: TUe3eA><.j.6dT+2 -1 essi on System for Factor ‘I 21 MAY 20031 MAY 2003
PCTN899 ‘f‘ﬁ%‘o el at ed | i cations: The applicatio éﬁgb@:&; ed

VBB- 724 s Ser. No. 091209, 920), "Human Hybrid Host

Manmal | an Gene Expressi on," and the application to Cho and Chan designated

VBB- 7254 . 091209, 915), "Vectors Having Term nal Repeat
Sequence “ rr Virus," contain related subject matter. Both
appl i cati f| led on December 10, 1998. BACKGROUND OF THE | NVENTI ON

| : The pr i nven i Y production nethod 1s ~
for factor Vi1 and its Eg?ﬁfgﬁf?}@tﬁrﬁﬁﬂ&aﬁg@o}@ ates generally to vect-or
construction, transfection, and selection of cell lines with enhanced
productivity under protein-free conditions. In particular, this invention
r eIt at efMMggéf‘mer Tpeeqpnhc-gioan Eheidesgg'naltleﬂd\ﬂslgﬂflm I(\Lljloils?cpagul ant
activi on. an_industri scal e ac und: man factqr is a
tface pg‘éfsrﬂapg(P gg?vn”HHWﬁﬂ/EW%&@ ﬁogbt%ﬁﬂt tor Mammalian.6e08at i on of
fact or e e y nesults in
the x 1 FrsasBfice %ﬁﬂ I8 R nEianclh, G v SRR et iahRfesish zess
successfuibl Ber NO. W/zt)aegh spct\psctdrs |HavTﬁ§VeﬁWu%l%‘éat§edd&fc@Wf of

henmophilia A has evolved fromthe use of asma-derived factor VII|I to the
use of EpsteirbBaurVirdsiéteontain relemasubmcbyn@ttem Bothrappdicptions vweret he

factor VIl cells. (Wod et al., 1984, Nature 312 330)
21 May Blegon BNA?@%Q'EHIB &3 * PCT/ US99/ 29169 Fact or a

qpoani zati on of Al-A2-B-A3-Cl-C2 and is synthesi ze ﬁnﬂmﬂwl mt chal n

pol ypeptide of 2351 ami no acids, fromwhich a i gnal
peptide is cleaved upon translocation into the Iurren of16g166t he endopl asm ¢
reticulum Due to the fact that factor VIl is heavily glycosyl ated,

hi gh-1 evel expression ( BAGKERINDIOFTHEAMVENTON has been difficult to
achieve (Lind et al., 1995 "Eur J Bi ochem 232: 19- 27, Kaufrman et al., 1989,
Mol Cell Biol. 9: 1233-1242). Expression of factor VIII in manmalian cells

is typicallyFigi} Theqireseht Mamtioiifela@ieio AN provéd phediiyesh Mdthodt her
genes using simlar vectors and approaches. The to productivity of

psoduct fasrfactor VIIi ard itsoderivatives. VIThe maﬁmrbeetates gereerratalvnqe wfgctor 5 -1
p, Uc/d (0. [cld). |t rate at the B-domai n of
Pact or _epéTatel JeBEsAbny Ahd FReEHER o FETEia I, RRANSY  ncat ed
vari ant Rty I SHi c al i an
cells hgs&{)een rep'?)c}rétr %tb%@{%&éﬁfﬂéﬁ?glpgﬂa@fc i gﬁg M’th'bn r@i%'i’éﬁ_ur J
Bi ochemt@azrot8s¥or preipanimged prbtein MRA, faBtorcV Bl brdouagﬁi’am attivityoobl- 63; US
Patent 5,661,008 to Al nstedt, 1997) . However, the expression |level of the
factor @nindysiriahpealer enai ned bel ow 1 pg/ c/d froma stable cell clone. 24

