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Cul ture system and net hod for propagation of human
bl ast ocyst-derived stemcells Field of the invention
wab@7poBsent i nvention relates to a cul ture syBCERPI007/002346
and a nmethod for propagati op of human
bl ast ocyst-derived stemcells (hBS cells) upon
Culﬁﬂé léV?fe'n? aﬁ& ?ﬁélﬁbatfbloﬁ‘rdp%bgtlén of ﬁganﬁéétoﬁWWe@%tem
Backgr oun he invention Traditionally hunman
cells| ast ocyst-derived stemcells (hBS cells) are
mai nt ai ned on a nEF (nouse enbryonic fibroblast)
feeder cell |ayer and are propagated by manual cutting
Fieldaf the inyendienof i ndi vi dual pi eces of col oni es [Heins
\og)ﬁt;}ﬁ,@ .
Theﬁire%ég;c ' I"abor ?a%tgsetr?g @gﬁgﬁggsﬁrﬂr;zdr?ggsﬂﬁnbﬁbewprslyég{a%ﬁ of
huwmma&twspd@m@drsé@n calls (W8S Mshmmmzmam figsgciatiea into a
sin ééllts‘?ﬁeé‘ﬁsf?orpf hBS cell lines in a stable, normnal
tate over extended periods of time and is therefore a
sw table culture systemfor snaller-scal e maintenance

Bacﬁgkédﬂcﬁoffﬂ‘é\’lﬁV tiorf Nere are many technical drawbacks
socl at ed I's traditional culture system For

Traditientadyi bemian hl@tmatr¢€;erﬁﬁ1§m rellsdhB§ cgligirare MaintanedaR e MEF
(moﬁ?é Eﬁﬁﬂfo‘ﬁlctfﬁirMaétf é@ﬁéreéerlﬁ%e'r BAn@3fe Br'oSS&ate%y ﬁﬂan‘uﬁl cutting

turn hds negative effects on reproducl

andgta@ﬁ@apﬂinﬂytduawlew@‘ccalqnwg (Heige @ggbwmg% Bragagen].
Thid ﬁé&iﬂ.&@%@h@ 14! Je\“%%béb’ﬁé?ﬁﬁe%rna tlHer@Jn%Qm%eth % t'oQiélte the

aut omat 1 on techni qfues such
prefretmpglttaﬂmqé Qﬂ“éb‘éh Gllawvathe majnlenanersefditd F%!'dlﬁ‘ieﬁéﬂ a stable,

northI%at@ 'mepéxté’rﬁdémrfé%' bPtimb aRA5Sthefefora RAGMRaBIBGulture system

I pmrent, such as m croscopes. Furthernore,
for &r@@ﬁmsq@esnaﬂraenwa culfgie: Hayewes: thereyaretraamy teshnisg] srgwhacks

ass&istefi WlthstH@@r‘éHFtlHﬁﬁ d&ftur%‘%%t%% Bl InStdie ﬁ IQneé}ﬁﬂﬁipb!snble to
gradients, FACS (fluoresCence automated cell "sorting)

quaptify hyreany.cals A Being tragsiagedi qmea@e@eemhnctf»narﬁ@rf\é@ﬁ.nsaatwe
eﬁeEt@fiJﬁWbBr‘é@ﬁcuBWtyearﬂ StENEFGILRARAT BblseRrRY prétdsdbs BHSEH &n fMeSe

preferably performed on dissociated single cells
traditional eaHiuis Wstessorredimited alug t@fowc%qmr@,at'brhﬁ'z\ylﬁmwtematlon

teckﬁfq‘ix%@cé&h'éé%wg Iaﬂdtbﬁb%éfét&fseanawﬁ .netreaea&ﬁhﬂecwh@e dRSunt

I's nore ficient in terns of etlrre and | abor
of magdinure debaratehhenass @ed egripawet. a’y% As pricrRsRoPes] fFutherpere,

tecfﬁﬁc{l@g%ﬁ?e'l”s%rtﬁ\? HRAS foR Smivl halpdid My fd?%UbéLfPtqueof@Urt%d cells
preci sel uantified and to be submtted to a nunbe

by 9. d@@ﬁﬁt)pgﬂa ientsg FHFSc@rereacench autamated eglheaitng) ips "3%96660

bea@fsoﬁmb Rtvell asth 3raﬂ§ﬁl:h&rﬁfebﬁrﬂ§ué%f byt 8. &18SrdpRYAtnBNWiral
furthérmore it would facilitate automated propagation

ageptsare all peafergbly desformped ap disaesiated singlgptala thanrheipees or
clustirsopsdi@t i on but very few have reported

Enzymatic dissociation would therefore render propagation of hBS cells more efficient
in terms of the time and labor required. Furthermore, dissociation of hBS cells into
single cells at passage would allow them to be more precisely quantified and to be
submitted to a number of manipulating procedures that will expand the scope of
potential uses applications of the hBS cells and furthermore it would facilitate
automated propagation procedures.
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propagati on of hBS cells upon dissociation into single
cell suspensions at passage and have instead relied on
w@amsagisngy by using e.g. collagenase |V, wher ePgT/EP2007/002346
clusters of certain sizes a%e obtained [Brinble et al,
Bresagen, §j ogren-Jansson et al]. For exanple, while

Sevga‘ngo%gF‘P\ mﬁ%é@éﬁﬁ@ﬂ%&ﬁné |§&%%Q‘i0ﬁ@h?@ér9?bvaﬂék/e reported

n avol ding single cell passaging in a
profagatien of h&S% cellg) QW@'W§PQW inggy $'ﬁﬁi? &el fusABNei9ng ahpassage and
hav% g]% atdarﬁg@c# Pﬁééaﬁﬁm I re%sdoﬂﬁ r%fg\e/g\lr/ Q{Jtﬁ]%eﬂyocl@%rs of
certginsizesiane pbﬁalrteé [Brmg!eeet |Bresageni Pigofeastangsomet alk Fpe
exa@?fé Wﬁgn?‘g]o PerRhdiRGh réH?)rt‘é'u’f’éf’éééeﬁ%dﬁwﬂﬁﬁngwh%FWﬁen

rotocol s her groups have

avoidingfsingie gelbpasgaaing dn aﬁ&l@c—frae |Cbhtvr91syﬁse; Bemple 2p¢yBresagen
repdrEdBtnkl utsQ cfﬂgte‘?‘ g&@? %?5%%8’16’@@9%@"%15}% fﬁﬁhblscléé’rly recommend

enzynes  al rea uring the establishnment or during the
aVO'dé\g;ﬂl%G@PIayOTﬂ)&%a@éé‘/eHﬁ dyring mmjw |as|if has negagyejeffects on

RFOEDR I

vnab"f}ﬁq H-ﬁ{]néééhémﬁﬁoﬁénéégnt(gi&g%l [ she§ accor Igﬁ&upt%oﬂatv%gfe fhled
enzyma@c ¢lé%Q9*ﬁt'0e@£9B§tqe&S prafoypditdo ba @eﬁ%ﬁsaﬂh@ axRper theycells to
enzthed EF gg«ezﬁtaa.sh np@.iaun mﬁévérpreaﬂwﬁb@bwfthe

esta tured i ca

hBSe¢eilwnatlm @rq@agélugﬁ thg calisomﬁm @mmﬁs [Qewgmet ali wharepyonly hBS
cell ﬁﬁ%assltgcg{gnéﬁg a&eo?a\ngwm%g@ AoRé Fa“cenFéHztyh%meer&ocdea/d ot the

ow pas rati1 os or SP I't ratios (
maijerity of B@énd%@wmswmldmeﬁﬁramqﬂg lepistobishpd and cultured)
womt, ?é Qﬁ;\&l\ﬁﬁbl@ﬁﬂ‘ énzg)rr%hg Bb%a@g{) Lﬁdi@oéﬁ?ﬁﬁ&ﬁrgé@&‘gﬁ@e%cale
ProRAgatier ANt gXRANEIopr B\a@aﬁmoem only rreb?ﬂg@v loyepgssage ratios or split
ratlcf%r(q @%Q@? B@en Hé’scﬁggdi WheR eHE)Icth‘Pg SRONMAtIEBRESGARM into single

techni ca ficulties relati'ng to enzy mat i c

cellgiptsrpsengs lQﬂwanrﬂt@Hs whighehave|imgli r@a%@@@s for epypeating the
8oigrdeR8cat pRiddghtorand the quality of the
pro%a%%pagat e(gehB% cEa ddlgl noes have been reported [ Draper
et al, Buzzard et al, Mtalipova, Enver et al, Andrews

In a@éhtléﬂ io thE %Bo%ﬁ@ﬁh@neﬁ%@rﬂ'ﬁéal d@ﬁ&ﬁt%&del@ﬂﬁg ¥ érﬁlyhﬂﬁc‘! a

descri be introduction of chronosonal aberrations, such
dissgsiatien Wtwting!aCalfournnerassade icbieys regasdingthipastability and fhe

quaht? O fHat i Sp A hiBS icBf ik Hdvblbeéﬁ‘ %Jidﬂl%ﬁe[fﬂ?éﬁer%ﬂ a0 BRkSard et

ag}ul ar kary ot Enver and rews describ
al, Mig ﬁg\faaﬁww%i twgm&%albﬁpf exaoRiedpieear. &UZF?fd\ﬁ"fjro

Mltafﬁgé\FH G&hchibé IntlobB&ion¥ 'cﬁlrbrﬂ&)ém%i abdrrdtions %@m%%awn
nbryonal carci noma ( EC) I's or may exhibit altered

chrwm@mﬂ HS. fiso %am%lﬁwt ipgicatgs Ig?"%ttﬁ igetabifityand
therEfoRd) Q@gbes@%éﬁiaﬁ‘kér%@fnhgnEnQ&%FdV/ﬂ{HrQMé HE4LriBRZMRBfolrRation

propagati on are presunmably due to an

towgrds |a|cydlt§r@ras1apﬁq¢e°rdmvﬂmaéia§§ﬁ§1t%"nﬁ wfa%maafst%‘eﬂq rgsemble

hundRSsrhibry 6fdl |c¥rcfr%§+a9ﬁf8@)tcetl§orprﬂ9 b%lblpﬁlt&é@ﬁﬁlﬁb&eﬁeﬁas well as
stress, which usua starts o occur around passage
karyptypiqally epigenetic changes These alterations observed during enzymatic
propagation of hBS cells are presumably due to an overly selective culture system in
favor of cells specifically resistant to population pressure and stress, which usually

starts to occur around passage 15-20.

Accordingly, development of a culture system allowing enzymatic dissociation of hBS
cells into single cells even at high split ratios i.e. high proliferation rates when being
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Accordi ngly, devel opnment of a culture system all ow ng
enzymati c di ssociation of hBS cells into single cells
we@m/1et3ohi gh split ratios i.e. high proliferae@DRBP2007/002346
rat es when bei ngpassaged wi thout resulting in the
above-nentioned problens is desirable. Such a culture

pas%@%ﬁ%h‘o%t Fe'&@ltnﬁ?‘hi e tabBie-hientiHeRpRbblerRVS BEsiRible. Buteh
descri tI on of he i nventi on The pr esent invention

CU'“HP&VP‘GE’S'SéhQ:WQiQﬁt@f theqresRnhiNVRNYe™i ghl y supporti ve
cul ture environnment for hBS cells which allows
enzymati c di ssociation down to single cells during

B"‘ﬁé’@ﬁ“ﬂﬁ%@'&@ét% NBYOR onpr oni sing the cell line's

TheBréddnt ﬁhsnﬁdrﬁsrsﬂde@b ‘éblttﬂ@ts?élbnﬁﬁdw @argmyl su‘@b@ﬁtlee @Mlﬁfre an
extended period of tinme, suc or nore

envwrb%rgé%rg*@gs cefigeavhighalomsi %y@ﬁ% F'a?ﬁ%toncﬂo“tnﬁe s ?q%'s

dunﬁ% 8§@rﬂb§é§a$é’ WutHB& O Ir&MIsHINRE BEIRARSs {irkdi ﬁér@@tlaiéﬂ dripoeent
ress inflicted at the cells during sing

andneEBalgtatg ovehan extendadraripgial Hmey %Nﬁhcﬁ.ﬁd edl: cfe‘r ’d‘PF?gth?B 20

pas$difesPTRS %%pdnmgeéﬂvirgﬁ‘rnbﬁt ¥ tidhé reinreédeiedt difie system
propagati on of "human bl ast ocyst-derived stem (

con@enﬁtewﬁﬁ?q %ﬁ'%'vﬁ)ﬂfﬁﬁﬁw‘&ﬂ'cfe@'éfﬂéﬁ ¢ells |dyring S'ag'&éa% .pﬁffsasrng
at |east 50,000 cells/cm2, ii) one or nore
di ssoci ati on agents for dissociation of hBS ce

Thecyitsi §teF‘hPf(9V'§e§ iBGEPraingde thesReprU dVERtionis A ‘FLI'tP5e gystem for

profsadBRen b N%&Ublbé'tb@ydﬂ%l@l'w’é'ﬂ stk (ﬁbspeélk%ﬁmpﬁmbem makes
it possible to propagate hBS cells X: di ssociation of

i) hupean f@éf’?r &Yp ght §§n$'Wt95 ahleasinf). PG eqlls/cBUs pensi on at

i) oﬁ@@hmeﬁm&%dwﬁ ABHEGEdiécialibn BKREBH EelcdIbimBs s b @fhgle cell
| e mai ntaining the significant characteristics of

susm'%m Furthernore, the present invention provides

i) aasdgstnlog climire pigamagat i on of hBS cells in a culture
em according to the present invention, the ne

