PROCESS FOR PRODUCI NG AND PURI FYI NG FACTOR VII1 AND I TS DERI VATI VES
Background Art 5Factor VIII is a plasma gl ycoprotein involved in bl ood
coagul at iwo.2088zfob@sency or abnormality in its function peswr807/000mEVere
hereditary di sease called henmophilia A (Eaton, D. et al., 1986,

Bi ochem stry 25: 505-512; Toole, J. J. et al., 1984, Nature 312: 342-347,
Vehar, G A et al., 1984, Nature 312: 337-342). Up to now, the only
treat ment fOPWEQQ'ﬁORPk@%@HQG ANDPERASANG PACTORVIPN Of factor
VI1I 10 prepared from human bl ood or a reconbi nant source. Due to the
safety reason, reconbinant factor VI II has been preferred to plasma derived
factor VI11. However, sinceANIAESIPERIVAMEIVES factor VIII is 2-3 order
magni t udes | ower than other nolecules in the sanme expression system (Lynch
C. M, 1993, Human Cene Therapy 4. 259-272), reconbinant factor VIII
production has not net its demand. 15 Several attenpts have achi eved an

i nproved expression of factor VIII by renoving B-domain which has been
known Bagkgrauhdat any function in the cofactor activity of factor VIII
(Eaton et al., 1986, Biochem stry 25:8343-8347; Burke, R L. et al., 1986,

J..Biol. 7 , 6 B
Ackd, Sci 01%%}\01 Zgﬂﬂ 5%3% g’&%%ﬁg §y3;r Lycproy em? fé’é)%‘%%?%c r?é%’qggsf%g ‘Hﬁtloﬁat a,
871:268-278). U. S. Pat. 20 No. 5, 661, 008 and V- A 91/ 09122 deser | bed

B- dorré]aﬁlccmﬂcert @dabxmrmachrﬁg infitsf fnrtc@uon\nesmlts wh setere degeditayr dtseaaeh@lkehior t est
formof plasma factor VIIl. U S. Pat. . 5,112,950 and U. S. Pat.

7,041 5150 ey el gt f rVIII
nol eca?ﬁ%}:ﬂ{ﬂ%px &%ﬂsﬁ c%lm 19? gtﬁt hér?ﬁﬂ?é a‘lslr@sg’(ei g?(%fL s?tgarlll r8fﬁ%f2nese
Hanster Ovary (CHO cell expression system has been used in produci ng nany
t her ap&utie 3p2: e, Vehac|Wdingt bhcl ¥4, Wattrq &1 337-6R).aUp, to2004, theur r .
Opin. Biotehnol., 12: 180487). The characteristics of CHO cell line are

el uci Qﬁifﬁ‘ea{&eﬁ%rq{ﬁg%ﬁﬁphg% 20 b%@ﬁ*lﬁ&%%’ncﬂfs“&&%%%trg%ﬂe&f Bk

suspensi‘on manner er serumcon m-or - ser umIf ree
medi um and especially support post-transl ational rmdl fications of proteins
ne@r | preplemtli fam homdre bmorhor gl yeasybatnbsopatet ddus 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.

15 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.

20 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.
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10 (Brooks S. A, 2004, Mdl. Biotechnol., 28: 241-255; Jenkins, N, et al.,
1996, Nat. Biotechnol., 14: 975-981; Chen, Z., et al., 2000, Biotechnol.
Lett., 22yv0280%/@4dk3 Mols, J., et al., 2005, 41: 83-91). pCHRr20H700bd4nES
produci ng therapeutic proteins have been usually cultured in the

ani mal -derived protein free nmediumfor the purpose of addressing safety
concerns about transm ssion of aninmal derived virus or prion and 15 for

the pBrRoSBOenEasisePaputsf 7,08t 638 didcdidd the sirdile @hain 239ds ofBLdom&Ri N.
Bi ot ehnot, 12: 180-187). However, renoval of serumfromthe cultivating

medi a al so_ depri the naturally contained protease inhibitors in a serum
suppl ?dgﬁﬁoﬁéﬁ§§mg-ﬂgﬁ$ficult to maintain the viability of the cells
during the production processes (Mls, j., et al., 2005, 41: 83-91;
Sandberg, Has £ichdlce, fo#08f nBirtkREAR0tIBeRBRYsion? Thiflds Hahsted ABRLYCEd
viability and stressful conditions seemto increase the production of
secreted or rel eased proteases from dead cells which can attack the