MVARY OF THE | NVENTI ON W have now di scovered (i) a method which derives
céll lines with 1 extrenmely high productivity of proteins having factor
VI'11 procoagBhakdrodmdacHuwdry factod \(Illii satrabepr@sra qjipeopiotein ipvofleet i on
" process for proteins having factor VIII_ procoagul ant acti V|et&‘y A process

n

for t heaprloeRi@ciaminoihepaetivatian ﬁé\fﬁﬁ@"f)émfamm D .odohgfitesht activity at

thec 1 BhblsRGy et FaBtars VN estufiil the e BBauft Blaaren hefophil A1) 1) o)
ver e deripieR calsie treated SutEESs P Avith BLiIfic PactbPNAII NaPhe replacement

25 therapy of hemophilia A has evolved from the use of plasma-derived factor

VIil to the use of recombinant factor VIl obtained by cloning and expressing
the factor Vill cDNA in mammalian celis. (Wood et al., 1984, Nature 312:
330).
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2 - / one th this high level of pr ctivity o]
produce%aogﬁ"%l lion units per day in a 15-liter perfusi olﬁf‘l?ug;bbngg!tﬁgr One
unit of factor VII! activity is by defjnition the activity present in one
milliliter of plasma. One pg of factor V111 is general ly 5 equivalent to
about 5 pU of . FVII] activity. As used herein, rotein having factor Vill
pr ocoagul ant Fa@mrvahag adpMAiRORgaRMZAR0R Afsh - KE'E,B -A&Plab2dndbis Factor X

|nan|nv 0 limti hj s

der 1 ni ¢ Putieeial Y Eints ERGR »PlBSREba M, 238 namirie. PES M Shichi s -

domai n dqe).ginfkeo lafd Sign¥él bé;mﬁess dl@a\ﬁ&ﬂUSBﬁQréﬁsleeﬁﬁbhbﬁﬂ)tHb fursibh ®f1. A

high I evel of expression of a protein having factor VII1 procoagul ant

act i vi t theenuopdasrhicaeticaihaat Rup.tdl thedfacothabragioeVélt ibhgawily | east about
U c/d, or nost preferably at | east élbout 5 SU/C d, of factor VIIlI

ac i Vi tQY¢°§M‘@M¢ ivghyleverdpsessien (7 Gpala/d é’frféﬂ'FQInY"bPa% €eBast about

gr gf g/r g/ |c§l}t gﬁ‘*’?ﬁg‘t‘rﬁ{%?g‘ %/J/“ggafJ e%ﬁt'# %@?&oﬁergr I# actY Vi t’y gr own i n

medi um YRy, enegy EMGN'Gé]I Blors9n 10@3-1242pr ExpirBssiVhAest fdteoP VOl @ N expressed
is BDD-FVIII, cell |ines havi ng specific productivities up to about 15

~U c/ d, mammqiraaf eel&bisytylmcalty abdord@s elUnagdituae losverbtranntwtby t he net hod
descrl bed her ei n. used herein, t%rdescrl be the Ol‘lgl n of cell lines,

“der | ve@DSPOYR Méth GEARIGENES USING BENITRCTARR DU ARRIPRERE ofNGor
t
TH.21 ' C iBblictiity He oACaBh VPRt Ritcfactey Viif RaSYddrPRPthe farad BF! 005, ©F

er genetic en echni ques use ter cells or produce cells
wi t h new, prapguye/as(0.1 -20.2v8y/¢7@P3 WO 001 34505 ~ ~ PCTNS991 29169 , -4 BRI EF
DESCRI PTI ON OFTHE FI GURES Figure 1. Am no Acid Sequence of BDD FV1i~1 ( SEQO
ID N0: 1 ). s IFihgerkeen demgnshasedthating Baﬂ’omémaﬁ’? faqtor)VHRleiguence i sol at ed

o AR e iR A e P B
product i ?gip?bééd%f £366Rof Fag VIlPerﬁffanr‘r'l%hHﬁCBém‘s HaY BBeA3bBoRaUy are

presented from a vvo month stability test of each
15 various groups (Lind et al., 1995 Eur J Biochem 232: 19-27; Tajima et al.,
1990, Proc 6™ Int Symp H.T. p.51-63; US Patent 5,661,008 to Almstedt,

1997). However, the expression level of the factor VIl variants remained

below 1 pg/c/d from a stable cell clone.