GUHITR T Moves i posRiens PmBOBleS colg iy dirSoeRGon AT nBS

cell @@lbh'lé!: iRek slﬁ@’@@&%u%péﬁ‘s@'i gegach @onédritild3Passalgk For an extended
tained froma naster. cell line to ad@gﬁégtothe

t'mecQﬁrPGr@ %%/%‘Plé‘l‘ﬁ'n'f‘g)(h%?'g@g‘a”éﬂ‘?fﬁdﬁﬂ%t'oﬁ 19€8S:i nto a
single cell suspension by the use of one or nore

di ssoci ation agents, iii) distribut the sin
FUrthgRRIRStE RresenaInYgntan Falines Bimesrod #ng@pigéfm%‘ﬂéﬁsa%e"s in a

cult@ﬂe syst@fi accobdihd'tothe Peeseht MDEMioR UHhkWhéhy@®86apEsing the steps of
nprising human fc‘ﬁeder cells at ad

t
) o5 ReBPINE i rert s AR GHien B neohS el Sblained
froni & eEsERQEl life toadirR té th%EcmianeSsyfmem regul ar nedi um
a epeatin s fromste g/n
i) ARSOGR o e GBS TS ko H shole GE1 SuPPITIRRY 3 e e shs & T
d|55658t|&ﬁbé§\ts \Nhl I e mai ntaining the significant
characteristi ?
iii) dlstrlbutlng the smgle cel suspension in a split ratio of at least 1:4, such as at least
1:5 into one or more culture vessels comprising human feeder cells at a density of at
least 50,000 cells/cm?, iv) incubating the hBS cells for from about 3 to about 25 days
upon regular medium changes,
v) repeating n times from step ii), wherein n is an integer of at least 1,
in order to propagate the hBS cells, while maintaining the significant characteristics of

such cells.
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such cells.In contrast to what has been disclosed in
the prior art, the hBS cells only require a short
w@ejoasorsent procedure - if any at all - when PCT/EP2007/002346
transferred froma master cegll line culture to the
culture systemof the present invention. Furthernore,
In CSH?astoe@ﬁélthabrb\égﬂtd'is‘&fbséﬁ'iﬁ’tﬁ% p‘i’lBIealﬁ)rtﬁé( he8<els only reqdwre a

encount er ed lens relatin l'ow stability
shog @ajustnyerﬁprqqc?éuw KiaRkat albsw en F@"%fﬁ'éﬁd Bpwpwaﬁf@a cgjyline
cult&ré4y fffgéLﬁtuFE SRR 8t {napréerh Beertidn. FG%Q’H‘IO‘?@ thé‘bﬂes@nt
si ngl el l suspen5| on at passa as the hBS
Inveptl@rps@m%@eme\aow ermoemsey@ci @rﬁbgatsdpmln@ tq '@wm%blhty and
quaﬂgf%?ﬁ\‘%toﬂtél?{@d"ﬁBQ%e@é’wﬁeﬁ‘?%@ﬁat@&QQ%QkWaﬁ@dls%ld%ﬁ%?ﬂés
I hventi on can ropaga or nore passages,
cell splepieg dnto @ single ﬁQjF spRBgionBat RASSALR) &S, thehBH cells propagated in a
cuItL%'s%t@h{‘éé&rdlktftosthg %éseﬁfiﬂ(/erﬁmr@q @l@fh%ﬁ'a%or‘afnghg%e present
. Description of inventiron As nentionéd in
invephien adbbe P"Qi’aﬁ&tieﬁ f@s’ﬁér@tthém 20 passAges.cvchiagy@ gt imsfe than 30
t on of
P s B e b BRI 2 Tt
a single cell suspension without |oosing the
Desthipfibhict ¥ irvantipt eri stics of hBS cells. The culture
system for propagati on of hBS cells according to the
As pertinagd in theahoved BgifrsPeekofithe pigsant invasden relates 4o gicullure
syst@ﬁf‘ﬁloan{%roB&gét%ﬁ%tf hB8. &;QQ b§ §hiy?r4é?ti‘&‘d?ssobl'ailorpaﬁ1% c8i¥ifto a

di ssoci dati on ag for dissociati on of
singlerseliriusgensierowihat iegasingdbe §'9§lﬁ§§iéri%‘ﬁtﬁ$tef%€§ <Pf|hE§S gells. The

cultﬁ‘t‘érs?%H 148 pFopabatich mmlls‘ﬁﬁb&ﬁln@%? Jﬁeﬁﬁﬁrﬁ)@hﬂ&kes

It possi bl e to propagate hBS cells by dissociation of
CoanSescel | colonies into a single cell suspension at

i) h&ﬁ&*‘fe@@é‘ﬁ%%%té( %eﬁﬁﬁ/sé?%?lefagf s@oEedIgRAd time peri Od
| e mai ntaining t S(gjnl ficant characteristics

i) OWBSf @ere dissogiation Bsea@fpr IngaFiaten of bRAGal eelonias intea smg'e cell

susfeHsidi engystem according to the present invention for
nore than 20 passages, such as, e.g., nore than 25

i) ma@wgcu%?mdﬂwﬁ 30 passages, more than 35

whidtPEHREELSystéth nTEkeS itldoa&ibrGo WG@%B@E’QIS%V dlsso@fﬁltlﬂﬁ 8f ABS
the significant characteristics of such cells

cell gplpgies ¥p @Sindy celhwspeatienet eachasnrentive pass@efetferra@ extended

timeSpetiodMvhig marr@magtm@agmfcm&mbﬂeﬁs@a%fﬁes&sqyeme hBS cells
separation, said system conprisin human feeder

mayclg propagatgd tfbm.cyyur@fsvatem @%F@fd'w%dbe PeesientinkeRtion for more

tharP@@stIsaPBé Sudh 2806 h A Pe trmery ﬁas%@?esﬂ m@m:aa.tsmpshs@sges
colonies Into a single ce suspensi on, p
more than 35 passages, or more than 40 passages and still malntaln the significant

characteristics of such celis.

One other aspect of the present invention is a culture system for propagation of hBS
cells and subsequent separation, said system comprising:

i) human feeder cells at a density of at least 50,000 cells/cm?,

ii) one or more dissociation agents for dissociation of hBS cell colonies into a single cell
suspension, and

iii) a supportive culture medium,

iv) magnetic particles for incorporation into the feeder cells,

which culture system makes it possible to separate the feeder cells from the hBS cells.
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iii) a supportive culture medium iv) nmagnetic

particles for incorporation into the feeder cells,
wokiochomsod t ure system nmakes it possi bl e to sepBCHER200TI@2346

feeder cells fromthe hBS cglls. The separation

efficiency of said system nmay be at | east 50% such as

at |l east 70% at |east 80% at |east 90% at | east

99% where separation efficiency is intended to nean
Thersreaiabios ficigey oF Saithaystem Amaymideass 0% SHel ax al IFast 10%, at

least B84, &f I@aﬁtgto%‘%tt ?éispgg%hﬁhé'f@% hiafioh effieRnepPR! |ht@ﬂded°ﬁ> mean
used herein, the term' fon" is intended t
the peranieaeo! BSHIEENIBbE e egﬁc@pa@jﬁttea a alfagiad Rigine mRangti
fomggF kS cell population, i.e. expand the anount of hBS
F However, the culture system and the nethod for
propagati on described herein can al so be used for the

As Lﬁ'éﬁ Hérin, %e ?érﬂ@%)’oﬂ%ﬁb%@'n@in%d@d hBReaR that |hB@>ecell£*§réJS ed

erein, term”srgnificant characteristics of hB
propagiatestin |osdqrm exRR th@ hﬁ@ﬁ"@ﬁeulat% i.e¢ ¢ypaad thegmount orhBs

eué 'He%veva Xhe asuu?fy,g?erﬁf antiife fretdoRbnsopAgHtRA (RS Eeddierein
1) er

exhibits pro ation capacity in an
can gthgi e usedien the eurnasatod simrnm@intaining A RS erlh ittgl | y
i nactivated feeder cells, and/or ii) exhibits stable
chr onosonal kar%ot ype, '. . no aberrations occurring

As usedingirinrtbe tayan” @ﬁlﬂsﬁnttqﬁermw&eﬂ ofhBSeRllsois intenged to mean

one”ﬁ}o"‘hﬁéé‘sfotﬂ'o?\?‘éﬂsixabr §&eﬂ%¥ﬂ4&@llévﬂh§’cﬁ'§r&bﬁéﬁ§ﬁd§es of all
typés of germlayers both in vitro and in vivo, and/or

i) enmkyts ox9liferatian eapaciby iy an wpstittarentiated steteotiengrayneomitgtically

,nadﬁaétggrféed@p}e"@ aﬁa/gal i ne phosphat ase, the carbohydrate
epi topes SSEA-3, SSEA-4, TRA 1-60, TRA 1-81 , and the

i) eﬂ?‘@fseﬁtﬁb'e sheomssomak kaniptyRe d @ NaPEPEAINNG ASFYTIRG SUNingit e

propf?a%%hé‘f?bft%%BS"@il&'dhcﬁ’érOte' ngl ycan recogni zed by the
nonocl onal anti body GCTM 2, and/or v) does not exhibit

iii) maintatngIpgtentiat R leveiap intq dgrvasivaepf 3l types efraarmlaysss both in vitro
andTRUK8  aha/@nd/ or vi) retains its pluri potency and forns
teratomas i n vivo when injected into i nmu

iv) exBibjis ahieagtdwaiot the falieyring mn'qqﬂar@aswa@@ efa'ka"ne

pho%rfd‘t@sreemé @rbmdraw eeﬁoﬁ‘e@%m gr S§EAQ§ TP&\W -be, el yednd
as descrl I N exa | es reg ul ar i nt erval s

the grigtgin saresf @rlserthlfg Qggoutlns'ﬁ@’fﬂteégencgllt@ar maljix pgptgtng_lgcan

recd@ﬂ&%é%‘?%hé’hoﬂwbb{m%Qtll@&ﬁ/s@g¢ﬁl-2 Snardri ng material The
culturé systemof the present invention can be used

v) dees n‘ﬂ@db@ﬂ MQlegyianmayiser %gﬁ.{\g Qyrother differentiation markers, and/or

vi) retains its pluripotency and forms teratomas in vivo when injected into immuno-
compromised mice, and/or
vii) is capable of differentiating.

These characteristics may be analyzed as described in examples 7 and 8 at regular
intervals such as every 1-20 passages, such as, e.g., every 5-15 passages or every 10
passages.

Starting material
The culture system of the present invention can be used for propagation of hBS cells or
cell lines that are maintained in what is called a “master cell line” herein. As used

herein a “master cell line” refers to the parent culture of a hBS cell line that is
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cell lines that are maintained in what is called a
"master cell line" herein. As used herein a "naster

w@eior/1bi3ne" refers to the parent culture of a PGSER®DT/002346
line that ismaintained in traditional culture system
usi ng nmechani cal di ssection of the hBS cell col onies

malﬁhmﬁa% 2%@dAibAalultiRSyStent @dihg Heﬁﬁanlémﬂlséééﬂbnrcﬂfthﬁ hB@ cell
parent culture that has been vitrified. Feed

coloateﬁ@é PRsSAge apd A cvaser eqll ling” may plsgueteste # patent G'F'%‘{ﬁ? that has

beef Yitfiflgp according to the present invention in order to
make said system sufficiently supportive to the hBS
single cells, which are definitely nmore sensible

FeehieMar ds the sur r oundi ng environnent than are hBS cells

in clusters. Accordingly, the density of hupman feeder
A densellayar of feedal calipds SAUTRMNR CUIUER PYFIST SCRRIGOL Ui Present

mve'nfi&r?fhtdr@& tbfmél{eos’ﬁlcﬁ%Em 30tfigidRtly Suppdrive t& e I@@smgle cells,
cell s/¢cn2, such as, from about 50,000 to about 40

WhigheaTP SIEGRHEIY MoBmsSsiRke IR GESSMRURAING SDYRPOIP tha'are hBS
ceIIsFﬁ?nI dll.fs(té‘rgQAcJoF&%I?bcﬁé'ﬁeﬁQtyQQQuHénQ@é&étr cgﬁ&nmlture system

from about t o about 200,
acce,rémgésv mpreﬁeramwam 'Sﬁmr@eboqtéoaﬂs)&lip abpf WOO cells/cm?,

sucl@ §§ | fﬂn‘? Egeut%r(m@ tb)ébollthﬁ)of @dec%'lls/‘éﬁlp | fﬁorﬁé@o@t%@m tb About

ge vessels froma bout
3005q99r9eggc e figm aboud 50098 de a@oqtgogkpggtcegs/ggygrom @%th 60,000 to
abo@lbzqﬁ 000 deMsRRP Uﬁ'orﬂ aBaS70,Bud terabbat ﬁﬂﬁ@bm&-lly&ﬁmz h@&mally the

tlona tecuturem&wumma ang
feedzy cplEae sgRded b cylture yegsels from abqut 1 iq%ouaﬂ § B guch as,

e.g.t 6 Qboat 1 {oeasdut B@uys QFonPhbo 236 abbutes aaﬁepnorna ls@éd.ﬁ@the
seedi ng the hBS Sui t abl e human feeder cel

hBS s, pr'ﬂ’éa"é‘ulhﬁﬁ“!éu@yﬁ?%ﬁ“d\“ax Prochingsd 3t least e ﬁB?f‘ ﬂ%x;? 9.
at 128t €Y, biViedstith@B) BERe féures uele@st fivBaindtRridiao @8edikg thd HBS
vitro, such as, e.g., fromhBS cells or cells derived
cell$.r om hBS cel |'s. The human tissue from which the human

feeder cells may be derived include enbryonic, fetal,
neonatal , juvenjle or adult tissue, and it furt er

Suitable nygRg ??‘l%‘ FEIISHEF HsR i the SHIWR SKSteMRIHRIPregeRtdpetipp may

be dé'ﬂ‘bédl fr6|%|hLﬁrﬁ‘éHtﬂ;su81éSﬂ4 ,mémder%umheftrousnchmsaé gntfdm hBS
fall ‘E)I an tupe, stroma or breast. The hunan

cells g dE@qusfr‘?fﬁy %rl ved from cell types pertai ni ng
to the group consi stl ng of human fibrobl asts,
fibrocytes, nyoc ker at i noc dthella cells

The S b R Pt 8 I B R e gL

emtiriﬂcﬂﬁc W&ﬁl h@orﬁéi@ldjuﬁ/@rﬁlledﬁ*rddw ﬂgsdwmnfﬁﬁﬂ@inoﬁﬂebslssue derived

rom. in ARG SPRNT UISAL B A SEl, A0, PRI, Placents,

fallol |dartotbé driiurd) dtrérhafor breRey ttee huﬁﬁh&éedﬁ#%@ll@m@? |bl=,?d.er|ved from
skln cells, fetal lun ellsfp;o@% dothe

cell &y@le? Qertrfugtngﬁo &ﬁ Qrﬂgp pansug@g umagifi st§3 g,o&ytes myocytes,
kerdfRE&YI6d) ehBbtherd| Icells MPESIhERAI child) IExBpRsSof specific cell types that

may be used for deriving human feeder cells include embryonic fibroblasts,
extraembryonic endodemm cells, extraembryonic mesoderm cells, fetal fibroblasts
and/or fibrocytes, fetal muscle cells, fetal skin cells, fetal lung cells, fetal endothelial
cells, fetal epithelial cells, umbilical chord mesenchymal cells, placental fibroblasts
and/or fibrocytes, placental endothelial cells, post-natal human foreskin fibroblasts
and/or fibrocytes, post-natal muscle cells, post-natal skin cells, post-natal endothelial
cells, adult skin fibroblasts and/or fibrocytes, adult muscle cells, adult fallopian tube
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and/or fibrocytes, placental endothelial cells,
post -natal human foreskin fibroblasts and/or

