» vessels. The capillaries which are

;e3e*&& | (1 (Z*6F*T*QZ9 CELL CULTURE SYSTEM Field of the Inventi

present invention relates to a cell culture systemw th hol | ow ‘HWMUﬁquM“““
menbranes. In.particular, the present invention relates to a ce

systemwith hollow fibre s nenbranes for culturing cells such as st&f"
cells, and especially those obtained fromunbilical cord blood. The present
invention also relates to a ploEbdsGULTRRESYRTEMopul ati on

cells and/ or a biopharmaceutical product. The present inventi ommmmm
relates to a use of a cell culturEiekyof e nvkrtigropul ati on of expapggg. -
cells and/or a biopharmaceutical product. Background of the Invention Cell
cul ture technol Bagprgsent eghticreteddtepion cadl ¢ubipresystem withdwiawi filye ofembghnes. f or
use in studje jC. | catl Nuper b or eact.ar

confi qur at 1 SneAEyaF ERERTHELEBBRA MihbSo A LIPERSe SyRERE Shfihgliow e
sophi st i cat mdmbtraneodar cularingnekllk| suthlias etenb edllyi aavdeespecinlly thoss d¥vdinagd fioed |

gromh is ti ly requl at by cues .from an. extra-cellul ar trix which

r Poger s cotpbicdh A UG E T RO ARVBNORAY S fud RBTRSACY WadHCle s
nei ghbouri n?oﬁﬁti_on&ﬂ@xbﬁlﬁie@&bﬂﬁa&%ﬂ AbRphardackuticall BRJBA! I'PheCitbdent alfvedd | X
provides cells with a scaffold where the cells are able to be attached. The
extra cel | uplae relaies foca Hsesef & eell ewltuse systerp gadiadpoprlation of expandsd selly Mhera

whi ch can nﬁgt)@rﬁll h agaﬁ@fﬂgg}mm to and fromthe cells and store 20 and

protect essen regu ory factors produced by the cells. The holl ow

fibre reactor typically m m csgge gﬁlﬂ{& gpﬁ;%gwé,ﬂmh system of bl ood

. . . “the sima vessel s in the body connect
the arteries andelyghlfife tdthAoloBp Rad bded d&%l‘dﬁé&toaiﬂdreaieethéﬂﬁéxﬁﬁﬂ% célly foP@se
hol l ow fibre reactor to the sheets of hundreds of synthetic hollow fibres.
A liquid medi sfhdies opherarputia rappljpationss eNymeness (birteadior: eanfigyentions ipwe Heen
simlar fungtj g ‘ : Pk : ¢ 15

i qui d medi fmeebed e fhfiRble A Mol oA P OBt gt dd g
whi ch al | owsiorpaotatsh of the cells on the outside of the hollow fibres.

Hol | ow fi bre nmepbrane bi oreactors,have al.so been used as i Ml e .and.
boonom &l cul TPl peleRh RS BRR R Ran AEE o Bt R R Rl i
conti nuous friggersaiontpiex nkrgeslhla3 pro@eingmHach @611 dds oomhadwitlag etyhbotidiar edly

mai ntai ning a fresh su Bl of .nutpLients arfd al l ows for, renpyal 'ﬁf mstf lic
wast e pr odult thﬁr%@c@ﬁ RaEX ¢ ol hesextepneeliulas; matfix grpyides gells With Anscd 2

anchor  ont owhlie thotdRWrd Atk B BERRCRAE Bid H8fa delflaf BiaBix A56 Srekds dshedyndmma.
[1:\DAYLI B\ LI BZZ] cordl i f efinal spec2. doc; AW. 2 However, one di sadvant age
wi th the hotdlylgrmigrognyisenment svhich eangnediate [inforraatipn o and feane sheneedis apd sloee
menbr aneg, f o I j i tachnent often leads to
menbr anZ0 f Oéacﬂ%rg{e%%%ﬂh{aﬁ%gg%&r?g%%ﬁ?gbd S{Hg?f%%gfﬁ%n of the mass transfer
properties of thae haldvoibfd tractontyricadlyeminfiae acedrhmabdrs capildey sysieineofddoet hed
fromthe nmepbrane wh t.he cells are harvested f.or, re-proliferation.or
appl | cati onveaigo e aBakiy whh: e e wBISE TESs o tod Bof Satnl i RR08,,
to provi de andcetihs drihtmesh-lkestiewoikaser arnamldpolis dwtd hollwreibhy asaetor to the

bi oreact or desi fo ul furin el.ls without, the need to attach the cells
Lo 5 hol | ou FEBIE MRS iehe o asi Tt obaikEmBfiopys Ruposd fronely 8587 on
i ncl ude ;devebIRRy HiBred 4Rl protides |l emiler Asti@MaMLhowt ofl BISES tirolblPa UaBAlal-P! €
3-D cell culture scaffold that supports necessary cellular events for

devel opnent newarkde dhediqeid megdivgr serresoto Bowishrihe 5ekls énpdivtlew Glre) reggtoxyand
wi t hout co 1.9 eri.Shi jects and aspects of
the pr esenm‘%?é‘ﬁ??“gﬁ&m‘ﬁk §%Q%§?g%t5'%’§%ém&?ﬁg%@‘?‘f’g@ﬁpéﬁg description of
t he present i nvEnliowdibrd meBhramabioredctdrhbavenalsmbéenrused as a simple and economical

culture system for anchorage dependent cells which allows continuous flow of the liquid
30 medium in an automated fashion, thereby maintaining a fresh supply of nutrients and
allows for removal of metabolic waste products produced by the cells. The typical cells
were allowed to anchor onto the hollow fibre membrane either inside or outside the

[umen.
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In accordance with a first enbodi nent of the present invention, there is
provided a cell culture systemconprising a reservoir, a punp, a holl ow
fibre cartridge nmenber, the hollow fibre cartridge nmenber further
conprising a housing, a nunber of hollow fibres which are selectively

per neabl e nenbranes | ocated within said Q?u5|ng and a cell matrix Zo
material wherein the cell matrix material“is arranged about or within the

hol I ow fi bres iHoReVsRNOYWS divhtivahitagé MaWSthe btV Mbre GAdiSrs M4 tHAP UEIIAAGAr ot t O
a surface of the hollow fibre nmenbrane. Preferably, the cell matrix

mat eri al i satgehedkiodhe meshranecfoy penliferetion pad fungtion, a@élsu@kgétﬁﬁchment often leads
car boxynet gtlﬁlzrféﬁgir)]ﬁ.hﬁ ?cﬁﬂ:@"@ﬁféﬁ%érblﬂ/ HhPRAdfe lo(fmc;noochﬁe RALY ¥hdWdr pr propert ICS

pyrrolidon acid n accor ance wth a second
of the presefthe |hnuewtﬁhrn manhtgaee.i $hpcells aled needrtoobedetadted fporo dbe nwgnkmane

popul ation 0 d/ or tical product conprising
t he st epss of Hen ?‘Eggﬁwﬁg‘%eiﬁ‘ggéﬁ%%ﬂ‘ f’)rfl?@léf)ﬁ %ppglﬁéloél cell matrix materi al
into a hol |l ow fAkjoedidglycaris biddgeednabjiue fof te presst inventidritoeprayisle @noetisculture
described in the first %n‘ﬁodi nt of t he prese ({981 nvent i on, incubatl ng
the suspens8iimbpasgdpn 8 hghawibee membrang; dreacien des1eaITon SHIUREE Sl WO Hieo
cartridge nerles .RHshe QRS hinBNSwTibd Alhdrdne, pronote cell growth, and

