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PROCESS FOR PRODUCI NG AND PURI FYI NG FACTOR VI I 1 AND

| TS DERI VATI VES Background Art Factor VIII is a plasm
wglyasopzasei n i nvol ved in bl ood coagul ati on. DetTairney000947

or abnormality in its function results in severe

hereditary di sease called henophilia A (Eaton, D. et

al ., 1986, Biochemstry 25: 505-512; Toole, J . J et

al PRISGHSS NORPRGDUCHS: AND PYALEYING F@&C”FDRWIII

1984, Nature 312: 337 342). Up to now, the only

treatnment for henD ilia A has been |ntravenous

admi ni stration ofA 11'55 REREV &Hﬁfﬁ%d from human

bl ood or a reconbi nant source. Due to the safety

reason, reconbinant factor VIII has been preferred to
pl asma derived factor VIII. However, since expression
| evel] of factor VIII is 2-3 order magnitudes | ower

Backgraunl Ather nol ecul es in the sane expressi on system
(Lynch C. M, 1993, Human Gene Therapy 4 : 259-272),

reLRHD] Vﬁptlsf ACHAAsnYh | F ;%g%‘&%fﬂ OfhvBRRdOh BRbod ¢ §oagu1ation.

demand. Several "attenp ve achi eved an 1 nproved

expression of factor VIII by renoving B-domai n which
Deficiangy Qyedimogmshity i titst ingtion teaylts imeevesn hereditary disease called

cofactor activity of factor VIII (Eaton et al., 1986,

i e 3 .16t 9
hemop@ﬂ@&% {Ha?&%}y%% &8 22%8§%é9}21§%{255 825?T58§|5é9_ Té&)le, 1} éﬁal 1984,

al 1986 Proc. Natl. Acad. Sci. USA, 83: 5939 5942
Natulq:&g,z e3t47a3l47 Vebas G. Bﬁoéhé}n 1%4@}%1@(3 331;2} #37-342). Up to now, the
871:268-278). U. S. Pat.

only treatment for hemophilia A has been intravenous administration of factor VIII
prepared ffom human blood or a recombinant source. Due to the safety reason,
recombinant factor VIII has been preferred to plasma derived factor VIII. However,
since expression level of factor VIII is 2-3 order magnitudes lower than other
molecules in the same expression system (Lynch C. M., 1993, Human Gene Therapy
4: 259-272), recombinant factor VIII production has not met its demand.

Several attempts have achieved an improved expression of factor VIII by
removing B-domain which has been known not to have any function in the cofactor
activity of factor VIII (Eaton et al., 1986, Biochemistry 25:8343-8347; Burke, R. L. et al.,
1986, J. Biol. Chem., 261: 12574-12578; Toole, J. J. et al., 1986, Proc. Natl. Acad. Sci.
USA, 83: 5939-5942; Fay et al., 1986, Biochem. Biophys. Acta, 871:268-278). U. S. Pat.
No. 5,661,008 and WO-A-91/09122 described B-domain deleted versions of factor

VII, which is similar to the shortest form of plasma factor VIII. U. S. Pat. No.

1



10

15

20

No. 5,661,008 and WO- A-91/ 09122 descri bed B-domain

del eted versions of factor VIII, whichis simlar to
woheosgloongest form of plasma factor VIII. U SPCP&R2007/000947

No. 5,112,950 and U. S. Pat. No. 7,041, 635 discl osed

the single chain fornms of B-donmain deleted factor VII

nmol ecul es. As a choice for the mammali an cel |

5,112,988 pireb Bll. SNPaIN01e504 1635 ekl dvd ilie GEIIR cBein forms of B-domain
expressi on system has been used in produci ng many

her ap ic.prqteins including factor VIIl (Chu, L et
dele’fe‘%lf%?mlzggi?m@%‘r‘ﬁ?&qu n. Biotehnol., 12: 180-187). The
characteristics of CHO cell line are elucidated. It

CAB gictvicei fdrethel haanehAlhAGRIdeRERESIBh, WBIAGSe Plarhéter Ovary
suspensi on manner, adapt to either serum containing

medi um or , serum free nedi um,  .and especial ly support, .
(CHOM&& PSR SrR DA R s B RSO ROB RGN S oaRPYLC proteins
identical to the human glycosylation patterns (Brooks
includ@eAfact@EOVAI (Wb, 1Be0RECIM! Gurd80pad1Bidddinolenki 180-187). The
N” et al., 1996, Nat. Biotechnol., 14: 975-981: Chen,

Z., et al, 000, ..Bi ot | . Lett., 22: 837-941;
CharaC#\%iséi?S ﬁ, C&g aqE.ﬁ, lilzégﬂ,gc&!rﬁ&d@se 1t canHerew) eithemay anchorage
produci ng therapeutic proteins have been usually

depen@éiitl WeBthek Noit ¢ ARLERbiDACHARRr PRAASE Ro f &iftfer B MOHAfaining
t he purpose of addressing safety cohcerns about

. transm ssion of animal derived virus or prion and for
mediuftheOpy sp3ER-TEte emedarmpyantli cespeeially (ampport | pest-ganslational
2001, Curr. Opin. Biotehnol., 12: 180-187). However,

difik lof Op ot MhédrPmiHBRLHSH! td VAL di i
e 1f1d§t’é§l?{ssgé rhe ngﬁr%ﬁlmyﬁglgﬁt ai nde\o/f %rlg%gggeg%r%lsilgpgpspaﬁems

in_a serumsupplement and makes it difficult ,
(Brooks S.A., 2004, Mol. Biotechnol., 28: 241-255; Jenkins, N., et al, 1996, Nat.

