,
and a culture supernatant was then obtained. Thenia0:er, 41 1 of the
obtained culture supernatant was filtrated with a 0.2-pm membrane
lllter (Millipore; Millipak 20). The flinated culture supernatant.
was subjected to a Q-Sepharose (GE Healthcare Bio-Sciences) cOhiinEl
(diameter: 41 cm; height: 26.3 cm) that had been equilibrated with a
20 mit4 Tris4-10 butler solution (pH 7.4) containing .150 taM sodium
ehionde, Subsequently, the column was washed with 6 column volumes of
a 20 aiM acetate butler solution containing 180 taM sodium chloride,
and was thither washed with 8 column volumes of a 20 raM Tris-HCJ
buffer solution. (pH T4) containing 189 inli4 sodium chloride.
Thercatiers elution was initiated with a 20 aiM Tds-HCI buffer
solution (pH 7.4) containing 300 Enliff sodium chloride. 0.5 column
volumes of an tate was obtained as a roughly purified product from
the initial rise of the peak of the absorbance at, 280 um of the
duffle. it is to be noted that the flow rate was set at 760
artfirtin. (Example 2) Purificationlonoclon"body in accordance with
the descriptions of JP Patent Publication (Kok... No. I 1-341990 A
),an antithromhomodulin nionocionat antibody was prepared using human
lung-derived thromixtmodulin as an antigen. The obtained
anti-dmimbomodulia monoclonal antibody was then Slowed to come into
contact with and to react with CN13r-activated Sephatose 4 Fast Flow
(GE Healthcare Rio-Sciences), so that the anti-thrombomodulin
monoclonal antibody was coupled therewith, thereby producing
anti-thrombomodulin monoclonal antibody-hound Sepharose 4 Fast Flow.
16.5 1 out of the elution fraction obtained in Example 1 Was subjeoed
to a montxdonal antibody column (diameter: 44 em; height: 10.5 cm)
that had been equilibrated with a 20 rnM phosphate buffer solution
(pH 7.3) containing 0.3 M sodium chloride. i1e column was washed by
supplying 6 column volumes of a 20 niM phosphate buffer solution
containing 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 bullet solution (pH 3.0) containing 0.3 M
sodium chloride. An chi:Ate was obtained from the initial rise to
decay of the peak of the absorbance at 280 am of the elnate.
Theztealter, a 0.5 M phosphate butler solution (pH 7.3) was added to
the eltiate 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 taLlrain.  (Example 3) Purific
ocation--exchange column         A 1,0 NI glycine-ICI 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 FE (GE Healthcare
BM-Sciences) column (diameter; 16 mm; height; 12 em) that had been
equilibrated with a 0.1.1S4 glyeire butler solution (pH 3.5)
containing 03 M Nata The column stalled to be washed with at 100 mM
glycined-Kil buffer solution (pH 3.5) containing 300 mM Nitta, A
pass-through fraction was obtained from. the initial rise to decay of



10 ml out of the highly purified product obtained in Example 3 was
diluted with 30 nil 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 rnM phosphate buffer solution (pH 7) containing 0,1 M.
sodium chloride. The column was washed with 3 column volumes of a 20
iniM phosphate buffer solution (pH 7), and it started to be eluted by
0.1 M to 0.3 Ni sodium chloride linear gadient elution with a 20 rnM
phosphate buffer solution (pH 7) at an elution volume of 20 column
volumes. An chime was fractionated at a unit of 1 column volume from
the initial rise of the peak of the absorbance at 280 rim of the
cluate. It is to he noted that the flow rate during the loading of
the sample and washing was set at 2.2 inUrnim and that the flow rate
the elution was set at 0.3 raLlmin. The chrornatogam is shown in El
gum 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 Rio-Sciences)
column (diameter: 0,5 cm; height: 9.8 cm) that had been equilibrated
with a 20 niM Tris buffer solution (pH 8) containing 0.1 Ni sodium
chloride. The column was washed with 3 column volumes of a 20 rnM
Tris buffer solution (pli 8), and elution was then initiated by 0.1 M
to 0.3 Ni sodium chloride linear gadient elution with a 20 naM Tris
buffer solution (pH 8) at an 1 elution vokane of 20 column volumes.
An citrate was fractionated at a unit of I column volume from the
initial rise of the peak of the absorbance at 280 on of the dilate.
It is to he noted that the flow rate daring the loading of the sample
and washing was set at 2.2 nil/min, and that the flow rate during the
elution was set at 0.3 intimin, The chromatogram is shown in Figure
3. (Example?) Evaluation of contents of denatured products of soluble
thrombomodulins of Examples 4-6        Using an analytical size
exclusion chromatography, TSK-CiEL 03000SWXE, (7,8 mm 1.1). 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 rnM phosphate buffer solution
(pH 7.3) containing 0.1 M sodium sulfate was used. 150 p.1 of each
fraction was subjected to the aforementioned cinomatogaphy at a flow
rate of 0,9 rallmin, so that it was analyzed. In addition, the
recovery rate of each fraction was calculated by measuring the
absorbance at 280 rim. The results of Examples 4 to 6 are shown in
the following -fable 1, Moreover, with regard to the highly purified
product obtained in Example 3 as well., the content of a denatured
product of soluble throrabomodulin therein was measured by the
aforementioned method. As a result, the content was found to be TO%
(Figure 4), Under any of the conditions of Examples 4 to 6, a
highttaity soluble thrombomodulin that did not substantially contain
a denatured product of soluble thrombomodulin could be obtained at a
recovery rate of 76% to 81%,  Table 1. (Fxa3iIple8) Separation of
denatured product of soluble throanion exchanger stepwise gradient
elution 70 ml out of the friuhlhtain j' J$ixaniple 3 was diluted ith
:210 mi. of pudlied waten The diluted. solution was subleettid to a
SourceQ 30 (GESciences) colant 0.5 cm; height: 20.5 cm) that had been
equilibrated with 1M phosphate buffer solution (pH 73) containing 30
milvl sodium chloride. The column svas washed with 3 GOillEnri