[ 1' \DAYLI B\ LI BZZ] cordl i f efi nal spec2 doc. AW 3 - renoving and harvesting
t he popul ation @fheeydpsmdeelbm@s lof" thepaesenfeinviriian inshusisedevalopag @ eqll c@llture
density in

embodi it S SLlANSRS & tickichinsHBR, SEVRAI cullits SSERE A QbR kbt
expanded cectelllslaaruﬂ'bnls far kiemeﬁhmer&caam desidn pf acdhioteagtondysted thyt emdlahsesscell
wherein the cel roduced ﬁHt h cel ulture systemof the first

enbodi ment %{Pwlﬂh‘é’ltge‘géﬁ TYRFEIS S t‘?rhsgi “¥rocess of the second

enbodi ment of tOfeplobfeR alhdl\aep‘dctsoﬁf thél PRt daragonvwill Be fapparkit ashodigTENt
of the present invention, there is provided a use of a cell culture system

as descri bef@llpwingdeseription of thPresRsh INVEAtiehe present invention in the
preparation of a population of cells and/or a biopharnaceutical product. |
o In acé¢ordance with a fifth enﬁﬂm'ﬁém opthe khwemtiofent i nvention, there is

ded |l t b t
ol ow £ br o O ELaYRSRER o enasnt s RsSert AAbling et Risyidela
hol I ow fi br &gl sudiuehsyategn S@hpﬁglngalryseﬁ&ﬁmqﬁh@ 15 (0 [ G |c@ﬁﬂd@denbE\ﬂ thesai d

housing and a cel|l matrjx materlz} wherein the cell matrix materié éj
arranged abBRilovbfibig ¢arirides mrenpher Teitherogmpsising mhonsHIge 2 nymbeR of Solew dihges

growt h of cghich afd {diRubel ?%ﬁﬁédﬂﬂe fn@m%ra%% f&ﬁt%d%t}ﬁlhﬁ‘alﬁ'%hs@ﬂ& Iuicpé &lﬂﬁﬁ@f@”e
Description of the Invention The cell culture aﬁstem preferably al so

conpri ses amgisaaswheseinrtheresl] mgtrixnmatgriahis grrppgediaheutcas within thedollpwditges ing
have reache t r

Pref or anl y. Pt SUHE AT be R YN BaCHeRRE At EOEr Moy fbee |
port whi ch membrauts. from t he housi ng of the hoI | ow fibre cartridge nenber.

Still preferabl tl et port. ext ver.se direction to e
Pongi t bl nal - axk SO i GPH ORP kb FERET i PaGele ot e ey SYeiTePhoq
of renovi ngccﬂlageﬂwdaymtyhi&ﬂlyﬂéwlul‘o@H shondeditih Ralphhry ehitexasHet vényll §Siotidone
nunber is to evacuate tlae cells together with the cell matrix materi al

t hr ough?t he2upabronsaeiduni ch ext ends from a side of the housing of the zs
hol I ow cartri dgg JEesiaghice With h Bb@nd Ribodithdrt Bf HeSReRhEMSERRIY tHRYS ﬁ%ﬁé@m
the housing in a transverse direction to the |ongitudinal axis of

hol | ow car t # ipdegessrdath prodwgingas wpblatios eef expanded selly and/pe ahbwbzmaﬁgltmh

r enoval of I%hha C]I) Fﬁkﬁl??hecﬂéj qul ture system Typically, whilst the cells
and cel | riX rra rla are belng evacuated through the outlet port, a

di spl acerren{ fl mse:i'tlagu}h saspehyign adl deyls eanidr @ sdells mapen sateriabfinweh | Iollomd ﬁtbm I

At the Shmeoriifes aterihs ot PO e FReLRY ARCHREL A I Gl oBEPReat ok (o

t hrough t hepeidnk &lveR@éid,- The cell matrix material in the cell culture
systemis preferably porous and is _preferably coll agen. Preferabli/ t he
(4]

cel | matrix- mat@epkating $he spspgpten @@Pelkﬁn@ds‘ﬂ“?lcle”ﬁ?%flérf%ﬂya tipy dhec Bollowndibrg x
material is.gymdnfd.ft: aRldReRMIR! suifable tPPIMEE blIB&OWR A1 f ef | nal spec?

doc AW
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4 The cell matrix material may be | ocated either inside the |lunmen of the
hol low fibre or outside the |umen of the hollow fibre but wthin the hollow
fibre cartridge housing. Alternatively, the intracapillary spaces of the
hollow fibre may be filled with nutrient nmediumwhilst filling the
extracapillary spaces with cells and the cell matrix material. s
Preferably, the cell matrix material is a3pplied to an extracapillary space

of the hollow féeﬁfo%irfg%}irﬂaﬂ%ﬁng'f ?ﬁ g%g%lﬁﬁ&ae'f éﬁlﬁﬁae(p%@@ﬁm&?tﬂe%a%@féfaa%ﬁvaeen

the outer surface of 7a lunmen of I'low fibre and the houSing of the

hol | ow fi brdesirad cell depsityremthehollgwifibire gartsidge agngbert he cel | matrix materi al
is mxed together W th cell.s. | .SUJ I 0, sj on.
o Sti 11 prer er eSO e ek F Uy bfinduithe Gtahe pRREI R h MyEReTs PR
pref erably popuddtioagei egggdnded cpliefandfoech bitphadndcouticap pryduey produced| byagelts t o

br eci pi tat coprEtche FRTOReirr s Ee Py T LA GrCOR G BB TGP sguRelf g
whi ch the cglekaid @ivehBorflbstsothy ?fbc'egs_ dTMEY @ebhdémBodifeflt GHe pRE&R MBlention.
Typically, the collagen dissolved in the nethanol and hydrochlorjc acid

sol ution is thel gccerdanest withpifguish pmpedimest ofhs presg iavemdiopotperst isprodded ¢ er
which it is, {15596?' A |c¥1§tﬁgz FERHR eﬁdrﬁ}eﬁliﬁ% &hbddhb Véﬁ‘i'hdéj;yresent ingention
he I1Tsed ¢ [

freeze-drying. yop olTagen is then typically ssolved 1n a
phosphat e- binfthe preegaratibn nfa popiilationsad cells inddoradbibphanmapesuticaproduct.or m a

col l agen/ cel | suspensi on m, xt . _The.col n/cell .suspension.mxtu S
Chen- brat or abl yih icaedck P il e bituent e PG e R EP R hER TP s e
Imarrbr age of cdﬁheea_@ﬁirlcofmﬁr%]su{gﬁaalmlﬁ)wtfmge 'lrcm?ﬂm@l enther, Wehy l\nﬂlowlﬂlblﬂé ehrtfidgd f
ocated on the side of the housing and left In extra-c ary space o
t he housi ngMeBOFT &@Féf%‘?‘ﬁﬂ?‘% atl}?g‘S‘élgi f pr of h&?‘é’f’ ﬁiéﬂ’esi wﬁﬁhﬁwéggfve ¥ ke
col | agen. Th&nREHE nkhbrandsQo&sdd RERM safl KoulRiptdndlal delINRAYINBhASRA iRk diAdRN
product where the extent of polynerisation of collagen is dependent upon

t he concent ¢t mafridomagasial agjerrangeddabentl of athaw the hellew fibesyid p fmanwer ayhich
Typi cal Ly, : b :

(Rbout o7 PFEBbN BLEITWRIO fnfill B SR aEPBERRRE ALY MhrOhnefrBlindd
grow h, proliferation and cell DTeQQFi .i‘&rﬁsolaﬁ mﬁﬁohs significantly | ower

than the typically higher concentrations of matrix nmaterials (1.5 to 5

ng/ m of nat ur alTh& Qkll a@gmreVRi b Ifteferdtlly e cORPARIs! ¥ HeRd fof BRVAR &l | S
in other 3D culture configurations. The cell matrix material 30 ti;lpl cally

shoul d not banestiagethy cgls after theecells hawgureached ardasiseinamber i theohollovy fibre
DG | . : s o
celis inp @ﬁﬁldﬁﬁ%@.ﬁ&m P{Eﬁﬁ:rgﬁg]aﬂﬁ.eﬁmef}ﬂskﬁ)r Q%BQQEQnW tlg%ﬁ*g k&g goarhave

a net positive rticul ar combination, the agen does
not pol yoer puttet godughich extyedls fibmt the howsing iof itebollaw Sibppeartridge|hembawt $till n a

t hree di nensj onal nner,..and. m.ni m.ses the ne .| o .