20
SUMMARY OF THE INVENTION (
We have now discovered (i} a method which derives cell lines with
extremely high productivity of proteins having factor VIl procoagulant
25 activity, and (ii) a plasma protein-free production process for proteins having

factor Vil procoagulant activity.

A process for the production of proteins having factor Vill
procoagulant activity at the industrial scale. Using a newly created cell host,
cell clones with specific productivities in the range of 2-4 pg/cell/day {10 -

30 20 pU/c/d) were derived. Under serum-free conditions, one clone has



~s~ clone. Fi gure 5. Vodnetric productivity of cl\)‘e 20B8. 20 SPIgdl IMYCZUM
EMBODI NE Assa The activity of factor de bt ai ned
Qe PR B

from re¥8 ene _ expression in nethotrexate (MIX)-resis cel |
popul gtions was measured by 25 a chr gm)genl c assay. Activity was
guantitated using Coatest factor VIII:C 4 kit (Cronmpgenix, Ml ndal, Sweden)
according to manufacturer's instructions. A U S. standard anti - hem)phl lic

f act or spstainedt awdaily) prasugtivity aE2A- ¢ paicrd c Clonesvdith ghisshigbslevekof and

Revi ew, B t hesda used a t andard of asur f inthis
nosny. PeSRUEAPOA APILES piSicS] Aol RS per dBYED & TEBlerimy' 2003 wo
00l 345 ,‘LW 90 f rghef O B- domain
del et e%ﬁ@ﬁﬁ e se%ﬁenc’ge gﬁﬂfﬁg@gggg?ﬁcg&gﬁgt e?ﬁ%‘?ﬁl@ Iﬁﬁl is shown in
Fi gur e agtivitytpreden2ih dne tidlilitér sDplasth&0-0rie phadfrfacrer Vil isigedetaftya | i nker

consisting of 14 amno_acids. See Chan, S.-Y., "Production of Recombi nant
Fact or eqguivalent tchabeutBdrd of STVIili sddte- | | ke Subst ances of M xed

Co S.  Pa | No 634, 001 filed | 16,
1996 The ex% H8S4 BRTYBe eoP kBN BOUSRYPFOnAL Risiroagulans astiibbie e
" ecobigiefiin WHch LA S odPyR e FuEnoK i 4R IS POVl

pCI S2 I's s own in Fi gure e vector 1ncludes a transcri pt| onal

uni t f @ystdsh- FAS hbnalhdltmgsekmbﬁéﬁ ehisadéfnition inghlidesdiutitlengtiduct ase (dhfr).
In addition a term nal &at sequence from Epstein-Barr virus, which shows

enhancégcgmg‘aﬁl@ﬂf‘ﬁ@rfaﬁ ri Yt ang ghe & dpmgair qelﬁ@?’tféﬂtqfnyw whosgect or to
creas f ncy. The vector is essentially a construct
- %ﬁb‘?ﬁfég%ggh?ﬁ%g&fi%%‘g%%) whi ch has been engineered to include a
' t r anscr i pti wm%www P 'H@TRONGh I d prdtlam PAGIHRYER SN dracéég?lﬂéﬁt 1.
Further information about the term nal repeat sequence can be found in the

rel at ectqmmnynmapplatdaastoaboutnzmuLHofda,t@dnimemrefdnybl:yedmieastabotm 4Cho and
Chan de5|/gnat ed MSB-7254) "Term nal eat seguence of Epstein- Barr Vi rus
& g

enhancédd °”s'é*1°e§étﬂ’6??"?9'(y at least PEG“ R KHE/da Rt Tachpr Mk 3@ty Hent
3
SRP11 ol rhBsh auAGhE HofAN B MM o 3R 1B ARER BhRAE el !