WO piwroepdes, post-natal mnuscle cells, post-nateCT/BRI0N7/002346
cells, post-natal endothelial cells, adult skin
fibroblasts and/or fibrocytes, adult nuscle cells,

endaﬂg| idl cBfd, |a99l't g‘%lnﬁb‘lg Jiﬁ&l'c@h? %%hh §tron’49luéntdome%"l‘la(iI BEIR

onetrial stro endonetri al
aduli §rgast m@ggpar@aﬁm@nalﬁgu%@gnwmqual gelisgadult eplthellal cells or
cells, adult epithelial cells or adult
aduEg?%Wn %tes V\hen human feeder cells are derived
from hBS cells, the cells derived from hBS cells nay
Whé}?hur’n?ﬁ %_Ef:%lsoarre B@H\Ped"’m JE ABBRNRhe QQ%%MP@frloB"S cells
specific I ment e present invention,
mayhbgrRroblesigdr heee pneseachynal Gbeagiyre. pref er abl y derl ved
from human neonatal foreskin fibroblasts. A human
foreskin fibroblast feeder cell |ine can be
In aspeeifit rhedinfanbaf thripFeseatipenrfion; b, umanfeadssi cg&%la@aby
fi br&%t?%ré’fg%‘ﬁ Y %r@@ﬂ ?roﬁkﬁtfhaﬁﬁﬁ@n%ﬁl kdteskiry ﬁ'lla HiaStsY &

tabl e steri ture nedi um suc
foreeklg f brwlasa@@d%@ﬁ"uwp candie establisiad fram iskie sapPiesiEIn fa| ed

cnrcﬁ@gl n?alwegé pIQEm% %@M sﬁL Qﬁﬁessln Motk sou é?f‘lfa‘?rﬂnﬁ' a

enent a manmal 1 an serum such
su'thtﬂnlemmtﬂre mediym, seeh a%iH. carbAsemediuim sHckkas DMEM
(Dufb@@éc?«&ﬁf&ﬁfﬁ%d | %/MEE%& GYW%M p(E%Eﬁi’% AR g}fehftﬁn&éécb*éf e
Mecbwm)sunmlﬁ@ﬁn@érvum amammaliad/sefunregeh ap FBSH9N hvawn serum, or
supggnm% @e%trps ssr%H _?Ia%eﬁ’n%htaér{be%ﬁféﬁ ) ome?é?auy the élﬁw?e

feeder cells now be assa%]
meqﬂ)‘&’“@Wt“’U'tmg@b‘wmﬁWt% with | @%(#ive hemarsaneuand 1% (v/v)

PESjla¥§an‘ﬂué‘ﬁt‘?H6no1%§9| 6Y§ells$§6$\aﬁ\%d afefromabeMR @9%to‘bbout 30

bout from about 5 days to about
dayglq fee@ermg"%ﬁ@mowmﬁ Rasgpgedey amzyﬁ@tlagieﬁﬁpg'aﬂ@ruehnt&yals

fron?algout Erdégag L5dut S?@'o%% suthk8le. Ss?r@m ABUPE Bhyd {beabout 9 days,

f eeders be tested for a suitabl sel ection of
fromhatput 5;9@% éfgé*PF?}Jt iBrilayp (M§ing @NecPIgNere Cf'?ﬁ@iclat'%a%ﬂiﬁ rfdigh as,

Wﬁm %@ielcy Aftdr QgﬂablléHnﬂéﬁt ﬂ'fe f@é’&@’@ rrfé%zrt?estbbt%dffbrbi tha%%t

%febder cells may be obfained described in exanple 3
se'eichorl ﬁfé“%@arbwthwenan@pm t%ﬁ"ﬂﬁb’ﬂ? H@cheﬁﬁ@nqe%%ﬁc'ﬁ‘@”ysa cell

line '6f RGMAR fRe SN ﬁlb’rbﬁla%@é@ép RIS RlaY IRB B AINdd'8s BEKRFIBBY in example
i nvention may be commercially available feeder cells

3indhgkelay. e.g., hFF cells (Anerican Type Cul ture
Col l ection, CRL-2429 ATCC, Manassas, VA) or hunman
enbryonic fibroblast cells (American Type Cul ture

In angtheeembesimetidhe feedsr Agisciseriimasylidre syRipm 3ceopdng toghe s

preéé?n?ﬂwéﬁh&nr}ﬁai’b@%@rmne'ré?é(l@rgv‘aﬂ’éblé'r?éédéﬂéél@%hclb%s e.g., hFF cells
i mortali zed ﬁ%‘getlca I'mortalization

(Am@flcaraa’ém%l&re §° 198, €RE- %aa d\TQQ Mﬁf\aéﬁaq Y& &phymay
emBriforfié MYoblast cells (American Type Culture Collection, CCL-110 ATCC,

Manassas, VA).

Feeder cells used in the present invention may further be immortalized or genetically
modified. Immortalization of feeder cells means the acquisition of the ability to grow
through a theoretically indefinite number of divisions in culture. There are several
methods for doing that and one approach is to transform the cells with e.g. viruses,
retro viruses and/or by the expression of telomerase reverse transciptase protein
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through a theoretically indefinite nunber of divisions

in culture. There are several nethods for doing that
w@e@700m0Rapproach is to transformthe cells w PCI/BP2PO7/002346

viruses, retro viruses and/@r by the expression of

tel omerase reverse transci ptase protein(TERT). TERT is

(TERPRGERTSSs I.r{hcﬂ@étn fi8stlcells, lwt wné}eﬁTER*EEéTexo@ea&@gﬁawabsed the
expressed the cells are able to maintain telo

celly @rﬁgetbﬂ%togn@'mam telamers lengdissyffigant iaeyse replifalbesssgscence.
Mor eover, one of either ceII type i.e. the feeder
cells or the hBS cells may 9net cally podified to

Morgpyesvpress£ithes el type. éerﬁhﬁé%ec@éF?' SRISNE BBP SRS M@y b6t by

mag@n@ﬁééﬂ'y Mo difiddrre %BW%eE)eraﬁ@n of é‘mﬁke@rdéfl %bb@ldtl&mh@ﬂédﬁBWa plying
present invention feeder cells use

a mmr@'érﬁ@rcse dv@mrﬁtﬁﬁreare@h?&gmnhoeme| RresRsfimveRtion. ﬁ%ﬁgﬁsi’?fcce"s
use&rﬂﬁﬂhé'p?égénpﬂvéﬁtldn@efn%@f cdh§ ImcuiffEy Magn&y thedifii@sioR)of the

exposing the cell population to magnetic particles
feeden sellscnaY be PPHeGIgsHR @ RPsina e ??IL:_PQP@H@“ 6'5/) magpelicparticles

that'Eﬁﬁ'B% n%&'ﬁbrat%d%tg th@?tel%' B/CdevORPIREhE Bucteaiogybypsi s or
fag oc¥t03|s addj tion the feeder cells may be

elecijepe@ %’hlqnﬂo%%W PetPIAEXIPHY specific genes integrated
to t he genone. These genes may code for markers of
nterest or for synthesis of bionolecul es known to be

In ae@h@? theifegdar selis,@ay bs geaetically mpdified Haying RPRCIIGEEN5Ss

inte Féii @Qh@g&aon@f%e@@@éhé‘s i E@@é ﬁ)‘i?ndﬂl(é?%hlnfeiéét@r}for
hese gene modi fi cations can i nduce ap Llcxc$_los,| s in

synthpels pERigaIolecs|es knawh twﬁﬁéenﬁm&thﬁmgq"so? ASgEewth

fact6r@l §ifchaasad § BHEF #5&%&; fibioMmast lgpRata Facter). |15he%§@@né rﬁndd’ﬂtatlons
cul ture system of the invention have been

canialsRdRdurR:a9PIasIsIP dre feedenfgln ABH makenduged ¢ v%mvar' pktegder cells

availdper of feeder cells to avoid that the feeder cells
outgrow the hBS cells. G owh inactivation of human
feeder cells may be perforned by treating the cells

The\MqunG\‘Be@é?tdeﬂéThééH ih@hé& B@tiire systei oaehe |ﬁve§htlon al® B¥én Qrowth
accordin known net hods r as tJrrrg Lﬁ?ﬂ exa
inacivaiag oA GBADE A CIAEM et AVEIDET Of RESHT Al 4 S fPat the
feedé‘? bélﬁs cﬂﬂyrohﬁhé hestdells. r@lbetl’t\/ el abiyn Sﬂﬁllirﬁﬁrﬁ foadet s may be
rradi atign, s

uc
perfpw%%v%wgén? F?'E Wi an gntiayietic %qmt sayta B8, S0y gtomycin,
acc&f@ﬁ?ﬁ@ |kp@¢vlg méﬂﬁuzjlyrbrmtd@ﬁdﬁneﬁhlb exaniplcesqr avd & wﬂthtelb‘éw on
0 e feeder ce e cu e cu
Attty i 58 BB TeRoes FelsBbp B rein drectiates by Sublgfing e Selt
to afd@eélef inaalatien, S0BR Asigamni£mdaiatio® klifficidhttoRauBdcell cycle arrest
fibroblasts, the culture nedium may be sel ected from

acc?rﬂlé‘gdi’@il]%w'ém%l%{sr ng of Dul becco's Mdified Eagle's
Medi um (DMEM), |scove's Modified Dul becco's Medi um

Prioh {AIRWLF PO PES 'SAeC el ek et nailiresd e gpecium
suppaHive 6MR8 padicuiat belipe of thedeédre delss Voren the fewizd eélls are
human fibroblasts, the culture medium may be selected from the group consisting of
Dulbecco’s Modified Eagle’'s Medium (DMEM), Iscove’s Modified Dulbecco’s Medium
(IMDM) supplemented with mammalian serum, such as human serum or FBS, or
serum replacement and further supplemented with PEST. The feeders may be seeded
directly in the culture vessel or seeded onto a matrix component in the culture vessel.
The culture medium may be supplemented with serum, such as, e.g., FBS or human
serum, in a concentration from about 1 to about 40 % v/v, such as, e.g., from about 5 to
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directly in the culture vessel or seeded onto a matrix

conponent in the culture vessel. The culture nedi um
woreap7her3suippl enented with serum such as, e.g.PCHBER00T/002346

human serum in a concentragion fromabout 1 to about

40 % v/v, such as, e.g., fromabout 5 toto about 20 %

to a¥ét 20r% L& §p 1 % \ﬁ@gﬁ@l’)r With BndBEmBFe aMibRtias tsubh ab 'p@ﬁlcnhn and
such as penicillin and streptonycin. In a specifi

streplepginat? speqifitqmkodimant, ayltuse m?ﬂmnémel?mntw with

penf&ﬁ‘lm Qkédtérﬂycﬁr‘i ﬁﬁ%@rﬁ‘&é‘ﬁtrﬂndﬁbéwéé’rﬂﬁsmtdb%ht CAYPRIAMREN10 % viv,
fromabout™ 0.1%to about 10 % v/v, from about 0.5%to

fromp Ryt 05%4 e, akout @r% prVePéP'@lfﬁf?bll%%/VO’ The degde gells may be
pas§FRYedif ttﬂ@é&ﬁﬁ@ﬂwédﬂlrﬁ Bi ﬁtéN"AIQ ng n%ﬁfﬂin‘# Bbatt 2 tBta@)EJMtai‘ﬁdays

rangi ng from about t o _about such

Such Apa.A0BaM 2PoLS i abaut 16 cagdron Abat B @bou! § deven S 5

day BYGSb HOrRVE Noré iRy Eb(rﬂ i t fkios"BEVeen 1:2 t
eve@azs/s%ym ation agent sorat S C| ° %osaﬁbﬁv\eé% 1: eten °

1:20, spoh ag, &6 Between d:2 togled h@nﬂ gép 1816ﬂerb%qnﬁ@@ﬁatflvz2 to
10ﬁa%sélgé% st¥H &4 ofRP R 188 pRLEGAS, thd feedét RRAS ARG DR g r§an§é’uvated

after to 8 passages, the feeder cells nay be growt h
asqeﬁgrd,qqdvqﬁoyg as described above. After growth

i nactivation the cells my be seeded in culture

vessels, that are coated with a suitable matrix

After-grquth ijactiyation therellsraaveipeades in peiure yesssis. Hiss aergated

withi a §u|taB|e| m R infat&9A Cih iR Atui mERBMRRIBYHIOS oﬁh’@@@éﬁé YS af
hBS cel | propagation are suitable. An exanp

of
me%ﬂ@%ﬂﬁlpsd Helheibelawsae pyrRportygyof @8%"@@96@@5%?@%@”6 An

exa%réacsf & dUnaBReRAtHR md?éf@ﬁa?'c%ﬁ%ﬁ&éﬂ’ec%ﬁb’r%@hbeﬁ“Fbronectm
matri x or gelatin, such as ., reconbi nant hunan

humgas| Riagental sxtanellugl magRrasiatin: sish ass e gelr&EIRPINNtAWAMAN

geldin 1A0s\able E&%eﬂuﬁsﬁ’@{o |dtid .ﬁasmﬁ@eﬂsdv/atw@ fQ@c!’éi'chs Qrfe
from about 50,000 to out el I/crrﬁi such

seegdedjat a density ghlom @@%@Q)O%t%mff 5%90%96'/% SHENS, &g, from
abol‘Jtr mmﬂatabowzémoa el br ﬂ=9r9 4280t m?ded ﬁf@oou{ dleabby

feeder cells are used as feeder cell bet ween
Ce”/ﬁﬁ's Jderlly2he fredepcells arp uged agfegder ‘E?é'ﬁ\k@%’\‘?eﬁdﬁaw 3agddo,
sucI$ as @@C bétweah |p)§ssdq'é53 5@&9% é‘cﬁichl‘ﬁy R/feB@erCddils Waytheddultured
es

described in exa 3|nthe below. In a
as desgiihedip exaHBigs i tFﬁQeﬁY"esent i nvention, the

feeder cells are xeno-free feeder cells, i e. they
have_never been exposed to, dire or indirect
In apeefic smbe@"rfwahofﬁngrafﬁsgm 'Hié‘F“%?Pn rﬁgeds?& Gﬁ"sa%’ed@PP ree feeder

celld, ii. &sw.egs ha®& Héwr b@@ﬂ)éxpﬁéslébd& direet] armu.aédtlyaﬁafehelrcmfon human
3 and 4 in corrbl crl

a”"%@@é‘ﬂ!“r §'i'ﬁ?e?ﬁ°eéjﬁo"5<§ti?§ ﬁ’/‘ BHQY) uids 2@ G‘Frr"@é'v%%ﬁerqqfne

Exaﬁ'fpléwmﬂﬁbé}ﬁklhﬁtlcﬁd feRhbésthefereBshmhentlahd cultivation of a xeno-
Di ssoci ati on agents; The present invention relates to

free gell {ine gf eHragn; kin fRspllast eeerica4S. cel | col oni es can be
di ssoci ated into a S|ngle cell suspension at passage.

