SPECI FI CATION Title of the Invention: H ghly-purified soluble

t hr ombonodul i n and nmet hod for producing same Technical Field [00011

The present invention relates to highly-purified soluble thronbonodulin and
a met hod for producing the sane. Background Art [00021

Thronbonodul in is known as a substance having an action of specifically

bi nding to thronmbin to inhibit the bl ood coagul ation activity of thronbin,
and at the sanme tinme, significantly pronote the ability of thronbin to
activate Protein C, and is al so known to have strong bl ood

coagul ation-inhibiting action. I|igprgnaba®rdepown that thronmbonodulin extends
the thronbin clotting time, and that it suppresses platelet aggregation by
thronbin. Protein Cis a vitam n K-dependent protein that plays an

i mpor tant - Fohdorkih ﬁt@&t@h%@h ﬁ%éﬂﬁﬁd%iugﬂ thioRbbRGuihia6d S¥8LeMy and is
activated by the action of nbin to becone activated Protein C. It is
known t hat Prefeciaesdseat ed Proteln C inactivates activated bl ood coagul ati on
factor V and activated bl ood coagul ation factor VIIl in vivo, and that it
is involved in generation of plasm nogen activator having thronbol ytic
action (Norfefratahifieldocunent 1). Therefore, thronbonodulin is considered to
be useful &mo@n anti coagul ant agent or a thronbol ytic agent that pronotes
the activation of Protein C by thronbin, and ther ave al so  bee reported
ani mal experi nen §”H@WBH@Y?%??H%“FH%R“?ﬂrﬁﬂgﬁhﬁ§Wﬁ?ﬂ“?@b%ﬂ B #1762 £ or

t her apeut i enefitd R RRYMACHd ©mkr eat mrent s of di seases associated with

accel eratign of cqagul ati on (Non-patent docunent 2). 100031
Thrornbono%ﬁﬁﬁﬁ“%ggmtlrst di scovered and obtained as a glycoprotein
expressed @uoglascul ar endothelial cells of various aninmal species including

human, and ther successfully cloned. Mre spec a hunman
t hr onbonodul i n gﬁg #%%ﬁ“ i ngﬁh%ﬁiﬂgﬁﬁmﬁ}?fﬁﬁﬁ agﬁﬁffﬂgmkxgwcloned froma
human | ungbaDNA tb iHesasbiy tbinhipenké bicodengivieRn iatfyityet throohiesndanthet he entire

gene sequence of thr e an at_the~ammno acid
sequence CS%Et%Prﬁ§n§gg§$Plregﬁ&H€§ﬂ§8ﬁﬁéﬁﬁﬁﬁ%“ﬁ?%rﬁeirﬁmngtt&e (usual Iy 18
am no aci dalkeRhdahies haveestexe ipbd cfoa@ﬂe)tmwashaezltmgadmhed[t@st%a&odmbwnl(:imnrrent 1). It
i s known t du i.n,. from gnal t|de has been
cl eaved, |g“8%E%?)“u?%§mb gmﬂgﬁdmhngﬁgw M%ﬂh ?%?nf%ﬁ f%]'r%gglon (ani no
acids 1 th&Z@atzbﬂnegs&rmlsnt |Ihm$1nafearvuidumalieldpandeltthwotasmﬂmtayennt hat the

si gnal peptlde C ISt f 18 a ¢cid resjdues shal | apply
to the otherwrgn?%%s?tﬁﬂﬂmﬁcmﬁﬁﬂ%wnﬁgnn&%ucS 1mke£Q$¥%2§br§%E(anlno aci ds
227 to 462jstioant Guémik eheginycasiydtat Poein €gi lomk Kranwh tlo:taled a6vaA68 to 498), a

t ransmenbr gion (am n. B cytoplasmc

regi on (an?ﬁ%“a t%%g ?mﬁg%gkﬁayﬁgﬁg%ﬁn§%$%é?%ﬂ%g t?@%&%f the mature
pepti de, am&guih‘actn factpaY ! hanniongpdtthet ismievobied indengration ofipdpsmofogethe f ul |

| ength thr VI y . a ) mainly consists
of the 4th8&gﬁﬂpg %P%tﬁm§%%¥?hﬁb strﬁﬁ%ﬁrgggg%??%ngh%¥%%¥t he N-term nal

si de annngﬂnhehswﬂuEGELWkkénﬁﬁph@wwﬁéssémbmwpaménmaﬁmémneﬂmmgrhdpooo4]
Unless a s t hardl y

i ssor ved, HenEEpEBonpRe BRGREMuost LA G oy pEhD MORRRTIRLbetS,
produci ng wrthedarbonisdukimenyy dperariton. thatthoohpredtin it ¢fEeldvefer al so sol ubl e
thr Onbom)dfﬂdﬂ etrtina'{nd%%h ctf,tcuLlulaYmrg{t*?%lééng gé’e@ﬂaﬁe@wﬁtﬂ%c@ﬁ?ﬁﬂﬁ%ﬁ of a
surfactant. sol ubl e ronbonD dul'i. n may be prepared so as not to
contain atMmeéewweﬁbaﬁﬁﬂeﬁm@ﬁ@ﬂﬂ#bnsnenbrane region or the entire
transmenbr gagsir egi on. For exanple, i.t has been confirmed that a soluble

t hr ombonodul 1 n consisting of only 3 regions of the N-term nal region, the
region having sibhr@dpnpof erﬁﬁﬂﬁéﬂhwe@ﬂihﬂﬂOpﬁéwéﬁﬁPﬁW@@“@W&cosylatlon

regi on (i . &prosSl ML&ulRLAIBRAIDANL 42 AR A8k A Rp R RRIAGhusRAUSACE
conprising amno acids at the positions 19 to 516 in SEQ ID NG, 1), can be
obt ai ned bthewaﬁﬁmuﬁ@saf@b’d#?@r%a@t%bﬁce@rﬁ%thtﬂégmﬂatﬂerft‘ﬁ@Pdlgtrdﬁwrlé‘@bntu nant

sol ubl e t hyeebanRdilianihas, hhe @@sra&te@ﬁtm\élquasuﬁgrmﬁgtmtmynat ur al

t hr ombonodul i n (Pat ent docunent V. In addition, there are glso some ot her
reports redapd W sHitArERED ABG HSEaTTerReppsRuBHice Blobimipeddinggsg) |

Further, human urine-derived sol uble thronmbonodulin and the | i ke are al so
exenplified as natural thronmbonodulin_(Patent docunents 10 and 11). [0005]
As recogni zed in nmany cases, as a resdlt of spont aneous nut ations or

mut ati ons occurring at the time of obtaining thronbonodulin, polynorphic
mut ati ons have been found even in human genes, and at present, such

t hronbonodul i n genes



that the amno acid at the position 473 of the human thronbonodul in
precursor, that has the aforenentioned am no acid sequence consi sting of
575 amino acid residues, is Val or Ala have been identified. This

di fference corresponds to the difference of the nucleotide at the position
1418 to T or Cin the nucleotide sequences encoding the am no acid

(Non- patent docunent 4). However, these two thronbornodulins are conpletely
identical in terns of their activities and physical properties. Thus, it
can be considered that they are substantially identical. [0006] It
has been repar E(ﬁdsottﬂgttth& LR RAIRELD cdiisBhf SGE VRidusy coRtat iy @-DE‘Ut ic

treat ment of BI - patent docunents 5 andmg\)%]g1 for use

t hr onbonoduienal peipﬁdea ehedly dB P pRg Tt Rie AT9 8d)d%’é§1‘m‘flﬁ‘|’36§1%%dul inis

expected tQuREnds®d 1ths i&%amuﬁdtﬁmammm@mwaﬁim%{&m eatspRatgpade various
di seases such_as acute corgnary ndrome (ACS), thronbosis, peripheral

vessel obsthegbimslavegpis P?%E?‘ﬁt‘%ﬁé’y TeEPRS ’é%“[“i%‘f’ 6’% Netermginal gipt 200 et onal
di sorder oGguE! Itmsatmh@rpo&lﬁa{stm@mg%&m gRIphunGaibh (Rt cRaused Rytids gan

transpl antati on, ina pectoris, transie i schenm,c attack, toxenla of
pr egnancy, PRSIt é§ gmi"i"\?@’ﬁ rVEﬁ{ﬁef’ Iainéél}e S@’é‘ﬁgh%fd“@ngm\}? %?eé SO
ful m nant hepai hdving,siVEROlIRCE dSiasdading aade2a7fto 1é2),en MBekedr i ng after bone

B e e L L | SO

appl i cat i onowio &2y, @mmﬂmdu&mmasmqm@maﬁiﬁmacmalaz:ptcmmbfxsm thd Ni s needl ess to
explain that the soluble thro is reguired to ured in a
| arge scal &t ﬁﬂrﬂﬁﬁﬁe 3%1383?%“&%})3 Hb}bsmp%llthd& i Sameabcﬂuty ‘Itso

poi nt ed outtluafupmsﬂhﬂﬂdntmnbdham (haetmemugemomsfoprtlmaetmgf)mlgy mtsled of n the
producti on pr rote ri gl Ra | s, bovine
serum pr ot éﬁ?n%ﬁ(;%r%}?galnﬁggh @élﬁm?e S%Hmp m P& ldm’rrfgolﬂ%gl éé%gm ps”% %lnﬁgﬂlorl gi nat ed

i n ant i bodyixdiiiiihe st@rvessdNon- m&tmﬂdgmnt@ case probl ens concerning safety

( Non- patenE gglcumsnt 7). [0008] As met hods for producing sol ubl e

t hr onbonod 1K i n an industrial scale for application as a pharnaceuti cal
product, there didedsnowfpctirgrs prempltis full langtihtbebngiomadilings filini ty col um

chromat OQL%P h(X ded anad tﬁ«gﬁe%}rep alagltifoll %fagé 9, éi%%l@l@ eésgn 'fcﬁ' (ﬁﬁmﬁa I body that reacts

with thro ulrn s pr oduci y purified

sol uble t hlblunmbrnmmlhn pregapgemnin ednltlytsbf theee if rlbm@éqlmimmhogioﬂldv@éta%ubst ances
and ant i bodr Q' 4 NahRM SRS ANGERc b Gt NafiRGhRREZEd TN that 't he

sol ubl e ro |n I's o talne as a hrough fraction in a step

of bringi n@u‘bmbonscdhhubhey b@rm%@ti@th}lmhm(@mﬁamwééﬁab%ﬁ reEf ¢fke y col umm

chr omat ogr g fe. GRALLLLONS of a
specific C@PI{3 %%%@%%GQQQP@%ghg%ﬁt%4@rﬁ1§/§%én%%§ﬁtg€&%%%] ror %q%aet ent I(J:I%cument 12),
and a nmet hoofifroed trljeﬂrfiWuh}@ht‘m‘@mbéﬁnwmlﬁmmh@ﬂé? F‘PE’HJPF Pﬁihw teghitAn

chr omat ogr gegi&é @8 ridH 1{5@11%5&%@1* GO SR ths OlRIEOWSSitict  ong ani on
exchange chromat ogra atent document 13). Prior Art References Patent
Docunent s [@Bodie. Paln tﬁhlﬁt@bﬂh@rﬂim bavingpmpreise apd FERE NIRRT S PUb] i cati on
( Kokai ) Noac&%t%%bl%&emm@@@ﬁmq T2N0J BPARES 6htRALER} ahiigxan ned

Publ i cati on No. 2- 699 Patent docunment 3: Japanese Patent Unexam ned
Publ i cat i owcN@Ju@l@?yg@wu%ﬁ%@aﬂwh ﬁ%ﬁrﬂbmamfalt}hlﬁé@@mi@%m%‘thn OAE4Ni ned

Publicati OgllnNQle%ing&qgﬁ%fa%tr%@&ramg&%%d@m dapanesenBatienty, Mnexam ned
Publ i cati on No. 4-210700 Patent docunent 6: _ Japanese P%tent Unexani ned

Publ i cat i ofteNgire BSQ9orggshapA¢RoNE g EliMETIL b ﬁ‘m@?)’“@@@?’é pBstent document 8:

W92/ 03149; Rah et 2 dooUNBRined: hu\éﬁ%?eél%é 5%voRabiapt tdosusEstlilOnd dapanese
Pat ent Unexam ned Publication 6900 gt ent ocurrent 1%12]_1)]apanese

Pat ent Unelidgrirhalge Wﬁﬁpilﬁ‘éit‘i‘-‘d’t“}ww th?*@f@ﬁ%“ hEERt OH‘HE‘H%H Japanese
Pat ent Unepaggined Publication No. 11-341990 Patent docunent 13:
W)2008/ 117735 N%n pat ent Docunments fool o

s recognized in many cases, as a Lesu]!t of spontanecus mutations or
mutations occurring at the time of obtaining thrombomodulin, polymorphic mutations

have been found even in human genes, and at present, such thrombomodulin genes



Non- pat ent docunment 1: Koji Suzuki, |gaku no Ayum (Progress of Medicine),
Vol . 125, 901. (1983) Non-patent docunent 2: K Hom et al., Blood, 75,
1396- 1399 (1990) Non-patent document 3: M Zushi et al., J. Biol. Chem,
246, 10351-10353 (1989) Non-patent docunment 4: D.Z. Wn et al.,

Bi ochem stry, 26, 4350-4357 (1987) Non-patent docunment 5: S.M Bates et
al., Br. J. Pharnaeol., 144, 1017-1028 (2005) Non-patent docunment 6. H.
Saito et al., J. Thronb Haenobst, 5 (1), 31 (2007) Non-patent docunent

7: AkKi 0 Hayakawa, Devel opnment and Security of Quality and Safety of

Bi omedi cal tﬁmﬂygﬁl&o ald 3¢ &Zéos(lt?o%%); oftﬁumgﬁfth%mgo%dmvlﬁ@&dlwﬁ ¢y ect to be
Achi eved by the Invention Nonj An object of the present invention
i s to provilde theiaghpmensignedsanaivlo aw] shnamce sopeipfysrad 81H Prine peidurisidbesais

concent r at i\afy,0fia Hé\@tb@éﬁgelﬁlfﬁ'e@' ﬂﬁgsqgfféréhcg%gesﬁﬁldg&tb§d1@fefeﬁ$e' #uef less than
10 ng of the proteins per 10,000 U of sol uble thronbonodulin, and a method

for producimgleetitie s demosifipakids ook OIA&W téi’/}“i‘féeo’tlﬁ‘ése@ﬁiné‘b‘}tenfmﬂ Pat ent

document 18 .4esckd MeSpRihd dobkn$ @), um@e%h&mmmwmmmomm@afetl cular, it
di scl oses sol ubl e thronmbonodul i n in whi ch concentration gféjﬁpr ot ei ns

ori gi nat ed PRPIHY ifgdical (hisraesOhEhaAIveEs aHbPETrHPERHES HAPS it 12t he

speci fi cat iy@Rdnsidereh MEH: Gy ek ASstaMidBy iddntibdls 1 ndication seens to nean "not
detected", although it is not specifically indicated) in Exanple 14. Those
skilled i n 9998 art who read this description would have normal |y consi dered

that hi ghly- purifiheghsakdpoitel thbt oadarmdmhlinis emtlaei ﬂm‘- mgler@du@(ed

cont am nati on of s satisfactori ot. have

consi der ed *e8tppf Fﬁp\l&%%@tﬁ@mﬁ‘eﬁt o‘%/rt‘i%?e Atshf? ‘?%8 Efvl?\%oﬁmd‘qu Bt her words,
t he arti sangdiveiiodh&brehanitonbe ass htombained:has énpedtdaﬁro be ashdde HOP in sol uble
t hr ombonodul i n 0 ri d soluble

L o oo i arsenic e onhy lagpis et RS o1 PEAT Grebin bt ety

cont am nat eghdiréimd (lzwspuﬁdmms;s partphtrapessil bﬂsyluctalmsd)sunemp@cﬂeacbclemdi tion such
as anaphyl actic.s et hal rissk. whi the inventors
o haP Y Skt el Aot el RSt R oo LGB 1 T VO
this reasomgaemansplmdﬁtont mlmge@muﬂnmmtum::mtclwaéc mlxerhia@(ﬁpxegnatnhse art

woul d havedng trrsail.l J drevr d LR We Istg:%gteamfuqagﬁa% au 7§ D o Jyas sufficiently
reduced as“PB8tent document’ ‘18 r?e oned above ESCI‘I(B) 'ND " in Exanpl e
14, the i nvehior disafse bHigeprceseint aftavient manowmadﬁmaté@hwéasdndment of a HOP
concentration i ubI th ‘ i n Exanpl e
T of " par ekt eR AV DL AR SR LR SRR EafE e 1 C
concent r at {0on7iwas aI m)st near the det ectl on limt, the contam nated HOP

concentration r 10,000 U
of the soluble t Sr mlse ﬁp?ﬁca?ﬂeﬁfgg%g%lﬁbw n?rgmmz‘%uhl%l%%g &F Eg action
for pronot ismgec&@ts itcvtacmla@nth@f thPsgtigi fhromphesdobl sredrief sobabirdydaeeéd as APO
activity) i AL %139, o8& s o BEHSHENC EolAAIRh G o artiofidsh S for Wi s

speC|f|caI |ca e inventors of the present Invention
first recomslblé@lv tllhahetvmpn@mreﬂqtnseflgmh@d iretha oradoeticnforeders. fot gamrdt i | | be
pOSSI bl y 118{,@%}[5%?153 %Xh‘?h&s@yﬁlmb%(u%e 95111}11}}?01391 @51@@11&1:%&]1\{1%5&1191? atnhem;el ves

consi der that the concentration can be accurately neasured by enpl oyi ng
an addi t i omalsedg@pndihe dibnouginatet ingmtibelyichla RGP vABATUPEHEHE 18838p, whi ch

addi ti onal Ox?ﬂl@ﬂebo%cé}ﬂﬂmg%iﬁﬁl(ﬂ&?ﬂa%ﬁl fg;rgzé;}rt 7document 13. 100141 The

i nventors I present invention who first discovered the
0008]

As methods for producing soluble thrombomodulin in an industrial scale for

application as a pharmaceutical product, there are known, for example, a method of
using affinity column chromatography in a main purification step to which an antibody
that reacts with thrombomodulin is bound, a method for producing highly purified
goluble thrombomodulin substantially free from serum-originated substances and

antibody-originated substances, which is characterized in that the soluble



af orenenti oned fact found a novel object to obtain purified thronmbonodulin
consisting of the sol uble thronbonodulin having a further reduced HCP
content to mnimze the risk of anaphylactic shock, with the aimof safer
use of soluble thronmbonodulin as a pharnmaceutical product. [0015]

The inventors of the present invention studied an application of an

addi tional colum chronat ography step for industrial scale production of

hi ghl y-purified sol uble thronbonodulin in which contam nation of HOP was
further reduced. Specifically, they tried to reduce HOP by conbining a
plurality CH] oﬁﬁ’)lﬂﬂmh gﬁﬂ @91'8‘)6 tﬁloG%fxthtoH 1P gtbﬂlei{b}‘mglgé Wl koluble
chronatogra y consi ere ave t he hi ghest HOP-renoving effect. However,
such addit |tbir@aibore@mmqbfehrehmfeglctsa@hymsctlemat%ﬂplww cpier@dded the time and
| abor for t Qﬁon@x%ﬁ&&& QRer DiHitidHs $La ﬁﬁk&ﬁ@&kn@ud@ﬁ@%@%@% ﬁl@/g&l%hﬂ s of the
yield of soluble thronmbonodulin. Mreover, even if plurality of colum
chr omat ogr &h{ aéﬁtleﬂgcuwéflfel%@ﬁﬁﬁﬁé’&l%f(tlﬁ’“a‘fyﬁliﬁ#t‘\}‘ﬂ{?ww whirgitat ogr aphy,

hi ghl y- pur id,g4¢ caqlnﬁbmemta%e&mpmg rlakh y@mcﬁ% Dbtiainaekdy swoieh the HOP
concentration was further re uced conpar ed mgth the conventional |evel.

Fur t her nor éuiopgeshanag|chypmgbosswhy ﬂ@ﬁﬁ%ﬁb% in the col um chronmat ogr aphy,
only a smalpi.ehanger&keddH, 1 0nic strength or the like resulted in a change
of separatlon of HCP and sol ubl e thronbonodul in, and thus an expected
resul t was ABES DeEBE%t ul |y reproduced. Accordingly, it was difficult to
obt ai n hi ghdagspuri fied sol ubl e t hronmbonodul i m [ 0016] Therefore, the
inventors of the present inve t|o conducted va e s to find a
met hod f or C8t0E KRG éwgw% piept Wxgerﬁﬁﬁ?’éb‘f%{lﬁh@%%ﬁﬁ? %ﬁ%gﬁ%t ai ni ng
further redugatdicentar Nabkhad PefntHiRxby el Puklictidd Yo.elaspgasat i ng EI CP at an

i ndustri al accept abl e | evel red I f soluble

{ hr ombonodBHiE: SIERHe S SPae P BLDSe B SR eet N Er ey
chronatographyt&A&nanme&mbmmePh@yﬂ@mumdnma@hm&hﬂmammBéﬁﬁﬁﬂloned obj ect of
obt ai ni ng ur|f| d sol bIe hr onmbo HCP
concentrat?% ?ﬁdn PARSE atn? T“%mg?gg “a€ fggﬁgﬂof HCP per 10, 000
U of soIubPemhhﬁmmm@nmdumammmmsmsuﬁmﬁsmﬁmaPymaﬁﬁmeM@dzh&%m5|ng nyl on and/ or
pol yet her syl f on L, by using nylon, and thus acconplished the
present ingeﬁ?ﬁ%ﬁ“ Iﬁga@?g%ﬁ%&present invention is thus enbodi ed as
fol l ows.  Pdfentioglhant BUWODR/BSI480] ubl e t hr ombonodul i n whi ch has a content of
host cell gri ated pr eing in aratio of less than 10 ng of the

pr ot ei ns pg?m%%ﬂﬁﬁﬁmbg @bﬁﬁgaggluble t hr ombonocl ul i n, wherein the sol uble
thronbonndBk@mm&ﬁummmGQQEﬁnbyaEnamdhsﬁmnmnmfwﬂeﬁhmdht&ﬁﬁ%@ by transfecting
a host cel DNAI nt ai n n odi ng the

sol ubl e th#%?mﬁaml it %g‘Twﬁ?%hgﬁ%Hm%%vg%%#|§m§§ g@ ggi%gghronbonndulin
accordi ng Po:el[lthocxnmitb |1brﬂephlabm?ﬁeqnt\lhwememneq)ﬂmhhm}tm@fl\fq he3HPYhl y-purified
soluble th opodul i n i gher based on the total proteins.

[ 1-31The h?g‘ jﬂgurf%ﬂ%a§0§ﬁ %?é hr ombonodul i n according to [1] or [1-21
nment i oned Hboygeutlrernmemist he hi ghl y-purified soluble thronbonodulinis in

t he forn1o #} aqueous solution. [1-41The highly-purified soluble
thronbonnduPln according to [1-31 nentioned above, wherein a concentration
of solubIethpﬁﬁﬁehudmhmh-Kmn&Wmha@mbbue%wehGﬁpﬁﬁﬁeﬁNkﬁemhﬁﬁﬂlVﬁpurlf|ed
sol ubl e thgq dulinis 8 ng/nL or higher. [00181 [2] The

hi ghl y-purified sol ubl e thronbonodulin according to any one of [11 to [1-4]
ment i oned H@evéwﬁWﬁewethﬂhéﬂ@epbﬁL8<P%ﬂ@nb@hﬁdﬁi@%ﬂ?s t hr onbonodul i n

pr oduced bﬁoa?ﬁiﬁ%dfogﬁ?en@ B'Ill\ﬁ.%ughiceft aﬁ.,@.eBIoﬁ.@léﬁnQ @@@ﬁbSﬁQbhoB {1989)
Non-patent document 4: 1).7. Wen et al., Biochemistry, 26, 4350-4357 (1987)
Nen-patent document 5 S.M. Bates et al,, Br, J, Pharmacol., 144, 1017-1028 (2005)
Non-patent document 6: H. Saito et al., J. Thromb Haemost, 5 (1), 31 (2007)
Non-patent document 7: Akio Hayakawa, Development and Security of Quality and

Safety of Biomedical Products, 278-274 (2007)



When the referred item nunbers are indicated, with such a range as "[I] to
[1- 41" nentioned above, and the range includes an itemindicated with a
nunber havi ng a subnunber such as [1-2], it is neant that the item

i ndicated with the nunber having a subnunber such as [1-21 is also cited.
The sanme shall apply to the follow ng definitions. [00191 [2-21The

hi ghl y-purified sol uble thronmbonodulin according to any one of [11 to [21
menti oned above, wherein the concentration of host cell-originated proteins
of |l ess than 10 ng per 10,000 U of soluble thronbonmodulin is confirnmed by
nmeasuring cnt.en dgﬂg%}gtg st cell-originated proteins by a method
conprising at |e€as ik | om ng steps: (a) the step of preparing host
ceII-orlglﬁ&M@Uﬂppéﬁemmébiﬂmﬁnﬁmﬁpmre super nat ant obtai ned by carryi ng out
serumfreegylture of a transformant cell obtained by transfecting the host
cell with a DﬁA contai ning a nucl eotide sequence encodi ng the sol uble

t hr onborodul i n, 4 olfdseofibepreesat inventiopys ﬂoméovsieélgﬁhérfp‘péﬁeiiﬁ‘g}lﬁ@ an anti - host

cel | -origi @ﬁ%ﬁgm&{d%f?h{‘wﬁl?ﬁA&%@éﬁtﬁh&%ﬁ%&%@ﬁ%&p& AmedMyisaens tizing a
rabbit with the host cell-originated grotelns obtained in (a) nmentioned

above, the0%¥%ﬁh@¥"b%h§@$ﬂ%?¢ﬁgpﬁ3%%@ Wroé pdvitle dysplamodolipridtng: (el ) the

step of ad§gﬁg5@gphggm§?ubsgﬁgt cell-originated protein anti body obtai ned
in (b) nentioned above to a solid phase, (c2-1) the step of bringing a

sol ubl e t hitipolkbadidvnedtnPedi ng test sol ution suspected to be
contam nat g@iwi th the host cell-originated protelns into contact with the

solid phase to which the anti-host cell-originated pr qtelf antl ody i's
adsorbed, and t hatest &sugentysidprgrihes Parided tptyh hHHﬁP&PWf

ce: ! ;jor ihgl nARBsRLOLBE B’r&oﬂﬁoxﬁodﬁﬁ@%lﬁ&ﬂ&bﬂé&ﬁr@hbx@ﬁgkd’ﬁé]ﬁq &%ﬁa’i@im\é\ﬂ 5 h the

solid phase to which the anti-host cel]| - i nate ntibody is
adsor bed, ﬂ?&?ﬂ’Pﬁ@dgﬂgﬁbﬁﬁmﬁﬁﬂﬁﬁgwh%%ﬁbPi%@ﬁ%?@ at Flﬂ%§4 @8l | - ori gi nat ed
pr o; ei nI an‘vlgI Dodﬁnchacéfmﬁn&@msiomaﬁam ddteddd" tdmdosdhapisabt @ﬂdﬁﬁgyadsm ution of
avl dl nyl at ed, peroxi dase to t as ste I ng an
enzyme sub&ticated 2drarplsdit or"bhéYFGIsg’\?\l/\ gé‘mﬂ” WIS%%@S%W R E’%‘?gt he step of

t er m nat i ngadehiRrsalyabnseyval tprmgtly-pndidBasik ithgnahsenbianoeingd) the step of
measuri ng can ins in the soluble

ntration of II-or| nat d ot
t hr onbonodtf i"‘??%(98‘???’3?“1’1‘?1%”%@3“’%8051&&?%&%??‘%&%}B tw8ellr51él°§ Htani nated with
t he host C&hbﬂ&kﬂgﬁﬂﬂh&dﬁ@mﬂﬁﬂﬂﬂﬁsMﬂMéHﬁvﬁﬁ@mﬂﬂﬁmhﬁGmedwmﬂa$MHenEnt system
and determ nj ng wheth t he concentra n of. t origi nat ed
pr ot ei ns |ﬁrFﬁ%”@Hﬁb%$éaF’ ohs8 h“@&%f%?ﬁgﬁgﬁf SO%u%solutlon is within a

range t hat tieaabhesuiianti fi cati on of the proteins in the aforenentioned
neasurenen@oggstenl whi ch range is confirned beforehand by perform ng
measur enmen ing a solution of the host cell-originated proteins of a
known concentraﬂﬁﬁmvmnwmh&hawnﬁbdemhweﬂadmhaa@uheﬁnm&iSysten1 (e-1) the

step of deternlnl ne n_.of. the.host pr ot ei ns
in the solﬁ%?@d?ﬁ ﬁng hfgﬂ%%%'%ﬁ%?ﬁaw? P SEi ioﬁﬁgﬁggg%%&?gto be
cont am nat @dEXlMLtdd cbxlitétmmt:h geddaploylagjic lalatck,dmp motldilers! tas ldthd rebrdedt r at i on of

the host C&ll s 0 0@% s%n El@én@l%nl‘-}t@() tg:qy 0§o lm!‘z'%c}@ Wﬁ)lgﬁ&lcqﬂgﬁnt ration
Wt a e

2
i s deternined to antification in (d)
nment i oned ‘é;lgt(meqon even undm 1,110 cncumstance that those skilled in tho art would have

normally considered that a contamination of HCP was sufficiently reduced as Patent
document 13 mentioned above describes "N.D." in lixample 14, the inventors of the
present invention conducted measurement of a HCP concentration in the purified
soluble thrombomodulin described in Example 14 of Patent document 18 mentioned
above, As a result, although the concentration was almost near the detection limit,
the contaminated HCP concentration was found to be a ratio of less than 70 to 80 ng
per 10,000 U of the soluble thrombomodulin (henceforth "U" means a unit of the action

for promoting activation of Protein C (henceforth also abbreviated as APC activity) as

ot



(e-2-1) the step of concentrating or diluting the soluble

t hr ombonodul i n-cont ai ni ng test solution suspected to be contam nated with
the host cell-originated proteins, if desired, to nake the concentration of
the host cell-originated proteins to be a neasurable concentration within

t he range that enables the quantification in the aforenentioned neasurenent
system when the concentration of the host cell-originated proteins is
determ ned to be not within the range that enables the quantification in
(d) mentioned above, and recording the concentration ratio or diIution

ratio, (e- aatg) detsa‘ﬁarﬁ Er?l@ef&fen&%%ﬁ%krlguﬁl&@ ohlg%lsé:ﬁ) J:lﬁ&mf gidﬂﬁgegﬂ apdotei.

concentration 1 n the sol uble thronbonodul i n-contai ni ng test sol ution
concent r at ébusgbe givputprs@f the ppasert-inyentipnfiistirectnizpbihat opraremeakdténent system

COFreSpOﬂdh&ﬂmE&uﬁ@R&ﬂﬁ%ﬁM&ﬁﬂ% s, &ﬁﬁkﬁﬁ@rQ§@ﬂﬁ@ﬂm§%fﬂﬂ%ué£ﬁps of (el) to
(c6) mentioned above in which (c2-1) is replaced with (c2-2) nentioned

bel ow, and ‘BWLREPiRARSETE cHnsiser Mhtéiql’giow&t@amm(’éﬂé? AecRBHdemetstddon with

t aki ng the GeRERHLE ah la&ﬁm&ﬁl ét@[l) Heofhehivhthodin BRIHOP miQr&RAsLERKALdoN, (c2-2)
the step of bringing the _saoluble thronmbonmodulin-containing test solution

concent r at éddigpn F"Ieﬁfserﬂ’tdib?loﬁ‘i%&fb%ea‘?tﬁoc“i"}%b Tontact with the solid phase to
whi ch the ggdiist host cell-originated protein antibody is adsorbed, and the

step of bringing_a solution containi ng th ost cel |l -originated proteins of
a known concent r 2% Byt Bf%‘bh‘i‘“%{%’f mxpy H’nt %%ﬂdfsao"ﬁ’rfégé to which the
anti-host c&ldmantigidradt@sindholail Bhjaddtd M&phﬁﬁﬁdﬁﬁiﬁﬁeﬂodtﬂzﬂdoﬁs&tﬁ@e step of

calculating,ratio of th el.l-o na tein concentration

obt ai ned i ?ffkhés 1)‘1)16‘?}11("8&2"‘%51‘5&%"6:‘&5 %‘h%ﬂlfé&é&g tcy“t&‘?t P HPSRYS YUl i n per
uni t vol uneiskbf 4aph8adtiy Bhek, thtkoumb alioel. stifel ise@O Ml dihngnHoesiulsodsut | on
measur ed separ at el Y | 2-311The hi ghly-purified sol uble thronmbonodulin
accor di ng PO TFeIHNRd6hed above, wherein the host cell mentioned in
12-21, (a) {erapki oned above is a cell of Chinese hanster ovary cell line

DX1311. LOOM . fi.ed bl t,h di
“fejn%efto){ﬁ%lﬁ? %1% e%%” I erliteon stud %mLc{ an%p¥1hc£8%n R aH+ !fmn geceording

to any one of to wher el I'S a Chinese
hanst er Ovaﬁlymﬁehﬂomatoglaphy step ﬂalnmdlumgﬂal gpalptpradﬁctmd Oﬁbilghﬂbip@nﬁhi’wifdbMdul in
accordlng

n re sol ubl e
t hr ombonod( mm@%ﬁ‘% F heE ‘F’E‘IIC]? it mllat%oél otg{t%?e“fsaq?fﬂwf R s % Cltfwﬁlyactl on of
sel ecti vel yhdyitnel tegedioe tﬂﬁfﬂ’mnbombm@g)a pamalig bf @hwof chpcmerrmrap’rg’ stepbi vati on of

Protein C l\JN\{th a t; molumn(cﬁgomaa@org?‘%t Igo(pris%fereﬁ)&g ﬁsﬂ% tﬂeghlg \QH@P@elﬁt% % ting time,

(4) an action 0 ressin regation Fonbi n, and
(5) anti-i afffcamitworer, sach actaimon[aneozl]niﬁhéumfgbdlyplpmtqpfs mei@nsfohu‘bﬁsed the

thr Onbormdlﬁ'llme anﬁ?g; 9)1 B% ;fté%[ ﬁ'n%T Qlﬂ%ls%fca&sgd Lg'lobmlléﬂ?%?on?c}gﬁv\(é%gl erein the

sol ubl e t hrombono | OW ng properties 1) an
action of s@h@ethlmebwndduhldl Adprecyert bweo il murality of column chromatography

steps were combined with affinity column chromatography, highly-purified soluble
thrombomodulin was not obtained in which the FHICP concentration was further
reduced compared with the conventional level. Furthermore, there also arose a
problem that, in the column chromatography, only a small change of pH, ioniec strength
or the like resulted in a change of separation of HCP and soluble thrombomodulin, and
thus an expected result was not sucecessfully reproduced.  Accordingly, it was difficuit
to obtain highly-purified soluble thrombomodulin.
[o016]

Therefore, the inventors of the present invention conducted various researches
to find a method for obtaining highly-purified soluble thrombomodulin containing
further reduced contamination of HCP by efficiently eliminating HCP at an

industrially acceptable level without redueing the yield of soluble thrombomodulin with



(2) an action of pronoting activation of Protein C by thronbin, (3) an
action of extending thronbin clotting tine, and (4) an action of
suppressing pl atel et aggregation caused by thronbin. [0021] [5] The

hi ghl y-purified sol ubl e thronbonodulin according to any one of [1] to [4-2]
menti oned above, wherein nol ecul ar wei ght of the soluble thronmbonodulin is
50, 000 to 80, 000. The hi ghly-purified soluble thronbonodulin
according to any one of DI to [5] nentioned above, wherein the

hi ghl y-purified soluble thronbonodulin is produced by a nethod conpri sing

the following steps: .. (a) the st 1Nl a kL anstenimang |1 by
transfectindgag%OQ%Eggﬁﬁgv%ﬁﬁ1§§ﬁ§%k éhgggl%gbggggl%%%géﬁﬁﬁonboﬁggulin; (b)
t he step ofthoithapfiengntiorsdbbiedt ofphtdnina highlyp urifed siihiiheontemeflanodul i n by

cul turi ng the: 1.8 ﬁ%mﬁﬁa& | dhere@Bthing ©n hASALE PRl 10BEIPELRYL he sol ution
contai ning the soluble thronmbonodulin into contact with nylon and/or

pol yet her sul0fO9RE of eolufe diremiimgAtlin wassupjeasdllyaichibred by Keivarpomd @/ I*n havi ng a

cont ent of ﬂ&%%hefs%if&ﬁepiﬁlipgi't%fag% QEi‘ﬂE ﬁ&l@ﬁ, BELNG a.bdamﬁlié}féa |tIQa ;%seln,e ss than 10
lig of the ‘proteins per 10, 000 b of sol ubl e thronmbonodul i n. 100221 [ 7] The

hi ghl y- pur iiftesgiosol ubl e t hr onbonodul i n according to any one off]] to [6]
menti oned gheme, wWherein the sol uble thronbonmodulin is a peptide
containing: (O the am no acid sequence of the positions 367 to 480 in the
amino acid sequehbergterSmeytpn fohugerhodiep a5 folffitF-t he anino acid sequence of
(ii-1) or (fif - 2) @Rt Red sdde)IOMror@eh g, PREK haar doSteSOdiUbltRet-hr ombormodul i n
havi ng t he fp!lomnn%_propentles_(l to (5): (ii-1) the an no ﬁCId sequence
of the posictiEewiedpyteigs bang ipg rpfirotdin HendCing csbgaEiEe uF 'SEY VB na 9 or
11, or (ii-R) sdififfe AEMBmAGIIH, FBSURNEEsIbI{ thiondlomtilin iopeduaboye, further
i ncluding substitution, deletion or additio o%t or .nore am no acid
resi dues, (43P ﬁnﬁﬁfﬁbﬂW%F“Q€F85f$9HWV‘ Sﬁﬁﬂmf %ﬁ@%?%ﬂ%?ﬁ?a(Z) an action
of pronot i ngcBeide\baluetn «afodRE@kEioMb thyoibdfedtinn,

[1-2]  The highly-purified soluble thrombomodulin according to [1} mentioned above,

wherein purity of the highly-purified soluble thrombomodulin is 9% or higher based

on the total proteins.

[1-8] The highly-purified soluble thrombomodulin according to [1] or [1-2]

mentioned above, wherein the highly-purified soluble thrombomodulin is in the form of

an aqueous solution,

[1-4]  The highly-purified soluble thrombomodulin according to [1-3} mentioned

above, wherein a concentration of soluble thrombomodulin in the agueous solution of

the highly-purified soluble thrombomodulin is 8 mg/mL or higher.

[0018]

[2] The highly-purified soluble thrombomodulin according to any one of [1] to [1-4]

mentioned above, wherein the soluble thrombomodulin is thrombomoedulin produced by

seram-free culture of the transformant cell.

When the referred item numbers are indicated with such a range as “[1] to [1-

4} mentioned above, and the range includes an item indicated with a number having a

subnumber such as [1-2], it is meant that the item indicated with the number having a

subnumber such as [1-2] is also cited. The same shall apply to the following

definitions.

[0019]

[2-2] The highly-purified soluble thrombomodulin according to any one of [1} to [2]



(3) an act
suppressin
anti-infla
t hr onbonod
t he sol ubl

ion of extending thronmbin clotting time, (4) an action of

g platel et aggregation caused by thronbin, and (5)
nmat ory action. [00231 [7-2] The highly-purified sol uble

ulin according to any one of I.1] to [61 nentioned above, wherein

e thronbonodulin is a peptide containing: (0O the am no acid

sequence of the positions 367 to 480 in the am no acid sequence of SEQ ID

NO 9 or 11, and the am no acid sequence of (ii-1) or (ii-2) nmentioned
bel ow, and the peptide is soluble thronmbonodulin having the follow ng

propertles
to 244 in
am no acid

rfiobliohdd dbhe: whirbin bho LRERAIMAL, fﬂgétqa?ﬁ@gg@a@&ﬁplggemts BeIRQRkE i Ons 19

the amno acid seciuence of

19 g et 008U gtisplutly th?@nbcmelé@l a@mﬁemeq‘ b mpastripgeontrt ply

(ii-2) the

substi t uti R, nAelBld @M aRH paAdh l!)}pemetho@Eb%prsm@QE Ra@MhOARLEsthRSI dues, (1)
an action of selectively binding to thronbi (2). an action of pronoting
acti vat i on @®ftheyten efjvpereripy heshpedimpisinatedyotains lée‘fllcblhméf*“}é’%iaéﬁ&l ng t hronbin
clotting tifRineARd cdfhinddht 3GhinaReQluSYRPL Ba8dtHhaRl Al ehb@ine@ggr egat i on

caused. by
t hr onbonod

thrombin, [00241 17-3.1The highly-purified solgble
Gransfeimg Shaharheel 37 DA eonpinme nflblecréﬂe ARIHETE 158G

weikfe  wherein

t he soIubI%dhmggﬁgggggghhﬂOkﬁmamgﬁgnlde containing the am no acid sequence
? E -2) nentlonedﬂge and c ntalnlngﬁ%p anlno aci d.
fb) g sten Of@w@*ﬂrig agyanfidept cgliage pae wote;yh%rlt SEPETHETIR sol ubl e

of (i.-1)
sequence O

t hr ombonoduhiamch 3y kdigitkiAe aREIMRBFtH B8 hosk kell-@iditedmbleirapBEivbe oty (i -1 .

) the

am no aci d sequence of the positions 367 to 480 in the am no acid sequence

of

mentioned above,

the step of constructing a measurement gystem comprising:

{c1) the step of adsorbing the anti-host cell-originated protein antibody obtained in )
mentioned above to a solid phase,

{c2-1) the step of bringing a soluble thrombomodulin-containing test solution suspected
1o be contaminated with the host cell-originated proteins into contact with the solid
phase to which the anti-host cell-originated protein antibody is adsorbed, and the step
of bringing a solution containing the host cell-originated proteins of a known
concentration into contact with the solid phase to which the anti-host cell-originated
protein antibody is adsorbed,

(¢3) the step of adding a biotinylated anti-host cell-originated protein antibody to the
solid phase,

(c4) the step of adding a solution of avidinylated peroxidase to the solid phase,

{c¢5) the step of adding an enzyme substrate solution to allow color development, and
{c6) the step of terminating the color development and measuring absorbance,

(d) the step of measuring concentration of the host cell-originated proteins in the
soluble thrombomodulin-containing test solution suspected to be contaminated with
the host cell-originated proteins in the aforementioned measurement system, and
determining whether the concentration of the host cell-originated proteins in the
soluble thrombomodulin-containing fest solution is within a range that enables
quantification of the proteins in the aforementioned measurement system, which range
is confirmed beforeband by performing measurement using a solution of the host cell-
originated proteins of a known concentration in the aforementioned measurement

system,



SEQID NGO 9 or 11, or (i-2) the amno acid sequence of (i.-1) nentioned
above, further including substitution, deletion or addition of one or nore
am no acid residues, (ii-1) the am no acid sequence of the positions 19 to
244 in the am no acid sequence of SEQID NO 9 or 11, or (ii-2) the am no
aci d sequence of hi-D nentioned above, further including substitution,

del etion or addition of one or nore am no acid residues, (1) an action of
selectively binding to thronmbin, (2) an action of pronoting activation of
Protein C by thrombin, (3) an action of extending thronmbin clotting tine,

(4) an actignef _ Skn I I Q. Galk . conbin, and
(5) ant -1 e Taibeath POLEaN R B BhSuhy BRSO R AL SRURER DL ED e
t hr onbonodubi roldde dranimgiot dirageytagries et splifion esp@Tediehe tooirednabbve, wherein
the sol ubl thﬂ{hg @Q&%p&élﬁhtétﬁpi%ﬂﬁ BE l:}g%o Qﬂiﬁﬁﬁo@opgfe_hogtlcéli-))riéiﬁﬁecﬁm no acid
sequence of the positions 19 to 516 in the amno acid sequence of SEQ I D
NO 9 or 1lprotems iy ihe 2)lutitrewher the capctrdration irslsteampted (q hepyithiptheirered above,

further i nchudingeSHb3tdibiiR in U8LEhEGRA Qovaddi ti on of one or more anino
acid residues, and the peptide Is soluble thronmbonodulin having the

properties %) the stpy! sprpsiegoribng the pylubla trerbaredgtinewtaderE @ty bi ndi ng
to thrombi ngptidd S@Bec@tﬁttb 00 coRfa R h APk IR thea b c\é@-tﬂi@ﬁat@iﬁ pBEG{i’ﬁs?if QedireBY

t hrombin, (3) an action of extendinq thronbjn clotting tine
to make the concentration of the host cell-

oviginated proteins to be & measurable
concentration within the range that enables the guantification in the aforementioned
measurement system, when the concentration of the host cell-originated proteins is
determined to be not within the range that enables the quantification in (d) mentioned
above, and recording the concentration ratio or dilution ratio,

(e-2-2) the step of measuring the host cell-originated protein concentration in the
soluble thrombomodulin-containing test solution concentrated ox diluted in (e-2-1)
mentioned above in a measurement system corresponding to the measurement system
represented by the steps of {c1) to (c6) mentioned above in which {¢2-1) is replaced with
(c2-2) mentioned below, and obtaining the host cell-originated protein concentration
with taking the concentration ratio or dilution ratio into consideration,

(c2-2) the step of bringing the soluble thrombomodulin-containing test solution
concentrated or diluted, if necessary, into contact with the solid phase to which the
anti-host cell-originated protein antibody is adsorbed, and the step of bringing a
solution containing the host cell-originated proteins of a known concentration into
contact with the solid phase to which the anti-host cell-originated protein antibody is
adsorbed, and

(D the step of calculating ratio of the host cell-originated protein concentration obtained
in {e-1) or (e-2-2) based on APC activity of thrombomodulin per unit volume of the
soluble thrombomodulin-containing test solution measured separately.

[2-3]  The highly-purified soluble thrombomodulin according to {2-2] mentioned
above, wherein the host cell mentioned in [2-2], (a) mentioned above is a cell of Chinese
hamster ovary cell line DXB11.

[oo20]

{3 The highly-purified soluble thrombomodulin according to any one of [1] to [2-3]

mentioned above, wherein the host cell is a Chinese hamster ovary cell.



(4) an action of suppressing platelet aggregation caused by thronbin, and
(5) anti-inflammatory action. [0026] [9] The highly-purified soluble

t hronbonodul i n according to any one of [1] to [6] nentioned above, wherein
the DNA containing a nucl eoti de sequence encodi ng sol uble thronmbonodulin is
a DNA encoding the am no acid sequence of SEQID NGO 9 or 11. [10]A

phar maceuti cal conposition containing the highly-purified soluble

t hronbonodul i n according to any one of [1] to [9] nentioned above and a
pharmaceutically acceptable carrier. [11]A nethod for preparing

hi ghl y-purifi ed . [ i o t
ceII-origiAg{ed gﬁ%#%$ﬁ£5Q2%ﬂ§9¥%q§%?§??§M§Pg?%%%ﬁgﬂaﬁp%?g&Hga§$]the

prot ei ns perent@n@odotd, whersiol thbiodubldhomihomoditin has theHplisyingomprrerdes<t he st ep
of bringing,@sol ution containing soluble thronbonodulin produced by a
transformant cell obtained by transfecting a host cell with a DNA

cont ai ni ng @ amectietiselectively bding tetleodhing sol ubl e t hr ombonodul in into

contact W td) Dyl-0m @RHLMinR AUkelines Pl QRSy thickdlnlhe preparation met hod
according to [11] nmentioned above., wherein the soluble thronbonodulin is

prepared bySs@raghet fegordirg trankip cotivetignsf or mant cel |. [0027] [13] The

met hod for (@ra%@ﬁémsgdpg&km-gBlawl&iagg-emoﬂmﬁe&wt@mqﬁai n according to
[11] or [1 % ment i oned above, wherein the sol uble thronmbonodulin has the

fol | owi ng propsripfaangley sacoy5): (1) an action of selectively binding to
thronbin (3)-9Bn @k higNy-pheifiaQeRble MGkoRGbhd@LH @fkoRfingRb abebid ol [Bhr ombi n,
(3) an action of extend ng phronbin clottin 'tigﬁi (4),an‘actLoQDof
suppr essi ng Piated abevean g by whbledirambongiinhgateolloyig properties

to (4):

(1) an action of selectively binding to thrombin,

(2} an action of promoting activation of Protein C by thrombin,

(8) an action of extending thrombin clotting time, and

(4) an action of suppressing platelet aggregation caused by thrombin.

[o021]

[5] The highly-purified soluble thrombomodulin according to any one of [1] to [4-2]

mentioned above, wherein molecular weight of the soluble thrombomodulin is 53,000 to

80,000.

f6] The highly-purified soluble thrombomodulin according to any one of [1] to [5]

mentioned above, wherein the highly-purified soluble thrombomodulin is produced by a

method comprising the following steps!

(a) the step of obtaining a transformant cell by transfecting a host cell with a DNA

enceding a soluble thrombomodulin;

(h) the step of obtaining a solution containing the soluble thrombomodulin by culturing

ihe transformant cell, and

(¢} the step of bringing the solution containing the soluble thrombomodulin into contact

with nylon and/or polyethersulfone to obtain highly-purified soluble thrombomedulin

having a content of host cell-originated proteins being in a ratio of less than 10 ng of

the proteins per 10,000 1J of soluble thrombomodulin.

f0022]

[7] The highly-purified soluble thrombomodulin according to any one of [1] to [6]

mentioned above, wherein the soluble thrombomodulin is a peptide containing:

10



(5) anti-inflammatory action. [14] The preparation nmethod according to any
one of [11] to [13] nentioned above, wherein the host cell is a Chinese
hanst er ovary cell. [15] The preparation nethod according to any one of [11]
to [14] nentioned above, wherein nol ecul ar wei ght of the sol uble

t hronbonodul in is 50,000 to 80,000. [0028] [16] The preparati on nethod
according to any one of [11] to [15] nentioned above, wherein the sol uble

t hronbonodul in is a peptide containing: (i) the am no acid sequence of the
positions 367 to 480 in the amno acid sequence of SEQ ID NO 9 or 11, and

the am no a@'tﬁ?cu%ﬁqggﬁcg%ﬁg%ﬂ% j()jtit elgosﬂ{m@gena)mmm 2R&H 08 QenaRd the

peptide is so aving t | ow ng properties (1) to
(CO (ii-1)SEhD MR he ldcind theguianedd sfaueire off§s oy @ifd megtiengd bedaw,i n t he ami no

aci d sequengq of e§§@ 1S Q)IH% tlgorglgongoéulnpﬁav(ﬂg' th@donbiie 9%%e@@) & (pequence of
(ii-1) nentloned)a bove, further includ uﬂ@ésu stltu%lon del etion or

addi tion oflighteaminmed samenes Adliedopiistsdiide 244 in Yhopmiae peidspantnce ef ect i vel y

bi ndi ng to§§ RO o(:2)oran action of promoting activation of Protein C by
t hr onbi n, an action of extfndlng t hr onbi n cIottlng time, (4) an action
1 i3

of suppr ess(i1 RYthe e 4k sagPedh il Brnakioassbexy: PRbESHBFHINE fpstigyion,

anti-i nflamh&m e@qmo@afon[e(a%@ﬂe ahrld AEreRB@RAr ati on met hod according to
any one of nmenti oned above, wherein the sol uble

t hr onbo rmddﬁ /e %cemhoi 5@%’% bpdipgds Hhrengbin

(2) an action of promoting activation of Protein C by thrombin,

(8) an action of extending thrombin clotting time,

{4) an action of suppressing platelet aggregation caused by thrombin, and

(5) anti-inflammatory action.

[0023]

[7-21  The highly-purified soluble thrombomodulin according to any one of [1] to [6]
mentioned above, wherein the schuble thrombomodulin is a peptide containing:

(i) the amino acid sequence of the positions 367 to 480 in the amino acid sequence of
SEQ ID NO: 9 or 11, and the amino acid sequence of (ii-1) or (ii-2) mentioned below,
and the peptide is soluble thrombomodulin having the following properties (1) to (4):
(ii-1) the amino acid sequence of the positions 19 to 244 in the amino acid sequence of
SEQID NO:9or 11, or

(ii-2) the amino acid sequence of (ii-1) mentioned above, further including substitution,
deletion or addition of one or more amino acid residues,

(1) an action of selectively binding to thrombin,

(2) an action of promoting activation of Protein C by thrombin,

{3) an action of extending thrombin clotting time, and

(4) an action of suppressing platelet aggregation caused by thrombin.