fxs’ﬂctor nYbtd pRfe glaltaé'astaémw 8 Y:U/ER, ﬁxﬁi&lt%refé%'lblﬂ}gats%%%%t qedi ng for
known variants of factor Vill which retain procoagul ant activity can be

subst i tulifedd f of fadter BUID-dEvivitly i€ giowe isemedivra. supptementest evith pfastid r, ot her
sel ectabl e markers can be used, such as gl utam ne S£nt het ase (gs) or

mul t i erﬁ;)'l‘feé’sP’éltaﬁeeV\ﬂé@%tl?wmtem erBressscie BRPDLF Y, el ltswsargaeﬁng must be

nmade ac for.dh ed
Chect | ptend BraqudiRities SR a0t 18 kgl plare afbisibly ub By
et hi Oﬂllﬂ}blé%éﬁb'e%ﬁlﬁ)nﬁ‘\ﬁl\gt% RBthdd'8e8éAh&d hafeiae! ection agent ' S
col chi ci ne 001 34505 PCT1US99/ 29169 -6 WORKI NG EXAMPLES 5
20 As used herem to describe the origin of cell lines, "derived from" is

intended to include, but not be limited to, normal mitotic cell division and

processes such as transfections, cell fusions, or other genetic engineering

techniques used to alter cells or produce cells with new properties.



rivi nof Il I'nx rgs inBDD-FV II: Transfeinggmlec i n and Geriel ¥ip2003
l.i fica~i m grans of pCl S25DTR DNA wa ransferr j§sB11 10
is 20 256%21[@6 (%posit no. CRL 12568 - a hybrid of 293S cellletdr §Bgﬁ'l%u
Burkitt's 1ynphoma cells, see U.S. Patept application to Cho et al. flled
on the same day as the current application and designated NMSB-7241,

i ncorporated herein by reference) cells by electroporation set at 300 volts
and 300 mcro farads (BTX El ectro cell Manipul ator 600) using a 2mm cuvette
(BTX part #620). In conp allel work with the
HKB11 cells, CHO (Chi nesg @R@ﬂ@?ﬁ'@%gﬁé@%n enbryoni ¢ ki dneyj
cells were transfected usi ng a cationic lipid reagent DMRIE-C (Life

Technol ogi es, Gaithersburg, MD) according to a protocol provided by the

Li fe Tectfiguregl.es. Awmind AicihSequeotetafaBBDeEVEY (SHQ $DWO: Hone wi th
i ncreasi ng nmethotrexate (MIX) concentrations (100nM 200nM 400nM and

800hM at 1 x 10s cells per 96 well plate in a MIX-sel ecti on nmedi umtacking”

by it nd BTSE2 50, YA HER o'cMENVAS, BBl o1l PR S ORtel ROpAT” oy

MIX resi HyafdintBarr ViR §SEQOIENG @), gr owt h, and secretion of the BDD FVI I
was screened using a Coatest factor VII1 kit about 2 - 3 weeks

post-transfection. The cuItivation " of cells were done at 37C in a

hum di fi 5% incubat or . i rox Di lution doning Single cell

cl ones (%*)"ev\g'rog dﬂ??’\‘/‘ qlﬁhébﬁ *ution cloning tLDC) 30 of high
prgfuci ng popul ations in 96 vveI | plates under serumfree conditions. Cells
were seeded at 1 - 10 cells per well in DVE/F12 nedia supplenmented with .
Humul i n rRigombdtantDendsatiomof icidrie 20B8di anapolis, IN) at 10 p.glm, 10X
essential amno acids (Life Technol ogy, Gaithersburg, MD), and Pl asnanate
WO 001 34505 21 hl AY 2003 PCT/ US99/ 29169 human pl asnma protein fraction

B : . N
Cont ai ns TIEMiE R0 buomPeBRR S oA BaPRA Hdheg T Yauodf dla e, o
screened Fiiroe Bt Fp\a.hts BfeDgiehted ¥roffid Eb IR sRabilityEeRIofbddn ki . The
hi ghest producing clones were selected for 5 stability evaluation in shake
fl asks. Faonék3 cells, the first round LDC was performed using selection

nmedi um suppl enented with 5% di al yzed FBS. The second round LDC was done in
serumfree taut Pfasmanate HPP fracti oncont ai ni ng medi um using the first