\ DAYLI B\ LI B%rf?eé?a)t?l?ﬁ*r%&ou“ﬂ%‘l ROpLEengs TVt ‘g‘?“g‘ﬂ% i Mg engitdinal axis o hs o
t o have to héllee fibieocattidgh alehtbet.f Alpreferredrimesting], ofaashohimpaad thasvestderithe @ells
subject the cells to harsh treatnents for subsequent ce]l defach {. e
ol yrer i sat PORF BFY BEYS REPA bACYIE TIREE it 0 G b ralsyigBrbG vk the ol
control | ed Ryuphpitesidl tHBEbN the aﬁl_u@ﬂ?&{ whit® &@ddadRin assidd of thePuBiflg of the
synt hesi sed. The collagen 1s typically s nodified by the renpval of either

t he negat i vBolipw cgridgssnember. ohmindet Farbwhichelsoorisbly extgndssirom;the housing
preferably,.catiqoni ' i: i f.i i e
B boxyl o a8 Rk Ee BRoRAa e ol AR i HIAHE O RE e b @il glkd
cel | matri xbermset tcahssishyin dhe batyestingl @t mundvabof chlds foou thecealls cwture gysem.

car boxynet hyl cel .l ul gs chondroj tin sul phate., chit.osan-pol wvi nyl

byrr ol | done! SR YS! tESRIEAL ool ARt ars beiRe Blicodied hiotieh thesontlgt,
descL [ be(cjidf gdsrt,tdneihspmbadéﬂremuid fs;:lfh a9 hypagily. a YibsH Sl]isp_éllti)ﬁﬁ%rﬁ ef Icelghréd_ ¥ellvaiagix al
may be added to, the extra-capillary,space as described in enmbodi nents
above, the Bgferia TOr AN RETE EFRAY R %léowggdﬁ? @éett%theﬁ@meﬁt%a%@ﬁicrﬂlary
space in an;a@doagR MBBRA re bdind BRCRMBP thr hé Bufldlipdrti Nvention are
typically peristaltic punps and nay be used al one or together with standard

comerci al |y av&he spllenaixiyigmatstial & theneell eyldyre oiystems isd preferably sparayse And d#
can be any EFe?é}Qﬁ%oﬁé’éEﬂ?ﬁx%%&bﬂly, 1#Y @éﬂ ARl material is collagen gel and still preferably

the cell matrix material is a modified collagen gel.
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culture nedia bottle known to the skilled person. Typically, the hollow
fibre nenbranes are nmade of a suitable material known to the ao skilled
person. Preferably, the hollow fibre menbrane is nmade froma wi de variety
of materials, including polynmers, graphite, ceramcs (including porous
glass fibres). Preferably, the hollow fibfe material is nmade froma
polynmeric material which provides an optimal conbi nation of such properties
as tensil e strehig ¢ell metrix mateyidrmaybe Jocated eithexsinside ahres]mienmﬂtbﬂhelﬂ(aﬂ tibee
Sui t abl e pol ITEI‘ICITHEI‘Ia| from whi.ch hol l.gw fib med
ol ude. pol JLPBHF oSy ol SBTp ke it v i o et Wi Farf s Belnipe
cel l ul ose aggatmbsvely,P@E iflrdpRRAG) sPREY %ﬂ'tﬁ@ﬁ@ﬂovpmth‘@ﬁﬁdyybe m&:&aﬁﬁw hatRnt
pol yacrylonitrile, polﬁﬁ(w nylidene fluoride) and simlar material s whose

properties Waftigm Waikst Silling:thr extrasapillanssnasesahith efls and dheosellangirixpatenial | ow
fibre h |
0. 6m e pror Sekpfiayoths Pt inaltd ialif ARDLEL 10 ap OGRERIY ool B

t he passagehdfovefibteatatteidge| T axtrapamd:latyt wpaent loeadiédabawagotherouser sPrfadecofabl vy,

t he opti nal dla ibre s d ss _than 200

brof erably. 1oeieB 5 bl 5hre oy % hiuie BF BB HPRSe PR B oME (o
al I ow suf fi glegspiblgl thé well atatrid nakr@e s mixed tddoMér Mt the cells in a sultable medium
BzZZ] cordl i feftl nal spec2..doc. AWL 6 Typically, the housing which encl oses
the nunber BFfOFBRISBWERSBRes i s cylindrical in shape. The housing preferably
encl oseg; a pl urgd g}’ef&ﬁblgoihle(%\édlfdlé%f&ﬁné’té}iaq ks @Jl&gé@h&?}ﬂo‘{@bﬁéfé}%l?%@lﬁgw
menbr anes. Prefera e process of the second enbodi nent conprises a
further stege ofAspraEfpsr&Qlmg}h%rfompply@gdm reollpgest tor His| gxtratcmllwewam of the
fbre cart s AR AEmBlanf e \SHRHD clechifite TRl AU sBhuohd i (bl
i nj ecting tbecoliagperdienwloth ted tollaganl is hhssob'led 1rreltyrdrochlmtceaaldlandnmethaml

extracapillary. ace of the hol.low fijbre. rocess, of
The cecond iR Silaets ARGUYEHin e Rithene anf SR ietine bl sbSGER g
col | agens npreteribilgfstifrad |y a @Qhﬂ)l@%ﬁo@&if tc’ﬁﬁé a‘fﬁet |v¢h1deD'Itelsptheﬁ iaed @painst
partially poI%(merlsed col | agen Pref er thecﬁro ess of the second

enbodi ment  @ptillede wates SfoHpwe \,té’n% TegRe- QIS T | K@ph‘él‘?? spllagegpisgthen dypicalét i ng

a fresh susgeafi@niPh Jfﬁ%h;hﬁteamf@e&%mne%d inixdd SvithBd @Bl &lus %ntttaeform a
popul ati on of expande I's has been renmoved and harveste Bri ef