(Example 9)Obtainment Of soluble thrumbomoduliatcontaining culture
supernatant by scrum free culture of Chinese hamstercells, wherein
human-dedyed thrombomodulin gene Which 37  had been prepared and
modified svas incomi tutted by genetic engineering technique
As serum free media containing no animal ingredients used in the
culture ter obtaining a soluble thrombomodulin-tionthining 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 fbr seeding, 5 I/IL of HI supplement (liquid;
catalog number: 11067-030, manufacturer: It rogen) and 40 rtii, of
200 niM L-Glutimiime (liquid; catalog number; 25030-081;
manufacturer: hivitragen) were aseptically :mixed into 1 L of IS
CHO-CD (liquid medium; catalog number: 91119-IL; manufacturer; Irvine
Scientific). When preserved, the         pared medium for seeding was
retrigerated (2C to 8"C), and when used; it was heated in a constant
temperature bath at 36C immediately before use. In order to prepare
the mediwn for perfusion culture, 20,8 g of IS CHO-CD-A3 (powder
1: catalog nutiaber 98688; managacturer: Irvine Scientific). .6 tt of
common salts (special grade; manufactumri Walco Pure Chemical
Industries, Ltd.), and 4.4 g of sodium bicarbonate (special grade;
manufacturer: War) Pure Chemical Industries, Ltd.) were added to and
dissolved in 1 Lot' deionized ultra-lin-cited water, and the mixed
solution was then aseptically filtrated with a 0;24tm filter (made of
PVDIT; manufacturer: Millipore). The thus prepared medium for
perfusion culture was refrigerated (2C to 8C), when it is preserved
and used.          For initiation of seed culture, frozen cells
capable of producing soluble ihrombomodulin (JP Patent Publication
(Koktd) No. 11-341990 A (1 999)) were rapidly rucked in a 37C
constant temperature bath, and the cells were then suspended in a.
medium fitw seed culture. The suspension was centrithgeci (2000
ipira; 2. minutes, Kokusan Chemical Co., Ltd), and after elimination
of a. centrifuged supetnathin, a cell pellet was suspended in .100
mi." 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
earned out as static culture in a :36C, 5% CO2 incubator. When the
density of floating living cells in the first step seed culture
reached approximately 8 I 05 eellserrl, the cells were subcultured to
a second seed culture.          The second stop 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 citate: 400 ml. (a spinner flask
made of glass; manuthetures: Shibata Scientific Technology Ltd.);
third step seed culture: 1.6 L (a spinner flask made of glass; 38
mainit'actumr: Shibamilk Technology Ltd.); and fourth step seed
cu.6spurner flask 



made of glass; manufacturer: Siiihata Scientific 'Technology Ltd.).
Thus, the cells were successively subcultured, so that the amount of
a culture solution -teased, When the density of floating living cells
in a. seed culture reached approximately 8 x 1 0 oelishnli" the cells
were subculttaral 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 Mier subculture, so as to increase
the amount. of the culture solution. Spinner culture was carried out
in a 36C, 5% CO2 incubator, using a. magnetic stirrer
(iTialUirliCillfer: 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 1(1
cells/mit, 2 L. of the seed culture solution was transferred into
each of 3 perfusion culture tat             ,ulttere fermi:vets;
manufricturer; B. E. Marubisbi Co., Ltd.), and perfasion culture was
then initiated, In the perfusionquantitative tnansportation of a.
pert-Ids:on culture medium, supplied to a perfusion adture tank was
c'artied out using a periser pump (manufacturer: Master I= flow rate
of 2 liday, Cell separationperfusion culture was carded out using a
spin filter established 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 (1-71340; pore
diameter; 10 rum manufacturer: Fuji Filter NEC- Co., Ltd.). A second
spin filter was a mesh made of stainless steel (FP-30; pore diameter:
$0 um; manufa.catrer: Fuji Filter MEG.Ca, Ltd), A third spin filter
was a. mesh made of polyester FRIP (pore diameter; 10 .tin;
catalog.2B-8808571;manufacturer: Sartori us K.1(,),        A culture
supernalant separatedwith a spin filter established, in a pertIASE013
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 it in the perfitsion 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 2C to 8C.
Conditions fix the pm-fusion culture were controlled as follows: the
temperature in the tank: 35C to 37C; dissolved oxygen level; 10% to
90%; and pH 6,8 to 7,6, 39 



The perfusion culture was carried out for 30 days. The mean living
cell densities during the culture were as follows: the first
peribsion culture tank: 17 x 106 cells/nit; the second perfusion
culture tank: 10 x lO cells/nth; and the third perfusion culture
tank: 18 x 106 cells/nth,        Culture supernatants obtained from
the 3 perfusion culture tanks for a period of time between the 36iday
and the 30th day of the perfusion culture were gathered, and the
mixture was then filtrated with a 0.2-orn filter (made of PVD17;
mimufacturen Millipore). The filtrated culture supenaatant was
refrinrateil (2C to 8T), (Example 10) Purification with strong
anion-exchange column        850 ml out of the culture supernatant
obtained in Example 9 was subjected to a Q-Sepharose FE (GE
Healthcare. Bio-Sciences) column (diameter: 1.6 cm; height: 29 cm)
that had been equilibrated with a 20 rnM sodium acetate' 120 irtM
acetate buffer solution containing 30 inM. sodium chloride,
Subsequently, the column was wa-shed with 12 column volumes of a 20
inM sodium acetite420 niM acetate buffer solution (pH 3,8) containing
30 mM sodium chloride, and elution was then initiated with a 20 rnM
sodium acetate40 niM 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 inM potassium phosphate was added to an eluate
from the initial rise of the main peak of the absorbance at 280 ran
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 nth/min.
(Example 1.1) Separation of denatured product of soluble
thrombomodulin by hydroxyapatite stepwise gradient elution        2O
nil out of the purified product obtained in Example 10 was subjected
to a Macro-Prep (R) Ceramic Hydroxi.apatne TYPE 1 (BIO-RAD) column
(diameter: 0.5 cm; height: 9.7 cm) that had been equilibrated with a
20 aiM HEPES butler solution (pH 7) containing 017 M sodium chloride
and 2 Ints4 sodium phosphate. The column was washed with 6 column
volumes of a 20 rn.M ITEPES butler s.oltition (pH '7) containing 0.17
M sodium eh:on& and 2 triM sodium phosphate, and elision was then
carded out with 4 colignt) volumes eta 8 rutvi phosphate butler
solution (pH 7) containing 10 inM sodium chloride. An citrate was
obtained from the initial rise to decay of the peak of the absorbance
at 280 run of tee eloate, It is to be noted Mat the flow nate   set
at 0.4  the content of a denatured product of soluble thrombamodulin
in the eluate was evaluated under the conditions of Llxturiple 7, As
a result, the content of the denatured product of soluble
thrombomodidin was kb t311(1 to be 0.8% or less. The column was
reproduced with a 0,5 NI phosphate buffer solution (pH 7). The
chromatogram is shmith M Figum 6. (Exampurification with strong
anion-exchange COliltrin (2)        5,2. 1 of the culture supernatant
obtained in Example 9 was sub.:et:red. to a Capto ( Healthcam
Bio-SHences) column (piameter: 1,6 cm; height: 26 cm) that had been
-quilibmted with a 20 .EmN4 ThsIICl huller solution (pH 7.7)
containing 150 RINI sodium chloride. Subsequently, the column was
washed with 15 cohman volumes of a 20 inNi Tris-Del buffer solution
containing 0,18 NI sodium chloride, and elation was then initiated
with a 20 ink( Tri4IC.1 buffer solution (pH 7containing 0.3 i1/41.1
sodium chloride. An eimte was obtained front the initial rise of the
peak of the absorbance at 280 am of the eluatc to 2 column volumes as
a roughly purified product. It is to be noted that the flow rate was
set at 10 mIltinn. (Example 13) Purification with monoclonal antibody