SCC adaptgdutdisser Whiunsst d%& h Pl asmanate HPP fraction.
to Derlvatgu HKB cfoneng‘(a}g' ‘é’tﬁ}&narlzeg fgure 4(a), the initial
popul ation 1 ClO was derived fromthe HKB cell s transfected with pCl S25DTR

after anplification wwth 400 nM MIX in the selection mediumw th 5% FBS.
One of the first single cell 1s clones (SCCs) 10A8, derived from1l C10 b~~

a using a selection nediu % FBS was adapted in
sebggtfree medi um suppl enment e§ E%E‘@I as %{;IIWeEtNZF’%’ fraction. Unexpect edl y,
10A8 showed extremely increased levels of rFVII| production at this stage!

(Figure 4b:. Therefore, we did a second LDC using the nedi um suppl enent ed
with 20 m HPP fraction. The productivity of SCCs (e.g. 20B8)

CPoet  on adant THE BeRN Y SEitactanadl Yatyaber nlainedf F‘é@%ﬁmﬁ"}%p%m qi nal
10A8 deri HgﬁfeﬁsEi‘éW |h*}?\efth6t?%xéigc(l\h‘?)@‘?§§i§¥é?ﬂrﬁéﬂ EE Ity IsWlas ThBashired BYB3

was adapted to growh In asma proteln-free um Sanples of 20B8
wers 25 dembsomegeaic absa\Armrotmity queqtﬁriﬂtuat@d Using Goatest®factsas, VA)

(ATCC VII:C/4 kit (Cromogenix, Molndal, Sweden) according to manufacturer’s
instructions. A U.S. standard anti-hemophilic factor (factor V!ll} known as
MEGA 1 (Office of Biologics Research and Review, Bethesda, MD) was used
as the standard of measurement in this assay. See Barrowcliffe, 1993,

30 Thromb Haem 70: 876.

s,



.. pd ycar aovine @cidsk See|Chans

deposit no. CRL-12582). shown in Table 1, HKB clgnes exhibit sugdrMpgrii]
p.roductivitx for BDD F . A10 - 20 fold incre‘ i n productivity was
obser vedVOROBAREB cel | s 30 when conpared to clones derived PEFEIFFVEUPST ect ed
CHO and 293S cel | s. WD 00/ 34S05 -g %l MAY 2003 PCT/ U899/ 29169 HKB cetl s,
whi ch do not form | arge aggregates of “cells when grown in suspension
culture, are preferred cells for the expression of proteins having factor
VIl procoagul ant activity. s Table 1. Expression of FVIII and BDD FV111 in
human and rodent cell lines Specifi¢c Productjivity (~Ucld)' ~ FVIII

Der i vat LedstigQronpfexnression veglory B+daomaii ,'?- 1520 Vlo 5 1.0 BDD-FVII | _

ND 2.5 1.0 29" Ave W 5 hi oh o aduci ¥ medi a)
ND = Not” dond NS4 BERE Betne Bl Selkiid P RYAY & BBt T Edifenes ¢ ha
have beqn FH3MBERDIshdIBOKD Thafis Wdrk amkadsthe aslirier WorisistRfg vereg furt her
weaned of plasma protein sugpl enments. The weaning was done 1n sterile

-Yor HiPraguatiomoh BecombinantaFaetior \d8risithg of

bout 0.5 10 | | s/ ' I, tei.n fr, 5 di Th
e Bresence of Geoseeriike SopRtaneeEMte cemoss Boper ChinFBiet th |

I [ ; Y b 5 Q: F / |

ﬁeglr m Z‘fﬁgﬁggnﬁ?%@ﬁ%ﬂyqﬂ@%ﬂﬁg@nﬁ@?ﬁéEﬂﬁﬁé‘ﬁfﬁéﬂ@‘s v\%?ﬁg 1“r?%?seeded
at 0.5 BDIFWEIMaE made2@sih, standaid-tecombinant [DNA 2@BBniHuespr THact i vity of

clone 20B8 was evaluated in a 15-liter perfusion fernenter. The_fernenter
was see@trdlcmemfcthmexmssl%\evmtoat(pal%éﬂaml imshawsuin Bigure @ déel s/ nl .