Biotechnol., 14: 975-981; Chen, Z., et al., 2000, Biotechnol. Lett., 22: 837-941; Mols, J.,
et al.,, 2005, 41: 83-91). CHO cell lines producing therapeutic proteins have been
usually cultured in the animal-derived protein free medium for the purpose of
addressing safety concerns about transmission of animal derived virus or prion and
for the purpose of easier purification. (Chu, L., et al., 2001, Curr. Opin. Biotehnol., 12:
180-187). However, removal of serum from the cultivating media also deprives the
naturally contained protease inhibitors in a serum supplement and makes it difficult
to maintain the viability of the cells during the production processes (Mols, J., et al.,
2005, 41: 83-91; Sandberg, H., et al., 2006, Biotechnol Bioeng., 95: 961-971).

Reduced viability and stressful conditions seem to increase the production of

secreted or released proteases from dead cells which can attack the therapeutic
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to maintain the viability of the cells during the
production processes (Mls, ]., et al., 2005, 41:
we2e@hp298andberg, H., et al., 2006, Biotechnol PBIER2007/000947

95: 961-971). Reduced viability and stressful

conditions seemto increase the production of secreted

or rel eased proteases fromdead cells which can attack
proteinkh@nd hai80 HetdiopERie). NHefRHcERdiEL chIRT Bgenftbingl cleavages of

Het er ogeneity caused by internal” cl eavagés of

t herapeutic protein m ght be the pajor problem because
theraped}tgapgﬂtem %ﬁ‘ﬁgbec‘g'ﬁ BRGImBrRbloR Berauggcdeavedypretemsl ¢an be

to maintain "lot to lot" consistency during the

inactiv@r AHUGHRRE @ndiffiil ftoC AldiRfiRr aeesefot” THHRtOR&s ddring the
Is inportant to maintain a relatively | ow | evel “of
protease or_to_prevent protease activity during o

producsiogdaieli BHrifigatiey RIgeewsssf Lheeforsy tik s grppiaH: tQ pnaintain a
prot eol ysis caused by rel eased proteases from CHO cel

re1ativé&¥]m@w%vém rﬁ‘f@{etagé Br Fb;‘iéfev*é%@ BroRR&Y 4@t a@ﬁnglffﬁeaﬁcaon.

iversal inhibitor(s) which could apply to a

t herapeutic E{im ei ns produced in CHO cell |ine has not
yetfepeaticeensid. effarte Hovpeeventt. thie myeteadysinecapsed eby: ereleased
of cystein and serine proteases released from CHO

protease§! fronRAHOLBHI Gined 'duri(ng: RhLithAY haVe b&n Zi‘t%@rtg@ Olveh though
Ani ma t, K

I cell technol ogy:fromtarget to nar uwer
. Academic publishers, pp. 287-292) found that an _
universghi igbitar(g dwhiche eaelel rophr toretlhtherapewnde mropain: eusduced in
fromCHO cell culture nmedi umwas responsi ble for the

cHO ESG OIS gFALE I L R e o i

proteases from CHO cell culture can be bl ocked by the
and serinhimotensep aplenshss fromh (GO erdk ddaatdaacennl. \Whptteau, V., et al,,

2001, in Animal cell technology: from target to market, Kluwer Academic publishers, pp.
287-292) found that an unidentified, extracellular metal-dependent protease from
CHO cell culture medium was responsible for the proteolysis of truncated factor VIIL.
In WO-A-90/02175, it is disclosed that some serine or cysteine proteases from CHO
cell culture can be blocked by the inhibitor peptides, which increase factor VIII
productivity. EP A 0 306 968 discloses addition of aprotinin to culture medium
increased expression of factor VIII in CHO cell medium by three times.

In U. S Pat. No. 5851,800, inventors claimed the inhibitors of
metalloproteases and chymotrypsins could reduce detrimental effect on factor VIII
production in cell culture. Sandberg H. et al. characterized two types of proteolytic