[0024]

{7-8]  The highly-purified soluble thrombomodulin according to any one of [1] to [6]
mentioned above, wherein the soluble thrombomodulin is a peptide containing the
amino acid sequence of (i-1) or (i-2) mentioned below, and containing the amino acid
sequence of (ti-1) or (ii-2) mentioned below, and the peptide is soluble thrombomodulin
having the properties (1) to {5) mentioned below:

(i-1) the amino acid sequence of the positions 367 to 480 in the amino acid sequence of
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(i-1) the am no acid sequence of the positions 19 to 516 in the am no acid
sequence of SEQID NGO 9 or 11, or (1-2) the amno acid sequence of (i-1)
menti oned above, further including substitution, deletion or addition of
one Or nore ami no acid residues, and the peptide is soluble thronmbonodulin
havi ng the properties (1) to (5) nentioned below (1) an action of

sel ectively binding to thronbin, (2) an action of pronoting activation of
Protein C by thrombin, (3) an action of extending thrombin clotting tineg,
(4) an action of suppressing pl at el et aggregati on caused by thronbin, and

(5) anti-ir@¢@F@§&p§X é] [ 0030] [18] The preparation nethod according
to any one 0 ?1 nentloned above, wherein the DNA containing a

nucl eotide & eﬁmem@wd@dnmgwséﬁGbmen#bwb#bﬁnﬁéﬂwkﬁmh@H@SﬂwmﬁéW@odlng t he
am no aci d gequenceqaal, P%F&eo IABQ n%n Leidresialidd] The preparation method

according to any one O ment 1 oned above, wherein the nyl on
and/ or pol yétiheresuiporrid jeguanep qf h]ee ITOB‘IﬁﬁiP&b]fg ta 244 Inttha 1A atid P ae of [ 20] The

prepar at i ongE@imee: agcargdi ng to [19] nentioned above, mhereln t he
filtration nmepbrane has a nenbrane area of 0.01 to 0.5 n2 for 1, ng of the

host cel | - d#iZ)theaedep ssidoteayanes of [ig ) rnsiopdehareairt Wélt“ﬂlé‘l subsEbitidPng to any

one of [11. delettzgn b2 Qi 1R RE 4:RNE hoRNOM S adRERLEY, t he nyl on and/ or
polyetherswl one is nylon. ] The preparatlon met hod according to any one

of [11] to achipigel] |861ﬁ@3’e]§%5\91@1g to thrombin,

(2) an action of promoting activation of Protein € by thrombin,

(3) an action of extending thrombin clotting time,

{4) an action of suppressing platelet aggregation caused by thrombin, and

(5) anti-inflammatory action.

[0025)

[8] The highly-purified soluble thrombomodulin according to any one of [1] to [6]
mentioned above, wherein the soluble thrombomodulin is a peptide containing:

(i-1) the amino acid sequence of the positions 19 to 516 in the amino acid sequence of
SEQID NO:9or 11, or

(i-2) the amino acid sequence of (i-1) mentioned above, further including substitution,
deletion or addition of one or more amino acid residues,

and the peptide is soluble thrombomodulin having the properties (1) to (5} mentioned
below:

{1) an action of selectively binding to thrombin,

(2) an action of promoting activation of Protein C by thrombin,

(3) an action of extending thrombin clotting time,

(4) an action of suppressing platelet aggregation caused by thrombin, and

(5} anti-inflammatory action.

[0026]

[9] The highly-purified soluble thrombomodulin according to any one of [1] to [6]
mentioned above, wherein the DNA containing a nucleotide sequence encoding soluble
thrombomodulin is a DNA encoding the amino acid sequence of SEQ ID NO: 9 or 11.
[10] A pharmaceutical composition containing the highly-purified soluble
thrombomodulin according to any one of [1] to [9] mentioned above and a

pharmaceutically acceptable carrier.
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whi ch has the characteristics described in any one of [1-2] to [1-4],
[2-21, [2-3], [7-2] and [7-3]. [0031] [23] The preparation nethod accordi ng
to any one of [11] to [22] mentioned above, which is a nethod for
preparing highly-purified soluble thronbonodulin having a content of host
cell-originated proteins being in a ratio of |less than 10 ng of the
proteins per 10,000 U of soluble thronbonodulin, conprising: (a) the step
of obtaining a transformant cell by transfecting a host cell with a DNA
encodi ng t he anino acid sequence of SEQID NO 9 or 11, (b) the step of

obt ai ni ng aftlﬁm U nlzo%qnt a!e Qllrn higg lerl%e% ghh?n@t%ﬁ%%ého@ul%ag taur' ng t he

t ransf or mant “cel purifyirng t ut1on centaini ng
sol ubl e t hronfoongdodticell QIEI@b@thuntealSﬁJhmnbmmdgf legs thay 10 dbtheg@0teios hi gher

based on t hp%l |t16’ %(?J'U 91{1(3]&1% Qﬁi‘o %F&godu&g)wﬁﬂ‘?co %ﬁ@es%e %Eﬂ &%Hﬂgné he sol ution

cont ai ni ng 'so n into cont 'on"to isolate
hi ghl y- pur i solugidn smkmbhesqlﬁﬂ@ﬁimn@d@ﬂvlm hraduicedbyaa %@Wﬂ"@ﬁ@nﬁﬁfu Repgined

cell-origi %ttﬁagl %Etgltg%l ]{?)]gt cQﬁ L IﬂNﬁanﬁ’atn'an Qilu(ll&)%ﬁeg %hcg-gnc@ﬂn f the

proteins per Sol ubl’e t hr orbond dulin, and wherein the host cell
i s a Chi neselubiztionbonedaiip e kqntact ith Hylgh Pyd/grrelspiterruligieubl e t hr omborodul i n

produci bl e [y th@h@ﬁre,lmgm@%&nai Acbrbi b 2311 FBRbhANS 6 2RR%EN th5] A met hod

for renoving host cell-originated proteins in sol uble thronbompdulin, which
conpri ses tqﬁl]é‘b@ttb‘ié)%?mwlﬁgﬁi HepeEedy] ORI e owbE HithigauouBi¥ thr omborodul i n
produced byt ransformant cell obtained by transfecting a host cell with a
DNA cont ai n| ng a nucl eoti de sequence encodi ng sol ubl e t hronmbonpdul in into

contact wi tiIny| &he meitipdbior prspyranerestdyipyfing solble iromBersiglie 8508 ¥ovi ng host

Cel|-0rlglQ@hﬁﬁmnhghﬁﬁﬂ§mﬁ@b&@hM@ﬁanRmmﬁnbgmﬁﬁﬁmmﬂmhmhm@@ﬂﬁqamwn@es (a)
the step of obtai transformant cell by transfecting a host cell wth

ng
a DNA encodFR§ e lé?r{ ﬁo aci d sequence of SEQID NO 9 or 11, (b) the step
of obtai ni NY & SELFQRIEARbAIARI:RGIs8hMb] e t hronbonodul in by culturing the

ransformant_cel |
(2) an action of promoting activation of Protein C by thrombin,
(3) an action of extending thrombin clotting time,
{4) an action of suppressing platelet aggregation caused by thrombin, and
(5) anti-inflammatory action.
[14] The preparation method according to any one of [11] to [13] mentioned above,
wherein the host cell is a Chinese hamsier ovary cell.
[15] The preparation method according to any one of [11] to [14] mentioned above,
wherein molecular weight of the soluble thrombomodulin is 50,000 to 80,000,
[0028]
[16] The preparation method according to any one of [11] to [15] mentioned above,
wherein the soluble thrombomodulin is a peptide containing:
() the amino acid sequence of the positions 367 to 480 in the amino acid sequence of
ST5Q 1D NO: 9 or 11, and the amino acid sequence of Gi-1) or (1i-2) mentioned below,
and the peptide is soluble thrombomodulin having the following properties (1) to (6):
(ii-1) the amino acid sequence of the positions 19 to 244 in the amino acid sequence of
SEQID NO:9or 14, or
(1i~2) the amino acid sequence of (ii-1) mentioned above, further including substitution,
deletion or addition of one or more amino acid residues,
(1) an action of selectively binding to thrombin,

(2) an action of promoting activation of Protein C by thrombin,
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(c) the step of purifying the solution containing soluble thronbonodulin to
a thronbonodulin purity of 99% or hi gher based on the total proteins, and
(d) the step of bringing the solution containing soluble thrombonodulin
into contact with nylon, and wherein the host cell is a Chinese hanster
ovary cell. [271The nethod for renoving host cell-originated proteins in
sol ubl e thronbonodulin according to [25] nentioned above, which has the
characteristics nentioned in any one of [1] to [9] nentioned above. Effect
of the Invention [0032] By using the preparation nethod of the

pr esent inwgntio

I i.ghl y-purifie | ubl e t hrombonodul i n of reduced
contam nati onanoafcQ‘?’nnoc!s}te 8%%{11-%}?%@%?%%%%?1& eins having a content of host

cel | - ori gi ridlteediciimotf einpsesbiee pigtelay aggregttion cooked lostbrantham 2a0d ng of t he

proteins p r Qf | ubl e t hromboxnodul i n can be obtained. The risk
of anaphylg@f%%lg%%g%h%'E?ﬁ%Ltine of using soluble thronmbonodulin as a

pharnaceutﬂ@&ﬂ!product can be thereby further reduced. Mdes for Carrying
out the Inyeptiofy,d 0033} kon method ac&dg&g@%ta%fomsmﬁﬂ & L pnehebiadpgbodi ment s

of the present invention (preferred nodes for carrying out the invention,
hencef or t h valexin theelpble thrppbarpdukimisgdieptdicsntainguet hi s specification) will be

speci fi cal loyy) explahledd sJHURY Bfthe %Amioﬁg% 526 il fhe aﬂi&%gig%z:iu@ﬂ&%ffi on i s not

limted to the specific enbodi ments expl ai ned bel ow. The

hi ghl y- pur iXE® ¥@1911& % hr onbonodul i n of this enbodi ment can be used as a

material f Qfo)andBethe AR Mymenth6r (DI MYiofdlabideeflrB0d MBLEnE hneakepRdul i n of
thi s enbodi nent can_al so be conbined with another pharnmaceutically

accept abl e delatien @rddifien ofvpe opmors 2prrgrarcetityeea™pr oduct . Furt her,
the hi ghl y+pusdofii e sSebiHembdManko th&pRpertibd @) BBaskinmBRAG can be used
as a highly-purified soluble thronbonodulin-containing pharnaceuti cal
conpositio it substantially containing any substances other than the

sol ubl e t hrgrhepRAWr kdoctivheninigh bympayid,i ed sol ubl e t hronbonodul in of this
enmbodi nent .¢can al so _be caonbi ned w th another ph rmaceutically acceptable

carrier an§5&§é@“§§fE”ﬁﬁﬁ?%ﬁ%@ﬁﬁ?ﬁ%?“%%ﬁﬁ&?FWP ™ OOM Her eafter,
t he t er m of3)hhabionopssitbfdiedhepivbiigthftiaspbonodul i n may incl ude
hi ghl y-puri f.ied sok$ble_thrqnbo?0duLin,as a material .for a medicament. The
term of hi GRIF2AEHAF FRATSHPRBIFEIF AFRSHBERDHIPTI PR RI% 82 ncl ude a
hi ghl y- pur i) iaed ighiiteybanbonodul i n- cont ai ni ng phar maceuti ca
conpositio t substantially containing any substances other than the
sol ubl e thﬂ%ﬁ@onodulin
[18]  The preparation method according to any one of [11] to [15] mentioned above,

wherein the DNA containing a nucleotide sequence encoding soluble thrombomodulin
is a DNA encoding the amino acid sequeﬁce of SEQ 11 NO: 9 or 11.

[19] The preparation method according to any one of [11] to [18] mentioned above,
wherein the nylon and/or polyethersulfone is in the form of a filiration membrane,
[20] The preparation method according to [19] mentioned above, wherein the
filkration membrane has a membrane area of 0.01 to 0.5 m? for 1 mg of the host cell-
originated proteins.

[21] The preparation method according to any one of [11] to {20} mentioned above,
wherein the nylon and/or polyethersulfone is nylon.

{22] The preparation method according to any one of [11] to (20} mentioned above,
which has the characteristics described in any one of [1-2] to [1-41, [2-2], [2-3], [7-2] and
[7-3l.

[0031]

[23] The preparation method according to any one of [11] to [22] mentioned above,
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knB61 The thronbonmodul in of this enbodi nent preferably is known to
have an action of (1) selectively binding to thronbin (2) to pronote
activation of Protein C by thronmbin. In addition, it is preferred that the
t hrombonodul in is confirned to generally have (3) an action of extending
thrombin clotting time, (4) an action of suppressing platel et aggregation
caused by thronbin, and/or (5) anti-inflammtory action. Such actions
possessed by thronmbonodulin may be referred to as thronmbonodul in
activities. (00371 As the thronmbonodulin activities, thronmbonodulin
preferably the ons nd (.2 Rt nor e
preferably ‘ﬁhﬁsh ﬁ‘emea dfoxrf) R aFm% gghﬁvop%fé?)aa Sr’f)en{gbki %‘%e a%‘g‘%}\eﬁeha@%q

t hr ombonodwdohtentdthbsticeli- ecglnatt#ﬂm*mb@mbeﬁut i ragie ef Jpssehar Hiokgyof H@@ldﬁn‘s of the
actions of (1 tion ] The action of

t hr onbormdtffel)mﬁ&)lg ﬁmﬂ hm %Qm n 0831% %ggconfl rmed by the test nethods
descri bed |(a)bhasﬁemu:['sobkmmma p@bf#fmmamt olidy suobedine Thodivblbyith 2dM Haenost asi s,
70(3) 118- 4262.1 %Zam Ece%?éﬂ} ?b@lfo proppting activation of Protein C
by thronbi n, eeo IVIt ronoting the activation of Protein
C by thr ont{bhthesteppfe@meg @ﬁolm@ﬂletem@fg Sphéleé@toméwn@,dahnbéméﬁ%inlgyh%onf| r med
by the test, nqrEbads chearly described in various known publications

i ncluding, for exanple, Japanese Patent Unexani ned Publication No. 64-6219.
Furt her, t He thestkpef rofilyse ton eilvipnichriambieoPlstRiomgopIdwtn (ob&Be t he acti on

of suppr essi,RgHRkAE RS luriR0G893} LR GaMARH tRYiolhpRERINGAN be sim larly and
easily confirmed. Furtherm)re the anti-inflammtory action can al so be

confirmed W thpeatep aldyingive e 1@’@%&?‘1"%%’6‘5Pﬂ“’i’}%ﬂl@)‘ﬁ]&on}eﬁmmﬁlfﬁ}”ia&tat| ons

i ncluding, g nﬁé&?@@éoﬁte ﬁkﬁ?@uﬂﬁ(ﬁ%ﬂﬁgﬁjﬁh@@%&n&ﬂﬂg%V@QQ c&ﬁ'@@t@ﬂhﬂsﬂm of
Clinical Investigation, 115, 5:1267-1,274

exanpl e of Gﬁ%énglmtaw@tetﬂrﬁ%%mawOﬁicfv%@fiiaa%gg% ”é‘b?’ﬂt’?l“@ PPH%{FP&Hmdm in
that is solghigné hratdlodhih, ke absence of a surfactant. For exanple, the
solubility of soI ubl e thronbaomodul in is pref erably 1 mg/m or higher, or 10
mg/ m or hivgsin e heefrcell 1 o (Ginesg BNPIE OVPE Eisti | | ed water used for
injection ((b4] gen@mBlpurdikcbiebiatnauldatuliang@ucibk ljnfe AREQHa&oMAln A
surfactant such as Triton X-100 or Polidocanol). The solubility is nore
preferably * igz pfongd aoVyher , or 17 mg/ml or higher; still nore preferably
20 f mgé Im fes] hi glil@mhod&’@r@ﬁéwﬂﬁg}(ibl’st@ll@h@fnateﬂlino’ﬂﬁnéf@/sﬁﬂubl@l’l hi gher ; gnd nosty
preferably e.sol ubil.i e 80
Prnt o DitGHEImORoT e T Qe T RGRE ASOSPH HE R REIE or not

sol ubl e thrtﬁfbh&mdwhhﬁblddaﬁbdb@ ad;lzﬁﬁfdiﬁiﬁd,cell fteqisal uytwmfeetarg :alie)soct&ﬁer ved Wit h
t he naked ey, exa rectly bel ow white ht.so

posi tion of ﬁ’r‘?1 éﬁf‘ﬁ‘é‘g? aé’b’ﬁdl:e??%’ie Vel R0 Sf’]ul,%k”b PP l%léli:nslti) bl e
thrOrTbOm)dl:tbﬂltﬂctlvﬁt}ﬂiy&ﬁldnﬂ.edpolﬁlﬂlﬁbrsﬂfoﬁeﬁn be understood t hat transparency of
the resul ti sol uti Oﬁﬁand no (:ké nat i ol Ote g&nq;rhelplt | y observabl e

i nsol ubl e StiBst an EELORRY TRROREIET Ol P aPE f di's’se6r In addition, it

i s al so possichibembdulihj diitlatoapiihe: soI ution to confirmthe pr esence or
absence of esi d . 0040 ular he sol ubl e
t hr orrbormdd’l%idr;ie ?Stgp ?@P@W?ﬁ%éﬁmfm af ceilib}arfﬁmn? “fas” thﬁmflg‘mn{%f(]))rlﬁo%ul in
activiti es ecandingsheohiubhad as;ueie:sof&mw BPboYe: 11IThe nol ecul ar weight is
preferably ] snall e [ ef I . |4 still
nor e prefer@%ﬁ‘iy{g’ Ofé)éblnj?g%??alton D a18 58]{191 é%ﬁ%??g(%l?%ﬁag& éﬁaﬁ“‘l and

t he nol ecultamsfaengitell, s preferably 50 000 or | arger, nost prefer ably 60, 000
or |arger f I . of L&y, oTapete] in can be easily
nmeasur ed byggor('dsnro{) ‘§§1lh§f%\§§%g)$%’}ogr(rjoe%%gﬂ%%éﬂﬁlo e%ﬁf)ar mﬂ?gﬁ of protein.
Measur enentthipynberasiilis pedtyrad A8% pyhigker ;bﬁ@ﬁenﬂwotaémtmﬁd TOF-MS nethod i s
more pref el‘(é)%ﬁie sth%ocg%}l;l ing the s Iut]EIQE Qfgltnﬁé thlﬁge ﬁlgé)d'f@nﬁdﬁlm Qeheandul i n having
a nol ecul ar wel Ri'R"a ‘desired range, a soluble thronmbonodulin, which
i s obtai nedﬂﬂhyly&;ml angri ng a transformant cell pr epared by transfecting a
host cell yith:a,DNAeneQdi g0l ubli& Juhryepponodul in using a vecto], can be
subj ected to fractionation using colum chrorrat ography or the |ike as
described [[2# er . Tiepoehad for removinpgost inell- erigingtheder el e b li.n, those of the
human-t ype t hronbonodul in are preferred which include the am no acid
sequence of the positions 19 to 132 in SEQ ID NO 1 together with the am no
aci d sequence of the positions 19 to 284 in SEQIDNO 9 or 11 or said

am no acid sequence further including substitution, deletion or addition of
one or nore am no acid residues. The am no acid sequence of the positions
19 to 132 in SEQID NO 1 participates in the action of pronoting
activation of Protein C by thrombin anong the thronbonodulin activities.
The ami no acid sequence of the positions 1.9 to 244 in SEQID NGO 9 or 11




anong the thronbonmodulin activities. So far that the sol ubl e thronbonodulin
has the thronbonodulin activities as the whol e sol ubl e thronbonodulin, the
am no acid sequence of the positions 19 to 132 in SEQID NO 1 may be
naturally or artificially nutated, nanely, the am no acid sequence of the
positions 19 to 132 in SEQID NO 1 may include substitution, deletion or
addition of one or nore am no acid residues. Acceptable degree of the
mutation is not particularly limted so far that the sol uble thrombonodulin
has the thronbonodulin activities, for exanple, including honol ogy of 50%
or hi gher n am uenc ef.er h of 70% or

hi gher, 3106} ezfnodua%t accohﬂ%fia géﬁ mefl %E}/dgd GQN}H%heha% (yucl’h?%g%’ahgt?éeéf erably

honol ogy ohn@ﬁﬁ@@hnhnghwmfﬁﬂuﬂﬂhemmmnmbﬂpweferably honol ogy of 95% or

hi gher, anqﬂgg(ﬁt Vgﬁggly honol ogy of 98% or hi gher. Such nutated am no
acid sequence i nc U I'ng substitution, deletion or addition of one or nore
am no acid [Pl dues is referred to as honol ogous nutati on sequence. As
descri bed | ater, |y produced
by using ordinarB§QS§%ﬂ%§ Qﬁggg%ﬁggg@%gfﬁﬁgggﬂgﬁg)so?H%?eﬁgﬁionbonndul|n
i s not par&pmbkahbwbmnwh$edf@éw$®ﬁmﬂﬁavmmmﬂﬁh§tﬁﬂ@nﬁﬂ@ﬁ@ﬁﬁﬁ?W®ned sequence
and the actﬂa%ﬁ ctﬁ@%t%gﬂds}lgelﬂ%u@ng@d@:got&gs tmgqmllamtmttt ARG AGH i vation of

Protein Cb In at [east whol e sol ubl e thronmbonodul in. The
sol ubl e t hrtberb‘@tﬁ?m*lPIOi HO.I0dT efisalbbly Uapwborpaliv e herpbtaineds | Hiertkofy acti on.
[0043] anapﬂy’l]actt,lpgto@imtrme afk e S8HUSREE tRhnBER dulh MO pRirmadutias the am no
acid at the position in the am no acid sequence of SEQIII NGO 1 is
repl aced byradugt cappe F@r@%‘t}ﬂ&t@fd@eﬁed that the thromhonodulin of this
enbodi nent 1@@@;1@1 @§nt,llﬂg()@r{h@9w@,gioq sequence of the positions 19 to 132 in
SEQ I D NO L As descri bed above, the sol uble thronmbonodulin
i.S not par[‘t’(i3§ Iarly limted, so far that it has at |east the sequence of

the positions 19}1&1@3&(&%&&&1@5@@1‘1‘@ &@c)dllndﬂfb 03 theQfresedt iRRIBLO G&SrEUL at i on
sequence ther eof and the am no acid se)gbience of the pﬂf'ﬁf@‘al ons, 19 to 244 in

SEQ | D NO. gt fon eprrygie oxt g ipieBidenaioat atsa rdaydn ae BEPE Wnd has at

| east the agikinuireftichPh Byt Bgian@al aiddivaiite BechOofthopdi@tact i vati on
of Protein C bé t hronbi n .as .t he v@ol cf()l ubl e thrdgbngormdul in. Preferred
oo

exanpl es i Aeed ‘e”énﬁféﬁt“#&éo@t’ir?ﬁ? Re™ S SRIBHEE S t he positions 19 to
132 or the{qmgg]tions 17 to 132 in SEQID NG 1 or 3, or a honol ogous

mut ati on sequenc, I eof n he, am no id sequence of t sitions 19
to 244 in SEQ | K‘iclilg yB‘r"“””ffte g‘i"{’lﬁﬁiﬁﬂ%?l ﬁ@ﬁgoiﬁ}tsgﬂ% ‘ﬁme tc&ﬁ@ﬁggc&t her eof ,
and havi ng af H&al&[a@fﬁb@ﬁ\ﬂlzdﬂhmaﬁhtaCT}i(\&ii@HIﬁﬁuxﬁﬂems&]ﬁB]I:e tlasmbdreodntiobxhsol ubl e
t hr ombonodul | and a ti d g%# Si the se uence Otabl e . 05| tions 19
to 132 in $§ Ci“i“?“ti\‘i@? "rwg‘ 4 éngﬁgkrpélaé’gicﬁué‘? BHEEOF “T'HE" posi ti ons
1.9 to 244ahmu§E@shDhMac&tmﬂpldduetr a honvol ogous nut ati on sequence t her eof

is nore preferred. .T als enbodi m eptide
conprising the g@ﬁ ﬁ&“g §?f%gﬁéﬂ’ O?ghﬁgé&ﬂnstﬁgd%%???Pons 17 to
132 in SEQbé Rs@s alug])ﬂ[y ;Blrﬁ’]’ed aolﬁlﬂmitmgmmdmmt anﬁmmnsehﬁxmnmtitdier eof, and the
am no acid S8 u 2NCce ons 19 t.o E D.N® 9 or 11 or a
horol ogous ¢ PR %‘att%ﬁ%:a Vconrli%fnﬁlé\?ili’tsubgwncets O%hengl Qdc'f ‘N activities at

| east as t H&omlh@h(&luhm iibalealgthhrmnﬁmmwh thrombingidubisofshimemberesertor e
preferred. t hat l.in al so has
the anti-i ﬁ“m shm*t( bmgmta (g ﬁ%ﬁnog{} p%arn\alﬁ_tl‘etfho ﬁy cgﬁlﬂml?%r%%ggﬁo lll» [ 00451

As anotherpeﬂhmdumeﬂumnthmnhronbonndul|n preferably cont ai ns the am no
acid sequeﬁﬁgsof the positions 19 to 480 in SEQ I D NO 5, and such

t hr ombonod A is not particularly limted so far that it contains the
amino acid sequeiiﬁ@eaf@fr, thhierposhithlpmsrifigl sobblgdrombogRylinmmaydnclgle The ami no
aci d Sequeﬂ gl gp ltfllt'.].(? scﬁt?o% Ehli%rn]oguﬁrpas d%aﬂeﬂalggg &Eﬁ;&ﬁmﬁ TRy teQﬁl o

honol ogous Futation sequence so has th hr ombonodul i n

acti viti eshighBtBified soluble thlﬁifiti@n“ezﬁvlwnax&il@ isldqdreﬁblelﬂetpusétﬁ bblo 7

corr eSpondﬁugxgb(hulﬂ) uM&Qal%%gghé%U&{iﬁ chfnpO%Einth N@staglﬂlyvt!@ﬁtﬁhm}éal as the
am no acid at the position is replaced with Ala. The sol ub

t hr ombonodesdsi subelfngeh ofhgr Gy bleti srive th’rosfé’oﬁﬁ@fb@r ably contains t he am no acid
sequence of the positions 19 to 480 in SEQID NGO 7. [0047] As
descri bed above, the soluble thrombonodulin is not particularly limted so
far that it has at |east the ami no acil¥ sequence of the positions 19 to 480
in SEQIDNO 5 or 7, or a honol ogous nutation sequence thereof, and
contains a peptide sequence having at |east the thronbonodulin activities.
Preferred exanples include a peptide conprising the sequence of the
positions 1.9 to 480 or the positions 17 to 480 in SEQID NO 5 or 7, or a
honol ogous nut ati on sequence thereof, and having at |east the



whi ch a peptide conprising a honol ogous nutation sequence of the sequence
of the positions 19 to 480 or the positions 17 to 480 in SEQID NO 5 or 7
and having at |east the thronmbonodulin activity, which is sonetinme nores
preferred. It is preferred that the sol uble thronbonodulin also has
the anti-inflamuatory action. [0048] As anot her particularly
preferred enbodi nent, the sol uble thronmbonodulin preferably contains the
am no acid sequence of the positions 19 to 515 in SEQ ID NGO 9, and such
sol ubl e thrombonodulin is not particularly limted so far that it contains
the am no a@e% sequence of the positions 19 to 515 in SEQID NO 9. The
am no acid Ejence of the positions 19 to 515 oin SEQID NO 9 may be a
honol ogous mnut at fbeths@chsainddirt di érieefibdmdnaprefenatly istinbras tothage #hr onbonodul i n

activities. 100 . . The .amino .acihd se 168..0f - SEQ 11
corresponds"”w%‘%’[1 ‘ﬁé S‘élﬁ%tlr\’%lygléll-gal gé%éﬂﬁ%nﬁléré%&gmgﬁ%%gg%%o@ in L\?\ﬁ%@ Val as the
am no aci d tatontthe posdditienitdiBefesed tpt the dlbomborhoddlia is Fhemeditaubl e

t hrombonodul i n_of. t hi i Py I f . t.ai.ns, e amno acid
sequence ot Rafibtd f TRRE PRk Bl RIR FAR ne 10 By as
descri bed abpmessitghintsel agategatidnreansod hp ubikin sndivots) peti-tiflewetdy |inited so
far that it tajns, . [ LS oAb adi6asty TNErAld pQsaci d sequence of
the positi oaﬁ‘g&{IQg%%%%ggi%ﬁgSg%%i%%NQ °9 or 11,y gr 3 hom)lsogous mut at i on
sequence t Herosbbmodihied abtawiiesg at | east the thronmbonodulin activities. Mre
preferred gyampl es include a peptide conprising the am no acid sequence of
the positions 19 to 516, 19 to 515, 19 to 514; 17 to 516, 17 to 515, or 17
to 514 in SEQNO Agthothipmbompdulin pespyricgetheashsmpdilng referiblrdro s ieithit at i on
sequence theregfq @ndeRavtdgod, aheaste hbabRanbenesi bt peihvi ties, and. a
pepti.de conprising the amno acid sequence of the positions 19 to 516, 19

to 515, 19 meptisaed abgvp. tfs the ghromborpesulin getiviffes hrampomedulinnasepyeferpy 9 s
par ti cul ar Iy pfi 6186 k@@ns 43S H) bbMbmedabiXt ure thereof is also a preferred
exanple. There is another preferred enbodi nent in which a peptide

conpri sing 194%8! ani no aci d sequence of the positions 19 to 516, 19 to 515,

19 to 514, 17 torRlBiiold: thRmPdRedu®h tdtfind @ith WroBinSEtbd Enhhedlbl, thavhi ch i's
particularly preferred. A m xture thereof is al sosdﬁ)rgtraeferrgd exanpl e.

Further, a tprépretheds daserher & Yrglons Rmairaladonieh 1 RATEREL t her eof and

having at lipasbsthhe 70@rombeIod) NAaGt indiskidStbsndtispaanatihesr preferred
exanpl e. . Jt is preferred that the sol ubl e thronbog]:;d |, i A al so has
the anti-i FretaRtalvdRyroabet idggree (idkmacfivity of promoting She gofigaiion o ]r‘?gﬂué honol ogous
mut ati on S%ﬁ@lﬁ@ﬁlﬁinioi? pASerde 5406 oahoON¥®ion DUCH: @sipephfidedbaviargsta honol ogous
nmut ati on sequence al so includes a peptide, that . . n¢lude substitution,

del etion, o&tthadsrleibrfesrivsha ‘ﬁ’f"o}‘ﬁ}&é, ﬂﬁaﬁlﬁﬁg‘?md’g“i‘}/“d‘?g’ Iefsi“ﬁﬂsl%, nor e

pr ef er abl y jsgmeécatatdrl Omeo@npl Bublidatiod NoO64-gurief dhatiley tHe dctiod e, nore
preferably 1 tog 5, nost preferably 1 to ‘)ﬁ ino acid.resjidues in the am no
aci d sequeﬁét@n‘gf‘g e cgine S f‘%iéo.l t&i)’é"g ’i‘ggugpla%bﬂ}gé’éa@?% &fgﬁfeg?él%ln i s not
parti cul ar kyuskd 5y thednise cdaife dubigdrlytdae epaPtehderhas Tubdettranboasdul i n
activities, anpl es include, for exanpl homol ogy, of.. 50% or. hi gher,
preferably lﬁgiﬂﬂ’igg‘d‘;‘/’ aggon B/oa]g? b%‘foﬁﬁié’?‘?irgpﬁfﬁg%te‘thr%}‘%{é?%lﬁifﬁyc“ﬁg‘%%Iv%ldgusof 80% or

hi gher, fuxhferppliefienablydhoniol egypef BBOY or3d6il ghgr 2o0flatd{Bre nmor e
preferably honol aay .of ,95%.or. higher. . .ang, | preferably honol ogy of 98%
or hi gher B%‘Eggl(’gg}{’élﬁ“lewﬁeﬁ6ga§ilgi"’&q%’gsqlﬁgﬁég?ﬂ?%}sz] As the sol uble

t hr ombonodidosal, preferred exanples further include a peptide conprising the
sequence of SEQ | D NO 14 4“6](%‘5 3. No L doresi ' rising

t he sequence of E‘EﬁdF’Blel\?é.ﬂge © ggf lrg%bﬁéoﬁé?lgéc?l%g?%%delg‘% &gﬁ BogﬁggIQ?Fde
conpri si ng tlisés obdleeneetenin SE@bdeDeeNDr s6r{{@88. dfrrnoirads dha webibdiies) descri bed

In Japanes th'f}?}é ﬁprgm e e psepgef(%:‘.{glly Il%?gthlnpgl' }&Q‘ier, %fl'l(@ g‘l%/%ll 0{' ngﬁe?fjm water,
for example, in distilled water used for injection (in general, around a neutral range in
the absence of a surfactant such as Triton X-100 or Polidocanol). The solubility is

more preferably 156 mg/ml or higher, or 17 mg/ml or higher; still more preferably 20

17



The sol ubl e thronmbonodulin is not particularly limted so far that it is a
peptide having at | east the sequence of the positions 19 to 132 in SEQ ID
NO 1 or 3, or a honol ogous nmutation sequence thereof, and the am no acid
sequence of the positions 19 to 244 in SEQID NO 9 or 11, or a honol ogous
mut ati on sequence thereof, and has the thronbonodulin activities at |east
as the whol e sol ubl e thronbonodulin. A peptide conprising at |east the

am no acid sequence of the positions 19 to 480 in SEQID NO 5 or 7 is
preferred, and a peptide conprising at |east the am no acid sequence of the
posi tions 19,40 ooliphdy, rgsﬁfg%id?hﬁg@m,& wmgm blshlﬂm,eanarnﬁi@&mgablwee preferred
exanpl es of %he peptide conprising at |east t am no_aci d sequence of the
posi tions 19emdosghern IsEang ‘DS‘NOhO90361?111’“1?In5l3’ﬁ)€I896@/%1%é‘tﬁ‘*?’d%‘ nprising the
am no aci d SeaeNGenef Ftopgetpl%hxh%Qﬂ&héigmtht BiBle tﬂxgm{b@:nm cd®pd 0 514, 17 to
516, 17 to 515, or 17 to 514 in D NO or More preferred exanpl es
al 50 i ncl udBssalved. Jha frlitign candisropgaes Wl%}ﬁ)?'“}ké“'flﬁ& f"hé""&fﬁl‘?ﬁ“%{i‘:}t"&e@@quence of

the positi opgiteli@nt Q)uﬁﬂaaat a]pgmﬁ&l cﬁ¥5ighﬁ9&s%9ap§l&tmﬁt@lyt1@05ﬂlﬁ(,aft&?thteo 515, or 17
to 514 for each of SEQ NCS: hecse of the

af or ement i gREG! eﬁ'?“)?f‘ﬁ’P’@"d”thﬁéS ‘ﬁfsﬂ"ﬁ‘b aP‘fiﬁt g %T““éie‘%b‘)ﬁ’il Fhd “f‘ﬁ%’ﬂl ‘?F%?f" 88 f rom t he

posi tion 17caiMhn@soR€Rh blend BatandSiaih 5 dpp b ithehspRabit imd6ludl® sdetanedch of SEQ
ID NOS: 9 and 11 is, . for 0: 70,to, 50:50, eferably 3565 to 45:55
Further, tHBRYRS eﬁgﬂ#ﬁ%&“@ﬁﬁqﬁ%’epf TR AP RPN PP R posi ti on 514,
a pepti de tdintiod erohmal @8 padsericher Posict boneBdd:. and a pepti de that

term nat es @(5 E)he position 516 for each of SEQ IIl NOS: 9 and 11 is, for
exanpl e, b0 to 0:90: 10, or 0:70:30 to 10:90:0, or 10:0:90 to 20:10: 70,
if desir ed The 'ﬂ?hednﬁigcuﬂaatﬁeog,hafnfth&@l@ﬁ@&id@m&ﬂnﬂ@nﬁbﬁhﬁta&imé&lt}im; an

ordi nary nme 05| ,ons to 132 in
SEQ | D NO! %%ﬂw gé%%sl??h’s"d‘t‘l%}l %cﬁ‘émg%anu%ﬁ%é&gﬁ a4 eSC“bS‘gf‘ Vens %8’?1‘3?‘%&480 in SEQ
I D NO 9, anghighlhés mefadlycie0,060 drhmabmsmbne(pnffelﬂl.&yB@O@IB@ sioplIGEQII b0 5
corresponds _t guenc of the i | D NO 9.

[ 0056] plef01a£]#%03ﬁ or sn% ey, most&:écrll'i%%ﬁl t?bef?;t?m sgléalh 5 %nns igm{% r32 in SEQ ID
NO 3 corr e@mmdsowf@rabhéo,@é@]mdmm omsﬁplndezpblylfifno@msr 1867r. t Ghet80ledularSEQ | D NO
11, and the Sgquence PoskLi.ons t i or responds
Lo’ the seqdsiaataRe fudie bafpRERIGAR 52 Sy riGud gty ihool s

Furt her nor eneaathlingtﬂnréecséqwemb’eczfpu:ftemhé\ﬁmsﬂetrieofrisf rhasg gpetBometrsiSEQ | D NOS: 1,
3, 5, 7, 9 1 7] These sol ubl e

t hr onbonod@?‘li}% eE:dém gfglbﬁe ™ %w%%g&éfmg&g?om a transformant cell

pr epar ed b)EOQ4|1hnsfect| ng a host cell wlth a DNA encodi ng any of those
peptides (specif I Vi Lhennuelgeot i de
sequence of the %%E)Ha?%lﬁ %tﬁ%}%%g a@%é%%gﬁlg%éfo 3égr’]"dgt he ﬁlucl eoti de
sequence ofdesited rpusi ¢ fobibd thEmbomaddin whiskE® obBindby 2ultyringiic| eot i de sequence
having the %&%%M@a Bk PASE Lo, alnm {38ink SR | D NGO 10
and the nuclleotll ; cfﬁg%ce of Sé%%sﬂmr?s 55 e |r111hSEQIDNO 4, a
nucl eoti de ﬂslénrb@n@ehofm@&@w@lw b sulgpctetigo & ﬂbthatlwsﬁ’g celiipdct or, as

descri bed |cr%§1 togkBHP 8 the like as descrlbba lafersuf ficient that these peptl des have
any of the a forefrent1oned am no acid sequences. A sugar chain nay be or may
not be addé‘H’42and the peptides are not particularly limted in this
respect. In addiid@psolkile GERELARALRY ki HMhe hYIRS:- Eﬁae %&Hbcﬁnoﬂh’ﬂ%m(:ha' n,
position to which a sugar chain is added, and deg of additioqn may vary
dependi ng 8FFitHe ey fda he amepod spquepsofthegaatendy fal® RSEBRr ticul arly

linmited. The:hiRdindgwRshd 4n8R Aid S4EdheRoSHIR:tENRI N3N 1t dueq Ly p@: t her eof
are described in Japanese Pat ent Unexam ned Publication No. 11-341990, and

in the caséobi! PradEHPEMEhBAMIFHLsRe RPEUERBYEHIERD, deltp PdddisBar chai ns
nmay be addgmhnt Qr SbH dndho RASILIGRS . Tﬁ'é%ﬁﬂﬁkﬁ&sd&}fwﬂ& bi thk pebitshgas rochai ns,

t hose of fucosyl biantennary type and fuc {riantenna may b| nd
to the sol &l B GG nbRATFFPALET inthg %“L’é’l‘rﬁ‘%ﬂf’lﬁﬁtﬁ’@ acﬁ??ﬂl"?ﬁﬁy%m{‘ﬁ@b% is, for

eéagION e, hlagelgblh@nfﬁggﬂ@thfbh&t)ﬁﬁtﬁﬂhb)éc@\ﬁ{.l&; t@%ﬁﬁﬁmﬁgamﬂf@c{qﬂexﬁzé ef 1B abldy 90: 10 tf)
7 The ratio _of t aLns can be asured on i mensi ona
sUgar chat RREE doSHIBERER D BOb oM Bt CERBo ReRttar WEHBETo8l | 23,

Met hods of Researches on d ycoprotein Sugar Chains, Japan Sci entlfl C

Soci eties Press (1990), and the liKke. ) urt hernore, when a sugar conposition
of the sol uble thronmbonodulin of this™“enbodi nent is exam ned, neutral
sacchari des, am nosaccharides, and sialic acid is detected, of which
content may be, each independently for exanple, 1 to 30% preferably 2 to
20% nore preferably 5 to 10%in terns of weight rati o based on a protein
content. The sugar contents can be neasured by the nmethods described in
Lecture of New Biochem cal Experinents, Vol. 3, Sugar |, G ycoprotein (Book




As a signal sequence that can be used for expression where the soluble

t hrombonodul in i s obtai ned by gene nani pul ati on, a nucl eoti de sequence
encodi ng the am no acid sequence of the positions 1 to 18 in SEQID NO 9,
and a nucl eoti de sequence encoded by a nucl eoti de sequence encodi ng the
am no acid sequence of the positions 1 to 16 in SEQ ID NO 9 can be used,
and ot her known signal sequences such as the signal sequence of human

ti ssue plasm nogen activator can al so be used (International Publication
W88/ 9811). [0060] When a DNA sequence encodi ng sol ubl e

t hronbonodul in i,s introduced into a ho C e i ably used a
net hod of Eﬁ%3?8§t%?WW5mVﬁlnﬂﬁﬂmgequg %‘Imgﬁggougmﬂngwd%(ﬁu{ﬁ%onbonndulln
i nt o a vecttbe thromlsoanopitlef :&:rtlathleg/asethe ekpe e@sblothrmelmmmdumm &ite apano fpéd expr essed
in animal cells d then i uc vect.ar, | cell. The
term” expres?ﬁgﬁ”ggéﬁg?lmml' %Q bﬁ%%lbleculénbgﬁ? %ﬁhgglﬁﬂigypronnter
sequence, anSeQdemmehﬁﬁmaaddmmgsanmn@néﬁwmomhmdﬂﬁgoﬁﬁUeSL@IHRNAJ a DNA
sequence engs gr%éigdeasugétf%& ? dek%oQ% E&%?tﬁo%so‘% 68k or %a%é)éﬁlﬁb 084 ?ésﬂi@r@é

t er mi nat or ‘'séquence ranscrip tiontermnation, a replication origin
sequence, dvceptdide detee of tBx anwprtios 1‘0ri0t aaypicetdy Fededi fmaﬂha%:@le polabdpr essi on

vector incl I bapRdl ]ﬁgg € Acad.
Sci. U S Atﬂggmgi§§%§&fgg%t%%gm§¥(%@%Sgﬁhhkqigmgegor?ﬂ g§ 0m&aﬁr:-bwley et
al . (Met hodéo@‘rhmmlyeprbm@yn a1 @ino 3@# seqieired raplydemolego@3PYo.or Fur t her,

there is algg.ARptNGLERLET H%Hoﬁ)gy S0 RRAL:, fu?th%ﬂéﬁw@ﬁ%]dn%wg%f ggduced into
an expressioh vector expressible in a m cr oor gani sm Exanpl es
of host ceWFh@haiﬁ@@ﬁl%@wm§§@RWhhﬁ@@ﬂﬁeﬁP%ﬁmdﬂﬂﬁﬁéﬁdﬁeﬁﬂﬁﬁeﬁmék nent i oned
above i ncl ygde BR} FBBY%GLLkSer. Such mut@@&@in@%m@geqhmo ARl eBleltstidancl ude

Chi nese hanster ovary (CHO cells, COS-7 cells, VERO (ATCC
CCL- 81) celdelstioppyaddision ef ong givppns ararlwyl r@eri'iw\? éﬂeﬁee’ekt(b@ homologatisst er

AV-12- 664 GglthSon n&E! W8 dostta iy, HekEmutatbaagdihd dcfneq@sad¥RheBe Of host

cel| derived from human include HeLa cells, W38 cells, hunPn 293 cells,

and PER C6 eéeryrpéodued by e ordinars senermngaation sgebnigugsy Ehsitbiileand preferr ed,

and anong tthl%m@k&&ﬁhlmsmt b el 9 QJnﬁEr?sorfﬁﬂﬂiﬁi B8 WM Gehtishant CHO cel I s
are nore preferred [ 00 gene nani pul ati on process or a

pepti de pr GEUERTEGH b?ﬁ%@@%dsﬁ?%W@éPaﬁﬁﬂéﬁﬁwgﬁ@ﬁt%gnmﬁ@éﬁgyﬁﬁﬁP coli are
al so of t en ruseE.C ¥y Mesibiy 8QERE asths WaRk ssliklatenbiodeRe h The eda8s i s
preferably used., and an appropgé %e vector system can al so be selected for
the af or eméRrEamRefuliperelzahly glso SttHE BHEBWABIATRY 88198 used in a genetic
reconblnatw@nglechnlque has been cl oned. Exanples of production of
thronbonDduIin uch a ne reco t qgue, havy en di scl osed,
and further, %aTBW %EFV*?Wﬁ@Pngﬁik@) dﬁ&??ﬁ BH%B?ﬁﬁﬁg “ourified
product t h@beactn BI56n HeSthikd e {ubapaiieie) IB&WEH’[IS biptxanbyved. TPshldocat i on
Nos. 64-6219,, 2-2 5-, 213998, 551 6; and J, Biol. Chem,
264: 10351- fﬁ@%?m(ggggﬁlwm?wgp @%E? g?ﬁ ﬁﬁf ﬁﬁ?}hﬁﬁﬁﬁodfqn used for

t hi s enbodiseRidhce@thehesipsadoeemhzhiy SERIINDANG:I3e met hods descri bed in the
aforerrentii‘{glbegllh reports, or by simlar nmethods. For exanple, Japanese
Pat ent Unexaftined Publication No. 64-6219 discloses the Escherichia calf
K12 strain DH5 (AT@%A@&&?&M Ghe Mbhﬁmﬂ%))mmnmaé nitnpgrticvplasmigdps\v2' PMI2

t hat contaizn This strain
re- deposrtgﬂ%gﬁ BQQJ?E l?gﬁaijfﬁmqm ?}&h %@gﬂgh%glgnd

Human- Techndbm@ygﬁeummenmhywbmdependenﬁ1A@mnmnsmdatwvmxbﬁ@@amQMmmn
Nat i onal | ce Ind st ry al n

Internatloﬁg%) 5@&&$§§2?§h? posm?diquTE%? %%ﬁg %gﬁgggﬁq%ﬁg¥pSV2TN®2)
( FERM BP—SEVﬁymahmmmmsdkb@du@h@ndﬁnemthmmhbanHMWanbfmuhwéP@nﬁoﬂ|nent can
be prepare e ec i A, encodi ng t he
fuII-Iengt%ytlﬂgﬁ%onD u cﬁu%g%%tgHb?%#ﬁgﬂ%H]2?#%#&eﬁ%%%%fﬁhQM% The

sol ubl e t hpanberodedisite thayeqbencp pihapesdidey 12 toclGh verieipositidrisyl Tknb®rin met hod or
a simlar For. qe noto et al.
(Japancee BE e R B e e O

descri bed istnudapahéseofPamend tUndiafPRdE NLiflor dhex okpriidpeeBpai3dgg can be
referred to. Specifically, for exanple, a DNA encoding the amno acid
sequence of SEQ ID NO 9 is prepared froma human-derived sol ubl e

t hr onbonodul i n gene by a gene mani pul &¢i on techni que, and may be further
nodi fied as required, For such nodification, in order to obtain a DNA
encodi ng the am no acid sequence of SEQ II) NO 11 (which specifically
consi sts of the nucl eotide sequence of SEQ ID NO 12), codons encoding the
amno acid at the position 473 in the am no acid sequence of SEQID NO 9
(in particular, the nucleotide at the position 1418) are mnutated by



For the culture of the aforenentioned transformant cell, a medi um used for
ordinary cell culture nmay be used, and it is preferable to culture the
transformant cell in various kinds of media in advance to choose an opti nal
medi um For exanple, a known nedi um such as MEM nedi um DVEM nedi um and
199 nmedi um may be used as a base nedium and a further inproved nediumor a
medi um added wi th suppl enents for various nedia nay be used. Exanpl es of
the culture nethod include serumculture, in which culture is perfornmed in
a medi um cont ai ni ng bl ood serum and serumfree culture, in which culture

i's performad;dicRcensfesh AHNHAGkhe SGRhANBLAS N A0Sk &I MastAls thoMge t he cul ture
method is not particularly | | mted, the serumfree culture is greferred

[ 0066] soluble \rapberagdyfifiaad & dedule compriTadh e FIRFRce Adhe BEEiPF 1Y e ser um

cul ture, bogp ﬂ%mnmﬂot Sof ¥y &fi8hs Bdino BXANRLES. Qifthbpc\/dxtﬂﬁs sefopnincl ude fetal
bovi ne seru nate bovi ne serum calf bovi n%ﬁ rn adg govi ne serum
and the i Q OhRy 16P* ¢ e eayRprEe saye 5t 589G Y A4t the serum
i's sui ]Eabl erhtfarls tibear ek elﬁbﬂdiﬂrt:’nem Woich D eepdiaE wﬁp‘lrse@ tmiﬁqmg&egei n t]tle
serumfree culture, ¢ rcia i can be, us erumfree
medi & sui t ABPHOFAP 1 Gioh the beafipie 1 I%Pﬁﬁf&g@%@&dﬂ?& S BYBNPIES for the CHO
ceII CD- Clidta Qe Sre el tWérbdf, AddhCitinb hiid EHﬁM&Iﬁ:éGfiﬂh@bﬁbﬁhMb it dn@gen, and 1S

CHO, 1S 01 re sol Vi Scientific. These
nmedi a may #g‘@e%@ %Qfﬁ})ﬂ’t ngoﬁvpotg?‘é"d ?n Se%‘mf Héy Al Lavmgg% i mproved or added
W th suppleMBmmam@mﬁnu@ﬁﬁmsExhﬁpbeﬁm@ﬂmkhausbEMmmbmm@uhEdﬂudaﬁurther
i ncl ude the EM medi U Qtalnlng 5 ng/L each of insulin, transferrin, and
sel eni ous &1 %@nd%%crl &d above, the mediumis not partlcularly linited
so far that the Il efmr@hlhab@eta@elde tloophaddaién 4lbebdstthomtbonrodul in of this
enbodi nent ., .The uIt harly limted, and any of
batch cul tﬁnrﬂeamnf ep Oin\;ig ‘@mhe B ’l%f hl%%b%m%ﬁbgt ch culture, perfusion
cul ture, af4tlhe Ilke may be used. r00671 When t he sol ubl e
t hr ombonodul i n i r t hod,
diversity may be&o g@?ﬁ/%%%dmmh Qﬁ?@{ (ge%’rlbs)ngﬁﬁ&sﬁ mg%?%g cm%ltqglu%kla sl
posttransla@ﬁanahwﬁnﬂt@p@aﬂm@h9bﬁﬁﬂhes%ﬁbﬁéKhOAﬁdﬁu@Mhﬁwﬂ@mﬂ@H@Janlno aci d
of the pos [ SINE.

N-t er ni nush&:‘ ﬂl&lil’z 13%1%11%&%0 )%E t}‘?a% ]lt Oc?ntgglgtﬂer!mm éh(gd %Xen}% rﬁS nucs ﬁ%ﬁoﬁg acid may
be nodifiedd B?dlBQ h’a$EQ He NgY tit Athie aréwsi aﬁld@@qqen@ 9 i nopigipnld  48kihanged to

pyr ogl ut amsgoapin: shiays o RLREREASThfdh SLhEndTh B G ths@fe the position 17
or 19 serves as the NFterm nus am no aci d, I's nore preferred that

t he ami no Heprbwfodulreagsgidies.i on 19 serves as the N—ternlnus am no acid.
Further, thgig is al so another enbodi ment in which the amno acid of the
position 17 serves as the N-termnus amno acid, which is a preferred
embodi ment . As flde apine agddpdicasstaf SRR TRINGS 7sprgepanid te e amikeacifent i oned

above, si %eqaénc@m ﬁﬁN@asxn%mrﬁem Lonednfil acking ueenuens g7t SEQ ID NO 11,
[00681 ther, when the sol uble thronborm uI in |se{p {)ared by

using a Dl\mphagﬁlvﬁ&?l‘%%e "Theerleble itrembereiatia &f (i capol Yversity of
the C-termypis,ank mm%hﬂSaﬁxncg%f&la%@gmmgmoauQggund&) ghorter by one
anmno acid residue may be produced. Specifically, the Gtermnus anmno acid
may be nodiop47 d so that the anmino acid of the position 515 serves as the

C-term nus am nQsacdcHned@idvd tet:Bioble tRSmPORIRNIRR: R4 Parkisuldy Baligds, Further, a
pepti de shorter by two am no acid residues, may, be ggroduced S&emﬂ caIIy,

the ani no BEGL Hiat pdeqsb Ererdnny %1‘Mbbﬁ%fylt‘s‘é{r"@"elj‘)é§1"tlh e4eriTtE ani no aci d.