f . d .at. £ .0f d i.th th
oW um 1 VBB ripTieR o hBF ffiafat QN8 5Bt B VIR BRGrE sBRAeS B altpn: A
- final celdydiersiate/refuctade {dhfrreln $0aitioRa ekl R8HeasONERE frofif
eval uation period t45 days). As shown in Figure 5, during the first 4 weeks

of fer mEpstainddarr virosewhidEs shasvpenhaseet drud setextioer tatfo, d€igured)ct i on

medi um su enented with Pl asnanatem HPP fracti on an S
wgsp !nserted into the vector to ﬁ\crease the Entegrat?on e?fic‘:’%’gncy. The

At E 'nLalal 2ha

vector is essentially a construct of a vector (deposited ATCC 98879) which
15 has been engineered to include a transcriptional unit corresponding to the

sequence shown in figure 1. Further information about the terminal repeat

sequence can be found in the related patent application, incorporated herein

by reference, to Cho and Chan designated MSB-7254, “Terminal repeat

sequence of Epstein-Barr virus enhances drug selection ratio,” filed on the
20 same day as the current application.

Similar vectors can be constructed and used by those having skill in
the art to obtain cells expressing proteins having factor VIil procoagulant
activity. For example, coding sequences coding for knoWn variants of factor
Vill which retain procoagulant activity can be substituted for the BDD-FVIII

25 coding sequence. Also, instead of dhfr, other selectable markers can be
used, such as glutamine synthetase (gs) or multidrug-resistance gene (mdr).
The choice of a selection agent must be made accordingly, as is known in
the art, i.e. for dhfr, the preferred slection agent is methotrexate, for gs the
preferred selection agent is methionine sulfoximine, and for mdr the preferred

30 selection agent is colchicine.
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product i om 28 to the end of the fer tation I'l's
“were peﬂ%‘s’%’?ﬁ‘ \E\%t h the same serunfree production medi um bu??vvl %Sﬂfbl&

Pl asmanate~ HPP fraction. As shown ingFigure 5 the cells continued to
-prodube high levels of FVIIl in a plasma derived protein-free environnent.
"Pl asma derived protein-free" neans that essentially no proteins isolated
from pl asma have been added to the nmedium DI SCUSSI ON The derivation of HKB
celI's provides a protein-freespiQg | 15 to produce not only
BDD- FVI 11 but other therapeutic proteins as well. Proteins produced from
HKB cel I s have human gl ycosyl ation patterns which nmay inprove the half-life
of certain glycoprotelns |n VIVO These ceIIs should al so be useful for the
prOdUCt"emVuf h ili Bg0B Yilh fegtions ds elegtionhave been

desi gned I gene !tﬂeraﬁi/ purposes The above exarrpl esarl ntended to
iflustr and it is 20thought variations wll occur to -
those skill ope of the
nvent on shit[ RToRrbme SEACISIIDTR ONA fudsfrafefefred o IBEECR" 7,
CLAI M5 (AT CC algposit- ndy CRLhD2568 -pa hdm:ndn@f 288Si sallsaand uengir Buskitt’dravi ng

factor VII1 activity corIErl sing growing cells designated by the American
Type Cdyvmphonmeicelis: see Lh§. Gatenvapplicaiemte §ha.atah fied amine saeng f or

conal 3% S8 JRFi<Bftse 8P EagioR Enc B Blrae M5REY P4b thobBietd SRbein
Tpe nettkso@le&freﬁé% GaIlk BPYEFopdrationOiel it 800 Jdis 8 [BOGAierRitHESCE

desi gnated as SE 3. The method of claim1l wherein the proteiniis
expr essiBT )alElaa:tfcecell Manmulateaﬁom ying/al 2mime rcuvedtec BTX pare #6200\ Inn a

pl asma derived, protein-free nedium 4. The pethod of claim rein the
pr ot ei COREPALAIIVEsXReIMents dope t@fp%f'ta"F’bé.‘éqszl’V“U/tBPd"Kb1 11‘?éls\r,r\12§11§d of

cl aim 4 pU c/ d.
6. A huiSiRegs RaiiieP bRREN b 2858 MREnFmBry N kilevcdiiabee P C
Cul t ur errgasieetéd 0Biras a Gdtiohid 6ifid e sdermXPVRIE-G (Dif® TRcANbRIgiey factor VI
15 Gaithersburg, MD) according to a protocol provided by the Life Technologies.