activities released by CHO cells in a cell culture. One was originated from
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productivity. EP A 0O 306 968 di scl oses addition of
aprotinin to culture nmediumincreased expression of
woaceisan2921 1 in CHO cell nedium by three timesPCTKRI07/000947
S. Pat. No. 5,851,800, inventors clained the
i nhibitors of netall oproteases and chynotrypsins could
reduce detrimental effect on factor VIII production in
metall§BbleifilddsUaed tIRaBEHRE HbniiseBhe Proteb b REahEZBBpE¥RInases was
types of proteolytic activities rel eased by cells
in a cell culture. One s orj|gi nated o
found $q Bﬁﬁ%taa?rtr%%lxt@gﬁgg%§,f3g§hent’fh@ faetre vV Ik et i ithewever, even
protease. Only netalloproteinases was found to have a
thoughStHIPEbY oP BRI M olab8S su@ aé MO T AGHRN 1,Yb blpR&Gidntididhe could
However, even though inhibitor of netall oproteases
such as EDTA and 1, 10 o-phenantroline could block the
block thgdpgiorWiI claagagage descidbed hybeeandRergaeistey, thesetinhibitors
al ., these inhibitors cannot be directly added into
cannot HR&]ilEH CEd ded Htb YhE OPRAI M A¥Rirk Inddifind Ak Go eTBLL Bfect on
cells, judged fromour experinents. AU the
_above-nentioned protease inhibitors and commercially
cells, juglesd fxpmeoyromerseetdckt ai | whi ch contain inhibitors
agai nst serine, cystein, aspartic and am nopepti dases
SAIG KRS aBEY Qhddhtione@CptAbhdl hIGBROR lahd EoRAndReh ilabl
pepstat?n A have Qgenﬁapp%#%l to our%& ngPe cﬂg%hyAavala €
factor VIl derivative (described in U S. Pat. No.
proteasg, gagktegdsyhich tagneainbirthibigorso agdinsh serimeneysteinhespartic and
were effective in protecting our factor VIiII
: ' ' r Aa o g 3 e Ao
smino LA VA SO SR e b SHEAMAEL B8 Pt e

been applied to our single chain factor VIII derivative (described in U. S. Pat. No.
7,041,635) culture, but we found that none of them were effective in protecting our
factor VIII derivative from cleavage by released protease(s) from CHO cell culture
during the culture.

U. S. Pat. No. 6,300,100 discloses sulfated polysaccharide such as heparin
protected an intact Tissue Factor Pathway Inhibitor (TFPI) from cleavage by
proteases present in the culture medium. In addition, U. S. Pat. No. 5,112,950
discloses sulfated dextran to substitute the stabilizing effect of Von Willebrand factor
on factor VIII in serum free media. However, to our knowledge, there has been no
report on the inhibitory effect of dextran sulfate against proteases in connection with
factor VIII molecules.

The present invention aims to demonstrate the protective effect of dextran
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U S. Pat. No. 6,300,100 discloses sulfated

pol ysacchari de such as heparin protected an intact
woizemue22act or Pat hway | nhibitor (TFPI) from cPeaxager7/000947

by proteases present in the culture nedium 1In

addition, U S. Pat. No. 5,112,950 discloses sulfated

dextran to substitute the stabilizing effect of Von

sulfateVbh! lr desy dorCéOFa@Br NATE 0F M Hbrib Btiv&) HOh gﬁ@teﬁ?@é Broduced
However, to our know edge, there has been no report - on

: ta 'ng@bitory effect of dextran sul fate agai nst
during, &QS §ultWreconnection with factor VI11 nol ecul es.
The present invention ainms to denonstrate the
protective effect of dextransulfate on the cl eavage of
Factor VIII or its derivatives from proteases produced
during CHO cell culture. Advantageous Effects In one

Advanfageeys Bffe¢tsi s j nvention, there is provided a process
for the production of Factor VIII or its derivatives

| Ih GndTRIFERL bAthi§AflentRl, thdrB8s BARREES ali% i
media which is 1supplnement eo]f vvls?h dextlra nogﬁslrs#g]tfféﬁéaﬁmdumon
Addi tion of dextran sulfate in culture nedia

of Facter (\dgk px/is fleyigaiivesdino: musaiedianshast eell line|adepéed to gerum-free

activities of (a) certain protease(s) originated from

media GAAcHEL!s érHélt%ﬁzHe@.it"E and @ﬁHﬁfe.e\'%Hc?itibﬂcdfeﬁfsggan th‘l]lfate in

honogenei of e produced factor nol ec

anot her aspect of this invention, there is provided an
culture iecip egffecimehotedusiedpor iHgikeg facteroVINtdeaving ectivites of (a)

from dextran sul fate-containing nedia usi ng nonocl ona

certairdPrbRAsPFiffnated from CHO cell culture media and concurrently
increased homogeneity of the produced factor VIII molecules. In another aspect of
this invention, there is provided an efficient method for purifying factor VIII
molecules from dextran sulfate-containing media using monoclonal antibody-based
purification steps.

This invention relates to an effective inhibitor which can protect our single
chain factor VIII derivatives described in U. S. Pat. NO. 7,041,635 from cleavage by
protease(s) released during a mammalian host cell cultivation and to increase the
homogeneity of the produced factor VIII derivative. Also this invention relates to a
method of purifying the factor VIII without being affected by addition of the
protease inhibitor.