As used herein the term"single
Dissociation agents:

The present invention relates to a culture system, wherein the hBS cell colonies can be
dissociated into a single cell suspension at passage. As used herein the term “single
cell suspension” is intended to mean a suspension of hBS cells essentially comprising
single cells, i.e., less than 10%, such as, e.g., less than 8%, less than 6%, less than
4%, less than 2%, or less than 1% of the cell entities may be clusters. Any remaining
clusters may optionally be removed by use of a cell strainer, which functions as a mesh
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cell suspension” is intended to nean a suspensi on of
hBS cells essentially conprising single cells, i.e.
wo ewg/1013an 10% such as, e.g., less than 8% | BEBEPNATI002346
6% less than 4% |ess than,2% or less than 1% of the
cell entities may be clusters. Any remaining clusters
with"Por Q;gie%ﬁlréh(y 86steRRY Ided 'SR Qhgld cER éreffétrtﬁr*oﬂgﬁ As
I C unctions as a nmeshwith a pore size whereb
mentipped irthe gbaves dhis isca @ralcah@me%? ginge thessipgle CPUaﬁta us is harsh
on thé F\BSS:I%IIS Ay TERdd ;9'@9 GUéIP bE@r?fo% R YSimpI ESmpifcatiosd ith Fe%'ppct

procedure si'nce the single cell status is harsh on th
to cﬂwrwanag\d vvmyreiwecrﬁ é@tnsr%ahlléngnsl/ apalinof thasHrving elisy
conplications with respect to cell survival and wth
respect to the stability and quality of the surviving
Wherepsesl in ireeoniexd @f aisultyre sygigmeaacorstindtodye plasenkipwqntien, one or
morg%fs%wihf‘& S%rhg‘ﬁl rb%sa‘?\rgnz&lméeé‘(:hélﬂtmgoéﬁaen%r érg&%blnatlon of
i ssocl at | agen bé an enzyne, chel ati ng
one £ are snzuan%s)mkprameoqf rmre&helabmg Agas. e‘wz:ymharﬁm e or
mor@'a?sseEl Ssos?é?#sehﬁy'bgga @&Wﬁﬁron%%?(egéﬂ%}’suéhhfs g@e aPleast

nor e ation’agents may a conbi nation of
threpeatdeast jaur, atueast five, CtiisSQClahQn F@Qﬁﬁ three, at |east

four, at least five, dissociation agents. Enzynes that

are suitabl e for use in the culture systemof the
Enzpines et aresdigbledar wes/inithe pultiee pystera of %ﬂ mewwggtlon may
mcl@lﬂe%r@feo%l; |eﬁ9ﬁﬂé§ ¥hd/6r @cﬂéyéﬂ?ﬁytlc%%ﬂn@@ suh gs, e.§" YRS

SI n- .. di spase, dispase-like, pronase,
trypgndlﬁas@snasr%edlsreaﬁerl&gewagese @mwgé‘h@, collaganagcaiagense-like
andrﬁ%tﬁk heRdIBbRISIASRS: In'ﬁhrﬁ@fér's%iﬂé@é eRAHJrhE Gy BB FYEBATOINE
be reconbi nant enzymes. Suitable chel ating agents may

enzyjgehel at ors of dival ent cations, such as, e.g., EDTA

EGTA and HEDTA. Upon di ssoci ation of the hBS cel I

colonies in step ii) a DNA se may be added in addition
Suitplletchelating agentsfitay ke dektersof ewaégbﬁt@ps,vwce [Rswe-81, EDTA,
EGTK sNEREDAlaunpi ng caused by DNA rel eased from di srupted

cells. Conbinations of dissociation agents are

particularly suitable for use in a culture system

UpoRis¥olialidh bOthk MBSPERTRBnidsni St B-DNA §é"ﬁ4a‘?9oeC5dd%H¢rﬁ"
are TrypLE(tm Select (Invitrogen), Accutase(

additien &ﬁf@m A fiePracissraiatiemPoetn é“fh"‘@o\ﬁ'}' preMeybiE@Pw caused by
DNASR|E45ed fitdth enlaru;a\%mééu%es a reconbinant trypsin-like
enzynme and EDTA, is free of animal conponents.
Accut ase(tm), which conprises proteolytic and

Con%?ll\étﬁ‘)gg RPLigEbGatRMldgehis £8 paﬂréulﬁmfeu.tmfoauaé.Mcunure system
manmal i an or bacterially derived conponent

accerdipaite e Qrgsgm@%mmlqﬁ of gug ugl&@'@lp\# Select (Invitrogen),

Acc&%@mcﬁémcoﬁyéﬁmecw (GiRsmiEDH). $§pRE™ Sdikétewhich
Furt her nor e, he one or nore di ssoci atl on ag ents or a

COmMPHAS ﬂéﬁqombm%mﬁm Hsenrymensl FPEA, isffreg of ?H'@}P' Repgonents.

AccliR¥e™, Wﬁ%ﬂ RHipRsESplotbollicrahaicoNagdholyhil héRiesiand EDTA,
material of nonhuman
contains no mammalian or bacterially derived components. In addition to the

components of Accutase™, Accumax™ further comprises DNA'se activities.

Furthermore, the one or more dissociation agents or a combination thereof can be
xeno-free, i.e. they have never been exposed to, directly or indirectly, material of non-
human animal origin, such as cells, tissues, and/or body fluids and derivatives thereof.
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animal origin, such as cells, tissues, and/or body
fluids and derivatives thereof.Culture nedia Culture
worr@raoshat are suitable for use in a culture BYFERIWN7/002346
according to the present inyention have to be highly
supportive for the gromh of hBS cells. A suitable
culture nedium may be a defined nedi um having a
conpl etely known conposition. Suitable supportive
Cultsra mafie medi a i ncl ude suppl enent ed base nedia, such as

Cult%%&é thavldh sdi th%léfép B8 I & Bulké E%Vt@h'n %%rﬁmb@mé)@resent

uppl emented with one or nore of the foll ow

mveetmha\tmf@rheshlg%ﬁmqrﬁw f@émram\mcqﬁ hBS cells A swtﬂ@@ iture
med\HREYSRY & BefintSNOREGH(Having®d éﬂﬁmﬁlgﬂyaé‘r\%%%mposmon Suitable

penici'l l'in, streptonycin, non-essential am no_acids
supnorngawﬁ@ed@ln@w%avmrnameqi basrimedigreych aRAMEM or IMDM.

Thers‘t?lﬁ%m{lé‘ @tﬁlbr@ﬁ%dﬁnﬁ iy Al i Ieg'feﬂ‘l/gch/vlirﬁ&ﬁé)éa mord &%he following
ot nmedia may be used in'the present invention. Such_
constitdgnish marpmebanpserym, such as, e+ EBS ashuman seremy KNQIKQET
R I L L el i L
B-mexBptoetiiapekaral hroF &€ (Humhn rédombiremnt basid ébrohlagt growth factor)

transform ng gromh factor beta (TGFb) , and bFGF.

Furt hernore, such nedium may be chem cal ly defi ned.
Alsoltteercmediameaynieeiused indiye plesentirvemntionridlichi roedidmaodyt comeprise

[ [ S : :

saniifiptie. op BnoByaHuloL(EE diiogtl el sREERI o,
Suiteklelgsowihrfaciorstto bbeadldgd tsthe reediem cobidiece. ge@ABA pipecholls

. : e

oo P AR 3 anBoR R A RTEIP TGRS Ahdeor

Furtbelinhczreamd:hasecﬁumhna)tbmalyermealtycneﬁnsdjpportive for hBS
cell propagation than an unconditioned nedi um

Furthernore, the nedium nay be xeno-free, which is
Thepaituiegoédininymayilee bata cmlmditiondrcecmtu@mgdlued i.aBScelbre snedium,

whuﬁwr Kas t%ek?ﬁn ldgﬁt%ctf W Er} %Q%elkéer\g ﬁQxfcn ca 8 sbuﬁ\%ﬂ'f%&d%ﬁ:ﬁ&ps Bl%’r to

consequent |
beingused rasua/wlwtﬁ meadiermfied haﬁwcnﬁ\prdpegstmpmmtleded/\mtemum

cont%ﬁ{sl*fglto%umlcﬂ%avg bgen r a%e(arfrotﬂrlr'fﬁ%'}eec'@err%g]ls 84d as such it may be
a atrve eplacenent, such as, e.g.,
MOorNAMXDivE foy hBSrqgmprmalga&@n@an anTineorditignedtrnediu uF grthesmore,
' I te t
the ﬁl%gl%ﬁg?ggg%e@(gn@ﬁgg \ﬁﬁ@ﬂ garﬁtlf%gmhya g%ﬁtg@g%n tﬂ\e/%)?(g)a@g%ﬁ BS
cellseneumbesused frsanyikird q.f(medmi applicatien anughpensenventyiave te be of
chm?ﬁ PRy be supplemented with one or nore growth
ctors seI ected fromthe group enabling to maintain
the significant hBS cell characteristics, consisting

eghid EGET IR Biehod By LiEhelamde e, ros

or hﬁ-en segm, an@hematlw&iy diserurGreptavement, Isash as, e.g., KNOCKOUT®
r

e PRI UL Bl Pl P5E B hUBB i o

about 1% to about 40 % serum, such as, e.g., from about 5% to about 20 % serum,

such as with 10% serum.

The supportive culture medium may be supplemented with one or more growth factors
selected from the group enabling to maintain the significant hBS cell characteristics,
consisting of EGF (epidermal growth factor), HGF (hepatocyte growth factor),
neurotrophins, fibroblast growth factors, such as acidic FGF and/or basic fibroblast
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(hrbFGF). In one enbodi nent, the supportive culture

medi umis supplenented with hrbFGF in a suitable
wa@oencaomsnat i on. A suitable concentration of hrbEEEPI0AY002346

be within the range from abI ut 0.5 to about 1000 ng/m

hr bFGF, such as e.g., from about 1 to about 500 ng/m
grovl?tﬁtffé%r (bF b rr){z hh%aﬂbeéﬂmﬁﬁ%t%émf bR3bldst @FBwRR Patitor

t o about In the foll ow ng four
(hrbgsﬁFe dploge @mqoamen’fetae éuana@we@t&ﬁur%@&d'upblﬁévep'eﬂientquwth

herf@ﬂr\eéTPu@atbf‘éjcdr'l&@ﬁtré’ﬂotheA s‘ﬁiﬂaﬁlé E@né@ﬁ%ﬁoﬁéﬁhrbﬁGF% beOWithin
long as they provid hBS cells with nutritional

the faﬁ\gﬁér@nb#wtp t9 abioqm QPOrraQ/rﬁi her@F BYY i, from about 1 to
aboumoefgi/ﬁnﬁm@rtc FroRSatdufS fo SbAITR0D hgAMbr GofPatdut 4 to about 100
i ngredi ents such as am no aci ds, salts vi tam ns,
ng/f@'ﬁﬁb@C}Fprow ders, carbohydrates including sugars etc.
One suitable culture medi umused in the invention is

VitroHES(tm nedi um supplenmented with at |east 4 ng/ni
In therfgliawring Fpvh SHiEable cyliusd Medireae deserihed. Hayevrr, i isepntgmplated

that ricONGRIh&a tsn 68 'fﬁ@éd i ‘35 @Jn&iasQNEWbFUvm‘éttHS th%‘éﬁs with

medi um such as K | becco' s Mod
nutritiggaldngrediedising hguﬁrfpwm @ergﬂntqdngr@%ewm% tr@cy elements

and%%éme IGRIGRRITBIEN A ShinB%cids! $4M41 NIntiAd) Shifdyqitbidérs,

hei r respect ive final concentrations: 50 units/ni
Caft{?@MW@Fqsl'P‘HUd'B@SH@?"ﬁiet%treptorrym n, 0,1 nM
non-essential amno acids, 2 nM L-glutam ne, 100 nmM b-
mer capt oet hanol , at |east 4 ng/m hrbFGE . Yet anot her
Onessyitabls| cultuiganesivipHsed dethe 'ﬁ\m%ems YikaHESRyMBgiugsed i n

sup%%ﬁ\ehfé\ﬂ%m é%ﬂeés‘MQ%VfﬁMrSFéF.as fol I ows; KNOCKOUT (r)
| becco's Modified Eagle's Medi um suppl emented with

20% KNOCKQUT (r) Serum repl acenent and the foll ow ng

Ano@r@ﬂ%.&éw@meam tHab Rl DeQREBE G th¥Gnienfign isCoanesises df & quM or
O units/m penicillin, 50, mg/ M streptonmycin, 0,1 nmV

othm@ﬁS@mMm Auch 95 KHIQEKQYT® .@qlhﬂceo §MadifigdragisisMediyimmv

sorBn GRS ARCROVTE Sl DR o UM SIS B MILog!
const&uienlsmUthem respettive fprat sardentraticnst 5@ umts%mlapen'mld]n fEerm/ml
nedi u h conpri a cul.ture tapl e f
strefoy P ORI s enEA o CAOS A it ABrg e B M7
merBabtbEthanol Sathe4kit bi regmBaeFerFs Medi um (DVEM . However

other culture nedia may work as well. In addition to a
xeno-free base nedium the xeno-free nedi um may

YetEhéthbﬁéwtaﬁﬁnﬁé@&mf(h%meﬁ erredmm)hhbtﬁﬁiy bé ugddiinahe nwention is
ut amax, non essent I

con}g”ﬁ%q 8 Hlaws: MQPK%m %‘I"P‘Fqcﬁ SaM%éig?’d Segle stk

suppl E%ﬁ@%%fﬁ 25% KNSEKOUTRBHEH Waplhdenidif a8 i Il GR g
mediumis preferably fromabout 1% v/v to about 30%

constityerits n’aﬂmeg cespertivafural aencestrationsf $@ initghwLipemonin \o0/ug/o!
BRANLiIn>8 1 ¥k i
stre l§/ in non-essential amino acids, 2 mM L-glutamine and 100 pM -

mercaptoethanol and further supplemented with at least 4 ng/ml hrbFGF.