Descri pt i oncalfagenfeelDruspensipn mivdursr kepellagaw/eelt Fusnendion migwers then) nrsferadled

by descr bl e (R b WIRSL Al OBOLOTR Ron by $99Y pbn SXRTBE reQUoutlid N

of

reference t he acc 1S a sc ena
vi ew of 2a csystem:tylpﬁaaﬂg bsymet)eaﬂﬁ aminket cportdaam:@i on thle side cefrtbe)dommmg araf lefthis the

present invention; anded pl an view of a hollow fibre
cartridge ug’gﬁ? -sapil] %EQWFP%%%OBFIE 'system as shown in Fig.l .; and Fig. 3
is a schematic $fiowrétablyafeoéelbmairdc ateriabis @saﬁu@mgceacom@@w atHeodentifgel

cells zs in_ accordance wth anot her. enhodj rrent of t ent jnvention
Descri pti onliks ¢olleeen rigda Eppdallrenelymentsrd roollpgsr rﬁﬁo‘ﬁ@gc}” Fei b grxtgeof

pref err ed_eghiofBHoRlorebiAdA iP "d@ﬁ&l’&Em‘ BORTThL O RRRMISHEST MG uRBIRd the
exarrpl es of the present invention and serves to illustrate the present

i nventi ah aside shainl modidicatinn. domireHietheagellsiar wrown ihe génmahicprapntipipns ebpe
f the cl
of the claigg, {P é%%'@i ?qcﬁlgdﬂgg % é‘/ﬂgfe WHER; sifff‘aéﬁ £0Ss HS’P@’%& Relf! Q?xlrtha

cell culturé's olrr )
fibre cartrpodiéragsnbard &bl fulittéons asd widclh 1s]sigthﬁeanaly lowblellhapdilet ty@i&ally\ﬁhlghhr is

|t roduct | oRISERERNSH Pl AT PAFHABSL PG & VR PLEUpTFplaEsS sii g & S e
[ 1"\ DAYLI B\ hoiadlyaRedio drtfap RaliSRERBerBIT ciMilre configurations. The cell matrix material
30  typically should not completely gel in the hollow fibre membrane so as to hold the cells in
place.
Further, the semi-gel like collagen may be modified to have a net positive charge.
At this particular combination, the collagen does not polymerise enough to gel, but is

sufficient to support cell growth in a three dimensional manner and minimises the need
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the nutrient fluid 24 is stored in the reservoir 12 both in operation and
in storage of the cell culture system 10. The reservoir 12 is in fluid
comuni cation. with the punp 14 by way of a line 26, which exits the
reservoir 12 by way of an outlet 25. The line 26 may be any type of fluid s
conduit such as a hose, an enclosed tube and the like. The punp 14 when in
operation punps the nutrient fluid 24 around the cell culture system 10 by
way of the for meclﬁﬁagsdep’ehdenbeelksﬂpI}mivm&dattaahgm theet leolloshefibiiel mémabrane, dhiidéhepceTp
14|saI50|an id co ni catiqn th an iplet. 27 of t hal | ow fi bre
cartridge n’e‘ﬁﬁ‘ﬁ? ”515’8 3 tpﬁ@:s}f\}h{era}r%eﬂtsﬁra}ﬂ@e@mt gelgg‘ﬁi’)‘g?‘efﬁvom t he
outlet 25 of ”TEhé Poly@iAkatidnl of lodllh ntﬁeth&?&berﬁh@hnbxh@s fy@ldaﬂy\lc@ﬁtrrélldddlg}e
menber 16. The detailed features of the haollow fibre cartrldlge nmenber

are best sechemical megliticagienof therréall@gwsa%lhm?%sy@%aﬁ%d b epllagenis tasplcalhé
hol | ow fj br r r @ f Lt

cartri dge I%rrgifyrea Hgdl? g?aﬂ&g#gp?‘?& Wlg t hl n thg%ﬁﬁﬁg? %?59 omgﬁeuéraalg%ril of
hol | ow fi br &wirs7 Slvﬂil mf@ablehdathJIHMQolﬂdgenllen@mamdf thr«mghh el madificatiomiof theige
menber 16. |n ustr n ere is only shown
one hol | ow ‘f%‘l”g r7ou'p QDyI‘—esgmgc%thn W{tﬁlis(f'nw quae ctl)lﬁy%% h?a “that this

enbodi ment of tTke peRsMatrixi masdtal anapadsoa bpl setertadt yrom‘ tli&)lgr@.vp fcoligtimgwof hi n
t he housing 28 of th | ow f.i bre.cartri mber . .The pl ur Iityo

hol | ow fi br %8§§<1 %f‘rel 0sfer thoRATLtinE HP &s QRO <§¥YH‘£1 GRS %‘I

hol | ow f,§ br peaiWohie d2id WRICRQIE A% dRrilaPhahir! tBAR& deb@ibed SBAER eh?oddﬁn&ﬁrmled

Wi thin an inside surface of a [umen of the hollow fibre 17. An

extracapi | | eellagepace 21 is al so formed between an outside surface of the

| umen of the pl 7 SiJg_28: w
fibre cartri dgewrrenjbtﬂ)[e %” pg%:tg?\\,/\{elé{e? htg??\atjﬁlt P?gérélltd E#] P@Uzéﬂ%%ﬁ{lltaﬁ;%gg@ a9
reservoir 1c2esanljed llneemhminnem alidvej the 241l nptnpumptedial map alsh deiapplicaltaghd¢ intvay
space 19. The. f ag t ured ar e injected in the extracapillary space
21 of the pfaff arr?'ts?/ac(?fmﬁ%?’il PPFPHIRL7 together with collagen as will be

descri bed bel owrhd b@mﬁyhﬁddeﬂﬁtth&Qhuént@ﬂ adél typecalis giegistafticoparh frearidiina g dapised ar y
space 19 of the holl IE rregbrane 17 int the extracapillary space 21.
The waste p?IBH‘qu’E’é’g e‘t‘H’é tandard semmergiall 3oipblR OX¥8ENAIS i | | ary space 2
to the so intraggpiddaioln §sl%@01ﬁ thi i%f,'eﬂtﬂﬁ el bowhy sRheariTRFAGSially ARlali t
the hollow fibre nenbrane by way of outlet 34. The cells are mxed with
col | agen i ncultuseigiediadioiie knpven ﬁ0|th%@klggdpq1gel 38 and the suspension is
injected into a

tr anover se. i r ootbohe SRENGSRE MRS FAENRS pal PR b R PR Bt B e |
16. The 2cel bldlled perstre (Phéfbmbbfd t}nenhd)ltmw éibte membpidel iarrya@pﬁmm 2 Widsf Varha@y of
hol l ow fibre 17..The \DAY | B\ LI BatphgordlrlaInefsl ﬁr%ecz %(r)((): s \/\hSS §b ).
cul tured cemaerlg}se R 8‘&88 ywr% o Favd cult FPet™c & and

col l agen t hPmﬂ@hbl&DtmL}idllebv fibretmdtdriathis eiadesfrah &mcﬂﬂﬂﬂmhﬁériab V\&ucﬂepmmdles
syringe 39. The, renoval and arvestl ng, of the cul tured ft6| | s and t

col | agen t hA®gBimeltomhipgtion 9f speh BpPetHesas frasileetitshgths e ﬁ@‘@P%th“B%@B& glass
si mul t aneoughysitbd erlReatfileeSSuitdbie pblyARriO mABHAIS ARl vAREH ASREW IINE thEbSe
first syringe 38 through the inlet port 40 to the extracapillary space 21
of the holl gwrtedbn@u@epplrypmlmnm&ulo.@s (inhuling eemeneratgd petwese)fand eeliploge ng

t he collage h il C t o fi e 17
is to first y pr cﬁ’ﬁ% ttlﬁﬁ rﬁ?sﬁ Lih (ﬁ%r[ll&%hl fn 5}9‘ J/:}r%ﬁ/ Bé@?ﬁg@%ﬂ%
0.012M HC ()My(\ogydrdeﬂlé)(blubnde‘h a0l dlm@elnm@mripls)wkmisb tprd}@@lm@ laa]a them sifitable for o
which the c Iﬁ]geq i s dissolved in 200m 0.1 MHCl (hydrochloric acid)

cont ai ni ng Dstirred at 4C for 6 days and then di al ysed agai nst

$ihst iol lle(l\j/l % er Pfdﬁ%rab‘l@ mgdigllb(gﬁ'ladre ﬂaﬁ@y@reaize%abodgl (ﬂmd) mysﬁmeaﬂbl?]ﬁfeyaMQ.