Ther ef or e, N@WorOf oPERI AREuNAMNG §:lyGaicE u@aéar addl vREShd ypptiad he N-term nus
amino acid and C-termnus am.no aci or a ]%Jfg % thein Z‘ be produced.
It is prefGRFRE pve & frasihle HEomkoppds F“f“FPé“tt%m "PIEHCS P B e %G no aci d
of ]Ehe pg%iebt1&ﬂo51]aﬁs1$@El%%qt&ﬁcdt?%?o&ﬁbﬂﬂ TUS 480701 the ﬁﬁitﬁbnsaﬂﬁdllﬁb id s nore
preferre no Aaci t he position 516 .ser yes as t t erm nus
e et IRt RS 501} R BOpRoRPSBIABY A OEREEA et HERGRIER Ee. an no
aci d of thargpasinbéan eﬁ&ﬁtlseaﬂcesp@mdb benCisigrthe sdseraabitbe p@itthns Whi ch is a

preferred 8 odi cernin d| i cati iver nd the |ike
descri bed 6 %@fﬁﬁﬁ%j§§ﬂgm HﬁpPﬂdBBEVH? éﬁf%ﬁ@ﬁ%@W% [ E‘%%@%é%tide
sequence of SEQ IIl NO 12. [00691 The thronbonndulln obt ai ned by

t he net hod descri bed above may be a @ ture of. peptides having diversity
in the NNterm nus and. C-term nus am™o acids. Specific exanples includ.e a
m xture of peptides having the sequences of the positions 19 to 516,
positions 19 to 515, positions 19 to 514, positions 17 to 516, positions 17
to 515, and positions 17 to 514 in SEQ ID NO 9. [00701

H ghl y-purified soluble thronbonmodulin in which contam nation of FICP is
reduced is provided by the present invention. Exanples of the



[ 0071] The content of HOP is not particularly limted so far that
the soluble thrombonodulin is in a state that it does not substantially
contain HOP. The content is preferably a ratio of HCP being | ess than 10
ng, nore preferably less than 8 lig, still nore preferably I ess than 7 ng,
further nore preferably less than 6 ng, nost preferably I ess than 5 ng per
10, 000 U of soluble thronbonodulin. The highly-purified soluble

t hronbonodul in of this enbodiment is produced in a transformant cell
obtained by transfecting a host cell with a DNA containing a nucl eotide

sequence erRgadi e, aH daplk)ﬁsﬁl%aﬁsmsgwyhhfamﬁte@ubﬁm bSthe MRgbdetag.t hat even
the product is purified y as possible, there still actually |s a

possi bi | i t PedtoredAtatiorsthaansigensi@me f i SHRIPNA i tand hgviphet lpaske.

content of ttmlmoh@maﬁma%swmcﬁlgsampuiﬁ& %{e@gwfe&\rbdexarrpl e of mni me
content of HOP includes ati g of 001 ng of HCP per 10,000
U of soluble thr%hﬁ%ﬁ%ﬁﬁ@ﬂﬁtﬁWG@gg'f“m“m”mﬁ“hTﬁﬁohﬁﬂ?%ﬁﬂ “of mouse 1gGis
not parti cahf@rdnyathiyiedicad so far that the soluble thrombonmodulinis in a
state that[%%' oes not substantially contain nouse 1gG A ratio of |ess
than 10 ng nouse 1gGis preferred, aratio of less than 2 ng is nore
preferred, f andI tﬂgfaﬂoﬁiﬁi Qe;:g[ﬁu}blgﬁlfﬁefeha&l eRb&linght] Be SdluB1E thBf®pERLEer r eg per
10,000 U o 0 e thr onodu ' t 0 ovi ne
ser um pr o GG S SR, PTG S o o B negten R AR PResd BT
thrOﬁbOﬁDthﬁmmhsdhﬁe&nﬁmﬁhQMBhﬁE1%tmﬂﬂﬁﬂmﬂﬁ%mﬁ@b§ﬁﬁﬁhh&t&mm@&ﬁhain bovi ne

serum proteins.. A ratio..of % Vi Ng, serumproteins is
preferred, amﬂPé?Wﬁe%?nF”gglﬁﬁﬁﬁ lﬁg 0pP H@%@H }§$é$r o Ry gératlo of |less
than 0.6 ngmﬁmnﬁbfﬂ%pﬂﬁﬁ@mﬂﬂ@f@%medSEQﬂD}E)@G&WweamnﬁﬂhgbkenﬁhkmﬁbOﬁDdu||n
Concentrati eo%nc%fthetlgo %efapgh g%lhas 13 t TO oer];ag in aélvr{&asur ed by ELISA and the
neasurenenf‘% rrlnglﬁ Yeni cal Experi nent al

Met hods, VﬁMﬂﬁll Enzyne Innunoassay, Tokyo Kagaku Ebjin (1992) and the

| i ke. [0074] ] hro bl e Lyhr onborodul i n
based on the totrlaeaf)r}l% 'r’Le(“lld(r)fo’seq":ier]ll1C gﬁqw‘?/qé@% S%’Xndlg tdﬁr onbonodul i n
of this enb@mmmenfSEQﬁ@b%hﬁnawﬁmeémeﬂemaﬁhwmﬂgﬂﬁbﬁwhﬁghé?3mnDre preferably
99. 5% or hi, er 9. 1%.0 ferably

09" % or i anart yEhsla; THY uRleShEbAB o oL bbb IR el RBkedih? P oy used
i n the HPLO®mmErhibd amanmtd skqurntead the@ofitionst 1940 b PuiniSER IHFN@HE. sol ubl e

t hrombormodyskf) can be nmeasured. Exanples include gel filtration liquid
chronatograpﬁy, i on exchange |iquid chromat ography, reverse phase liquid
chr omat ogr aphy, “avdstribed dlioke thegethblydhrofribbimpditlingnndt ipepticulladii Howtad ergr aphy i s
preferred. c\en &%Ltaids'atpreﬁ& hd nggwe%t@m b QK Qatanym,g B tu§95émoﬁlbe colurm to
be used may be chosen ing O ecul ar wel ght the sol ubl e

t hr onbonod i P0r1535}¥n31é§2é?r}1)‘; Ca9jonEl, mhomoﬂﬁpuseﬂaﬁﬁﬁpreseqa@%%mtf@f eﬁd devel opnent
by using ahmﬁh@sﬁsﬁthg "t}lfnoﬁﬁmr%duﬁﬁa%w‘?’mqyM&ey%d-l-&%gﬁ'es 3000 SWKL (TOSCH,
Japan). The test nmay be performed according o the description in Japanese
Phar mac opo®iriide pareryisinache smiae egf sqshiyncepf (e Bositie 78 to 516, 19 to 515 19 ke

hi ghl y- pur {4 @ﬂt&@bwtmdﬁepmrﬁwwsmmth@& ﬁnmcye e com ggrmonent s
originated fromthe host I's preferably at a ratio of |ess t an ng, nore
pr ef er abl yhtredegophantagion sqggence therqof gstlevipeat Epgiihbythraslymepgin 0. 02 ng per

10, 000 U ofctsatedbing atpap eﬂgﬂyhgﬂmaﬁﬂgqnﬁ;@&wQMAsu@%mma@nﬁ@abszneasured
by using Threshold System | ecul ar Devi ces . 10076

A
form of thé&® Wisghl y-tpots Fi’@cﬁiédlmbl’%’ PhtgRBERIRNG 1 Y ?ﬁﬁ@“éﬁidbléil ment is

not parti C}ahle@lizkb{ |Ilnf£ld&1@i6n SOnifkBfve tRALT & BRo 6 PRIEMY REmFIEP hsradsthin a ratio
of |l ess than per 10 000 U.of soluble thronmbonmodulin, and. it can

exist i.n %#-Péheﬁ @reﬁ?]aﬁfd eaphe PGP BT ek ASRIAT COmPRE NS FRSATERC BIEPEIRET y exi st s

in the formipfpiteat Wicons, HREEB, iStodl1sa7anetder to&ﬁbQﬂHm’ﬁltﬂnﬂSE\Ql ch the
Wnchlsa preferr enbodi nent. As

product ex] i.n t e for powde
for a. conﬁiﬁﬁr&r% PP g %lbrwfaafw% éd?lﬁ*t%ﬂwwa{fs&Bbaplq?ﬁifﬁdt is
pr ef er abl yexbﬁfﬂlmgﬁ{ﬂth@,ra }b@ﬂ@é’ comPBERe Rhehebgik yubliongédikn@rhdretf@hd Stil |

P e A B e

hi gher, st|II nore preferably O ng/nmL or higher, further nore preferably 8
ng/ mL or hi gher, nost preferably 10 mL or higher. Further, when the
product exists in the formof a powdet, a preferred exanple includes the
formof a |yophilized powder. Such |yophilized product can be obtained by
referring to the nethod described in WO03/001687. [00771 The

hi ghl y-purified sol ubl e thronbonodulin of this enbodi nent can be obtai ned
so as not to substantially contain endotoxins. The endot oxin content nmay
preferably be less than 1 endotoxin unit (EU), nore preferably |less than




[ 0078] The hi ghly-purified soluble thronbonodulin of this

enbodi nent in which contam nation of HCP is reduced can be obtai ned by
bringing a solution containing soluble thrombonodulin into contact with
nyl on and/ or polyethersulfone. It is preferable to use nylon. There is al so
anot her enbodi ment in which it is preferable to use pol yethersulfone.

[ 00791 Exanpl es of nylon with which a solution containing the

sol ubl e thronbonodul i n of this enbodiment is brought into contact include,
for exanple, polyam des containing an aliphatic structure such as Nylon 6,
Nyl on 66, Nyl on %8s pf@ﬂgeMa@&e%Ihb%ﬁn@mb&ﬂﬁuﬁxygﬁo Rfs thylgp is not limted so
far that the nylon can adsorb RCP. Nyl o i.s preferred. Nylon is

avai l abl e asﬂmﬁmﬂm%m@mﬂﬂe M nisart NY sold by Sartorius. The form of nylon
is not partjpgylarly limted so far that the nylon is in such a formthat a
sol ution can be contacted, such as those of nenbrane, nonwoven fabric, and
beads. The nyl onApetide reremhamaaspereantrfion waumet MebieseahPANE and used as a
filtration qEehr&@hte hdvind HhnRFRQRALIEAIY sefuh Ssdthai®bahepidettha filtration
menbrane is not I'imted so far that the diameter allows HCP to ass through
the menbr amey ipgpdearbapiiition, dylagionon 4Bty ML opt BreraBrpel. ope Po™EgI  nore
preferabl y ;QuOdretefaifl 26er8Mor TRGnpld/ Ohdi2® pREeriie 1 SOlbRHradabigin, By t he

sol ubl e thronmbonpdulin to be caontacted th nylqn can be, easily determ ned

by bringi ng ot ii&ftablr! o iFbaige e TRt PROHIER eidhwediense SHEf P 8fount of
nyl on bef opghard A@c@MAM dat® of AetadePsmeEuiingadbihiddsotthenaahe [ 0080]

The highly-purjfied sol uble thronbono n. of i nt can. be
pr epar ed wpﬁﬂldéé‘ﬁ?ﬁﬁeﬁ]i“ﬁﬁl ?Iﬂ‘ﬁlflﬂ? ﬁ‘é‘vﬁ@dﬁg‘ﬁﬁ’??ﬁfncﬁ“ﬁ f?l‘eexgﬁ}giﬁt BR8HaI ned by
bringi ng a58%|0U1§)1|gEer]lﬂiéi@fﬂb@'rﬂadﬂ:ﬂoggﬂch?O%toahighﬁngl@|puif¢1ﬁbiydh®1ﬂd’)lagymfB(Q}%)HOD into

contact with n r of |l ess than ng o 10, 000 U of
sol ubl e tthﬂ%%ﬁﬂﬁﬂk?ﬁwe Bwaﬂgﬁﬂ@ﬂg9§%f¢ﬁ%ﬁ?@%gh%gﬁ%' ﬂﬂﬁg or hi gher
per 10, 000 hbin@bgysod baeh behighus, ot amsiditbkraplydohbket ¢fOA%oE hfghgfﬂayedpmramf i ed

sol ubl e throxnbogndulln can be termnated, or after the used nylon is
changed t o*FPESHAVIEA® t he col | ection of highly-purified soluble

t hr ombonodildoszl nay be restarted. As for exanples of the relation between
formof fi1tratiionEhsneRors i e RS iS00 * e area
of the rrenhrmmdgehm@qﬁ@mmﬁm i3 g 10F lar(z,!cﬁmamﬁeaabtcyldﬁe ropticenal | er, nore
Dot ol yedtiiste R gediite Ssna 1y ABFERLELEE ARl ded) chaludpule Sma})' er, and
or |larger, ccsxtpzisingrtlm@qmleé drSéJlQ p I@OUHZ&Qalmmo hrad ga@rdueq)éﬁscmberdgn of HOD It is
TPor L ant 854 21118, i, [ATRANR.ANERASRENCI g on the amunt of Hcp
sol ution casdi ni ng the sol ubl e thronbonodul .in of this enbodinent is
brought into cont XARbRed Meitgart i H gh- Fl ow sol d
by Sartori us. TH@Q%%?%$gﬁgpéiye eggﬁ %%%gﬁls no&epartlcufa$ﬁy limted so
far that ipeptidehivinssaidénsathf erawenrdaaf tha pevliunsild e tEnn BEQIBAYGIdRE, orsuch as
those of Bl Geof, AN tIREAARo 2 7P s&&@my& ARBnd S
preferably g%ﬁ%QQHSBBQMﬁﬁggggﬁPo%'ﬁﬁn@rane and. ugé as a E ltration

menbr ane. 1thtot2# & S BN, Llaoyyokencdivarateption seatacs ?hle%er)féﬁilfb*?ﬁhrrenbr ane
'nefmpg;e' '@O&ﬁgglg&n{mmm%&m&u?IPQLtadmoSvghecgéeérogkglﬁ ;&J%ffo@gml}&s n,]txh:rglrlgh the

pr ef er abl ypaptiddcompriging@t lypst tithamipe Peifraeaptnce Righe BrsifiqmeA? KolfP & AERg t he

sol ubl e thﬂﬁﬂéomdﬂt,bﬁiégdbﬁld%a@é&%p%ﬁlgdpﬁhmnmﬁﬁyhf@&au&a@o{be easily
determ ned by bringing a part the solution into contact wth a snal
amount of iePydiimers i «f@a@%@f@ﬂ%éﬁ% 1} b5 erapiriredt dorerivsfovi ng ability

thereof. [QQ82les of the eptlde Iﬁl@plnhﬂmLYeaE)Mhé 8 280 btk Be etohﬂ@rﬁbg@mqb' n of this
enbodi ment can be collected with confirmng that the HOP content in the

sol ution oBtas HEEDIP HPr hgi Hgrdudeat eBiide LRPEFES Ry PheEbaaiss g sol uti on
cont ai ni NG LEIER:didM: 99 6Ofant 1o Wi §, ho oS et herssell 1 ansis, s 17&0@14@3@ of less

t han 10 n%‘per 10, 000 U of sol ubl e thronbonﬁdulln g en the HCP content
becomes 100HNQ: b i gHewe P erp=poplet Aot eI e b P& OO RBERBHUl i n, col | ecti on
of highly-purified soluble thronbonodulin can be term nated, or after the
used pol yethersul fone is changed to fresh pol yethersul fbne, the collection
of highly-purified soluble t hr ombor no®@ ul i n may be restarted. As for
exanpl es of the relation between the anmount of HOP and the area of

pol yet her sul fone, exanples where a pol yethersulfone is in the form of
filtration menbrane for exanple include an upper limt of the area of the
menbrane being 50 n2 or smaller, preferably 5 n2 or smaller, nore
preferably 0.5 n2 or smaller, still nore preferably 0.1 n2 or smaller, and



(b) the step of filtering the production. solution to obtain a filtered
production solution, (c) the step of applying the filtered production
solution to anion exchange colum chronat ography to obtain a roughly
purified solution, (d) the step of applying the roughly purified solution
to affinity colum chromat ography using a colum carrying

anti -t hronbonodul i n nonocl onal antibody to obtain a purified solution 1,

(e) the step of applying the purified solution 1 to cation exchange col um
chromat ography to obtain a purified solution 2, (0 the step of applying the

concentrat %&n@%ﬁgehggm%laah' estee 0Pt §bsifiduls tlb%s,elenmelsmgfe&glqnw ogr aphy,

and concentra the eluate 1o obtain a purified solution 3, and (g) the
step of fi lteBl6 h’gt0t5ﬂé opdf toffilédbrsethef SBR 1B N)@SL A2ad ¥}-r us-renovi ng nenbr ane
and a sterigg@qfiltration menbrane. 100841 In the aforenentioned
production process, the step of bringing a solution containing soluble

t hr onbonodul i n i Htthe exsnelzbe aweﬂﬁnfrﬁﬂﬂgﬁmgﬁﬁ/@ﬁnﬁﬁP%@t’“’rﬁ‘éf%H‘WF’éﬂ%‘%y be

i ncl uded i Ry AR RN Phsitdhn 1H7WRA 95W6%£feta§@@10§itﬁ9§os€tmq 10%0(cEdhofl t 1S
preferred that the process includes a or nore of the steps

(d) to (g) 5 h@rl%@t%ﬁ%lé%SfﬁOt%ﬁWyWé%ﬁ\?@5%@#‘&%3{315’.%6@1&%}%y pref er abl e

to performthe sg@pmefihdihixngimeo (Sff&%)cﬁ(ﬂietth!t&&mm&@s £ant p&ltionist ) anyl on and/ or
pol yet hersul fone after the final teﬁ)of t he gguctlon process, i.e., the

step (g). Pevtidethasigpingtes gt theqiogifipn 1P, Ry @EEs {Pabiraels ébHam nati on of

bovi ne ser walwrmlelfmacmafbﬁze TDONGS: pred er a6k &bl tre1oudotownacod: t he
transformant cell the ste g & hbéferf rned as serumfree culture.
1f)0851 U700 % 10408 ﬁ G %8pr ocess of the highly-purified
sol ubl e t hr onrbormguhiking eftictontis pepidRe caEntdetetmitld 81 ac odirang madhbdan of HCP i s
reduced alf% @nclude the foll ow ng production process: A production process
conprising{{ﬁ steps of (a) to (g), and the step of bringing a solution
cont ai ni ng soIubﬂes&heﬂnhmﬂﬁdoﬁhhmlbmduud@SEQdDIWDuhmnmm@mhamdkor

polyethersulfone n ransfor and

col I ecti ng®@UFtG P%th%g%]mt&%s@gi%%&n%gﬁ’ﬁ?ts? Ast the Spenp g n}éetpé)f)ltlg filtering
t he product$ amssat SﬂEQd)]hI\]t(boed&t@pcmdatéﬂthcemadupftmduomtucma 1s$al 480ion, (c) the

step of ap§£§§ﬂqﬂ5§e filtered production solution to anion exchange col um

chr omat ogr btain a roughly purified solution 1
loose]

Further, the sequence of the positions 19 to 132 in SEQ ID NO: 3 corresponds
to the sequence of the positions 367 to 480 in SEQ 1) NO: 11, and the sequence of the
positions 19 to 480 in SEQ ID NO! 7 corresponds to the sequence of the positions 19 to
480 in SEQ ID NO: 11.

Furthermore, all the sequences of the positions 1 to 18 in SEQ ID NOS: 1, 3, 5,
7, 9 and 11 are identical sequences,

10067

These soluble thrombomodulin can be obtained, for example, from a
transformant cell prepared by transfecting a host cell with a DNA encoding any of
those peptides (specifically, a nucleotide sequence having the nucleotide sequence of the
positions 1 to 732 in SEQ 1D NO: 10 and the nucleotide sequence of the positions 55 to
396 in SEQ ID NO: 2, a nucleotide sequence having the nucleotide sequence of the
positions 1 to 782 in SEQ ID NO: 10 and the nucleotide sequence of the positions 55 to
396 in SEQ 1D NO: 4, a nucleotide sequence of SEQ ID NO: 6, 8, 10 or 12) using a
vector, as described later.

[0058]

23



(d) the step of applying the roughly purified solution to hydrophobic

col um chromat ography to obtain a roughly purified solution 2, (e) the
step of applying the roughly purified solution 2 to affinity colum

chromat ography using a column carrying anti-thronbonodul in nonocl onal
antibody to obtain a purified solution 1, (0 the step of applying the
concentrated purified solution 1 to gel filtration columm chromatography to
obtain a purified solution 2, and (g) the step of filtering the purified

solution 2 with a sterile filtration enbrane. [0086] In the
af orenmenti oned p : t . n
cont ai ni ng sol ub%tqgé%qftriéée @g%%gﬁﬁ%yf %%gmi{bﬁgyé)gghe%% &g&{;ggﬁi azﬁgélj‘%drlg

pol yet her subfusness r’rﬁ’ySUBel {haig| rerydy oF manngt heraddedf agsk the peptiges svemet of t he steps
(b) to (9) pal tﬁcui Ely@ﬁxﬁt o8 'Lsefeéph@ot ﬁ%ﬁ@hqg obi® hiEh s, P @Ycope of or
two or nore of e steps (e) (g). I'n ordér to efficiently remove HOP, it
may be prefsegﬂabh@n,tmmb@? ’fOO’Thﬁ}W}‘élgéltfépmdﬁi adsteflrigil deprehd 2adGtion MBRVaHit o cont act
Wi th nylon d@ﬂ%& 09@1 dt%chﬁ"’tl%clﬂot&@ﬁ il £da thiearb hBAlarL@RIyUmitdae PEoduct i on
process, i.e., g{g Further, in order to conpletely obviate
cont ani nat |b6’f‘ih‘t$fpob‘§iw u W’rﬁ*‘é{“é’in%he iype therepfyra deseidpedin dpapesst t he

cul ture of phh&t ThaRSHEQITRDLcAGEH No.l10-34 fE0Sir@Rn (1R)cadef BRIthRMIBAASinser um f ree
culture. [0087] The hi ghl y- purlfled sol ubl e thronmbonodulin of this

embodi nent °E&¢F %’é’oﬁﬁ“@ﬁhf"é‘alaﬁﬂgﬁl HEHFIRaY B Gldedde SHET BEBBdNT SRt in the

sol ution obRk BEedtibyeddtbehags, alm'a@bﬂf@do@lmﬁlmgmﬂwdmmf@acm ai ni ng sol ution
contai ning HOP i nto cont act vmth ]6?1%“’3 thers fone [s in a

rati o of | &&¥ETHRY Woe MY E}dti@e iscf‘m% Bb AR and when
t he HCP con&tmelbm@msxa;ﬂpiagooro td (&T@Eﬁzcﬁb@&blﬁlﬁb @%OMOQﬁOfé plasdabisy

t hr onbonod pr.epar.atjon of hi rified sol t hr omhonodul i n
my e or e A0 PHERSLSS Ao Sieal P R i B by A Re | <
changed to sﬁgaesmmmy;lap AesafEldas Bpohenatd) BksdHniang Mdhds, ok paMdthala odf

hi ghl y-purified. sol ubl e thropbo u, may, be resta scr.i bed
Rbove, | he TBHGHIE TR SPIOLEE S Cras g SR B CHe e R rbonodul i n
of this en‘ﬂmdild&entrultmlmbue,omgh@rm@zmcnapcbsﬁn;n@ftﬂelcéﬁums tlltlﬁﬂibmmﬂuhﬁ ofiot

parti cul arI ted so far that the ess .CO of bri ngi ng
a sol ution %‘6 g‘%dﬁ?eﬁ’ém e&f"ﬂg‘l‘% nteFi'i’[?)lr'f%‘c‘)‘3 Ut aﬁnmosngﬁl netsaaélt aff A“41 on and/ or
pol yet her Sdbtfa@élEpf\@Jﬁldi&dﬁl%nﬁﬂﬂfﬁ&]badh&ﬁ@lﬁ&ﬁenmﬁr e:aaimp@,@to 38Es than 10 ng per
1.0,000 U of .sal.u &, Rec Qurj fication step
may be perf”bffﬁ%’dyg Dlj]tn}?epslgpla% gﬁtBrl nni”her fwel%ﬁ t|¥°obr51]'ge| Nt o contact with
nyl on and/ protqombqneetnlﬂer’lﬁmIsfxg;ameqmandcaa:sbeamaasud by thiemeitl®ds ddfstiilgident t hat
hlghlypurfled | thr in : - t gina
ratio of | &é%cguﬁeﬁaﬁevigwehml?a %“menLS OIO%§ I?(nl ggﬁgg%%igr(ﬁot%ﬁrl ) rrgl ﬁodul in can
be obt ai neffagaku Dojin (]ﬂﬂdnwit%s&mﬁhanid@s phniof-sudfatic esid siedpdt hat may be
perfornmed aft L | | UL | RO GORE AGthoM th nylon
and/ or pol gmfnﬁgearcéh[}f ’ngsngpsf’%f\ﬁo élrhgetﬂg%é&%lc%@r#%lro?nﬂﬁgl c%ourm chrge#at ogr aphy
such as an 0@h9]exchange col um chromat ography, affinity colum

chr omat ogr aphy, ti I 8 9%2;91 [ 3RAY (h96) bfl ltration

col utm chr omat og}g%p 2 &ﬁg&;ﬁ@% &%%FEO co %r omat ogra /. menbrane
filtrati ont}suchma@uhrewbb@n@dbma@@m@wam?cdwn a/lllrﬂii@tl@%ﬁ%%ﬂﬁ‘gemﬁhw Beerile
filtrati on, QM 1@1{1%9{{%@1}133%; *hggt 'f?iflont%WQO 9% 11W@Ilpfq0t§]%§§atn[lﬂ§rﬁﬂgm s. A step of
perform ng cation exchange columm chronat ography, gel filtration colum

chr omat ogr egghsace merindsne reolaetdetspareperencadinase F@W@Plﬁ@oqu@wﬁ the filtration,
or a conbi M¥L10991 @J 16t1Y1\@LQrIDr§@(|je‘) &Qf vt n&%eax{dro%rfﬁml§méf§al Rgabees&dn It may be
preferabl e to perform cation exchange col um chr omat ograpc)lh gel filtration
col um chr &g é}@n%lﬁﬁywnwﬁbwaﬁeﬂ%sémléﬁwa@ein@ﬁ*mwrca%a%%w%g and sterile
filtrationggflelioci®ubitaRoPivoREbaghNg the solution into contact with nylon
and/ or pol %/et hersul fone. As a nore preferred exanple, the purification step
conpri si ng 0geti on exchange col um chromat ography, gel filtration colum

chromat ogr aphy, yRARINANE&AREE @ﬁdb@ﬁﬂg QNublY bbb duQAANL RGntrdebdShRla | €
filtration may be perforned by perform ng cation exchange col um

chr onat ogr &gshselL H’@H*ti? awéﬂ%l&ﬁe*@ﬁtarrﬁttwr?f Ht;";%qvowafﬂrlﬁ FhetHhsedBIgtm

chromat ogr aphy, nenbrane concentration, virus renmoving, and sterile
filtration in this order, after the step of bringing the solution into
contact with nylon and/or polyet her su¥% one. Exanpl es of the material used
for the cation exchange col um chromatography include SP Sepharose Fast

Fl ow, DEAE Sepharose Fast Flow, Capto 8, Capto Di; AE (CGE Healthcare), S
Hyper Cel (Pall), and TOYOPEARL G gaCap 8-650 (TOS010, and SP Sepharose Fast
Flow is preferred. Exanples of the concentration nenbrane include M CROZA
UF (Main Kasei Chemicals), Kvick Flow 10KD (GE Heal thcare), and Pellicon 2



As descri bed above, the highly-purified soluble thronbonodulin of this
enbodi nent obtai ned by bringing a solution containing soluble

t hronbonodul in into contact with nylon and/ or pol yethersul fone contains HCP
being in aratio of less than 10 ng of HCP per 10,000 U of soluble

t hr onbonodul i n. [ 0089] One U of the soluble thronbonodulin of this
enbodi nent is defined as an anount that can generate 0.1 p.nol of
ptitroaniline per 1 mnute in the APC assay using activation of Protein C
as an index, and can be neasured by the nethod conprising the foll ow ng

steps acco r&kd&ﬂlgts{?m_iﬂ'a ehIBLORh AR SRE !1 b&@orj Iﬂorgip@f&gélf &b & rez@ion @&for? 6 (2002):
(a) the step of addi ng human thronbin to a test solution containing soluble

t hr omboroduhilirfan Bhekpygspadiin grintebeeip.apd tlen infreducing ghegredpr igte thelBeshethuman

Protein C 1aRdeWetfBGioh REtHR ¥leh:S DNA Gibleb 1€ conb@id iR iby AGbhter )
heparin-antithronbin I'll, and warm ng the m xture t he step of adding

a synt het i CCEI§BSy § sparense S3ddipny Fiberie Prenaste W@N%%%aewcﬁi ng the
mxture, (@BodiRQ p3bteR t0he AQYHRA, AGALINE s@BAI: {OmingiolbN@LRe e Substrate
cl eaving reaction, (0 the step of neasuring absorbance 405 nm and (Qg)
Che st ep o HSTEPHR HPRLGEL (VDL o FHE SETa 854 R GkbordatPFRSCont ol ni ng
test sol ut ip@feirdl BHEACHIARGRes WOk hectd Ench@k bOVE-RGeRGWabY RIT. Muliguaki an 1]
ret iy (Gt Smgsetd Blenh) LR Seial o) S B (T ot
(water) M Hdlgret ab@dtpdds aNESeeHdde] 10N 380fAdpddnkit PRas (1bsaNe: FOtkerX 10°8 WLM
Vol B N LTS O SREFLEOTELEY (B S R o gorpl e o o
p- ni t r oani lekmessicalveasaaphysise in aaicadrdhiiei n C generated by 1 U of
thronbonndq&%gf 0.1 (phial/mnute/0 [00901
Examples of host cell that can be used in production of such peptides as
mentioned above include animal cells.
Examples of the animal cells include Chinese hamster ovary (CHO) cells,
COS-1 ecells, COS-7 cells, VERO (ATCC CCL-81) cells, BHK cells, canine kidney-
derived MDCK cells, hamster AV-12-664 cells, NSO cells, and the like, In addition,
examples of host cell derived from human include HeLa cells, WI38 cells, human 293
cells, and PER.C6 cells. Of these cells, CHO cells are very common and preferred, and
among the CHO cells, dihydrofolate reductase (DHFR)-deficient CHO cells are more
preferred.
[oos2]
In a gene manipulation process or a peptide production process,
microorganisms such as Hscherichia coli are also often used. A host-vector system
suitable for each process is preferably used, and an appropriate vector system can also
be selected for the aforementioned host cells, A thrombomodulin pene used ina
genefic recombination technigue has been cloned.  HExamples of production of
thrombomodulin by such a gene recombination technigque have been disclosed, and
further, methods for purifying thrombomodulin to obtain a purified product thereof are
also known (Japanese Patent Unexamined Publication Nos. 64-6219, 2-255699, b~
213998, 5310787, 7-155176; and J. Biol. Cherm., 264:10351-103563 (1989)). Therefore,
the soluble thrombomodulin used for this embodiment can be produced by using the

methods described in the aforementioned reports, or by similar methods. For example,
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The highly-purified soluble thronmbonodulin of this enbodi nent has the
activity of, for exanple, 3,000 U, preferably 4,000 to 9,000 U, nore
preferably 5,000 to 8 000 U, still nore preferably 6,000 to 7,000 U, per 1
ng of the protein. Concentration of the protein can be neasured in
accordance with a known nethod for measuring protein concentration by using
bovi ne serum al bum n as a standard sanple. Exanples of the nethod include,
for exanple, Lowy nethod, Bradford nmethod, BCA nethod, and the like.

[ 0091] The RCP content of the highly-purified soluble

thrombonod %WCQJPattmt%n%mﬂézd;@giﬁmurﬂ%@é&@@ aR¥o&s TR AREL£OAREARI N at

| east the follow ng steps: e step of preparing host cell-originated
proteins frigmiren R @TEGHerassieaNe. 68813Atmerdnipy 2 elemnidin®y2EMY2 8at um f r ee

cul ture of c_antafnégﬁm»{m%%% k) OB AL BEGnDdat RS FigGidh Rt R-dBRakelsl | W th a

{
DNA contai ning a nucl eotide sequence encoding sol ubl e thronmbonodulin, or
the host céhtformgdatiopd Ingtisyte of BigesidnpqanddliumprngPrehnolgs feuertly. or i gi nat ed

prot ei n ant,Bodyaeht AMiaRELEE ILARLANIB D Yn B8RS AR hNG: Budb@hi t Wi th the
host cell-originated proteins obtained in (a) nenti o% above, the step of

const r uct i rgieacered denbartest I4sraationr lipriCarag Peresaryiésdedniotoladsor bi ng
the anti - hasiseRlorvob) @ERRE 1885 PPLG ko AR bibdd O dYheORtRILIREIIIRA of Bis Ment | oned
above to a solid phase, (c2- 1% the step of bringi nq a sol ubl

dap , !
t hr onbonmod GPPALBERAR he Hgreed Y 3P E5Re %’%‘B‘é@?@ﬂm TrPE “é’(‘iﬁflz]rﬁ%at ed with
the host cehbmufkitgd Ma1eGuPhedeioRsdll 2 1Gotiaghaikh the solid ph.ase to
whi ch the 3nti -host cell-originated protein antibody is adsorbed, (c3) the
step of ad ?%@3 a biotinylated anti-host cell-originated protein antibody to
the solid phase, Thd@hhletthemdbaphuh ragde pEpared Of debGBntdhaBykowiy | at ed
peroxi dase to the soljd phase, (c5).the step of adding,an enzyme substrate
sol ution tdnezﬁ‘cld(%/aé‘érf%‘? “Hg\@ c}‘p?hé’fﬁ'%pleaﬂlfa‘(rﬁ’g?ntfoﬁ‘é‘ﬂé“ft d%‘&a?%’tn °nating the
col or develeopin@aanand @A Sk xaagn@BEONBARE &lo. €4)21Phe thd eghef deamasdr i ng
concentration of the host cell-originated ins.in.the soluble
©hr omborpad Terassie R npereee SobHeRah e s R EAT PPN ant nat ed wi th
t he host c&pbeifailgfonatmch1@mnaided fikoding thh emafocicdnenicnend SEGERANG:Gient system

and determnin ether the copcentration of .the host cell-orjaginated

ot el ne. | REHEISSTUbRE B LHER Pty pese s uBr e W thin a
range t hat tehaigh€andguanbié furibat metifiaf astripinpd otier mehinmdtfiretiaf oreedent i oned
measur enent, ste whi ch range. is..confir ; : perform ng
measur enent™ (ﬂﬁé?lﬁérﬁg%%cﬁ 1?%@60?’1%%&5“1??8 e gngrﬁ)gf(ﬁg? g%x%\r/ot eins of a
known concepdcifatliyonndists tftbe afcbptdenrtianed SBEHEUNGnEh todystending {he- 1) t he

step of determ ni.ng..the concentration of.the hosSta ré gi nated proteins
T The sol dile TS AsdReRi T R A R SRS P RO A BT G, B P
cont ami nat edrtishlzh thdrewchoisde at ghd positipgil4iat od nprtabébngteatretiead concentrati on of

the host ?%Méa hd ia@%%ﬁ? portg%]%ie{fm%d idéhc{ﬂ%% iR %H{?FQ& EW‘%’&%&OMF{)O?&%CGW ration
is determ ne 0 be w n € range at enables the quantification in (d)
nmenti oned ébk&{})e.{—&cademic Press. For example, by using a synthetic DNA for mutation having

the nucleotide sequence of SEQ ID NO: 13, the nucleotide T at the position 1418 in

SEQ ID NO: 10 may be converted to the nucleotide C o obtain a mutated DNA.

[0064]

The IDNA prepared as described above is incorporated into, for example,

Chinese hamster ovary (CHO) cells to obtain transformant cells. Such cells are

subjected to appropriate selection, and soluble thrombomodulin purified by a known

method can be produced from a culture solution obiained by culturing a selected cell.

As described above, the DNA (SEQ ID NO: 10} encoding the amino acid sequence of

SEQ ID NO: 9 is preferably transfected into the aforementioned host cell.

[0065]



(e-2-1) the step of concentrating or diluting the soluble

t hr ombonodul i n-cont ai ni ng test solution suspected to be contam nated with
the host cell-originated proteins, if desired, to nake the concentration of
the host cell-originated proteins to be a neasurable concentration within

t he range that enables the quantification in the aforenentioned neasurenent
system when the concentration of the host cell-originated proteins is
determ ned to be not within the range that enables the quantification in
(d) nmentioned above, and recording the concentration ratio or dilution
ratio, (e-2-2) the kROl ATRAN hIGidnBe AT nGE! denOf hOL:iRALEL: BF OL €1 N

concentration in the soluble thronbom)dul in-contai ning test solution
concent r at eddigprydll ertisee npy Yoorspd, ppd Hanprefrdlp taeiae the eogayremtnt syst em
cor respondi 19%51(915@:%58?@%&%0&@&/&%% ﬁﬁpﬂtﬁﬁﬁ Me@glrrpyF&Q%aﬁEﬁ% of (el) to
(c6) mentioned above in which (c2-1) is replaced with (c2-2) nmentioned

bel ow, and lelFamsiivg: treaHYEM pediyn. N EVAsdian 5ro £ 8] Metbh Ewtr #89%n wit h
taki ng the LANGENhEREH M E3LItRr Whp@ldduhidtn b:34 hedilAt:addans deration, (c2-2)
the step of bringing the soluble thrombonodulin-containin e%% sol ution
concent r at eyPRIpmets i Eepioup pedig meg by peed- |H’E361P&‘iﬁ'r?fﬁ}ft°“}\khuﬁﬁl t4ed phase to

whi ch ]E hg aRtum Adsbe Qﬁdvhpl@édlﬁkdl@b&%lﬁl’e&)hﬁd Redithichaging$ladsethgthd and t he
step o ringin

ol ution containin host_cel |l -ori ginated proteins of
a known corEBmt et U Mrghdum b Wl?%mf B aBrdiy pREreRt g’b“ﬁ?ﬁ?‘) h the
anti - host Cs@xltﬂm.OlAﬂtﬁngﬂttEcdcuﬂthQixﬁétﬂo@lhbm%{ouﬂfﬁ*lyadﬁw’db&dseraﬁd"le(ef) the step of
calculating rati.o o& Ee host cell-originated protein concentration
obt ai ned H?“{“élei?pl(‘i %-2-2) based on APC activity of thronbonodulin per
uni t vol undomil t he sol ubl e t hr onbonodul i n- cont ai ni ng test solution neasured
separately. [00 ecificati I ot ei ns
originated from ﬁ’%’f&“ PEWE i aéildFdswL?sr%?fls‘Fnﬂ)f‘n %Féﬁﬁ?ﬁl}b Seg%lﬁlemqﬁélg’;b PRant cells
t hat pr odu&erumls@hifnexddhrmnﬂﬂ@nmdﬂﬂadvme saeh idded: fetabbovireamruio néagteude sol ubl e
t hr onbonoduyl i.n. gg from cul tu&ghf slq{gearng%t ant.. obt ai ned by
cul turing 8??‘*%65’1“71 0‘{”?13 y PRSI HY 48 B TR &MY & 0€%8d for the
transfecti @mmpltadmw We&@ﬁhzaﬂhm ﬂhg smhm mamﬂabbtfmdhe gz@qubm@e fnicedi ng
t hrombomoduyl | n, i3 d ? tgn SETHLL Poc Lultm O(I:‘omerr)i(earn‘lgl 1159&@ mg({lg]&?f host cell
of the sam&tYp éeenl‘%e r"l"‘m“s OhEEpt Ehconpasst S BFST AT ne “Cl assi fi ed
into CHO cék Iu&,d sbmhméseemtmds@umzﬁbht fmevfocealuls cdllsra&&n@km@d Khd fxFEEuMNB. CCL-61),

G0 S G0 bt Buno P0G LA AL e S BNBt s a0
may be per fod I&GHGyISL@i(h@Dawiwﬁ a@élﬂhc likiermessobd laslsyifid Baenitific.o 10O cel | s. As
for the CHY |l e DX1311 or
CHO K1, nor gﬁ%r eﬁlly be ésm% F Sgt?éa?lﬁe cgﬁﬁcyclg# &5%?%%(3%%!{1 %ddvlﬂgst cell of

t he sane tyue)lcnil’dm@rceldlusechl @mmﬁeﬂdféhe sero fpameedioinduihrir érlide thes preferabl e
to use cel C gﬁg A0S QL8 NSy Or i gi nat ed
fromthe hlt@t[ﬂ(/:[e P%m{@é@ DJflhg’?@m epa%gll 0niénst‘u e taaéiﬁgg?%ggnbleﬁa#t cel IAsS t hat

pr oduce soﬂuﬂgtlbtdtdhp@nﬁmmmn%wnO‘ewdtméalbféfmlhéd;Otf@ thet themsdirashebypy t he

met hod 'nCLg&'ﬁggmaace ﬁ@ﬁﬁ dﬁ&%a@&l@;{]&%@%@&hﬁqmﬁt el c(lﬁamtns)etﬁaa s Eanpl es of
constituents o as shown in Test Exanple 6, histone H2B

(B| ochi m epa@it@ladly igpgd - 1(14_@1‘;59)[}3&1,0{19@939_, repetitive batgygudiyes fedibaich preparati on
i.s carried gyt pfe{fﬁmliﬂ@ru&uhﬁd%@hﬁ&‘{%% pakant obtained by culturing the
transformant cel'l obtained by transfecting a host cell of the sane type
with a DNAlWSHt al ning a nucl eoti de sequence encodi ng thronbonodulin, the
cul ture supernat@gpl, ©akihte AaRRhb GG @@@Q&éa@ﬁ%& GOkMBRidS AG an ant i body
that specifically binds to thronmbonodulin as the |igand, and a non-adsor bed
fraction céaHipsemediofatesdty %Ytbétobﬁ%‘wén%ﬁ‘f Pef’ﬁﬁ’&s?ﬁéﬁo aPHEUABC activity of

t hr orrbormdyéswaﬂc@u@@gz nﬂﬁﬁﬁ&&c%d)f 31} ptrmefm neR--dant kedahnaeatiiennet he fraction
can be used as refera concentrat ed by using {éo
avoi d

ul trafiltrBgsisms We}?bﬂ%me% %gﬂﬂéam ‘danay v datie Rter nﬁlwsamzé’rdc

cont am nat @nhgf fop@xh&rplepﬂﬁtl\ﬁte%muﬁ ARin¥ReidWnyus abafier sCihat theigh@ahiae host

cell or the transformant cell is preferahly. erumfr«(eie "Eld' um and it is
nore pref effeef @ﬁﬁ?glqﬁézé%ﬁﬁ%eﬁﬁ%éy’ﬁﬁlﬂ?dﬁﬁ‘f? ‘a ‘]dF BYeLpd Pt s m  For the
purification of the anti-HCP anti body froman anti-HCP anti serum obt ai ned
by sensitizing a rabbit wth HCP, COl?Lfr? chromat ogr aphy can be used, and
for exanple, a conbination of ammoni uff sulfate salting-out and col um
chromat ogr aphy can be used. For the colum chromat ography for the
purification of the anti-HCP antibody, it is preferable to use a Protein A
colum. There is also anot her enbodi nent in which, when a transformant cell
obtained by transfecting a host cell with a DNA containing a nucl eotide
sequence encodi ng thronbonodulin is used for the preparation of HOP, it is



The HOP content per 10,000 U of thronbonodulin is calculated in accordance
with the follow ng equation. a/b 10,000 a: fICP content per 1 niL of sanple
(ng/ M) b: APO activity of thronmbonodulin per 1 m., of sanple (IRMO

[ 0095] The hi ghly-purified soluble thronbonodulin of this

enbodi ment pronotes the activation of Protein C by thronbin to provide
generation of a |arge anount of active Protein C that has an anti-bl ood
coagul ation action and a thronbol ysis action. Therefore, the

hi ghl y-purified sol ubI e thr orrbormdul in of this enbodi ment greatly

contributes t0 r.oke i i vi ng body,
The hi ghly- 6%ﬁlrolfﬁgé)3m ol ub‘]ic@gﬁ ?% &éq%lgﬁﬁ%f %ﬁl%}/@hﬁd%%ﬁ@oﬁ% has an

ant i - bl ood reefaged Giaf G amdto 2ol of thepbsitied Eseengyretha N orminnhitbine agd. act i on,
and a thr Orm&w kﬁelégta&sg@mtﬁ&%{b@&ﬂghﬁl Wil 4RI A4 8 ﬂsgm&mhpsos@mq Jfor a

phar maceuti cal conposition for controllin ood coagul ation, or

cont r ol | i ngepeateibeN-taxyefnegrmine acid, sﬁwlwe@fwd empodimpnth eAgdsrthef or

prophyl act u&&m&ﬁd@&@@%ﬁ&@ Gk AR S Qéovglsﬁxﬁ%@)smﬁw&lcwb@g, for exanple,
nyocardi al infarction nbosi s, enbolism peripheral vessel obstruction,
obst ruct i venatieeid fosibh saseics Of%ﬁ'%g%ﬁpnh]t ed intravascul ar coagul ation (D §,
angi na pect[gidsp, tranS| ent cerebral i schem ¢ attack, toxem a of pregnancy,
and the like. [0096 When t he pharmaceuti cal conposition of this

embodi ment is pr Bbléheédﬂwm%e ik Yrogbrmpd e IS HeRBPE LY FERHONOSAY PR of this

enbodi ment AN R RRAEIRGEUS TR ﬂDYN@Cl@)ed%c%myeofW(ﬂ k@hnGaAnDe ddxed: Mre
specifically, a pharmaceutjcal npositjon suitable for ctive

admi ni st ratlieﬁl’rgef‘{?d’p%‘filaé’ﬁ’?%deéaﬁt‘ﬁé’y SPepEa oipyesiiig fg b ?H’é’s‘r‘ﬁe hly purified
sol uﬁl Ie thrspfmﬁldmﬁlﬂlhd @t@fmﬂutahﬁu&rﬁiamdmrm?tmddmea?o ﬂqﬁpﬂlgtan@lfof@ﬁtdf% for g
prophyl acti c or therapeutjc _treatnment o y t he | Seass menti one
above wi t h PAHAH PP F%ﬁtseth%l%ﬁrmmlbsfm&a? ‘?‘ildz pod &t:ﬂ%@ Bﬁ%*ﬁ%?ﬁ&% i cal

conposi ti onnfdattdi FuRRROO)HIFENE shodtel WOPhiakiized : ik apads atdyda pednedde pref erably

prepared. Fur t he har. utical nposi tion of, thi.s enbodi nent is
P eFar el y STt tht 7 By AP AL BhIFOPn o PRV AECt TS PR B RO A
conposi t i orrhe@ma,Iaapoﬂ;ﬁpweeheqha@élymﬁdaapmedumﬂae Nepanatanto bt

i ntravenous i fusi.on. hilized p aration pre

ot rting. BB EHETHERHHIBRSE AT BT OB OBAB IO FRERE Vo ¢ he
conposi t i onhitsheiseilo add afthé mS&mﬁuﬁomox thh emédfoarid etk iposiveh Eléreivesras S
preferablyg garr er that. Lan, be adm n |st q amnog{ﬂgr ceéjttt cal, and
can be di s<Bi VETTHESR Bibgit fs%oélap’r‘iegelﬁe %1 RO AT R P OR Y anpl es of
the carri ersls nabdsde tienetepminus aimekidct Bdtier, omrb tsed@ra@mhemmt&dmteumg of
Sucrose, purl Icggh el at af,? of%c osrt}.oh F/Psewe as the%l u?n%%gé amin 9&::18 Whlrﬂ chloride.
For exanpl & & us dORST ST Mg of *a of ouS A neral salts,
and the |ikea mmélmﬁsmbq@nméxer abinyeranhd el md)dlﬁ(&(;lclh damrsatsand thedikehol e
phar maceutigcal osj,tion as i,0n. Il Y-

sol ubl e thrdgq (r]g) Lhe of "t i a]laaé’ﬁ%qgfl@ hdivéngst% ub pgﬁl&a% %&‘ﬂp&bﬁifl nel y

1. yophili zéEN(aﬁd thus such a conposition is preferred. Further, in this
enbodi nment debi is also preferred that the aforenentioned carrier is

gl ycerol . 'Fﬁe aforenentioned carrier is preferably added at the tinme of
preparing the coRposraribonedulhebearerdbethe mefodalesoibbéaleedy When t he

conposi tion d [ e

hi ghl y- purl kt%r Af%?ﬁ%‘l\é Jﬁﬁfﬂ iy ﬁf}}enl@ggmlws dmmwﬁbl%g%?n@ %)?Jl%ne time of
admi ni str at%nbmréwt%’uapﬂeamdh@c mgmt@ﬂqahtgmhélfeﬁ@mgh@ sorrcages of dexosibody wei ght
synpt ons, qe%m Jsidéﬁ‘s 19Tla%151%§§ﬁmmy s OSNeL Rliods Pﬁo%@@%slgmﬁs 179, 200 gy, and
may be adni ni st eted, for exanpl e, once or several tines, as required, per
day by int AR asé ppsaionp ] @cﬁtlrié)‘hSD%ﬁ]éN& &bly intravenous dr | p infusion. The
phar maceut ijgah) conposi tion of this enbodi ment nmay al so be admi nistered so
that a dose can be 0.1 to 200 n% of the soluble thronmbonodulin as the
active. i ngr edi entlishlonrifshippib thymbemetuliyey sigh coptvpmatianoitddured, per day

by i ntravasgidlaris bRlv86d byPe pRE&T8NARli. | Nt ravenous drip infusion. Exanples
[ 00991

Examples of the highly-purified soluble thrombomodulin of this embodiment
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The present invention will be nore specifically explained wwth reference to
the foll owi ng exanpl es. However, the scope of the present invention is not
limted at all by these. [01001 (Reference Exanple 1) Method for measuring

APC activity of thronbonodulin According to the description of
Bi ol ogi cal s, 30, 69-76 (2002), the APC activity of thronbonodulin is
nmeasured on the basis of activation of Protein C as an index. A 20

| nM cal ci um chl oride solution (75 gL) is added with 25 pt of a sanple
solution diluted with a Tris-imdazole buffer containing 0.05% pol ysorbate

20, the m Xt('f'f cﬁ h gt FFC}? 9 ﬁ%g scﬁnblf @nbm omo&%l%meﬁ\ ? &ioegg%t, su%I tar%gllg c&ntgfl aﬁy

40sol ution ronbi n e mxture 1s stirred
and war ned mdyte@%@ex ﬂiamsnhlhlﬁttmmmm@nlm hé&pediiiatly, en egfmplhiachdesan t hr onbi n

sol ution, Eﬁ%bi@t?ﬁ% B&%ﬁﬁﬁg‘%ﬁ%t%tgﬂy gélétglﬂhg&{@ ﬂa?e;&fﬁ% Sﬁlewiékggﬂ of human

Protein C(S nzyme Researc m Xture was stirred and war ned
at 37C. Termurekauple gchflesr sobhivle thobdibpingduliofnot $vbstaonaly cprtetngiedi@’ sol ution, the

m xture was,addee Xﬂdtlﬂvﬂ'xgge Al (s hepari nantithrombin 111 solution, and
the m xture was sflrre nd warmed at 37C. Ten minutes after the addition

of the heparin- a’ﬁhqhlmlﬁmlﬁfzdlsplubisélplnmb@wdubhef thisemlpEmgricorigedow t h 250

jib of a synthet} e Substsahens:2366 (ChrompGenics, Sweden) sol ution warmed
at 37C befarehand, and the mxture is stirred and warned at 37C. Ten

m nut es af &1t he addition of the substrate solution, the mxture was added

with 1.5 L of 5’@11@(3@19@;11!&Iﬁu@'1gnottplaﬁmma¥15/l]ﬂr§teﬂ§o ﬁt bifak 8%, s0mBM absor bance of
the mxture is neasured at 405 nm by as a_blank. 101011

The APC acthspmbgmesiulip pyis sistrivthat #Hocisgm&%béﬁap‘a%lb’d:owﬁméé%r dBRE®IHEL h t he

fol I owi ng wagia%al@a@omgzﬁ bdik RERQED b, ﬂmiespld@;db@a@hsmmm@munt t hat
can generate 0.1 itnol p-nitroaniline

m nut e. [ Equat
Activity (OFFHRy ewbmg%frfbw B iy m}?levfilfi/e{aiwvﬁﬁ?@a‘\@‘}g’ X H‘ﬁ{lf‘iaglﬁ time of
?arml e) Aﬁﬁa% lamnlbb%qj@bm w$fs&??ph&oﬁg$1Mduﬁﬂ Alb)le&[éﬁlyl AhaRl bamde 01;) 3b| ank
wat er ar apsorption_coefficlent ni troani X 1
[ 1/ g1Vi] VIR BrrRtaTR P e s oS B’b’é‘é‘t‘*ga’féflﬁﬁsf“?‘a@t%? 1fgta§“’?~% 112: Vol une
of sanpl e $@hstitRR a hOstQ2Pw(tHk)DNA colttfihd Rheeldliedstigies @acdih®fldHidare: 10

(i) K AoLar Tyoen o1 Bl LEAA0LLLIR, LehEpsed by actleLed Protein C
possible, there still actually is a possibility of contamination of HCP in a trace amount
and the like. A content of HCP as low as possible is preferred. An example of
minimum content of HCP includes, for example, a ratio of 0.001 ng of HCP per 10,000
U of soluble thrombomodulin,
loo72l

The content of mouse IgG is not particularly limited so far that the soluble
thrombomodulin is in a state that it does not substantially contain mouse [gGG. A ratio
of less than 10 ng of mouse IgQ is preferrved, a ratio of less than 2 ng is more preferred,
and the ratio of less than 0.6 ng is still more preforred per 10,000 U of soluble
thrombomodulin.