t her apef@)cellpgirarsian arierdhnsdasaiuseddemspreycinganany eerapeytic pueteinshy

i nternal cleavages of therapeutic protein mght be the najor problem
begauggihaay etdr YR (OhuCaNePs1] 2L iciGr a0 el dindi fibl quhlstp TR ntain
"ot to lot'™ consistency during the production and purification processes.
Therefore, it is inportant to maintain a 5 relatively |ow | evel of protease
or tocPriagkasistisp d%fggﬂé) «elli line yarguelugiglageddlicearpgrow” either i faswhetageessf ul
efforts to prevent this proteolysis caused by rel eased proteases from CHO
cell L i t o e : g J\ :

T S e b G e S e
cell line has not yet been found. Satoh Met al. reported the presence of
cyst efedionmnar s seia-fpreot Bieskdany elaads eebpeeioHy CHORpSIrt . pORbtresslationalal .
(Chotteau, V., et al., 2001, in Animal cell technology: fromtarget to

mar ke : M SiRURL A :0R. %2 (o] . an

i oy PreAEong TR BRI iR oty ShenuRl. «f Mhe B Ukl parP ¢ ure
medi um was responsi ble for the proteolysis of truncated factor VIII, In
W A- Govaoks 78 A.i 20046 NladcBistechndlat 28 08$l-2%;i feakins, st el nk, 3PB6cd&és from
CHO 15 cell culture can be bl ocked by the inhibitor peptides, which

| nCT eaRRlREAION 4Ybh 0BT QSGE 1) LYol Bof) Bioi0RndpE Clt Ssdamesoadilili o of

aprotinin to ¢ul'ture medium’increased expression of factor

medi um bil three times. In U S. Pat, No. 5,851,800, inventors clained the

i nhi biet ef.52085, it H3+Upr oCEHS esllaliaesc hyorbitaiyp shempeutit doroteius chavet bdement al

effect on factor VIl
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

15 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).

20 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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20 production in cell culture. Sandberg H. et al. characterized two types
of proteolytic activities released by CHO cells in a cell culture. One was
ori gi nat estof20esmo29w8t al | opr ot ei nases, and the ot her frompseriree000d4eaSE.
Only netal | oprotei nases was found to have a strongly negative effect on the
factor VIl activity. However, even though inhibitor of netall oproteases
such as EDTA and 1, 10 o-phenantroline could block the factor VIII cl eavage
as depgitehRdaRy BaRd Q@ert&o@en@rty aHeterb%@ﬁ& ey RBL&d ‘P{y imeGRIN9EaRGedigrect Iy
added into the CHO cell culture ned |u toits toxic effect on cells

j udged from our experlnents t he_above- nenti oned protease

i nhi bihesrRewHy pé@ﬁ%rreag&mlaﬁ Heamaien erwléﬂbhg@n@scql@eavq REPIESC e den

i nhi bitors agai nst serine, cystein, aspartic and am nopepti dases such as
apr ot jficAve PASd atdaRe #eURAAIL o ErfiftARI IBEDD! %tr'nccﬁ@s%&ﬁ%ﬂ-qim% @Iép' i ed
to our single chain factor VIIIl derivative (described in :
7,041,635) culture, but we found that none of them were effective |n

pr ot eB¥QdHEEtiony andc pPeFifigaiion qetiocesses.v Sherespres | 1649 aigeppjante e avathtpiroease( s)
fromCHO cell culture during the culture. U S. Pat. No. 6,300, 100

discl I I : i ntact
el SR R e Rt SR S O
inthe culture medium In addition, U S. Pat. No. 5,112,950 discl oses

sul fated dektfean suscesshst ptforte toh@reversi thisi prptedlysist castsedohy Weleassdand
factor on factor VIIl in serumfree nmedia. However, to our know edge, there
has bggh r t [ ol f I st

has DBAeAR BRI (D KB, 1AL YuBLLPHaR! OB B LALE A0

invention ains to denonstrate the protective effect of dextran 4
universal inhibitor(s) which could apply to all therapeutic proteins produced in

CHO cell line has not yet been found. Satoh M et al. reported the presence of cystein

10 and serine proteases released from CHO cell. Chotteau et al. (Chotteau, 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