Amplification of transfected cells was done with increasing methotrexate
{(MTX) concentrations (100nM, 200nM, 400nM, and 800nM) at 1 x 10° cells
per 96 well plate in a MTX-selection medium lacking hypoxanthine and
thymidine (DME/F12 media without hypoxanthine and thymidine plus 5%
20 dialyzed fetal bovine serum from Hyclone, Logan, UT). MTX resistant cells
were scored for growth, and secretion of the BDD-FVIil was screened using a L
Coatest® factor VIl kit about 2 - 3 weeks post-transfection. The cultivation

of cells were done at 37°C in a humidified 5% CO, incubator.

25 imiting Dilution C!
Single cell clones (SCC) were derived by limiting dilution cloning (LDC)
of high producing populations in 96 well plates under serum-free conditions.
Cells were seeded at 1 - 10 cells per well in DME/F12 media suppiemented
with Humulin® recombinant insulin (Lilly, Indianapolis, IN) at 10 pg/ml, 10X

30 essential amino acids (Life Technology, Gaithersburg, MD), and Plasmanate®
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activity. 7. The humanggel | line of claim6 which ggpresses B-donm@ilipY 2003

deleted factor VIIIl. 8 cell line designated by e Anerican Type Culture
Col | ectVOPOR4505R 12582 . A9. Aly. Al u. Ay. A A Ay. A e. AL % ALGE"‘@@-%%SC h w
{upj e [V]ca]ca] ca] cal] ca] cal] ca] ca] caU] ca] ca] ca] ca] cal] ca] ca] ca] c™a] ca]ca]c
a] cRa] ca] ca] ca] c*aU] caUl ca] ¢ aU] ca] ca[cRa FtS

WDbEzupkf al\ W] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] capuajara ptasma poetiejre fiactipoalBepjer aCtitod, NC). Plasmanate® human

2#>#Y#] #n#p#H#| wql 2b]%\§ a\W]c”a] ca] ca] ca] cal ca] C§]8]c/ca] ca] cal

g] ;?;J!]) *zﬁi*@é'} ; ]f@(céﬂ"@a?‘é 1aing bpean alpueaind8eda) éaFd’*’d]%& cal ca #$$$
181z11FXsni é‘szﬂ]b% cgihcea?gg Q+’ %)sc een]egaf]ocaqq:%]F(}gi & gfgx Yceﬁ'%%] cal] cal]
ca] caUpralcudtestecrakesd ViipkiaUl Tied tigisest Girbgabing 2URs2 @anaadgiiBler03334444
<4445"555)6\6_6~ytoje [Vid _ZU]] ca] cal] ca] ca] ca] ca] ca] ca] ca] c"a] caU] ca] cal ca
] a] castabilityaeyalaptianio sheke) ftagksa] Eai Héﬁjﬁ:aej]s;ahed’jrsaupuaqli@ was

2}6 %gﬁ:gﬁ@?@? e%epeaﬁ%{i%{mimévéé?@% & kB e bRt Sa] I :agigilﬁgig
caj ca] cgfc@ca@g caj c ﬁg nf fieh b t_Pl §n~] caF T@nggﬂ lég] ] ca] ca] ca]
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10%' e' & ()-Aslé%\m‘u(rjze‘d?,mla@&ré ¥A(a), the initial population 1C10 was derived
from the HKB cells transfected with pCIS25DTR after amplification with 400
nM MTX in the selection medium with 5% FBS. One of the first single cell