4.1  found to be 99% or more. (Example ) High purification and
elimination of denatured product of soluble thronabomodulin with
stteng anion exchanger 75 .tnt, out of the purified solution obtained
in Example 13 was subjected to a SOUret:. 30        'althcare
Bie-Scienees) column (diameter: 0.5 err.; g1C 20.5 cm) that had been
equilibrated with a 0.1 M acetate hurter solution (pH 4) containing
40 niM sodium chloride. 2 column volumes of a 0.1 M acetate banclitx
solution. (pH 4) containing 40 mh4 sodium chloride was supplied to
the column, then 4 column volumes of a 0.1 M acetate buffer solution
(pH 4) containing 50 in.M. sodium chloride was supplied thereto, and
thereafter 3 column volumes of a 20 ralc-i phosphate buffer solution
(pH 7.3) containing 30 niiVI sodium chloride was supplied thereto, so
that the column was washed. Thereafter, elution was initiated with a
20 mNI. phosphate buffer solution (pH 7.3) containing 0.18 M sodium
chloride, so as to obtain an elute from the initial rise of the peak
of the absorbance at 280 nm of the einate to 6 column volumes
thereof. It is to be noted that the flow rate during the loading of
the sample was set at 1 n1E/min, and that the flow rate during
washing and elution was set at 0,3 Enlimin. Using an analytical
exclusion chromatography 'ISK-GEL (13000SWX1, (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 &mad:3yd pmduct of soluble thrombi:am:Min was found to be
0,1%. Thus, a high--purity soluble tbrorrabomodulin that did not
substantially contain a. denatured. product of soluble thromhomodulin
was obtained. The recovery rate of the eluate was found to be 71%.
The chromatogram is shown in Figure 7.                  ablation of
amount of proteins in which difficult& types of products (mouse
anttbodydenvcd product and Chinese hamster ovary cell-derived
product) are mixed                        iethod described in JP
Patent Publication (Kohl) No. 11-341990 A (1999), the elution
fractions of Examples 13 and 14 were evaluated. The absorbance at 280
am of each elution fraction was measured. The results obtained by
evaluating such elution fraction based on the mixed amount per
absorbance fire shown in the following Table 2. The mixed amounts of
ingredients could. be simultaneously decreased( Table 2: Brief
Description of the Drawings        Figure 1 shosvsa 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
tbrombomodulin 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 climmatogran 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 thrornbornodulin 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.  CLAIMS
1. A method for producing soluble throin mithrindin substantially not
contammg a denatured parduct of the soluble thrombomoduiin that may
be generated from the soluble thounlagnodulia under acidic
conditions, which comprises: (I) a step of subjecting a soluble
thronahomodidiroc ntaining material that contains or is suspected to
contain a denatured product of the soluble thrombomodulin to an anion
exchanger or hydroxyi and      stop of obtaining a soluble
thrombomodubn<oniainmg fraction that does not substantially contain a
denatured product of the soluble dimmbortiodulin under separation
conditions hit which the soluble throm bomodulin can be separated
from a denatured product of the soluble thromboniodolin,  2. The
method for producing soluble thrombomodulin substantially nor
containingred product of the soluble thrombornodulth that may be
generated. from the soluble thrombomodulin under acidic conditions
according to claim I, 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 thrombomodulimeontaining material that
contains or is suspected to contain a denatured product of the
soluble thrombemoduijt3, which is obtained. through the step (0)
above, to an anion exchanger or hythoxyapatite; and (2) a. step of
obtaining a soluble thrombomodulin-conudaing fraction that does not
substantially contain a denatured product of the soluble
thrombemodulin under separation conditions in which the soluble
thrombomodulin Can be separated from a denatured product of the
soluble thrombomodulin.  3. The production method according to claim
I or 2, wherein the content of the soluble throat, omodulin is 80% or
more with respect to total proteins in the soluble
thrombomodulin-cooraining mater  4. The production method accorditig
to any one of:in the step (2) is a step of carryitag 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
thrombomodidin that does not substantially contain a denatured
product of the soluble thrombomodulin,  5. The production method
according to any one of claim I to 3, whereinp of  



obtaining a passthroupJt fraction, in which a fraction containing
soluble thrombo todulin that does not substantially contain a
denatured product of the soluble fthornbomo.dulin is obtained. 4.The
production method according to any one of claims I to 3, wherein the
step (2) is a step of carrying out isocratie elution to obtain an
elution fraction, containing soluble thrombomodulin that does not
substantially contain a denatured poduct of the soluble
thrombomodulin.  7. The production method according to any one of
claims 1 to :3, wherein the step (I) is a. step of subjecting the
solubk tbrombornortilirancotaining material to an anion exchange(
using a buffer   eation 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
haying a salt concentration of 0 to I M, so as to obtain an elution
fraction containing soluble thrombortiodtdin that does not
substantially contain a denatured product of the soluble
thrombornodulin, either (ifr after the position of a fraction from
which the soluble thrombomodulin is elated has previously been
confirmed, or (b)while eandirming the presence of the soluble
thrombomodulin in the elution Unction.  8. The production method
according, to any one of claims I to 3, wherein the step (I) is a
step of subjecting the soluble thromhomodulincoataining material to
an anion exchanger using a buffer solution of pH 5 to 8 having a salt
concentration of 0,1 to 02 Ni; and the step (2) is a step of
obtaining a pass-through Unction using a. buffer solution of pH 5 to
8 haying a salt concentration of 0,1 to 02 M, so as to obtain a
fraction containing soluble thrombomodulin that does not
substantially contain a denatured product of the soluble
thromhorn,odulin,  9. The production method according to any one of
claims I to 3, wherein the step (i) is a step of objecting dissoluble
thr m ontaining material M hydroxyapatite using a buffer solution of
al 6 to 9 haying a phosphate concentration of 8 naN,1 or less; and
the step (2) is a step of cm-tying 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 NI, so as to obtain an elution fraction containing soluble
thrombomodulix does not substantially contain a denatured product of
the soluble thmmbontodulin, either (a) after the position of a
fraction. from which the soluble thrombomodul in is eluted has
previously been confirmed, or (b) while confirming the presence of
the soluble thrombornodulin in the elution fraction,  1.0.The
production method according to any one of claims Ito 3, wherein the
step (1) is a step of subjecting the soluble
thrombornodulin-conlaining material to hydroxyapatite using a butier
solution of pil 6 to 9 having a phosphate concentration of 5 to 20
nth! or less; and the step (2) is a step of obtaining a pass-throuth
fraction using a buffer solution of pH 6 to 9 having a phosphate
concentration of 5 to 20 rnIS4, so as to obtain a fraction containing
soluble thrornbornodulirt that does not substantially contain a
denatured product of the soluble thrombornodulin.  11. The production
method according to any one of claims 1 to 10, which does not
comprise a step of adjusting the pH. of an. elution fraction
contr.-thin:1' g soluble thrombornodulin that does not substantially