15 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

20  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

3



sulfate on the cleavage of Factor VIII or its derivatives from proteases
produced during CHO cell culture. Advantageous Effects 5In one aspect of
this i nvewbi20es/102d28re i s provided a process for the proggetkreoomfoodact or
VIIl or its derivatives in a mammalian host cell line adapted to serumfree
medi a which is supplenented with dextran sulfate. Addition of dextran
sulfate in culture nedia effectively reduced or bl ocked factor

VITI- ﬁie@ay(smta%séél shash@w{ea)frcﬁﬁrs&ﬁhe 6%§@f@&1§/ metAY @aseﬁﬂasfeg was

cell culture nmedia and concurrently 10 crease onobgen |ty of the
produced factor VIII nolecules. |In another aspect of this invention, there
i's prEHYRE AAVers sEprgly tRZekEE affset Ql]rtihﬁyfﬁﬁ’@r AL aetivty. (Herwleweu|evenf r om
dextran sul fate-containing nedi a usi ng nonocl onal anti body-based

pur i fﬁﬁﬁieglpﬂﬂﬁbﬁl% of mtam)ﬁ%%égsb@ Buéieh3 ST A RN Qi)fo\@gﬁéﬁéﬁx&&l}t@g&ﬂa whi Ch

can prot tt our single 15 °chain factor VI11 derivati escri

Pat . 7,041,635 fromcl eavage by protease(s) rel eased during a mam"ral | an
host @éxk el fectart VIh clasdage asridesstibed the Shp Hi o) abf there d
factor VIl derivative. Also this invention relates to a nethod of

Py i f yidihtReqiaGtPhddad Intdithd eﬁo%ﬂ%lﬂrfe‘?fémn%u@qg lifgl tsselcoe{ffetc@%

prot ease I nhibitor. 20The manmal I an host cel be any ani na ceI

can express_ reconbinant factor VIII, and is preferably an ani mal cell vvhere
a destelbsdjudgeshfsony peiiexperiments be easily separated, for exanple, a Chinese
hanster ovary (CHO cell, BHK cell, or COCS cell, and nore preferably a CHO

cell. All the above-mentioned protease inhibitors and commercially available

protease cocktail which contain inhibitors against serine, cystein, aspartic and
aminopeptidases such as aprotinin, bestatin, leupeptin, E-64 and pepstatin A have
10 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
15 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
20  factor VIII molecules.

The present invention aims to demonstrate the protective effect of dextran
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In the previous patent U S. Pat. No. 6,300,100, there was a description
about the protective effects of sulfated pol ysaccharides on a target
protei n ageioeyiog@st ain 5 proteases, in which a target protE00v®B947i Ssue
Factor Pat hway Inhibitor (TFPI). Therefore, we tested whether those

sul f at ed pol ysacchari des could protect our target nol ecule-factor VIII.
This invention showed that only dextran sul fate possesses a very strong

pr ot eGtyi feet c I 4um
ur i g G o T b o8 BO Y SR oSty Po Rtk
bacterjal fernentation or chem cal synthesis. The nol ecul ar wei ghts of

cl ext Idéﬁl%ﬂﬁ@ée]ééﬁlt%ﬁ-y from20 to 5,000 kDa in nolecular weight, and is
preferably 50 to 2,000 kDa. Sul fur content of dextran sulfate can
al so vary depending on its source material, Regardless of the sulfur
content of dextran sulfate, it can be enployed to 15 this invention only if
the dextran sulfate can protect factor VIII from cl eavage by protease(s)

r el eadedvantageeuscBffectsul tivati on process. The sul fur content of dextran
sulfate is preferably in the range of 5 to 20 wt % of sulfated sacchari de,
noee prefer 0 fe oy I i.on
Tovel of 1 ant or Ut andt PLrepiith hore i provRRAtyeeliol bhe BEATERRIC

sul fate_added to a growi ng nedia can be adjusted and not limted to those
showe @f Facter &f1ek petts detizatineminsa mamm%iam{v@u celbdine adapted to s¢mirnfece
preferred enbodi nent of this invention, factor VIIl nolecule is one of the

o o bR YR R O SR S Eb AR 1L s

internal deletion in part of B-domain and N-ternmnal part of A3 and was
desi grebure medie eff&tively redugedosy ok fatog Mlllidensag uativétiésnof t(s) f usi on
site. As the nethod described in exanple 6 in U S. PAT. NO 7,041,635, a

G0 ceLlal Trgbkoly, SUB0SR PneaCIR R 8BRS S GG °

designated as "#39 clone" and all cells nentioned in exanples are referred
t 80 t hizcreM®dckbmogeneity #89he produiel fantenVildmalesoleselratasttes appeoctess for
purifying factor VII1 or derivatives expressed in mammalian host cell line

chr oty Sof BERTErnBP P REBOIER, Hhe Paalt Bt Bt el e W Vo o
contains affinity nol ecules coupled to solid support such as agarose or
sephanuslecul®héraah fdentrey suifaesobeainag hedantsing andwscldhdll antibody-based
purification steps.
This invention relates to an effective inhibitor which can protect our single
15  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.