e 0. 1S obtal ne 1Llutin once te wth a

sui t abl € anBdre QMR RELer7aly Ot @%éwwa stif pecigragry @é N&‘Mh P%’“éﬁ thﬁt ed
with 198.2 % BELHabN celﬁh@r b%‘ﬂﬁ&bla‘nae[qedigléoﬁ%ﬁeﬂ@ theferdbly, Mk

in a phosph te uffered saline and mxed with a cell suspension to rma
col | agen/ ceﬂianmpé thsi lsrilony Sibugrsboulttibe less|thangR(9pims neprs pestforabilydessahan 180um
Concentratl %ll 1%10IS Fgra qi'fes? h%.ﬁqg Ilﬁsyégtg élgc% 'E:feﬂ?cﬁft%?ion-g?gx en,

col | agen/ce suspens Shm Ken injec e first I hge 38
into the extra-capillary space 21 of the hoIIowflbre menbrane 17 of the
cell culture system 10 typically through the inlet port 40 |ocated on zo
the side of the housing 28. The cell matrix material in this enbodiment is
a sem -gel |like collagen. The semigel |like collagen is a partially

pol ymeri sed col | agen product where the extent of polynerisation of collagen
i s dependentrupnBLbiroraenaentiatvion of collagen used and the side chain
rmdl fi cat| on. The ceI I S are grown | n a m ni rral concentratl on of coI | agen

N e r o Y Y < . . g



30 The general protocol for cell inoculation in the cell culture system 10
occurs is as follows. The inlet 27 and outlet 34 of the hollow fibre
cartridge nenber 17 are closed by way of a pair of clanps 30 and 32
respectively. Then, 5 x 10s to 2 x 106 cells/m is resuspended in a volune
of conditioned nedi um and col | agen whi ch és about 1.5 tinmes [I

\ DAYLI H\ LI BZZ] cordl i fefi nal spec2 doc AW 9 the extracapillary space 21
vol une of the ho{piesmyi k&rlﬁ)tﬁﬁl@tvvhldﬂ@nM%e Auinbel v h@)ﬁHv 8PRS1i8dYidaP in
drawn into a first syringe 38 which is connected to the inlet port 40 as
shown i n Fi ghape. The hemamg/p@&samu egylpsqs@eplwhbsofah@lwcﬁhwwm are selpetivelyt | et
port tubi ngpz}.i]n aSle A wn in Fig. 2. The cell suspension is then flushed
through the extra-capillary s space 21 of the hollow fibre 17 at |east 4 or
5 tinmes to uni anefﬂrybl;a,ndlecpmpéﬁteﬂ thef sdcdond htexdimentagnprasey as father 2fepwof h
cells and to ensur.e di.s enment of all air bubbles fromthe extracapillary
space 21° i n#534Re b Eﬁnge After the cells have been suitably

i nocul at ed, themreitﬂms‘a, tBO sep bf BadertingPRpénéRInYof cell€ampe bellma@i@ateiabintOW

t he punpi ng nutrient flurd 24 through the hollow fibre 17. to The ceIIs
whi ch are iﬁﬁ@@?‘@d‘lb&? cafTiqgsi memberged; ntgptpyows 8t thegsgeondoerbodiment is by wanpt ar e
then incubaj txh@ tﬁehﬁxs SstorCoH detik and YIRS &M hdrixOhaRriReintPsh Q{tre{EQlS a.ltyrgiﬁgCéI‘
week. After the Tncub a ion period has expired, the cells are harvested and
a cel | counefthe hpllowdibreed usi ng a haenpcytometer. The general procedure for
harvesting of c .

hol | ow f‘?br e cagll[ek&%iﬁ@’ ﬁgﬁgere Ls(i ger: g&gflggg@%g@e\/@? %@%é}tga (‘:‘{ltgﬁ%gégg{ngh
respecti vel mateﬁbbtbcmghﬁ)llagéﬂ susppreserablyi 8 cgHagdny geli adtlisalbnmbreopefdiably a

extracapilla i nt an enpty closed syringe 39 while
si mul taneougf’f’i}/ ‘E’EB‘ﬁVﬁlﬁnﬁﬁdrc AR 8% extracapillary space 21 with another

syringe 38. ThePteﬁr@&lypfﬂﬁé ;ﬁr@ce‘é& tdr tHee seaondNeRbednRANtcH fHeNPrdshd Gflehtion
suspension is clanpe The cel| suspension is transferred into a zo
centrifuge EUBRIEHGR @H@m}epa%reswsgte@érﬁresqup%m of sells pedvacsallomstty | s
performgd. Ihe hyHRehe ullzﬁﬁ)%rbf‘éﬁﬁgldbé cHRARSBELH re%vE@@ncF Ledape used.

7

For exanpl e, certain ce grow faster in type I |'agen st ot her

cells grow faster in tin tyan'elfD“égclrﬁﬂﬁ(}\an?e p rE‘J,Iy nodi fi ed col | agen

will be mxed with the cells and 1 nject I nt o/ out s the lunen of the

hol I ow fibre. Tige ?)%Ebntgﬁﬂvexhtldfﬁw@mﬂoagbél iusatedeBy tdescrivippar émdlhau@Btd 8f s
require for opti.m romh and allows the cells to growin a _three

di mensi onal € ?ﬁﬁ@femsmévvéxpf sxuBple ok mﬁt@?qr@}cedgéleﬁ FqForpanyipg feavings, in
enbodi ment | g;g0l | agen and a suitable collagen is commercially avail able as
product Vitrogen 100 from Collagen Corp., Palo Alto, California United
States 6f Ameri B IThe acethemafini viewart aisel ¢lﬂtu€fhé}’§i¢1@f &Y rageprdansedwithnan of
t he present dfromthefollovvlng 2 call lines. The
first cell ?#‘ﬁ%ﬁﬁltseh%}.tﬁé Ere§%5§rﬁ{e§§6 y (CHO cells obtained fromthe

Nati onal Univer Elgt 2 ioan Skpepepd plan \Bewpmf ad&uﬁklsw@brf%ndga)gged(iemher ell culture

Si ngapore tha rness .r i nant green fluorescence protein (G-P). CHO
cells are ai¢ 6‘?3 %loﬁ’éldgﬁcé%ﬂba% Il's.