13. The production method according to any one of claims 1 to 12,
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.  14. The
production method according to any one of claims 1 to 13, wherein the
soluble throtnbomodulin is thromboracidulin obtained horn
transfortnant cells prepared by transfecting host cells with DNA
encoding the amino acid sequence shown in SEQ ID NO: 9 or 11.  1
SEQUENCE LASTING <110> Asahi Kasei Pharma Kabushiki Kaisha <120> A
method for producing a highly purified soluble thromhomodulin <130>
1107165 <160> 13 <210> 1 <211> 132 <212> PRT <213> human <400> 1 Met
Lou Sly Val Leo Val Lou (fly Ala Lou Ala Lou Ala Sly Lou Sly 151015 



Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys Clu Tyr Gln Cys 01n Pro
202530 Leo Asn Gin Thr Sor Tyr Lou Cys Val Cys Ala Clu Gly Phe Ala
Pro 354045 Ile Pro Pis G1p Pro His Arg Gys Gln Met Phe Cys Asn Gin
Thr Ala 505580 Gys Pro Ala Asp Cys Asp Pro Asn Thr Oln Ala Ser Cys
Glu Cys Pro 65 70 75 80 GIP Sly Tyr He Lou Asp Asp Gly Phe He Cys Thr
Asp He Asp GIG 869095 Cys Glu Asn 81y Gly Phe Cys Ser Sly Val Cys His
Asn Leu Pro Sly 100105110 Thr Phe Gin Cys He Cys Sly Pro Asp Ser Ala
Len Val Arg His He 115120125 Sly Thr Asp Cys 130 <210> 2 



<211> 396 <212> ONA <213> human <400> 2 atgettgggg toctggtoct
tggcgsgctg gccotggccg gcctggggt1 ccocgaccog 80 tgottsagag coaaotgoga
gtaccagtgc cagccoctga aocaaactaa ctacctctgo 120 gtotgsgcog agggottogc
gcocattcsc sacgagoogc aceggftoca gatgttttgo 180 aaccagactg cotgtccagc
cgactgcgac sccaacaocc aggctavotg ttagtgocot 240 gaaggstaca toctggacga
cggtttcato tgcaoggaca togaogagtg ogaaaacggc 300 ggettctgct ccggggtgtg
coacaaocto cocggtacct togagtgcat ctgogggecc 380  gactoggocc
ttgtocgcca cattggoaso gactgt 396 <210> 3 <211> 132 <212> PRT <213>
human <400> 3 Met Lou Sly Val Lou Val LED Sly Ala Lou Ala Lou Ala Sly
Leo Sly 151015 Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys Glp Tyr Oln
Cys Gin Pro  2 202530 



Les Ass Gln Thr Ser Tyr Les Cys Val Cys Ala Gls Gly Phe Ala Pro
354045 He Pro His Glu Pro His Arg Cys Gls Mat Phe Cys Asn Gin ihr Ala
505560 Cys Pro Ala Asp Cys Asp Pro Asn Thr Gln Ala Ser Cys Glu Cys
Pro 55 70 75 80 Glu Giy Tyr Ile Lau Asp Asp Gly Phe He Cya Thr Asp
Ile Asp Glu 859095 Cys Gin Asn Gly Gly Phe Cys Ser Gly Val Cys His
Asn Lou Pro (fly 100105110 Thr Phe (flu Cys lie Cys Giy Pro Asp Ser
Ala Lee Ala Arg HIs He 115120126 Gly Thr Asp Cys /30 <210> 4 <211>
396 <212> DNA 



<213> human <400> 4 atgcttgggg tcctggtect tggcgcgotg gccotggccg
goctggggtt coccgaccog 50 tgestoagag ccaactgcga gtaccagtgc cagoccotga
accaaactag ctaccictgc 120 gtotgcgccg agggcttcgc gcccattcce cacgagccgc
acaggtgoca gatgttttgc 180 saccagactg cctgtccagc cgactgegao cccascsocc
aggctagotg tgagtgccct 240 gaaggctaca toctggacga oggtttoate tgcaoggaca
tcgeogagtg cgaaaacggc 300 ggcttctgot ccggggtgtg coacaaocto cccggtacct
tcgagtgoat ctgegggcsc 360 gacteggccc ttgccogsca cattggoaco gactgt 395
<210> 5 <211> 480 <212> WI <213> human <400> Mat Lou Cly Val LEU Val
Les Gly Ala Les Ala Les Ala Sly Les Sly 151015 Phi Pro Ala Pro Ala
(flu Pro Gin Pro Sly Sly Ser Gin Cys Val GIs 202530 His Asp Cys Phe
Ala Lou Tyr Pro Sly Pro Ala Thr Phe Leu Asn Ala 354045 Ser 01n Ile
Cys Asp Sly tee Arg Sly His Les Met Thr Val kg Ser 505560 



Ser Val Ala Ala Asp Val He Ser Les Lou Les Mn (fly Asp Sly Sly
65707580 Val (fly Arg kg kg Len Trp lle (fly Lou Gin Les Pro Pro Sly
Cys 859095 Sly Asp Pro Lys Arg Les Sly Pro Les Arg Sty Phe Gln Trp
Val Thr 1001061/0 Sly Asp Mn Mn Thr Ser Tyr Ser Arg Trp Ala Arg Leu
Asp Lou Mn 115120125  3 Sly Ala Pro Les Gys Sly Pro Leo Cys Val Ala
Val Ser Ala Ala 61u 130135140 Ala Thr Val Pro Ser Wu Pro He Tip Glu
Glu Gin Gln Cys Glu Val 145 150 155 160 Lys Ala Asp Sly Ph Leu Cys
Gin Phe His Phe Pro Ala [hr Cys Arg 165170175 Pro Lou Ala Val Glu Pro
Sly Ala Ala Ala Ala Ala Val Ser He Thr 