20 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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15 anti bodi es which can be nonocl onal or polyclonal and can be peptides
with high affinity to factor VII1. Description of Draw ngs

Fi gure 1 wbaowss/tobsconparative effects of different sul patradk2007/000947

pol ysaccharides 20 on protecting the cleavage of intact factor VIII. Figure
2 shows the effects of the nolecular weight and concentration of dextran
sulfate on the fragnentation of a B-domain deleted factor VIII, |2GIBN

Fi gur grads@hAnel t8Ie @hfBeteasity ssphiabE, feledple, andHEheeder RAmSH:T 84 &yon the
fragmentation of |2GIBN. Fidure 4 shows the effect of dextran sulfate on

the fragnentation of 12GIBN 5 in perfusion culture in_accordance with an
enbod(@r%@) g, BRK Eﬁ‘lbﬂi §O% gelbmidgmore preferabfy @Lﬁ%Q‘aCE‘%lhows a Coonmssi e

Brilliant blue R250-statined SDS-PAGE gel of the elution fractions froman
i munoaf fi r!['ntﬁhegé}*é(?f&{s%%éﬁhw . S PAC KRS, ¢HEL 0D EH&r@Qvﬁ@@QécﬁfljﬂHorP&b&he
n. 10 Best Mbde furth

present inventi Thi's invention is er
illustrated with reference to the foll ow ng Exanples, but can be applied to
ot her theapraiectiye pifpgp of grlateshpolysaedhagicles oni m&argas preteit pgaipst gerdeinst ood
by the skilled person in the art. Therefore, the foll ow ng exanples should

18 BT GRBSL M AT eGP il P dBGPRT A, Lo
Therefore, we tested whether those sulfated polysaccharides could protect our target
molecule-factor VIII. This invention showed that only dextran sulfate possesses a
very strong protective effect on factor VIII cleavage when added to culture medium
during cultivation process.

10 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

15  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

20  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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Der mat an sul f at e,

dextran (500 kDa), sodium sulfate, dextran sulfate (500

kDa, 10 kDa, 8 kDa) were purchased from Sigma. Dextrans were derived from

Leuco

nostwo 20wsgep2er oi des, strain B 512. Different nol eeuirar20ei@bdss of
dextran sul fate were produced by limted hydrolysis and fractionation.
Sul fate groups were added by 20 esterification with sulfuric acid under

mld conditions. This dextran sulfate contained approximtely 17 % of

sul fu

al drich/productinforn-iation sheet/ d600lpis.pdf) Plating #39 CHO cel

The a
| 2GdBN,
Car nb
seede

10

15

20

r. (htipohe privewtesl @ABodEHeRCION irkic@fi®n, factor VIII molecule is one

i ne

di
R Y Eaion VI el tgen dmond e DRUE2 ( bPOGHS AU S BaPRRaedacl Fom s

rex). At two passages of subculture after thawing, 4 x 105 cells were

didclosedCin gl 6. HAR KORl|04p)685€ TH¥ FAGDR WITPIdRRA%Ne has internal
deletion in part of B-domain and N-terminal part of A3 and was designed to have a
new N-glycosylation recognition sequence in its fusion site. As the method described
in example 6 in U. S. PAT. NO. 7,041,635, a CHO cell line stably expressing the
I2GdBN was prepared and adapted to commercially available serum-free media.
Hereinafter this clone is designated as “#39 clone” and all cells mentioned in
examples are referred to this CHO cell line (#39).