Still another suitable culture medium used in the present invention is a xeno-free
medium, which comprises a culture medium suitable for propagation of hBS cells. One
suitable base medium is Dulbecco’s Modified Eagle’s Medium (DMEM). However other
culture media may work as well. In addition to a xeno-free base medium, the xeno-free
medium may further comprise human serum, hrbFGF, L-glutamine or glutamax, non-

essential amino acids, p-mercaptoethanol, penicillin and/or streptomycin. The
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human serum from about 15% v/v to about 25% v/v hunman

serum and nore preferably 20% v/v human serum The
w@oocaomsnat i on of hrbFGF in the xeno-free nedi POT/EB2007/002346

preferably fromabout 2 ng/y¥ to about 100 ng/m

hr bFG-, such as, e.g., fromabout 5 ng/m to about 50

conaﬁ{tr@hoﬁ‘ Bpt’ﬁ@ﬁan §ér9m |ﬁbl‘?é'§<er§> fred H‘i‘edﬁjﬁw @?%ﬂara%ﬁl fﬂ% I5*bout 1% viv

from about to about 1
to ag%@oefgv/v@uwan sgfur'pe%gg as, 9§/, ﬁqonhgtggr@m%ﬂ%to about 30% viv
hunfaANefith | Rrh @Bo@f 1556 Ghub %Bblﬁlezs‘% V/G'Hduh?’eﬁ@&lﬁﬁx ér&i r‘nBi%

xeno-free nediumis preferab i/ from about
prefagadint 2090 vinpuraan-sera; Tae goncentralinruefduibF @F Vsthﬁmeﬂe-free

mecﬁ@ﬁ% pr%%rB%frBFrPé’Bo%’PQ%b/rﬂ{ tH%B&’( @Wmﬁhrﬁ%Fsé'&'?\ @ss eqg.,

he concentration non-essent | al

fronaetp% 5ing/mhe abeHb3q pe/pl |l?ﬁtzi°<$fmfro§1 Phas émﬂnVOﬁbeﬁs %ﬁo@ﬂfm'
herEblmfrdiWEBéht il tb MUt $5G /nﬂfherfGlg s-ucﬁ "aQrB ngeraQt Drg/ml

about % rom about . out
hrb'fﬁ}f Fheoqﬁnsgramt'oo gmmeam&wtama%wthef xanerfegsomedium is
pref@rddf/ M%Qo@@ghl\@t@amﬂt 281N, fh R; 8.g., from 8dut 5% mM to

concentration bet a- ner capt oet hanol | n the xeno-free

aborietl WM, oMt Ao Bboth BB cToRs e & MG Bhe Sotsanition
of néH-%Esé}ﬁlal é‘mﬂo acfd%qmmto-f?e% rﬁ%&n‘ﬁ |§B%ragl?5rom\/£b5dt 991

about 50 nmM to about from about mv t o about

mM1ogbeii 1 Blfe BUEsas. €.9. frorm@@om O3 &MPW%ﬁowabom

0.09°8M o ddolung emiihRomeanelf 67 W td abdut oRf @.fvphem ;yod‘ui or@g mM
about 5 units/ to about 200 units/n, such

to apwsrﬂ 205Ut 2. 9.<0. AN TR RARCENERoN i PfenmercpplgRinand! in
o sl § ERdtel 21ARAH apb 0101005 668t 2009 2pehs 25,

to ab 75 "uni such as
fromuabaus 2fiuM tBhabagid hé2 p; froimcabout SQpMetpra@nyfdﬁﬁJ M, frdfe about 75

i SR SE0 PR oy SR e SOrERPAR  BoRIE) n iy xono-

freeaheditim 15 Prefayablly frofm alyouh b anits/25 tonagdout 200 uaitsmt, smaﬂas, eg.,

I e BT X TR T T

unitsyandli from asoubZENIndt s It aout &S umtsfml ]sucB@z% &Y Soumitsyml. The

2-100 ng/nj hrbF
conGERUaNEAf SHPLARAT 0o 360 776 THOHER RSP BAPY FoRABeHLs Ho/m
to chb‘ﬁlQ@O'Hg%I 5@@1 éw%eg Nfesth @Bb@tofm{g/ﬁﬁﬁ) aﬂioui empg/ﬁnl rfgdm*about

erior 2uallty uman serum for use In

25 L@BBV@ %P@Ht hiedimi drom pbatd 28walmirte areut {hmald Sb'ééﬁs e.g., 50
pg/rﬁle HF&‘ES%% &ﬁtﬁ%@ﬁ tHe Qtlird @EﬁthP})(AEI\I Qﬁpﬁbﬁ’igﬁte\ﬁ@ﬁth 1-

t est ed or a St an ens at
30%He/s puman' serush eod 2c1éxﬁ>trm/m(m5§ﬁ tn cmeB?mltzqdmem thefbasxe sedium

com%YuQéH #d%)w’v l.gﬁé“ 808 W rlid?lfr‘ rmuﬁgﬁt"f@é E§§edml95‘iuﬁ1 comprises
ree umis pre erably prepare y the
at lefael‘logmi@rls"'tfb‘bs 1) collecting healthy human bl ood in
not - heparin coated bags,2) agitating the not-heparin
coated bags for a time period of fromabout 0.5
Superior quality human serum for use in the above-mentioned xeno-free culture

medium has been repeatedly produced in our laboratory. The blood was tested for a
number of standard pathogens at the Hospital's blood center (Hepatitis B, C, HIV,
HTLV and syphilis). Accordingly, the human serum used in a xeno-free medium is
preferably prepared by the following steps:

1) collecting healthy human blood in not-heparin coated bags,
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hours to about 5 hours, such as, e.g., fromabout 0.5

hours to about 2 hours, 3) incubating the not-heparin
wa@oavaasbags at a tenperature of at the nost S5PC/EP100A002346

time period of at |east 10 ,hours, 4) optionally,

sel ection based on clotting quality such as, e.g.,

abggnce a‘bftaWthE'n% h@ﬁ’arfn' ddatdd béfb@@&‘ 4 Nm@fpeh&? of frétHia8out 0.5

phase, 5) separati the serum fromthe clotted

mat er i alhousy togb@vt $ gmﬁrﬂ $4chtasng-ot. H@nseb%mo SThoss & abryt 2
serum f nuat | east 15 donors, 8) freezing serum
before use. Preferred culture systemln a preferred

entyydi nﬁﬁuubfahﬁg fHel doun@paitsé i Pbads @t dteRperiture abiheGhost
conprlsesfégﬂr uman neonatal foreskin feeder cells at a

density & atimgsperiad d@dledst 1Qheuss.2, i) TrypLE(tm

Selggct fd&uon‘i’él@rsgélééﬂdn%seé of %@uﬁ@lduaﬁgls@eh a§, ¢.8¢ absence of
single cell suspensi nd i) VitroHES(tm

suppl o rnesiotiget Toria; opasity of Uﬂerﬂ'@l"'mphﬁﬁ%FGF as

SURYOT tiQéBafathd HeescFBR M tHé*BI&fédQHbthéle system nakes
it possible to E@O{)agate hBS cell's by di ssociation of

hB®) cel Isterise BitrpERg thetser¥Msi ngl e cel | suspensi on at

eagly CONRRAM berimPPea alRabiofs ddhorxt ended time peri od,
whi I'e mai ntaining the significant characteristics of

hBS)cel IfEeeZioptskBHN PEIO"PEHagat i on of hBS cells In

anot her main aspect, the present invention relates to

a method for propagation of hBS cells in a culture
Prefeged 6Hily8 SY&PMed in the above, the nethod conprising

In atpla&eﬁé@ BmbBHiment f-H%téLfRUfél éyxétenpefﬁmerpvédéat moemwnm@és

ocedure in order for the | s obtained f
i) h%%n rgonagy FOF??%fque%?'Eﬁ* atd@f‘ﬁ'WeOfaﬁiqaaP 0, Q%F@H{CW )

i) T@‘pEEDCSé!EbtrfGr &B&)chﬁign%?hBS ceMtBloAies iM8 iy tell suspension,
suspension by the use of one or nore dissociation

a“dagents iii) distributing the single cell suspension

iii) VittoHES™! dubplefienteddlitht 168 nglinfhrbF BFasasuppbrtive 36kurd : S
into one or nore culture vessels conprising human

mediWBder cells at a density of at |east 50,000 cells/cm
which culture system makes it possible to propagate hBS cells by dissociation of hBS

cell colonies into a single cell suspension at each consecutive passage for an extended
time period, while maintaining the significant characteristics of hBS cells.

Method for propagation of hBS cells

In another main aspect, the present invention relates to a method for propagation of
hBS cells in a culture system as defined in the above, the method comprising the steps
of

i) optionally, performing an adjustment procedure in order for the hBS cells obtained
from master cell line to adjust to the culture system,

ii) dissociating the hBS cells into a single cell suspension by the use of one or more
dissociation agents,

iii) distributing the single cell suspension in a split ratio of at least 1:4, such as at least
1:5 into one or more culture vessels comprising human feeder cells at a density of at
least 50,000 cells/cm?,

iv) incubating the hBS cells for from about 3 to about 25 days upon regular medium

changes,
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Iv) incubating the hBS cells for from about 3 to about
25 days upon regul ar medi um changes, v) repeating n
WO 0920 BHdmM step ii), wherein n is an integer PET/EP2007/002346
least 1, in order to propaqgte the hBS cells, while
mai ntai ning the significant “characteristics of such

V) rép%lallﬁg n%s‘?rfon{ Qt@p ||WI'%Y§HW?§ §n W@Q@r@?gt IBYstthi s et hod

repeat ed gassa gl ng | s by enzymatic
in o@esmpa@gaiﬁtr@r hB ée||$Bth’s%ma"t§@JP'69|“é%S'9Wf @A charaglegstics of
sucr‘?ﬁéﬂs suspensi on, while maintaining the significant
aracteristics of hBS cells, is rendered possible.
Accordingly, n may be at | east 5 such as, e.g., at
One{ @fﬁ‘ﬁé ni;Qovél%eAtEE?&wo“e‘é by%.s'rﬁél%d %Qha@%péﬁ@%?ags%gu@tof hBS
cells/by Eﬁ%ym&tlhﬂsspﬁét|@1 ofithe |hB§rﬂe" @ﬁ'@ﬂ@éﬂ@b iastingle celt syspension,

whuﬁ.ﬁtslnkn@ RS grﬁgfcagtgesng%&é}%ﬁﬁge & HERPEAs g,geﬁi &4 Bb&le.
danther be atiBRY s CR@se Sp @t 55110, 34Ieasy 4.6 eREZD, a

Ieas‘F 95 ! a?#élﬂ;‘i 3h "R Yedst 351 &kt skt 46 15 %?déf"‘&?fr%}ﬁ& th&&he significant

I cant’ characteristics of s are
chamte;mswsf@fdhe bBP cellepreanaintpiraddhiefere appeating fom $tep i), i.e. before
pasﬁa\h% f;:em c%eafhe%&ﬁbémaﬁurﬁfer REAPASS e B of

. ' : ssocli ation Eroce ure The dissoci ation of
vi) anzivgIthe cellstabtained ingitep wela sesyhatheritoe S'igﬁ'f§@fé|§h?!'a)°te”5t'cs

of hgg)eepga,@%ggfm by treating the hBS cell col onies

ne or nore dissociation agents. After renoval of
vii) IlGﬁéaU!Qeftpfﬂ“ﬁtﬁpum'f the, significant eharagieristinseaf hBcalls afritained.
in PBS, which may be depleted for cal ciumand
magnesi um One or nore di ssociation agents are added
Dissosiatipe pEasiediices and al | owed to work for a suitable

Thegdcl) ciatio®? of S EenstiR® r—PHF@E céf?guéﬁéﬁsﬁf\ it Qt@p hfﬁa? %'e'performed

oni es tart to round up fromthe feeder
by tmtln@meéwﬁ%ﬁ@wc&wwemt& Qe opRorexdigsociagipn @eenw/éﬁertrﬁ@ova' of
the 9&% ﬂéa.ﬁm theMEsS 08Il Ed16M8s aﬁ%wa%ﬂ@w PBS, Whith AayBY €

a sui t abl e anobunt of enzyne act|V|ty ranges
depbﬁ a@@qymmdma%qswt%n%rdnpr JeRPCiatiph aoats af,%q’fied to

the @&onn@s gnd aflJv%H RRAH frWsitBbleint: ik CurtiP el otéGegions of the

ter the incubation, repeated trituration
hBS/\WGt"rFoépnfﬁspfé?'i to ienpd e fioat e faadler {2126 Ryc Siigbledemeeratyre,

sucﬁ’ﬁ@ é)@ BPFE, Wihes 95d Shd @nna&ediés%ciaﬂomgéms esmPﬁééstortef& more
eet in order to obtain hBS single cel

enzwe%,ewétaalﬁ anRuUnG AbeRAY MARdivity Poges H?mapoabmlg'tw to about

SOOOWEIM@SMC@H QCd., tro@ 46R0etud Uhits/AL td BSollBBO CRlitk Ll After the
form col' oni es once seeded onto the human feeder cells

incybgtiaf, ég)qqmq trityrglionwithe @ pirstte May Rererfarmgg inporder to aSSISt the

oneYr FRNE WREbARFRIENEs iNBfedkhdlaglrthe ReM sRédt H ofder &f &Hlain hBS
iii). The effect of the one or nore dissociation

singigyesiie s Asdhe prrseRsapighe ope cMeradissraiation agrptsiraay negatively
affeEEAD ¢ababilltP bf B HHY &IBYo forMidoldnitdadriceteelidd bhtdith®RurRan

feeder cells in step iii), the effect of the one or more dissociation agents may be
diminished prior to step iii). The effect of the one or more dissociation agents can for
example be diminished by physical removal, for example by centrifugation, filtration or
sedimentation in order to separate the hBS cells from the one or more dissociation
agents, dilution of the one or more dissociation agents, addition of one or more
inhibitors of the one or more dissociation agents or addition of one or more substrates

of the one or more dissociation agents in excess. Alternatively, the one or more
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sedinmentation in order to separate the hBS cells from

the one or nore dissociation agents, dilution of the
W@r®700730dr e di ssoci ati on agents, addition of PECEEP2007/002346

nore inhibitors of the one , o nore dissociation agents

or addition of one or nore substrates of the one or

dissBBaforfhgse h\%&'b@rbaﬁgﬁgto? alifd- |ﬁPﬁSiﬁ§§ i.eAtHe§ Madk iavehheredthe
one or nhoredi Ssoci ati on agents nay be capabl e

of
capabjlity of ihibiting; their oyn dundlipe after-a, eertain MR LLERY. a@dﬁécmxawle

the G4sé fBF‘AQéJtésI&M bh& Acc@Wax™MURGL remodita? theforfeedrimbrd didsdBiation
period, as is for exanple the case for ACCUt%i;_&tm

ageaﬁdthnahmmq BB singie ealls pesisHsPanded ira SHRPstivengfiture medium
accOlamgas i'noéhtf?sgeﬁ‘\to“rdertth%bfg?ﬁ Q'sl’r‘\%ﬂs S uSheITich SrHES cals e

restspended in a supportive cul ture medi um accordi ng

to the invention, in order to obtain a single cell
Spiigksigensi on of hBS cel I s. Split ratio In step iii) of

t he met hod descri bed above, the hBS cells in the

In steptiiai of & pthgr slegenhedsaboyetbe HRSAeJs ifdhaobtainasisiagle cell

susq;éﬁs%rprﬂsy BE dERHtRitédintdérie dﬁﬁ&elcﬁn@r@m%sas BSmBHéTﬁ@ human
eeder cel prepared as descri bed t he ab

feedet @ellﬁaseeeneﬂesaieécet@@deéhwbq%' q. é'afaBBS el %re seﬁéed on the
feedeméefé ghk n"nSéﬁéHt Ceflireldiitris SEKMNJS, that thE'b?ésetnh FhefHdRISHY.

od and culture systemallow cells
cult@rresetypﬁeml@av ¢elis o bpdistriquiad ip apPlibfatip @égt 'east41 4. 5yeh ag gt least

1:5 @hich§Rsdnsha tdhBB 2habe dlﬁﬁbu'&e@ ‘éni&Ba% 5@5 |o$fe%68r cells thatis 5

distributed onto an area of feeder cells that is
times; larger thap s aierdhe hRE csleweradissagiatedire RijeF o step "> The

crltéi'i'aff&oé}io%gﬂg d Jéi’t'ﬁlrpédhpfatlb‘ae%Eﬁd)ubdr) con_ﬁtlénéy" bfcWth faté @hd
choosi ngféa certain split ratio depend upon confl uency,

hompggngity ¢Tdbe hES #ehsaioniend the cofturenessribagel o ETRRAIRECA!

msdeeuémﬁnd:é’élltwuﬁtsVéﬂ%?@Iss@éﬁtﬁﬁh PRe AIZHENPBoGE factors the higher
i nspection and cel| counts after dissociation.

splitatihean beempiyed thaewoq%nprt)rﬁ@m the stabiliby and %&"FVoofé% cells,

and8e RigRE n%ﬁ BPtHe rﬁ}PrFBUr %thBS '&Qllé i chiedé. |St.ﬁt)§blér§5ht ratlos
guality ells, an her expansi on of

may R @ffaﬂﬁsfr%@l jabeu & 4&6 i rfeR?@@OU‘shW%ISéC% BPiq 9y HPmc%bOUt

1: ZO%YaHé@t 1bB0, From bBEEE: 5(1 oravdheH 504, véhé?é ah ofteh Qs@daplit ratio is
5000, such as, e.g., fromabout 1:20 to about
abogt 113@0 from about 1:50 to about 1: 500 where an often
used split ratio is about 1:20. Incubation After
seeding the hBS cells at a certain split ratio, the
Incubgfios are incubated at about 370C in a hunid

Afteahé@ﬁﬁgﬁe%BS cdlls d%%ﬂéﬁ\@p){t ahe, lthe 95@4’ are rﬁdﬂlbbﬁéd a‘t @bout 37°C
from about 3 to about

in a BV atnqsgheisel s pzefeae%ab# Bk Hralgb fordiab e o spout

25 di@yssuc%@ @g tfrlaﬁh Ayt Bab aBButi 20 dey§Pori fom abbl@ 6a8labyter2
di um may be changed at regular intervals from about

dayg Q‘H'”@BB%tncﬂﬁattq”dﬁ§tec9 ke e CUityeemadiumgmay be chapgegh A fegular

interralsGroP abbutt tb'a'BSBEt 4 WReK a WeeRNLRRGIE! e 4., fRnRBBBLL 240 about 6

ti mes a week, ch 33t|rresa week
times a week from about 2 to about 4 times a week, such as 3 times a week.