180135190 Tyr Sly [hr Pro Phe Ala Ala Arg Sly Ala Asp Phe Gln Ala Leo
Pro 195200205 Val Sly Ser Ser Ala Ala Val Ala Pro Len Sly Lou Gln Len
Met Cys 210215220 Thr Ala Pro Pro (fly Ala Val Gln Sly HiS Trp Ala
Arg Clu Ala Pro 225230235240 Sly Ala ire Asp Cys Ser Val Ulu Mn Sly
Sly Cys Glu His Ala Cys 245250255 Mn Ala Ile Pro Sly Ala Pro Aug Cys
Gln Cys Pro Ala Sly Ala Ala 260265270 Leo Gln Ala Asp Sly Mg Ser Cys
Thr Ala Ser Ala Thr Gin Ser Cys 275280285 Mn Asp Leo Cys 610 His Phe
Gys Val Pro Mn Pro Asp Gln Pro Sly 290295300 



Ser Tyr Ser Cys Met Cys Sin Thr Sly Tyr Arg Len Ala Ala Asp Oln
305310315320 His kg Cys Glu Asp Val Asp Asp Cys Ile Len GIP Pro Ser
Pro Cys 325330335 Pro Gln Arg Cys Val Mn Thr Gln Sly Sly Phe Sin Cys
His Cys Tyr 340345350 Pro Mn Tyr Asp Leo Val Asp Sly Glu Cys Val GIP
Pro Val Asp Pro 355360365 Cys Phe kg Ala Ann Cys Gin Tyr Gin eys Gln
Pro Len Mn Gin [hr 370375380 Ser Tyr Lau Cys Val Cys Ala Glu Sly Phe
Ala Pro He Pro His Gin 335390395400 Pro His Arg Cys Gln Met Phe Cys
Mn 0ln [hr Ala Cys Pro Ala Asp 405410415 Cys Asp Pro Asn Thr Gin Ala
Ser Cys Gin Cys Pro Olu Sly Tyr Ile 



420425430 Len Asp Aso Sly Phe He Cys 1hr Asp He Asp Glu Cys Glu Ass
Sly 435440445 Sly Phe Cys Ser Sly Val Cys His Mn Len Pro Sly Thr Phe
Gin Cys 450455460 Ile Cys Sly Pro Asp Son Ala Len Val kg His Ile Sly
[hr Asp Cys 465 470 475 480 <210> 5 <211> 1440 <212> DNA <213> human
4 <400> 6 atgcttgggg tcctggtoct tggcgcgctg gocctggccg gcctggggtt
ccocgoaccc 60 gcagagccgc agccgggtgg cagccagtgc gtcgagcacg actgcttcgc
gctctaccog 120 ggccccgcga cottcctcaa tgccagtcag atctgcgacg gactgcgggg
ccacctaatg 180 acagtgcgct cctoggtggc tgccgatgtc atttccttgo tactgaecgg
cgacggcggc 240 gttggccgcc ggcgcctctg gatcggoctg cagotgocac caggctgcgg
cgaccocaag 300 cgoctegggc ccctgcgcgg cttccagtgg gttacgggag acaacaacac
cagctatagc 360 aggtgggeac ggcttgacct caatggggot cocctctgcg goccgttgtg
cgtcgagtc 420 tccgctgctg aggccactgt gccoagcgag ccgatctggg eggegcagca
gtgcgaagtg 480 aaggccgatg guttcotctg cgagttocac ttcccagcca cctgcaggcc
actggctgtg 540 gagccoggcg ccgoggctgo cgccgtotcg atcacctacg goaccocgtt
cgcggccogc 600 ggagcggact tcoaggcgct gccggtgggo agctccgccg eggtggctce
cctoggctta 660 cagctaatgt gcaccgcgcc gcccggagcg gtccaggggc aotgggccag
ggaggcgccg 720 ggcgcttggg actgcagcgt ggagaacggc ggctgcgago acgcgtgcaa
tgegatccct 780 ggggotcocc gctgccagtg cccagccggc gccgccotgc aggcagacgg
gcgctoctgc 840 accgcatocg cgacgcagtc ctgoaacgac otagcgago acttctgcgt
taccaacocc 900 gaccagccgg gctcctactc gtgcatgtgc gagacoggct accggctggo
ggccgaccaa 960 caccggtgog aggacgtgga tgactgcata ctggagccca gtcogtgtco
goagcgotgt 1020 gtcaacacac agggtggctt cgagtgccac tgctacccta
actacgacct ggtggacggc 1080 gagtgtgigg agcccgtgga cccgtgottc
agagccaact gcgagtacca gtgccagccc 1140 ctgaaccaaa ctagctacct
ctgcgtotgc gccgagggct tcgcgocoat ttoccacgag 1200 ccgcacaggt
gccagatgtt ttgoaaccag actgcctgtc cagccgactg cgaccocaac 1260
aoccaggcta gotgtgagtg ccctgaaggc tacatcctgg acgacggttt catotgoacg
1320 gacatcgacg agtgcgaaaa cggcggcttc tgotccgggg tgtgccacaa
cctoccoggt 1380 accttcgagt goatctgcgg goccgactcg goccttgtcc
gccacattgg caccgactgt 1440 <210> 7 <211> 480 <212> PRT 



<213> human <400> 7 Met Leo Gly Val Leo Val Leo 01y Ala Leo Ala Leo
Ala fly tau Gly 151015 Phe Pro Ala Pro Ala Gln Pro 01n Pro 0iy Gly
Sgr Gin Cys Val Glu 202530 His Asp Cys Phe Ala Len Tyr Pro Sty Pro
Ala [hr Phe Leo Asn Ala 354045 Ser Gin He Cys Asp Gly Lau Arg Gly His
Leo Met Thr Val kg Ser 50cJ 60 Ser Val Ala Ala Asp Val lie Ser Leo
Leo Lau Asn (fly Asp Gly (fly 65 70 75 80 Val Oly Arg Mg Arg Leo Trp
He Lily Len Gln Len Pro Pro Lily Cys 859096 Gly Asp Pro Lys kg Leo
Oly Pro Leo kg Sty Phe Gin Trp Val [hr 1001061/0 Gly Asp Asa Asn Thr
Ser Tyr Ser Arg Trp Ala Arg Leo Asp Leo Asn 115120125 