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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The cul ture medi um contai ni ng expressed factor VIII was subjected to 7.5%
10 SDS- PAGE gel and blotted to PVDF nenbrane. Bl otted nenbrane was probed
wi th an ARodossaiom2speci fi c anti body call ed #26-1 whi ch wasigeer@mbed by t he
inventors of this invention. Secondary nouse |gG coupled with horse-radish
per oxi dase was used to visualize the factor VIllI-anti factor VIII antibody
conplex on the blot. 15 Exanple 1 Conparison of protective effect of

var i oggxibhkaliee RoiheTasahaniatios I B RenEniRIded (Aol ¥TEIBY d#rgh mol ecul ar
wei ght of dextran sul fate (about 500 kDa), heparin, two 20 ki nds of |ow
nmol ecul ar wei ght _heparin nd _4-6 kDa), and der martan sul fate were
pur chased fEHSPgHOWSD the I??fédsa?ﬁ sylatgs ﬁ@ﬁﬁ'@ﬁr PRAv@edram selintg parthe
sterilized. Cells were pI ated as nentioned above. Twenty-four hours after
seedi R oddBa 1B bpavesNT epl aced with a fresh one and five kinds of

sul f at eg pol ysacchari des were added in each well at a final concentration
of 25 ny/L, 50ng/L 100ny or 200ng/L, respectively. After 48 hours

i ncubat i on, Figure fsBows 5@? ﬁéfﬁah@fsdwetr@ svlifateanethesagmeatatio el 2GHEN gh
Western bl ot assay. As shown in figure 1, there was |little protection

eff ecfyy gélfh&"oﬁ%u@u@é’ﬁq QlcoheRard wltmrpé}n%ﬂﬁn&fltf &Cthb Zn%s)én@ Ly &RidMNg TFPI
described in other patents. However, dextran sulfate can provide efficient
protection of cleavage and in a concentrati on- dependent manner. Mre than
92% of Factliguss pshoms acCeunassie B@db@lﬂmbk@nRZQQ-aﬁa@nzduSD%%QE gel (b))

remai ned intact conpared to the 10 factor VIlls in a culture mediumw th no
addi t r ; lture
el Ui P o Frh o i Rodtily B EA) acthldder i
1-(D)). This shows that not all sulfated pol ysaccharides can prot ect aII
the temfedipest ef e pasentievertéecti ve effect of a certain sul fated

pol ysaccharide is very specific to a target protein. 15

10  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.

15 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

20  esterification with sulfuric acid under mild conditions. This dextran sulfate

contained approximately 17 % of sulfur. (http://www.sigmaaldrich.com/sigma-
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Exanple 2 Effect of nolecular weight of Dextran sulfate on cl eavage of
| 2GdBN | f dextran sulfate with a | ower nol ecul ar wei ght can be applied to

prot ect tWe 286/wbeavage, a | ower nol ecul ar wei ght of deytradrseddoadse may be
easily separated fromfactor VIII nore based on its difference in size. So,
to see if |lower nolecular weight of dextran sulfate can protect the

cl eavage of expressed |2GIBN during cell cultivation, 8 kDa, 10 kDa and 500

kDa dgpetr{cy gg&f@tﬁﬁoﬂﬁhﬁgn%\é@c{{d@@ﬁﬁepdwntent of sulfur and ori gi nat ed
fromthe sanme source, were added to the ‘nedium at varying concentrations of

100 ng L, 200 % 400 nmg/L and 1000 ng/L. At 72 hours after 5 addition
of deRiatag 43 €K celtlineur e medi um was harvested and anal yzed by Vestern
blotting assay. As shown in figure 2, although an increasi ng anount of

dextr an” sulfial foid fed PcAOIREAbLAS, WRIBNG 1&&9&%% DAl @ae rrfénk @nédcgﬂge 2)
was added into the cell culture nedium there not ob erve any

efficient protective effect on | 2GIBN c| eavage. 500 kDa dextran
sul f atZsqBlneves coltuzed inoyennas FRovinedia (1O I‘é@éctneldh% Pshasast 419mn of
single chain | 2GBN. Exanple 3 Only sul fated dextran can protect the

f'hfa:’ﬁﬁlﬁbblr%gf%t R phdsaBes BPAIBM Al ik RRANVIY, QUL 168 cdRWEANsRULEghe has

each well of a 6-well plate.

Western blot assay
The culture medium containing expressed factor VIII was subjected to 7.5%
10  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.