Adjustment procedure

Since the enzymatic dissociation of hBS cell colonies into a single cell suspension,
which is an important element of the present invention is a major change for the hBS
cells associated with stress, potential low adhesion and subsequent low proliferation,
spontaneous differentiation, and even potential cell death, it may be necessary to let
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Adj ust nent procedure Since the enzymatic di ssociation

of hBS cell colonies into a single cell suspension,
waoR0eh0i383 an i nportant el ement of the present PC/EPL00TON2346

is a major change for the cells associated with

stress, potential |ow adhesion and subsequent | ow

the HBS'cbﬂs?éd]h&tQ@ theSAMUFLEREH ofj!hfefpf?ééélﬂﬁ inREhtMH b)aélﬂ)jéb‘tiﬁ@them
potential cell death, it may necessar

to rmlsg wdrt@naéqrm or §hare, eamgﬁar%v W@%’&?PB%WE%E 'B?%B érﬁma"ef

sp||tI r@N@ Eﬁd aMortyér febb&dn tlhﬁle {haA "ﬁréé%nﬁédl fethe GENSdd foP Propb@étion
nor € passages., m I der conditions is_meant a

'tselé rﬁsﬂcp@%m&bb Ithﬁt aﬁ“ﬂ%‘ﬂ@“bﬂ’&cﬁdqr@ Rgesrding de Bg Rresentinkentiomin
r,gg@met},@éip ¢t the nmethod for propagation itself.
ccordin Mhe adj ust ment procedure accor di ng }o t he

a) dﬁsegamg e qeair?omﬁ&rm@e?ss'ﬂ% cglf gispeppion py use of one or

mor@idk06iafén g%,{t@e hBS cell colonies into a single cell
suspensi on use of one or nore dissociation 9ents

b) ciSfTRHIRg 1t SinlRcs ol ISUSRATIRANa LSt SalionR 4 degiet 19 Atbage ¢ more

cuuu@tveesaé carhﬁhﬁﬁgshuéa?f fée’a(epcalaeat QrdemBityofcat Iddst 80,008 e8lsfcm?,
uman feeder cells at a density of at |east

nprisin

c) "E’Gb@tﬁ@ teél%ﬁ§/ celte fordom akqub it AGOYMO dA¥S RUCh|as: 81 fopbabout

7 todidRut 160day G a@&t@%%bo&uﬂme\?‘é; upbrimedilimRafges ht régular
to about 16 days or from about to about 10 days,

timeiptgRvai®di um changes at regular time intervals, d)

d) o?@éﬁanpalebaatmgeﬂﬁ@&teach fafﬂmrﬁémstﬁaesat the nost 5
imes, in order to obtain eneous undlfferentlated

in offisStQ.ehtpin hoglageneaus W'ff%ﬁ'ﬁi GarEeRs cell cipnias. By homogeneous

colonisa8 iHeshded to RNl dMidsafavityVdr @ eAlted YeRsifathtougRo\ithey
t hr oughout the col ony area w thout piling-up

cologly ;3feq \yithaut PifiRg-ugistisisires i on in step a) and the nedi um
changes in step c) are perforned essentially as the
di ssociation in step ii) and step .iv) of the t hod
Thef‘tﬁs%"atj%@aﬁt%ﬂ) @f&@’@i"b%umr?hﬁ S4B §iFP. ©) B PEfOTTRE
essérmlnwe RNdiSsdRibivh GHestepYi) AMEstep RS @nthel MEABE F&rproagation

however, that the necessary adjustnent procedure - if
desgrikeddathaabqve. - s short and can be performed on many
today existing hBS cell |ines established and cult ured

accordin W003055992. Accordjn
Ong & they ETREIe S HegyIdns BIRe Breseal Ryorniing beyever habss
necéwéhy Qéiustﬁheﬁt pro@éddr@e- ifMsdded at blless stidrt dtEcditsd petformed on
ef erred enmbodi ment

manyt 0GR RGBS SellERE eSITBIKNeY HrBLNB e Ge ST BB  on
WO0B058882¢catdoRdihgly af §t§bfd§l [sSnSVGdEiay b@éb‘elrfﬁﬁﬂedl at thBenost 5

MR o 07 G LR heGOR R TEER 2 tht Mgt 2 times.

di ssoci ating the hBS
In a preferred embodiment of the present invention, the method for propagation of hBS
cells in a culture system as defined in the above comprises the steps of
i) performing an adjustment procedure comprising the steps of a) dissociating the hBS
cell colonies into a single cell suspension by use of one or more dissociation agents, b)
distributing the single cell suspension in a split ratio of at least 1:3 into one or more
culture vessels comprising human feeder cells at a density of at least 50,000 cells/cm?,
¢) incubating the hBS cells for from about 5 to about 30 days, such as, e.g., from about
7 to about 16 days or from about 7 to about 10 days, upon medium changes at regular
time intervals, d) repeating from step a) at the most 5 times,



10

15

20

25

30

35

cell colonies into a single cell suspension by use of

one or nore dissociation agents, b) distributing the
w@Rregherseel | suspension in a split ratio of atPCEEB1007/002346

1:3 into one or nore cultur% vessel s conpri sing human

feeder cells at a density of at |east 50,000

in oﬁj%l' toodrai, hoﬁ%ogbﬁéé{%ddf{érémtaﬁ%s eénsScoicmres‘ rom about
t o about days about 7 to

i) dgsesatingane a9§ cshis W%ﬁwsgﬁ&ﬁe"wgemy 1§ U§8PE® oL pBHe

dissoBidtisiagdite @@sh as, éggurky@LEWsaeuntervals d) repeatlng
fromstep a) at the nost i.n order to ob

ii) digbiRItieg SushglR e P%?F@rﬁ‘ﬁpat"éa SRissatRl 2 least 4k é‘éCh el et least

1:5 ﬁu't&éﬁé?bﬁhbf&ctﬂthfé VH3Se &ohipriking Pumahifédie? cEM 4t a density of at
suspensi on by the use one or nore dissociation agents,

'ea%§9ﬁ09§e"%‘3r@ TrypLE(tn) Select, iii) distributing

iv) |ﬁé!fbaﬁh@ﬁie%883bélls$ék5fﬂﬁﬁ%b@xﬁt 3 1 boslhs Haysaipgon réfulat medium
| east 1:4, such as at least 1:5 into one or npbre

chapgfs ure vessel s conprising human feeder cells at a

) rRRRh 1 1120 (B0 cel I s/om 2. i v) i ncubat i no

from about to about 25 da

in ordeg i RICPAYAIE hR '&’ﬁ%ﬁ@'@s whijg "1%%'8'!’9 e signifieantc Qr@c{‘)?lr Igtics of
suched® step ii), in order to propagate the hBS cells,

whil e maintai ning the significant characteristics of

such cells. Separation A suitable nethod for
Sepgpé;,@hatl on of feeder cells and hBS cells from each

her according to the present |nven&@? may co ri se
aders

A sqlRBIeT B PEAF I GeBREIen Of TEedarisdP AGI B My ach giher

accoragiaab itte Eéﬂ\t(ir'\\ﬁé‘htlb@n@?to%h{pnﬁéﬂ'@fbl|mhé ytepedi fi ed
f eede I's prior tgo seedjn

) expaang fodiss Rals (o SeAmneH Paridles 1 cbialheRee el PRgTehEeder

cellﬁ&&r&@béé&ﬂ@ the rmgnetl cally rmdl fied feeder cells
at | east il eFeget ac the mxed c

ii) a %’ Qnrtiopal 'B‘Fd1L IR shapae, Ing 29 ﬁB AUENCYitLEng ﬁ]ﬁ’é‘BS cells on
the ﬁﬂbh?ti&llyﬁﬁﬂmbdmeﬁbélﬁgﬁréﬁlém 1sfdydl popul ation into a

e ce suspensi on
iii) dgtaching;the F@f?da@@wg“'%%ﬁf fsggeféegs ?“‘%‘gé GE?? ﬁ?mé'é? gigture

ves§é1| dnd u)sssaatafgaéaum go;sm@ud‘nam@a si ;ﬁé lcell fuspansibe bl Bse asd drse or
netlcfo par ation

mOgSREPENe S9STS S A B TRy ERSSlEch BACt 80% such as

iv) s&ﬁaﬂaﬂﬁ@theﬁ@%er&j‘ellé ft6in tB@‘WBSEHeIIé BRapp!Pingta magretiasdrc®9%
ere separation efficiency is intended to nean the

percentage of the total nunber of feeder cells that
The®eparitibh efficRécPin ddiemetrpaahacbé arlesstHoRs,iseeh as at least 70%, at

lest 80%, at least 90%, at least 99%, where separation efficiency is intended to mean
the percentage of the total number of feeder cells that are attracted by the magnetic

force applied.

Analysis of significant characteristics

In order to investigate, whether the hBS cells obtained according to the present
invention maintain the significant characteristics of hBS cells, Cellartis' hBSC lines
SA001 and SA121 were transferred to a culture system according to the present
invention and cultured according to the method of the present invention for 20-40
consecutive passages. At passage 20 and above the hBS cells were characterized
thoroughly. Morphology of individual cells and colony morphology was evaluated
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Anal ysis of significant characteristics In order to
i nvestigate, whether the hBS cells obtained according
W@ o00vhe73ps esent i nvention maintain the signifiPEMEP2007/002346
characteristics of hBS cell;g, Cellartis' hBSC |ines
SA001 and SA121 were transferred to a culture system
mnc:@@@dﬁiéﬁll? %Je%hﬁgﬂﬁorﬁfa@ﬁﬁﬁﬁhdldbﬁﬁﬁ hi9 caiParfdédioHi@thereof (figure

accor leoc% to the nmethod of the present invention for
1). EXpressi M&‘?’ﬁ\)’@%&@@@” the prﬁé@,%swe%%m L4siRee
mmhh&h@t%&&ﬁi's{r?/hwcﬂe%qdcﬁnlmlshsseugblwm -60, Tra1-81,

é{ i ndi vi dual cells and col ony r phol ogy
SS%@ ©ramplete AavEro3rdigan) Censlie sharagtergtipn as performed by

kary'&ﬁfpmgzarwsf-pénaiﬁﬁ r@eééléd mtaﬁé@ramstyb@ wre@ére(ﬁﬁargm e

ression of markers was anal yz the pro
pasiaquég)garm{e Befigre 3anddigure 9). PIurlpotency was evaluated for hBS cells

obtd.ﬁammoﬁﬂg%hﬁ@bsés@m .hvatt@,ﬁ rfhé?drMaﬁ&Pbe‘térat&ﬁEﬁn%ClD
4, Tral-60, Trai-8 }fg (examp 7, figure 2

mlcaﬁaverahgmﬂ@ h§S cétsrtetheoo'm%veﬁ @m'%tﬁd@?Spfa"Fa fpgore
thar20 k&4Gky REmpRY, R h dRatyses). eveal ed mai ntal ned
karyotype tor nore than 20 passages (exanple 8, figure
3 and figure 5). Pluripotency was eval uated for hBS

Addﬁi%halsex@mp?ésrkﬁ@ha%ﬁirﬁbf&w 6f%§§7<§én§rc@§&€& ak8oraink it hePresent
formation of teratomas in SCID mce, revealing the

inveriiEh tay be g 9 iclAnPLRHNEMR. SHARASTREMORINg catPNY ERETTAPT o

assé\fstd? leqURERNE MAbers opgiﬁ§lég,%ﬁs é@éﬁé@m\ Glﬁgrerft cOItliré cémBiMdtions or
ure 5). Additional exanples of characterization, of

par BePYCh 358 -0 featerdyees Aeensiiep ndissaciation Agepts <311d Bposure

t.me@&a dRSo@BRIYAdent. qfw&.hwwbnfswraﬂné@lrs ideH@dan tﬁeepsrfegéﬁfl ng
col ony format] on assays_ of equival ent nunbers

'“Ve§t'?ng’@ it e choice & gigspeiatinn aasnk which fepd febe BWBIHQQPP%@

nurber BREASHRELloPmed HRH ii Pthe ®hbice foﬁfé@@ér t&ﬁ@%l&ﬂfénds to be of
densities, dissociation agents exposure tinmes to

imperfagnsg derdhe gHalityefine cpigpies wqdaﬁttermaﬁ%frP@tr@r@d'ffefent'ated

Grauéisnalfféﬁeﬁﬁ’ation rhsgelnnum&%nénalﬁ\éarbk/lmpHaSgy h at Mferédtepe and
di ssoci ati on agent, which tend tq be of g)orta

potepil SRS R8h BT BT GTRSLATENEIS oYKl SARBISSIoNaAor known

undifferRGEatet)EPa diffdiéRtatd Emefketd be of inportance for the
quality of the colonies forned in terms of being

undi fferentiated. Grade of differentiation may in turn
SterA @ef¥) ahd HRAtdBYstIAErvEa IsedY céll’ rAayTuethesse Etaracterized for their

actifiyat i Shayinerigion s, BSOS FIRCGH < 05 ki called

Teldmmaéé BCRVELglsAfkgi (Reaheq Id Tﬁ@kuemds?h@mtmékﬁns.ty Stteldmerase by
as Cy eriv stem ce ma

amifcatin R PR Y SOVTIRGRSS ST PREYTAP GG HEJAI0n of it with

an dn@*rﬂ%hl@&ﬁmn%ﬁo@brb‘eﬁﬂa% yUEBISAY. Telsmudakh abtivity maykad well be
cal | ed éﬁﬁgmerase PCR ELI SA kit (Roche). The kit uses

measHeed by activity of telomerase by anplification
of t he product by pol ymarase chain reaction (PCR) and
ect| n of it w

The el iefon ajus of She Aetla BdErentigyentyn SN GBNETRR® be tested
by QPCR for specific genes. In the following is shortly described how this can be done:
Undifferentiated or differentiated hBS cell colonies may be detached from the culture
plate mechanically as whole colonies and washed in PBS and stored in -80°C. RNA
may further be extracted using e.g. Qiagen RNeasy Mini Kit according to the
manufacturer’s instructions. Reverse transcription is performed using a suitable kit,

such as Bio-Rad iScript First Strand Synthesis Kit (according to the manufacturer’s
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measured by QPCR The differentiation status of the
cells in the present invention can furthernore be
wo e®vaa73ny QPCR for specific genes. In the fol POEPZPOT/@02346
shortly described how this . gan be done:
Undi fferentiated or differéntiated hBS cell col onies

mstFTEthr Crﬂfhemg&ef i) «:'a?oéh_lhééé%?ch%aa theaPaRNE %él'fbr)‘nééﬁ

oni €5 and washed I n PBS and stored in -800

undezwtﬁ’aly donditiney. Ageags maythecnuastifing ia the S@amamawssmle
- d|ﬁ4r@htléﬂoﬁ SBRGOECLNBrdl Sanpres 'EEEH BE%BFn‘;BEFerd 5y édiéUidtingt | ons.