The mammalian host cell may be any animal cell which can express

recombinant factor VIII, and is preferably an animal cell where a desired
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purification steps. This invention relates to an

ef fective inhibitor which can protect our single chain
woaceisan292B1 | derivatives described in U S. PaPCTMR2007/000947

7,041, 635 from cl eavage by protease(s) rel eased during

a mamal i an host cell cultivation and to increase the

homogeneity of the produced factor VIII derivative.

transfoﬂn%@ b&ll Tah MyeRhEDBN sephRit&@S {7 SxamplOd Chikdiel hynBr ovary
the factor VIl w'thout being affec ed by addition of

(CHO) &ﬁﬁ %%ﬂ?ls ﬁ'&p%ﬁlfe ﬁl@d}gg%(g? 6&%@@ ; Ifagta or e

VIIl and is preferably an ani mal ceII where a

qﬁsch@e;qbvmgfpa&mcslxbatcm BS08390) thes€ PR @6hcr fon about
exanp , a Chi nese hanster ovary (CHO cell, BHK

nmore preferably a CHO cel |. Inthe

the prqs?@weoafée%%\pé ﬁvﬁ@re@olm@cdwdes oB0vtarget Pofefeagisshcertain
description about the protective effects of sulfated

protead®d) ¥ %Hﬂ&ﬁré 48 1%{&139 HratdiRM W8S TRERICFALtEH PalShaf Thhdhifor gTFPI)
pr ot eases, a target protein was Tissue Facto

way Inh| b| tor (TFP Therefore, we tested whether -
Theref‘?li%é\ée ieletlayhet brly%sngl}f@#rddég Iysaenharisiescautd prptect our target

target nolecule-factor VIII. This invention showed
molecd1824ct8 |\MIqu)H1§ My IR RS SBE %ﬁl AeREYN SHIRRY § possesses a

protective effect on factor VIII cl €avage when ad

to culture mediumduring cultivation process. Dextran
very stsging aretegiive pdedinraiaster YHbmepsagemhen sddasein aultoe medium
chem cal

during cultivation process.

Dextran sulfate can be obtained from bacterial fermentation or chemical
synthesis. The molecular weights of dextran sulfate can vary from 20 to 5,000 kDa in
molecular weight, and is preferably 50 to 2,000 kDa.

Sulfur content of dextran sulfate can also vary depending on its source
material. Regardless of the sulfur content of dextran sulfate, it can be employed to
this invention only if the dextran sulfate can protect factor VIII from cleavage by
protease(s) released from a cell cultivation process. The sulfur content of dextran
sulfate is preferably in the range of 5 to 20 wt% of sulfated saccharide, more
preferably more than 17 wt%,

Depending on the expression level of factor VIII and its host cell line, the
amount of dextran sulfate added to a growing media can be adjusted and not limited

to those showed in preferred embodiments of this invention.
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synthesis. The nol ecul ar weights of dextran sulfate

can vary from 20 to 5,000 kDa i n nol ecul ar wei ght, and
woo0@rietesably 50 to 2,000 kDa. Sul fur content POT/KR2007/000947

dextran sulfate can al so vary depending on its source

materi al. Regardl ess of the sulfur content of dextran

sulfate, it can be enployed to this invention only if

tireonke piéfarredWrhbddingant ¢frieiivehaohofacddd VIl medlecule is one
cl eavage by rrotease(s) released froma cel

of the Gt B dBRgREPEr aBryed ABNHELPaNGE G oS chle b b which is
sul fated saccharide, nore preferably nore than 17 wt %

discloseepanding. PAT.hBIEXP0essBeN They ehctof VL dRtivitivk BRE internal
its host cell line, the anbunt of dextran sulfate

. added to row n ia can, be adj usted and not
deletioft i haz of B-Jorpein %rrfgfbg-aermna} BREALAS sRgourntisned to have a
this invention.ln one preferred enbodi nent of this

new Niﬁl}/@cﬁﬂyﬂ&ﬁ’bn fereEAltioW delqubREL IS fiS0195iRe. A s HREMEBEIPHescribed
| derivatives, nanmed dBN(64-53)(hereafter called

. 12GdBN) ich is disclosed in U_ S PAT. NO .
in exapig b a5, ST ATt NS of O PP oG b lingsstn e praressing the
deletion in part of B-domain and N-termnal part of A3

I2GABRNG; aed0nad Adaftad sodcdigmeitialy Casilapld 98rum-f dia.
recg\gﬁ?rte?)on sequenceﬂti n iots f usi oln Xi te. aAs thélr?re]treﬁo{jne @

. described in exanple 6 in U S PAT, NO 7 041,635, a .
Hereingfiey d819 dqneews?isﬁgyat@épﬁéss#% clome” 1268 walis mentioned in
prepared and adapted to commercially avail abl e

exampRBlHEréfeaedBeha-CHey &iNghd @3,22-”5 clone is designated
as "#39 clone" and all cell ntioned in

This invention also relates to a process for purifying factor VIII or derivatives
expressed in mammalian host cell line from culture media supplemented with
dextran sulfate using an affinity chromatography. The affinity chromatography
includes affinity column which contains affinity molecules coupled to solid support
such as agarose or sepharose. The affinity molecules can be anti-factor VIII
antibodies which can be monoclonal or polyclonal and can be peptides with high

affinity to factor VIIL

Description of Drawings
Figure 1 shows the comparative effects of different sulfated polyséccharideé
on protecting the cleavage of intact factor VIIL

Figure 2 shows the effects of the molecular weight and concentration of
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exanpl es are referred to this CHO cell |ine (#39).