156 Example1
Comparison of protective effect of wvarious sulfated polysaccharides on

fragmentation of 12GABN

High molecular weight of dextran sulfate (about 500 kDa), heparin, two
20  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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effect of cleavage, equinolar amounts of dextran (500 kDa), sodium sulfate,
and dextran sulfate (500 kDa) were added in the culture nmediumCells were
seeded aswodeseyiobed i n experinents. At 24 hours after seedikrpoB®YENal
concentrations ranging from250 ng/ L to 1000 ng/L of dextrart sulfate (500
kDa) and dextran (500 kDa) or 20 several concentrations ranging from?71 g/L
to 384 g/L of sodiumsulfate were added to the nedium At 48 hours after

addi t icnis Wee plaeEas ehlieat@dbbie nﬂx@@}&&fe\a@ hbu%ﬁt@@eﬂ?ﬁ% tRY iRt er n bl ot
assay. As shown in figure 3, only 500 k dextran sulfate (lane 5 to | ane

7) showed protectjyve effect on _cl| eavage of |2GJEN as depicted in fjgure 3.
Nei t heYasieplacsd ihy freshhenoand %lrva rlfém%e) ofptaterd pohisaashagides(weeeadsleds | ane

10) was shown to inhibit the protease activities of rel eased protease(s) 5

dur i ngn GEh GUEIL iaY At 941 cHRARBAbALIOTS ﬁl%t/tL?rS'O /ISWM%/HEQJ SO0MEFh, e ther

dextran or sodiumsulfate only was simlar to that of the culture”nmedi um

with no additjves (control, lane 1). Exanple 4 10 Application of dextran
sul f at’8SReS T akyp eMdib A4S g wisr Bcpbatipancaliiiea sepgmatrpayertasolignted eanct o a
perfusion culture system One

5 analyzed through Western blot assay. As shown in figure 1, there was little
protection effect of three kinds of heparin which were effectively protecting TFPI
described in other patents. However, dextran sulfate can provide efficient protection
of cleavage and in a concentration-dependent manner. More than 92% of Factor VIII
in the culture supernatant (lane 2 in figure 1-(D)) remained intact compared to the

10 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.

15
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
20 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

10



vial of cell was thawed and expanded in 175 flask and further expanded in
1125 flask. Cells in 1125 flask were transferred into 250 mi, 1 L and 3 L
spi nner fwelkes/ibw2seri ally and mai ntai ned as suspensi onpCEIKR2E/D004A
magnetic stirrer plate at 37Cin 5% of CO2/ air mxture with a rotation
speed of 100 rpm Exponentially growng cells in 3 L spinner flask were
collected and inoculated into 7.5 L bioreactor with a working volunme of 5
L. Dexkr@dkisdd fsalfrd 200 phobcMafe a9eBMhaal of NS RAREENTIAHBRN RfrjrgOQe0/ L 10
the serumfree nediumin the bioreacto”. Fromthe fourth day after 20
I nocul ation, the culture nmediumwas_ coll ected everé second day for 20 days.
I

Cel | ¢iHiationy8 ki, haikheaanrb80dkbaslexpranogdiate, vghichi havedhp sptngsiostentand

factor VI11 fragnent was detected | ess than 5% judged by densitonetric
anal ysi : | ' WolsP :
S A R R S A R S SR R M

18 were included in figure 4. 5 Exan('S)I e 5
concentrations of 100 mg/L, 200 mg/L, 400 mg/L and 1000 mg/L. At 72 hours after

and day

5 addition of dextran sulfate, culture medium was harvested and analyzed by Western
blotting assay. As shown in figure 2, although an increasing amount of dextran
sulfate with low molecular weight (lane 1 to lane 8 in figure 2) was added into the
cell culture medium, there was not observed any efficient protective effect on
I2GdBN cleavage. Only 500 kDa dextran sulfate (lane 9 to lane 12) was shown to

10  protect the fragmentation of single chain I2GdBN.

Example 3

Only sulfated dextran can protect the cleavage.

15 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

20  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

11



Purification of 12GIBN front culture nedia by imuno affinity

chromat ography Due to the highly negative characteristic of dextran

sul f at e, wonbes/®x@Bange chromat ogr aphy cannot be appl i e¢ctrkroeidoyossecr et ed
factor VIl in culture nmedia 1C) supplenented with dextran sul fate.
Therefore, culture nedia produced in exanple 4 were concentrated by the
tangential flowultrafiltration and subjected to an irnrnunoaffinity colum

pr e- equdl] lapHakedyyed fbfwéétieﬁ{ qtﬂd')toasslazf 28 ShfinM @llgulE i33-orli! 5d0PKDA 01,
400 MM NaCl, 5 nK/ICaC 2, 3 mM EDTA). hnnunoaffinity col um S prepared by