Reverse transcription i S performed using a suitable
mathermatioaltricgs fasithe Relividust parpelerpagrd @ thargenslinnaeers (More
detdfibl phAGEN Fetib %ﬁbé R WBDUbEWR4sEE) ' Si nstructions) in a

© Rot 8rgene 3000s Cordt}ett Research)5and the QPCR is
perfornmed under suitable conditions. Al genes may be

Theﬁh@?&u:ﬁl'c@%g’oﬂeﬁt? GsedFBthé ll#@rewgresehtfed ﬂ%ﬁh&ﬂ &uth as the feeder

erentiation status of several sanples can be

cellg dhgpameditns pnd dhe DIRSOFYR MaytATioRta Useaps Welliag de hBP celhlines
I {
cultlggtg aal\éi:%gﬁﬁg ] ﬂ@ﬁr%eﬁl@ﬁ\feﬂtl@ﬁ‘ Heh@stge'&ﬁ' Hu?ndﬂ?éﬂ%%n (Mi:h%s

rotocol's are described 1 n W20 E%
e.g.i Murenlapmea, F@unqmﬁwnwdﬁ@en%wmﬁety%ﬂ@nﬁ 2pHepatisétjand J
Cytérﬂgfé%\hr‘&@ Helpel siaplR &8RRI & 2 %ps‘é‘ﬁ-BﬁF‘r@hH@ ar%f‘ﬂuman
astocyst may prior to use, as wel

Papillema Viryse3he absancedf huwman patggens s "p@@‘saéﬁ? for any cllmcal use
of hBQ‘b%mlhé’ 8nd Ef?feFe?ﬁlEFe@ defié ohb&ﬂ@i"‘bl&@bﬁﬂgﬁé‘t@rlalsdé‘ﬁbeé‘?roﬁ dlich

Mycopl asma, Human | munodeficiency Virus type 1 and 2,
celljiggsatitis B and C, Cytonegal ovirus, Herpes Sinplex

Virus type 1 and 2, Epstein-Barr Virus, and Human

Papi | | oma Virus. The absence of human pathogens is of
Fuﬂh?ﬁéﬁt’a‘ﬁéé’fftb? ineption; ni cal use of hBS cell line and
In tHel ftjﬁﬁéreél?)bé‘t%%@tﬂéeﬁrle%rﬁﬁn\@hﬁ&{ d@slcﬂb@&lnqma bBRWE iHedetails and

derived from such 'l Tines. Further aspects of the
partichiaen disesse upher the Maie psrestiealaye shall geply rudalgmutandis.
i nvention described in the below, the details and
npartl cul ars di scussed under the main aspects above
Furigpaprocedif®y mutatis nutandis. Further procedures The

Theh@% &l lobte PARBEHI behQ'pF&ehPin{ré]ﬁloﬁrn%ﬁﬁé subjectéd toQrther
be subjected to Turther procedures for

PFOQ?QHr%JPIampBIﬁulaHQn and/ghana)ysissofdiBSeals cEen axamplg. a hBS cell line
obtmc%rdlﬁg {RRe pRddent l'nO&\tféhtc%h rb@cbsee ¢&HtHé BeeparatioRf

esent invention can be used for the preparation of

d'ff%wttaéqde?ﬁt"ﬁ o \wtherppres a hBS ¢l ggll ine acwsénw the dpveatien is

caphbl8@f asdeR§6lhG trebAng BRJ tHAWRY. 198 sbémﬁ@&ﬂbbcﬁn@f\t the hBS cell
under goi ng freezing and thawing. In speci

line @Fﬁ?ﬂ)’lﬁdd’é Hie Prepentimsntien Fan pe fogst %"%@GWPH aPFRf!dWBé% ént

vitrifi déYSﬁ‘He‘ﬂﬂbcP&@w@@sl% pRERRAtedY ¢é1@m%dvmmadgmst Podncrease
vitrification net previ ouslrp(yp't present ed

homageneity ¢fdhe M%&G@Mg% thergelisfbtainadiin the pres%nt invention can be
subject for clonal derivation as described in WO2005059116. Also, the hBS cells

obtained according to the present invention, may be transferred to a feeder free culture
system as described in WO2004099394. A QPCR method for determination of the
state of differentiation of e.g. hBS cells described elsewhere by the applicant may be
employed on hBS cells obtained according to the present invention, or derivatives
thereof, such as, e.g. cells that have been obtained according to the present invention
and subsequently subjected to cell differentiation procedures. The patent applications
referred to in this paragraph are hereby incorporated by reference.
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honogeneity of the hBS cell cultures, the cells

obtained in the present invention can be subject for
w@b@mnad7oeri vati on as described in WO20050591 RGI/ER$08D002346

the hBS cells obtained according to the present

invention, may be transferred to a feeder free culture

system as descri bed in WO2004099394. A QPCR net hod for

determ nation of the state of differentiation of e.
Dissppigtiern pf RBY salkeqlerias bte singlecellngt RAsEagH M3 S%%/bsb@e
preseRPINOYRHNOProldes seldral |ﬁﬁ*é\}e'ﬁ?éi‘\t§&vfe‘? %Qisf?tﬁ’% E@turd §y=t=ms and

ggesent i nvention, or derivatives her eo such
met@ods. In-teifalloving sevsral apaligations fer w@&hd@%wﬁﬁ&tq“@ﬁq {acording

to th?&é?éﬂt irvBHESH i's%rtﬂ:ﬂ%rl? %Qﬁé’élé‘ QFH Sutlirddtb feirRe ehphasiké the
ferentiation procedures atent applications
bengfits apd anprpesemﬁntﬁmr%vlqﬂ# l@)gﬁhamﬁeseﬂgmmt@@y i ncor por at ed
by reference. Di ssociation of hBS cell colonies into
single cells at passage, madeh&?ssn bl e by the present

Thejpfeeamt I"Uﬁnt'%f69'|"ét@§ @empn PhbBP seliferrmPasgd fo existing;ayfjure
sys@mstéhﬁ%étﬁéase&% l%rlﬂe ‘B?@é‘ %ﬁ\ﬁ ratlo@ nﬁi& psloRVb P heSRERIn

Ep I cations for I's obtai ned according to
invenhen, @llewiagta hla'queigfﬂe q>f§xsara$q>n:9ﬂta¢ einosint efAHScelisdn

confb'éhéérf‘\ﬁ% ERstird rh@l‘%d@ W@b@l@ ithP§, thSﬂﬁE'p?éseﬂf‘ﬁ\ventlon

nprovenents rOVI resent i nvention. The
prow%sslmoweﬁ\p@ﬁslpmﬁs %tanﬁqaa'ﬁgag\emxegarw PB'?\B%Fe'HB@%eI l's

corrfbﬁ‘lBﬂ@ﬁ %fioste.nmgl s$r§dtlé‘ Gelpéﬂs‘béﬁﬁoﬁé’&t;fé@a?@%mbhﬁ&ﬁsﬁﬂ fatios

ar e s rati os nmade possib t he present
maqemﬁ@mbi%a\ccoeq'mgm this iaventigh éna*a@@wéa%? p@@éatm frhBst cells,

whlérhr%a?m?fh@]?m&fe tféE’s%b?eQ:lt &&autamsmeﬁ | KBrohdI) R¥iablel gt8duction
hods. Thi s woul that the present jnventign

mavp%wfweed byrosRite ﬁéegmahqt?me&za@m aptheqapsasiyre aeeording to

the %Bﬁrb‘h' fHeréty t6vdingldl tine-EMa 00NEAVIHY dLMDreddysRlth 8hd nitdhod for
Si n? e cell "suspensi ons at passage and the high split

propagefiers o cellSssi bl e according to this invention
enabl es scal abl e production of hBS cells, which may
furthernore be subject to automatization. According

Accgrdinghip oee grbgditignd ﬁf Wﬁ;Pf%%?”élﬂYP%t!%HeWe%‘Srﬁﬁﬁ@?E'ecﬂ"°d“°t'°“
of hBQrctells?‘hsﬁ?’fr@'@ﬁtb?eaéysfé?n er ahH)%r eOnetidl %rq&sﬁagémsg of BBS

i nvention hereb rovi atine
ce"wg@'o%h%gmcme ape °§9‘§f%ﬁ'§%&%?“%@ta%@sﬂ'8?d mfeﬁa@a?%'nent of

the mﬁ/eﬁt%'ﬁ B8y InSludOGE RESH dHE of TraplE "8 ISerdt, TeRalita8é ™ 4l Accumax™
esent jnventjion relates to scal eabl e prodyction of

Anck egedinend phifemrigsent NVERPNS'S Sswser Tty orSelast

Acch%E@WCbrfd%r A%Qrﬂagmfbp&a‘lﬁblé] BRdbétdnSof hBSCdeNs €Fhé1|§rb§ucfhon and
he one or _rmore di ssoci ati onrﬁdgents used in th

ma%@imwﬁﬁsﬁe"f fRx PR v LY Yo BRKE! st sisfergs for bulk

cult@’fe JthFHsEﬁGIﬂWeISSia%%t muﬁﬂ@é? ASSKstaml bAdtEaAGCMBaNES. Mhe
Anot her enbodi nent of @#)&esent i nvention |sﬁ%he use

prepaTatigny geaimeny arg ppalysis ﬂf: glisqreplisiAenved frieme hRe cetisy
mulf -Well $&rﬁ{aﬂbia@esp rRftiser aasKelor bRPe sctdr rﬁoduTé’@ a@é&dhh@ttb @Dr

and mani pul ati on of hBS cells for scal ed UR ul tu
systﬁg‘ydqg@oﬁgﬁpélfre @mqua}glgg}@pmnqremaawpl@tlon ahd can therefore be

scaled up and automated using robotization. Suitable robots could be based on XYZ
dispensing heads which allow pipetting to and from culture vessels such as liquid
handling stations or could be based on a robotic arm which mimics the movements of a
human being during culture vessel and pipette handling. Within the robotic system
environmental parameters such as e.g. temperature, nutrient supply, pH, pressure,

shear forces and oxygen should be maintained within optimal limits.
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culture, such as multiwell plates, nmultilayer flasks

and bi oreactor nodul es. The preparation, treatnent and
war@bseids3 of hBS cells or cells derived from hBSI/ER100%002346

inmlti-well format plates, nultilayer flasks or

bi oreact or nodul es, according to our system does not

require manual selection or m cronanipul ati on and can

t herefore be scal ed up and automated usin

The aipimienhef WS celsiasssingle Fellsdn éhe-gng'a calh Sereasiop Abiined
accc%ﬁt? &6 ﬁienﬂ'eg‘eﬁﬁ‘i"rﬁ/embr? tén@bl'e@‘é’xé’ét RBhhtfiREtidrPofHBE EdlRMsing

ure vessels such I'iquid handling statijons

knowp gelhauantificalion %We&ur%tq devigem s @s: fdnit %%NPHsO&U“tef

HerﬁUWﬁffWé’t’éﬁVlQrﬁuaﬁ‘ CBUH??Iob\%'yfb%éiéF AdlSmatedtedumt.\Seh@juadtifitation
pette handling. Wthin the robotic system

prp
is impeptanton eEdar 4e bgab@fﬁ@r&%d%@ and impraveyall tygrp &t pogedures the
hB 18 rr?} c‘.t’ed H, pressure, shear forces and oxygen
oul d”be maintained within optimal linmts.The
attal nment of hBS cells as single cells in the single
Furth&inord Uf’?‘a‘?/ﬁﬁsthg B8RS 36 dindfeccdilf anBadsagé Aftrer éﬁﬂﬂé these cells

I nvention, enables exact quantification of hBS cells
to be subjgCtRe duifferent cellsamerationAr cehsqing Ee&nwsge%hr&wn inthe art,

sucﬁjgé’ 'ec§ der%ﬁ?'@)rélﬁent%&jla %hﬁo%s@@%%&égraphy or antlbody

orret er Manual Count t onet er  Aut omat ed
coa@émgnesg BRAdR, SQTEAMPIR i @dgrdo ﬁ?&%?ked]ﬁs ¢ells drogpremnantzeof

feecFe*P 'c@llsstc\ﬂe%ﬁ&myz Qh@guﬂgﬂem‘e\n QUspeslontar ABS ils BhtafrRdu Sp i)
ubj ected to. Furthernore, haV| ng

mayt %smt@datq cgff%rgnfsmw %f seamgéeqimqysésw@ 35y O &ACS
ﬂu&@?&@n?aﬁtgﬁéﬁeoct%'"'s‘érdn@) Bﬁmﬁ&ﬁ’ét%(ﬁe%d sbﬂmg ddreditg @Fad“léﬁﬂ

separation or cell sorting techni ques known in the
centifugatign,dAffiaiy) chreatograply GPRUALY M@Xﬁ@&ledn OXIRTitp SERArate
vang%éﬁﬂtﬂﬁ§&ﬂ33&ﬁféﬂhﬁnﬁédéahBBQQMsCoated magnet i c
beads, for exanple in order to separate hBS cells from
remmants of feeder cells. Alternatively, the single

thcé‘éuE i SiAGBReIl ealuﬁ’én HBSe&PbkE aRBHahdIBRdIiR tid SrBserit Inv@Ation
be subjecCted to different kinds of sorting techni

mayshg- A gggd stgrt@g popx)f\‘(fgr |ml‘ll’%¢l@§le% gloningite gepergte-glpnes Vglt eunlque

featSfdstiionUhBSicellfggict i ¢ bead sorting, density gradient
centrifugation, (affinity) chromatography separation,

for exanple in order to separate transfected hBS cel I S

MorEb&BT‘ wﬁuﬁﬁéﬂ§éumskqﬁefb$$ss%elu§ culfpSd ﬁ@édr@mg [b Sietgéent
sol ution as descri bed and %enerate

'“Veﬁ‘ﬁ'@%ﬁ}ﬁw%%ﬁtm@hb%ﬁ%%@eg LB S h%tr}OM'“g, one

such s8pdrhfich Retholii®8eserioBd, NatHoOt Henaeatich 6f|llﬁ’ﬂﬁ§; the sBope to other
uni que features from hBS cell |ines. Mbreover, to

potqntiat Methofsci | i tate use of hBS cells cul tured according
to the present invention the hBS cells may be

separated fromthe feeder ce hefollovvl
On%%ﬁnt@éaawaﬁ%f?rﬁéwaaow o 'zﬁée@lsa@a" GSAPTRRIE DS to allow
incdrpérafiérl &sn®dil itdnpdridles infLorfec6MRe tEll 9pEE ISURRtikidkparhtion may
be prreergolpnqgg spontaneously by the cells, such as by e.g. endocytosis or fagocytosis or
by electroporation. The cells may be exposed to suitable iron particles in suspension in
the culture medium prior to seeding. Feeder cells may prior to exposure to the iron
particles be mitomycin C treated or in an alternative way mitotically arrested. The iron
particles may be of several types or brands. They may further be of Fe2+ ions or Fe3+
ions or a mix thereof. In one embodiment of the present invention Endorem™ is used.