10073l

The content of bovine serum proteins is not particularly limited so far that the
soluble thrombomodulin is in a state that it does not substantially contain bovine
serum proteins. A ratio of less than 10 ng of bovine serum proteius is preferred, a
ratio of less than 2 ng is more preferred, and a ratio of less than 0.6 ng is still more
preferred per 10,000 U of soluble thrombomodulin.  Concentrations of these proteins

are preferably measured by ELISA, and the measurement can be performed by
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[01021 The reagents are as follows. <Trisimdazole buffer> Sol ution
B (100 m.) is added with Solution A, and the mxture is adjusted to pH 8.4,
and diluted 10 tinmes with water. Solution A: 2-Am no-2-hydroxymnet hyl . -

| ., 3-propanediol (3.03 g) and imdazole (1.70 g) are dissolved in 1 M
hydrochloric acid (50 ma the solution was added with water to a vol une of
100 m., and sodium chloride (11.7 O is added to the solution and.

di ssol ved. Solution B: 2-Am no-2-hydroxynet hyl.-1, 3-propanedi ol (4.04 g),

i mdazole (2.27 g), and sodiumchloride (1.95 g) are dissolved in water to

obLaln o oLl 00,y s BOLAYMLENL &1 98 bbb Bl Sediadt o L e

sol ution and. um-chlori SOl Ut | AGO nM
cal ci um chl®mikieDgol W9920mnd therdky. i s added with a Tris-imdazole buffer (2
m.) . <Heparb@;4]a1nti thronbin 11l solution> An antithronbin 111
sol ution (2[ m., 7.5 pl, Mtsubishi Pharma, Japan), a Tris-imdazole

buf fer (42.5 plL)As &nthremBonddhlin phépaf sohbighrspibonodi8ig bgted opbietodd
Phar maceut i Gals. ﬂﬂﬂ?ﬂ? h%r %riﬁ]a&%ﬂxbﬂ%hﬁﬁ%ln%@.%lin-ro@k}ﬁs Sl MEAQD thSpRigPar ed
and: cool ed on e R

before use, ice until just ore use. 10103 ef erence
Exanpl e 2) iMatefrorhlf 0% erddghar, imerp efrabbridedit eraighen still more prefgaplym f r ee

cul ture of (gene, eshioNaNt:Ho88kIcE 1l AIUBSEMEIT: hbed huaghorodul i n

gene is perforned.” The culture sr}ﬁ)ernatant_ is applied on an
ant i t hr onb o ehiomatagtarbo dsed dothgd LComeibedis rotdimigr-sa dardh oy rits déhq on,

Accor di ng ts&u%l@_@hx‘éﬁ%&ﬁddl%h%lﬁ%fméﬁéf&l%&.e ﬁ&@m@ééﬁﬂéhﬁe ol tilthei.ABGact l vity of
thronmbonodulin in this non-adsorbed fraction is neasured to confirmthat

the acti vi teyromatogenphy dneelgze iqvddhohroraatpgraphts tieperhesnb®id rated with an
ul trafiltrahicenRiddBpRy, ane theditd, Al @ IanREeRL i@t ehtkSndisB8h13Ss feRrrednt i - HOP
antiserum gQbtai ned by sensitizing a rabbit with HOP as an antigen is
purified M%%#ﬁluﬁﬁwwﬁ@r@%ﬂf?ar%@lydmsesﬁhe G B horsters )8 col urm, and
then appl i @FosoddRnd@hd blihk Yookl Reikisiion thelshiupiapgaRMsthidalias Arhe |igand to
obtain a non-adsorbed fraction. As de%i bed azove,, a rabbit afnti - HOP
ant i body t KEtRIBES AR DF et 2 et ShESHBRAIMAY FEn6BPATARES P 641

A sanpl e s@hut$ @ind BOSHH AR Goyoodhul (TOSOW, JdpanPBBhewpimdieng 0. 05%

pol ysorbate 80 sq that expected HOP. cJoncent{.at'i on be{c%mas 0 to 500 ng/ L.
When the HOPIEBNE afPRiLte 1 Hhegleskirbonit P eur YR8 Rar e i h W% he sol ution is
concent r at @hvdnthtédaigR2OPEi at e concentration by using an ultrafiltration
menbr ane or (% e |like. Separately, HOP is added with PBS containing 0.05%
pol ysor bat é{) to prepare eight kinds of solutions containing 500, 400,
300, 200, 100, 56,thZBighipdrifled@luble thtdhbomodulink thasSersivaineat, Nl ut i ons.
[0105] A 2 irllk'EEd wi th a sodium

carbonat e g‘ﬁg /é‘lfaxﬁllggjfrl%g%&%fr’?‘mdﬁ*lg’g’ﬁgp%félg@?%%‘?%%%éﬁ% tg? e” % "8V ol ume of 100
Rl , per webpkeferably less than 0.2 ng, still more preferably less than 0.02 ng per 10,000 U of
soluble thrombomodulin. Amount of DNAs can be easily measured by using
Threshold System (Molecular Devices, U.S.A.),
loo76]
A form of the highly-purified soluble thrombomodulin of this embodiment is
not particularly limited so far that the content of HCP is within a ratio of less than 10
ng per 10,000 U of soluble thrombomodulin, and it can exist in the form of a solution or
powder. The product preferably exists in the form of a solution. There is also
another embodiment in which the product exists in the form of powder, which is a
preferred embodiment. As for a concentration in the form of a solution, an upper limit
is preferably 100 mg/mL or lower, more preferably 60 mg/mL or lowey, still more
preferably 30 mg/mL or lower, most preferably 15 mg/mL or lower, and lower limit is

preferably 2 mg/mL or higher, more preferably 4 mg/mkL or higher, still more preferably
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and the plate is left standing at 25C for about 2 hours. Then, each well is
washed 5 tinmes with 250 AL of PBS containing 0.05% pol ysorbate 80, PBS
containing 1% gelatin (200 pi) is added to each well, and the plate is left
standing at 26C for about 1 hour. Each well is washed 5 tines with 250 AL
of PBS contai ning 0.05% pol ysorbate 80, then a sanple solution and the
standard solutions (100 pL) are added to the wells, and the plate is |eft
standi ng at 25C for about 16 hours. Then, each well is washed 5 tinmes with
250 pL of PBS containing 0.05% pol ysorbate 80, then a biotinylated rabbit

anti HCP antj body sql.ution (100 ilL) is adde the plate is
| ef t stand|h§@9]9§§%#Fbgnﬂ%ﬁﬁ?“§“ﬁ%ﬁkgﬁIﬁg%ﬂ 8@ mﬂ%ﬁ”ﬁhﬁﬁ%%%lnes wi th
250 gL of PRgndodrtheghe, n@ul(BheQ,S%ep@h(y;sodtbaémtBﬁx tht feen obmpa@andedian- per oxi dase

| ut 10 L t d ) di t
200t o ab bt ol OB e S P o WiconuFPEp i Pl deButs Bl ol 1T NG 2

cont ai ni ng @nlb¥tpokd borcatie: B0he tbtdpd dascrérd ynMWOSHBEIBAt e sol uti on (100 gl)
is added to h well, and the plate is left standing at roomtenperature
in a dark pﬁace. When a color is appropriately devel oped, 50 gL of 25%

sul furic acid i s Tadbieblytroriéeicteluni thrombomedulio phthés anbedineattinda, and

absor bance (%ftal% % é&t s gubislﬁnggﬁfscggjt% e@lﬁﬂtﬁ?ﬁgﬁa n %Mﬁdlato% cgpc%ﬁ)tr rgzw oneter for

96-wel | pl ates ecan apan apan using a calibration curve prepared
with the stmﬁmbbr b désa tliaprisndeyemn oib (R pis proferabligsh Bhap 028U, 25illj s

cal cul at ed ?rdﬁgﬁy S804 o lOli W(Jt, pé}flor{)% B o R ﬁ%ﬁﬁonﬁ@&lﬁpdAﬁuntf or

exanpl e, I'n"accordance with the follow ng equation, HCP content
per 10, ooo qﬂeo&nﬁqxnm@mbﬁmmmﬁ iy scogratnsa Witbébe degeritientAnr8BENCF0 1061 HOP

content perPlJanQ(QQUeM @En(&ﬁr’l‘am%&'&{%é m‘nﬁ&&llﬁ-@esgﬂ’gﬁ{ob <>£ 01—>0 %ﬂh@l HCP

content per (ng/ ML) b: APC activity of hr onbonodul i n per 1

nmL of sanpﬂéeb@ﬁhﬂwﬂf@E@?@Mﬁﬁémﬁéﬁﬁéﬂw§f3Wé”§§dFﬁPF6W§m0'%Hﬂﬁﬁ%?carbonate

buffer > iate tha(ﬁ\mmf &u&x@e@ﬂ h&MuGRERRD L 1(1Qo L6ing bodiARMcHSQRAITANR]
hydr ogencar bonate (0O are added to water and dissolved to obtain a

vol une of Ilad@osiina atmﬂicara%z pad el @pPategris & material for Rharmgequticl) ut i on of
hor ser adi sh,,pefRxi dase hound with avidin D (Vector Laboratories, -U S A)
is diluted about 30,000 times with PBS containing O. 05@6po|ysorbate 80.
<Enzyme sub9Bhte sol ution>

The highly-purified soluble thrombomodulin of this embodiment in which

contamination of HCP is reduced can be obtained by bringing a solution containing
soluble thrombomodulin into contact with nylon and/or polyethersulfone. It is
preferable to use nylon. There is also another embodiment in which it is preferable to
use polyethersulfone.

[0079]

Examples of nylon with which a solution containing the soluble
thrombomodualin of this embodiment is brought into contact include, for example,
polyamides containing an aliphatic structure such as Nylon 6, Nylon 66, Nylon 46, and
Nylon MXD 6. The type of nylon is not limited so far that the nylon can adsorh HCP.
Nylon 6 is preferred. Nylon is available as, for example, Minisart NY sold by
Sartorius. The form of nylon is not particularly limited so far that the nylon is in such
a form that a solution can be contacted, such as those of membrane, nonwoven fabric,
and beads. The nylon is preferably molded in the form of membrane and used as a
filtration membrane. In this embodiment, a pore diameter of the filtration membrane
is not limited so far that the diameter allows HCP to pass through the membrane, for

example, 0.01 to 10 pm, preferably 0.1 fo I pm, more preferably 0.01 to 0.06 pm. The
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Ot ho- phenyl enedi am ne di hydrochloride (10 ng) is added to 20 nL of a
citrate/ phosphate buffer (citric acid nonohydrate (2.56 g) and di sodi um
hydr ogenphosphat e dodecahydrate (9.12 g) are dissolved in water to obtain a
vol une of 500 nmL) and dissol ved, and aqueous hydrogen peroxide (10 gL) is
added imedi ately before use. [01081 (Reference Exanple 3) Method for
nmeasuri ng nouse | gG concentration Anti - nouse | gG anti serum obt ai ned
by sensitizing a rabbit with nouse 1gG as an antigen is purified by
amoni um sul fate salting-out and with a Protein A colum to obtain a rabbit
antl-rmusel . a tion, i by dllutlon
M th pBS comtarariy o denepiyer ARy SeRStih PR PRHALTEH PY
concent rat|ﬁmothanbmﬂ@dt&t@nﬂﬁcdﬁ:g/bm,gmy\hemtwﬁéleE@@l@ﬂﬂ@@ﬁl&tﬁ@m@rﬂ of a sanpl e
solution is_|« RS- .Q0A0. FRRLIRLLAL €
concentration dE;’/munﬁo{%yamrll u‘?@h |tﬁg%g‘%@%%grrenb%ear?g Br t’hr {1?’? Separ at el y,
mouse | go il60gdided wi th PBS containi ng 0.05% pol ysorbate 80 to prepare
ei ght kinds of s RO! BBl hofbomAin b Pibicl oo Sin vb- 25, 0. 63, and
0 ng of IgGin 1%%“5@9%“8 rd so ll,(l)t%)i grﬁs T n oTne A Al5itg/nm
rabbi t ant |prnmg3eWﬂt}g®nﬁmmbéidhy U@cﬂ[@f foppndlin @éf&u‘wntohtaaleééﬂbﬂﬁgiéw bonat e
buf f er 3 ?%91%93 th%xﬁoxggdlmlc!)ntgﬂ %%Blﬁfl%nﬁhrﬂﬁ@]‘lbp ifto VkdePRitRhy BRE pi per

an

wel |, |ate i s st an for about 2 hours, Then, each
well is vvaslh@drﬂso qf.lwes—hawl@m pHACY per lefooﬁﬂaﬁaf et TRy lnEyepbIYeor bat e 80,

PBS cont ai ni,0@ch% 98l @bdhet 2@9;; blill-t%helf ferdded UtR s@asdihildmod@d the plate
is left standing at 25C for about hour. Each well is washed 5 tines with

250 pl of PEEcHenedishmerdicd susiietyesbanredaligen be fmingtedspinfter 81 uti on and

the st andarl@e@f?}l&ﬁ%@ﬁb&gécﬂ-@@w@ﬁ ﬁyl@{ ehadnQdot ﬁhﬁé]ﬂy Mﬁ‘lfleﬂs@lﬁlﬂéi the plate is
| eft standi ng at 25C for about 16 hours. Then i s washed 5 tines

with 250 plhembppalyigmakieitrdosds Borsraw "Baf'é‘e atl‘g’ﬁ’at“fel‘i’éﬁh bi oti nyl at ed

rabbit antigRuse HaGuaRhs Hsy s5@hUsxkafPlet ¥86keatnklonss dBedyh of each wel |, and
the plate is left standipng at 25C for about 2 i s washed 5

times with DEgimegrbrpEgorsRraleirdearosssy Hrlb%fa#@oa%%g “?thn

avi di n- perQ:?éin‘é%@%Z%Ql;zﬁélle@@r((fé@@lylﬂnh%) sin8llRda@d pictrade .5 welok smﬁnﬂ the pl ate
is left standing at 25C for abou times with

)20 oL of - PBATHEn PRGBSO B e Bes Lrhaimis kaba e et bt ot e

sol ution (JIQQGIA)noi'e%né!QﬂBQ oo n@&@khlg‘&] s]tl,ll 1ﬁﬁ}dpie|fb®aw abeme &r hekt, patiandi ng at
room tenper at a. dark pl ol or ropriately devel oped,
50 aL of 23%% furﬂdsﬁlﬁ"{fd’i‘tsmg‘éf@éﬂn‘f gﬁ’rﬂg"lalleatdc?p?@l"fﬁoo ?Pé the reaction,
and absor baneanndt Hdraieliottiuberdiseateasur ed at 492 nmwith an absor pti onet er
for 96-wel I[ (%I ft es (Pecan Japan, Japan). By using a calibration curve
prepared wilt% 1t he standard sol uti ons, nouse IgG content in the sanple (1
m) is caI cuI at ethe poetipaiucentnihich akdutid dhiaginsaswhedent method is, for

exanpl e, ng/ . ln.acc anc the foll ovm n g use 1gG
cont ent pert &bg’ﬁg}“@né?? tbf%‘?%ﬁg 1ﬁ\li)’/:lOuf‘ﬁl‘“sm%)a Watta %aﬁsg? témtflxg?e ’ [0110]
Mouse |1 gG cmmsentmg}e]ﬁloﬂz@olﬂtl)saShitm*llubt hTMﬂmmnﬁdmlwﬂhe(an@d@@s 800 = a/b x 10, 000

a: Mouse | cont ent S of
t hr ombormod it Lhcup By hf”trgg 2 ffla Qtlmem(%ﬁirri Oglfgé%f Ot?lﬁ{éaﬁfegaj%(eé%%&%%e as
fol l ows. <Sogh MMlﬁabhﬁm‘aﬁmn@mf}ﬁv@WBﬂ fabric, and Pevidy drftybst}swlfmlear bonate (0.1.6

to obtain vo
this (,mb{)d 1m{,n1 a pore diameter of the {iliration membrane is not limited so far that

the diameter allows HCP to pass through the membrane, for example, 0.01 to 10 pm,
preferably 0.1 to 1 pm, more preferably 0.01 to 0.06 pm. The volume of the solution
containing the soluble thrombomodulin to be contacted with polyethersulfone can he
easily determined by bringing a part of the solution into contact with a small amount of
polyethersulfone beforehand to evaluate the HCP-removing ability thereof.

foosz2]
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<Avi di n- per oxi dase sol uti on> A stock solution of horseradish
per oxi dase bound with avidin D (Vector Laboratories, U S A) is diluted
about 30,000 tinmes with PBS containing 0.05% pol ysorbate 80. <Enzyne
substrate sol ution> Ot ho- phenyl enedi am ne di hydrochl ori de (10 np)
is added to 20 nL of a citrate/phosphate buffer (citric acid nonohydrate
(2.56 g) and di sodi um hydr ogenphosphat e dod. ecohydrate (9.12 g) are

di ssolved in water to obtain a volunme of 500 nL) and di ssol ved, and aqueous
hydr ogen peroxide (10 pL) is added i medi ately before use. [01121

(Ref erence Examphf, dhnlBLORG LR5ITRASHLL00LRAYHASSEEIMPLELE! !
concentration ARt DoV ne ‘serum proteln antiserum obt ai ned, by
sensiti zi ng:oléectedblbihtcomﬁumhng ﬂbemhnﬁﬁfepnmnias thmobtion glgmined byplrinefriged by

anmoni um Sl“g lfug‘fo%hl%ﬁllbsﬂ1m119%$ntglggl %I{IHOIPCOE{Q.%% ﬁCﬁ‘lrﬁQéolﬁEqat &'RhObt ain a rabbit
anti-bovi ne serum eln antibod e solution is obtained
by d|IutlonmhmﬂhmﬁﬁsweawvamhvWQ%Qﬂ@@@@pﬁwvsb}%ﬁﬁédgguﬂe t hat expect ed

bovi ne ser %mombgﬁl@mncm%m@m@ﬁcm&l@mﬁm& PR b lrrger ybanuihe bovine

serum proteln concentration l'e solution is he solution i.s

concent r at eglupls thamhpypedapin caﬂ@tlwﬁé%hﬂyrmﬂf@ﬁ S@yblﬂﬁilﬁgb%?dﬁliut ta@fiel trati on

menbr ane Orteitﬂnﬁdtlad %@afté%%&@a s&yethel;g}ﬁoﬁ@m%ﬁéﬂgea toSpraf gE1gk o LR RBSnE ONt ai ni ng
0. 05% pol ysor bat e prepare eig ki nds of sol utions containing 25, 20,

1.5, 10, 5,coBecon of hze@ly Prafigd eelvige Blﬁmmwﬁ@ms@m‘?ﬁ wetattet ndsfH 1 nl as
standard sQlkthhi0ng thd QibdioBletween the am@tmjcgf HEB ARt 3Rk pAPdherbORb e serum
protein anti body solution diluted with. a sodium carhonate buffer is added
to a 96- weleF2pRIpsEhase a pelysharedioppisdn theifopmeotSftraiin mymbsue (e pmPlng t he
plate is | efdudt-anghOdingt of2m1té)5ftﬁ<bﬂ%b1%n@9&ﬁ§5o Hh@nmaBachewedtly 5 s washed
5 times with 250 p| of PBS cont a| ni ng 0, 05% pol ysor batif ?02 PBS cont ai ni ng
1% gel at i n F2BEmpies e aydaeply 80 SRR SHE e, SUlliRpre prstost ¢ of @P¢lle&t andi ng
at 25C for a%@gig%t}elﬂ-bﬂlj’l@w'wcb Eﬁﬁ:hbgiﬂ@b]()rl]lnﬁ oy\/ﬁﬁi&b@d}a(ﬁe ﬁtef@éﬂaly\ﬂ Uihmi&olﬁtyex of (F;Bsd
cont ai ni ng 0 ysorbat e t en a sa ution t he st andar

sol utions (EOFOHL 1?‘“%%%? YA P F e HeP G mesot rHjtclf]r)d ftl’l% R (] f’geif’é’f“f’est andi ng
at 25C for tRbRbhbrhBe MOLASendingth (R AGHBuNRI HOPSleVRERe b &dideties W th 250 pt of
PBS cont ai 4’0:%9 0. 06% pol ysorbate 80, then a biotinylated rabbit anti-bovine
serum pr ot ]anti body solution (100 pL) is added to each well, and the
plate is |eft standirbdicain @Rbéesd drheaabghly- p&lﬂﬂﬂ&b&bl@lﬁ%ﬁbmd}duhhﬁf thisshed 5

tines with 2 B ntaipin 5% ysorbat e
avi di nper ofpig&ds‘g’e’%tdf‘ l‘ﬂ‘e‘f Eﬁoﬁijﬁﬁagiﬂgiﬁéﬂﬂ%ﬁc 435 ngfe ﬁrt%/%iaaoly hmﬁi@d’tsﬁe plate is
| eft st and|fnghattthe?516ca‘sﬁ)ﬁonﬁhmeﬁthe?sthpbmﬁmgﬁg@homabﬂ contminvasiddld tinmes with

250 pi of P ont ai.ni. sor bat e z substrate
sol ution (fg(f?”%?ljmqa? 8%’%% 8%1 Wy I"’Haq’[ ]h%uﬂonio at grh ai(%srh 9’eft standing at
room tenpertattmteambeaadankofpésaﬁan 1W:emeal(t;@ﬂ()dr ofi sslualpphnopbwrmdaliy. devel oped,
50 pl of 2§sé)e§{gxlnfllélrlcﬁxdacéh | ro%ucnon agcg S\_/vell to term nate the reaction,
and absor bahc&™BF ¢ tHe M Xt ur e 1"s Pheastifdd™at” 492 nmwith an absor pti onet er
for 96-wel A pbatkes }(ﬂt&mn@amamhe\hmpam)(a) tBye) Usidnile gecellbirbeiat hon curve
prepared w_t,h..t he standa | ution bovi . m in content in the
sanpl e (1 rﬁ)_l}mon conts nlILlﬁ sogu(il) dz 168 tbomoctc‘uhn 1nto cg'lﬁa(l%%vltlﬂ ny%%%‘hﬁl X measur enent

met hod is, pf)lwthemlﬁphe 1.25 ng/m_ In accor dance with the follow ng

equat i on oy 10080k Abatr@phompdul in is
cal cul at ed%\e{lfé&r% ﬁﬁmdﬂl{’ ‘Ot%lg%%ﬁ%@?%yemggoummgo teui?l cont e(](r?l] 1per 10,000 O
of throi omdetiadi n (ng/l 0 000a/b x 10,000 a: Bovine serum protein content

ge[m |1 ”(Luﬂw}mép ot Gk @) pRian ARG ALV Y8 2 BILOPDRRREYS kdhuer 1 m i of

(c) the step of applying the filtered production solution to anion exchange column

chromatography to obtain a reughly purified solution,
(d) the step of applying the roughly purified solution to affinity column
chromatography using a column carrying anti-thrombomodulin monoclonal antibody to

obtain a purified solution 1,

a8



101151 The reagents are as follows. <Sodium carbonate buffer>

Anhydr ous sodi um carbonate (0.16 g), and sodi um hydrogencarbonate (0.29 @)
are added to water and dissolved to obtain a volume of 100 ni.

<Avi di n- per oxi dase sol uti on> A stock solution of horseradish

per oxi dase bound with avidin D (Vector Laboratories, US A) is diluted
about 30,000 tinmes with PBS containing 0.05% pol ysorbate 80. <Enzyne
substrate sol ution> Ot ho- phenyl enedi am ne di hydrochl oride (10 nO
is added to 20 nL of a citrate/ phosphate buffer (citric acid nonohydrate
(2.56 g) a m{n 12 g) are

di ssol ved :‘g)t\%%a?tgg!)%gp%%‘g tl??fp agl}\(}% (E‘%gtnglftgg%go%%%ﬁq %dp%l 1glsol ved, and agueous
hydr ogen peboxiater{pb t4 ¢ityin npustidedlitimBdi at el y before use. [0116]

(Conpar ati v ] Il I r A
gene r ecorr‘o(lB rtllggr(\ét%gg(;(lf%&}mg ]%Q%C%Btll Qd ﬁ‘rnf&ﬁ SHQ%%C%% g%{:;%t eggér%lun%onlam d
sequence ofchBEOi4sE kG angd Cﬁmsn‘ﬂl omﬂg é‘@ﬁfé@d? {weobtagr epeniited spiptien Heneét i c

mani pul at i Qg) tB@QLB;S‘bHH‘L%nﬂ;EﬁQWhHQi LN ABINESS iRALEM vt NGX AT et gRuUbl i cati on
No. 11-341990 1, then inoculated into the M nmedi um (I nvi trogen,
US A) corﬁiﬁeéil%ﬁlﬁgﬁ&%@e%val}fﬂof L-proline (Ajinonoto, Japan), 60 ng/L of
kananyci n gwidspte (Meiji Seika, Japan), 1 ng/L of tyI osin tartrate

(Merci an, Japan), and 10% bovine serum (IlyClone, U S A ), and cultured at
37Cin a CO2 i nciifae éfomn’FH@‘”%Félpf@“@H’M’F%‘&s%S@Eﬁﬂﬁi‘%ﬂ@aﬁ@h‘%’é culture

nmedi um wer @oSHSRRNER . kf-ohBenddMih il E@l@ddﬂﬁltﬁ hﬂwl Eﬁ@&@alyc{,lﬂm%uﬁbrﬂa cont ai ni ng
150 ng/L of L- pr oline (A inenpto, japan) kanarrym n sul fate
(Meiji Sei Kegy Pgdvedippd imanngpe ofor t‘fwd%qrwta? ftﬁ%ﬁ@te@ﬁr JF Erprefegptdpt 100

di met hyl suhd ﬁ%be@@mﬁi&@é’s&'ﬁy oSELP IR o r@f&fl&%@)@‘ﬁ)m@(ﬁeﬁﬂm%mu one, .

US A), an medi u s, di spensed into vi 4 x 107 cells/vial), and
cryopr eser Vi 6‘19‘1 ¥ Fﬁi”ﬁ’ﬁ?ﬁ] ﬁlalf P@é@ﬁml{’ prpfeygole to pex "rm BYeP QLT tﬁ%s per f or ned
by using, a;81ut1151embaﬁ@taatﬁdt}umloﬂJiﬂ/ompaydamrgiﬂﬁ;ﬁé hfeedhd final @ppBREE Pat ent
Unexam ned @fl cation No. 11- 34%9 I ngredi ent Table 2, provided that

Nal | COr comEBHET B EE s thﬁatﬁlg% to 5,700 ng/L, and NaCl concentration was
changed to 2, 410}11@'@/(—!3},.111@5{@%Ebn[@délﬂ%%@c@b&n&hﬂ@ﬁldﬂém&ﬁ@dl@nﬁ@téﬁﬂiL of

ey 1 S S kRS e 5 bt A5 B L e (g

and used. Iﬁuffmhﬁ&,asmmdu@bbﬂmléredl umwas the same as the growt h medi um
provi ded tﬁ&}% he serum concentration was changed to 3% [01181 The
cells of one al were thawed, inoculated into 100 inL of the growh

medi um and cul tmaadalauiofathes;tddlucticmg;rca:tab:&?tﬁef}ﬁghlﬁptdﬁ;es siiybleisi ng a spi nner
flask in at 3ombomgc#] Em oto tliq embg(ﬂ nt n whvclhn tamination &%ély 159@6 u%er&eal% 0 x 106
cells/nm or & “ent’i e Vortng "ot ecunlfure nediram was transferred
to 0.9 L oﬁncﬂttdet]g;rfoHWhngmd&iumpnmmdm he ceI s were cultured with stirring at
37C for 5 usi n nn S n t When the |iving
cell densi % JX %délgaﬁ%ap 1909 g%m%g}eﬁgop ha)l to ﬁ%’ra(%?% ?%&gpe(%‘t%ngén%l ume of the
culture rredolumwmstaumragrmhétertbmntbomsdd_motlitotfmacglwumtnhlon@ddfmn and the cells
were cul ture )]getWersﬁfon[E' rring at 37C, pH 7.2 and 50% of dissol ved oxygen for
5 days by us ture tank. Wien the living cell density becane 7.0 x
106 cel | s/ ﬁd)tbr&tmf@ulutlhe agpnisfoenayo|clhendoblldchies outrumedimadinaduotios
transferred;t ,}20 L of the growh nmedium and the cells were cultured with
stirring at 3 pH 7 2 and 50% of dissolved oxygen for 7 days by using a
per f usi on Sulthaste 4f Aftknin dhe nrod haioh iselivpgy toebiaindeliiiredmiybetippsofut@ax 106

cel I's/ . of pRr, o@g}g}wﬁg 3 SRS 5L B0 i b Eol e Product i on
medi um was cont i nuousl cul ture supernatant was conti nuously
col | ect ed, C}ﬁﬁiéldt?ma&)h‘r’é‘Ob@rlftliitwéhﬂsper)ﬁ@l%l@dﬂé)f 37C, pH 7.2, dissolved
oxygen: 50 e pressurization:
0to 0.2 Nggtﬁi%%ﬂ;drpﬂﬁ; ?F}\%ﬁﬁugli%pplgglgldg%si?%q?}e{%%ﬁ%%b%.umu%ﬁ106 cells/nL, the
culture V\/a§h11"llilﬁt0ﬁ’é®hx&@r?ﬁarlm%ﬁ3“ﬁ]dﬁ raefiigigpltiondd the cul ture supernatant was
collected asua s@épq)(ilHﬁ&lﬁgé'th%%dﬁﬂyqﬂa1ﬁIJ‘&h&9:L1|2QGBﬁﬁlxt tQgugtion sol ution was
clarified by using filtration filters, SUPRAdisc Il (Pall, U S A) and
Supor EBV (Pampiosrgpky w@n)ga@%mmg«tww ot témm?e%blﬁgnoam#m# grtEgdpicoduct i on
sol ution.
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[01191 About 700 L of the filtered production solution was applied
to a Q Sepharose Fast Flow (CGE Healthcare, U S. A ) colum (dianeter: 63 cm
height: 25 cm equilibrated with a 20 mM Tri s-hydrochloric acid buffer (pH
7.7) containing 150 mM sodium chl oride. Then, the colum was washed with 6
colum volunes (CV) of a 20 mM acetate buffer (pH 5.5) containing 180 nmM
sodi um chl oride, and further washed with a 20 nmM Tri s-hydrochloric acid
buffer (pH 7.7) containing 180 nmll4. sodium chloride until absorbance at
280 nmreturned to the baseline. Elution was started wth a 20 nmMv
Tris-hydroch 1.d r (pH 7.7) containing 300 mM sodi um chl ori de,
and 0.5 colol]j’hﬁ v ]llr%:edm]?y&hg eluate fromthe start of the peak of

absor bance @th28@ ofrrrivias thelbmerededsurified gelghitny! fogel flireldonsolvgm on. The sane
operation | ots of the roughly purified

sol ution. Vxﬁ%n%?%r%?l?gun&\?\%gggﬁn %arsgr%g&@%? dgdterrper ature of 2 to 10C, and a
chr omat ogr dptihe ftewof fltatine G probed sohgion 2 with rag)rile filtration wgmbrane.

anti -t hromgggggdul i n nonocl onal anti body was prepared by using hunan

| ung-originated thronbonodulin as the antigen according to Japanese Patent
Unexani ned Publ i kethp afyrexgsntioned 3uwiogipn ppseasipibe step ol brpginedcpistiotnind react ed

Wi th CNBr - a6 Mal8onBR RRBRHOS Rl 835 cdhl Wity bR 8 d/GBK Bheldui®nd. ) tO couple

t he antit hronbonodul i n nonocl onal anti body and thegﬁ?by prepar e

ant i - t hr onSeHod iR HedBrsw cBheior Bin Sy s btersSEgR S o JbisA Sl Fl ow, whi ch

was filled thaﬂ sBidGRp UMb AR LAY Mhedt FORQ 6L RBRI of Bl3tstdpO Y tE). UIHbld(ﬁ'bOUt 40 L

of the roug%é( purified solution was applied to the n?gxoclon ant i body

col umm (di igpntlyzameys Bie ftgpy: befl%fereﬁr LORFGIOPT Bhet PP WP R R0 mv

phosphat e Quik:fiar méoﬂb!nt&eta%t}ﬁﬂﬁ&ﬁdnﬂfoﬂgolﬁatﬁliﬁQQhﬂhﬁnth?dmi@ﬂ btﬂ}@of tBe CV of a 20 mM
phosphate buffer (pH 7 contajping 1.0 M sodi um chl ori de was poured into
t he col umpl%luwndjfocﬁssilq\ﬂta%%f%{g buffer (pH 5.0) was further poured to
wash the col um,ruaiheh, ﬁidi&dl%lcdhﬁ;ﬁetay amxmslcdmtatham&orb&m@l peinngroteygly ochl ori c

acid buffer H3.0 c aj. ni M sodi um chl ari.de. The el uate
correspondlﬂrfég‘toff’pcr lfl‘gfgﬁﬂfthﬁg&?ﬁg gﬁl?ﬁlt%‘fls ?rﬁﬁlng%eglingfe @<B’Bance at 280 nm
was obt ai nediforaied aagded-fisk thltké 10 vol ume of a 0.5 M phosphate buffer (pH
7.3) to ObE(?Oi a purified solution 1. The same operation was repeated 6
tinmes to obt&m 6 lots of the purified solution 1. The operation was

per formed at a t'Efé}lﬁgTﬁst-phhﬁieﬁfsolﬂblb ehrd@kimaEntin afthiaremmlmgmta:phye flow rate of
46 L/ hour. About 1701 of t.h |f| tion.1 of the
Clots was & pa’§3 é"dtlltc8nffjrﬁ1%’c{ @‘awhf %1%& cintﬁntl\}flg]f‘do |{urtf'é”[l P SCEH BHEEeLi 4 buffer
(pli 2.0), sdnide epphbechdiion- amﬁ&@apdﬂwn@sxﬁaﬁag(]{ﬁ’ Hﬁadohtmcfamdl Rilesci ence,

gngI icf\né ﬁ;élrjggrrﬁ(og’r f}’emé@? i m %m fﬁﬁﬁéﬁ@)% n?éiuﬁlgdnblﬁﬁfbsfﬁkﬁﬂlavﬂm ) hV\ngi ﬁgM
was st art ethminbémaiubn, bnd th:h yheﬂﬁﬁ’ dopebndigdedrossi 16 ngor &rbmfpézew OpH 8. 5)

contal 1 19, o MBS0 AR RHANLLARS L S SORLERRRAID 1O L he

i mredi at el waméutmainmd01tﬁepﬂcﬁbw iyfpnaen@lobp iy qthrysphat & chuftbero g 7.3) to
Fermer at ur &Vt 1503y A, Ml fpn BREL AL WRTARIATEC 56 ) hour.

[ 01221 thromboMgdutin 209 b¢ regfar itehe fbtﬁeﬁmbedjdl@m, thd ropd Rtigrsroeenddmt rat ed to
S P 201. 3 (RO RRL Al kbl B R e R hacr
8-300 HR ( @Emeaskimdawt Bam@m@miienwosamyt dolpensves celrpret Bresteg 3t cm
200 o AL e A i L

absor bancgpfdfeﬂz%@ﬂﬁm was II%G&IF‘?&IB*&W»O“&HEP %tﬂ#@é’ﬁkﬁsa@é’éi 1982 ed00UY L by using
Cher cal 5. "o e 4 G e W
per f or ned afterahe @ﬁﬁ)@frbalfl&méﬂE?fS"lZm?’é)mi‘D@nwah‘ﬂmanY:‘PPF E‘i.‘?é‘tld’glryalﬁiﬁvulifqnéw rate of

6.2 L/ hour znd 91234, it is sufﬁcu:,m@hzﬂtﬂéhiyl Wlﬁ@h&ﬁﬂl@&l&ﬂ%dﬁ%ﬁ%éﬁrﬁr ough a
vi rus-renovi ng menbrane, PLANOVA 15N rane area: Asahi Kasei

Medi cal , JHQ‘a’ﬁynu’@d’mnwwaatt@@fw&t%daléeg ?ﬁ%‘ﬁh%dﬁ&?‘wwﬁw@l@ (pH 7.3)
contai ning 50 nmM sodi um chl oride at roomtenperature and a pressure | ower
than 0.1 MPa, and then further passed t hrough a 0.22-gm PVDF filtration
menbrane (MIlipore, U S A ), and the 3%ntire volume of the solution was
coll ected. The result was used as a purified product of sol uble

t hr ombonodul i n, By performng the sane operation, 3 lots (A ., A2,
A3) of the purified product were obtained, The APC activities of

t hrombonodul in of A, A2, and A3 were 69000 U nL, 68000 U nL, and 72000
[1/mL, respectively. Sol ubl e t hronbonodul i n concentrations in the




The nedi um descri bed in Japanese Patent Unexam ned Publication No. 11-
341990, Ingredient Table 2 was used as the base nedium G owth nmedi um was
obt ai ned by adding 60 ing/L of kanamycin sulfate (lInvitrogen, US A), 1
ng/1 of tylosin tartrate (Sigma-Aldrich, US. A ), and 8% bovi ne serum

(HyC one, U S. A) to the base nedium and used.. Further, production nedium
was the sanme as the growth nedium provided that the serum concentration
was changed to 4% [0125] The cells of one vial prepared in

Conpar ative Exanple 1 were thawed, inoculated into 100 nL of the growth
medi um and. cul,t ur i.rring at 37C for 3 days by using a spinner
flask in a%&@flboﬁlg‘g"glgtc%?ﬁ%am %he living cell density becane 5.0 x 106
cells/mL or norel xadmﬂesmﬁtherpeuﬂcﬂtmmepfuhatthay@ubexﬂﬂ@edref@ﬁlmha stersoft r ansf err ed
to 400 ni qf. the ro Lhe, cel | Lt.ur g stlrrlng
at 37C for so mn gl'%o conmct \ﬁlrfie%_lyl?xf p%ly%é%ﬁl@ :flngr& ag CS)%’% @\h

living cel Ipecl“elmsng wltbmcamnﬁo@ap&lﬂ@& wm@vmha@gewbmchrwt@wﬂhye voI urre of
the culture Q X o oYX oI fe] yyEdium and the
cells were cnﬁ& %%ﬁ]to é‘t{g%pﬁrc tgom %&E? ung %réq E'pu5| hg a spheri cal
bottle in atﬂmorxmbmhumatdgh@hmahéhlvdlvmlwglccdmnnd Elﬁtogilﬂbb)carre 5.0 x 106
cells/nm O IRl gnefh&g i J{&A{&LM Lcemsu&ykml%mﬁmg Wi @i ransferred
to 7.5 L of the grovvt fum and the cel s were cultured with stirring at
37C for 4 dBipstidpyonpsiomingtieptére eanorsef thpse tregtpentep A whrtr&rminghen t he
l'iving cel lcaﬁ%&ﬁ%g?&)ﬁﬁﬁ@c}éargﬂﬁ 408, &ehl t%1%c&&mﬂ%1@1naﬂ3§[a%hﬁs| on culture
was started, 1 n which the production nmediumwas continuously added, and the
culture superHatzrenGRBaREnYIIIeNsTiYe stiediainn PHeortinelirRoftBAET t i ons

consi st ed Qo3 4fGhod tedtnfontl gl%@n\éﬁd I@ﬁég%@pre?éga{f@le fRdisin @xehange: 10 L/ day,
and surface pressurization: After the living cell density

reached 7. Zxsbangrobg dirqpatogridy.dg) %@ﬁ@owr*whﬁwtoafwyi HEmEapdr 40 days,

and the culdbMegsURSHNAt-aRsviagnLabhiealtedions e tlﬁé @lﬁb‘ﬁﬂﬂr@x@m@@h&t I on.
The col | ected production sol ution was clarified using. fi I tration filters

havi ng por é°tighstasostaghwith Whﬁ’rﬁ“éﬁ’apﬁyeé?ﬁﬁﬂ{o(@alﬁs angrepirferedy ng stored at 2

to 10C as %xixh;klﬁ Q;B@ﬂulfﬁﬁiﬁkg%ﬂc@ﬂpﬁ&h@'&dﬁ@ﬂexcﬂa@ﬂg@@ﬂl\lmn chromatod@uf, o400 L of
t he flltered productl on solution was applied to a ?Igharose Fast Fl ow (GE

Heal t hcar e filigptgngoyuma shypmatogEPaFaat> m%&"‘(’:‘zﬁ{mﬁéﬁngﬁf“s Y6y a’é‘hw li brated
with a 20 |sEHHlJﬁiltﬁimBWﬂEP&me@iﬁ)hﬁ?edaﬁlp@lf&lﬁﬁﬁ@éau()ﬂl;kczaxﬂg)a caemhau ning 150 nM
sodi um chl ori de. g;)g “'H’ col um was %ﬁf@ O(ti 0 nM acetate
buf fer ( pHCBroBRIEE PR TG SOP R L HbgP P ‘émngﬁamf‘tﬂ?’taﬁ washed with
a 20 nM Trﬂmsﬂbymeqelkﬂe@mmnaﬁmzbuwl@f afPiterlle 4)traDALREHE Grderl@rmid sodi um

chloride until absorban at .280 nm.ret ur t he bas i ne. Elution was
started w tHPaf gﬁn ‘% @WGF%@H?’%?‘?W’ t&éﬁyg’nﬁﬁéfﬁ{ﬁy@b}ﬁ ﬁ’j‘ cont ai ni ng 300
MM sodi um Ghbh@plcd 6 thametctiabusediow iR casl@] dan@é cdiben éiirbhaﬁiﬂglﬁpmmﬁhée start of

t he peak of sor ba t al.ne ified

sol uti on. 'ﬁ?%t%’%aé?% aﬁﬁq%i}%wéiﬁ?@ﬁﬁb @O‘E’gcr?ﬁgrcgtcé T‘MTZ&{% 10C, and a
chr omat ogr aphyhdak)ve HateeCOlPAB ahd W@NDPEAROIE@{CaprJO (Tosm@uanm’ L of the
roughly purj fied so ion ppi. nonocl onal tlbod ol um

(di anet er: Qlahaé?ﬁe% %Lligcm 15 py elé(% Jéa ocancent;[l hon %hé(gphat e

buf f er (pHNYiC:RDaMJ‘Rmﬂ11ﬁigsc®CBeIMcﬁ@dI{unh EthDKBéGEGIL@WC@te),aHnEO mM phosphat e
buf fer aln ng i.um ghl ori t he

col um, 3 &,VH ‘fn hfo ace%rI{JRMSEW ]Jlfg eg dqg llv@%?ﬂﬁ%ﬁggm{agﬁggd to wash
the col um Joraheged filitation colas: sliramb@graphy imcladeﬂsfivhmlgll Fy30rER, M¢m%ﬂ2or| c acid
buffer (pH.3 GOt al ar | orrespondi ng
to the starpfﬂ@ lf%l%caw? anngﬁéPM&ﬁE(ﬂVg@(@a&rb%ﬁ?sépgﬂ%zlg %ﬁtr%?{\/\l/gs obt ai ned,
and added wrdférrdy. 1Exazmﬂeu=mét1@fvnab ‘GensovMepirosphaticbld HeNQEH N @paltio obtain a
purified sqlution:h e %PQP P ERRRRIVAL8RG; OF 2 10
10C, and a%cHr%\Prsgm%) BHQEOIQGoﬁﬂélstf[lg]t}eoy(%% o8 19)% ; 28] SAbout 12 L
of the pur ipfifededs oF mméw Oitmgﬂé‘ﬂiﬂ@#@ti@umpmbw BlcEld\?\l\’ltllllip%ii Mithidjgk

gl yci ne-hy " ifooPEUL S LET sRoR Abar AN ALY 8 MR 5P Sephar ose
FF (CE Hea?lglﬁg%r]@ éBllﬁjgsm e(ncef U H!ﬂo 20(%;ﬁlrm (di aneter: 1419‘c{rr11 hei ght: 13
cm equilibredtreed. with a 0.1 M gl yC| ne hydrochl oric acid buffer (pH 3.5)
containing 0.3 M NaCl. Washing was started with a 0.1 M

gl yci ne-hydrochloric aci.d buffer (pH 3.5) containing 0.3 MNaCl, and a

fl owthrough fraction corresponding té8the start to the end of t he peak of
absor bance at 280 nm was obtained, and i nmedi ately neutralized to pH7 with
a 0.5 M phosphate buffer (pH 7.3) to obtain a purified solution 2. The
operation was performed at a tenperature of 2 to 10C, and a chromat ogr aphy
flow rate of 15 L/hour. [0129] About 16 L of the purified solution
2 was concentrated to about 1.2 L by using an ultrafiltration nmenbrane,



[ 01301 The purified solution 3 was passed through a virus-renoving
menbr ane, PLANOVA 15N (nenbrane area: 0.3 n2, Asahi Kasei Medical, Japan),
equilibrated with a 20 nM phosphate buffer (pH 7.3) containing 50 mM sodi um
chloride at roomtenperature and a pressure |lower than 0.1 MPa, and then
further passed through a 0.22-pm PVDF filtration nmenbrane (M1 Ii pore,

U S A), and the entire volunme of the solution was collected. The result
was used as a purified product of soluble thronbonmodulin (lot: Bl). The APC
activity of thronbonodulin of Bl was 79000 U/ nL. Sol ubl e throi nbomodulin
concentratlg dn the solution of Bl was 12.6 ng/nL. [01311 (Conparative
Exanpl e 3) Preparation of soluble thronmbonodulin 3 The DVMVEM nedi um
(I nvitrogen, U. SAAd}scuibes! absedthadighlyepvsidise saiddd trmemi@modnlin ofdlds um was

obt ai ned by f. n ,mg/ L of
kananyci n seu g{tn{e&% @g g%éhk& ﬁl%a%lq{lbl{]%n%%lhg &mgeotm&%g%alglsﬁqgwt artrate
(Merci an, Jtap‘alnf)WltlamdomtO%Obmiw’?ée!s‘éfoum%lrﬁlll&@@hbema}ng ALYy Oftleﬁstﬂt*fél base

medi um  and; qisedicbyet Resoo PEQUSE bABLPRRIMmWas the same as the growth
medi um provi ded that the serum concentration was changed to 1 to 3%

[ 01321 [UOSJ The cells of one vial prepared in Conparative Exanple 1 were
thawed, inocul at @qeurbtfaaels%bmm%b&mugﬁ%n POt ;2 Bekcyhi s ed with
stirring at 37C for 5 days by using a spinner flask in_a CO2 incubator. The
entire vol uust thehengandraied- Triaen! offR WasHlner émiiwge a8 ity of t he

growt h medi ye 26helh 6r B6lelrSc m@mn@éﬂ LA & e Rsustd Hyrthélgleﬂﬂbd 37C for 5 days
by using a spinner flask in a i ncubator. The entjre volune of the
culture nedl"{?ﬁﬁ"lwa%tht"rf‘éﬁg’fi@rs‘ﬁ@é’ﬁa‘t"%‘dingéo P_hed’f‘eﬂf“ﬁléie@‘i”&\‘i\ﬁ’ﬁ‘%% 9488 the cells
were cul turgdeotkel:h stirring at 37C for 5 days by using a spherical bottle
wi t h bubbl i g air and CO2 into the medium The entire volume of the culture
medi um was ® thtf“%?ﬁ'aéﬁmg&“@aﬁﬂﬁ?mklﬁéo @Feﬁ?/\ﬁoﬂ‘t‘r‘?ﬁa‘?lﬁ?ﬁ“nﬁﬁ@“?lﬁe cells were

cul tured V\Ath{’bnﬁgbjnbddhﬁlgarﬁ{twﬁﬁl@gftﬁémﬁgtﬁl@ys by using a spherical bottle with
bubbling aiy, and CO2 into the nmediym The ent re.volunme of the culture

medi um was Pt Eh%tﬁ%?@aéﬂmﬁ ug E‘%?‘ngh@ldd?”(fwrf? BHHRS and the cells were
cultured W‘(E)hhéﬁtla;f Ffiaf@in@bepdfie-shOthrémplayy, Sy wisiniig tBe ﬁlﬁdﬁ!ﬁiéj cal bottle with
bubbl i ng al m . was

exchanged, )htg o glgp P T?O%Wé‘?é Sf‘&?‘fetffg?g%’tﬂt? %?I@%? %‘Pag‘ d&f*ég Plﬂgme?“d after the

entire medwrnwghexeharged, and when the livi ng cell density reached 1.0 x

106 cell s/ ed to the ctl on dl um The
product i onr@(ﬂ“ﬁ%l %Eaagélgé?ﬂ F 8‘3&@:}%&1}&?‘? t}beavbg%/a% e%véflgamcon i nuous
cent ri f ugat e sﬂ@czﬁmesﬁgm@ﬂ(aﬁbéamanal andSWeden) and the fresh nmedi um

was suppl e roduct j arried out 00 days. The
col | ect ed g% ggﬁ%?ﬁ’ %tﬁe%eg’fli?ﬁg Hﬁ{“\ﬂ,g’ (lf:llf *APipled %Oxﬁgciu%n c?’ﬂ?]tnmgttf%tn filters

havi ng por ecldiianitaesosdaabe ﬁnﬂutelﬂsiloamtteﬁua&ngm (Pal |, US A), and stored at
2 to 10C az aufl I uFr ed production solution. [01331 About 2400 L of
the filter ]a ﬁ}Sd tion solution was applied to a Q Sepharose Fast Flow (GE
Heal t hcar e ActitiySUAnY) clihuim - fotind rdteds > 24 kony:) helilghion tids otwmpéqui | i br at ed
with a 20 rHVIT Aﬁ agl(r:eo @zlmqulecoh?t(lzolnd buffer (pH 7.4) containing 150 nM

sodi um chil oFPde" Fhan Cortnm was washed with 6 CV of a 20 mM acetate
buf f er (pHA51an5)Abe®mrae nfhiglkl(@@terﬁvl sodi um chl oride, and further washed with
2 CV of a h | fof 4) containing 180 nV
sodi um chl or |R§M O§ )Lli%ﬁ&}%gt@t aﬁf] %agﬂ}gﬁ(}beizbdmﬁ%;l s- hydrochl oric acid
buf fer (pHVZ. \Zﬂa)umvnﬁ:mWIﬂgiﬁ@ﬁwr?Mls@dl um chl oride, and about 15 L of the
eluate from,the, ﬁﬂﬁ“s&m@@s&lﬁl%nlqﬁ%( of absorbance at 280 nm was obtained as a
roughly purlfle sol ut he operation was perfornmed at a tenperature of
2 to 10C, dhtutatretsrchrainegralimpifid @vinwtet e of 45 L/ hour. [0134] The
af or ement i @nadh.f QHaRk%e PULichhiBge &@Aagéd' n}mcéva\e@ﬁmmm & ghotRednBLNE Sephar ose
FF (CE Heal thcare Bioscience, 'U S A') colum (diameter: 25 cm height: 10
cn) equil i Braméemedulin: Gl @oolmingkeddbhat e buffer (pH 7.0) containing 0.3 M
NaCl . Washiggowas started with a 20 nM phosphate buffer (pH 7.0) containing
0.3 MNaCl, and a flowthrough fraction corres ondln to the start to the
end of the peak bfe }éﬁ%‘OP‘E}aﬁﬁééO@l’l@2@@“‘9%%&%‘“6@5&%@6 1genbasdhyhl y purified
solution 2. The operation was perforned at a tenperature of 2 to 10C, and a
chromat ography flow rate of 13 L/hour. [0]. 351 About 20 L of the
roughly purified solution was applied 3o a nonocl onal antibody col um
(diameter: 44 cm height: 18 cm equilibrated with a 20 nM phosphate buffer
(pll 7.3) containing 0.3 Msodiumchloride. 6 CV of a 20 ni M phosphate
buffer (pH 7.3) containing 1.0 M sodium chloride was poured into the



colum, 3 CV of a 0.1 Macetate buffer (pl-1 5.0) was further poured to
wash the colum, and elution was started with a 0.1 M gl ycine-hydrochloric
acid buffer (pH 3.0) containing 0.3 Msodiumchloride. The eluate
corresponding to the start to the end of the peak of absorbance at 280 nm
was obt ai ned, and added with 1/10 volunme of a 1 M gl yci ne-sodi um hydroxi de
buffer (pH 9.0) and 1/25 volune of a 0.5 M phosphate buffer (pH 7.3) to
obtain a purified solution 1. The operation was perforned at a tenperature
of 2 to 10C, and a chromatography flow rate of 50 L/hour. [01361

About 15 L g UL I L by

usi ng an ulat% a%y(Ieftratlgﬁg%%@whlé}aﬁ)ﬁiﬁ%ﬁoﬁg@bé} F;%Eeéﬁgeﬁ?% 37 (Astéhl Kasei
Chemi cal s, &@0ah)iill axack irbferbhBIop &d7.80  reebhact ik P8EE00 (dReeh@AtiMeal t hear e
Bi osci ence, [ ui librated
with a 20 m eﬁé@%‘ﬁ&g}gtcﬁﬁﬁ&(&d?’w&@ﬁaggg%t%? alﬁnﬁfél%%hgd%gm&% ?gﬁﬁﬁm chl ori de.
The oper at irapteipasnopeirdiionbs gsiag bfafllte@ﬂﬂp@r@lb%m@ 2] Sgnﬂ@dr@@hand a

chr omat ogr aphy, . fok 9MLE Al&0@incthak;/ f&l@}!émpl@‘mo@/&yﬂlb@lﬂd ReadtoWintdihdanec ABXi num
absorbance at 280 nm was separate nd passed through a 0.22-gm PVDF
filtration lﬁeéh@f%@he%‘?l i pore, U. s, A ) to collect about 3 L of the eluate.
The result yagjused as a purified product of soluble thronbonmodulin (Iot:
B2). The APC acti vi té)of t hr ombonodul i n of B2 was 28000 U ni. Sol uble

t hr onbonodul i n cBRIBHY pantend pl thp bighlragifieg sobtbldpradopadila Bty ni.. [0137]