This invention also relates to a process for purifying
woacism292B1 | or derivatives expressed i n mamMmaPCRKRI061000947

cell line fromculture nedia supplenmented with dextran

sulfate using an affinity chromatography. The affinity

chromat ography i ncludes affinity columm which contains

dextra@bhifateton telf Esta€ioHPIf aiB-donsohide] & @ paitbr VU I2&BN.
agarose or sepharose. The affinity nol ecul es can be

ti- cor VI t|b which can b noclon or
S@gw ovgihe SHe ﬁa@a@? dFRERTPEN PRI SYite fis on the
factor VII1. Descri ptl on of Dravvl ngs Figure 1 shows

fragmeit@icooPRIBNE ef fects of different sul fated
pol ysacchari des on pr otecting the cl eavage of intact

factor VII hows t effets of th
TRt shovs g%gygg L aRE PR PO KR BT e2GABN
on the fragnentation of a B-domain deleted factor

in pelfﬁ(élbh,cult%@ Baccbtr@atic@ WithRVembhgineédiadtithe Prestink idkehtion.
dextran, and dextran sulfate on the fragnentation of

12(3dBN Figure 4 shows the effect of dextran sulfa
JHEHFRe © f5RPef CeRQTBRSSH BI{;]@!EI\P]M? RérG-sratipad &P%WEE rgel of

accordance wi th an enbodi nent of the present

the e1uhamfbtcln@,ﬂs ffor 4h8mAn 8 HBHE; BRREbE: ?h'g' ihl RBbrdUree with an
50-stati ned SDS- PAGE gel of the el fractions

from an_i mmunoaffinity chromatography in accordance
embodjpnent gfthe present invention.

Best Mode

This invention is further illustrated with reference to the following Examples,
but can be applied to other factor VIII molecules and other cell lines as it will be
understood by the skilled person in the art. Therefore, the following examples
should not be construed as limiting the scope of this invention.

Heparin, Low molecular weight of heparins (~3 kDa and 4~6 kDa),
Dermatan sulfate, dextran (500 kDa), sodium sulfate, dextran sulfate (500 kDa, 10
kDa, 8 kDa) were purchased from Sigma. Dextrans were derived from Leuconostoc
mesenteroides, strain B 512. Different molecular weights of dextran sulfate were
produced by limited hydrolysis and fractionation. Sulfate groups were added by
esterification with sulfuric acid under mild conditions. This dextran sulfate

contained approximately 17 % of sulfur. (http://www.sigmaaldrich.com/sigma-
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enbodi nent of the present invention. Best Mdde This
invention is further illustrated with reference to the
woabdsmoerarg Exanpl es, but can be applied to ot hecTiabawo00947
VII1 nolecules and other cell lines as it will be
understood by the skilled person in the art.
Therefore, the foll ow ng exanpl es shoul d not be
akhﬂil@ﬂ§dﬁ&@ﬂﬂ@ﬁnﬁﬁ@h&ﬂ@@b&ﬂﬁm$ﬁ@@ﬁﬁpf this invention.
parin, Low nol ecul ar wei ght "of heparins (~3 kDa and
. 4~6 , rmatan sul fate, dextran (500 kDa), sodium
1ﬂaﬂn&ﬁﬁ%éﬁf§€%ﬁﬁ?¢an sul fate (500 kDa, 10 kDa, 8 kDa) were
pur chased from Si gna. Dextrans were derived from
LBUCARARL @ ABER HB QbAE Swhithlid harordde DI fr&s@Rht encoding
nol ecul ar wei ghts of dextran sulfate were produced by
limted EydroLysis and fractionatiagn. Sulfate grou

) ps
[2GdBle vgasa gHEHTY 1Bseamnn  iFae impdigi (IrroSdiPar mediziprghad from
mld conditions. This dextran sul fate contai ned

Cambr@RP @Q’%W%és&%égof/ @btk Whter thawing, 4 x 105 cells were seeded in
(http:// .S I f

gmaal dri ch. cont si gmaal™dri ch/ product _in
ormati on_sheet/ d6001pis. pdf) Plating #39 CHO cel |
each well g ahweldate- descri bed #39 cl one, which is harboring
DNA fragment encodi ng 12GJdBN was cultured in serum
free nedia (ProCHO nedi a purchased from Canbrex). At
two passages of subculture after thawi ng, 4 x 105

cells were seeded in each well of a 6-well plate.
Western blot assay

The culture medium containing expressed factor VIII was subjected to 7.5%
SDS-PAGE gel and blotted to PVDF membrane. Blotted membrane was probed with
an A2 domain-specific antibody called #26-1 which was generated by the inventors
of this invention. Secondary mouse IgG coupled with horse-radish peroxidase was

used to visualize the factor VIII-anti factor VIII antibody complex on the blot.

Example 1
Comparison of protective effect of wvarious sulfated polysaccharides on

fragmentation of 12GABN

High molecular weight of dextran sulfate (about 500 kDa), heparin, two
kinds of low molecular weight heparin (~3 kDa and 4~6 kDa), and dermartan sulfate

were purchased from Sigma Co., Ltd. and resuspended in water and filter sterilized.
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Western bl ot assay The cul ture nedi um cont ai ni ng

expressed factor VIII was subjected to 7.5% SDS- PAGE
wgebosanzb2bl ott ed to PVDF nenbrane. Bl otted nmenmBCamKR2ME200947

probed with an A2 donai n-specific antibody call ed

#26-1 which was generated by the inventors of this

i nvention. Secondary nouse |1gG coupled with

Cells Wa@kgfateddisshengdned dB6%e. Waverit§ F6ut Routsafedd seedihie the medium
factor MIl-anti factor VIII antibody conplex on the