Lily Ala Pro Leo Cys Sly Pro Leo Cys Val Ala Vai Set- Ala Ala 01n
130135140  Ala Thr Val Pro Ser 010 Pro He Trp 510 (flu Gln Gin Cys
(flu Val 145 150 155 160 Lys Ala Asp Gly Phe Lep Oys Glu Phe His Phe
Pro Ala Ihr Sys Arg 165170175 Pro Leo Ala Val (flu Pro Gly Ala Ala
Aka Ala Ala Val Ser Ile Thr 180185190 Tyr (fly Thr Pro Phe Ala Ala
Arg Cly Ala Asp Phe Gln Ala Lou Pro 195200205 Val (fly Ser Ser Ala
Ala Val Ala Pro Lou Giy Lou Gin Lao Met Cys 210215220 Thr Ala Pro Pro
Gly Ala Val Gin (fly His Trp Ala Arg Glu Ala Pro 225230235240 Gly Ala
Trp Asp Cys Ser Val Gin Asn Gly Gly Cys Clo His Ala Cys 245250255 



Mn Ala He Pro Gly Ala Pro Arg Cys Cin Cys Pro Ala Gly Ala Ala
260255270 Leo Gln Ala Asp Gly Arg Ser Cys Thr Ala Ser Ala Thr Gln Ser
Cys 275280285 Mn Asp Lou Cys Gip His Phe Cys Vab Pro Mn Pro Asp 01n
Pro Gly 290295300 Ser Tyr Ser Cys Met. Cys GIP Thr Oly Tyr Arg Len
Abs Ala Asp 51n 306310315320 His Arg Cys Gio Asp Val Asp Asp Cys He
Lou Glo Pro Ser Pro Cys 325330335 Pro (iln Arg eys Val Asn Thr Gln
Sly Gly Phe Glu Cys His Cys Tyr 340345350 Pro Mn Tyr Asp Lou Val Asp
Gly 510 Cys Val Glu Pro Val Asp Pro 355360365 Cys Phe AN Ala Mn Sys
Giu Tyr 51n Cys Gin Pro Leo Mn Gin Tfir 



370375380 Ser Tyr Lao Cys Val Sys Ala Glu Gly Phe Ala Pro lie Pro His
Glu 385390395400 Pro His AN Cys Gln Mat Phe Cys Mn Gin Thr Ala Cys
Pro Ala Asp 405410415 Cys Asp Pro Mn Thr 01n Ala Ser Cys C/u Cys Pro
Slu Oiy Tyr He 42025430 Lou Asp Asp G/y Phe He Cys Thr Asp lie Asp
01n Cys Giu Mn 435440445 Sly Phe Cys Ser Gly Val Cys His Mn Len Pro
Cly Thr Phe Gin Cys 450455450 Ile Cys (fly Pro Asp Ser Ala Lou Ala AN
His Ile Gly Thr Asp Cys 465 470 475 480 <2/0) 8 <211> 1440 <212> DNA
<213> human 



(400> 8 atgottagga toctggtoct tggsgogctg gocctggccg goctggggtt
coccgcacco 60  6 goagagccga agccgggtgg aagacagtgc gtcgagaacg
actgcttcgc getctacocg 120 ggccccgcga cattcatcaa tgccagtcag atctgcgacg
gactgcgggg ccacotaatg 180 acagtgcgct coteggtggc tgcogatgtc atttccttgo
tactgaacgg cgacggcggc 240 gttggccgcc ggcgcotctg gatoggcctg oagotgocao
coggctgogg cgacaccaag 300 ogcctcgggo cootgagegg ottocagtgg gttacgggag
acaaceacac cagctatagc 360 aggtgggcao ggotcgacct oaatggggct occotctgcg
goccgttgtg cgtcgctgtc 420 tccgctgotg aggccaotgt gccoagogag cogatctggg
aggagcagca gtgcgaagtg 80 aaggCCgatg gcttcctctg cgagttacac ttcccagcca
cctuaggcC actggotgtg 540 gagoCcggcg ccgcggctgc cgccgtctcg atcacctacg
gcaccccgtt cgoggoccgc 600 ggagoggact tcoaggogct gocggtgggo agctocgocg
cggtggctcc ectoggctta 660 cagctaatgt gtaccgcgco goccggagcg gtccaggggc
actgggccag ggaggcgccg 720 ggogottggg actgcagcgt ggagaacggc ggctgogagc
acgtgtguaa tgogatccot 780 gggzotcooc gctgccagtg cccagccggc gccgccctgc
aggcagacgg gcgotoctgc 840 acogcatcog ogaogcagtc ctgcaacgac ctotgogagc
acttctgcgt tccoaaoccc 900 gaocagccgg gctoctactc gtgcatgtgc gagacoggot
acoggotggc ggcogaocaa 960 caocggtgog aggacgtgga tgactgcata ctggagcoca
gtocgtgtoc gcagcgotgt 1020 gtoaaoacac agggtggott cgagtgcoac
tgotacccta actacgacot ggtggaoggo 1080 gagtgtgtgg agccogtgga
ccogtgottc agagcoaaot gcgagtacca gtgocagcco 1140 ctgaaocaaa
otagctaoct ctgcgtotge gcogaggget tcgogoocat toccoaogag 1200
ocgoacaggt gocagatgtt ttgcaaccag actgectgtc oagocgactg cgacoccaao
1260 accoaggcta gotgtgagtg ccctgaaggc tacatcotgg acgacggttt
catctgcacg 1320 gacatcgacg agtgcgaaaa cggcggcttc tgctccgggg
tgtgccacaa cotcsccggt 1380 accttcgagt goatotgcgg gcocgactog
gccottgcco gccacattgg caccgactgt 1440 <210> 9 <211> 516 <212> PRT
<213> human <400> 9 Met Lou Gly Val Lou Val Len Giy Ala Lou Ala Len
Ala Gly Lau (fly 151015 Phe Pro Ala Pro Ala Clu Pro Gin Pro Gly Cly
Ser Gin Cys Val Glu 202530 His Asp Cys Phe Ala Lou Tyr Pro Gly Pro
Ala Thr Phe Lou Asn Ala 354045 



Ser Gin to Cya Asp Gly Leu kg (fly His Lou Met Thr Vol Arg Ser 505560
Ser Val Ala Ala Asp Val He Ser Lou Lou Lou Asn Gly Asp Cly Gly 65 70
75 80 Val Gly Arg Arg kg Lou Trp Ile Giy Lou Gin Lou Pro Pro Gly Cys
859095 Gly Asp Pro Lys kg Lou Cly Pro Lou Arg Gly Phu Gln Trp Vol Thr
100105110 Gly Asp Asn Ash Thr Ser Tyr Ser kg Trp Ala Arg Lou Asp Lou
Asn 115120125 Gly Ala Pro Lou Cys Gly Pro Leo Cys V31 Ala Val Ser Ala
Ala Glu 130135140 Ala Thr Val Pro Ser Glu Pro He frp (flu Glu Gln Gln
Cy3 Gin Vol 145150155160  7 Lys Ala Asp Gly Phe Lou Cys Giu Phe His
Pha Pro Ala Thr Cys Arg 