(Conpar at i ek aeR ﬁn@suE’éoﬁ@aar@éthmo%u@QI shbes ok n 4 The
cells of or(le) vial cryopreserved in nparativyve Exla nple 1 were thawed,
i nocul at ed ‘Wribostep dormaring hest FI%]cﬂli&IﬁaFeé PEOFEINES O UG FIRSTE Nt i fic, U. S A.)

cont ai ni ng oBtafivh by g&l}bbﬁ@é@dﬂﬁelﬁhﬂydctcﬁ%@afaQa&fo‘hm)mt &Q oBMoay ppxant hi ne
(I'nvitrogen, ym di.ne (1nvi cul tured

at 37Cin élaeefzctmsedwa&caﬁwﬁirﬁ@@gwgwab%%1 ’r‘lcé"d’tlé 56 EW? I?Cﬁ%‘%‘%ﬁ’?‘gﬁ‘é culture
medi um vvas tBEPensRUn] i thdi@ssenum f ree nedi um IS CHO-CD (Irvine Scientific,
U S A) ning 8 niML-glittamne GU.S A ), .50 itM

Py poxcant hi W8 T O E PBGEE e, SRR RO B PRI DR BYR & A ). and
10% di met hybtagiell bf eoisitheing Sie@oat-vititthe bt cdll-Gighugked @b@ink bBtaided & @kdi um was

di spensed i ntQ Vi GLS (2 x 107 cells/vial), and cryopreserved in liquid
nitrogen. [1981°&PW% h nedi um was prepared by dissol ving 20.78 g of IS
CHO CD- A3 (ﬂhermmecorSmu&mglafm@,suﬂdm&b%yatemémﬁﬁmjng;f sodiumchloride (Tomta

Phar maceut i . 20 sodi hydr o Al ar ona Wako Pure
Cheni cal ﬁ@ﬁé’??ﬁ“@é’%@fﬁrﬁ ) "I"P%I }.“%I‘_cei oF gll;Pp Y6 8 e & ng() Was
pr epar ed bynedtlslﬁamalﬁtvlago Qﬁhlﬂi&hgseof I S CHO CD- A3 (I rvi ne SCI entl fic, US A),

2.63 g of |de Tom ma ut i Japan 0 g of
sodi um hydigg%ﬁ% ‘Iﬁ’on ]fnég”(‘%f?lubé?ur & Og%g‘ga COFtaadiﬁré {Iclgesgl)'ltl s 3°te%n 1 L of
wat er. [ 01394 Lontammated witiethe dlbstselbbrigmaed/prateingente corttanimibh themwbdul ated into
100 nmL of t r apd .cul.t f ays as stationary
cul ture by Hs Qow mh I’}Ie aniiqmﬂ g 8&5“7%&]%%%fggnt%%elﬁ%ﬁgmﬁi ving cell density
becanme 7. 0{c®) t’hesteg ef ddslimgla 1ootinybutel andichopt celrigineted protar entihpdy tertheas
transferredoltdo 360 ifiL of the growmh nmedium and the cells were cultured
W th stlrrlng fa 36C for 7 days by using a spinner flask in a CO2

i ncubat or . (Al Stch@f dddirigngrobigloh ofthe sy atedopesemdnsy taghx sdigPhessl | s/ nl or nore,
80 M Of 0% AULLALEARALATARR. LHaRAL hGAE of fotiBihoRlyhia, Gowth medi um
and the cel svver Wit h stirring for 6 days by using a

spi nner f| &§kib ﬁtcaof(i@znunmmm@tﬁmlm Wéfrpﬂtchéamd mi’fﬁgli@ieflﬁﬂl%l@élﬁﬁi ty becanme 7.0 x
106 cel I s/ gi» 12 &gro%,méafa&n&gunc&m@loyw R hwemﬁ ‘dll&iﬂét%d rpeaeﬁlmm&,
transferred to 9. he” growt h nmedium and the cel were cultured with
stirring atolg8CthpEbanulindoSgokeftedi @b@PvéHbP@%%éﬁhb? G‘P“%n’éa‘;?é Wi using a
per fusi on E‘Iiél ALt Qeif-6M r%ﬂnat}ﬁ'%?ot&lng 11'1 'I:Hé 'ﬂg)r&x?slnltmgﬁn&'eﬁs\ﬁr&%@@stgm and 106
cells/nL or nore, perfusion culture was started, in which the production
medi um was deeminnEowstier aild ednceanatione’ Byl bast eclbormpated arteimda® bt i nuousl y
col I ect ed. o [hfe GilohitbSof@RdbltxR0S ¢RDSLELSY i0fwiBhE a Rithgt Ihat dingmed ved
oxygen: 50% nedi um exchange: 10 L/day, and surface pressurization: 0 to
0.2 MPa. Aftaafifiggtioniof (e pepteaf in He pSTonipntiened megsurenent sygem cErttsEREe  t he
culture was further continued for 26 days, and the cul ture supernatant was
coll ected as a production solution. 101401 The col |l ected production
solution was clarified by using filtration filters, SUPRAcap (Pall, U S A)
and Supor EBVU.S. A ), and stored at 2 to 10C as a



filtered production solution. About 250 L of the filtered
production solution was applied to a Q Sepharese Fast Flow (GE Heal t hcare,
US A) colum (diameter: 25 cm height: 25 cm) equilibrated with a 20 mM
Tris-hydrochloric acid buffer (pH 7.7) containing 150 nM sodi um chl ori de.
Then, the colum was washed with 6 CV of a 20 InM acetate buffer (pH 5.6)
contai ning 180 i nM sodi um chl oride, and further washed with 4 CV of a 20
mM Tris-hydrochloric acid buffer (pH 7.7) containing 180 nM sodi um
chloride. E ution was started with a 20 nmM ' hi s-hydrochloric acid buffer
(pH 7. 7) Cogtcanlr %010] amXI Ogllf(l)'lrmn? hlngrslu:gee en\‘:Jl usm;g é gt (!HUOWh(}/Q(!Syn&I of the
eluate fromt % 51 p sor ance ?QL]‘ mwas obtai ned as a
roughly purmfgmembdsmiomnsocﬁ a Ih@wmp@maﬁrmnms;h@@f@mmmn@t mgasugamret at ur e of
2 to 10C, and a chromatography flow rate of 18 L/hour. 101411 About
6 L of the ryoughly purified solution was applied to a nonocl onal anti body
col um (di ae8l gr: stepdofahaterhmighthe cBrcentyationwf Hicohat edl-apiginated 2teMinhosphat e
buf f er (th; %%)luﬁlgnt%%nﬁ) Qrgdu%n%()IMa Qr% 1l g(h\!lt%ll Qﬁpec@d% 1 cRrAPnilh phosphat e
buf fer contalnin : |umch ori de was poured into the

col um, 3 Gyitlptheghogt %‘Hmma@e‘teétpéotbl@ﬁ e the gpreptrghionzalsthe hegtirel opeineed to wash
the col um, . an %lHre'sgﬂnx@%vh%mﬂet&ﬁce%taﬂo@m%éel&dnghy&w@nm%@e{ﬂ pric acid
buffer (pH 370) contai nin M sodi um chl oride. The & ate correspondr ng
to the starthateyablpethepepnd c«twenp@éweerona@)g‘eﬂvr)ance at 280 nm was obt ai ned,
and added wi,bh) ML%QE})Y)P&OHE%&Q&H@OIQ}IQLI% Qﬁ%@ﬂ&@l@ﬁ:l@oﬁd&fx&lﬁxhﬁ Bhtfin) t40 Obtain a

purified solution 1. The operation was 1261 formed at a tenperature of 2 to
10C, and a selvtiemeusaeptodgnye eniampingted wih threbasy wiprigingted ppofeins, if desiredap oyt 14 L

of the pur 'tf)'r@g{est@re lét)ﬁc@ﬁhé]tm\ﬁ/a&' 126 st @@1 oh@mﬁﬁd?plgtei&dstth R d naMrable
gl yci ne-hydrochl oric acid buffer %p ? and _ap Ired to an SP- (?pharose

| T (GE Heal®PPfeairabion) wighin shfcignsq fha! ﬂuﬁbk’éélﬁﬁﬁr“{l&%ﬁﬁﬂ’ér o HfrepRIumEf ght : 13
cm equ' | i Ghabedmbhil @m0 whe MKEERACmBYE B0 6N IR ot &ﬁlrdﬂigbiﬁdcd%loi(emsi i3. B)
containing 0.3 M NaCl . Washi nﬁ was starﬁa%? wth a ? égr ne- grochl oric
aci d buf f erdefeppimed fybeagh i therapes thit kprbles t%ﬁw%raaﬂ fee O BERETFAct i on

cor r espondigfgyel shdlB@rEhoih c&&eﬂtmloﬁmaldﬁrduﬂ@)ma& of absorbance at 280 nm
was obt ai nediz nd i nrediately neutralized to Fc)i /7. Wth a Efg nghosphate
buf fer (pH? §fﬂr°ost61bt05|“r?d%{“ﬁﬁrﬁ ihegf edipeigfe 2P1°‘PHb“°db%}t PR

perfornmed abluble! BRRSHALUIR- c@ﬁtaﬂnﬁgote:bt Q@nti@n eonderghuta@iment dgrirﬂ@hy (Baw rat e of
15 L/ hour. [014@(-]%\1 About 2t0 L of the %Jrifitsd. sol ”t'gﬁ %

concent r at S¢PPgredESoe al_‘neﬁﬁmﬁ@%g‘syﬁtﬁnﬁﬁ??sﬁ B¢ PO AR &° eﬂ}llcroza uP
Modul e Sl P+ddn{cASale das af (cChe (lat®iondBpang in véfich ¢hers appleddithi o a

ey ot - 70 i TR ed oL A o0 T FUGLBAE BEFPL o)

cont ai ni ng voth 18k g i ctiiBe il tihiraligo oxmuabmtarrm o pediderativlh t he maxi mu m

absor bance 280 n S t ed concent rat ed t

usi ng an ﬁﬁ@a%elar%ﬁgbﬁlﬁ%%&ﬁneﬁ crrc?iné) i‘l& RSt amggP-e%B Sgﬂ RS ahr Kasei
Chemi cal s, c&;&pﬁna)ted bxﬁdmbtacaimmazeqannm frite@ chnsaat wtitibotne Solidr: hbibeprerwatChdhe was
performed a nper.at u C. and .a.chr t wrate of 1
L/ hour . fﬁ%] ongr e peuﬁ el %llt\llbo()ﬁ g dd?cn}%eﬁeamg :1? %ge 111tgl n 3 Was
passed thr @ulghoracmermmg rthafrm\vstrrgilmgﬂnmamea,mLﬁtgAN@dAiﬂibﬁrN (onenbnfawellar ea 0.12
in2, Asahl Kasei . a ui t WLt h: .8 290V pheshbat e

buf f er ‘7% %“&%ﬁggsﬁdﬂﬂmgy%ﬂ@mh 'uarlrjﬁltcOlgioaséﬂd)e*?“atgte dom 1 erlrlpe(%gture and a
pressure Iemrbatirrard 0.1 WMPa, and then further passed through a 0.22-gm
PVDL. 6 11 1% ALl o0 FRARLANE +{dd drblPRSConbhigindtol yr B oldhe2h bRt UITE Of
the sol ution sI cl e e resu useg as a purif product of
sol ubl e t hnmr%ﬁrmderlmh bgdedton ABF) act @245]14111(0@%9@?}1“@“]}’)“1 PF’ép’&k‘éﬁer Brihof

hi ghl y-pur Is&hﬁgﬂﬁ%%oﬁu 195091@91%@%{ ko@ut;on measu: ed sepgﬁltely culture was

per f or med usi ng, as base tum the nedi um described in Japanese
Pat ent Une%}ihﬂﬂned Publ i catl on No. 11-341990, Ingredient Table 2, provided
that NaHCOa C0ncﬁl%xs@]Bécma'lt‘f@lsH@b%gﬁéjplro&né’OZLngang/ﬁ'em t‘ﬁpgoslN@egs ugQncentration
was changed to 2,410 ng./ Go medi um was _obt ai ned %/Inaddr ng 60 ng/L of
kananyci n ulpfeperng @Wﬂﬂtbﬁ@@eﬁnt C@lf’éﬁhA‘b Produge ejpiple grombamgpdphn pad feedt e (Si gma
Aldrich, US A), and 8% bovine serum (HyClone, U S. A) to the base nedium
and used. Further, production nediumwas the sane as the growth medi um
provi ded that the serum concentration3has changed to 3% [0146]



The cells of one vial prepared in Conparative Exanple 1 were thawed,
inoculated into 100 raL of the growth nmedium and cultured with stirring at
37C for 5 days by using a spinner flask in a CO2 incubator. Wen the |iving
cell density becanme 7.0 x 106 cells/nlL or nore, the entire volume of the
culture nmediumwas transferred to 0.9 L of the growth nedium and the cells
were cultured with stirring at 37C for days by using a spinner flask in a
CQ2 incubator. Wien the living cell density becanme 7.0 x 106 cells/nL or
nore, the entire volune of the culture nediun1mas transferred to 9 L of the

grow h medi um and .the c s, were cul stirri at,.37C, pH 7.2 and
50% of di sSBF P& BIYEs S‘F‘IBJPIO %hralag%m@\?ﬂ ?ﬂc&’ 40 g Prepigd rglﬁlk "When the Iiving
cel | densi tsylphﬁ@taﬂiﬁ)b?alﬁhdmylﬂlﬁnmlﬂowcﬁns dthensaie typlehe tiond éfitlee apllb uswd of t he
culture ne t ranst to, 120 rowt h ium and the cells
were cul tugjr(L]ﬁpvwY ﬂSfeCtlg?fVi’t (g ydend tlhﬁm?deé)tlge qgﬁrb%grg% Ilgsol ved oxygen
for 7 days thypnbsinndplia. pIartfmmsmfG}m tallrér traniple, Wadernt dfdodticedi vighecel | density
becane 7.0 x 106 cel nore r f ed, in which
t he product® oner?eémﬁrr’rSl a\1/\/%(1)366330nlfc dosﬁlggcedééggqgu%% g%ﬁiel }?(?J?Lrefssuper nat ant
was cont i nuotisdsythee bof e bddineTHE OCKI QAG‘IC@ P@ohﬁbtﬁﬂbﬁﬁoo%ﬂs‘rﬂst)@d ¥H.87C, pH
7.2, dissoly % 5@%; qﬁﬁ;g r;) 2@%&/@&)(1 apd surface
pressuri zat(f gggogo%(qug O‘;"gl\/%JH %ﬁg‘rﬁ?&h ?{%‘iﬁgﬁ‘%& density rggached 7.5 X
106 cel | s/ 210, eud thepeeparesion ey heperbomned kiieinefooy i@l daysclasgifed t he

cul tur e, SURGLRAIADN 95 s50h E6bS, 3. rRRARLLLO0IS o il b@Nino Bis €01 ect o

production sol ution was clari usmg Itration filters, SUPRAdisc I
(Pal |, U. SoACHOCIRH rSupieicmily c(elhatrflthe gl Eng, ?iBllaﬁatl@tb@?téeﬂl efthosamy 10C as a
filtered prt%u Ch Qs SR lzﬂﬁ&tﬁ{l enlhOdifheéds m which 1t AR OB Jse efnstohheledll t er ed
production solution was applied to a Q Sepharose Fast Flow (GE Heal t hcare,
U S A) collsHKaneter: 63 cm height: 25 cm) equilibrated with a 20 naM

Tris-hydrochlori ﬁc?%iegné}%mﬁl oﬁﬁhld%d ﬁbmftmcﬁt S0 Gsel 5D pidyasiaginergesdl ori de.
Then, the colum was washed wt a 20 inM acetate buffer (pH 5.5)

cont ai ni ng *4BELimnissH; tat BRfwe pdeble ﬁﬂ@fn’?%‘rotdh]é? aphisednaditt e a 20 mv

' Pri shydr oghl,@thge 8hd n@aﬂJd%ﬁclﬁcﬁxté o1kt (@ Bi‘o@én’ﬂinﬂ%eli&%pm so@i um chl ori de
unti|l absorbance at 280 nmreturned to the basel. ne. ﬁtl on s started

with a 20 mvemplesof cpyaiitesat o FCE iadyds. wpbper oy Tops Iampledy RS BTG 300 mwv

sodi um chl ggi,demicagd106Dsgalbwn vol ume of the eluate fromthe start of the
peak of ab orbance at 280 nm was obtai ned as a roughly purified solution.
The sane 03 ati on was repeated 3 tines to obtain 3 lots of the roughly
purified soluti Oﬂxrt};{b%lﬁﬁgf b #2@iPn WasrrRA LhOkaR theatiltaretseppedtatiur e of 2 to
10C, and a chromato g ow rate of 109{?# hourfﬁ,‘[s01480] ) About 20 L
of the roudhisireply ¥ 'i“é’d‘g b tnsfrmoriceh piripety 5 et Tshet AR body
colum (di agmt ghe “&ﬂ aONA bat@hhg a a.uﬁeoem sequcb bbb e thrivhbdmoau2g) thi M
phosphate buffer (pH 7.3) cont ?@3' siodl um chl Ol‘tl d& t6 Cv of a 20
nki . phospﬁ%‘ﬁ@“ﬁ‘ﬁﬁeﬁ?ﬁa‘(‘*ﬁﬁ“ﬁ@}) At ‘lﬁfﬂi‘l‘f’&yi" BORCEBH AT Ee was pour ed
into the C@bdéﬁiaailyanﬁé 10 fhramBondodMimgeihatigadaus fder ndppids@b@) fravtisn fauriher pour ed
to wash the and. utio arte

gl yci ne- hya?ll% %Ilorﬁiﬂt?’ 4ds ﬁ’“hﬁ??dégatvyg‘f—ﬁé& L‘Vétﬁr?w&ir%nbom%‘%? ’°odi um chl ori de.
The el UatedGi@ELE&&p,ﬁi@dlbﬂgdeoﬁh(Hmaci&ﬁiaﬂi(, fstaetidaaIMnemdbedfast[ilﬁJ@ pééRisof absorbance
at 280 nm was o tai ne f% ad lyl “1 mmm ume qm 2,8 % 5;,M phosphat e

buf fer (pHPZ 45 Y & 6BY&I ‘bﬁ’h“f’ ey ?U({I on 1 rhg™dame operatl on was

r epeat ed 6 atld:t@s it @delthavdad &In@hmnmontolﬁethpwz-btfouﬂdhseiedmtmomeclfm The operation
was perfor at.ure of 2 to [@e1p:-\i hy ,fl ow rate
of 46 L/ ho{}?l e I@fﬁ@ﬁ‘osmﬁm b YRS SIOfm H§° %IngOf(flﬁglypdﬁgllﬁ 8&{1131%?'%1% 1 of the
Bl ot s was [idssec irbbgedthattheybom- ﬁeelmwattmwram'eue:bariawem(dpwe Idi ehweter: 0.4 gm

+ 0 2 gm 3, Sartorius,
Ger many) af’ ulnpcfa?g\l/voﬁ% 'ém“b]?lcg dn%mé@toe%%})lgﬁ?é %Mg%gﬁﬁ(wg@&n@l rane area was
used for 1sagitofngHCRYhit wdh HSPadivg ghkonditeerahyambd u@dMng fyrekarerlpydr ochl ori ¢
aci d buffer H.2.0 and ap| 4.0 care

Bi 0SCi ence r&p}gﬂu no}ém omu% Efﬁt@gaﬂ,ﬁg 91%§§€C§ﬁﬁn%ﬁ%§%tffapﬁ1;g GQUI%F(Ith‘ at ed
with a 0. 17 @by@umeemm@gm@b}r foctlwmudlflbuﬁﬁeftheﬁwléi@’)a%lb vaitii ng 0.3 M
NaCl . Washing was started with a 0.1 Mgl ycine-hydrochloric acid buffer (pH
3.5) containing 0.3 M NaCl, and a flowthrough fraction corresponding to
the start to the end of the peak of aWBdorbance at 280 nm was obtai ned, and
i medi ately neutralized to pH 7 with a 0.5 M phosphate buffer (pH 7.3) to
obtain a purified solution 2. The operation was perfornmed at a tenperature
of 2 to 10C, and a chronmatography flow rate of 160 L/hour. [0150]

About 160 L of the purified solution 2 was concentrated to about 10 L by
using an ultrafiltration nenbrane, Mcroza UF Mdule SIP-2013 (Asahi Kasei



[0152] (Exanple 2) Preparation of highly-purified soluble thrombonodulin 2
About 2,000 L of the filtered production solution obtained in Exanple 1 was
applied to a Q Sepharose Fast Flow (GE Healthcare, U S. A) colum
(diameter: 63 cm height: 25 cm equilibrated with a 20 mM
Tris-hydrochloric acid buffer (pH 7.7) containing 150 nmM sodi um chl ori de.
Then, the colum was washed with 6 CV of a 20 mM acetate buffer (pH 5.45)
containing 170 mM sodi um chl oride, and further washed with 4 CV of a 20 mM
Tris-hydrochloric aci d buffer (pH 7. 7) containing 170 mM sodi um chl ori de.

El ution was _start dr. ochl rlcaJd uf f.er. (pH 7.7)
cont ai ni ng pé%tf)la&r]ﬁ/l? %S(‘:fl Ilr%’tgﬁll%croluﬁl& %’f Pl

E’éso anP ﬁ%en\l/bg e ofw}%l?'lné eluate from

the start o?hehlaelqmelaknm ccﬁhﬁmlmmelaabfe@&@ arhostweld wgh kdl Nednténiag £ oughl y
purified sql uti e s..repeat,ed W G ain 2 lots
of ther ougnrllll%lleOt%ﬁr‘S ?q‘mm& enc U P}%n %&iuﬂgm ati o PEF %hﬁgéép\éqe&ﬁggkfrﬂegggtﬁsa

t enper at ur ergérré that ciﬁ@ml@nddvdnodqlume oqldafqumnrrﬁbamn péithe aptfi-HIHO L/ hour.

[ 0153] - { | f plied to a
nonocl onal aélﬁlto?&gg g!Lth&?mlrﬂcgl%d‘; i %&Jﬁh%‘ C@%&hh&ienl%qhg%n ds%@ mctﬂf?l br at ed
with a 20 riMOﬁm@mmmerthfemt(EC?taﬁtiiB))iycont aining 0.3 Msodiumchloride. 6
CV of a 20 nMp Rlbasthe SARLAR Mo 501 UM Chi or | de
was pour ed |ntoh§3’§e coﬁcp%&%&%\/ of a0, %J(t:et at% buf:fer (pH 5.0) was
further poweesgsarntogiesty thaauensifiahia mlwndhee@qﬁtqnéhhmn%@a&h}@age #eth a 0.1 M

gl yci ne- hy 45068108k ehR2Gh GroPUbiEhs of REL Bao (OB REMRG0 GoBulM Sodi um chl ori de.
The eluate corresponding to the start to the end of the peak of absorbance
at 280 nm Wersmbpmedulia gan kerdeasandde dt ikintdie nyefoabiothaheloger @ngniaitthhosphat e

buffer (pHcf B mbLuRBL & q%alpckﬂa%fehgﬁjgesi@lléﬁtnbcpfbb% foJékﬁm%ﬁ”ﬁ)OQﬁﬁﬁ@&ﬂ on was
repeated 8 tinmes to obtain 8 lots of the purif solution 1. The operation

was per for meht’leﬁar?@ﬁﬁ%’?ﬁwhPéh’élﬁel'zn‘flé Pieé@abléﬁﬂn%{m@m bisEtojiddphy flow rate
of 46 L/ hoWgamf19%0éhe/ml or lowebOUt 180 L of the purified solution 1 for 6

| ot s was pe?ssed through a nylon filtration nmenbrane (pore dianeter: 0.4 pm
+ 0.2 gin, forane area: 1.8 n2, SARTOLON Maxi Caps 5101307113, Sartori us,
Ger many) at a f|m%x{ﬂataeeseéo}@tmhllmoﬁbbﬁaaca{eaa@b&n&c&&eﬂ@a@dbmm@ane area was
used for 1 of FICP), adjusted to pH 3 Etlgl

gl yci ne- hy dF SeiR ceficeniragiop arethps aad thiypethodis noféw*l%% &J&t Hewases 8aphar ose
FE (CGE Hedd f1beaibg c&l&ﬁﬁ‘b@ﬂ'@&h ahjuﬁra‘filt)catﬁmmmm(uiﬂ apelRdy; thdb icalyo hei ght: 10

cm equilibrated w yci_ne- hydr ochl or| aci uffer (pH 3.5)

cont ai ni ng aﬁ"%ml\ﬂnﬁfﬁé‘ffmnmé‘f]h gﬂﬁlﬁ?fe&‘&? Uk tAted ?)te tsl?/}u?mn {’y

]9: yci nﬁ hy(ﬂgfo@Eﬁllzlﬁg £ sokkibh, RUd E}@g d(spiﬂuag&.)ﬁp@@iﬁma;vlm mgn{]n 3)11M16Nﬁ];a'1ter1]and ak f
ow-t roug fractjon corr [ e st e en t he peak o

absor bance 5‘8“%0 d’?fﬂp&%él dglfoéu ]n'r‘fé’ol'?&a f(g/byn ﬁf‘?’“ﬁ‘fq “to pH 7 with

a 0.5 M phasphay effetfHcaICH péhsdredient @siahit aAdEboﬁhr@ﬂM itfid xﬁi(des's&l{ylﬂttl on 2. The

operation was perf t.a . tenperatur nd a, chromat ography
PPowrare Sl Mgt «thdan i ettt fud G lutptip e Rt arE
sol uti on 2 afesedc oN@eRkhgitaghpédingibalthe &ntenkxytitis ofthe aihubid trafiltrati on

menbrane, M c U 1 Cheni cal s, an), and
Chen app i duopBoab kO Pe Bt R i T B b B R 3E Lo

(di amet er : {@3xomlelehghl: 94 cn) equi li br ated with a 20 mM phosphat e buffer
(pH 7. 3) contal Q’QT(SID(OE{MH§ ey TH%&ﬂloPﬁ gondt omoguerla 1153“@;',\1 N.RE8 ac%x&%g he maximm
absor bance at 280 nniwas se’f)ar at'ed, concentrated to out L by using
an ultrafi mm:ahrtfoﬁommvanm M croza UF Modul e SI P-1013 (Asahi Kasei

Chem cal s, _Japgh),, to obtain a purified solution 3. The operation was

per f or med at’ ‘a ferrperature of 2 to 10C, and a chromat ography flow rate of
6.2 L/ hour 2 JIOF ¢@@dnt per 1 mL of sEhelefug/indd ed sol uti on 3 was passed. through a

Vi rus-renoyli Al 5 afea: 1 ni2, Asahi Kasei
Medi cal , “‘%‘%%ﬁ%@f{‘ﬁwﬁ%ﬁﬁe’ﬁ N@B&?%ﬁﬂgg% Ste butfer (pH 7. 3)

cont ai ni ng[®85IhM sodi um chl ori de at roomtenperature and a pressure | ower
than 0.1 Mpa, anﬂ] thhgq{&r gﬂgﬂehg&ulﬂgﬁﬁﬁ%&&ﬁghﬁg& tﬁsgm%gdnfnrﬂmpp Mﬁﬁeg t'hht ration
menbrane (M1 1Iipore e entire vol unme of sol ution. was
col | ect ed. aqﬁh@tlme@lﬂf@teméfsbmwblra@ vaovidegiibsrapr ifpilege suPwbrEactife onborodul i n
purified product (lot: A5). The APC activity of thronbonodulin of AS was
69000 U nL. Sol ubl e thronmbormodul in concentration in the solution of AS was
10.9 ng/ ML. [0157] (Exanple 3) Prepar4tion of highly-purified soluble

t hr ombonodul in 3



Cell culture was perfornmed by using, as the base nedium the nedium

descri bed in Japanese Patent Unexam ned Publication No. 11-341990,

i ngredi ent Table 2, provided that NaHCO3 concentrati on was changed to 5, 700
ng/L, and NaCl concentration was changed to 2,410 ng/L. G owth nedi um was
obt ai ned by adding 60 ng/L of kananycin sulfate (Invitrogen, U S A ), 1
ng/ L of tylosin tartrate (Sigma' Aldrich, U S A), and 8% bovi ne serum
(HyC one, U S. A) to the base nmedium and used. Further, production nmedium
was the same as the grow h nedium provided that the serum concentration
was changed_ to. 3% 1581 . The cells of .on prepared in
Conpar at i vg“&’s?a%F}&L gas\/f}é’raélmflﬂ%?\‘?sé?ﬁgqaﬂ%?ﬁ%ﬁ? 3’89? ﬂtr%ﬁl%mrﬁf "6f the growth
medi um andﬂﬁsbdﬁhu,rtﬁdhﬂgmmpuﬁﬁécwohmga tﬁfonﬁa’ﬁbcﬁﬂim ostlﬁbe;ﬂaoﬂnyneutsgmql;a spi nner

flask in a o Wien nsi b .0 x 106
cells/nL or %ﬁh}é&’s r%"g‘tmobrli‘f”df%’lg\‘/%? t¥‘ Qtnﬁogy i %iral‘ém%réc}él?u?nﬁl\?\& “ansferred
to 0.9 L ofpubified gﬂmﬂhrmﬁﬁmmlmaﬁdnﬁ érebodﬂahdmhmeﬁeammhtoarcmummm stirring at
37C for 5 days by, using a rfla Ig%)g r. When the living
cell densi tyx% élr?g(ﬁef.agglfg"%g’ 107??1_1 gdgt bﬁgﬁéej%t%%l?e vol ume of the
cul ture nediantlings, the podfcd crde Ltserl for tphﬁuntabﬁettlgdri@mwpsmdfqymntmﬂdigt he cells
were cul tur ‘ nd Lesl wedoxygen for
5 days by u@?’%\é\%a Qlaait) urleorl]l 3 &g%\%lm&%}gﬁ |m\§/l| ngéé(%ééf ?ﬁy feén%l?ty “becane 7.0 x
106 cel | s/ rxomdwlaptirand thchepe@m tm@motwﬁ@sweww@ud}w, foy eeanipdel myiarandig!
transferre Qi\'rb@},l dutde, aglls;ere cultured with
stirring asm"é‘%&%gg’ﬁfl‘"}l%gs hﬁb(gl(%/o of1 I'ssol ve o>‘<1 en fgr 17 days by using a
per f usi on cmerimt:élQS'esnMssem@medtlh@amswlmqoagellaltm@l tepeipepedaisy. 0 x 106

cel I's/ L ory, JOf.6 co RS 1Sk S U fen‘ﬁ@&ﬁ& Lh&Gand the WY, ch the production
medi um was contl nuously added, and the culture supernatant was continuously
col | ect ed. 194961 cul ture conditions consisted of 37C, pH 7.2, dissolved
oxygen: 50% nediwp %%ﬂ%@&%eutﬁc?ﬁ%&ﬁus%%g ohé}@@&nbo@%n@i&&&@ﬁﬁmpﬂﬁssu“ zation:
0to 0.2 MN. After the'living c density reached 7.5 x 106 cells/nm, the
cul ture wadighlireyiied sgnle HH@HbW“@BOfdh‘%mb%’ﬂ@‘ttﬁédé@hﬁ‘lﬁ""é‘e‘%ﬁﬂ& nat ant was

col lected 3gcoBaBleQRMRl b beIRked | Plare SSREEGDY, b ﬁﬁﬁ@he&ﬂ&ﬂ%ﬁb&h&m&m ution was
clarified by using filtration filters, SIJPRAdisc |] (Pan, A.) and

Supor EBV (Sméqthle fog pifsctave) adnyipjgfration te pripptsrap ge R@@l&%b%mf’ﬁurgtté? é’@hlar oduct i on
sol uti on. q;liﬁ&llsoluble thrombOROMin 60Ehiderfodinliat ful dnt SRt ﬁfe@tﬁi&é%ﬂ@n sol ution
was appl i eé) to a Q Sepharose Fast Fl ow (GE Heal t hcare, coI umm

S. A
(di amet er : Pephglgrtions thepapeubatrpainentpf pry ofiths Uspaggserrngond &hfme with a
Tris-hydr 0%&3%1@{)1‘139;0 asbehtRuldaty (PHRE pRImGealtRANLRAGsERD ofidis Sadiimenehl ori de.
Then, the caol um, was washed with ?%ﬂgf a. Zgg%ﬂaggpﬁ;e buffer (pH 5.5)
cont ai ni ng *PEWPHIACTR BRYECHED P BreleraflePerathe M U HEEh PHCGSL )
hydr ochl or icemas&itfin BEfhisempbdieds 12))16&@55139-.{1@3&1@@a%ﬁ@ai‘lﬂﬁoﬁﬁﬁlhﬂtmvﬁﬁhmﬁﬂ de until
absor bance at 280 m r et ur ned tg e basel i ne. IE:[| ution ztarted with a
20 mM hydr GFIHGR hae?laposﬁwéw(mewﬁm BRTRAFATAG * B FVICR & um chl ori de,
aBd 0b5 C O i Abiave N &Hs iR @ IAhﬁ)pBﬂMéﬂtﬁelfaﬁﬁﬁ’ﬂntchﬁlb(sﬁaapztre?)ﬁy E}lf@mf)@ﬁ)k,h@f ]
absorbance at, 280 n as a roughly purified solution. The sane
operation \}\?féhc\%éiﬁ% %‘“é’v&%@égﬁo obtain 6 lots of the roughly purified
sol ution. Tdw7operation was perfor rred at a tenperature of 2 to 10C, and a
chr omat ogr aphy f\L\@W ratue 9f 1)19%!'7! sani )[Phon f‘}lt"i oum ntipne ".m }29@ L of the
roughly purified 88l Gf CORPRES” SopF %d”’t% A Monoéional’"an | 5tfy “col um
(di aneter: p%xﬁmahmghthataa'ﬁt@mﬁmeqmﬂe&bﬁapladmmdum:a, 24 cavbphosphat e buffer
(pH 7.3) c 6 sphate buffer
(pH 7. 3) C g‘re Inhghyfwggk(ﬁdssggfwu% ggl cPsgrnlqg 310\1}\6 S&z{m L,h af %n t(,aon Lﬁlgglc%f um, 3 CV
of a 0.1 Moa@ﬁtzahesebméde‘ron(@Hg&uﬁ)oM&@@ ofrstutvese, pmuﬁeédeltacnwébimm he col umm,
and elutlonvva st.art ed M.l . @C] ffer (pH
3.0) containi n%lfhéwﬁﬁ ‘m%\%o&%mc(hh?ogdledel% dmp% uﬁ?f %gtc}lrw?eg%g%glé ﬁfga 'yo t he
start to thévaemls nfnetdi ealppeald bt libbse rlvanwéraily 28Bdnninwag: obsaitived, and
added wi th }m{ gal\/Olcel‘:{ cal%%m?o&%o% aMangg?otAQMHHfhfe%{ 3yle1&1e§)solﬁb(?e Obt ain a
purified sol U Aot peration was re nmes to obtain 12
| ot s of thehlpmbwrfmdedn s‘bvlhwtemndlmcnfﬁheoldﬁ@raaﬂ pfarbmﬁalglyézeqphwq?ﬁednﬁhua
tenperature of 2 to 10C, and a chronmatography flow rate of 46 L/hour.
[01611 About 270 L of the purified solution 1. of the 12 |ots was
passed through a nylon filtration nen#ane (pore dianeter: 0.4 pin + 0.2
gm nenbrane area: 1.8 n2, SARTOLON Maxi Caps 51.01.307H3, Sartori us,
Germany) at a. flowrate of 5 L/mnute (about 0.05 in2 of nenbrane area was
used for 1 ng of HCP), adjusted to pH 3.5 with a 1.0 Mgl ycine-hydrochloric
acid buffer (pH 2.0), and applied to an SP-Sepharose FE (CE Heal t hcare
Bi oscience, U S...) colum (dianeter: 45 cm height: 10 cn) equili brated.



The APC activity of thronbonodulin of A6 was 81000 U/ nmL Sol ubl e

t hr ombonodul i n concentration in the solution of A6 was 11.9 ng/nL. [01641
(Exanmpl e 4) Preparation of highly-purified soluble thronbonodulin 4

G owt h nedi um was prepared by dissolving 20.78 g of IS CHO CD-A3 (Irvine
Scientific, US A), 4.06 g of sodiumchloride (Tom ta Pharnmaceutical,
Japan), and 2.20 g of sodi um hydrogencarbonate (Wako Pure Chem cal

i ndustries, japan) in 1. L of water. Production nmedi umwas prepared by

di ssolvin.g 20.78 g of 1S CHOCD-A3 (Irvine Scientific, U S A), 2.63 g of
sodi um chl ori,de (T ce | f di um

hydr ogencarsbonafognp?% & 1s|31e?en eir?rllrglcae](%l m tgﬁgﬁ}%de%&ggglsgln gregelpc.d t%Rof wat er .

[ 0165] the afftpeeg@dried coficonglyviral 'ﬁhfeqfareeehtmmecwmparlameﬁeeaﬁxedﬁp@e 4 were
t hawed, i nog er Nredi d at 36C
for 5 days ggl eg%lgg? etapm]fg%l Qﬁ?’g"s {(/)Qusl?{{r?%%{gitﬁ %J %}bﬁ%g&g%tﬂ e}lglgeﬁbat or. \Wen
the living OeJePtI’Sltebemsqhﬁ%?lVbrebréweu% 0 x 105 cells/nL or nore, the entire

vol une of thggeul ture mediumwas transferred to 0.9 L of the growth nmedi um
and the cells were cultured with stirring at 36C for 5 days by using a

spi nner flask i nAdoEpthehigibyansiied yhene E}h@anm?iiﬁg“ ddhip creidpent Became 7.0 x

105 cel | s/ gy gﬁle@pétﬁmmtsﬁgtnﬁlrﬁ)'aﬁgdl\'iﬁ)}nﬂma@l&e &eﬁ]@ncﬁ'&g €, s@f@b%é&@ﬁ
transferred to 9 of ow h nedium and t ell's were cultured with

gro
stirring atsme@lnbm’%d'ﬂl@llﬂa‘ndTJSEU%%”’fm‘ﬁ’ gguoplichs @R%jewof P e apdyeavRy using a
cul ture tangmMhendiheexhin lenrgmé:@‘lJ dev @ BNEhdsYasRERANE, pbr BaybyliRRaGetdls/ ML or
nore, the entire vol ume of the culture medj um was transferred th 120 L of
the growt h iHedHonrreaidlyipeateapyssripgrision| (Gf BeAREF UG CIPRRG R 36C, pH 7.1

and 50% of di:$88bMAEhOXHIER bb Qﬂmlzlléﬂ@)!@sotﬂﬂaﬂiﬁddg@r,aal Rerfso®ngethbur e tank.
When the livj ngrtcell density becane 7. 06 ce}lshnL or npre, perfusion

culture wasogp ]l‘léﬁfbmf“?’il‘%r‘%wetaﬁ'e"eﬂ?%ﬁ{}‘é’%t %’hﬁxﬁﬁlﬁ U B AL Ao |y added,
and the culibififadSipeLatianty8asareHBition Untislaylyahh eatedyip Difesionl t ur e

condi ti onsﬂgémsr sted of 36C, pH 7.1, dissolved oxygen: 50% nedi um
exchange: mpje Blay, and surface pressurization: 0 to 0.2 MPa. After the
l'iving cel l[o@ehsity reached 7.5 x 106 cells/n, the cul ture was further
continued for 20_da and the ture su at ant | ect.e
production sol ut ¥ re?[eﬁfi‘é%‘]“tm Wil e EPGE cidg'cef@ﬁ“ﬁa\%&f&é? ToR t8?‘?1“ on was
clarified lfyﬂoursﬂgrtga;ﬁp}leﬁ I Bloivover,fthd dcefeSof tHBlRERAGK i eentibn (sPat limited S.a8. ) and
Supor EBV (P%I US A), and stored at 2 to 10C as a filtered production
sol ution. ¢ About 1,400 L of the filtered production solution was
applied to [aoQ Sepharose Fast Flow (GE Heal thcare, U S.A) colum

(diameter: £3.c uilibrate

Tri s- hydr oéﬁ?fgﬁﬁ% [g‘éfngﬂb%%érog??ﬁ)ﬁug ngcgﬁt a?‘HWnqufgﬁgW 88 um chl or i de,
Then, the col umﬁAwazslmgas ﬁediemiaahorﬁoi@a/olomca& 2606&1% &oed)athe ABGfattvity( pH 5. 6)
contal 19 e AR 46010458, 1808 LU NEC MBRGCL Y Al OV OF 2 20 T
El ution was st ar@dmMusldum ci2OrideMoluBpn é?omyhﬁ@d&ﬂdowzth%adr o aberrhﬁler (pH 7.7)
cont ot 1119 230, PR, TNGM R6L R O S SELAIL NOLUTR Ay ol 1ot

r oughl y- purxilifciuecdlssmﬂthom{r@. arfinthen sBnkwihEp ak pbcnéﬁrﬂé@lp@hﬁmn rildginso for about
900 L of 't e, Lil [ @180 BSOBNGL 00 SOLULL 0. AG (S 2 4730 g, the roughly
purified so Were obtaine e operation was perforned at a

t enper at ur emofiteadﬁtem tHO@ditand te d;\hmervréhleigblaﬁﬁyhm bhve igtue His 4094 L/ hour .

[0167] with zrﬁ*?bolrg 13 U%]lﬂsoq&t gﬂ?h&%gmorenpe rmﬁgﬁﬁg R%Qalawh' oR, %‘ﬁ%mﬁpm ied to

a nmonocl onal =~ ant y CO i anmet er equi |l i brated
with a 20 mmpmgmamwﬂmﬁevarmmmrg‘ é“erntnamfrwéteoﬂe dl‘wlé’@’éiPUH‘f chloride. 6

Cv of a 20 aM.RhosRAR Siubh, ftﬁém{x&lﬁlezvag’)adcﬁeg%ﬁ'l'@b 0E ofla R tﬁodl um chl ori de
was poured into the colum, 3 CV o .1 Macetate bufpf H 5.0 was

further pountithrembinddolptien, axs rbﬁﬁnxfawaérbuﬁeéﬁnwelwrl&r%& f¥h a 0.1 M

gl yci ne- hydraghl %a&h%aﬁmﬁuﬁheﬁwl(&lﬂ a?m@r)roﬁ%tlﬁlsmu&gn Qh&nMﬁ&@%ym chl ori de.
The el uate correspondin e start to the end of peak of absorbance

at 280 nm wééedd@ﬁa%@e@r %afﬂw’t}éﬂ’déﬁlb%afﬂng 4966 C%Wﬂﬁ%“%’f S‘&ed@“)ﬁ‘orﬂ%’hosphat e
buffer (pH 7.3) to obtain a purified solution 1. The sane operation was
repeated 5 tines to obtain Slots of the purified solution 1. The operation
was performed at a tenperature of 2 t4210C, and a chromatography flow rate
of 46 L/hour. [01681



About 110 L of the purified solution 1 of the Slots was passed through a
nylon filtration nmenbrane (pore dianeter: 0.4 gm+ 0,2 gm nenbrane area:
1.8 n2, SARTCOLON Maxi Caps 5101307H3, Sartorius, CGermany) at a flow rate of
5 L/mnute (about 0.03 n2 of menbrane area was used for 1 ng of HCP),
adjusted to pH 3.5 with a 1.0 Mgl ycine-hydrochloric acid buffer (pH 2.0),
and applied to an SP- Sepharose FE (GE Heal thcare Bi osci ence, USA.) col um
(diameter: 45 cm height: 10 cm equilibrated with a 0.1 M

gl yci ne-hydrochloric acid buffer (pH 3.5) containing 0.3 M NaC . Washi ng

was started wt M gl yci ne- hydrochl gric acid buffer,(pli_ 3.5)

cont ai ni ng V(ﬁfgle%:@‘%};%} %Ef%i"ﬁ%a’é’ ?ﬁ%ot\]i%ﬁ B’ﬁd%&frf%@f’ﬁgﬁl%ﬁaﬁg’g%n fhg to the
start to theinerdafsdr thh@ldpealef D salxsardahcen ahe 280w manadiedbtithi Ined, and

i mredi at el y_ne, al i zed t H7 with a 0.6 ,Mphosphate.huff.er (pH 7.3) to
obtain a pd?]??i %"ag%ﬁfcu cﬁdoﬁe%m%eem (S.)Lﬁé?aaafulmgdrlbs?/\lg%ncﬁ@? orned at a tenperature
of 2 to 10Gpesaundd at MImanateieapiy aklhdlwnkat e of 160 Uhour. 10160

About 1.20 1 the purified solution 2 was concentrated to about 5 L by
using an ultraftiltrati on nenbrane, Mcroza UPI Mdul e SIP-2013 (Asahi Kasei
Cheni cal s, JapanThe Affdactiviieof thppibbediulings @lSkpidde rybrdgn@o0tiNthe ( GE

Heal t hcare (Bl gscCi . ence, : . I o) Lght: 94 cnm
equi l i brat efgio\%vﬁgjnquagog' n(1l)J ’Qﬁ%éﬂo?g%aot gﬁ%&ﬂ'}s g‘%}’%éﬁf%&“&%ﬁ?g% ng 50 nmV

sodi um chl @eiatete 0Anadl ot i-wiropabike nei f pipde nmaxi mum absor bance at 280 nin was
separ at ed, I\[/]@@gmgggﬁentrat ed to about 5 L by using an ultrafiltration

menbr ane, roza UF Mbdul e SIP-1013 (Asahi Kasei Chem cals, Japan), to
obtain a purlirite@/ubl uldone: 3An:Thy VolfdraT }dn Vg Dilatipntinedl sample t enper at ur e
of 2 to 10G,, and,& GREOirelQak aptonf | ow rate of 6.2 L/hour. 101701

The entire volune of the purified solution 3 was passed through a

Vi r us- r emoviriy Abserbrgn ef MipkANOYA 15N (menbrane area: 1 n2, Asahi Kasei

Medi cal , Japailar S plid-RLALE W b -DitRaR@nsMddhpshaie buffer (pH 7.3)
cont ai ning 50 nmM sodium chloride at roomtenperature and a pressure | ower

than 0.1 MY Voliner atibrtine phshestropaieddd ¥ Ob%yh a 0. 22-Rm PVDE filtration
menbrane (M,IViRY & sarkbiSsdutlon: @4k ¢:l1g entire vol ume of the solution was
collected. The result was used as _a, highly-purified soluble thronbonodulin
purified prlottRetrai dsevinppopctiopimAptmigtieyi ty of t hr onbonodul in of A7 was
69000 U ni k: §19lak Bli@bd-RE S ERRAREHE fdleabQNG B Add 1@BteinC bher36l with o of A7 was
10.4 ng/ nL EOl?l] (Test Ezarrpl e 1) Evaluation of renoval of HCP using
various fi I°f PEePRepPoRifp P4 weclmnutet)) The purified sol ution 1 obtained in
Conpar at i vegpfiggpnpl e 1 (HOP concentration: 462 ng/ral) was passed through
filtration menbranes of different materials, and HCP concentrations of the
filtrates were cofysreEnts 2&hdPi9%€ally, 5 m of the purified solution 1 was
passed at arfik-owdhalesudt>1 M/ m nute through each of filtration nenbranes

e 2 (1, A L e Al ) B U )

(pol yet her pul & grad dfdvbdiGEnts diighatkt. ow, Sartorius, Germany), (4) nylon

(NALGENE Syrjnge Filter, Thermo Fisher Scientific, US. A), and (5 CA + G-
(cel I ul 0s e%@‘B&M@'ﬁ‘“@ﬁ“‘&é&ygﬁ%’&? Rer RORGfo b e D i Ar%iz%}%fﬁ?’a‘%d t he
entire vol upeliv@Rednl 1 ¥l @dciagicackli(bd Hal ere BLFR I as added with Raat: & @
concentratian an concentratio f., t.he sol ution re asyred before
and after t"ﬁgmﬁ(’ﬁ Péﬂi"@ﬂ(?sﬁﬁ}én @ﬁ%’f‘%i(ﬁ”c@ﬁ%%fﬁ’f? ‘gr[ g)ti#’%ﬁ(ﬂ'%él ag'g:aﬁai%nvee “on the
basi s of alSsaribanceAsine28Qdnixpne@mnd, 3-hepHeRict@mden inabidn2Was), medsur ed.
according to.the et hod. described.in Reference | 2 A& result,

subst ant | af* Vi f 18?%&2@%0\%)@“%“ HIS?O?‘% é%‘?r%éaﬁ%ﬁgpa\ﬁ%%%&?ngoﬁrog é:‘;’a%?dconcent rations
measur ed befdwue chinddefit.@p) it hadeflitd the atlidon fodrdisablvedt heon enbranes, but hi gh
HOP- r enovi etfect. ohserved _for the filtration nmenbrane nmade of nylon
and the fi :l?(r)a |§aﬁkmrre}?ﬁ lr':’gﬁeesOlrir%ff1 e of PES, and it was found that they reduced
t he El CP concent4 8¢ indhealopun? 8%riecol86864 (Imeldpeatded with a(ITatinilagle Fur t her ,
degree of thg rr@%ll","}ti on of the HOP concentration significantly differed
depending on the material of the menbrane in spite of the sanme pore

di anet er. Afleprdi-mgltirombin Weslutiot™ consi dered that | MP insol ubilized by
aggregation was renoved, but it was considered that HCP was renoved by
adsorption by the menbranes. The dianmeters of the evaluated filtration
menbranes were 25 nmor 26 nm and thé4nenbrane areas for 1 ng of HCP

cal cul ated on the basis of effective nenbrane areas of the filtration

menbr anes described in the data sheets of the manufacturers were 0.17 n2 or
0.23 n2. [01731 [Table 1] Filtration



menbrane Pore diameter (gm Menbrane dianeter (ram Effective nenbrane area
(cnm2) Menbrane area for 1 ng of HOP (nR) Recovery of HOP (h) Recovery

An antithrombin IH solution (2 Ufml, 7.6 uL, Mitsubishi Pharma, Japan), a
Tris-imidazole buffer (42.5 pl), and a 30 U/mL heparin solution (50 L, Mochida
Pharmaceutical, Japan) are mixed by shaking. This solution is prepared before use,
and cooled on ice until just before use.

[0103]
(Reference Bxample 2) Method for measuring HCP concentration

Serum-free culture of gene recombinant CHO cells introduced with the
thrombomodulin gene is performed. The culture supernatant is applied on an anti-
thrombomodulin antibody column to obtain a non-adsorbed fraction. According to the
description of Reference Example 1, the APC activity of thrombomodulin in this non-
adsorbed fraction is measured to confirm that the activity is not detected, then the
fraction is concentrated with an wltrafiltration membrane, and the concentrate is used
as HCP, Anti-HCP antiserum obtained by sensitizing a rabbit with ICP as an
antigen is purified by ammonium sulfate salting-out and with a Protein A column, and
then applied on an affinity column using thrombomodulin as the ligand to obtain a
non-adsorbed fraction. As described above, a rabbit anti-HCI antibody that does not
recognize thrombomodulin is obtained.

[0104]

A saraple solution is obtained by dilution with PBS containing 0.06%
polysorbate 80 so that expected HCP concentration becomes 0 to 500 ng/mL. When
the HCP concentration of a sample solution is low, the solution is concentrated to an
appropriate concentration by using an ultrafiltvation membrane or the like.
Separately, HCP is added with PBS containing 0.05% polysorbate 80 to prepare eight
kinds of solutions containing 500, 400, 300, 200, 100, 50, 25, and 0 ng of HCP in 1 mLL
as standard solutions.