was replateil G tF e ep%@éi’ié%ﬁ&fﬁ oilisied phfisarahvidsn wire added

12GdBN Hi gh nol ecul ar wei ght of dextran sul fate (about

15Q/@ell<@@)a fild RricBatrhMb: Kjf%smgf 1), 501 CloR o M1 &P00mg /1,
n eac heparin (13 kDacé%d 4~ 5 kDa) énd dermart an é%wﬁ mg/

chased from §j g Ltd. and resus ended in
respeciarisy Al 45 | @IS HEHPR P*il%dﬂésmesswr@atﬂlﬁf é@gl‘é‘sCOHeCtEd and
menti oned above. Twenty-four hours after seeding, the

analy z@adwasugaswwé@p eotViabdhyad As &Hdvel qnaﬁgu% Ve ﬁh&@sw‘ag little
sul fated pol ysaccharides’were added in &ach el

. concentration of 25 ng/L, 50ng/L, 100
Protedz@wéﬁee‘s of dafreckings| of heparis wigchotiete 6 %qufgy cmotec’cmg TFPI

cul ture supernatants were coll ected and anal yzed

descrﬂSéH UGBS IbREvES ¥ traASuFRRWA ]?rcthaé‘ %ﬁmgent Jprotection

here was'little protection effect of three kin
heparln.mhlch mere_effectlvel protecting TFPI
of cleayage ANy ajcaneenieatipatdapende vaer. Mexe than $2b foafector VIII
can provide efficient protection

in the culture supernatant (lane 2 in figure 1-(D)) remained intact compared to the
factor VIIIs in a culture medium with no additives (41%; lanel in figure 1-(D)) and
the factor VIlIs in a culture medium with heparins or dermatan sulfate (52%~67%;
lane 3~6 in figure 1-(D)). This shows that not all sulfated polysaccharides can protect
all the target proteins and the protective effect of a certain sulfated polysaccharide is

very specific to a target protein.

Example 2

Effect of molecular weight of Dextran sulfate on cleavage of 12GABN

If dextran sulfate with a lower molecular weight can be applied to protect the
cleavage, a lower molecular weight of dextran sulfate may be easily separated from

factor VIII more based on its difference in size. So, to see if lower molecular weight
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of cleavage and in a concentration-dependent manner.
More than 92% of Factor VIII in the culture
woeupwrmaant (lane 2 in figure 1-(D)) renmai nedPCIKR2007/000947
conpared to the factor VIIls in a culture mediumwth
no additives (41% lanel in figure 1-(D)) and the
factor VIIls in a culture nmediumw th heparins or
of de@ﬂlmhﬁates ehh apotee2 Ynb Heavpe 0B rpr@sstedg WEdBN( Buking cell
his shows that not all sulfated pol'ysacchari des can
rot t all the t ef_proteins and the protective
cultivagppg f< flf&k'é?@ratr&f ﬁ&%hpﬁﬂeéafaa o oplichdwviedhg sampe content

specific to a target protein. Exanple 2 Effect of
of sulfﬁ@éﬁ? Hh?fna\ﬁ@d SHfm Ghe $8%E ESce U\'NE?é £ QY & ﬁﬁ%ﬁ@@uﬁﬁ at varying

f dextran sulfate with a Tower nolecul ar

ht can be ied to &}pot ect the cl eava/ga
concenﬁa@rt@@a 10440 9\/@11 %99 mekkr {0 9@/ feand H8Y0 B gﬁu@ hours after
separated fromfactor VIII nore based on its

additidh o &J)@ﬁ&esdlf&té ' &ﬁturg‘?mechﬁmq%s by QS aHHla%%wz%H ba/ Western

wei ght of dextran sulfate can protect the cl age
expressed 12GdBN dur i ng cel|l cultivation, 8 kDa, 10

blotting BgsandAs (HorDa 1o eigEgn2 sultheugh aphincrearing anheurdapk dextran
content of sulfur and originated fromthe same source,

| [
sulfateVWftﬁ lé@dﬁ%%%céﬁl%}%ﬁ@ﬁ H:{He ’Ecy anrfyfl % g%g%%g) V%é cﬁzﬁed)into the

hours after addition of dextran sulfate, culture
cell culipige urediasnhiherssed Bad Obﬁ@vydeanbyef@emrwdéwm pfect on
assay. As shown in figure 2, although an increasing

12GABRNAER : gﬂﬁgt%@gk]?ﬁ'c;&‘n%n"‘é th C(Y‘c’u{aég%%g Ul}aﬁ% g&fhgﬁt shown to

(1 ane ure was

protect the fragmentation of single chain I2GdBN.

Example 3

Only sulfated dextran can protect the cleavage.