[ 1"\ DAYL1B\ LI BZEgc origlh istigfmatial f5ve Qg ftos of\W\procedDfof heodieipndpdiridtiohi oTeells
KG 1 a obtajned from Anerican Type, Cul ture Col |l ection, ATCC, CCL-246, which
are prifiti PeARdaBtopEh é@qther@@f}h@wﬂt@ﬁt@mwg&mgmtwgce anti gens CD34 but

not CD38. The cells with a phepotype _of CD34 EOSI tive and CD38 negative are
of particular interest si rR%sqr!ﬂtﬂé‘ Sf?"ﬂf%h%ﬂ H&%@'ﬂ&%ﬁ@m cells (HSC)

Fne of ool ite e BEwiGe G RpliSrof Bs Pyt Pobi Gl ok Me PRt peRidh 9

di fferent cgldvidek enelot IYleéSex@ﬂ@le%r(ﬁ tie pr"eie@lﬁinvbﬁltl(ﬁi 10 seBlek td RBERE did @tdeans.
Both cell ljnes ,are grown in the cell culture system 10 cﬁs descri bed

herein. A fm&nt&nWpyldwéb%ﬁqnsgu%%hmﬁmm gnsraldy pnd3eepe P thaﬁhums
phenot yRe. GFP GXRICas8tholyihe Gigdhld Ghlk Ss Whbm DR PRIBKEAIDKIHE Rgsibhe1g
Fl our escei n i sothi ocyanate F% hannel. CD34 antigens”w be
assayed w ttncmdytgoertymvmn 1 PE)ijll‘lgatldadl h«vi&bvitlfrb@ @@mldgjammbahtlﬁboah@s
Fl ow cyt one e a I I I e e
i ntroduced %ééxﬁv@rt e}pagqul 5%3??‘“3%3 thEC%gig l%.téd%ga}éagl q%slﬂ; %FF n&s ts}ftry% Ijeé&v(%
f1 our escei n1pr Theintet (pCHRR2 aillsmsm‘bchmtlm obalmhtrient fluid 24 Iiﬂtusherlasf&vmhm Sdi that
cell culture system 10 of the present invention can be used for producing a
popul ati on of expanded cells and a reconbi nant product (in this case G-P).
Further, since these cells are anchorage dependent cells, the foll ow ng
experinmental procedure will denonstrate that the cell culture system 10

does not r efiyakErAbLRGHRER2h: A1e cells to a



hol | ow fi bre nenbrane surface. zo KGla cells are used mainly to illustrate
that the cell culture system 10 can be used to expand cells. Assaying the
cell surface antigen (ie CD34 and CD38) with flow cytonmetry is to show
that, under such cell culture systemconditions, the surface narkers are
not affected. Please refer to Figure 3 fg{ the steps involved. In Fig. 3,
there is shown a preferred process in accordance with the present Zs

i nvention fqe nhﬁfeheﬁﬁimm iNQoRHTRSRe RberkGir 12308k §p@£ﬁbnch£& & do@gt bf the
Firstly, the cells are resuspended in conditioned collagen at a
concent r at | @h @itufe 3agMMA0.at a concentration of 5 x 10s to 2 x 106 cells/ni
at 1.5 times t t LSRR

cartridge nenbgirihe %Léﬁgﬁirqu % ﬁ%}gen éh%%éﬁg@gﬁﬁ?%@pn?ig&%ygg%\g%z
syringe as whishekiethereseerair 121by)wlaynef elxbuﬁmaﬁl IThardine panay Blawf typtref foid

hol | ow cartri fib 7 and t hrough . the i 40. The cells are
cubat cd (ARIGRTSHTY At dos i S1eIe? R g e ke Tl alip 48 Sheiein SRePion ne
cell's are hanvyesthe duliéni@yid 24 ar@iidMhé gell fBtueesystent D0 6P Wag GE theSlREE S vill
fromthe outlet port 41. The cells/collagen suspension is washed with cold

phosphat e b@ﬁq’@ﬂ%ﬁpdslﬁlgif??éerdﬂwléeﬂ%ot of the cells is taken to instigate a
| t f AW
cel’ count on g@%@@gﬂgg?‘%ﬁ%ﬁn fli(dld\c% e LibB4AIE R g1t d?f bf‘ﬁlesl?cﬁfb%v fi6fe

11 I n respect I'S resuspende 01 of
phosphat e besttridge aneszher 16 smdgétahéhe nittipnt2Xid 3diin pumped froay t]mom’l@pZi obthe
anti - 4 F ed anti bodies is added
and i ﬁ?ﬁ at JJ?VS’?T& W@%?ﬁf?‘%ﬂﬂﬂé #ﬂ@ﬁgﬂ Ar:%eﬁg%h?egq\t?vas hed twce with cold
phosphat e buf f eTlmjdaalddrfeatared of dﬂjﬁﬂbndﬁbielcartﬁd@ﬁhhmbemK @hbeghasreinbiik2er ed

sal i ne bef or | es hereof are ru in af respect of
o, cop co Wherd IRRs S shalFh 3R expiiel diten Vil ph G illo R Rbee caceidah Taiaber
phosphat e byivigy £Hossdid 78 ”pleef HJIR)WSEBR' @8trid fn%ﬁfbeﬁl@ﬂirtﬁér b&nﬁrlééswthm the
cytorreter The nmeasur enent of wfem i ¢ bands of fluorescence emtted by the

cells is achusingd8y nluiahity of oy fibies tlywhivh extead atong the dangfhelthgihoflow
fluorochyo 1d?? exRppse FITC or to PE conjugated antibodies. The
measur enent uorescence provides a neasure of the anmount of GFP
produced by theInGHd)ax@FbesteﬂlHustrzamdlei imvertiong theee isfonkGloven e hadlow fibre 17 in

nmeasur ement ...of SI T f. [ ence
eritted by The B SRR, icfhcd Tt S emBRSmel Bt Lot intdntBp HRSEH
nunber of cglutadithai/kollows ﬁbteb @vmmp thesisiusing @8 dfhke hahnvr’ﬁbrbacmrtrmge)hmmber 16.

GFP after s h cul tur S conducte usin t he cell .cul tur tem
S the. or ool bbb T adlit ABRR 1748 SRe bR 5SS Stikeh foam goRing il

appar ent, t Ohcﬂloﬁ)@lf%ﬂa@ Withih| tﬁg Holsihpe8ar Iﬁxnaﬁxﬁa%ﬁ[@ﬂ sh&ceDB W FdthizdtWRhisCaPe
of the present i nvent| on. i 0 _be understood that the scope of the

st
cl ai s shoulngidg surfags qf@étlm%péthlethell@wé bsal 1. Auedracapiioyispase Xt igglsodRmmss es
descri bed hgs Fvleéh ah loutdRRY LirBck | JB48L A85E) ?Effx% ?ﬁirﬂﬁ?cc?f lﬁicﬂﬁ)wb‘\ﬁ{ares P afid- VB
The clains defining the invention are as follows: A cell culture system
conpri si ng kousegBvoir, a punp, a hollow fibre cartridge rrenber t he hol | ow
fibre cartridgepe fart her O
[1bre cart 1) d9ePEBAGy | Hb el AT I0E LR e UM e Rl
housi ngaandresereeir 12 nad tH@mumérﬁ tﬂluai 24\gueiped tinte tieintracapiliaryk spaet @i dhe lcslls
arranged about or vmthlnthe allt fi i i
o v gr ovierbeofitatid dre hieste i Hirriredaglogy Spact it et Pl oo B enters
menbrane. 217 gelet witlcoNign S StiflBeals@ bt Belof® Themiftidnt sohRibRI12d feheft€ |
matrix material is to selected fromthe%i%rougreconm sting of colla

car boxymet hifpeehe intesapillarcivaenl? oh the dRembEan 1 csmwh%yxtr%aplllary
pyrroli do“%ﬁ@%pgﬁh#‘ﬁ@%}h@rcﬁﬁb{é of fhe cHl? p&ifildate Cf}’&rﬁ%@ex%%é%ﬁfﬂéggﬁ 2119 thP

claim1 or : ) r conprises rreans or renoving arvesting
t he cel bs aintrecapiltery cophtes 1ﬂa6yfetheeh@1herd ﬁabrdemmbdnmdﬂbmd exit the hollow fibre

membrane by way of outlet 34. The cells are mixed with collagen in a suspension in a

first syringe 38 and the suspension is injected into an inlet port 40 which extends from the
housing 28 in a transverse direction to a longitudinal axis of the hollow cartridge member