[o105}

A 25 pg/ml, rabbit anti-FCP antibody solution diluted with a sedium
carbonate buffer is added to a 96-well polystyrene plate in a volume of 100 pL per well,
and the plate is left standing at 26°C for about 2 hours. Then, each well is washed 5
times with 260 pLi of PBS containing 0.05% polysorbate 80, PBS containing 1% gelatin
(200 pL) is added to each well, and the plate is left standing at 25°C for about 1 hour.
Each well is washed 5 times with 250 uL of PBS containing 0.06% polysorbate 80, then

a sample solution and the standard solutions (100 pL) are added to the wells, and the
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of proteins (% (1) PI/DE 0.22 25 3.9 0.17 93 101 (2) CA 0.2 26 5.3 0.23 69
100 (3) PES 0.2

plate is left standing at 25°C for about 16 hours. Then, each well is washed 5 times
with 250 pL of PBS containing 0.05% polysorbate 80, then a biotinylated rabbit anti-
HCP antibody selution (100 pL) is added to each well, and the plate is left standing at
25°C for about 2 hours. Fach well is washed 5 times with 250 pl. of PBS containing
0.05% polysorbate 80, then an avidin-peroxidase solution (100 pl) is added to each well,
and the plate is left standing at 26°C for about 2 hours. Hach well is washed b times
with 250 pL of PBS containing 0.05% polysorbate 80, then an enzyme substrate
solution (100 pl) is added to each well, and the plate is left standing at room
temperature in a dark place. When a color is appropriately developed, 50 pL of 26%
sulfuric acid is added to each well to terminate the reaction, and absorbance of the
mixture is measured at 492 nm with an absorptiometer for 96-well plates (Tecan Japan,
Japan). By using a calibration curve prepared with the standard solutions, HCP
content in the sample (1 mL) is calculated. The measurement limit of this
measurement method is, for example, 25 ng/mI. In accordance with the following
equation, HCP content per 10,000 U of thrombomodulin is calculated, as required.
fo106]
HCP content per 10,000 U of thrombomodulin (ng/10,000 U) = a/b x 10,000
a: HCP content per 1 mL of sample (ng/m1)
b: APC activity of thrombomodulin per 1 mL of sample {U/mL)
[0107]

The reagents are as follows.
<8odium carbonate buffer >

Anhydrous sodium carbonate (0,16 g), and sodium hydrogencarbonate (0.29 g)
are added to water and dissolved to obtain a volame of 100 mL.
<Avidin-peroxidase solution>

A stock solution of horseradish peroxidase bound with avidin D (Vector
Laboratovies, U.8.A.) is diluted about 80,000 {imes with PBS containing 0.05%
polysorbate 80,
<Enzyme substrate sohution>

Ortho-phenylenediamine dihydrochloride (10 mg) is added to 20 mL of a
citrate/phosphate buffer {citric acid monohydrate (2.56 g} and disodium
hydrogenphosphate dodecahydrate (9.12 g) are dissolved in water to oblain a volume of

500 m1) and dissolved, and aqueous hydrogen peroxide (10 pl.) is added immediately
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before use.
[0108]
(Reference Example 3) Method for measuring mouse IgG concentration

Anti-mouse IgG antiserum obtained by sensitizing a rabbit with mouse IgG as
an antigen is purified by ammonium sulfate salting-out and with a Protein A column to
obtain a rabbit anti-mouse IgG antibody.

A sample solution is obtained by dilution with PBS containing 0.06%
polysorbate 80 so that expected mouse IgG concentration becomes 0 to 25 ng/mlL.
When the 1gG concentration of a sample solution is low, the solution is concentrated to
an appropriate concentration by using an ultrafiltration membrane or the like.
Separately, mouse 1gG is added with PBS containing 0.05% polysorbate 80 to prepare
eight kinds of solutions containing 25, 20, 15, 10, 5, 2.6, 1.25, 0.63, and O ng of IgG in 1
mL as standard solutions.

[0109]
A 1.5 pg/mL rabbit anti-mouse IgG antibody solution diluted with a sodium

carbonate buffer is added to a 96-well polystyrene plate in a volume of 100 pL per well,
and the plate is left standing at 256°C for about 2 hours. Then, each well is washed b6
times with 250 pl. of PBS containing 0.05% polysorbate 80, PBS containing 1% gelatin
(200 pL) is added to each well, and the plate is left standing at 25°C for about 1 houy.
Each well is washed 5 times with 250 uL of PBS containing 0.06% polysorbate 80, then
a sample solution and the standard solutions (100 pL) are added to the wells, and the
plate is left standing at 26°C for about 16 hours. Then, each well is washed 5 times
with 250 pL of PBS containing 0.05% polysorbate 80, and then a biotinylated rabbit
anti-mouse IgG antibody solution (100 pl) is added to each well, and the plate is loft
standing at 25°C for about 2 hours. Jach well is washed 5 times with 250 pL of PBS
containing 0.05% polysorbate 80, then an avidin-peroxidase solution (100 pL} is added
to each well, and the plate is left standing at 25°C for about 2 bours. Bach well is
washed 5 times with 250 puL of PBS containing 0.056% polysorbate 80, then an enzyme
substrate sobution (100 pl) is added to each well, and the plate is left standing at room
temperature in a dark place. When a color is appropriately developed, 50 nli of 26%
sulfuric acid is added to each well to terminate the reaction, and absorbance of the
mixture is measured at 492 nm with an absorptiometer for 96-well plates (Tecan Japan,

Japan). By using a calibration curve prepared with the standard solutions, mouse IgG
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99 [01741 (Test Exanple 2) Conparison of HOP-renoving abilities of nylon

and PES filtration nenbranes It was found in Test Exanple 1 that

the nylon filtration nenbrane and the PES filtrati on nmenbrane had high

El CP-renoving abilities. Accordingly, change of HOP-renoving abilities of

these filtration nenbranes depending on the volune of solution passed

t hrough them was eval uated. Products of two nmanufacturers were prepared for

each material of the filtration nenbrane, and the purified solution 1 of a

lot different fromthe lots used in Test Exanple 1. was passed through. the

menbr anes (&6R, CAREERLLRALG A1) ls%gﬁulgg}/dnOFhG%S\II’GJﬂEIKt%lP&tfﬁgnbr anes used were

a PVDE X'ion nenbrane (pore dianmeter: 0.22 pill, menbrane di aneter: 25 nun,

effective naswsmentarehed ig for expmplen.§3 regmiey In peprdpprsrath e Sllawipeas a

control, (leghath¥al ﬁ&'{s@ @g(f@)n&aﬁ@@@ 10f08h JUmof By sinfbmod REY & LQL@%& &ls 1qu1ngd gin,

menbr ane di arre} er: fective menbrane area: 3.9 cn2, and (2)

M ni sart NY8H0 Sartorl us Germany pore dianeter: 0 2 gm rrenbrane di anet er

25 mm eff@@&ds&%@@mﬁﬁﬁb@ 180680 oﬂi,h&mmmoa@mrm&modmb)tﬁ@s koeposenbr anes, as

wel | as (3) Acrodisc PN4612, Pall (g ., pore diameter: 0.2 gm nenbrane

di amet er 28 Mopscdpf awting e rhiterky @gmld 8 cn2, and (4) M nisart

ngh F|0W/1§@PC@&h&ﬁof&@&ﬂﬁﬂ%ddﬁgk@1@ﬂaﬂﬁhﬁﬁeG@m&)9”1 menbr ane di ameter 26

effeCt{)Jdﬁ menbrane area: 5.3 cnR as PES filtration nenbranes. The

purlfled sd on 1 was passed through each filtration nenbrane in a vol une

of 100 M at a fimnvecaphe «0f aslBllsds/ M nute, and the filtrate was sanpl ed for

every 20 n1 % t he  sol uf)%%n passed through the filtration nmenbrane, of

whi ch HOP CERTERCPRATBAPHEL measured according to the method described in

Ref er ence Exanpl Ankddraagebddfm vdrbalatqp 06 ), ancContaliydaiseonrivaste @2ed)ned on t he

basi s of absor result, change of the

protein coAteH Fgfl%‘%&vﬁﬁg%%{{%@ég%]%%l&Vfglfneﬁfll(ﬁ%slﬁ]g sanpl es, but

HOP- r enovi rgviehfecdxidvasscbber ved f or both t he nyI on and PES filtration
menbr anes ( Tabl on fil rat V cially high

HOP- r enpvi ng eff}(},*(sz%)ckS’Oﬂ"g“mXg 014S@10|‘5‘dt1 a?:eor?grén igléihfﬁlei% §f§%1% at nost. It

was found tUabaraMwU\ﬂaA.m:mhmfedtah@xtgabmﬁimes m&sﬁbﬁccmtmmugh.%%e filtration

menbr ane was, sir i.e., filtration nmenbrane area for 1 ng of HOP was

| ar ger, h| ﬁg rermw ng effect was obtained. [01761 [Table 21

Fi | trati on <hierimrcanbstMiedpheive>area for 1 ng of HOP (nR) Recovery of HOP (%

Ortho-phenylenediamine dihydrochloride (10 mg) is added to 20 mL of a
citrate/phosphate buffer (citric acid monohydrate (2.66 g) and disodium
hydrogenphosphate dodecahydrate (9,12 g) are dissolved in water to obtain a volume of
500 mL) and dissolved, and aqueous hydrogen peroxide (10 pL) is added immediately
before use.

[0112]
(Reference Example 4) Method for measuring bovine serum protein concentration

Anti-bovine serum protein antiserum obtained by sensitizing a rabbit with
bovine serum as an antigen is purified by ammonium sulfate salting-out and with a
Protein A column fo obtain a rabbit anti-bovine serum protein antibody.

A sample solution is obtained by dilution with PBS containing 0.06%
polysorbate 80 so that expected bovine serum protein concentration becomes 0 to 25
ng/ml:, When the bovine serum protein concentration of a sample solution is low, the
solution is concentrated to an appropriate concentration by using an ultrafiltration
membrane or the like, Separately, bovine serum is added with PBS containing 0.06%

polysorbate 80 to prepare eight kinds of solutions containing 25, 20, 15, 10, b, 2.5, 1.25,
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20 M 40 mM 60 m 80 m 100 ml PVEF 0.013-0.064 94 98 109 89 92 Nylon (1)
Pall 0.013-0.064 50

and 0 ng of bovine serum proteins in 1 mi as standard solutions.
[0113] _

A 10 pg/mL rabbit anti-bovine serum protein antibody solution diluted with a
sodium carbonate buffer is added to a 96-well polystyrene plate in a volume of 100 pl,
per well, and the plate is left standing at 25°C for about 2 hours. Then, each well is
washed b times with. 250 pL of PBS containing 0.06% polysorbate 80, PBS containing
1% gelatin (200 ul) is added to each well, and the plate is left standing at 25°C for
about 1 hour. Bach well is washed b {imes with 250 pL of PBS containing 0.056%
polysorbate 80, then a sample solution and the standard solutions (100 pL) are added
to the wells, and the plate is left standing at 25°C for about 16 hours. Then, each well
is washed b times with 260 pIL of PBS containing 0.05% polysorbate 80, then a
biotinylated rabbit anti-bovine serum protein antibody solution (100 L) is added to
cach well, and the plate is left standing at 25°C for about 2 hours. Fach well is
washed 6 times with 260 L of PBS containing 0.05% poelysorbate 80, then an avidin-
peroxidase solution (100 pL} is added to each well, and the plate is left standing at
25°C for about 2 hours, Each well is washed 5 times with 250 pL of PBS containing
0.05% polysorbate 80, then an enzyme substrate solution (100 pl) is added to each well,
and the plate is left standing at room temperature in a dark place. When a color is
appropriately developed, 50 pl. of 26% sulfuric acid is added to each well to terminate
the reaction, and absorbance of the mixture is meagured at 492 nim with an
absorptiometer for 96-well plates (Tecan Japan, Japan). By using a calibration curve
prepared with the standard solutions, bovine serum protein content in the sample (1
ml) is caleulated, 'The measurement limit of this measurement method is, for
example, 1.25 ng/ml. In accordance with the following equation, bovine serum
protein content per 10,000 U of thrombomodulin is caleulated, as required.

[0114]
Bovine sextum. protein content per 10,000 U of thrombomodulin (ng/10,000 U) = afh x
10,000
a: Bovine serum protein content per 1 ml of sample (ng/ml)
bt APC activity of thrombomodulin per 1 mL of sample (UfmL)
[0115]
The reagents are as follows.

<Sodinm carbonate buffer>
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25 62 34 60 30 69 49 75 47 (2) Sartorius 0.016-0.079 PES

Anhydrous sodium carbonate (0.16 ), and sodium hydrogencarbonate (0.29 g)
are added to water and dissolved to obiain a volume of 100 mL.
<Avidin-peroxidase solution>

A stock solution of horseradish peroxidase bound with avidin D (Vector
Laboratories, U.S.A.) is diluted about 30,000 times with PBS containing 0.05%
polysorbate 80.
<Jinzyme substrate solution>

Ortho-phenylenediamine dihydrochloride (10 mg) is added to 20 mL of a
citrate/phosphate buffer (citric acid monohydrate (2.56 g) and disodium
hydrogenphosphate dodecahydrate (9.12 g) are dissolved in water to obtain a volume of
500 mL) and dissolved, and agqueous hydrogen peroxide (10 pl) is added immediately
before use.

[o116]
(Comparative Example 1) Preparation of soluble thrombomodulin 1

A gene recombinant CHO cell info which a DNA encoding the aminoe acid
sequence of SEQ 11} NO: 9 was introduced was prepared by a genetic manipulation
technique according to Japanese Patent Unexamined Publication No. 11-341990,
Example 1, then inoculated into the DMEM medium (Invitrogen, U.S.A.) containing
150 mg/L of L-proline {(Ajinomoto, Japan), 60 mg/L. of kanamycin sulfate (Meiji Seika,
Japan), 1 mg/L of tylosin tartrate (Mercian, Japan), and 10% bovine serum (HyClone,
U.8.A), and eultured at 37°C in a COg incubator. The cells obtained by centrifuging
the culture medium were suspended in the DMEM medium (Invitrogen, U.S.A.)
containing 150 me/L: of L-proline (Ajinomoto, Japan), 60 mg/L of kanamyein sulfate
(Meiji Seika, Japan), 1 mg/L of tylosin tartrate (Mexrcian, Japan), 10% dimethyl
sulfoxide (Merck, Germany), and 10% bovine serum (HyClone, 11.S.A.), and the
medium was dispensed info vials (4 x 107 cells/vial), and eryopreserved in liquid
nitrogen.

[0117]

Cell culture was performed by using, as the base medium, the medivm
deseribed in Japanese Patent Unexamined Publication No. 11-341990, Ingredient Table
2, provided that NaFHCOs concentration was changed to 5,700 mg/L, and NaCl
concentration was changed to 2,410 mg/L. Growth mediwm was obtained by addmg 60

mg/l, of kanamycin sulfate (Invitrogen, U.S.AL), 1 mg/L of tylosin tartrate (Sigma-
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(3) Pall 0.009-0.046 77 84 98 88 107 (4) Sartorius 0.017-0.087 68 66 75 62
63 [0177.1 (Test Exanple 3) Evaluation of Il1CP-ronmoving ability of nylon
filtration menbrane for different solution. conpositions

Aldrich, U.8.A), and 8% bovine serum (HyClone, U.8.A.) to the base medium, and used.
Further, production medivm was the same as the growth medium, provided that the
serum concenfration was changed to 3%,

[0118]
The cells of one vial were thawed, inoculated into 100 ml of the growth

medium, and cultured with stirring at 37°C for 5 days by nsing a spinner flask in a CO2
incubator. When the living cell densgity became 7.0 x 108 cells/mL: or more, the entire
volume of the culture medium was transferred to 0.9 L of the growth medium, and the
cells were cultured with stirving at 37°C for 5 days by using a spinner flask in a COq
incubator. When the living cell density became 7.0 x 108 cella/mis or more, the entire
volume of the culture medium was transferred to 9 L of the growth medium, and the
cells were cultured with stirving at 37°C, pH 7.2 and 50% of dissolved oxygen for 5 days
by using a culture tank. When the living cell density became 7.0 x 108 celle/mL or
more, the entire volume of the culture medium was transferred to 120 L of the growth
medium, and the cells were cultured with stivring at 37°C, pH 7.2 and 50% of dissolved
oxygen for 7 days by using a perfusion culture tank. When the living cell density
became 7.0 x 109 cells/mL or more, perfusion culture was started, in which the
production medium was continuously added, and the culfure supernatant was
continvously collected. The culture conditions consisted of 37°C, pH 7.2, dissolved
oxygen: 50%, medium exchange: 130 to 200 Liday, and surface pressurization: () to 0.2
MPa. After the living cell density reached 7.5 x 108 cells/mL, the culture was further
continued for 36 days, and the culture supernatant was collected as a production
solution, 'The collected production solution was clarified by using filtration filters,
SUPRAdisc TT (Pall, U.8.A.) and Supor EBV (Pall, UJ.8.A), and stored at 2 to 10°C as a
filtered production solution.
[0119]

About 700 1. of the Gitered production solution was applied to a §-Sepharose
Fast Flow (OB Healthcare, U.8.A.) column {(diameter: 63 em, height: 25 cm)
equilibrated with a 20 mM Tris-hydrochloric acid buffer (oI 7.7) containing 150 mM
sodium chloride. Then, the column was washed with 6 column volumes {CV) of a 20
mM acetate buffer GH 5.5) containing 180 mM sodium chloride, and further washed
with a 20 mM Tris-hydrochloric acid buffer (oI 7.7) containing 180 mM sodium

chloride until absorbance at 280 nm returned to the baseline. Flution was started
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Effects of differences in buffer conposition and sol ubl e thronmbonodulin
concentration on the HOP-renoving ability of a nylon filtration nenbrane
wer e eval uated. Each of the purified solution 1, the purified solution 2,
the purified solution 2 after the concentration, the purified solution 3,
and the purified product obtained in Conparative Exanple 4 in a vol une of
nm. was passed through a nylon filtration nmenbrane having a nenbrane

di aneter of 25 mm an effective nenbrane area of 4.8 cnR, and a pore

di ameter of 0.2 gm (M nisart NY25, Sartorius Germany) at a flowrate of 1

L/ mnute, wand, 2dlﬁMeJ!?IslHy@m¥1QLM%1d%$fe E&%ﬁlﬁg@od hMbahg: The
filtration penbrane areas ‘contained in_the sanpl es were as

fol l ows: 0.“hprife af‘%?'itcﬂ%mbﬁ?l}”fnﬁéﬁ %%}P%FP Fﬁ“ﬁﬁi the startpf the ppadyof phrevhsged f i ed

sol ution 2,a:080h3n Ws bkindd@ Pk @ﬂ'lf@@ lsa&ﬂlcﬁan PhadabBhpdrhBorcencent rati on,

0.72 nm2 for the purified solution 81 in2 for_the purified product.
HOP concenth%?ﬁeéﬁtmesé%bﬁ%ﬁ?%? ?féhe ‘fOPF}tl}‘ &‘Eréﬁe\ﬂé%mﬂ@hsﬁ?‘%ﬂ’eé?é%rwﬁﬁng to the

met hod desgeithedd kha RefperLneef Eapt,end » cRdshaREAHRY flove ANE MNP alkoeh of the
sanme was O&Q%i ed on the basis of absorbance at 280 inn. As a result, the
nyl on nmenb gave high HCP-renoving effect for all the sanples, and

provi ded hi gh prai siththiresiowetylidmgloelbnd haibod) %ad Mhapdred B) usifeQiliadh [ Tabl e 3]

ggggl/gr yHC(P(%PI’ %tlgingted%mm%omgduhl% [19 hle%Q’ﬂée {:{:013130@6%c J%{;alfe!%el lgarteanEtI on ( ng/ m')

Unexamined Publication No. 11-341990, Example 10, contacted and reacted with
CNBr-activated Sepharose 4 Fast Flow (GE Healtheare, U.S.A.) to couple the anti-
thrombomodulin monoclonal antibody and thereby prepare anti-thrombomodulin
monoclonal antibody-bound Sepharose 4 Fast Flow, which was filled in a column to
obtain a monoclonal antibody column. About 40 L of the roughly purified solution was
applied to the monoclonal antibody column (diameter: 44 cm, height: 13 cm)
equilibrated with a 20 mM phosphate buffer (pH 7.8) containing 0.3 M sodium chloride.
6 CV of a 20 mM phosphate buffer (pH 7.3) containing 1.0 M sodium chloride was
poured into the column, 8 CV of 0.1 M acetate buffer (pI 5.0) was further poured to
wash the column, and elution was started with a 0.1 M glycine-hydrochloric acid buffer
(pH 3.0) containing 0.3 M sodium chloride. The eluate corresponding to the start to
the end of the peak of absorbance at 280 nm was obtained, and added with 1/10 volume
of a 0.5 M phosphate buffer (pH 7.3) to obtain a purified solution 1. The same
operation was repeated 6 times {o obtain 6 lots of the purified solution 1. The
operation was performed at a temperature of 2 to 10°C, and a chromatography flow
rate of 46 L/hour.
lo121]

About 170 L of the purified solution 1 of the 6 lots was adjusted to pH 3.6 with
a 1.0 M glycine-hydrochloric acid huffer (pIf 2.0), and applied to an SP-Sepharose FF
(GBS Healtheare Bioscience, U.S.A.) column (diameter: 45 cm, height: 10 cm)
equilibrated with a 0.1 M glycine-hydrochloric acid buffer (pH 8.5) containing 0.3 M
NaCl. Washing was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.5)
containing 0.3 M NaCl, and a flow-through fraction corresponding to the start to the
end of the peak of absorbance at 280 nm was obtained, and immediately neutralized to

pH 7 with a 0.6 M phosphate buffer (pH 7.3) to obtain a purified solution 2. The
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filtration (nmg/nE) After filtration (ng/nL) Recovery em Purified solution 1
125 65 52 0.47 0.44 94 Purified solution 2 56 35 63

operation was performed at a temperature of 2 to 10°C, and a chromatography flow
rate of 160 L/hour,

f0122]
About 200 L of the purified solution £ was concentrated to about 10 L by using

an ultrafiltration membrane, Microza UF Module SIP-2013 (Asahi Kasei Chemicals,
Japan), and then applied to a Sephacryl $-300 HR (GE Healthcare Bioscience, U.8.A.)
column (diameter: 63 cm, height: 94 cm) equilibrated with a 20 mM phosphate buffer
(pH 7.3) containing 50 mM sodium chloride. An elution peak with the maximum
absorbance at 280 nm was separated, and concentrated to about 12 L by using an
ultrafiltration membrane, Microza UF Module SIP-1013 (Asahi Kasei Chemicals,
Japan), to obtain a purified solution 3. The operation was performed at a temperature
of 2 to 10°C, and a chromatography flow rate of 6.2 L/hour.

[0123]

The purified solution 3 was passed through a virus-removing membrane,
PLANOVA 15N {membrane area: 1 m? Asahi Kasei Medical, Japan), equilibrated with
a 20 mM phosphate buffer (pH 7.3) containing 50 mM sodium chloride at room
temperature and a pressure lower than 0.1 MPa, and then further passed through a
0.22-um PVDF filtration membrane (Millipore, U.S.A.), and the entire volume of the
solution was collected. The result wéls used as a purified product of soluble
thrombomodulin,

By performing the same operation, 3 lots (A1, A2, A3) of the purified product
were obtained.

The APC activities of thrombomodulin of Al, A2, and A3 were 69000 U/mL,
68000 U/ml, and 72000 U/ml, respectively.

Soluble thrombomodulin concentrations in the solutions of A1, A2, and A3
were 10.5 mg/ml, 10.2 mg/ml, and 10.3 mg/ml, respectively,

o124
(Comparative Fxample 2) Preparation of soluble thrombomodulin 2

The medium described in Japanese Patent Unexamined Publication No. 11-
341990, Ingredient Table 2 was used as the base medium. Growth mediwm was
obtained by adding 60 mg/L of kanamycin sulfate (Invitrogen, U.S.A.), 1 mg/L of tylosin
tartrate (Sigma-Aldrich, U.S.A), and 8% bovine serum (HyClone, U.8.A.) to the base

medium, and used. Further, production medium was the same as the growth medium,
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0.40 0.37 93 Purified solution 2 after concentration Purified solution 3
222 134 115 52 <19 8.28 11.1 8.28 11.4 100 103

provided that the serum concentration was changed to 4%.
[0125]

The cells of one vial prepared in Comparative Example 1 were thawed,
eculated into 100 ml, of the growth medium, and cultured with stirring at 37°C for 3
days by using a spinner flask in a COz incubator. When the Living cell density became
5.0 x 106 cellse/mi: or more, the entire volume of the culture medivm was transferved to
400 mL of the growth medium, and the cells were cultured with stirring at §7°C for 3
days by using a spinner flask in a COz2 mcubator. When the Hving cell dengity became
5.0 x 105 cells/mI: or more, the entire volume of the culture medium was transferred to
2 L of the growth medium, and the cells were cultured with stirving at 37°C for 8 days
by using a spherical bottle in a COg incubator. When the living cell density became
5.0 x 106 cells/mL: or more, the entire volume of the culture medium was transferred to
7.5 L of the growth medium, and the cells were cultured with stirring at 37°C for 4
days by using a spherical bottle in a CO2 incubator. When the living cell density
became 5.0 x 10¢ cells/mL or more, perfusion culture was started, in which the
production medium was continuously added, and the culture supernatant was
continuously collected., The culture conditions consisted of 37°C, pH 7.2, dissolved
oxygen: 50%, medium exchange: 10 L/day, and surface pressurization: 0 to 0.2 MPa,
After the living cell density reached 7.5 x 108 cells/ml, the culture was further
continued for 40 days, and the culture supernatant was collected as a production
solution.

The collected production solution was clarified by using filtration filters
having pore diameters of 0.7 pm and 0.22 pm (Pall, U.S.A), and stored at 2 to 10°C as
a filtered production solution.

[0126]

About 400 L of the filtered production solution was applied to a Q-Sepharose
Fast Flow {GIt Healtheare, U.S.A.) column {diameter: 44 em, height: 26 cm)
equilibrated with a 20 mM Tris-hydrochloric acid buffer (pH 7.4) containing 150 mM
sodium chlovide. Then, the column was washed with 6 CV of a 20 mM acetate buffer
(pH 5.5) containing 180 mM sodinm chloride, and further washed with a 20 mM Tris:
hydrochloxic acid buffer (pH 7.4) containing 180 mM sodivm chloride until absorbance
at 280 nm returned to the baseline. Elution was started with a 20 mM Tris-

hydrochloric acid buffer (pH 7.4) containing 300 mM sodium chloride, and 0.5 column
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Eval uation of renoval of HCP from purified products of sol uble

t hronbonodul i n obt ai ned by various preparation nmethods It was exam ned

whet her or not HOP was successfully renoved from sol uble thronmbonodulin
products obtained by different nethods by further passing themthrough a
nylon filtration nmenbrane. The sol ubl e thronmbonodulin purified products
obtained in Conparative Exanples 1 to 3 (A, Bl and B2, respectively) in a
volune of 5 nL each were passed through a nylon filtration nmenbrane having

a menbrane @i,gRk 8l oRatdWm MR &if 8¢Ld pax PREDSBNR M BB nnfws: HifneqaNd a pore
dianeter: 0,21.un (Mnisart N/26, Sartorius, Germany) at a flowrate of 1

mL/ m nut e, 28adotshly rewdied wlvippumghegpereehvisperiopnqdad pdrnegatyrofdf Pt at e.  The

filtration 1@[1&5@3@111@&%§ra£%rﬂ&%@f45 HeB.contained in the sol uble
t hr onbonod purified products were 0.34 in2 for Al, 0.46 n2 for BlI, and

lin
1.7 n2 forwﬁfﬂ HCP contents, nouse |1gG contents, and bovine serum protein
contents of the g@lubé DBSHWEIGLEBASE ELIESE RhLaned afdBmotikaafil tration

antibody column (diameter: 44 em, height! 12 em) equilibrated with a 20 mM
phosphate buffer (H 7.3} containing 0.3 M sodium chloride, 6 CV of a 20 mM
phosphate buffer (pH 7.8) containing 1.0 M sodium chloride was poured into the
column, 3 CV of a 0.1 M acetate buffer (pH 5.0) was further poured to wash the column,
and elution was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.0)
containing 0.3 M sodium chloride. The eluate corresponding to the start to the end of
the peak of absorbance at 280 nm was obtained, and added with 1/10 volume of 2 0.6 M
phosphate buffer (pH 7.3) to obtain a purified solution 1. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 45 L/hous.
[0128]

About 12 L of the purified solution 1 was adjusted to pH 3.5 witha 1.OM
glycine-hydrochloric acid buffer (pH 2.0), and applied to an SP-Sepharose FF (GE
Healtheare Bioscience, U.S.A.) column (diameter: 14 cm, height! 13 cm) equilibrated
with a 0.1 M glycine-hydrochloric acid buffer (pH 8.5) containing 0.3 M NaCl,

Washing was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.5) containing
0.3 M NaCl, and a flow-through fraction corresponding to the start to the end of the
peak of absorbance at 280 nm was obtained, and immediately neutralized to pll 7 with
a 0.5 M phosphate buffer (pH 7.3) to obtain a purified solution 2. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 15 Lihour.
[0120]

About; 16 1 of the purified solution 2 was concentrated to about 1.2 L by using
an ultrafiltration membrane, Microza UF Module SIP-1013 (Asahi Kasei Chemicals,
Japan), and then applied to a Sephacryl $-300 HR (GE Healtheare Bioscience, U.8.A.)
column {diameter: 25 em, height' 85 em) equilibrated with a 20 mM phosphate buffer
{(pH 7.3) containing 50 mM sodium chloride. An elution peak with the maximum
absorbance at 280 nimn was separated, and concentrated to about 0.8 L by using an
ultrafiltration membrane, Microza UF Module SIP-1013 (Asahi Kasei Chemicals,

Japan), to obtain a purified solution 3. The operation was performed at a temperature
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by the nethods described in Reference Exanples 2 to 4. The nyl on nenbrane
gave high renoving effect for only HCP for all the purified products (Table
4). On the basis of this result, it was considered that the nylon
filtration nmenbrane did not have an action of non-specifically adsorbing
proteins, but had an action of specifically adsorbing HO?. [0180] [ Table 4]
Purified product HCP content (ng/10,0000 Mouse |IgG content (ng/10,0000
Bovi ne serum protein content (ng/10,000th Before filtration 40.9 26.0

After filtration
of 2 to 10°C, and a chromatography flow rate of 1 L/hour.

[0130]

The purified solution 3 was passed through a virus-removing membrane,
PLANOVA 15N (membrane area' 0.3 m?, Asahi Kasei Medical, Japan), equilibrated
with a 20 mM phosphate buffer (pH 7.3) containing 50 mM sodium chloride at room
temperature and a pressure lower than 0.1 MPa, and then further passed through a
0.22-pm PVDF filtration membrane (Millipore, U.S.A.), and the entire volume of the
solution was collected. The result was used as a purified product of soluble
thrombomodulin (ot: B1).

The APC activity of thrombomodulin of B1 was 79000 U/ml.

Soluble thrombomodulin conecentration in the solution of B1 was 12.6 mg/mlL.,
[0131]

(Comparative Example 3) Preparation of soluble thrombomodulin 3

The DMEM medium (Invitrogen, U.8.A.) was used as the base medium.
Growth medium was obtained by adding 150 mg/L of L-proline (Ajinomoto, Japan), 60
mg/L of kanamycin sulfate (MeijiSeika Pharma, Japan), 1 mg/L of tylosin tartrate
(Mercian, Japan), and 10% bovine serum (HyClone, U.8.A) to the base medium, and
used. Further, production medium was the same as the growth mediwum, provided
that the serum concentration was changed to 1 to 3%.
f0132]

The cells of one vial prepared in Comparative Example 1 were thawed,
inoculated into 100 mi. of the growth medium, and cultured with stirring at 37°C for 5
days by using a spinner flask in a COg incubator. The entire volume of the culture
medinm was transferred to 400 mls of the growth medium, and the cells were cultured
with stirring at 87°C for 5 days by usging 2 spinner flagk in a COz incubator. The
entire volume of the eulture medivm was transferved to 1.6 L of the growth medium,
and the cells were cultured with stirring at 37°C for 5 days by using a spherical bottle
with bubbling air and COg into the medium. The entire volume of the culture medinm
was transferred to 8 L of the growth medium, and the cells were cultured with stivring
at 37°C for 5 days by using a spherical bottle with bubbling air and COz into the
medinm. The entive volume of the eulture medium was transferred to 56 L of the
growth mediam, and the cells were cultured with stirring at 37°C for 4 days by using a

spherical bottle with bubbling air and COg into the medium. After the entire medium
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was exchanged, the cells were further cultured for 3 days. Purthes, afer the entire
medium was exchanged, and when the living cell density reached 1.0 x 108 cells/mT,,
the medium was changed o the production medinm. The production solution was
collected every day by using a continuous centrifugation machine CC-100 (Alfa Laval,
Sweden), and the fresh medium was supplemented. The production culture was
carried out for 100 days. The collected production solution was clarified by using
filtration filters having pore diameters of 0.7 pm and 0.22 pm (Pall, U.8.A), and stored
at 2 to 10°C as a filtered production solution.

[0133]

About 2400 L of the filtered production solution was applied to a Q-Sepharose
Fast Flow (GE Healthcare, U.S.A.) column (diameter: 44 cm, height' 25 em)
equilibrated with a 20 mM Tris-hydrochloric acid buffer (pH 7.4) containing 150 mM
sodium chloride. Then, the column was washed with 6 CV of a 20 mM acetate buffer
(pH 5.5) containing 180 mM sodium chloride, and further washed with 2 CV of a 20
mM Tris-hydrochloric acid buffer (pH 7.4) containing 180 mM sodium chloride.

Elution was started with a 20 mM Tris-hydrochloric acid buffer (pH 7.4) containing 300
mM sodium chloride, and about 15 L of the eluate from the start of the peak of
absorbance at 280 nm was obtained as a roughly purified solution. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 45 L/hour.
[0134]

The aforementioned roughly purified solution ! was applied to a Butyl-
Sepharose FF (GE Healthcare Bioscience, U.S.A.) column (diameter: 26 ¢m, height! 10
em) equilibrated with a 20 mM phosphate buffer (p¥ 7.0) containing 0.3 M NaClL
Washing was started with a 20 mM phosphate huffer G 7.0) containing 0.3 M NaCl,
and a flow-through fraction corresponding to the start to the end of the peak of
absorbance at 280 nm was obtained as a roughly purified solution 2. The operation
was performed at a temperature of 2 to 10°C, and a chromatography flow rate of 13
L/hour.

{0135]

About 20 L of the roughly purified solution was applied to a monoclonal
antibody column (diameter: 44 cm, height: 18 em) equilibrated with a 20 mM
phosphate buffer (pH 7.3) containing 0.3 M sodium chloride. 6 CV of a 20 mM
phosphate buffer (pH 7.8) containing 1.0 M sodium chloride was poured into the
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column, 3 CV of a 0.1 M acetate buffer (pI1 5.0) was further poured to wash the column,
and elution was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.0)
containing 0.3 M sodivm chloride. The eluate corresponding to the start to the end of
the peak of absorbance at 280 nm was obtained, and added with 1/10 volume of a 1 M
glycine-sodium hydroxide buffer (pH 9.0) and 1/25 volume of a 0.5 M phosphate buffer
(pH 7.3) to obtain a purified solution 1. The operation was performed at a
temperature of 2 to 10°C, and a chromatography flow rate of 50 L/hour.

[0136]

About 15 L of the purified solution 1 was concentrated to about 1 L by using
an ultrafiltration membrane, Microza UF Module STP-1013 (Asahi Kasei Chemicals,
Japan), and then applied to a Sephacryl $-300 HR (GE Healthcare Bioscience, U.S.A)
column (diameter: 25 cm, height: 80 em) equilibrated with a 20 mM phosphate buffer
(pH 7.8) containing 160 mM sodium chloride. The operation was performed at a
temperature of 2 to 10°C, and a chromatography flow rate of 1 L/hour. An elution
peak with the maximum absorbance at 280 nm was separated, and passed through a
0.22-pm PVDF filtration membrane (Millipore, U.S.A.) to collect about 3 L of the eluate.
The result was used as a purified product of soluble thrombomodulin (lot: B2).

The APC activity of thrombomodulin of B2 was 28000 U/ml,

Soluble thrombomodulin concentration in the solution of B2 was 3.8 mg/ml.,
[0137]

{Comparative Example 4) Preparation of soluble thrombomodulin 4

The cells of one vial cryopreserved in Comparative Kxample 1 were thawed,
inoculated into a serum-free medium IS CHO-CD (Irvine Scientific, U.S.A.) containing
8 mM L-glutamine (Invitrogen, U.8.A), 50 nM hypoxanthine (Invitrogen, U.S.A.), and
8 pM thymidine (Invitrogen, 1J.8,A.), and cultured at 37°C in a COz incubator. The
cells obtained by centrifuging the culture medium was suspended in the serum-free
medium IS CHG-CD (Irvine Scientifie, U.8.A.) containing 8 mM Irglutamine
(Invitrogen, U.8.A.), 50 pM hypoxanthine (Invitrogen, U.S.AJ, 8 pM thymidine
(Invitrogen, U.8.A.), and 10% dimethyl sulfoxide (Sigma-Aldrich, U.S.A), and then the
medinm was dispensed into vials (2 % 107 cells/vial), and cryopreserved in liguid
nitrogen,

[0138]
Crrowth medium was prepared by dissolving 20.78 g of IS CHO-CD-A3 (Irvine
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SUPRAcap (Pali, U.S.A.) and Supor EBV (Pall, U.8.A.), and stored at 2 to 10°C as a

filtered production solution.

About 250 L of the filtered production solution was applied to a Q-Sepharose
Fast Flow (GE Healthcare, 1.8.A.) column {(diameter: 25 em, height: 25 cm)
equilibrated with a 20 mM Tris-hydrochloric acid buffer (pH 7.7) containing 160 mM
sodium chloride. Then, the column was washed with 6 CV of a 20 mM acetate buffer

(pH 5.6) containing 180 mM sodium chloride, and further washed with 4 CV of a 20
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mM Tris-hydrochloric acid buffer (pH 7.7) containing 180 mM sodium chloride.

Elution was started with a 20 mM Tris-hydrochloric acid buffer (pH 7.7) containing 290
mM sodium chloride, and 0.5 column volume of the eluate from the start of the peak of

absorbance at 280 nm was obtained as a roughly purified solution. The operation was
performed at a temperature of 2 to 10°C, and a chromategraphy flow rate of 18 Lihour.

[0141]

About 6 I, of the roughly purified solution was applied {6 a monoclonal
antibody column (diameter: 44 cm, height: 8 cm) equilibrated with a 20 mM phosphate
buffer (pH 7.3) containing 0.3 M sodium chloride. 6 CV of a 20 mM phosphate buffer
(pH 7.3) containing 1.0 M sodium chloride was poured into the column, 8 CV ofa 0.1 M
acetate buffer (pH 5.0) was further poured to wash the column, and elution was started
with a 0.1 M glycine-hydrochloric acid buffer (pH 3.0) containing 0.3 M sodium chloride.
The eluate corresponding to the start to the end of the peak of absorbance at 280 nm
was obtained, and added with 1/10 volume of a 0.5 M phosphate buffer (pH 7.3} to
obtain a purified solution 1. The operation was performed at a temperature of 2 to
10°C, and a chromatography flow rate of 46 L/hour.

[0142]

About 14 L of the purified solution 1 was adjusted to pH 3.5 with a 1.0 M
glycine-hydrochloric acid buffer (pH 2.0), and applied to an SP-Sepharose FF (GE
Healtheare Bioscience, U.S.A.) column (diameter: 14 cm, height: 18 em) equilibrated
with a 0.1 M glycine-hydrochloric acid buffer (pH 38.5) containing 0.3 M NaCl
Washing was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.5) containing
(0.3 M NaCl, and a {low-through fraction corresponding to the start to the end of the
peak of absorbance at 280 nm was obtained, and immediately neutralized to pH 7 with
a 0.5 M phosphate buffer (pH 7.3} to obtain a purified solution 2. The operation was
performed at a tereperature of 2 fo 10°C, and a chromatography flow rate of 15 L/hour,
[0143]

About 20 L, of the purified solution 2 was concentrated to about I L by using
an ultrafiliration memhrane, Microza UF Module SIP-1013 (Asabi Kasei Chemicals,
Japan), and then applied to a Sephacryl S-300 HR (GE Healtheare Bioscience, U.S.A))
column (diameter: 256 em, height' 79 cm) equilibrated with a 20 mM phosphate buffer
(pH 7.3) containing 50 mM sodium chloride. An elution peak with the maximum

absorbance at 280 nm was separated, and concentrated to about 0.7 L by using an
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ultrafiltration membrane, Microza UF Module SIP-1013 (Asahi Kasei Chemicals,
Japan), to obtain a purified solution 8. The operation was performed at a temperature
of 2 to 10°C, and a chromatography flow rate of 1 L/houy.

{0144]

The entire volume of the purified solution 3 was passed through a virus-
removing membrane, PLANOVA 15N (membrane avea: 0.12 m2, Asahi Kasei Medical,
Japan), equilibrated with a 20 mM phosphate buffer (pH 7.8) containing 50 mM
sodium chloride at room temperature and a pressure lower than 0.1 MPa, and then
further passed through a 0.22-pm PVDF filtration membrane (Millipore, U.S.A.), and
the entire volume of the solution was collected. The result was used as a purified
product of soluble thrombomodulin (ot: B3).

[0145]
(Example 1) Preparation of highly-purified soluble thrombomodulin 1

Cell culiure was performed by using, as the base medium, the medium
described in Japanese Patent Unexamined Publication No. 11-341990, Ingredient Table
2, provided that NallCOs concentration was changed to 5,700 mg/L, and NaC}
concentration was changed to 2,410 mg/l..  Growth medium was obtained by adding 60
mg/L of kanamycin sulfate (Invitrogen, U.S.A.), 1 mg/L of tylosin tartrate (Sigma-
Aldrich, 17.8.A.), and 8% bovine serum (HyClone, U.S.A.) to the base modium, and used.
Further, production medium was the same as the growth medium, provided that the
serum concentration was changed to 3%.

[0146]

The cells of one vial prepared in Comparative Example 1 were thawed,
inoculated into 100 mL of the growth medium, and cultured with stiveing at 37°C for 5
days by using a spinner flask in a COz incubator. When the living cell densgity became
7.0 x 108 cells/mb or more, the entire volume of the culture medium was transferred to
0.9 1. of the prowth medium, and the cells were culivred with stireing at 37°C for §
days by using a spinner flask in a2 COy incubator. When the living cell density beeame
7.6 % 108 cells/mL or move, the entire volume of the culture medium was transferred to
9 L of the growth medium, and the cells were cultured with stirring at 37°C, pH 7.2
and 50% of dissolved oxygen for 5 days by using a eulfure tank. When the living cell
density became 7.0 x 105 cells/mL or more, the entire volurne of the culture medinm

was transferred to 120 L of the growth mediwm, and the cells were cultured with
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stirring at 37°C, pH 7.2 and 50% of dissclved oxygen for 7 days by using a perfusion
culture tank. When the living cell density became 7.0 x 106 cells/ml. ox more,
perfusion culture was started, in which the production medium was continuously
added, and the culture supernatant was continuously collected. The culture
conditions consisted of 37°C, pH 7.2, dissolved oxygen! 50%, medium exchange: 130 to
200 L/day, and surface pressurization: 0 to 0.2 MPa, Afler the living cell density
reached 7.5 x 108 cells/ml,, the culture was further continued for 40 days, and the
culture supernatant was collected as a production solution. The collected production
solution was clarified by using filtration filters, SUPRAdisc 1T (Pall, U.8.A.) and Supor
BBV (Pall, U.S.A), and stored at 2 to 10°C as a filtered production solution.

[0147]

About 700 L of the filtered production solution was applied to a Q-Sepharose
Fast Flow (GE Healtheare, U.S.A.) column (diameter: 63 cm, height® 25 cm)
equilibrated with a 20 mM Tris-hydrochloric acid buffer (pH 7.7) containing 150 mM
sodivm chloride. Then, the column was washed with 6 CV of a 20 mM acetate buffer
(pH 5.5) containing 180 mM sodium chloride, and further washed with a 20 mM Tris-
hydrochloric acid buffer (pII 7.7) containing 180 mM sodium chloride until absorbance
at 280 nm returned to the baseline. Elution was started with a 20 mM Tris-
hydrochloric acid buffer (pH 7.7) containing 300 mM sodium chloride, and 0.5 column
volume of the eluate from the start of the peak of absorbance at 280 nm was obtained
as a roughly purified solution. The same operation was repeated 3 times to obtain 8
lots of the roughly purified solution. The operation was performed at a temperature of
2 to 10°C, and a chromatography flow rate of 109 L/hour.

[0148]

About 20 L of the roughly purified solution was applied fo a monoclonal
antibody column (diameter: 44 em, height 13 em) equilibrated with a 20 mM
phosphate buffer (pH 7.3) containing 0.3 M sodium chioride. 6 CV of a 20 mM
phosphate buffer (pH 7.3) containing 1.0 M sodium chloride was poured into the
column, 3 CV of a 0.1 M acetate buffer (pH 5.0) was further poured to wash the column,
and elution was started with a 0.1 M glycine-hydrochloric acid buffer (I 8.0)
containing 0.3 M sodium chloride. The eluate corresponding to the start to the end of
the peak of absorbance at 280 nm was obtained, and added with 1/10 volume of a 0.5 M

phosphate buffer (pH 7.3) to obtain a purified solution I. The same operation was
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repeated 6 times to obtain 6 lots of the purified solution 1. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 46 L/hour.
[0149]

About 180 L of the purified solution 1 of the 6 lots was passed through a nylon
filtration membrane (pore diameter: 0.4 pm + 0.2 pm, membrane area’ 1.8 m2,
SARTOLON Maxi Caps 5101307HS, Sartorius, Germany) at a flow rate of 5 L/minute
(about 0.07 m? of membrane avea was used for 1 mg of HCP), adjusted to pH 3.5 with a
1.0 M glycine-hydrochloric acid buffer (pH 2.0), and applied to an SP-Sepharose ¥F (GE
Healthcare Bioscience, U.S.A.) column (diameter: 45 cm, height' 10 cm) equilibrated
with a 0.1 M glycine-hydrochloric acid buffer (pH 3.5) containing 0.3 M NaCl.

Washing was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.5) containing
0.3 M NaCl, and a flow-through fraction corvesponding fo the start to the end of the
peak of absorbance at 280 nm was obtained, and immediately neutralized to pH 7 with
a 0.5 M phosphate buffer (pH 7.3) to obtain a purified solution 2. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 160 L/hour.
[0150]

About 160 L of the purified solution 2 was concentrated to about 10 L by using
an ultrafiltration membrane, Microza UF Module SIP-2013 (Asahi Kasei Chemicals,
Japan), and then apphied to a Sephacryl 8-300 HR (GE Healtheare Bioscience, UU.8.A)
column (diameter: 63 em, height: 94 cm) equilibrated with a 20 mM phosphate buffer
(pH 7.3) containing 50 mM sodium chloride. An elution peak with the maximum
absorbance at 280 nm was geparated, and concentrated to about 6 L by using an
ultrafiltration membrane, Microza UF Module SIP-1013 (Asahi Kasei Chemicals,
Japan), to obtain a purified solution 3, The operation was performed at a temperature
of 2 to 10°C, and a chromatography flow rate of 6.2 L/hour.

[o1511

The purified solution 8 was passed through a virus-remeving membrans,
PLANOVA 15N (membrane ayea: 1 m2, Asahi Kasei Medical, Japan), equilibrated with
a 20 mM phosphate buffer (pH 7.8) containing 50 mM sodium chloride at room
temperature and a pressure lower than 0.1 MPa, and then further passed through a
0.22-um PVDT filtration membrane (Millipore, U.8.A.), and the entire volume of the
solution was collected. The result was used as a highly-purified soluble

thrombomodulin purified product (lot: A4).
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[01841 [Table 6] Lot Application or non- application of filtration
Endot oxi n content (EU 104U) 0. 0050 Exanple 1 A4 Used Exanple 2 AS Used

0. 0043 Exanple 3 AG Used

The APC activity of thrombomodulin of A4 was 60000 U/ml..

Soluble thrombomodulin concentration in the solution of A4 was 9.3 mg/mi..
f0152]
(Fxample 2) Preparation of highly-purified soluble thrombomodulin 2

About 2,000 L of the filtered production solution obtained in Example 1 was
applied to a Q-Sepharose Fast Flow (GF Healthcare, U.8.A.) column (diameter: 63 cm,
height: 25 cm) equilibrated with a 20 mM Tris-hydrochloric acid buffer (pH 7.7)
containing 150 mM sodium chloride. Then, the column was washed with 6 CV of a 20
mM acetate buffer (pH 5.45) containing 170 mM sodium chloride, and further washed
with 4 CV of a 20 mM Tris-hydrochloric acid buffer (pH 7.7) containing 170 mM sodium
chloride. RElution was started with a 20 mM Tris-hydrochloric acid buffer (pH 7.7)
containing 300 mM sodium chloride, and 0.5 column volume of the eluate from the
start of the peak of absorbance at 280 nm was obtained as a roughly purified sclution.
The same operation was repeated twice to obtain 2 lots of the roughly purified solution.
The operation was performed at a temperature of 2 to 10°C, and a chromatography
flow rate of 109 L/hour,

[0153]
About 10 L of the roughly purified solution was applied to a monoclonal

antibody column (diameter: 44 cm, height: 13 em) equilibrated with a 20 mM
phosphate buffer (pH 7.3) containing 0.3 M sodium chloride. 6 CV ofa 20 mM
phosphate buffer (pH 7.8) containing 1.0 M sodium chloride was poured into the
column, 8 CV of a 0.1 M acetate buffer (pH 5.0) was further poured to wash the column,
and elution was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.0)
containing 0.3 M sodium chloride. The eluate corresponding to the start to the end of
the peak of absorbance at 280 nm was obtained, and added with 1/10 volume of a 0.5 M
phosphate buffer (oI 7.8) to obtain a purified solution 1. The same operation was
repeated 8 times to obtain 8 iots of the purified solution I. The operation was
performed at a temperature of 2 to 10°C, and a chromatopraphy flow rate of 46 L/hour.
[0154]

About 180 L of the purified solution 1 for 6 lots was passed through a nylon
filtration membrane (pore diameter: 0.4 pm + 0.2 jun, membrane area’ 1.8 m2,
SARTOLON Maxi Caps 5101307H3, Sartorius, Germany) at a flow rate of 5 L/minute

(about 0.05 m# of membrane area was used for 1 mg of HCP), adjusted to pH 8.5 with a
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0. 0105 Exanple 4 A7 1Jsed 0.0245 [01851 (Test Exanple 6) Analysis of HCP
renmoved with nylon filtrati on nenbrane H ghl y-purified sol ubl e

t hronbonodul i n was prepared in the sane manner as that described in Exanple
3, and the nylon filtration nmenbrane used for the preparation (pore
diameter: 0.4 gm+ 0.2 gm nenbrane area: 1.8 n2, SARTOLON Maxi. Caps
5101307H3, Sartorius, Germany) was taken out fromthe housing, and cut into
pi eces of about 3 g each. Five of the pieces were sufficiently washed with
a 20 mM phosphate buffer (pH'7.3) containing 50 nM sodium chloride, and
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absorbance at 280 nm was separated, and concentrated to about 10 L by using an

ultrafiltration membrane, Microza UF Module SIP-1013 (Asahi Kasei Chemicals,
Japan), to obtain a purified solution 3. The operation was performed at a temperature
of 2 to 10°C, and a chromatography flow rate of 6.2 L/hour.

[0156]

The purified solution 3 was passed through a virus-removing membrane,
PLANOVA 15N (membrane area: 1 m2, Asahi Kasei Medical, Japan), equilibrated with
a 20 mM phosphate buffer (pH 7.8) containing 50 mM sodium chloride at xoom
temperature and a pressure lower than 0.1 MPa, and then further passed through a
0.22-pm PVDY filtration membrane (Millipore, U.S.A.), and the entire volume of the
solution was collected. The result was used as a highly-purified soluble
thrombomodulin purified product (lot: AS).