coupl i ng nmonocl onal anti-factor VIII that ,rec?gni zes. A2 region of 15 factor
Vi1 Kexpnendpie (are exglanev) shawed papiestive eFasem slearage of I3GdBNmsund
i mrnunoaffinity colum was washed with 2.5 bed volune of equilibration

buf f ergeafided iéﬁggfie ¥ ONW{BeP HeX@ah 'bagy ggﬁé 01th 20nd Rbr Jodigmtdirlilahll . 400
mM NaCl; 5 rnM Cad 2, 3 nM EDTA, 10% et hyl ene gl ycol). Elution was

performed in a stepw se o
8 to lane 10) was shown to inhibit the protease activities of released protease(s)

5 during CHO cultivation. Fragmentation pattern of culture medium with either
dextran or sodium sulfate only was similar to that of the culture medium with no

additives (control, lane 1).

Example 4

10  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

15  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
20  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

12



gradient elution with elution buffers containing ethylene glycol at the
concentration 20 ranging from40-60% Nine of 12 elution fractions (elution
fracti on wortb@rioie280 9 corresponded to El to E9 in figurerT®Kr20&m@osanpl ed
and subjected to 7.5% of SDS- PAGE and stained with Coonassie brilliant
blue R 250 dye. Only one-step purification of the culture nedium gave nore

than 95% of highly pure single-chain factor VIIl as illustrated in figure
5. Ofpigmehabs deteetal Ted then 5% Rdpetingd dbasitdhedic hndlyEie GIrdcRaahdFact or
VIT1 frommanmmal i an host cells transforrned with the expfessi on DNA vector

cont ai, ni cDNA coding for FVII] or FVIII_derivatiyes in_a culture nmedium
and pp W%%tﬁﬂl Pt &m Bl ferENERIIGNa BT RsesSy JPferaplegy f%@stmih%@iswfnﬁdéw es
linked to the solid support, conprising (a) culturing mamal i an host cells

in a GhdidaIIEmEd oM dhs hy B2 SMPBhETEREGd immaeaeﬁtffgﬁl@e gul fate; (b)
concentrating cul ture “medi um containing factor VIII1 through

ultrafiltration; and

5 Example5

Purification of I2GdBN from culture media by immunoaffinity chromatography

Due to the highly negative characteristic of dextran sulfate, ionic exchange
chromatography cannot be applied to purify secreted factor VIII in culture media

10  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

15 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

20  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



(c) purifying factor VIII fromthe concentrated cul ture nmedi um by

i munol ogi cal nethod. 2. The nethod according to claim1l, wherein an average
nmol ecul arwoeb@hnto2et sai d dextran sulfate is 20 to 5, 000 pkBacr2807ldeeoset hod
according to claim1l1, wherein the anmount of dextran sulfate in the culture
mediumis 10 ng/L to 2 g/L. 4. The nmethod according to claim1, wherein the
culture nediumis free of an animal protein. 5. The nethod according to

cl ai mPAGRhgi@I ftaltel RRFRBCBMARSE! bEBidt Blee &R dsPdyOonendf &AsteBHK, and
COS cells. 6.The method according to claim1, wherein the i mmunol ogi cal
method is an i nopreci pitation or an i naff|n|t chromato raph 7. The
met ho@u&idisatien wy the cultdresd IW@W%% §$ré>t Qlghighhy PEBHBNE: gpal%

factor VIII as illustrated in figure 5.

14



(a)a columm packed with anti-factor VIII specific antibody coupl ed
solid support including agarose and sepharose, and (b)an elution
buf fer containing buffering agents, salts, calciumchloride,

detergent and ethyl ene glycol for Factor VIII nol ecul es bound to the
ant i body5msp! ed solid support. 8. The nethod according to any one of
the preceding clains, for reducing or blocking Factor VIII-cleaving

activities of protease(s) originating from CHO cell culture nedia.
9. A net paci ACHQRRGNg to any one of clains 1 to 7, for increasing
honogeneity of the produced Factor VIII nolecul es. 10. The use of
dextran sul fate for reducing or blocking Factor VIII-cleaving

activitihes ofy GRIthGY '?orprp‘P(%]cﬁ.@ﬁﬁ( ?3(;09{5!%&[] u‘;;\ﬁ l__fg?p rﬁgbhﬁﬂ’a’ﬁtﬁgs? cells

medi a and for I ncreasin onogenei ty act or
mol ecul &8nsfewngst wéth ﬁbeaﬁmssm ablaoVQnthcqrtbalalng eIA aodinigafiond VAl top FA/I

11. The Héﬁva‘ﬁ(lesd?r?(% f&ﬂu%umeﬁhﬁn 08 RERIRF S AU Meldr Al Pecific affinity

derivative thereo
molecules linked to the solid support, comprising

(a) culturing mammalian host cells in a culture medium, which is supplemented
with dextran sulfate;

(b) concentrating culture medium containing factor VIII through ultrafiltration; and

(c) purifying factor VIl from the concéhtrated culture medium by immunological
method.