16. The cells will be cultured in the extra-capillary space 21 of the hollow fibre 17. The

[IADAYLIB\LIBZZ]cordlifefinalspec2 doc AWL



in the hollow fibre cartridge nenber. Is 4. The cell culture system
according to claiml1, 2 or 3, wherein the cell matrix material is collagen
gel. 5. The cell culture systemaccording to claim4 , wherein the coll agen
gel is a chemcally nodified collagen gel. 6. The cell culture system
according to claim5, wherein the chemcag|ly nodified zo collagen gel is
formed by esterification of the collagen gel with a | ow nol ecular weight

al cohol . 7. o{fiffec&llls afdthdrvéstedShiph QRhaRHR dF 18 dufurdYceRd BndEolflgdh MrodgH &h 6,
wherein the collagen gel is partially polynerised gel. 8 A cell culture
syst em accopetlatgparb 4hnyhigheis oflsa (cannested top a7segpred synngend9ceilhe 2emengly and
material is J 1.t hi { I o) : i dge
e L e e R A
wher ei n t hesyrivige 39adocios simtiarieatsly svithothatfeedh wnjedtion aficedlx tand calldgendrom sace
of the hollow cartri memher.. . 10. cell culture system.accordin any
one of the ﬁf%é’é"&}gﬁg&gﬁgﬁ“ﬁg?hwg% BP'ﬁ%P & ﬂ?:eeff’ﬁlg?c%l’r‘@arkép?cgrgble?flctge g?ll%i"—%%ﬁzP
cells. so ldartriigem@e@tses 160r produci ng a popul ation of expanded cells and/or

a bi opharmaceutical product conprising the steps of - inserting a

suspensi on of c&h¢ Bretaaeedanetbed forgpplvingrthe eolfagen foihs e eAPIIGY spasel of the
cartridge ”{%&w fbke fehfirineCH Eélfoeﬁfsﬂ?tﬁ&igﬁa@% la0g6c K Soldioh BNSmRImEbAl
1 to 10, [L\DAYLIB\L1BZZ|cordlifefinalspec2 doc AW 13 - 1ncubating the
suspensi on ofllagen lig 04HEM KEC1ddlitogemtl P9 XromuCollagén Carp hwithatU0sW dcetone after
cartridge r.un ndi &.i Suj - .0 -

r enovi ngo aﬁ’ﬁ?cglr \t/hees? clﬁ!]aé&[?hlg ‘%‘858’11 eéit ﬁ{otgﬁgén?edxg%%f&ggﬁ%gm%gldgﬁcéaﬁgynﬁg@neg
exceeded a derdianeld stittethert 4°0 fdre6 hiays awnd fthén eiatpsetiragdiyst mistiled . waterl for #a

process for pr.oduci a pQ tion of expanded.cell l.or, a. e

bi ophar rr:atceﬁ‘g)""%ﬂa(j 6?188%?&4 Q?B@‘r“&?‘ﬂby {rSeZGT Y‘ngiTF‘? 0f@’rI ?&grls ebirined by dyuting
step of assgyidastrited Hml(hmgmm stlithblefaré 0 ©F SndtigdnoR" BHltHid BhndplO0NREMBLT ON
of expanded cells and/or a biopharnmaceutical product according to claim 11l

or 12 wher efenc HiCkisegileed i widlerifBdgmi of Betnplendihsnlysphibigad goliagan ds dben
matri x At epialivdd i apﬂaeﬂr,]ﬂ Qé'l‘ﬂﬁt‘fé}éf SR B xS TR a 1811 Vasy¥iof ol faRCH | NG
t he suspension o celals a c?t e cell matrix material into an extracapillary
space of t heollegeh/oell fsukpension4mixauer o ddws colingemrie ddisiogdaalp epoonsentoations of
expanded cell.s. and/ o i tical -Rro ar.ding. .c| al

whorei n t o iRt e G RRECHET SR, BeHale R Sieltoh TRl e

mat eri al i simjedtédafem theSirsAsyinpeedssinfiothepexieticipiltpra spageu2 bt tire héllex fbneed

cell s and/ or a _ bi opharmceuti cal product. accoyding to.cl.aim 14, erein the
ol agon 1 s mempane Lo BEGHY it Bytes To, SBRANE Mg R el pad uoiEied oo
produci ng aapd stthORoRinge2gpanded cells and/or a 2o bi opharnaceuti cal
product accordin any one of clainms |1 to 15, further, conprising the

to . ( . . .
step of reinj ectT'gl?lﬁelb riss ategish bnbisoembadigent ig azemizgek bke colagen L heatests a
once the popul &kl ndegk.q6! e oM BGudn ryestadnt &F A
process for gglr gggg‘fhrl\lgé%&g%%uggﬁag %(?ylg%%egdgﬂla{:ggl I's gtrl\cg/ %PBS b t
bi ophar nmacepolyowrispiondfeollaganos diependent upop thegorsfenhtigmef dollagen usd apddhei n
the cells ar sel e . fr . .
popul ati on Sﬁegﬁ%g%agﬁ%g Op'sq?ﬁgﬁl)%a% Q%Jbﬁ%?#éggu%l ?g%eﬁg% Le rl)lral gédnu 0é7d by
t he proecesstofl. Anyminevhiéh d¢ auffiicht tbosupportlthe delk grdwthe groliferationpandsicely a

holl ow fibre cartridge nenber., the hollow fibre catrtr.i nmenber furthe
conpri si ng 47808 ﬁ’é‘g “ﬁ’qﬁhﬁb%‘gn@aﬂ& _IOHertI""I’J‘} the W‘i’l“@hy%ﬁghﬁocoé‘é‘f%@#?%f’_
per neabl e NpENiRRRAkHARAASAE Whh/Milbf Haduehl Q@H?eﬂgwlﬁad géls e} e OyRbfrhallyngde@ té al
wherein the cell matrix material is arranged about or within the holl ow

fibres in ach@dmeslisvini atherall) subivigrenfigugtions) [[8e wemirgek likgyreliagay sheyild not
surface of ih IGe e to hold the cells in place.
\ DAYL1B\ LI B%%@%?éé*ggeyf‘?ﬁ%@élecz. e .Avl\ifén? T4°20."The cel I feactor accor ding
to claimil9, whdheigandraleprotsicb] featceilinoemtagionan thescelkbtwprre dystens h0tdseuigris ap
consi sting ?f col I agen, carboxynet hyl cel |l ul ose, chondroitin sul phate,

chi t osan- po pyrrolidone and hyal uronic acid. 21. Use of a cell

cul ture system Jbeagnlei 2P ahd oantat Jdnef the hollawnfibré cafridge mentbee 13 ape efpagdaby on
of a popul ation of cell s, and/ a, hi ophar maceutjcal _product, 224 A .
popul ati on &ayegfp%ﬁﬂéd’fﬁmﬁ ﬁ):]a%?& zigslPFStb‘f? 'mLs{[l@S’El’h;> 6‘af ptPo‘%jEfch p“tﬁgﬁmﬂe‘ﬁ by
cel |'s wher el gt RAdELI & VORIR OF QAUARMDnddi\En GRY lcoladehiiBick Y6 hisdlt a5 Qhidk Ng
to any one of clains 1 to 10. or by the cell reactor of claim20 or 21. to
[ 1"\ DAYL1B\ LI BZZ] cordl i fe6nal spec2 doc AW
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A{.AnNY. AlE. AHf . Aly. AJE. AnE. AlE. Aly. AHE. Al E. Al E. AnL. A2, - 0Sos<( ~/ s"u|
zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] ca] ca] ca] ca] ca] cRaU] cal] ca] cRa!