185170175 Pro Lou Ala Val Glo Pro ely Ala Ala Ala Ala Ala Val Ser He
Thr 180185190 Tyr Sly ihr Pro Phe Ala Ala Arg Sly Ala Asp Phe Gin Ala
Leo Pro 195200205 Val Sly Sar Ser Ala Ala Val Ala Pro Len Sly Leo GO)
Leo Met Cys 210215220 Thr A/a Pro Pro Gly Ala Val Gln Gly His Trp Ala
Arg Glu Ala Pro 225230235240 Gly Ala Trp Asp Cys Ser Val Glu Asn Gly
Gly Cys Giu His Ala Cys 245250255 Mn Ala Ile Pro Sly Ala Pre Arg Cys
Gln Cys Pro Ala Sly Ala Ala 260265270 Leo Gin Ala Asp Sly Arg Ser Cys
Thr Ala Ser Ala Thr Gln Ser Cys 275 -280285 



Asn Asp Leu Cys Glu HIS Phe Cys Val Pro Asn Pro Asp Gln Pro Gly
290295300 Ser Tyr Ser Cys Met Cys Glu Thr Sly Tyr Arg Leo Ala Ala Asp
Gin 305310315320 His Mg Cys Glu Asp Val Asp Asp Cys Ile Leo Glu Pro
Sar Pro CYs. 325330335 Pro Gln Arg Cys Val Mn Thr Gin Sly Sly Phe Oh
u Cys His Cys Tyr 340345350 Pro Mn Tyr Asp Len Val Asp Sly Glu Cys
Val 0Iu Pro Val Asp Pro 355360365 Cys Phe Arg Ala Mn Cys Glu Tyr Gln
Cys Gln Pro Leo Mn Gin Thr 370375380 Ser Tyr Leo Cys Val Cys Ala Glu
Sly Phe Ala Pro Ile Pro His Glu 385390395400 Pro His Arg Cys Gln Met
Phe Cys Mn Gin Thr Ala Cys Pro Ala Asp 



405410415 Cys Asp Pro Mn Thr 01n Ala Ser Cys Glu Cys Pro Glu Sly Tyr
He 420425430 Leo Asp Asp Sly Phe He Cys Thr Asp He Asp Glu Cys Olu Mn
Sly 435440445 Sly Phe Cys Ser Sly Vol Cys His Mn Leo Pro Sly Thr Phe
Glu Cys 450455450 He Cys Sly Pro Asp Ser Ala Lou Val Ara His Ile Gly
Thr Asp Cys 465470475480 Asp Ser Sly Lys Val Asp Gly Sly Asp Ser Sly
Ser GIY Gln Pro Pro 485490495 Pro Ser Pro Thr Pro Sly Ser Thr Leo Thr
Pro Pro Ala Val Illy Len              500505510 Val His Ser Sly 515 



<210> 10 <211> 1548  <212) DNA <213) human <400> 10 atgcttgggg
tectggtect tggcgcgctg gscrftggscg gcstuggit cccogcaccc 60 gcogagccgc
agccgggtgg sagccagtgc gtcgagcacg actuttcgc gctstacccg 120 ggcoccgcga
ccacctcaa tgccagtoag atctgcgacg gastgogggg ocasctaatg 180 acagtgcgct
ccteggtggc tgccgatgtc atttocttgc tactgaacgg cgasggcggo 240 gttggccgcc
ggcgcactg gatsggoctg cagctgcsac ccggctgcgg cgascceaag 300 cgcctcgggc
ccctgcgcgg citccagtgg gttasgggag acaacaacac cagstatags 360 aggtgggcac
gratcgacct caatgggect csoctotgog gcscgttgtg cgtsgctgts 420 tccgctgctg
aggccactgt gccsagogag cogatctggg aggagsagca gtugaagtg 480 aaggccgatg
gcttcctctg sgagttocas ttcccagcca cctgcaggoc actggctgtg 540 gagcccggcg
ccgoggctgo cgccgtctcg atcacctacg gcaccccgtt cgcggcscgc 500 ggagcggact
tcsaggogct gccggtgggc agctcsgccg cggtggctsc sctoggctta 660 cagctaatgt
gcaccgcgcc gscoggagcg gtocaggggc actgggccag ggaggcgccg 720 ggcgsttggg
actgcagcgt ggagaacggc ggctgcgagc acgcgtgcaa tgcgatocct 780 ggactcocc
gctgccagtg escagccggc gccgccctgc aggcagacgg gcgctectgc 840 accgcatccg
cgacgcagts ctgcaacgac ctotgcgogc acttctgcgt tsccaaccec 900 gaccagccgg
gctoctacts gtgcatgtgc gogaccggct accggctggc ggccgaccaa 950 caccggtgcg
aggacgtgga tgactgcata ctggagocca gtccgtecc gcagcgctgt 1020 gtsaacacac
agggtggctt cgagtgccac tgctaccota actacgacct ggtggacggt 1080
gagtgtgtgg agcccgtgga ccsgtgettc agagccaact gcgagtacca gtgcsagccc
1140 ctgaaccaaa ctagctacct ctgegtotge gccgagggct togcgcccat
tcoccacgag 1200 ccgcacaggt gccagatat ttgcaaccag actgcctgtc cagccgactg
egaccccaac 1260 acccaggcta gctgtgagtg coctgaaggc tacatcctgg
acgacggttt catctgcacg 1320 gacatcgacg agtgcgaaaa cggcggcttc tgctcgggg
tgtgccacaa cctocccggt 1380 accttcgagt gcatctgcgg gcccgactcg
gcccttgtcc gccacattgg caccgactgt 1440 gactccggca aggtggacgg
tggcgacagc ggctctggcg agccoccgcc cagcccgacg 1500 cscggctcca
ccttgactcc tcoggccgtg gggctcgtgc attcgggc 1548 <210> 11 <211> 516
<2/2> PRT <213> human <400> 11 Met Leh Gly Val Lou Val Lou Gly Ala
Lou Ala Lou Ala ely Lou Gly 151015 Phe Pro Ala Pro Ala Glu Pro Gln
Pro Gly Oly Sor Gin Cys Val Glu 202630 