15 clones (SCCs), 10A8, derived from 1C10 by a LDC using a selection medium
supplemented with 5% FBS was adapted in serum-free medium
supplemented with Plasmanate® HPP fraction. Unexpectedly, 10A8 showed
extremely increased levels of rFVIIl production at this stage (Figure 4b).
Therefore, we did a second LDC using the medium suppiemented with

20 Plasmanate® HPP fraction. The productivity of SCCs (e.g. 20B8) derived
from the second LDC was similar with Plasmanate® HPP fraction-adapted
10A8. 20B8 showed higher levels of BDD-FVIII than original 10A8 derived
from the first LDC in serum-containing medium. Finally, éOBB was adapted
to growth in plasma protein-free (PPF) medium. Samples of 20B8 were

25 deposited at the Amearican Type Culture Coilection {(Manassas, VA) (ATCC
deposit no. CRL-12582).

As shown in Table 1, HKB clones exhibit superior productivity for
BDD-FVIII. A 10 - 20 fold increase in productivity was observed in HKB cells

30 when compared to clones derived from transfected CHO and 293S cells.
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5 Table xpressmn of FVIIl and BDD-FVII in human and rodent cell lines

Specific Productivity (uU/c/d)*

FVII Derivatives BHK 293s CHO HKB
Full length FVIII 0.45 1.2 0.5 1.0
BDD-FVIII ND 2.5 1.0 20
* Average of 5 high producing clones (in serum-free media)
ND = Not done
{
10 Plasma-Protein-free adaptation of clones

HKB clones that have been adapted to grow as serum-free suspension
cultures were further weaned of plasma protein supplements. The weaning
was done in sterile polycarbonate shake flasks {Corning, Corning, NY) at a
cell density of about 0.5 x 10° cells/ml using plasma derived protein free
15 medium. The plasma protein free (PPF) medium was DME/F12 medium
supplemented with pluronic F68 (0.1%), CuSQO, (50 nM), and FeSQ,/EDTA
(50 uM)}. Complete medium exchange was done every 48 hours and the

shake flasks were re-seeded at 0.5 x 10° celis/ml.

20 ’-
tation of ¢l B
The productivity of clone 20B8 was evaluated in é 15-liter perfusion
fermenter. The fermenter was seeded with clone 20B8 cells at a density of
about 3 x 10° cells/ml. The fermenter was perfused at a rate of 4 volumes
25 per day with the serum-free production medium as described in the preceding

paragraph. A final cell density of 2 x 107 cells/ml was sustained throughout
the evaluation period {45 days). As shown in Figure 5, during the first 4
weeks of fermentation, clone 20B8 was perfused with the serumfree

production medium supplemented with Plasmanate® HPP fraction and was
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Figure 5, the cells continued to produce high levels of FVIii in a plasma

L

derived protein-free environment. “Plasma derived protein-free” means that

essentially no proteins isolated from plasma have been added to the medium.

10 DISCUSSION

The derivation of HKB cells provides a protein-free production system
to produce not only BDD-FVIII but other therapeutic proteins as well.
Proteins produced from HKB cells have human glycosylation patterns which

15 may improve the half-life of certain glycoproteins in vivo. These cells should
also be useful for the production of adenovirus and adeno-associated virus
strains that have been designed for gene therapy purposes.

The above examples are intended to illustrate the invention and it is
thought variations will occur to those skilled in the art. Accordingly, it is

20 intended that the scope of the invention should be limited only by the claims

below.
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2. The method of claim 1 wherein the protein has the amino acid sequence
designated as SEQ ID No:1.

3. The method of claim 1 wherein the protein is expressed at a level of at least

2 nU/c/d when the cells are grown in a plasma derived protein-free medium.

4, The method of claim 3 wherein the protein is expressed at a level of at least
4 uU/c/d.

5. The method of claim 4 wherein the protein is expressed at a level of at least
5 uU/c/d.

6. A human cell line obtained from cells designated by the American Type
Culture Collection as CRL-12568 which express a protein having factor VlI
activity. '

7. The human cell line of claim 6 which expresses B-domain deleted factor VIII.

8. Acellline designated by the American Type Culture Collection as CRL-
12582.