. eRY) { EX$&[ af | wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] caj ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cajcalff.y~<J

ST _rrrdt #3383,
%]%:&] ( ]( | ({ﬂmrém’aéﬂpllm] (spz]]@a@pablcaiecﬁ] ma]}mﬂbwaﬁm]cm&hglge} Q%hﬁ&} qa]/caﬂe:adl}:a]oc
a] ca] ca] ca] ca]ca cal.ca alc c *J+++ % w
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20  centrifuge tube (not shown) and subsequent cell count and flow cytometry is performed.
The type of collagen used is dependent on the cell type used. For example, certain
cells grow faster in type I collagen whilst other cells grow faster in tin type 1I collagen.
The chemically modified collagen will be mixed with the cells and injected into/outside
the lumen of the hollow fibre. The semi-gel like collagen provides the support the cells
25 require for optimal growth and allows the cells to grow in a three dimensional manner.
The extra cellular material used in the preferred embodiment is collagen and a
suitable collagen is commercially available as product Vitrogen 100 from Collagen Corp.,
Palo Alto, California United States of America.
The cells which are used in the preferred embodiment of the present invention are
30 selected from the following 2 cell lines.
The first cell line is Chinese Hamster Ovary (CHO) cells obtained from the National
University of Singapore, Bioprocessing Technology Centre, Singapore that express

recombinant green fluorescence protein (GFP). CHO cells are anchorage dependent cells.
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stem cell transplantations.

Both cell lines are grown in the cell culture system 10 as described herein. A flow
cytometry system is used to analyse cell numbers and phenotype. GFP expressed by

10 CHO cells will be assayed by using the Flourescein isothiocyanate (FITC) channel.
CD34 and CD38 antigens will be assayed with Phycoerythrin (PE) conjugated and FITC
conjugated antibodies. Flow cytometry will be performed at regular intervals after the
cells are introduced in to the cell culture system 10.

CHO cells expressing green flourescein protein (GFP) is used as a model to

15 illustrate that the cell culture system 10 of the present invention can be used for producing
a population of expanded cells and a recombinant product (in this case GFP). Further,
since these cells are anchorage dependent cells, the following experimental procedure will
demonstrate that the cell culture system 10 does not require attachment of the cells to a
hollow fibre membrane surface.

20 KG-1a cells are used mainly to illustrate that the cell culture system 10 can be used
to expand cells. Assaying the cell surface antigen (ie CD34 and CD38) with flow
cytometry is to show that, under such cell culture system conditions, the surface markers
are not affected. Please refer to Figure 3 for the steps involved.

In Fig. 3, there is shown a preferred process in accordance with the present

25 invention for increasing the number of KG-1a cells and CHO-GFP cells.

Firstly, the cells are resuspended in conditioned collagen at a concentration of
1.5mg/ml at a concentration of 5 x 10° to 2 x 10° cells/ml at 1.5 times the volume of the
extracapillary space 21 of the hollow cartridge member 16. The cell/collagen suspension
is injected by way of a syringe as described herein into the extracapillary space 21 of the

30  hollow cartridge fibre 17 and through the inlet port 40. The cells are incubated under
suitable conditions for more than one week after which the cells are harvested by way of
removing the cells in collagen suspension from the outlet port 41. The cells/collagen
suspension is washed with cold phosphate buffered saline. An aliquot of the cells is taken

to instigate a cell count on a haemocytometer.
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The measurement of specific bands of fluorescence emitted by the cells is achieved
by using flow cytometry. The cells are stained with fluorochromes, for example FITC, or
10 PE conjugated antibodies. The measurement of fluorescence provides a measure of the
amount of GFP produced by the CHO-GFP cells and in the case of KG-1a cells, the
measurement of the expression of CD34 and CD38. The amount of fluorescence emitted
by the CHO cells provides information as to whether the expanded number of cells have
lost the expression of the recombinant protein i.e. GFP after such culture has been

15 conducted using the cell culture system of the present invention.
Modifications and variations such as would be apparent to a person skilled in the art
are deemed to be within the scope of the present invention. It is to be understood that the
scope of the claims should not be restricted to the particular embodiments and examples

described herein.
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2. A cell culture system according to claim 1, wherein the cell matrix material is
10 selected from the group consisting of collagen, carboxymethylcellulose, chondroitin
sulphate, chitosan-polyvinyl pyrrolidone and hyaluronic acid.

3. The cell culture system according to claim 1 or 2, which further comprises a
means for removing and harvesting the cells after the cells have reached a desired number
in the hollow fibre cartridge member.

15 4.  The cell culture system according to claim 1, 2 or 3, wherein the cell matrix
material is collagen gel.

5.  The cell culture system according to claim 4 , wherein the collagen gel is a
chemically modified collagen gel.

6.  The cell culture system according to claim 5, wherein the chemically modified

20  collagen gel is formed by esterification of the collagen gel with a low molecular weight
alcohol.

7.  The cell culture system according to any one of claims 4 to 6, wherein the
collagen gel is partially polymerised gel.

8. A cell culture system according to any one of claims 1 to 7 wherein the cell

25 matrix material is located within an intracapillary space of the hollow cartridge member.

9. A cell culture system according to any one of claims 1 to 7, wherein the cell
matrix material is located within an extracapillary space of the hollow cartridge member.

10. A cell culture system according to any one of the preceding claims, wherein
the cells are KG-1a cells or CHO-GFP cells.

30 11. A process for producing a population of expanded cells and/or a
biopharmaceutical product comprising the steps of :
- inserting a suspension of cells and a cell matrix material into a hollow fibre

cartridge member of a cell culture system as described in any one of claims 1 to 10,
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13. A process for producing a population of expanded cells and/or a
biopharmaceutical product according to claim 11 or 12 wherein the step of inserting a

10 suspension of cells and a cell matrix material into a hollow fibre cartridge member is by
way of injecting the suspension of cells and the cell matrix material into an extracapillary
space of the hollow fibre.

14. A process for producing a population of expanded cells and/or a
biopharmaceutical product according to claim 13, wherein the injecting step is conducted

15 wherein the cell matrix material is collagen.

15. A process for producing a population of expanded cells and/or a
biopharmaceutical product according to claim 14, wherein the collagen is a partially
polymerised collagen gel.

16. A process for producing a population of expanded cells and/or a

20  biopharmaceutical product according to any one of claims 11 to 15, further comprising
the step of reinjecting a fresh suspension of cells and a cell matrix material once the
population of expanded cells has been removed and harvested.

17. A process for producing a population of expanded cells and/or a
biopharmaceutical product according to any one of claims 11 to 16, wherein the cells are

25 selected from KG-1a cells or CHO-GFP cells.

18. A population of expanded cells and/or a biopharmaceutical product produced
by the process of any one of claims 11 to 17.

19. A cell reactor comprising a hollow fibre cartridge member, the hollow fibre
cartridge member further comprising a housing, a number of hollow fibres which are

30 selectively permeable membranes located within said housing and a cell matrix material
wherein the cell matrix material is arranged about or within the hollow fibres in a manner

which allows growth of cells without adhering to a surface of the hollow fibre membrane.
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