The APC activity of thrombomodulin of AS was 69000 Ufmi.,

Soluble thrombomodulin concentration in the solution of AS was 10.9 mg/m1.,
[0157]

(Fxample 3) Preparation of highly-purified soluble thrombomodulin 3

Cell culture was performed by using, as the base medium, the medium
described in Japanese Patent Unexamined Publication No. 11-341990, Ingredient Table
2, provided that NaHCO; concentration was changed to 5,700 mg/l, and NaCl



Mobi | e phase B: 0.1% form c acid/ 80% acetonitrile Gadient:0 to 30 m nutes:
Mobi | e phase B, 5 to 40% 30 to 40 m nutes: Mbile phase B, 40 to 100% 40 to
60 m nutes: Mbbile phase B, 100% Flow rate:. 300 nlimnute [0187]

The ami no acid sequences of the fragments expected fromthe mass-spectrum
data were as shown in (1) to (7) nmentioned bel ow, and agreed with partial
sequences of histone H2B (Biochime, 61 (1), 61-69 (1979)) shown bel ow.
This result reveal ed that one of constituents of HCP renmoved with the nylon
filter was histone H2B (1) KESYSVYVYK (2) VLKQVHPDTA SSK (3) STI TSREI QTAVR

(4) El QTAVR L hir& SR kLA 0(8h)1.. L Lk BARL AN i (nl dvab- SRR LHAYSEGTK

[0188] [Table 7] Am no acid sequence_of histone H2B .
PEPARSAPAPKREBRIKRFMEsmRE badmires e AP W irelicdinlesp prtpeSigma-
AMS MNSTVNDA R A5, SGEARRI ABYNSY £Sdd- @Rl 6IAMS A HoREEL AKHRYREG hd AW TI CNTSSK

Further, production medium was the same as the growth medium, provided that the
serum concentration was changed to 3%,
[0158]

The cells of one vial prepared in Comparative Example 1 were thawed,
inoenlated into 100 ml. of the growth medium, and cultured with stirring at 37°C for 5
days by using a spinner flask in a COgz incubator. When the living cell density became
7.0 x 108 cells/mL or more, the entire volume of the culture medinm was transferred to
0.9 L of the growth medium, and the cells were cultured with stirring at 37°C for 5
days by using a spinner flagk in a COy incubator. When the living cell density became

© 7.0 x 108 cells/mls or more, the entire volume of the culture medium was transferred to
9 L of the growth medium, and the cells were cultured with stirring at 37°C, pH 7.2
and 50% of dissolved oxygen for 5 days by using a culture tank. When the living cell
density became 7.0 x 105 cells/ml or more, the entire volume of the culture medium
was transferred to 120 L of the growth medium, and the cells were cultured with
stirving at 87°C, pI 7.2 and 50% of dissolved oxygen for 7 days by using a perfusion
culture tank. When the hiving cell density became 7.0 x 100 cells/mL or more,
perfusion culture was started, in which the production medium was continuously
added, and the culture supernatant was continuously collected. The culture
conditions consisted of 37°C, pH 7.2, dissolved oxygen: 50%, medium exchange: 130 to
200 L/day, and surface pressurization: 0 to 0.2 MPa, After the living cell density
reached 7.5 x 10¢ cells/ml, the culture was further continued for 36 days, and the
culture supernatant was collected as a production solution. The collected production
solution was clarified by using filtration filters, SUPRAdisc IT (Pall, U.S.A.) and Supor
LBV (Pall, U.8.A), and stored at 2 to 10°C as a filfered production solution.
[0159]

About 700 L of the filtered production solution was applied to a Q-Sepharose
Tast Flow (GE Healtheare, U.8.A) column (diameter: 63 ecm, height: 26 cny)
equilibrated with a 20 mM Tris-hydrochloric acid buffer (I 7.7) containing 150 mM
sodium chloride. Then, the column was washed with 6 OV of a 20 mM acetate buffer

(pH 5.5) containing 180 mM sodium chloride, and further washed with a 20 mM Tris-
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(The boxed sequences are am no acid sequence regions of the amno acid

sequence of histone H2B identical
(7) mentioned above, which were deduced fromthe nmass-spectrum dat a.

is clained

is: [Claim Hi ghl y-purified sol ubl e thronbonodul i

has a content of host cell-originated proteins being in a ratio of

than 10 ng

of the proteins per 10,000 U of the sol ubl e thronmbonodul

with the am no acid sequences of (1) to

) Wat
n which
| ess

in,

wherein the sol uble thronbonmodulin is produced by a transformant cell

obtai ned by transfecting a host ceII

sequence engﬁ%d (a;ﬂguf: ucbﬁl gt%teﬁ g}ﬁn% con n.mm)]%H II\E‘ LR, ]u.ntll afsor nc-ghe

hi ghl y- puri

accor 0O C erel

sol ubl e t hr or#86 myduturmedits tlprbeshlmed Hhytionerag _mafctleé@ﬂbuIELOwPé 'I‘m% t he
transfor manfmdroc iorm Lc(% %fm -I . contiinir;rgkgo '{H\% Q(Jdﬁnpwhhfldeegld% MRk,

t hr onbonodu

I'n accor erei n the host ce I'S

Chi nese hamsfene walaﬁymdd‘eﬁbm ﬂﬁe@ta\t pfi th$ perhet Hisgplyhyce pb L3 ine wasditaibtde
thr OﬂbOﬁDdU+ Y ﬂoﬁ%ﬁf%xﬂﬁf{ég %l t1(§1ny'l‘9@sean'f3f &Jaﬁé)rmfasjre%e%te% 16 tmrt§bﬁ%aﬁlme S

t hr onbonodu

OW Nng properties 1) an acti

with a DNA contai ning a nucl eotide

n the

a

ol ubl e
on of

sel ecti vel ylotsiofitherepebly PtHWﬁ@imﬂwon( Hhegperaer v I@?fmf?iwdr?ﬁﬁl AP eattiardt i on of

Protein C byl iR BonbihoRRpRPhORA) 10KEARA NO Thrombin clotting time,
(4) an action of suppressing platelet aggregation caused by thronbin, and

(5) anti-inCF&@matory action. [Caimb5] The highly-purified sol uble
t hrombonodul i N aggQl:Qh NGr iR AN IyIRESifed sohl R WBs dpplied to a monoclonal

antibody column (diameter: 44 cm, height: 13 em) equilibrated with a 20 mM
phosphate buffer (pIf 7.3) containing 0.3 M sodium chioride. 6 CV of a 20 mM
phosphate buffer (pH 7.3) containing 1.0 M sodium chloride was poured into the
column, 3 CV of a 0.1 M acetate buffer (pH 5.0) was further poured to wash the column,
and elution was started with a 0.1 M glycine-hydrochloric acid buffer (pI1 8.0) '
containing 0.3 M sodium chloride. The eluate corresponding to the start to the end of
the peak of absorbance at 280 nm was obtained, and added with 1/10 volume of 2 0.6 M
phosphate buffer (pH 7.8) to obtain a purified solution 1. The same operation was
repeated 12 times to obtain 12 lots of the purified solution 1. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 46 L/hour.
[0161]

About 270 L of the purified solution 1 of the 12 lots was passed through a
nylon filtration membrane (pore diameter: 0.4 pm + 0.2 jum, membrane area’ 1.8 m?,
SARTOLON Maxi Caps 5101307HS, Sartorius, Germany) at a flow rate of 5 L/minute
(about 0.05 m? of membrane area was used for 1 mg of HCP), adjusted to pH 8.5 with a
1.0 M glycine-hydrochloric acid buffer (pH 2.0), and applied to an SP-Sepharose FI' (GE
Healthcare RBioscience, U.8.A.) column (diameter: 45 om, height: 10 cm) equilibrated
with a 0.1 M glycine -hydrochloric acid buffer (pit 8.5) containing 0.3 M NaClL
Washing was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.5) containing
0.8 M Na(l, and a flow-through fraction corresponding to the start to the end of the
peak of absorbance at 280 nm was obtained, and immediately neutralized to pH 7 with
a 0.5 M phosphate buffer (pH 7.3) to obtain a purified solution 2. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 160 L/houn.
[0162]
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to 4, wherein nol ecular weight of the soluble thronbomodulin is in the
range of 50,000 to 80;000. [Caim81l The highly-purified soluble

t hronbonodul i n according to any one of clains 1 to 5, wherein the

hi ghl y-purified soluble thronmbonodulin is produced by a nethod conpri sing
the follow ng steps: (a) the step of obtaining a transformant cell by
transfecting a host cell wth a DNA encodi ng sol ubl e thronmbonodulin; (b)
the step of obtaining a solution containing soluble thronbonodulin by
culturing the transfornmant cell, and (c) the step of bringing the solution

containi ng sol Ubh%on&@b@ﬂ@ﬂ%@ﬂﬁ&';ﬁe’& sbitith, £ QL Afilentthfell 1R ANEY Qhing

pol yet hersul fone to obtain ggly puriftied sol uble thronmbono uI|n havi ng a
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lig of the eﬁrjngﬁ)eéxﬂstheﬁ%ppﬂugh LQQ%@H}&QIyI §Qbé}lﬁkﬁ(}bh{e‘9mm%eieﬁce b ahm 7]

The highly-puritied s nmbonodul 1 n accor di to any one of clains 1

to 6, \Ahereqownmféla@@te&ﬁﬁémt wwm@wbm@dama@aﬁ Mephephttaibpitig: (0 the

am no aci d @ﬁm@&@aﬁilgs@ﬁw&aiu&ﬂ (Qllﬂﬁuig67A1¥&utﬂ§1%eklpwftﬂﬁ1e3fﬂa}ﬂﬁm@c| d sequence
of SEQ I D NO or 11, and the am no _acid sequence of (ii-1) or (ii-2)

ment i oned B%’P%W“C%ﬁ‘begf’r‘i‘é‘ ‘fﬁ%“p’*f’li’ﬁﬂ%“’ii’smg6‘?1155‘}’6“%%’6%’6%& VY RaYi ng t he

fol I ow ng nu@@mﬂah@sm&m)mh@mé)m [G'F Mo&-x)le smlmmhﬁm@l @@mm:e of the
p03|t|ons xﬁ 244 in th&lﬁnlno ? sequence o ?E %b& or 11, or
(ii-2) the =&m o QBRI AgiiEhERER % i ThPerREAR | 8?1%‘8 OFH tF’antlﬁ‘é?el ncl udi ng
substi tuti a2 tdel-elHdnaR Bfomatdidphp RowkatoBits. DL/me@r € am no aci d residues, (1)
an action qé*gglectively bi nding to thronmbin, (2) an action of pronnting

activation rotein C by thronbin, (3) an action of extending thronbin
clotting tinme, (%e@anifddEdciondfwipaee 8sbnd plaketvdvigggesgaid on caused by

thronbi n, MI\{(R)A I%th(in_elinglfalng :rirlr(rag't 10£1¥ Ag'achti iKCa)LQe'i Medical, Japan), equilibrated with
a 20 mM phosphate buffer (pH 7.3) containing 50 mM sodium chloride at room
temperature and a pressure lower than 0.1 MPa, and then further passed through a
0.22-pm PVDF filtration membrane (Millipore, U.S.A.), and the entire volume of the
solution was collected. The result was used as a highly-purified soluble
thrombomodulin purified product (lot: A6).

The APC activity of thrombomodulin of A6 was 81000 U/mL.

Soluble thrombomodulin concentration in the solution of A6 was 11.9 mg/ml.
f0164]

(Example 4) Preparation of highly-purified soluble thrombomodulin 4

Growth medium was prepared by dissolving 20.78 g of IS CHO-CD-AS (Irvine
Scientific, U.S.A.), 4.06 g of sodium chlovide (Tomita Pharmaceutical, Japan), and 2.20
g of sodinm hydrogencarbonate (Walko Pure Chemical Industries, Japan) in 1 L of water.
Production medium was prepared by dissolving 20.78 g of IS CHO-CD-A3 (Irvine
Scientific, U.S.A.), 2.63 g of sodium chloride (Tomita Pharmaceutical, Japan), and 4.40
g of sodium hydrogencarbonate (Wako Pure Chemical Industries, Japan) in 1 L of water.
{0165]

The cells of one vial prepared in Comparative xample 4 were thawed,
inoculated into 100 ml of the growth medium, and cultured at 36°C for 5 days as
stationary culture by using a T flask in a COz incubator. When the living cell density
bacame 7.0 x 108 cells/ml: or more, the entire volume of the culture medium was

transferred to 0.9 L of the growth medium, and the cells were cultured with stirring at
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[Claim81 The hi ghly-purified soluble thronbonodulin according to
any one of clains 1 to 6, wherein the soluble thronbonodulin is a peptide
containing: (i-1) the am no acid sequence of the positions 19 to 516 in
the amino acid sequence of SEQID NO 9 or 11, or (i-2) the amn.o acid
sequence of (i-1) mentioned above, further including substitution, deletion
or addition of one or nore am no acid residues, and the peptide is soluble
t hronbonodul i n having the properties (1) to (5) nentioned below. (1) an
action of selectively binding to thronbin, (2) an action of pronoting
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of bringi Ngn@e, perfusion culture was started, in which the production medium was continuously
added, and the culture supernatant was continuously collected, The culture
conditions consisted of 36°C, pH 7.1, dissolved oxygen: 50%, medium exchange: 130
L/day, and surface pressurization: 0 to 0.2 MPa. After the living cell density reached
7.5 x 108 cells/ml, the culture was further continued for 20 days, and the culture
supernatant was collected as a production solution.
[0166]

The collected production solution was clarified by using filtration filters,
SUPRAdisc IT (Pall, U.S.A.) and Supor EBV (Pall, U.S.A.), and stored at 2 to 10°C as a
filtered production solution,

About 1,400 L of the filtered production solution was applied to a Q-Sepharose
Fast Flow (GE Healtheare, U.S.A.) column (diameter: 63 cm, height: 25 cm)
equilibrated with a 20 mM Tris-hydrochloric acid buffer (pH 7.7) containing 150 mM
sodium chloride. Then, the column was washed with 6 CV of a 20 mM acetate buffer
(pH 5.6) containing 180 mM sodium chloride, and further washed with 4 CV of a 20
mM Tris-hydrochloric acid buffer (pI 7.7) containing 180 mM sodium chloride.

Blution was started with a 20 mM Tris-hydrochloric acid buffer (pH 7.7) containing 290
mM sodium chloride, and 0.5 column volume of the eluate from the start of the peak of
abgorbance at 280 nm was obtained as a roughly purified solution. The same
operation was performed also for about S00 L of the filtered production solution, and
thus 2 lots of the roughly purified solution were cbtained. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 109 L/hour,
l0167]

About 13 L of the roughly purified solution was applied to a monoclonal

antibody column (diameter: 44 cm, height! 13 cm) equilibrated with a 20 mM

69



sol ution contai ning sol uble thronbonodulin, which is produced by a
transformant cell obtained by transfecting a host cell with a DNA
cont ai ning a nucl eoti de sequence encodi ng sol ubl e thronbonodulin, into
contact with nylon and/or polyethersul fone. [Claim 121 The
preparation nmethod according to claim 11, wherein the soluble

t hronmbenodul in is prepared by serumfree culture of the transformant cell.
[Claim 131 The nethod for preparing highly-purified soluble thronmbonodulin
according to claim 1l or 12, wherein the soluble thronbonodulin has the
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performed at a temperature of 2 to 10°C, and a chromatography flow rate of 46 L/hour.
[o168]

About 110 L of the purified solution 1 of the 5 lots was passed through a nylon
filtration membrane (pore diameter: 0.4 pm + 0,2 pm, membrane area’ 1.8 m2,
SARTOLON Maxi Caps 5101307H3, Sartorius, Germany) at a flow rate of 5 L/minute
(about 0.03 m® of membrane area was used for 1 mg of HCP), adjusted to pH 3.5 with a
1.0 M glycine-hydrochloric acid buffer (pH 2.0), and applied to an SP-Sepharose FE (GE
Healtheare Bioscience, U.S.A.) column (diameter: 45 cm, height: 10 ¢m) equilibrated
with & 0.1 M glycine-hydrochloric acid buffer (pH 3.5) containing 0.8 M NaCl.

Washing was started with a 0.1 M glycine-hydrochloric acid buffer (pH 3.5) containing
0.3 M NaCl, and a flow-through fraction corresponding to the start to the end of the
peak of absorbance at 280 nm was obtained, and immediately neutralized to pH 7 with
a 0.5 M phosphate buffer (pH 7.3) to obtain a purified solution 2. The operation was
performed at a temperature of 2 to 10°C, and a chromatography flow rate of 160 L/hour.
[0169]

About 120 L of the purified solution 2 was concentrated to about 5 L by using
an ultrafiltration membrane, Microza UF Module SIP-2013 (Asahi Kasei Chemicals,
Japan), and then applied to a Sephacry] S-300 HR (GE Healthcare Bioscience, U.8.A.)
column {diameter: 63 cm, height: 94 cm) equilibrated with a 20 mM phosphate buffer
(pH 7.3} containing 50 mM sodium chloride. An elution peak with the maximum
absorbance at 280 nm was separated, and concentrated to about b L by using an
ultrafiltration membrane, Microza UF Module SIP-1013 (Asahi Kasei Chemicals,
Japan), to obtain a purified solution 3. The operation was performed at a temperature
of 2 to 10°C, and a chromatography flow rate of 6.2 L/hour
[0170]
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(i) the am no acid sequence of the positions 367 to 480 in the amno acid
sequence of SEQIIl NO 9 or 11, and the am no acid sequence of (i-1) or
(i1i-2) nmentioned below, and the peptide is soluble thronbonodulin having
the follow ng properties (1.) to (5): (ii-1) the am no acid sequence of the
positions 19 to 244 in the amno acid sequence of SEQID NGO 9 or 11, or
(ii1-2) the am no acid sequence of (ii-1) nentioned above, further including
substitution, deletion or addition of one or nore am no acid residues, (1)
an action of selectively binding to thronmbin, (2) an action of pronoting

activation of Pr @Iﬂ@érﬂngvcm/mé Wtﬂ@ﬁlz{hedéﬁhu&rh @&tﬂa%d%ro@éhtaeﬂmsng t hronmbi n
clotting ti ne, (4) an action of suppressing platel et aggregation caused by

t hronbi n, aitero(isy mgmbiane, RLANAYAIGNmagmbiagparepd mi Apaby Kasel Medical, The

preparati Oma@%)%%h%%m WG 26 911\/@15156%19’@.@9 Mffef:dpﬁ!'ﬁﬁ oéigbaﬁlﬁlg%ﬁ mmherein the
sol ubl e thronbonmodulin is a peptide containing am no acid

sequence of SOfiHE Big¥ire plgagn 1@%&@@?@@ﬁptqﬁwla}ﬁvvﬁbthaepd Dé%ﬁﬂ%%%“of SEQ I D

NO 9 or 1lurtBér pakded Erobdhe @90 NR PROLAiSLMENGS e (Miltiddre ESMDONRAD above,
further including substjtution, deletion er addj tion qQf one nor e am no

aci d resi dudseMERAICRE oiFhp piHEnves sdlettst-e TRFSHE St Btk dﬁaﬁ%}/‘g’ng t he
fol | owi ng preiped solede thildmHoModdin pukilipd @mdwtlbfmm)of selectively binding to

thronbin, (2) anTg&%%{gntof F{fgﬁ’l’%’f) 9,3 0| %(ﬂt!f‘o‘?’ﬂ&; rotein C by thronbin,
(3) an action of ot RoRBef hgas "Wy an action of
suppr essi ng pl at gliaile agghBGatioNcopans@ton Rythd HEaRBINA7 @di 0(©She/mL.
anti-i nflarHHg?thry action. [Caim1l.81

(Test Example 1) Evaluation of removal of HCP using various filtration membranes

The purified solution I obtained in Comparative Example 1 (HCP
concentration: 462 ng/ml) was passed through filtration membranes of different
materials, and HCP concentrations of the filtrates were compared. Specifically, 5 ml
of the purified solution 1 was passed at a flow rate of I ml/minute through each of
filtration membranes made of (1) PVDF (polyvinylidene fluoride) (Millex GV, Millipore,
U.8.A), (2) CA (cellulose acetate) (Minisart, Sartorius, Germany), (3) PES
(polyethersulfone) (Minisart High-Flow, Sartorius, Germany), (4) nylon (NALGENE
Syringe Filter, Thermo Fisher Scientific, U.S.A.), and (5) CA + GF (cellulose acetate +
glass fiber) (Minisart Plus, Sartorius), and the entire volume was collected as a filtrate,
lo172]

Protein concentration and HCP concentration of the solution were measured
hefore and after the filtration. The protein concentration was obtained on the basis of
absorbance at 280 nm, and the HCP concentration was measured according to the
method deseribed in Reference Example 2. As a vesulf, substantial difference was not
ohserved between the protein concentrations measured before and after the filtration
for all the filtration membranes, but high HCP-removing effect was observed for the
filtration membrane made of nylon and the filivation membrane made of PES, and i
was found that they reduced the FHCP concentration to 28% and 36%, respectively
(Table 1). Further, degree of the reduction of the HCP concentration significantly
differed depending on the material of the membrane in spite of the same pore diameter.
Accordingly, it was not considered that HCP insolubilized by aggregation was removed,

but it was considered that HCP was vremoved by adsorption by the membranes. The

71



The preparation nmethod according to any one of clains 11 to 15, wherein the
DNA cont ai ni ng a nucl eoti de sequence encodi ng sol ubl e thronbonodulin is a
[Claim19]

The preparation nmethod according to any one of clains 11 to 18, wherein the
nyl on and/ or polyethersulfone is in the formof a filtration nmenbrane.

DNA encodi ng the am no acid sequence of SEQ ID NO 9 or

[ A aim 20]

11.

the filtrati on nenbrane has a nenbrane area of 0.01 to 0.5 in2 for
t he host cell-originated proteins.
net hod accor.di

pol yet her su 1?’8%2”5}‘)@“%3?%%32% %}rgﬁ?ﬁ Bgyibrancs

[ ai m21]
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wher,

The preparation nmethod according to claim19, wherein

1 ng of
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(‘t({]&%&\l’ éol'#régﬁs %f fglg nta%@%aitﬁreﬁ% W%I‘Te t he
(a) the step

of obt ai ni r{glﬁ]transfornant cell by transfecting a host cell with a DNA
encodi ng the am no acid sequence of SEQ 1D NO 9 or
obt ai ni ng dTgd¢ Ut i on cont ai ni ng sol ubl e t hronbonodul in by cul turing the

11,

(b) the step of

t ransf or mantg,cel. ( th 0 e 5 LQN| G i.ni ng
sol ubl e Fﬁ*r gﬁl%%k%ﬁdu iﬁgr{lo glw%ﬁ@%%orrﬂg%%ﬁen lgg’??’%e Jgéeg%vk% or ?%v% r i based on
the total |pmombians, démcktey (d)liarvterstwpribnby pregifing 1 hef BE ut plomoteiont ai ni ng
sol ubl e thrombonodylip jnto act , W 00yl qQn. 40 | sokeat e highdy-purified
sol ubl e t hr onmbonoddl i{riuhdf)lavi ngﬁglgcon?%%c 0)1[1 hgjg% cell (()n%)lt gi hat Ig;, pr ot ei ns
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sol ubl e thr(?)r}t,\gﬂpdu I fgoand wherern the hopt gell 1's gzChi nese,hankter
ovary cel ;- : : : : -

(2) CA 0.2 26 5.8 0.23 69 100

(3) PES 0.2 26 5.3 0.23 36 100

(4) Nylon 0.2 25 Unknown | Unknown 28 99

(5) CA+ GF 0.2 26 5.3 0.23 44 99

[0174]

(Test Example 2) Comparison of HCP-removing abilities of nylon and PES filtration

membranes

It was found in Test Example 1 that the nylon filtration membrane and the

PES filtration membrane had high HCP-removing abilities.

Accordingly, change of

HCP-removing abilities of these filtration membranes depending on the volume of

solution passed through them was evaluated. Products of two manufacturers were

prepared for each material of the filtration membrane, and the purified solution 1 ofa

lot different from the lots uged in Test Example 1 was passed through the membranes

(HCP concentration: 803 ng/ml). The filtration membranes used were a PVDF

filtration membrane (pore diameter: 0,22 wm, membrane diameter: 25 mon, effective

membrane area’ 8.9 em?, Millex GV, Millipore, U.8.A.) as a control, (1} Acrodise AP

4436T, Pall, U.S.A., pore diameter: 0.2 pm, membrane diameter: 25 mm, effective

membrane area: 3.9 cm?, and (2) Minisart NY25, Sartorius, Germany, pore diameter:

0.2 pm, membrane diameter 25 mm, effective membrane area! 4.8 em? as nylon

filtration membranes, as well as {3) Acrodisc PN4612, Pall, U.8.A., pore diameter: 0.2

um, membrane diameter 25 mm, effective membrane area 2.8 cm?, and (4) Minisart

High-Flow, Sartorius, Germany, pore diameter: 0.2 pm, membrane diameter 26 mm,
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SEQUENCE LI STI NG <110> Asahi Kasai Pharma Corporation <120> Hi ghly purified
sol ubl e t hronmbonodul i n and net hod for manufacturing thereof. <130> 111151M
<140> 2010- 04- 30 <141> JP 2010-105421 <160> 21 <210> 1. <211> 132 <212> PRT
<213> human <400> 1. Met Lou Gy Val Leu Val Lou Gy Ala Lou Ala Lou Al a

Gy Lou Ay 51015 Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys Au Tyr G n Cys

G n Pro 202530 Lou Asn G n Thr Ser Tyr Lou Cys Val Cys Ala Au Gy Phe Al a
Pro 354045 Ile Pro Hs Qu Pro Hs Arg Cys Gn Met Phe Cys Asn G n Thr Alm

effective membrane area’ 5.8 cm? as PES filtration membranes. The purified solution
1 was passed through each filtration membrane in a volume of 100 ml at a flow rate of
10 ml/minute, and the filtrate was sampled for every 20 ml of the solution passed
through the filtration membrane, of which HCP concentration was measured according
to the method described in Reference Hxample 2, and of which protein concentration
was obtained on the basis of absorbance at 280 nm.

[0175]

As a result, change of the protein concentration was not observed for all the
samples, but HCP-removing effect was observed for both the nylon and PES filtration
membranes (Table 2). The nylen filtration membrane gave especially high HCP-
removing effect, and reduced the HCP concentration to 25% at most. It was found
that when volume of the solution passed through the filtration membrane was smaller,
ie., filtration membrane area for 1 mg of HCP was larger, higher HCP-removing effect

was obtained.

[0176]
[Table 2]
Membrane area Recovery of HCP (%)
Filtration membrane for 1 mg of HCP
90m] | 40m] | 60ml | 80 ml | 100 ml
(m2)
PVDF 0.013~0.064 94 98 109 89 92
(1) Pall 0.018~0.064 50 62 60 69 75
Nylon
(2) Sartorius 0.016~0.079 25 84 30 49 47
ims (8) Pall 0.009~0,046 77 84 98 88 107
(4) Sartorius 0.017~0.087 68 66 75 62 63
f0177]

(Test Bxample 8) Evaluation of HCP-removing ability of nylon filtration membrane for
different solution compositions

Iffects of differences in buffer composition and scluble thrombomodulin
concentration on the HCP-removing ability of a nylon filtration membrane were
evaluated. Each of the purified solution 1, the purified solution 2, the purified
solution 2 after the concentration, the purified solution 3, and the purified product
obtained in Comparative Example 4 in a volume of 6 mL was passed through a nylon

filiration membrane having a membrane diameter of 26 mm, an effective membrane
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505560 Cys Pro Ala Asp Cys Asp Pro Asn Thr G n Ala Ser Cys Qu Cys Pro 65
70 75 80 Gu Ay Tyr Ile Lou Asp Asp Ay Phe Ile Cys Thr Asp Ile Asp G u
859095 Cys G u Aso Ay Ay Phe Cys Ser Ay Vval Cys H's Asn Lou Pro Ay
100105110 Thr Phe Au Cys Ile Cys Sly Pro Asp Ser Ala Lou Val Arg Hs Ile
115120125 Ay Thr Asp Cys 130 <210> 2 <214> 396 <212> DNA <213> hunman <400>

2 atgettgggg tectggtect tggcgcgctg geccctggecg gectggggtt cnccgacceg 60
tgul | cagag ccaactgcga gtaccagtgc cageccetga accaaactag ctacactgc 120
gt et gegccg agggettegc goccattecc cacgagccgc acaggtgcca gatgttttge 180

Gaagact aca BobTggane RISt Jeaido g A HE AR a2 0
ggettctgct clggyat gtignldoacéaecd teecidggtiacetvat cgagedoat filbhgeglcce 360
gact cggene ftllEIglt,ignclggn% L& zgrte oraf;rc};lg gﬁgélggon‘g’a%@edig }h%%a%pﬁgév&% a%‘?’(ﬁlowsi

0.77 m2 for the purified solution 1, 1.7 m? for the purified solution 2, 0.43 m2 for the

purified solution 2 after the concentration, 0.72 m?2 for the purified solution 8, and 0.81

m? for the purified product. HCP concentration of each obtained filtrate was
measured according to the method described in Reference Example 2, and protein
concenfration of the same was obtained on the basis of absorbance af 280 nm. Asa
result, the nylon membrane gave high HCP-removing effect for all the samples, and

provided high protein recovery higher than 90% (Table 8).

[0178]
[Table 8]
HCP Protein
Sample Before After Recovery Before After Recovery
filtration | filtration filtration | filtration
(%) (%)
(og/ml) | (ng/ml) (mg/ml) | (me/ml)
Purified 125 65 52 0.47 0.44 94
solution 1
Purified 56 35 63 0.40 0.37 93
solution 2
Purified 222 115 52 8.28 8.28 100
solution 2
after
concentration
Purified 134 <25 <19 11.1 11.4 103
solution 3
Purified 119 <25 <91 10.1 10.3 102
prodact
{0179]

(Test Bxample 4) Evaluation of removal of HCP from purified products of soluble

thrombomodulin obtained by various preparation methods

It was examined whether or not HCP was successfully removed from soluble
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<212> PRT <213> human <400> 3 Met Leu Gy Val Len Val Len Ay Ala Len Al a

Len Ala Gy Len Ay 151015 Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys A u Tyr
Gn Cys An Pro 202530 Len Asn G n Thr Ser Tyr Leu Cys Val Cys Ala u Ay
Phe Ala Pro 354045 Ile Pro HHs Gn Pro Hs Arg Cys Gn Met Phe Cys Asn G n
Thr Al a 505560 Cys Pro Ala Asp Cys Asp Pro Asn Thr G n Ala Ser Cys G n Cys
Pro 65 70 75 80 G n Ay Tyr Ile Leu Asp Asp Gy Phe Ile Cys Thr Asp Ile Asp
G u 859095 Cys Gu Asn Ay Ay Phe Cys Ser Ay val Cys H's Asn Leu Pro Ay
100105110 Thr Phe nmu Cys Ile Cys Ay Pro Asp Ser Ala Leu Ala Arg His Ile

115120125 qﬁon&%?xxoéﬁ% p%fucts obtained by different methods by further passing them

through a nylon filtration membrane, The soluble thrombomodulin purified products
obtained in Comparative Examples 1 to 3 (A1, B1 and B2, respectively) in a volume of 5
m1L each were passed through a nylon filtration membrane having a membrane
diameter 25 mm, an effective membrane area’ 4.8 cm?, and a pore diameter: 0.2 pm
(Minisart NY25, Sartorius, Germany) at a flow rate of I mI/minute, and the entire
volume of each was collected as a filtrate. The filtration membrane areas for 1 mg of
HC?T contained in the soluble thrombomodulin purified products were 0.34 m2 for Al,
0.46 m? for B1, and 1.7 m® for B2, IICP contents, mouse IgG contents, and bovine
serum protein contents of the sclutions were measured before and after the filbration
by the methods described in Reference Examples 2 to 4. The nylon membrane gave
high removing effect for only HHCP for all the purified products (Table 4). On the basis
of this result, it was considered that the nylon filtration membrane did not have an

action of nonspecifically adsorbing proteins, but had an action of specifically adsorbing

HCP.
[0180]
[Table 4]
Bovine serum protein
HCP content Mouse IgG content content
Puzified {ng/10,0000) (ng/10,00010)
product (ng/10,000U)
Before After Before After Before After
filtvation | filtration | filtration | filtration | filtration | filtration
Comparative 40.9 <8.2 <(.18 <0.18 0.67 1.03
Example 1
(A1)
Comparative 26.0 <6.7 <0.16 <(.16 0.24 016 ~
Example 2
B
Comparative 20.0 7.0 0.65 0.59 13.5 13.2
Example 3
(B2)




130 <210> 4 <211> 396 <212> DNA <213> human <400> 4 atgettgggg tectggtect
t ggcgecget g gcectggecg gectggggtt cccogaeccg 60 tgettcagag ccaactgcga

gt accagt gc cagccectga accaaactag etacetctge 120 gtetgcgceg agggettege
goccattcce cacgagccgc acaggtgeca gatglLitAge 180 aaccagactg cctgtecagc
cgact gcgac cccaacacce aggctagctg tgagtgccet 240 gaaggctaca tcctggacga
cggtttcatc tgcaeggaca tcgacgagtg cgaaaacggc 300 ggettctget ccggggtgtg
ecacaaccte ccoggtacct tcgagtgcat ctgegggeec 360 gacteggccc
ttgccegeca-cattggcacc gactgt 396 <210> 5 <211> 480 <212> PRT <213> hunan
<400> 5 Metjpj@y Gy Val Lou Val Lou Gy Ala Leu Ala Lou Ala Gy Lou Gy
151015 Phe Pro Ala Pro Ala (flu Pro @n Pro Ay Gy Ser @n Cys Val Gn
202530 Hi s eshEgyaplphonogripeef myvthspéthmwbomoéulm rarrrﬁhti PRty ipipein Al a

354045 with or without use of nylon filtration membrane

HCP contents, mouse IgG contents, and bovine serum protein contents of the
thrombomodulin purified products obtained by the industrial level production using no
nylon filtration membrane (Comparative Example 1) and the industrial level
production using a nylon filtration membrane (Examples 1 o 4) were measured by the
methods described in Refevence Examples 2 to 4.

The three lots of Comparative Example 1 (A1, A2 and A3) not passed through
any nylon filtration membrane had high HCP contents higher than 10 ng/10,000 U,
whilst the HCP contents of the four lots of Examples 1 to 4 (A4, A5, A8 and A7) passed
through a nylon filtration membrane were lower than the quantification limit, Any
significant difference was not observed in contents of mouse IgG and bovine serum
proteins as other impurities in the products obtained by using or not using the nylon
filtration membrane (Table 6). As described above, the nylon filtration membrane
gave specific removing ability for HCP alse in industrial level production, and enabled
production of highly-purified soluble thrombomeodulin having an HCP content less than
10 ng/10,000 U of thrombomodulin.

Thrombomedulin purities based on the total proteins of the highly-purified
soluble thrombomodulin products obtained in Examples 1 to 4 were measured by gel
filtration liquid chromatography and ion exchange liquid chromatography. The
measurement by gel filtration liguid chromatography was performed by using TOSOH
TSKgel G3000SWXL (TOSOH, Japan), and a 50 mM phosphate buffer (pH 7.3)
containing 0.1 M sodium sulfate under the conditions of a temperature of 40°C and a
flow rate of 0.9 mL/minute. As a result, purities of the purified products (Ad, A5, A6
and A7) were all higher than 99%. TFurther, the measurement by ion exchange liquid
chromatography was performed by using TOSOH DEAL 5PW (T'OSOH, Japan) with
elution using a linear gradient of from a 20 mM piperazine-hydrochloric acid butfer (pH
5.6) containing 50 mM sodium chloride to a 20 mM piperazine-hydrochloric acid buffer
{pH 5.6) containing 350 mM sodium chloride over 30 minutes under the conditions of a
temperature of 40°C and a flow rate of 0.9 mL/minute. As a result, the purities of the
purified products (A4, A5, A6 and A7) were all higher than 99%,
fo182]
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Q/s
1{%

Arg Ser 505660 Ser
dy 65 70 75 80 Val
Cys 859095 Ay Asp
100105110 Gy Asp
115120125 Ay Al a
130135140 Ala Thr
145150155160 Lys
Arg 165170175 Pro
80185190 Tyr
95200205

Lt

product prepared as descnbed in Comparative Example 1, of which molecu1a1 weight

had been already confirmed to be 64,000 by MALDI-TOF-MS, and the highly-purified

soluble thrombomodulin purified products obtained in Examples 1 to 4 were compared

by SDS-PAGE, the bands were detected at the same position. On the basis of this

result, the molecular weight of the highly-purified soluble thrombomodulin was

considered to be 64,000,

Furthermore, endotoxin contents determined by the gelling method described

in Japanese Pharmacopoeia, General Test Procedures, Endotoxin Test Method <4.01>

were 0.004 to 0,03 FU/10,000 U, and thus were at an extremely low level (Table 6),

[0183]
[Table 5]
Lot Application | HCP content | Mouse IgG | Bovine serum
or non- (ng/104 U) coxfcent protein
application (ng/104 1)) content
of filtration (ng/10¢ U)
Comparative Al Not used 40.9 <0.18 0.67
Example 1
Comparative A2 Not used 17.2 <0.19 0.25
Txample 1
Comparative A3 Not used 22.3 <(.18 <0.23
Example 1
Example 1 A4 Used <8.3 <0.21 1.42
Example 2 AB Used <12 <0.18 0.42
Example 8 A8 Used <6.2 <0,16 0.71
Example 4 AT Tsed <72 <(},18 Not measured
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Val Ay Sor 3cr Ala Ala Val Ala Pro Lou Gy Lou Gn Lou Met Cys 210215220
Thr Ala Pro Pro Ay Ala Val dn Ay Hs Trp Ala Arg Gn Ala Pro
225230235240 Gy Ala Trp Asp Cys Ser Val Gn Aso Ay Gy Cyu Qu Hs Ala
Cys 245250255 Asn Ala ilo Pro Ay Ala Pro Arg Cys Gn Cys Pro Ala Ay Al a
Al a 260265270 Lou G n Ala Asp Ay Arg Sor Cys Thr Ala Ser Ala Thr G n 3cr
Cys 275280285 Asn Asp Leu Cys GQu H's Phe Cys Val Pro Asn Pro Asp G n Pro
Gy 290295300 Ser Tyr Ser Cys Met Cys Gn Thr Gy Tyr Arg Lou Ala Ala Asp
G n 305310315320 His Arg Cys A u Asp Vai Asp Asp Cys Ile Lou Qu Pro Ser
Pro Cys 325@?&?35 Pro Gn Arg Cys Val Asn Thr Gn Gy Gy Phe Gn Cys H's

Cys Tyr

[Table 6]
Lot Application or non- Endotoxin content
application of filtration (07101 0)
Example 1 A4 Used 0.0050
Example 2 Ab Used 0.0043
Example 3 A6 Used 0.0105
Example 4 A7 Used 0.0245
[0185]

(Test Example 6) Analysis of HCP removed with nylon filtration membrane
Highly-purified soluble thrombomodulin was prepared in the same manner as
that described in Example 8, and the nylon filtration membrane used for the
preparation (pore diameter: 0.4 pm + 0.2 pm, membrane area: 1.8 m?, SARTOLON
Maxi Caps 5101307HS3, Sartorius, Germany) was taken out from the housing, and cut
into pieces of about 3 g each. Five of the pieces were sufficiently washed with a 20
mM phosphate buffer (pH 7.3) containing 50 mM sodium chloride, and then each piece
was put into a test tube containing 40 mL of a 50 mM Tris-hydrochloric acid buffer (pH
8.0) containing 0.5% CHAPS and 200 mM sodium chloride. The proteins adsorbed on
the membrane were extracted in the buffer by shaking overnight at room temperature,
The entire volume of the extract was concentrated to 15 pL by using ultrafiltration
membranes, Vivaspin 20 (Sartorius, Germany) and Amicon Ultra-0.5 mL (Millipore,
U.S.A).  1/b Volume of this concentrate was subjected to SDS-PAGE (e-PAGEL5/20,
Atto, Japan) and CBB staining (Quick-CBB, Wako Pure Chemical Industries, Japan).
Aband detected around a molecular weight of 10,000 was excised, and the gel portion
was reduced with dithiothreitol, then carbamidomethylated with iodoacetamide, and
subjected to enzymatic digestion with trypsin overnight.  The enzymatic digestion
product was subjected to LE/MS/MS, and Mascot search was performed on the basis of
the obtained mass-spectrum data by using the database of NCBI to analyze the amino
acid sequence of the enzymatic digestion product.
[0186]
Measurement conditions of LC/MS/MS
LOMS/MS (measurement apparatus): DiNa-2A Multi-dimensional Autoinjector System
(KYA Technologies, Japan)
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340345350 Pro Asn Tyr Asp Len Val Asp Gy GQu Cys Vol Au Pro Vol Asp Pro
355360365 Cys Phe Arg Ala Asn Cys Qu Tyr Gn Cs Gn Pro Lou Asn G n Thr
370375380 Ser Tyr Leu Cys Val Cys Ala Gn Gy Phe Ala Pro lie Pro Hs Qu
385390395400 Pro His Arg Cys G n Met Phe Cys Asn G n Thr Ala Cys Pro Ala
Asp 405410415 Cys Asp Pro Asn Thr Gn Ala Ser Cys Gn Cys Pro u Ay Tyr
lie 420425430 Lou Asp Asp Gy Phe Ile Cys Thr Asp Ile Asp Gn Cys Qu Asn
Gy 435440445 Ay Phe Cys Ser Ay Val Cys His Asn Lou Pro Ay Thr Phe G n
Cys 450455460 Ile Cys Gy Pro Asp Ser Ala Leu Vol Arg His Ile Ay Thr Asp

Cys 465 MS measurement range: MS1 (m/z 400-1500), MS2 (m/z 50-1500) x 3 (data dependent

scanning mode)

lonization mode! nanoltSI+

Column: PicoFrit Column BataBasic C18 (New Objective, U.S.A.)

Mobile phase!

Mobile phase A! 0.1% formie acid/2% acetonitrile

Mobile phase B: 0.1% formie acid/80% acetonitrile

Gradient: 0 to 30 minutes: Mobile phase B, 5 to 40%
30 to 40 minutes: Mobile phase B, 40 to 100%
40 to 60 minutes: Mobile phase B, 100%

TFlow rate’ 300 nl/minute

[0187]

The amino acid sequences of the fragments expected from the mass-spectrum
data were as shown in (1) to (7) mentioned below, and agreed with partial sequences of
histone H2B (Biochimie, 61 (1), 61-69 (1979)) shown below. This result revealed that
one of constituents of HCP removed with the nylon filter was histone H2B.

(1) KESYSVYVYK

(2) VLKQVHPDTGISSK

(3) STITSREIQTAVR

(4) EIQTAVR

(5) EIQTAVRLLLPGELAK

6 LLLPGELAK

(7} LLLPGELAKHAVSEGTK

[0188]

[Table 7]

Amine acid sequence of histone HZB
PEPAKSAPAPKKGSKEAVIRAQKKDGKKRKRSRKESYSVYVYRVLEQVHPDITGISY
[KIAMGIMNSFVNDIFZRIAGEASRLAHYNKRSTITSREIQTAVRLLLPGELAKHAVSEG)
[TRIAVTRYTSSK

(The boxed sequences are amino acid sequence regions of the amino acid sequence of

histone H2B identical with the amino acid sequences of (1) to (7) mentioned above,

which were deduced from the mass-spectrum data.)
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<210> 6 <211> 1440 <212> DNA <213> human <400> 6 atgcttgggg tectggtect
gcagagccgc agccgggt gg ggccccgcga cettectcaa acagtgcgct ecteggtggce
gttggccgcecc ggcgcectetg cgeeteggge cect gegegg aggt gggcac ggct egacet
tccgctgctg aggccactgt aaggccgatg getteetctg gagcceggeg ccgeggctgce
ggagcggact tecaggcgct eagetaatgt gcaccgcgcc ggegottggg actgcagcgt 475480
t ggcgcget g gececctggeccg goetggggtt coccgcacce 60 cagccagtgc gt ogageacg

aet gettege getctacceg 120 tgceagteag atetgegaeg gactgegggg ccacctaatg 180
tgccgatgtc atacettge tactgaacgg egacggeggc 240 gat eggeetg cagctgccac
.ceggetgeggwﬁggc&qggg%:SOO ettccagtgg gttacgggag acaacaacac cagct atage 360
caat gggget ccec%e?geg gcecgttgtg cgtegctgte 420 gcecagegag cegatct ggg
aggagcagca gtgcgaagtg 480 egagttceac tteccagcca ectgcaggee actggctgtg 540
cgcegt et eg @ﬁ%gg?tacg geacccegtt cgeggeccgc 600 gccggt ggge agetecgccg
cggtggetec ccteggctta 660 gcccggageg gtecaggggc actgggccag ggaggcgccg 720
ggagaacggc ggct gtiggeradigd gtlgdatirtgegatedocyhifighes saggetget dbet cgkt gccagt g
cccagecgge JeadeaGhac,aAa5Ada808, 4945 HRGHaR, 3. 3REgAALE 48 0GEaGICagt C

ct gcaacgac ctagegage acttctgegt toccaaccec 5g§%5accagccg gctectactc
gt gcat gt gc gagadigdeininoedgot yheegdbeyiddddrggomeddvgyriyereadyacgt gga
tgact gcat a 61 98AGECA GhARHIGHAM-U6ARGAREALT 1920 UL ARGAGAE 2 2000t ggCt t
cgagtgccac tgotacecta actacgacct %}g acggc 1080 gagtgtgtgg agcccgtgga
cocgtgcttc1&@%@@@é&@@mﬁ@gﬁﬁﬂﬁéb%ﬁgt pyteroddmo ct gaaccaaa ctagetacct
et gegt age ggggagpget tcgcgcccat tecccacgag 1200 ccgcacaggt gecagatgtt
ccccaac 1260 acccaggcta gctgtgagtg

ttgcaaccag actgcctgtc cagcc actg cg; _ _

ecct gaaggc tacat@@gﬁéﬂﬁég% geluble dhrombeacduljn taorlingde dety hetPeidt Hegaaaa
cggcgget t e 4Q6k¢RG8098n 3048 ECAERRBGLLARE B cukidROr acatdeRBadint@sdt ct gogg
goccgact cg gtec gccacattgg eaccgactgt 1440 <210> 7 <211> 480 <212>

ccet
PRT <213> HEWHHB 400> 7 Met Leu Gy Val Lou Val Leu Ay Ala Leu Ala Lou Al a

Ay Lea Ay 5101pnHhgntPheritddolihe tiloAb&hddulh QcctddihgRb Blafah Y of3, WhoRin G n Cys
Val du 202530 Hi s AsP‘h,qe/s Phe Al a LOlIJ1 Tyr Pro Ay Pro Ala Thr Ph Lea Asn
AN .

Al a the host cell is a se hamster ovary ce

[Claim 4]

The highly-purified soluble thrombomodulin according to any one of claims 1
to 8, wherein the soluble thrombomodulin has the following properties (1) to (5):
(1) an action of selectively binding to thrombin,
(2) an action of promoting activation of Protein C by thrombin,
(3) an action of extending thrombin clotting time,
(4) an action of suppressing platelet aggregation caused by thrombin, and
(5) anti-inflammatory action.
[Claim 5]

The highly-purified soluble thrombomodulin aceording to any one of claims 1
10 4, wherein molecular weight of the soluble thrombomodulin is in the range of 50,000
to 80,000.
[Claim 6}

The highly-purified soluble thrombomodulin according to any one of claims 1
10 5, whevein the highly-purified soluble thrombomodulin is produced by a method
comprising the following steps!
(a) the step of obtaining a transformant cell by transfecting a host cell with a DNA
encoding soluble thrombomodulin;

(b} the step of obtaining a solution containing soluble thrombomeodulin by culturing the
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354045 Ser Gn Ile Cys Asp Ay Lou Arg Ay H's Lou Met Thr Val Arg Ser
505560 Ser Val. Ala Ala Asp Vol Ile Ser Lou Lea Lea Asn Ay Asp Ay Ay 65
70 75 80 Val Gy Arg Arg Arg Lou Trp Ile Ay Lau G n Leu Pro Pro Ay Cys
859095 Gy Asp Pro Lys Arg Lou Gy Pro Lea Arg Ay Phe Gn Trp Val Thr
100105110 Gy Asp Asn Asn Thr Scr Tyr Sor Arg Trp Ala Arg Lou Asp Leo Asn
415120125 Gy Ala Pro Lou Cys Ay Pro Lou Cys Vol Ala Vol Ser Ala Ala G u
130135140 Ala Thr Val Pro Ser Qu Pro lle Trp Qu u Gn Gn Cys @u Val
145150155160 Lys Al a Asp Gy Phe Leu Cys A u Phe H's Phe Pro Ala Thr Cys
Arg 1651701é5an0191a cenag Vol Gu Pro Ay Ala Ala Ala Ala Ala Val Ser lIle

Thr 1801851

() the step of bringing the solution confaining soluble thrombomodulin into contact
with nylon and/or polyethersulfone to obtain highly-purified soluble thrombomodulin
having a content of host cell-originated proteins being in a ratio of less than 10 ng of
the proteins per 10,000 U of soluble thrombomodulin.
[Claim 7]

The highly-purified soluble thrombomodulin according to any one of elaims 1
o 6, wherein the soluble thrombomodulin is a peptide containing:
(i) the amino acid sequence of the positions 367 to 480 in the amino acid sequence of
SEQ ID NO: 9 or 11, and the amino acid sequence of (i-1) or (ii-2) mentioned below,
and the peptide is soluble thrombomodulin having the following properties (1) to (5):
(ii-1) the amino acid sequence of the positions 19 to 244 in the amino acid sequence of
SEQ ID NO: 9 or 11, or
(ii-2) the amino acid sequence of (ii-1) mentioned above, further including substitution,
deletion or addition of one or more amino acid residues,
(1) an action of selectively binding to thrombin,
(2) an action of promoting activation of Protein C by thrombin,
{3) an action of extending thrombin clotting time,
(4) an action of suppressing platelet aggregation caused by thrombin, and
(5) anti-inflammatory action. ‘
[Claim 8]

The highly-purified solable thrombomodulin according to any one of claims 1
{0 6, wherein the soluble thrombomodulin is a peptide containing:
(i-1) the amino acid sequence of the positions 19 to 516 in the amino acid sequence of
SEQID NO:9or 11, or
(i-2) the amino acid sequence of (i-1) mentioned above, further including substitution,
deletion or addition of one or more amino acid résidues,
and the peptide is soluble thrombomodulin having the properties (1) to (5) mentioned
below:
(1) an action of selectively binding to thrombin,
(2) an action of promoting activation of Protein C by thrombin,
(8) an action of extending thrombin clotting time,

(4) an action of suppressing platelet aggregation caused by thrombin, and
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Tyr Ay Thr Pro Phe Ala Ala Arg Ay Ala Asp Phe G n Ala Lou Pro 195200205
Val Gy Ser Sor Ala Ala Val Ala Pro Lou Gy Lou Gn Lou Met Cys 210215220
Thr Ala Pro Pro Gy Ala Val Gn Ay Hs Trp Ala Arg Qu Ala Pro

225230235240 Gy Ala Trp Asp Cys Ser Vol du Asn Ay Gy Cys Qu Hs Ala
Cys 245250255 Asn Ala Ilo Pro Ay Ala Pro Arg Cys Gn Cys Pro Ala Ay Al a
Al a 260265270 Lou G n Ala Asp Ay Arg Ser Cys Thr Ala Ser Ala Thr G n Sor
Cys 275280285 Asn Asp Lou Cys Qu H's Phe Cys Vol Pro Asn Pro Asp G n Pro
Gy 290295300 Ser Tyr Ser Cys Met Cys Qu Thr Gy Tyr Arg Lou Ala Ala Asp

G n 305310315320. Ki s Qu Asp Vol Asp Asp Cys Ile Lou Gn Pro Ser
Pro Oys 3;;2{, i 1]“%‘%‘“@{0%'2%%%335
laim 9

The highly-purified soluble thrombomodulin according to any one of claims 1
to 8, wherein the DNA containing a nucleotide sequence encoding soluble
thrombomodulin is a DNA encoding the amino acid sequence of SEQ 1D NO: 9 or 11,
[Claim 10}

A pharmaceutical composition comprising the highly-purified soluble
thrombomodulin according to any one of claims 1 to 9 and a pharmaceutically
acceptable carvier,

[Claim 11]

A method for preparing highly-purified soluble thrombomodulin having a
content of host cell-originated proteins being in a ratio of less than 10 ng of the proteins
per 10,000 U of soluble thrombomodulin, which comprises the step of bringing a
solution containing soluble thrombomodulin, which is produced by a transformant cell
obtained by transfecting a host cell with a DINA containing a nucleotide sequence
encoding soluble thrombomodulin, into contaet with nylon and/or polyethersulfone.
[Claim 12]

The preparation method according to claim 11, wherein the soluble
thrombomodulin is prepared by serum-free culture of the transformant cell.

[Claim 13]

The method for preparing highly-purified soluble thrombomodulin according
to elaim 11 or 12, wherein the soluble thrombomodulin has the following properties (1)
to (6);

(1) an action of selectively binding to thrombin,

(2) an action of promoting activation of Protein € by thrombin,

(8) an action of extending thrombin clotting time,

(4} an action of suppressing platelet aggregation caused by thrombin, and
(6} anti-inflammatory action.