To. see if a separate functional group of dextran sulfate has the inhibitory
effect of cleavage, equimolar amounts of dextran (500 kDa), sodium sulfate, and
dextran sulfate (500 kDa) were added in the culture medium. Cells were seeded as
described in experiments. At 24 hours after seeding, several concentrations ranging
from 250 mg/L to 1000 mg/L of dextran sulfate (500 kDa) and dextran (500 kDa) or
several concentrations ranging from 71 g/L to 384 g/L of sodium sulfate were

added to the medium. At 48 hours after addition, medium was collected from each
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cell culture nedium there was not observed any
efficient protective effect on 12GIBN cl eavage. Only
woQWskbDm28lext ran sul fate (lane 9 to | ane 12) WRETAIR2MT/000947

to protect the fragnentation of single chain 12GJIBN.
Exanple 3 Only sulfated dextran can protect the
cl eavage. To- see if a separate functional group of

well afl@xdhapz&llbyaledtam b hddhl bidsoshowhfRCFiglke @, RANPBDO kDa
equi nol ar amounts of dextran (500 kDa), sodium

sul fate, and dextragn sulfate (500 kDa) were added n
dextrap ﬁl%{fétﬂ @%ﬁf‘eg ie R Bayed werecEs aggcta@ﬂ flea¥agbebllAGABN as
experiments. At 24 hours after seeding, several

depict&PREABLFES | NBRhERAG SN DABNMIZRO02 T Mdnd £) A0 T s@fate (lane
dextran sul fate (500 kDa) “and dextran (500 kDa) or
/L

several concentrations ranging from71 g/L tqo 384 ¢
8 to lage HYdwamsbommaite ipdiat sbedaotegse Retikitifsuph roleased protease(s)
hours after addition, nediumwas collected from each

during @8l @ndvanghyzethdeMEEbAT Patblrl oftiftYre Ae@UMNRVItA either
figure 3, only 500 kDa dextran sulfate (lane 5 to | ane

7) showed protective effect on cl eavage of 12GdBN as
dextrag i sodégmy $plfatg ardy Jvaseimilpar togidet 04 dhe suyture spedipm @vith no
| ane 4) nor sodiumsulfate (lane 8 to | ane 10) was

addiﬁ@gqgght}& {4l k;i t the protease activities of rel eased
pr ot ease( s) dluri ng CHO cul tivation. Fragnentation

pattern of culture mediumw th either dextran or
sodiumsulfate only was simlar to that of the culture
medi umwi th no

Example 4

Application of dextran sulfate to suspension culture

Dextran sulfate (500 kDa) was applied to a perfusion culture system. One
vial of cell was thawed and expanded in T75 flask and further expanded in T125
flask. Cells in T125 flask were transferred into 250 ml, 1 L and 3 L spinner flasks
serially and maintained as suspension culture on a magnetic stirrer plate at 37°C in
5% of CO?/air mixture with a rotation speed of 100 rpm. Exponentially growing
cells in 3 L spinner flask were collected and inoculated into 7.5 L bioreactor with a
working volume of 5 L. Dextran sulfate (500 kDa) was added at the concentration of
200 mg/L in the serum free medium in the bioreactor. From the fourth day after
inoculation, the culture medium was collected every second day for 20 days. Cell

viability was maintained above 92.7% during culture perfusion, and factor VIII
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additives (control, lane 1). Exanple 4 Application of

dextran sulfate to suspension culture Dextran sulfate
w0303/1kBay was applied to a perfusion culture BYSKRINT/000947

One vial of cell was thawed and expanded in T75 flask

and further expanded in T125 flask. Cells in T125

flask were transferred into 250 mM, 1 L and 3 L

fragmeifiviae tefdctskiess ehaablyjudodd pi dbndinateai SMEPSBTI @ach band
culture on a magnetic stirrer plate at 37C in 5% of

. C2/  air mxture with a rotati speed 100 rpm
in Westehh, Rl furing %}‘W%w@eﬂ%% eﬁ@ﬁm 3&Pst@r%§iowfeculwre
collected and inoculated into 7.5 L bioreactor with a
media WOllddte€d oMy s Ly B dnd BRX U8 areréihdlatied (RGQukda) was
added at thé concCentration of 200 ng/L in the serum
free mediumin the bioreactor. Fromthe fourth day
after inoculation, the culture nediumwas coll ected
every second day for 20 days. Cell viability was
Exmnpmasntained above 92. 7% during cul ture perfusion, and
factor VIIIfragnent was detected | ess than 5% j udged

... by densitonetric anal ysis of each band in Western bl ot
Puﬂfwe%wwg‘s RGNV e sﬁlatﬁfed@é%@ by AR Ry CcBYamatagraphy
of culture nedia collected on day 6, day 12 and day 18
were included in figure 4. Exanple 5 Purification of
12GdBNfrom cul ture media by i nmunoaffinity

chromat ogr aphy Due to the highly negative o
dRue dettbrilighly pegatise shatacigriste of dexdion exlédtanigic exchange

chromatography cannot be applied to purify secreted factor VIII in culture media
supplemented with dextran sulfate. Therefore, culture media produced in example 4
were concentrated by the tangential flow ultrafiltration and subjected to an
immunoaffinity column pre-equilibrated with equilibration buffer (20 mM of Tris-
HCI [pH 7.0], 400 mM NaCl, 5 mM CaClz, 3 mM EDTA). Immunoaffinity column
was prepared by coupling monoclonal anti-factor VIII that recognizes A2 region of
factor VIII heavy chain, to CNBr-activated sepharose resins. Factor VIII-bound
immunoaffinity column was washed with 2.5 bed volume of equilibration buffer and
2.5 bed volume of washing buffer(20 mM of Tris-HCI [pH 7.0], 400 mM NaCl, 5 mM
CaClz, 3 mM EDTA, 10% ethylene glycol). Elution was performed in a stepwise
gradient elution with elution buffers containing ethylene ngcol at the concentration
ranging from 40-60%. Nine of 12 elution fractions (elution fraction number 1 to 9

corresponded to E1 to E9 in figure 5) were sampled and subjected to 7.5% of SDS-

13



chr omat ogr aphy cannot be applied to purify secreted

factor VIIl in culture nedia supplenented with dextran
weubdsaiz23 Theref ore, culture nmedi a produced i nPeXaR2DE/000947