2. The method according to claim 1, wherein an average molecular weight of said
dextran sulfate is 20 to 5,000 kDa.

3. The method according to claim 1, wherein the amount of dextran sulfate in the
culture medium is 10 mg/L to 2 g/L.

4. The method according to claim 1, wherein the culture medium is free of an animal
protein.
5. The method according to claim 1, wherein the mammalian host cells are at least

one of CHO, BHK, and COS cells.

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

immunoprecipitation or an immunoaffinity chromatography.

7. The method according to claim 6, wherein the chromatography comprises,

(a) a column packed with anti-factor VIl specific antibody coupled solid support

including agarose and sepharose, and

15



cl eavage by protease(s) released during mammal i an host eell
cultivation and for increasing the honogeneity of the produced Factor

VII1 or derivative thereof. 12. The use of claim1l1l, wherein the
- Factor VIII derivative is dBN( 64-53). 13. A method for producing
reconbi nant Factor VII| rising, the steps of: (a)

cul turing nafial i an Alyten c es cordainingr butennat lagehis, esalis.cselcium Ditdoride,
vector containing Qt@h& I

cul ture nmedi um WHI C |ng8§%[e) eﬂéﬁf\%l tor FlélCtgr #Irrgﬂgésdd%{fﬁé%%%lt% &htibody
(b) concentrati ngcwm-ectmlﬁmuepmdl umthrough ultrafiltration; and

(c) purifying factor VIII fromthe concentrated cul ture nedi um
wherein the step of purifying conprises using factor VIII specific

af fi ni t $. nol ébalngihod accpindingrin Aoyl oag obthdi prgceding: Elairms, 1@, redheing bnblanking

aver age Fg?l{%)Pngl @}53“@ 9(%/ '(Igg Fg?é{era%g(ﬁ V\/Liﬁétﬁﬁ f n?%l—ltd)ce?ﬂ c%ﬂﬁreﬁﬁ%?i?.an

15. The od acco e anount
sulfate in the culture rredl umis 10 ng/L to 2 g/L.
0. A method according to any one of claims 1 to 7, for increasing homogeneity of the

produced Factor VIl molecules.

10.  The use of dextran sulfate for reducing or blocking Factor Vlll-cleaving activities of
certain protease(s) originated from CHO cell culture media and for increasing homogeneity
of produced Factor VIl molecules, comprising a method according to any one of claims 1 to
7.

11.  The use of dextran sulfate for protecting Factor VIIl or a derivative thereof from
cleavage by protease(s) released during mammalian host cell cultivation and for increasing

the homogeneity of the produced Factor VIII or derivative thereof.

12.  The use of claim 11, wherein the Factor VIIl derivative is dBN(64-53).

13. A method for producing recombinant Factor VIll, comprising, the steps of:

(a) culturing mammalian host cells transformed with the expression DNA vector
containing ¢cDNA coding for FVIII or FVIII derivatives in a culture medium, which is
supplemented with dextran sulfate;

(b) concentrating the culture medium through ultrafiltration; and

(c) purifying factor VIII from the concentrated culture medium,

wherein the step of purifying comprises using factor VIll specific affinity molecules.

14. The method according to claim 13, wherein an average molecular weight of dextran
sulfate is 20 to 5,000 kDa.

15. The method according to claim 13, wherein the amount of dextran sulfate in the
culture medium is 10 mg/L to 2 g/L.

16



16. The method according to claim 13, wherein the culture nmediumis
free of an animal protein. 17. The nethod according to claim13,
wherein the mammal i an host cells are at |east one of CHO BHK, and

CCS cel |l s.
16.  The method according to claim 13, wherein the culture medium is free of an animal

protein.

17. The method according to claim 13, wherein the mammalian host cells are at least

one of CHO, BHK, and COS cells.
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