[Claim 14]

The preparation method according to any one of claims 11 to 13, wherein the
host cell is a Chinese hamster ovary cell.
[Claim 15]

The preparation method according to any one of claims 11 to 14, wherein
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Pro Gn Arg Cys Vol Asn Thr Gn Gy Gy Phe Au Cys H's Cys Tyr 340345350
Pro Asn Tyr Asp Lou Vol Asp Ay GQu Cys Val Qu Pro Val Asp Pro 355360365
Cys Phe Arg Ala Asn Cys Gu Tyr Gn Cys An Pro Lou Asn A n Thr 370375380
Ser Tyr Lou Cys Vol Cys Ala Qu Ay Pho Ala Pro Ile Pro Hs Qu

385390395400 Pro H's Arg Cys G n Met Phe Cys Asn G n Thr Ala Cys Pro Ala
Asp 405410415 Cys Asp Pro Asn Thr G n Ala Ser Cys Qu Cys Pro Qu Ay Tyr
Il e 420425430 Lou Asp Asp Ay Phe Ile Cys Thr Asp Ile Asp Gu Cys A u Asn
Gy 435440 Gy Phe Cys Ser Ay Vol. Cys His Asn Lou Pro (fly Thr Phe Qu

g: jgg4554§191@&9ar%§gh90%h5 go?ub’f@iﬁ’xro%ﬂ)%mé!hﬁin"ig%,(ﬁ‘io%o gtﬁ,@OOHi s Ile @y Thr Asp
[Claim 16]

The preparation method according to any one of claims 11 to 15, wherein the
goluble thrombomodulin is a peptide containing’
(i) the amino acid sequence of the positions 367 to 480 in the amino acid sequence of
SEQ ID NO: 9 or 11, and the amino acid sequence of (ii-1) or (ii-2) mentioned below,
and the peptide is soluble thrombomodulin having the following properties (1) to (5):
(ii-1) the amino acid sequence of the positions 19 to 244 in the amino acid sequence of
SEQID NO: 9 or 11, or
(1i-2) the amino acid sequence of (ii-1) mentioned above, further including substitution,
deletion or addition of one or more amino acid residues,
(1) an action of selectively binding to thrombin,
(2) an action of promoting activation of Protein C by thrombin,
(8) an action of extending thrombin clotting time, -
(4) an action of suppressing platelet aggregation caused by thrombin, and
(5) anti-inflammatory action.
[Claim 17]

The preparation method according to any one of claims 11 to 15, wherein the
goluble thrombomodulin is a peptide containing:
(G-1) the amino acid sequence of the positions 19 to 516 in the amino acid sequence of
SEQ ID NO:9or 11, or
(i-2) the amino acid sequence of (i-1} mentioned above, further including substitution,
delefion or addition of one or more amino acid residues, and
the peptide is soluble thrombomodulin having the following properties (1) to (5):
(1)} an action of selectively binding to thrombin,
(2) an action of promoting activation of Protein C by thrombin,
(3) an action of extending thrombin clotiing time,
{4) an action of suppressing platelet aggregation caused by thrombin, and
(6 anti-inflammatory action.
[Claim 18]

The preparation method according to any one of claims 11 to 15, wherein the
DNA containing a nucleotide sequence encoding soluble thrombomodulin is a DNA

encoding the amino acid sequence of SEQ ID NO' 9 or 11,
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<210> 8 <211> 1440 <212> DNA <213> human 470475480 <400> 8 atgettgggg
tectggtect tggcgcgctg gccetggecg gcetggggtt coccgcaccc 60 gcagagccgc
agccgggt gg cagccagtgc gtcgagcacg actgcttcgc gctetacceg 120 ggccecgcga
ecttceteaa tgccagtcag atctgcgacg gactgegggg ccacctaatg 180 acagtgegct
ccteggtggc tgccgatgto atttecttgc tactgaacgg cgacggeggc 240 gaggecgcc
ggcgcctctg gatcggcctg cagctgccac cegget gegg cgaccecaag 300 cgcct egggc
cectgegegg ettccagtgg gttacgggag acaacaacac cagctatagc 360 aggt gggcac
ggct cgacct caat ggggct cccetageg gcccgttgtg cgtcgctgte 420 tccgectgetg
aggccact gt [@egeagegag ccgatctggg aggagcagca gtgcgaagtg 480 aaggccgatg
gettectetg cgagttccac tteccagcca cctgcaggcc actggctgtg 540 gagoccgog
ccgeggcet gc cgccggb?E@P%?EQEEWQEbmﬁEQEE@Uﬁﬁ@nﬁg%%ﬁ@% Hie 18ontgyaieggact
t ccaggcgcet gem0aheo8ty ALt Ae8CE th AUGaaet ¢arAthegestia. 660 cagct aat gt
gcaccgcgcc gcco geg gtccaggggc actgggccag ggaggegccg 720 ggcgcttggg
actgcagcgt{g&%ﬁggﬁggc ggct gcgagc acgcgtgcaa tgegatecct 780 ggggetcecc
gctgccagtg CCCag@ﬁg@ﬁpQﬁﬁ@ﬁ&&hgﬁmﬁggﬁggﬁ&ggjgeﬂﬁh&ﬁkg£mgégmaccgcatccg
cgacgcagt c ctgcaacgac ctetgegage ,aettctgegt teccaaccec gaccagcegg
getcctactc ’ﬁ?@e'é?eg]fa@él ’b“ﬁg’ﬁ%&?d‘g Oféﬂ@&é‘g(igﬁ’géordd%gg@éﬁ)ﬁt@ W“%&&'@Egt gcg
aggacgt gga grgamkgcat a ct ggagecca gtecgtgtcc gcagegctgt 1020 gt caacacac
agggtggett{ggg % ccac tgctacceta actacgacct ggtggacggc 1080 gagtgtgtgg
agoccgt gga 88 gettc agagccaact gcgagtacca gtgccagecc 1140 ctgaaccaaa
ctagct acct ctgegliked gepgacgasgiel actadiogacoatont atiac tag 26200 rds geacaggt

gccagatgtt ttgcaacca ct t gt e cagccgactg cgaccccaac 1260 acccaggcta
gctgtgagtglg% fﬁggﬂﬁ%mﬁgﬁgﬁﬁggﬁn%%@acggttt cat ct gcacg 1320 gacat cgacg

agt gcgaaaa l[6pgre@glet t ¢ t gaccgggg t gt gccacaa cctocceggt 1380 acettcgagt
36 <2195 Prr <oiu iR o0S SRR LT AR e I Y s Lou
Al a Lou Al andghad fhaonrei@ring bighhibuPhd sdPride raniProdilinh:@ing :Reote@ aihpto Ay Gy
S S0 ORI L T SR B e Tt e 2
Val Arg Se rof soluble thrombomoedulin, comprising:

(a) the step of obtaining a transformant cell by transfecting a host cell with a DNA

encoding the amino acid sequence of SEQ ID NO: 9 or 11,

(b) the step of obtaining a solution containing soluble thrombomodulin by culturing the

transformant cell,

{c) the step of purifying the solution containing soluble thrombomodulin to a

thrombomodulin purity of 89% or higher based on the total proteins, and

(@) the step of bringing the solution containing soluble thrombomodulin into contact

with nylon to isolate highlypurified soluble thrombomodulin having a content of host

cell-originated proteins being in a ratio of less than 10 ng of the proteins per 10,000 U

of soluble thrombomodulin, and

wherein the host cell is a Chinese hamster ovary cell,
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Ala Ala Asp Val Ile Ser Lou Lou Lou Asn Gy Asp Ay Ay

65707580 Val Ay Arg Arg Arg Lou Trp Ile Ay Lou Gn Lou Pro Pro Ay Cys
859095 Gy Asp Pro Lys Arg Lou Gy Pro Lou Arg Ay Phe Gn Trp Val Thr

100105110 Ay Asp Asn Asn Thr Ser Tyr Ser Arg Trp Ala Arg Leu Asp Lou Asn
115120125 Gy Ala Pro Len Cys Ay Pro Lou Cys Val Ala Val Ser Ala Ala Gu
130135140 Ala Thr Val Pro Ser Gn Pro lle Trp Qu GQu Gn Gn Cys Ju Val.
146150165%?(8%&(;@%@%@8Asp dy Phe Lou Cys A u Phe H's Phe Pro Ala Thr Cys

505560 Ser Val

Arg 16517 Ala Val Mu Pro Ay Ala Ala Ala Ala Ala Val Ser Ile
Thr 180185180 Asahi Kasei Pharma Corporation

{120> Highly purified soluble thrombomodulin and method for manufacturing thereof.
<130> 111151M
{140> 2010-04-30
<141> JP 2010-105421
<160> 21
210> 1
211> 132
212> PRT
<213> human

C 400> 1
Met Leu Gly Val Lew Val Leu Gly Ala Leu Ala Leu Ala Gly Leu Gly
1 5 10 15
Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys Glu Tyr Gln Cys Gln Pro

20 25 30
Leu Asn Gin Thr Ser Tyr Leu Cys Val Cys Ala Glu Gly Phe Ala Pro
35 40 45
Ile Pro His Glu Pro His Arg Cys Gln Met Phe Cys Asn Gln Thr Ala
50 55 60
Cys Pro Ala Asp Cys Asp Pro Asn Thr Gln Ala Ser Cys Glu Cys Pro
65 70 75 80
Giu Gly Tyr Ile Leu Asp Asp Gly Phe Ile Cys Thr Asp Ile Asp Glu
8b 90 95
Cys Giu Asn Gly Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro Gly
100 105 110
Thr Phe Glu Cys Ile Cys Gly Pro Asp Ser Ala Leu Val Arg His Ile
115 120 125
Gly Thr Asp Cys
130

210> 2
<2315 386
{212% DNA
<{213> human
<4007 2 .
atgettggeg teetggteet lggegegetg gocetggecg geetggeett ceeccgacceg 60
tgetteagag ccaaclgega gtaccagtge cageccelga accaaactag ctacctetge 120
gtetgegeeg agggeliege goecaticoe cacgagecge acaggigeca gatgittige 180
aaccagactg eclglcecage cpactgegac cccaacacee aggetagetg tgagtgecet 240
gaaggctaca tcctgpacga cggtitcatc tgpeacggaca tcgacgaghg cgaaaacgge 300



Tyr Ay Thr Pro Phe Ala Ala Arg Ay Ala Asp Phe G n Ala Lou Pro 195200205
Val Gy Ser Ser Ala Ala Val Ala Pro Lou Gy Lou Gn Len Met Cys 210215220
Thr Ala Pro Pro Gy Ala Val Gn Ay Hs Trp Ala Arg Gn Ala Pro

225230235240 Gy Ala Trp Asp Cys Ser Val Gn Asn Ay Gy Cys Gu Hs Ala

Cys 245250255 Asn Ala Ile Pro Ay Ala Pro Arg Cys Gn Cys Pro Ala Gy Al a
Al a 260265270 Lou Gn AAlmAsp Ay Arg Ser Cys Thr Ala Ser Ala Thr G n Ser
dy 200208300687 4Petly Rl LyT-EE R PR To A A nop
G n 305310815320°¢ Hitgteapya cpsieesanc AdPeVval Asp Asp Cys Ile E8u G u Pro Ser
Pro Cys 328220335
211> 132
212> PRT
<213> human
400> 3
Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala Leu Ale Gly Leu Gly
1 5 10 15
Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys Glu Tyr Gin Cys Gln Pro
20 25 30
Leu Asn Gln Thr Ser Tyr Leu Cys Val Cys Ala Glu Gly Phe Ala Pro
35 40 45
Ile Pro His Glu Pro His Arg Cys Gln Met Phe Cys Asn Gln Thr Ala
50 55 60
Cys Pro Ala Asp Cys Asp Pro Asn Thr Gln Ala Ser Cys Glu Cys Pro
65 70 75 80
Glu Gly Tyr Ile Leu Asp Asp Gly Phe Ile Cys Thr Asp Ile Asp Glu
86 90 a5
Cys Glu Asn Gly Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro Gly
100 106 110
Thr Phe Glu Cys Ile Cys Gly Pro Asp Ser Ala Leu Ala Arg His Ile
116 120 125
Gly Thr Asp Cys
130
210> 4
211> 396
212> DNA
<213> human
<4007 4
atgeltggge tcetggteet tggegegeig geocoiggocg goctggggit coccgacceg 60
tgeticagag ccaactgeps gtaccagige cageccetiga accaaactapg ctacctebge 120
gtetgegeeg aggegeticge geccaticee cacgagecge acaggipeca gatglttige 180
aaccagacig ccigtecage cgactgegac cecaacacee aggelagetg tgagtgccet 240
gaaggetaca tectggacga cggliteate tgcacggaca tepacgagte cgaaaacgge 300
geettetget cegpgptpgte ccacaaccte cceggtacet tegagtgeat ctpegegece 360
gacteggeee tlgeccgeca catiggeace gactgt 396
<210> b
211> 480

<212> PRT




Pro Gn Arg Cys Val
Pro Asn Tyr Asp Lou Val.

Ser Tyr Lou Cys Val

Asp Gay G n Cys Val
Cys Phe Arg Ala Asn Cys G n Tyr Gn Cys Gn Pro Lou Asn G n Thr 370375380

385390395400 Pro H s Arg Cys
Asp 405410415 Cys Asp Pro Asn

Il e 420425

1

Phe Pro Ala

His

Ser

Ser

65

Val

Gly

Gly

Gly

Ala

145

Lys

Pro

Tyr

VYal

Thr

225

Gily

Asn

l.eu

Asn

Asp

Gln

50

Val

Gly

Asp

Asp

Ala

130

Thr

Ala

L.eu

Gly

Gly

210

Ala

Ala

Ala

Gln

Asp
290

Cys

3b

Ile

Ala

Arg

Pro

Asn

115

Pro

Val

Asp

Ala

Thr

195

Ser

Pro

Tryp

Ile

Ala

275

Leu

u Asp Asp Ay

Ay 435440@%3 f&Lﬂ?“i‘/“

Phe Cys Ser
Cys 450455480 §l1e Cys Ay Pro
Cys Met Leu Gly Val Leu Val Leu

Pro
20

Phe
Cys
Ala
Are
Lys
100
Asn
Leu
Pro
Gly
Yal
180
Pro
Ser
Pro
Asp
Pro
260

Asp

Cvs

5
Ala

Ala

Asp

Asp

Arg

85

Arg

Thr

Cys

Ser

Phe

165

Giu

Phe

Ala

Gly

Cys

245

Gly

Gly

Glu

Glu

Leu

Gly

Val

70

Leu

leu

Ser

Gly

Glu

150

Leu

Pro

Ala

Ala

Ala

230

Ser

Ala

Arg

His

Pro

Tyr

Leu

Ile

Trp

Gly

Tyr

Pro

136

Pro

Cys

Gly

Ala

VYal

21b

Val

Val

Pro

ser

Phe
205

G n Met Phe Cys
Gn Ala Ser
Phe Ile Cys Thr

Thr

Gy Val

Cys Hi s
Asp Ser Ala Lou

du Pro Val

Asn
Cys
Asp
Asn
Val

Gly Ala Leu Ala Leu Ala Gly

Gln

Pro

40

Arg

Ser

Tle

Pro

Ser

120

Leu

Ile

Glu

Ala

Arg

200

Ala

Gln

Glu

Arg

Cys

280
Cvs

Pro
25

Gly
Gly
Leu
Gly
Leu
1056
Arg
Cys
Trp
Phe
Ala
185
Gly
Pro
Gly
Asn
Cys
265
Thr

Val

10
Gly

Pro

His

Leu

Leu

90

Arg

Trp

Val

Glu

His

170

Ala

Ala

Leu

His

Gly

2b0

Gln

Ala

Pro

Gly

Ala

Leu

Leu

75

Gln

Gly

Ala

Ala

Glu

1565

Phe

Ala

Asp

Gly

Trp

235

Gly

Cys

Ser

Asn

Ser

Thr

Met

60

Asn

Leu

Phe

Arg

Val

140

Gln

Pro

Ala

Phe

Leu

220

Ala

Cys

Pro

Ala

Pro
300

Gln

Phe

45

Thr

Gly

Pro

Gln

Leu

125

Ser

Gln

Ala

Val

Gin

205

Gln

Arg

Glu

Ala

Thr

285
Asp

Cys
30

Leu
Yal
Asp
Pro
Trp
110
Asp
Ala
Cys
Thr
Ser
180
Ala
J.eu
Glu
His
Gly
270

GlIn

Gln

Asn Thr Gn Gy Gy Phe Au Gys Hs Cys Tyr 340345350

Asp Pro 355360365

Cys Ala u Gy Phe Ala Pro Ile Pro Hs Qu

Gn Thr Ala Cys Pro Al a
Gn Cs Pro Gn Ay Tyr
Ile Asp G n Cys G u Asn
Leu Pro Gy Thr Phe G n
Arg Hs Ile Ay Thr Asp

Leu
15

Val
Asn
Arg
Gly
Gly
95

Val
Leu
Ala
Glu
Cys
175
ile
Leu
Met
Ala
Ala
258
Ala

sSer

Pro

Gly

Glu

Ala

Ser

Gly

Asn

Glu

Val

160

Arg

Thr

Pro

Cys

Pro

240

Cys

Ala

Cys

Gly




465470475480 Asp Ser Ay Lys Val Asp Ay Ay Asp Ser Ay Ser Ay Gn Pro
Pro 485490495 Pro Ser Pro Thr Pro Ay Ser Thr Leu Thr Pro Pro Ala Val (fly
Len 500505510 Val His Ser Ay 515 <210> 10 <211> 1548 <212> DNA <213> hunman
<400> 10 atgettgggg tectggtect tggegegetg gcectggccg gcctggggtt ceccgcaccc
60 gcagagccgc agccgggtgg cagccagtgc gtegagcacg actgettcgc getctaccog 120
ggccccgcga cettectcaa tgccagtcag atctgegacg gact gegggg ccacctaatg 180
acagt gogcly C61.cqgt ggc, [, 9ec0at ofe Al Ll eql ! gc, tact ganeag coacggegge 240
gttggccgcecc ggcgcect et'g gatcggcctg Cﬁgéf etac cngctg@g cgaccccaag 300
cgcct egggc®®oct gegegg ottidcagt gg gttac ag acaacaacat‘‘caget at age 360

aggt gggcadiigged cgact Apaatigggoeh @edactug chcengtégby @gt cgetgto 420
tecgctutg aggccact gt ggecagegag ccgabgt ggg aggagcagga gt gcgaagtg 480
aaggccgat tectetg cgagttccac tteccagc ctgcaggce actggctgtg 541
gagcceggcgrgggbgﬁ%ﬁﬁcwgg@%gbéﬁgﬁ(%Ygi%?géggléﬁ% Eb%%tylcgeggccegc 600
ggageggact tccagge¢ft gceggt gggc “4pet ccgccg eggbfygget ec ceteggetta 660
caget aat i arg&arceCHGCLAOGAYGRIRY (Ut CaTEDNYR: 8L 9POSHaAGoggaggcgecy 720
ggegettggg actgeagegt ggagaacggg ggctgcgagc aggcgtgcaa tgogatecct87go
gggget ccce gctgccagtg cccagccggc gccgoectgc aggcagacgg gegacctgc 84
accgcatcc&y%ﬁﬁt@%%g?cm%t@Edﬁéggé(gﬁﬁéﬁﬁégg“héﬁtéﬁb@@tﬂFeccaaccce 900
gaccagccgg g@éttect act c gt gcat’gt gc gagaccggeesd accggct ggc ggccgaccaa 960
caccggt gcgeaggacat gaayh oact geaia ¢} 99adenps giLeeat glegugcageget gt 1020

gt caacacag,agggt ggctt cgggtgccac tgctaggcta actacgacct ggtggacgge 1080
gagt gt gt gg agccogt gga ec¢gt gettc agagcfaact gcgagtacca gtgccaucc 1140

ct gaaccaaarctEglteacst et e gthetlge Age égadgéia trsgbiyctieatsrt occcacgag 1200
ccgcacaggt gccagat gt t4ast gcaaccag acugect gt ¢ cagccgaet g cgaccccaac 1260
acccagct 8, 0¢L0bGAM, OG0l IABYAF ACA! epd 06 BROBCORLI Cat ct geacg 1320
gacat cgacg agtgcgaaaa eggeggcttc at ccgggg tgtgccacaa cctecceggt 1380
acuttegagt gcatctgtyg gcntgacteg46 cettgtec gccatattgg caccgactgt 1440
gact ccggcasaggt ygatiggtiegedasdye Aggélcitggdly ageelckgcélycageccgacg 1500
ccoggetcca <210#511 440 445

Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro Gly Thr Phe Glu Cys
450 455 460

Tle Cys Gly Pro Asp Ser Ala Leu Val Arg His Ile Gly Thr Asp Cys

465 470 475 480

210> 6

211> 1440

<212> DNA

<213> human

<400> 6

ceccgeacce 60

atgettgges
gecagagecge
ggeoccgepa
acagtgeget
gligpeegee
cgeeteggee
agglgggeac
tecgetgetg
aaggccgatg
gagceeggeg
ggageggacl
cagetaatgt
ggegetiggg

teclggtcet
agoegggley
cettecteaa
cetegglegee
ggegectoelg
coetgegegg
gegetegaccel
aggecactgt
gelticotety
cegeggetge
tecaggeget
geaccgegee

actgcagegt

lggegegeig
cageeagltge
tgecagtoag
tgecpatglce
gatcggoetyg
cbticcaglipg
caatppggel
goccagegag
cgagttecac
cgecgteteg
geegglEggre
ECCCEEageg
ggagaacgge

gecetggeeg
gtegageacg
atclgegacg
attteeltge
cagetgeoeac
gltacpggag
cecctetgeg
cegatetgey
ttecccageea
atcacctacg
agclcogecg
giccagggge
ggetigegage

4

geotgegetil
actgettege
gactgCERgr
tactigaacgg
cegpetlgery
ACABCAACAC
geccglipgtg
aggageagea
cetgeaggece
geacccepgtt
ceggleggetee
acigggecag

acgegtgeaa

gelotaceoeg
ccacciaatg
CRACEECERC
cgaceccaag
cagetatage
cgltegelgle
gitgcgaagtg
actggeigtg
CECEECCCED
celeggetlta
gBagRCcECel
tgegatceeet

120
180
240
300
360
420
480
540
600
660
720
780




<211> 516 <212> PR
Cys 35 Sor Gn Ile 50 Ser Val
115 Gy Ala Pro 130 Ala Thr Val
Gy Lou Ay 51015

<213> human <400> 11 Met Lou Ay 1 Phe Pro Ala H's Asp
Ala 65 Val Ay Arg Ay Asp Pro Gy Asp Asn
Val Lou Val Lou Gy Ala Lou Ala Lou Al a

840
900

ggeggclecce getgecagle cocagecgge gecgecetge aggeagacgg gegeteolge

tcececaacece

accgealeeg
£aCCAgCCEE
caceggtgeg
gtcaacacac
gagtgtetee
clgaaccaaa
cogeacaget
acccaggeta
gacaicgacg

acclicgagt

cpacgeagte
getectacte
aggacgigga
agggtgegctt
agccegtpga
ctagetacctl
gecagatgit
gectgteagty
aglgegaaaa

geatetgegg

clgcaacgac
gtgecatgtge
tgactgecata
cgagtgecac
ceegtgetic
ctgegtetge
tigcaaccag
cceltgaagge
cggeggette

gecegacleg

cletgeogage
gagaccgget
ctggagcecea
tgetacceta
agagccaact
geegaggget
actgcectgte
tacatcelgg

tgetecggrg
gececttgteco

acttetgegt
accggelgge
gteegtgtee
actacgacet
gegagtaces
tcgegeecat
cagcegactg
acgacgegltt
Lgtgecacaa

gececacatlgg

ggcecgaccaa
geagegetgt
ggtggacgge
gltgccagece
tecccacgag
cgaccecaac
catcigeacy
ceteccoggt

caccgactgl

960

1020
1080
1140
1200
1260
1320
1380
1440

210> 7

<{211> 480

<212> PRT

<213> human
400> 7

Met Leu Gly Val
1
Phe

Leu
15
Val

Val Gly Ala Leu Ala Leu Ala Gly Gly

10

Leu Leu

Gln Cys Glu
30

Leu

Gln Pro Gly Ser

25
Gly

Pro Ala Glu Pro

20
Phe

Pro Ala

Ala Thr Phe Asn Ala

a5
Thr

Ala Pro Pro
40

Arg

His Cys Leu Tyr

35
Ile

Asp

Met Val Ser
60

Asn

Leu Gly His Leu Arg

bb

Ile

Gin
50
Yal

Ser Cys Asp Gly

Gly Gly Gly
80

Cys

Leu Asp
75

Gln

Ala Val
70

Leu

Ser Ser Leu Leu

65
Val

Asp

fle Leu Leu Pro Pro Gly

90
Arg

Gly Arg Trp Giy

85
Arg

Arg Arg

Leu Gly Phe Gln Val Thr

105
Arg

Lys Leu Gly Pro

100

Asn

Asp Pro

Leu Leu Ash
125

sSer

Ser Trp Ala Arg
120

len

Asp Thr Ser

Val Ala Glu
140

Gln

Leu Cys Val Als

Ala
130
Thr

Cys Gly

Glu Val
160
Arg

Gln Glu Gln
156

Phe

Glu
150

Leu

Pro Ser Ile Trp Cys

Ala Thr Cys
175

Ile

Glu Phe His
176

Ala

Phe
165
Gla

Ala Agp Gly

a Val Ser Thr

190

Ala Ala Ala

185

Ala Val

180

Pro Leu Pro Gly




Pro Ala Gu Pro Gn Pro Gy Gy Ser Gn Cys Val Gu 202530 Pho Ala Lou Tyr
Pro Ay Pro Ala Thr Phe Leu Asn Ala 4045 Cys Asp Ay Lou Arg Ay His Lou
Met Thr Val Arg Sot 5560 Ala Asp Val Ile Ser Lou Lou Lou Asn Gy Asp Ay
Gy 707580 Arg Arg Lou Trp Ile Ay Lou Gn Lou Pro Pro @y Cys
859095 Lys Arg Lou Ay Pro Lou Arg Gy Phe Gn Trp Val Thr 100105110 Asn
Thr Ser Tyr Ser Arg Trp Ala Arg Len Asp Lou Asn 120125 Lou Cys Ay Pro Lou

s Val g, Yol sser, An f1,2,9 1510 51 9,58, AN B R 1 e TP G U Gu G
195 200 205
Val Gly Ser Ser Ala Ala Val Ala Pro Leu Gly Leu Gln Leu Met Cys
210 215 220
Thr Ala Pro Pro Gly Ala Val Gln Gly His Trp Ala Arg Glu Ala Pro
225 230 235 240
Gly Ala Trp Asp Cys Ser Val Glu Asn Gly Gly Cys Glu lis Ala Cys
245 250 255
Asn Ala Iie Pro Gly Ala Pro Arg Cys Gln Cys Pro Ala Gly Ala Ala
260 265 270
Leu Gln Ala Asp Gly Arg Ser Cys Thr Ala Ser Ala Thr Gln Ser Cys
275 280 285
Asn Asp Leu Cys Glu His Phe Cys Val Pro Asn Pro Asp Gin Pro Gly
290 295 300
Ser Tyr Ser Cys Met Cys Glu Thr Gly Tyr Arg Leu Ala Ala Asp Gln
305 310 315 320
His Arg Cys Glu Asp Val Asp Asp Cys Ile Leu Glu Pro Ser Pro Cys
325 330 335.
Pro Gln Arg Cys Val Asn Thr Gln Gly Gly Phe Glu Cys His Cys Tyr
340 345 350
Pro Asn Tyr Asp Leu Val Asp Gly Glu Cys Val Glu Pro Val Asp Pro
365 360 3656
Cys Phe Arg Ala Asn Cys Glu Tyr Gln Cys Gln Pro Leu Asn Gln Thr
370 375 380
Ser Tyr Leu Cys Val Cys Ala Glu Gly Phe Ala Pro ¥le Pro His Glu
386 350 395 AG0
Pro His Arg Cys Gln Met Phe Cys Asn Gln Thr Ala Cys Pro Ala Asp
405 410 415
Cys Asp Pro Asn Thr Gln Ala Ser Cys Glu Cys Pro Glu Gly Tyr lle
420 425 430
Leu Asp Asp Gly Phe Ile Cys Thr Asp Ile Asp Glu Cys Glu Asn Gly
436 440 445
Gly Phe Cys Sexr Gly Val Cys His Asn Leu Pro Gly Thr Phe Giu Cys
450 455 460
Iie Cys Gly Pro Asp Ser Ala Leu Ala Arg His Ile Gly Thr Asp Cys
465 470 475 480
<210> B
{211> 1440
<212> DNA
<213> human




145 150
Cys Arg
Il e Thr
Lou Pro
Met Cys
Ala Pro
Hs A a

155 160 Lys Ala Asp Gy Phe Lou Gys Gu Phe H's Phe Pro Ala Thr

165170175 Pro Lou Ala Val GQu Pro Ay Ala Ala Ala Ala Ala Val Ser
180185190 Tyr Ay Thr Pro Phe Ala Ala Arg Ay Ala Asp Pho G n Ala
195200205 Val Gy Ser Ser Ala Ala Val Ala Pro Lou Ay Lou Gn Lou ,
210215220 Thr Ala Pro Pro Ay Ala Val. Gn Gy His Trp Ala Arg Gn |
225230235240 Ay Ala Trp Asp Cys Ser Val Gn Asn Ay Ay Cys Gn ’

cééﬁ@ﬂ) 8

atgellgggs
geagagecge
ggeceegega
acagtgeget
gtltggeecgee
cgocteggge
agetgggeac
tocegetgetg
aagegccgateg
gagccCggeg
ggageggacl
cagcetaatgt
ggcgettgge
ggggeleccee
accgeateceg
EacCagceEr
caccgglpece
gtcaacacac
gagtgteteg
ctgaaccaaa
ccgeacaggt
acccaggeta
gacatcgacg
acctlegagt
210> §
211> 516
212> PRT

<Z13> human

<400> 9

Met Leu Gly
1

Phe Pro Ala

His Asp Cys

35

Ser Gln Ile
50

Ser Val Ala

6b

tecetgptect
agecgggtae
ccltleeteaa
coeteggtgee
ggegeeletg
ceotgegegg
ggctegacet
aggecactgd
getiectelg
cegeggetee
tcecaggeget
geaccgegee
actgcagegt
getgecagtg
cgacgeaglce
getectactc
aggacgtgga
ageggtggett
agccegtgga
ctagetacct
gecagatgtt
getegtgagteg
aglgegaaaa

geatetgegy

Val Leu Val

5
Pro Ala
20
Phe Ala

Leu Tyr

tggegegety
cagecaglee
tgecagteag
lgeegalgte
gategpecte
cttccagteg
caatgpgget
goeceagegag
cgagitccac
cgeegleteg
googglggpe
geecoggageg
EEagaacgEe
CCCAgCCggEe
ctgecaacgac
gtgeatgtge
tgactgcata
cgaglgecac
cecgtgetic
clgegtetge
ttgecaaccag
ccecigaagge
cggeggette

gecegacteg

Leu Gly

Glu Pro Gin

Pro
40

Cys Asp Gly Leu Arg

Ala Asp Val
70

55

Ile Ser

gecectggoog
gtecgageacg
atelgegacg
atttecttge
cagelgcesac
gitacgggag
ccectetgeg
cegatetggg
ttceceageca
atcacctacg
agelcogeeg
gtecagggge
ggeigogage
gecgecetige
ctetgegage
gagaccgget
ctggagecca
tgetacecta
agagecaact
geegaggeet
actgeclgte
tacatcelgg
tgetecggeg

gecoctigooe

Ata Leu Ala
10

FPro Giy Gily

25

Gly Pro Als

Gly His leu

Leu Leu Leu

75

geetggegtt
actgettege
gaclgegege
tactigaacgg
ceggetgegs
acaacaacac
geeegltigle
aggageagea
cetgeaggee
geaccceegtt
cggteggelec
actgggoecag
acgeglegeaa
aggecagacgg
acttcigegt
accggelgge
gteegigtce
actacgacct
gegagtacca
tcgegeeeat
cagecgactg
acgacggltt
tgtgeccacaa

gecacallgg

CCCCgLacee
gctetacecg
ccacctaatg
CEacggegec
cgaccecasg
cagclatage
cgtegeligte
gigcgaagte
actggeigle
CECEECCCEC
ccteggelta
EBAEECECCE
tgegatceet
gegetectge
tecccaaccee
ggecgaceaa
goageogetgt
ggtggacggo
gigocagece
teceecacgag
cgaceecaac
catctlgeacg
ceteeceggt

caccgactgt

Letu Ala Gly Leu Gly

Ser Gln Cys
30

1h

VYal Glu

Thr Phe Leu Asn Ala

45
Met Thr Val
60

Arg Ser

Asn Gly Asp Gly Gly

80

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
260
1020
1080
1140
1200
1260
1320
1380
1440




245250255 Asn Ala Ile Pro Gy Ala Pro Arg Cys Gn Cys Pro Ala Ay Ala Ala
260265270 Len G n Ala Asp Ay Arg Ser

275280285 Asn Asp Leu Cys G n H's Phe Cys Val
Tyr Ser Cys Met Cys Qu Thr Ay Tyr Arg Len Ala Ala Asp G n
Asp Asp Cys Ile Len Gn Pro Ser Pro

290295300 Ser
305310315320 Hi's Arg Cys G u Asp Val
Cys 325330335 Pro G n Arg Cys Val
Tyr 3403453

Pro 355363@%%
Thr 370375380 Ser TyrS8ileu Cys Val

du

Pro Asn

lw)ég Igﬂgofl

Gly Asp Pro Lys Arg Leu Gly

Gly

Gly

Ala

14b

Lys

Pro

Tyr

Val

Thr

225

Gly

Asn

Leu

Asn

Ser

306

His

Pro

Pro

Cys

Ser
385

Asp

Ala

130

Thr

Ala

Leu

Gly

Gly

210

Ala

Ala

Ala

Gln

Asp

290

Tyr

Arg

Gln

Asn

Phe

370
Tyr

Asn
115
Pro
Val
Asp
Ala
Thr
195
Ser
Pro
Tro
Ile
Ala
275
Leu
Ser
Cys
Arg
Tyr
3565
Arg

Leu

100

Asn

Leu

Pro

Gly

Val

180

Pro

Ser

Pro

Asp

Pro

260

Asp

Cys

Cys

Glu

Cys

340

Asp

Ala

Cys

Thr

Cys

Ser

Phe

165

Glu

Phe

Ala

Gly

Cys

245

Gly

Gly

Giu

Met

Asp

R

VYal

l.eu

Asn

Val

Ser

Gly

Glu

i60

Leu

Pro

Ala

Ala

Ala

230

Ser

Ala

Arg

His

Cys

310

Val

Asn

Val

Cys

Cys
3980

Tyr
Pro
135
Pro
Cys
Gly
Ala
Val
216
Val
Val
Pro
Ser
Phe
205
Glu
Asp

Thr

Asp

258 hE

Ser
{20
Leu
Ile
Glu
Ala
Arg
200
Ala
Gln
Glu
Arg
Cys
280

Cys

Thr

Cys Thr Alm Ser Ala Thr G n Sor Cys
Pro Asn Pro Asp Gn Pro Gy

Asn Thr

\Y

LFer G o et

Gn dy Gy Phe Qu Cys H s Cys

O Ala Gn Ay
Pro Leu Arg Gly Phe Gin Trp Val Thr

105
Arg

Cys

Trp

Phe

Ala

18b

Gly

Pro

Gly

Asn

Cys

265

Thr

Val

Gly

Cys

in Gly

Gly
360
Tyr

a Glu

345
Glu

Gin

Gly

Trp

Val

Glu

His

170

Ala

Ala

Leu

Hisg

Gly

250

Gln

Ala

Pro

Tyr

Ile

330

Gly

Cys

Cys

Phe

Ala

Ala

Glu

155

Phe

Ala

Asp

Gly

Trp

235b

Gly

Cys

Ser

Asn

Arg

315

Leu

Phe

Val

Gin

Ala
396

Arg

Val

140

Gln

Pro

Ala

Phe

Leu

220

Ala

Cys

Pro

Ala

Pro

300

l.eu

Glu

Glu

Glu

Pro

380
Pro

Leu
125
Ser
Gin
Ala
Val
Gln
205
Glin
Arg
Glu
Ala
Thr
285
Asp
Ala
Pro
Cvs
Pro
365

Leu

Ile

110
Asp

Ala

Cys

Thr

Ser

190

Ala

Leu

Glu

His

Gly

270

Gla

Gln

Ala

§y Val

Gn Pro Val Asp

s& n Pro Lou Asn G n
e Ala Prolle Pro H s

Leu
Ala
Glu
Cys
175
Ile
Leu
Met
Ala
Ala
255
Ala
Ser
Pro

Asgp

Pro
335

5 Cys

Asp

Asn

Giu

Val

160

Arg

Thy

Pro

Cvs

Pro

240

Cys

Ala

Cys

Gly

Gln

320

Cys

Tyr

Pro

Glu
400




385390395400 Pro H's Arg Cys G n Met Phe Cys Asn G n Thr Ala Cys Pro Ala
Asp 405410415 Cys Asp Pro Asn Thr G n Ala Ser Cys Gn Cys Pro Qu Ay Tyr
Il e 420425430 Lou Asp Asp Ay Phe Ile Cys Thr Asp Ile Asp Gn Cys Gu Asn
Gy 435440445 Ay Phe Cys Ser Ay Val Cys His Asn Lou Pro Ay Thr Phe Gn
Cys 450455460 Ile Cys Gy Pro Asp Ser Ala Leu Ala Arg His Ile Ay Thr Asp
Cys 4654704754130 Asp 3cr Ay Lys Val Asp Ay Ay Asp Ser Ay Ser Ay- Gn

Gy Len TR CRGRGke AT W ST T sBl Bl TO TO A

Cys Asp Pro Asn Thr Gln Ala Ser Cys Glu Cys Pro Glu Gly Tyr Ile
420 425 430

Leu Asp Asp Gly Phe Ile Cys Thr Asp Ile Asp Glu Cys Glu Asn Gly

436 440 445
Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro Gly Thr Phe Glu Cys

450 455 460
Ile Cys Gly Pro Asp Ser Ala Leu Val Arg His Ile Gly Thr Asp Cys
465 470 415 480
Asp Ser Gly Lys Val Asp Gly Gly Asp Ser Gly Ser Gly Glu Pro Pro
485 490 495
Pro Ser Pro Thr Pro Gly Ser Thr Leu Thr Pro Pro Ala Val Gly Leu
500 505 b10

Val His Ser Gly

515
210> 10
211> 1548
212> DNA
<213> human
<4060> 10
atgettggge tecigpicet tgmegegete geeclggecg gooigpgett cceecgeacee 60
geagagcege ageegggtgg cagecagtge gtegageacg actgettege getetacceg 120
ggeeeegega cotlcetcas tgecagicag atctgegacg gacigeggeg ccacctaatg 180
acagtgeget cetegptgge tgeegatgte atitecitge tacigaacgg cgacggegge 240
pttaggecgee ggegeetelg gateggeetg cagetgecac coggetgegg cgaccccaag 300
cgecteggee ccotgegege cttecaglee gttacgegag acascaacac cagotatage 360
aggipgecac geetogaccel caatgggget ccectetgeg gpeccgtigte ceploegetgte 420
lecgetgete aggocactgt goccagegag cogateigge agpageagea glgegaagtyg 480
aapgecgatyg geticetolyg cgagticeac tlcccageca cotgecaggee aclggetegty 540
gagocogpog cegeggotge cgecgteteg atcaccetacg geacccegtt cgeggeecge 600
grageggact tcecaggegel gocgglegge agetccgeeg cpmtgpetice cologgetta 660
cagetaalgt geaccgegee gecepgageg glocaggepe aclgggecay gRaggegceg T26
ggepelttgge actgeagegt gpagaacgge ggotgegage acgegtgeaa tgegatecot T80
ggggetcece getgecagly cccagecgge geocgeeoctge aggeagacgg gegeicetge 840
accgeateeg cgacgeagle ctgeaacgac ctetgegage aclictgegt teccaaccee 900
gaccagecegeg getectacte glgeatgtge gapacegge!l accggetgge ggecgaccaa 960
caccggtgeg agpacglgpa tgactgeata ctggageeccea glecglgice geagegetgt 1020
gicaacacac agggtggeit cgaglgeecac tgetacceta actacgacet gegtggacgege 1080
gaglgtgtge agecoglgga ceegltgette agagecaasct gepagtacca gtgecageee 1140




<211> 1548 <212> DNA <213> human <400> 12 atgettgggg tectggtect tggcgcgctg
gccctggecg gectggggtt ccccgcaccec 60 gcagagccgc agccgggt gg cagccagt ge
gt cgagcacg actgettcgc gctotaccog 120 ggccccgcga catectcaa tgccagtcag
atctgcgacg gactgcgggg ccacctaatg 180 acagtgcgct ccteggtggc tgccgatgtc
atttecttgc tactgaacgg cgacggcggc 240 gttggccgcc ggcgcctag gatcggectg
cagagccac ceggctgegg cgaccccaag 300 cgcctcgggc coctgegegg cttccagtgg
gttacggga acaacaa cagc Yol 360 t cac acct at ggggct
cocctagcg%d?égﬁf? ﬁmtm?c %?ﬁ cEa 8675 8%33% 8”5 %@ccagegag
ccgat ct gggC@@gﬂ&gbgg@aa@ﬂgéwawgg 48@0@@@@@@@33@1«@@3@9@1@@% g%¥gagt t ccac
tt occagccaceet@eagoGeyati §gakalge 2401¢a8€ GEHYSY L CogrYgetgasmgceccgt ct cg
at cacct acqa&@%ggggé&ga%ggggggg&@c @gqc&gg@%g@%ca& C6R9A59CY 39CCagt gggc

agctccgcc% gg CC _ccte 0 cagct aat cacc cgcc ccoggagcg
gt ccagggg %’5@88&83@Eﬁé%ﬁﬁééﬁégb??@iUﬁébéf%@ﬁﬁg%éﬁﬁéﬁﬁﬁbﬂ gagaacggc
ggct gegagerdegregt gedasdege adceonte 280 cyggyete@coacygcigeacact ¢gb®ccagecggce
gccgecect gGcageeanacngd-36get el ge: 34ltaacgeaiceed cgacgcagt gsgt gcaacgac
ctctgcgagg,actLctgegt toccaaccce 900 gaccagccgg gctectactc gtgcatgtge
gagaccggct ac ctggc ggccgaccaa 960 caccggtgcg aggacgtgga tgactgcata
ctggagccc tgtoc gcagcgctgt 1020 gtcaacacac agggtggctt cgagtgccac
tgctaccetaZHQUanacct ggt ggacggc 1080 gagtgtgtgg agcccgtgga cccgtgettc
agagccaactkygsgagi,acca gtgccagccc 1140 ctgaaccaaa ctagctacct ctgcgtetgce
gccgagggcet, tg ggcccat tccccacgag 1200 ccgcacaggt gccagatgtt ttgcaaccag
actgcctgtc o g'cgactg cgaccccaac 1260 acccaggcta gctgtgagtg coct gaaggc
t acat cct g¥etabgatiygialt Lavatadtige ddy A1820u dhc atwdbclvagugbégaaaa eggeggettc
tgctccgggg tgtgccacaas cctecceggt 1380 accttcgagt ggatctgegg gcccgactcg

gccettuccpgesacatt 99 Facseast gy ﬁéééglggéggqggglggggbacgcgg t ggcgacagc

ggact ggeg agcceccgcc cauccgacg tec tccggeegtg
ggget cgt gc att eggge’ 1548 <210> 13%<211> 21 <2123 DNA <213> Artifici al
Sequence #220s» 223 Deslienilpt iron cof PAF tif o ake Sagende Synt hetic DNA <400>
13 aat gt ggegg ggaagggccg a2l 410> 14 <211> 19 <212> PRT <213> human
Ser Gln Ile Cys Asp Gly Leu Avg Gly His Leu Met Thr Val Arg Ser
50 55 60
Ser Val Ala Ala Asp Val Ile Ser Leu Leu Leu Asn Gly Asp Gly Gly
65 70 75 RO
Val Gly Arg Arg Arg Leu Trp Ile Gly Leu Gln Leu Pro Pro Gly Cys
85 90 95
Gly Asp Pro Lys Arg Leu Gly Pro Leu Arg Gly Phe Gln Trp Val Thr
100 105 110
Gly Asp Asn Asn Thr Ser Tyr Ser Arg Trp Ala Arg Leu Asp Leu Asn
115 120 125
Gly Ala Pro Leu Cys Gly Pro Leu Cys Val Ala Val Ser Ala Ala Glu
130 135 140
Ala Thr Val Pro Ser Glu Pro Ile Trp Giu Glu Gln Gin Cys Giu Val
145 150 158 160
Lys Ala Asp Gly Phe Leu Cys Giu Phe His Phe Pro Ala Thr Cvs Arg
165 170 175
Pro Leu Ala Val Glu Pro Gly Ala Ala Ala Ala Ala Val Ser Ille Thr
180 185 190
Tyr Gly Thr Pro Phe Ala Ala Arg Gly Ala Asp Phe Gln Ala Leu Pro
195 200 205
Val Gly Ser Ser Ala Ala Val Ala Pro Leu Gly Leu Gln Leu Met Cys
210 216 220
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<400> 14 Lys du Ser Tyr Ser Val Tyr Val Tyr Lys 1510 <210> 15 <211> 14
<212> PUT <213> human <400> 15 Val Leu Lys Gn Val Hs Pro Asp Thr Gs lie
Ser Ser Lys 1510 <210> 16 <211> 13 <212> PET <213> human <400> 16 Ser Thr
lie Thr Ser Arg Qu Ile Gn Thr Ala Val. Arg 1510 <210> 17 <211> 7 <212>
PUT <213> human <400> 17 Qu lle Gn Thr Ala Val Arg 15 <210> 18 <211> 16
<212> PET <213> hunan
Thr Ala Pro Pro Gly Ala Val Gln Gly His Trp Ala Arg Glu Ala Pro
225 230 235 240
Gly Ala Trp Asp Cys Ser Val Glu Asn Gly Gly Cys Glu His Ala Cys
245 250 255
Asn Ala Ile Pro Gly Ala Pro Arg Cys Gln Cys Pro Ala Gly Ala Ala
260 265 270
Leu GIn Ala Asp Gly Arg Ser Cys Thr Ala Ser Ala Thr Gln Ser Cvs
275 280 28h
Asn Asp Leu Cys Glu His Phe Cys Val Pro Asn Pro Asp Gln Pro Gly
290 29h 300
Ser Tyr Ser Cys Met Cys Giu Thr Gly Tyr Arg Leu Ala Ala Asp Gln
308 310 316 320
His Arg Cys Glu Asp Val Asp Asp Cys Ile Leu Glu Pro Ser Pro Cys
325 330 335
Pro Gln Arg Cys Val Asn Thyr Gln Gly Gly Phe Glu Cys His Cys Tyr
340 345 350
Pro Asn Tyr Asp Leu Val Asp Gly Glu Cys Val Glu Pro Val Asp Pro
365 360 365
Cys Phe Arg Ala Asn Cys Glu Tyr Gln Cys Gln Pre Leu Asn Gln Thr
370 375 380
Ser Tyr Leu Cys Val Cys Ala Gilu Gly Phe Ala Pro Ile Pro His Glu
385 380 395 400
Pro His Arg Cys Glan Met Phe Cys Asn Gln Thr Ala Cys Pro Ala Asp
405 410 415
Cys Asp Pro Asn Thr Gln Ala Ser Cys Glu Cys Pro Glu Gly Tyr Iie
420 425 430
L.eu Asp Asp Gly Phe Ile Cys Thr Asp Ile Asp Glu Cys Glu Asn Gly
435 440 445
Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro Gly Thr Phe Glu Cys
450 455 460
Ile Cys Gly Pro Asp Ser Ala Leu Ala Arg His Ile Gly Thr Asp Cys
465 470 476 480
Asp Ser Gly Lys Val Asp Gly Gly Asp Ser Gly Ser G6ly Glu Pro Pro
485 460 495
Pro Ser Pro Thr Pro Gly Ser Thr Leu Thr Pro Pro Ala Val Gly Leu
500 505 510
Val His Ser Gly
516
210> 12
<211> 1548
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<400> 18 nmu Ile G n Thr Ala Val Arg Lou Lou Leu Pro Ay G u Lou Ala Lys
1610 <210> 19 <211> 9 <212> PET <213> human <400> 19 Leu Lou Leu Pro Ay
Gu Lou Ala Lys 1.5 <210> 20 <211> 17 <212> PH <213> hunman <400> 20 Len
Len Lou Pro Ay GQu Leu Ala Lys His Ala Val Ser Qu Gy Thr 51015 Lys <210>
21 <211> 125 <212> PRT <213> hunan

<212> DNA
<213> human

400> 12
atgettggeg
gCagagecge
ggeeocgoga
acaglgegel
gttggecgee
cgeclcggge
aggtgggeac
fcegetgetg
aaggeogatg
BagCCCEECE
ggageggact
cagcetaatgt
ggogetigee
geggegetecee
acegcatceg
EACCAgCCEs
caccgegtgeg
gltecaacacac
gagigtetgg
ctgaaccaaa
ccgeacaggt
acccaggela
gacatcgacg
accttcgagtl
gacloceggea
ceeggeteca
210> 13
211> 21
212> DNA

teetggtect
agccgeatyg
cettecteas
ceteggtgge
ggegeetelg
ceclgegegg
gegetegacet
aggcecactigt
geltceetetg
cegeggetge
tccaggeget
ECACCECECE
actgecagegt
getgecagtig
cgacgecagic
geteoctacte
aggacgtgga
agggteggett
agcecgigga
ctagelacet
gecagatgtt
getgtgagtg
aptgcgaaaa
geatetgegg
aggleggacgy

cettgactee

tggegegetg
cagecagtge
tgecaglcag
tgeegatgte
galcggeelg
cttccaglegg
caatgggegcel
gececcagegag
cgagitccac
cgeegteteg
geegeiggge
ECCCERALCE
£EAagaaceEc
cocagocgge
cltgcaacgac
gtgecatglge
tgactgeata
cgapgtgecac
ccegtgette
clgecgtetge
ttgcaaccag
ccetlgaagee
cgeegrotte
geecgacteg
tggegacage
tecggeegly

213> Artificial Sequence

<2205

geoelggeog
glecgagecacg
atetgegacg
atttcettige
cagetgccac
gttacgggag
cccctetlgeg
ccgatelpggg
Ttcccageca
atcacctacg
agelecgeceg
gtccagegee
ggetgegage
geegecetge
ctetgegage
gagaccgget
ctggagceca
tgetacceta
agagccaact
geegagegget
actgectgte
tacatcetigg
tgetecgegs
geectlttgeee
ggeletiggesg
gggetegltge

geoetggggtt
actgetltege
gactgeggeg
tactgaacgg
ceggelgegs
acaacaacac
gecegttety
aggagcagca
cclgeaggee
gcaccecegtt
cggigegetee
acltgggcceag
acgegtgeaa
aggeagacgy
actictgept
accggetgge
gteegtgtcee
actacgacct
gegagtacca
tegegeceeat
cagecgactg
acgacgeglti
igtgecacaa
gecacattpg
8gCCCCCECe

atlcggge

ccecgeasee
getetacceg
ccacotaatyg
CHACERCEHC
cgaccccaag
cagctatage
cgtegetgte
glgogaagty
actggetptg
CECERCCCEC
ccteggetta
BEABECECCE
tgegateeot
gcgelectge
tececaaceoo
ggecgaccaa
gcagegetgt
getggacgge
gtgeecagece
tececacgag
cgaccceaac
catclgceacg
ceteceegat
caccgactgt

cageecgacg

€223> Description of Artificial Sequence: Synthetic DNA

<400> 13

aatglggegeg geaagggeeg a

210> 14
211> 10
(212> PRT

12

21

120
189
240
300
360
420
480
b40
600
660
720
780
840
960
960
1620
1080
1140
1200
1260
1320
1380
1449
15060
1548



<400> 21 Pro Gn Pro Ala Lys Ser Ala Pro Ala Pro Lys Lys Gy Ser Lys Lys
151015 Ala Val Thr Lys Ala G n Lys Lys Asp Ay Lys Lys Arg Lys Arg Ser
202530 Arg Lys GQu Ser Tyr Ser Val Tyr Val Tyr Lys Val Len Lys G n Val
354045 Hi's Pro Asp Thr Ay Ile Ser Ser Lys Ala Met Gy Ile Met Asn Ser
505560 Phe Val Asn Asp Ile Phe Ax Arg Ile Ala Ay Gn Ala Ser Arg Lou
65707580 Ala His Tyr Asn Lys Arg Ser Tin le Thr Ser Arg Gn Ile Gn Thr
869095 Al Y Vﬁl Arg Len Len Len Pro Gy Gn Leu Ala Lys H's Ala Val Ser
100105110 (’3‘ *@1 Thr Lys Ala Val Thr Lys Tyr Thr Ser Ser Lys 115120125

Lys Glu Ser Tyr Ser Val Tyr Val Tyr Lys

i 5 10

210> 15

211> 14

<212> PRT

<{213> human

<400> 15

Val Leu Lys Gln Val His Pro Asp Thr Gly Ile Ser Ser Lys
1 b 10

210> 16

211> 13

212> PRT

<213> human

<400> 16

Ser Thr Ile Thr Ser Arg Gilu Ile Gln Thr Ala Val Arg
i 5 10

210> 17

QLi> 7

212> PRT

<213> human

<400> 17

Glu Ile Gln Thr Ala Val Arg

1 5

<210> 1B

2li> 16

212> PRT

<213> human

<400> 18

Glu Ile Gln Thr Ala Val Arg Leu Leu Leu Pro Gly Glu Leu Ala Lys
1 5 10 15
216> 19

211> 9

<212> PRT

<213> human

400> 19

Leu Leu Leu Pro Gly Glu Leu Ala Lys
1 5

<210> 20
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<21l 17
212> PRT

<213> human

<400> 20

Leu Leu Leu Pro Gly Glu Leu Ala Lys His Ala Val Ser Glu Giy Thr

1

Lys

<21o> 21
211> 125
<212> PRT
{213> human
<400> 21

Pro Glu Pro
1

Ala Val Thr

Arg Lys Giu
35

His Pro Asp

50

Phe Val Asn

Ala Hig Tyr

Ala Val Arg

Glu Gly Thr
115

)

Ala Lys

Lys Ala
20

Ser Tyr

Thr Gly

Asp Tle

Asn Lys
85

Leu Leu
100

Lys Ala

Ser

Gln

Ser

Ile

Phe

70

Arg

Leu

Val

Ala

Lys

Val

Ser

5b

Glx

Ser

Pro

Thr

Pro

Lys

Tyr

40

Ser

Arg

Thr

Gly

Lys
120

Ala

Asp

25

Val

Lys

Ile

Ile

Glu

105

Tyr

10

Pro

10

Gly

Tyr

Ala

Ala

Thr

40

Leu

Thr

Lys Lys

Lys Lys

Lys Val

Met Gly

60

Gly Glu

76

Ser Arg

Ala Lys

Ser Ser

14

Gly

Arg

Leu

45

1le

Ala

Glu

His

Lys
125

Ser

Lys

30

Lys

Mat

Ser

Ile

Ala
110

15

Lys Lys
15

Arg Ser

Gln Val

Asn Ser

Arg Leu
80

Gln FThy

9b

Val Ser