His Asp Cys Phe Ala Lou Tyr Pro Gly Pro Ala Thr Phe Lou Asn Ala
354045 Ser 5In He Cys Asp Gly Lou Arg ely His Lou Met Thr Vol Arg Ser
505560  Ser Val Ala Ala Asp Val He Ser Lou Lou Lou Mn Gly Asp Gly Sly
65 70 75 80 Val Sly Arg Arg Arg Lou Trp Ile Gly Lou Gin Leu Pro Pro
Gly Gys 859095 Gly Asp Pro Lys Arg Lou Sly Pro Lou Arg Sly Phe Gln
Trp Vol Thr 100105110  9 Gly Asp Asn Mn Thr Ser Tyr Ger Arg Trp Ala
Arg Len Asp Len Asn 115120125 my Ala Pro Len Cys Gly Pro Len Cys Val
Ala Val Ser Ala Ala 01P 130136140 Ala Thr Val Pro Ser Chi Pro Ile Trp
Gin Olu Cln Gin Cys Gin Val 145 150 155 160 Lys Ala Asp Gly Phe Len
Cys elo Phe His Phe Pro Ala Hr Gys kg 



165170175 Pro Len Ala Val Gln Pro Gly Ala Ala Ala Ala Ala Val Ser He
Thr 180186190 Tyr Gly Thr Pro Phe Ala Ala kg ely Ala Asp Phe Gin Ala
Len Pro 195200205 Val Gly Ser Ser Ala Ala Val Ala Pro Len Gly Len Gin
Len Met Cys 210215220 Thr Ala Pro Pro Gly Ala Val Gln ely His Trp Ala
Arg Gin Ala Pro 225230235240 ely Ala Trp Asp Gys Ser Val Clu Mn (fly
(fly Cys (flu his Ala Gys 245250255 Mn Ala lie Pro Gly Ale Pro Arg
Cys Gin Cys Pro Ala Cly Ala Ala 260265270 Len Gin Ala Asp my kg Ser
Cys Thr Ala Ser Ala Air Gin Ser Cys 275280285 



Mn Asp Len Cys Gin H s Phe Cys Val Pro Mn Pro Asp Gin Pro Gly
290295300 Ser Tyr Ser Cys Met Cys Gin Thr Gly Tyr kg Len Ala Ala Asp
Gin 305310315320 His Arg Cys Gin Asp Val Asp Asp Gys He Len Gin Pro
Ser Pro Cys 325330335 Pro Gin Arg Cys Val Mn Thr Gin Gly Gly Phe Gin
Cys His Cys Tyr 340345350 Pro Mn Tyr Asp Len Val Asp Gly elu Cys Val
Gin Pro Val Asp Pro 355360365 Cys Phe Arg Ala Asn Cys Gin Tyr Gln Cys
Gin Pro Len Mn Gin Air 370375380 Ser Tyr Len (Lys Val Cys Ala Gin Gly
Phe Ala Pro He Pro His Gin 385390395400 Pro His kg Gys Gin Met Phe
Cys Mn Gln Air Ala Cys Pro Ala Asp 



405410415 Cys Asp Pro Mn Thr Gin Ala Ser Cys GIP Cys Pro Gin my Tyr
He 420425430 Len Asp Asp Giy [Ma He Cys Thr Asp He Asp Gin Gys Glu
Asn Ciy 435440445 Gly Phe Cys Ser Gly Val Cys Hi3 Mn Len Pro Gly Thr
Phe elu Cys 450455460 He Cys Cly Pro Asp Ser Ala Len Ala kg His He
Gly Thr Asp Cys 465470476480 Asp Ser (fly Lys Val Asp Gly Gly Asp Ser
Gly Ser Gly Gin Pro Pro 485490495  I0 Pro Ser Pro Thr Pro 01y Ser Thr
Lou Thr Pro Pro Ala Val Gly feu 500505510 



Val Ns Ser 51y 515 <210> 12 <211> 1548 <2/2> DNA <213> human <400> 12
atgcttgggg tcctggtcct tggcgcgctg gccctggccg gcctggggtt cocgcaccc 60
gcagagccgc agccgggtgg cagccagtgc gtcgagcacg actgottcgc gactaccog 120
ggcccogcga ccttectcaa tgccagtcag atctgcgacg gactgcgggg ccacctaatg 180
acagtgcgct cctoggtggc tgccgatgtc atticatgo tactgaacgg cgacggcggc 240
gttggccgcc ggcgootctg gatcggcctg cagctgccac coggctgogg cgaccccaag 300
cgoctogggc coctgcmg cttccagtgg gttacgggag acaacaacac cagctatagc 360
aggtgggcac ggctogacct caatggggot cocctctgcg gcccgttgtg cgtcgctgtc 420
tccgctgctg aggccactgt gcccagcgag ccgatctggg eggegcagce gtgcgaagtg 480
aaggccgatg gottcctctg cgagttocac ttcccegcca cctgcaggcc actggctgtg 540
gaguccggcg ccgcggctgc cgccgtotcg atcacctacg gcaccccgtt cgoggccogc 600
ggagoggact tccaggcgct gcoggtgggc agctccgccg cggtggctcc cctcggctta 660
cagotaatgt gcaccgogcc gcccggagcg gtccaggggc actgggccag ggaggcgccg 720
ggcgottggg actgcagcgt ggagaacggc ggctgcgagc acgcgtgcaa tgcgatcoct 780
ggggctoccc gctgccagtg cccagccggc gcogocctgc aggcagacgg gogctectgc 840
accgcatccg cgacgcagtc ctgcaacgac ctotgcgage, acttctgcgt toccaacccc
900 gaccagccgg gctoctactc gtgcatgtgc gagaccggct accggctggc ggccgaccaa
960 caccggtgcg aggacgtgga tgactgcata ctggagccca gtccgtgtcc gcagcgctgt
1020 gtcaacacac agggtggctt cgagtgccac tgctaccota actacgacct
ggtggacggc 1080 gagtgtgtgg agcccgtgga cocgtgottc agagccaact
gcgagtaoca gtgccagccc 1140 ctgaaccaaa ctagctacct ctgcgtotgo
gccgagggct tcgcgcccat tccccacgag 1200 ccgcacaggt gccagatgtt
ttgcaaccag actgcctgtc cagccgactg cgaccccaac 1260 acccaggeta
gctgtgagtg coctgaaggc tacatcctgg acgacggttt catctgcacg 1320
gacatcgacg agtgcgaaaa cggoggcttc tgctccgggg tgtgccacaa cctoccoggt
1380 accttcgagt gcatctgcgg gcccgactcg gccottgocc gccacattgg
caccgactgt 1440 gactccggca ageggacgg tggcgacagc ggctctggcg agccoccgcc
cagccogacg 1500 ccoggctcca ccitgactcc tccggccgtg gggctegtgc attcgggc
1548 <210> 13 <21i> 21 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Synthetic DNA <400> 13
aatgtggcgg gcaagggccg a21 