4 were concentrated by the tangential flow

ultrafiltration and subjected to an imunoaffinity

columm pre-equilibrated with equilibration buffer (20

PAGE rd®f stdiries- with Cpbinas@k. bAQRMMONaCR 26 3@@31}7 Sone-step
nM EDTA). I nmunoaffinity col um was prepare
nlzes

purific;_%\tggrg lglél Eﬁ(ﬁ cgptg%l&egém%réqlve];%% rlzq\{/gb%% 1gi1 re single-chain
CNBr - act i vat ed sepharose resins. Factor VIII-bound

factor VITIHODR{skiatéd h 66h+B) was washed with 2.5 bed vol une
of equilibration buffer and 2.5 bed vol une of washing
buffer(20 nmM of Tris-HO [pH 7.0], 400 nM NaCl, 5 nmM
Cad , 3 nmM EDTA, 10% et hyl ene glycol). Elution was
performed in a stepw se gradient elution with elution
buf fers containing ethylene glycol at the
concentration ranging from40-60% N ne of 12 elution
fractions (elution fraction nunber 1 to 9 corresponded
to El to E9 in figure 5 were sanpled and subjected to
7.5% of SDSPAGE and stained with Coomassie brilliant
bl ue R 250 dye. Only one-step purification of the
cul ture nmedi um gave nore than 95% of highly pure

single-chain factor VIIl as illustrated in figure
5.Clains What is clainmed is: 1. A nethod for producing
reconmbi nant Factor VIl from manmal i an host cells

transfornmed with the expression DNA vector containing
cDNA coding for FVIII or
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FVI11 derivatives in a culture nedium and purifying
said factor VIII using factor VIII specific affinity
woubmaures |inked to the solid support, conpri BCIAKR2&)7/000947
culturing said manmmal i an host cells in a culture
medi um which is supplenented with dextran sulfate,;
(b) concentrating said culture nedi um contai ni ng
Claimd actor VIII through ultrafiltration; and (c) purifying
said factor VIII fromthe concentrated cul ture nmedi um
by i mmunol ogi cal method. 2. The nethod according to
claim1l, wherein average nol ecul ar weight of said
dextran sulfate is 20 to 5,000 kDa. 3. The net hod
What igele@ndiing to claiml1l, wherein the anount of said
sul fat ed pol ysaccharide in said culture nmediumis 10

Lto 2 g/L..4. The nethod according to claim.1,
1A ﬁ%@?@iﬁrs@q&%m& GPEORgRDHastor WHE; fieans eemalian host cells
animal protein. 5. The nmethod according to a claiml1,

transforRRteithS@ieCexRaasibn BN AGRIctGetdritaRif @WA%’&@%" ngWIII or

cells. 6. The nethod according to claim1l, where

sai d i mmunol ogi cal nethod js an i munoprecipitation or
FVIIT dgrivekighiht fruﬁwmjn@ﬁﬂaﬁmr@fgﬁawaﬁyng paidisetaref ogsing factor VIII
according to claim®6, wherein said chromatography

specifiCAfRfitySindlecules linked to the solid support, comprising
(a) culturing said mammalian host cells in a culture medium, which is
supplemented with dextran sulfate;
(b) concentrating said culture medium containing factor VIII through
ultrafiltration; and
(c) purifying said factor VIII from the concentrated culture medium by

immunological method.

2. The method according to claim 1, wherein average molecular weight of said

dextran sulfate is 20 to 5,000 kDa.

3. The method according to claim 1, wherein the amount of said sulfated

polysaccharide in said culture medium is 10 mg/L to 2 g/L.

4. The method according to claim 1, wherein said culture medium is a medium free
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(a) a colum packed with anti-factor VIII specific

anti body coupl ed solid support including agarose and
weepisawzee, and (b) an el ution buffer contai ni RGT/KR2007/000947

buffering agents, salts, calciumchloride, detergent

and et hyl ene glycol for Factor VIII nolecules bound to

sai d anti body coupl ed solid support.

of an animal protein.

5. The method according to a claim 1, wherein said mammalian host cells are CHO,

BHK, and COS cells.

6. The method according to claim 1, wherein said immunological method is an

Immunoprecipitation or an immunoaffinity chromatography.

7. The method according to claim 6, wherein said chromatography comprising,
(a) a column packed with anti-factor VIII specific antibody coupled solid
support including agarose and sepharose, and
(b) an elution buffer containing buffering agents, salts, calcium chloride,
detergent and ethylene glycol for Factor VIII molecules bound to said

antibody coupled solid support.
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