The iron particles may further have a dimension of 1.0 nm to 50 nm in diameter, such
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One potential approach for separation of hBS cells
fromfeeder cells may be to allow incorporation of
w@pmi7hi0i3pdn particles into one of the cell typPGI/ERRS0T002346
i ncorporation may be perforzrged spont aneously by the
cells, such as by e.g. endocytosis or fagocytosis or

as . b%'tﬁé‘énr DOIEUOHM, bE'fWeé‘r?Jl banaBY € THERSHEENtERion of the iron
suitable iron particles in susgen5|on in the culture

partigienavTandedror BetweenOntug/mb 8 PR oA, sHEp 3srfrasm between 0.2
and DODAPUHREFb 0.58nd 7O uBARIL frérh 758 10 UMY, $loh COtté Qfﬂ @fim!.

or in an alternative way mtotically arrested.
Thejcelismgy e %pegeqwhwora)m@ewgaﬁolttﬂypé@ fegm afoawesﬂ mrnHt@yto

aboU{‘WB tf\éUrE helch g fr%fn E@o%‘l’ 2b ‘Pr‘ﬂﬁut@é td: %’b'bt HOMBUR! sdcH"Asfrom about

t her eof I'n one enbodi nent of gr esent invention
60 reidiss dorabeyt 5 Rours sych ?ﬁéromamupam dpass. AHer exposweEto the

mad?’féﬁ@ pénlgieg?r'ibgfegaerocfellg npayrkf@ §ééd59 iM&chifurevas&d 8hd the medium
suchas e.g. between 2. 40 nm between 4.0 and 30

exchangedhd singlitceattsoltirn ﬁ’f BBStCRth mayRe ﬁ&?@@dc%thﬁ?e%mglés as
sooﬁ %9'5‘ I%%@ 'Be@n 3orH1% l§|nd %C{o 5§Qa§'tgdr{@ weeWéﬂér §§e<§uﬁ Bt the

bet ween fromO

feeder galso Tiﬁghﬁ@ cp@s g"@/y,ﬁeq(e[pﬁ Byguitus qrbthg wgng&pmnmgrﬁgder cells for
at Ie%@i | aaym%\bcﬁ’ﬁs aKRasES gt Rakh\® dt Rt, 7OBE 1IBh& 109 aﬁl@bé{tZOCths
for fromaround 1 mnute to about 48 hours, such as
from about 20 minutes to about 12 hours, such as from

The?é?gkgég nﬂBWMFtﬁér ISts.op@f*P&Hwted%yh;SPEN.‘Jt§<3|ngS o “s'i‘hgﬁ’é céil QIQpQHQHﬁ of the

hours. After exposure to the magnetic particles

mixedh cefl cropeiations |as gggcriieds akemed anﬂ fbsedyently ¢xposino agid cell
sus,séiﬁ..dﬁew é“?ﬂa%ﬁ@f@mé’éi TH ﬁn'aBSét% fofde m%?'dr'ltgin‘éfé fbmhdy suitable

S be seeded on the feeder cells as soon as 'a
mag"ﬁ?éi’mﬁa’zb'%ébH'W%\SW@OW'HhH‘%]tPSlSS' oft tupe 4 whishiethgelsils subject to
sepé\fah@ﬁ e UHIMP kept. (B beRAREl 6@lides of The sBPSatiéh li$ J&BYribed in
t in culture on the iron containing feeder cells
Exaf"tﬂehf Ieast 1 day, such as at least 2, at |east 4, at
Ieast 7, at |east 10, at |east 20 days The

ratl on urt her be perforned by producing
Theé’i %JSGQFGI'"%{@%SGE@F%W tBe Prasentinwamion &rg aﬁaemrtmamwtab'e

for b"é‘ingjﬁ&ﬁédt&ﬁé @ln%ﬁs@@ﬁorﬁ&bé@&w&@tstmeeemgﬁ?@q:eﬁ aifuCH the
ensit on magnetic force force ma

hBSo‘i‘?"@ AMaife C?'f @ﬁﬁoﬁrﬂwr'% elegipeoratigyhdiereRhavaiding gixed clones and

unp:%lvm@'!ﬁé effi ciéh&)holttl‘lﬁ\s’ﬁétﬁéﬁﬂAdébrdir\éPﬁ Iﬁ Bn%ﬂllﬁbdltﬁéﬂt §ﬂhé %resent
ect tq separation are bein One otentlal

inveglieh fscotihned, §@5%%%(P.sahlepgeddg§e'} f methnﬂ%ﬁap@slguch as,
e.g. heudtbst viral ég‘enﬂéo'héd)feﬁl@nm @Rctopération, [dARiUM 9ﬁ@§ﬁhate mediation,

invention are al'so particul arly_ sui i table for

in otsg ocebtal deBeisally modied B ¢l Gt updiication AEeBE el is

useﬁll fog56everal dpphidaioHS s@éh §§7% dT RSy &%'ds&eé&r(ér@%né@'fbr lfri&kiprﬂand
duri ng(bel ectroporation, thereby avoi ding m xed cl on

knogyputs P%Vﬁ?fb'”t%é‘e'@f’ﬂemaéﬁﬁf’yé@”t’ oSt inse g BHI d'S°°Ve'V and for
toxidNyREstRhgB Ak Wvelliad fOMEseesNsidtehoddls. t he present
invention the obtained hBS cells are subjected to cell
transfection procedures, such as, e.g., by use of
viral agents, |ipofectam n, electropor at | on, cal cium
phosphat e nmedi ati on,
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in order to obtain genetically nodified hBS cells.

Genetic nodification of hBS cells is useful for
w@eaened3onppl i cati ons such as, e.g. for use asPCEPPIINE002346

genes, for knock-in and knggk-outs to be used in

devel opment al assays and tésts in e.g. drug discovery

and for toxicity testings as well as for use as

di sease nodel s. Furthernore, the hBS cells obtained
Furthersnrei the hBS aeiie optainesraccoigingrio thmpresentdpyanten are gitable for

use stﬁnulttﬂlelﬁbhtté ¥Eddys) pélﬁéeethé%%?e)(r%d §hg?é gell %p@hél&h Reshsily
si ngl 'l suspension is easily distrib

dlstmhs#\%Mmeweyuw inpa mﬂlttw%mmepﬁ\%a%dmsit db¢ ainﬁ@ Gell supeension

of hBS "&:@h@pr‘é@br‘wt |ﬁ\l‘§iﬂ8ﬂ%¥a‘9"béﬁsehﬁi§a ‘Fﬁllﬂnﬁelﬂﬁl@t@%&ay for %Qéﬂnﬁl@ in
used in a multiwell plate assay for exargaue I n

may
ordestgy eserfqrm toxicity tasting of different ehemica) CB'F"PSP’PCfSe?'é'h? g discovery
prodéh@r@ @ﬁ'deﬁmﬁ&ngﬁd@? chidigatds ug di scovery procedure
for identification of drug candi dates. A single cell
suspensi on The present invention further relates to a

A sindlB bR se§ehsioHspensi on of hBS cells, which single cel I
suspensi on I's capabl e of surviving and mi ntaining th

Thear@ﬁﬁnﬁ invaptiondHehelreBtgstpiasingle cﬂb‘zvseém'@n PHhBFEels. t’%’!ﬁ?

smg?@cell%&%ﬂer@s%n 8- cQPablng Sur/NMg ahe maiRtafhild YA s@uf cHRf €
35 or nore passages, when subjected to a

chawa@tqﬁlé&psrqfrh%ﬁ@ﬁaémm@ﬁ t'aan %Q»(,SH‘:'& 85| 8928108 Y18 39 More than
30, Fnia?e t"haﬁ‘i’:@ orﬁn&?@ﬁ'lé"ne‘id péés@&es-r%eﬁrsﬁBj%BFed't@‘éQﬁ‘éth@@for

further relates to a hB line,” which hBS cel
propagation f %&b&su%a%ﬁe%qmeqimtﬁg a&ﬁ\‘ﬁ mai ntai ni ng the
SI gnl ficant characteristics of hBS cells for nore than
such as, e.g., nore than 25, nore than 30, nore
Ah@‘ﬁﬁﬂ”@? or nore than 40 passages, when subjected to a

Therﬁéimmﬁ,eﬁndmaﬁ&%la% tefa KBE Belliflel WhiRA mlu.he% &dpable of
t he above, Seeding of single cell di ssoci at ed

hBS
SunviNg 3nMaIAIN IS ey RIsA Ehareelerigtie dl B el ©a T fhan 20,

suc® Qgree & 2ffdPe ihanP8Y mdfe AANB0! RBROWEN 138 oF ARfe thd w,bés%agés
t he &ggl e cell suspension of the present invent

whegsubieciedde @ neethpd forgrepagation erSLFBééuﬁ agdegasibgd i the ab°Ve
present at a | ow density such as bel ow about 50 000
cells/cn2, about 10,000 cells/cn2, about 15,

Seegigg|at SRS celbiseciats dottS edlisiag)/eygeedes Ha'f's'&efomﬂﬁ'w/af usage

In 6k |c§éé§""?mawbb5ad08r}1a§@ods&b %\éé@the&seﬂls irfghe&fhgle cell suspensmn
i nternedi ate step, i ast or final step of

of gy RSEATL Y CLURIE T B depdeh celse WA B PE o) SPUs & S Fegoeriy t a ow

den@itﬁé@h%@tUe&iw %b@gpluog%bugaﬁszout 0%, 000 t¥IsiRa3, la'bgutOTS 000
derivation differentiated cells t g
p%(,é{ vant e.g.

cellg/irpgn: %P@St %%PPO Fellséan2. about eh0CfhealIsCara SRS May

as anafERhedIgRSIdD i BBNe Mast BT bR Wse PlaesdtBIesebed imie
separated fromthe feeders cells, Kt accordmgntothe

mveapgyg3 dgfore H5& i Jifierentiation applications for toxncny testing or h systems for

derivation differentiated cells types from hBS cell lines. In such applications, a low

feeder density may be advantageous when hBS cells are separated from the feeders

cells.

Kit according to the present invention
In one embodiment, the invention relates one or more kits comprising one or more of

the components of a culture system according to the present invention. Accordingly, a
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In one enbodi nent, the invention relates one or nore

kits conprising one or nore of the conponents of a
wWeoraeBosyst em according to the present i nvenPCDRP2007/002346

Accordi ngly, akit accordin@ﬁto the present invention

conprises at |east one, such as, e.g., at least two of

kit acB&rding!th B PrasERTRRAAEH SormprisesSt sEomB3ubiehs, e.g., at least two
ulation ii) a user manual describing a nmethod for

po .
°f”}5>rngﬂ¥l§Jﬁg comPefenthe hBS cells. Furthernore, the
i) a SiRYIRNBSPEEIRopRIatiBhat es to a kit conprising a first
~conponent conprising i) a single cell population and
ii) a gser BgRyal ggecribing.h methodfoppropagatiop pf tha higS 6¢llsat | east
three of the followi ng conponents ii) human feeder
cells, iii) one or nore dissociation agents for .
Furthegnesei theiinyentien alse relates te g 1ks spaprising @ TastsoRpraentomprising
i) a SHGIBRBH bBPulafidifarid/at I8ast REXNUCh\E8, &Y, latle@st i d# 1Bt Iekabt three of
the above kits the single cell population my be
the fpdlpwipg FompeReMSxeno-free derived hBS cell line and one

i) h%am&,epge@py ot her conponents ii)-iv) nmay be
xeno-free. Preferably, further conmponents of a Kit

iil) oecrmpregdiseraiation masaisior idisseriatithoilS (se!l golgsiss into a single

ceugagb@\,gioqu,qgi bing a nethod for separation in
accordance with the details and particul ars descri bed

V) & YPPPRWeE GEltYEARHUPhe present invention and/or a
magnet. Figure |egends Figure 1. Mrphol ogy of hBS
cell colonies cultured and passaged as single cells
In thesahaye kite-heavingle Aol Repyiatiop ey ke ferdedifigm § xengrfree derived
hBSEEAThE 28d HRE of fidré oFQﬁP&E)@ﬁccﬂﬁé&knfshﬁJi\i) may' 58 xeno-free.

enzymati c di ssoci ati on. Areas with heterogeneous
cell popul ati on observed during early adjustnment (the

Preferdbh, flReHer 38@Pohdhts BEa Rig WS &ihg f theGpresdnt FivBAticH M8y be a
single cells during enzymati c passage. d)

i.e. gl e ] Si ngl e
usep@pnUR deperiingom Methaeiar genarationin grerdanse wﬁs*heaerag'g and

partReliars estribed tdtendmRERIA of IS preBentlinvneléry and¥bt £ nagnet.
enzymati c dissociation. f) hBS cell col onies adjusted.

g) Honobgenous hBS cell colony (to the upper ri ght) h)
Figére! Ilbgédgel | with hBS cell colonies, overview Scale
_bar 50 nm (c), 100 mm (a, b,g), 200 mm (d), 250 mm
Figurg 1ty 1.66 mm (h).
Morphology of hBS cell colonies cultured and passaged as single cells using hFFs and

enzyme (TrypLE Select™).

a) Adapting hBS cells colonies after their first enzymatic dissociation.

b) Areas with heterogeneous cell population observed during early adjustment (the first
passages in the new system).

c) Cluster size, i.e. single cells during enzymatic passage.

d) Single cell suspension of hBS cells on hFFs.

e) hBS cells adjusted to the present system, two days after enzymatic dissociation.
f) hBS cell colonies adjusted.

g) Homogenous hBS cell colony (to the upper right).

h) Culture well with hBS cell colonies, overview.

Scale bar 50 ym (c), 100 um (a,b,g), 200 ym (d), 250 um (e,f), 1.66 mm (h).

Figure 2:
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Figure 2:1n the followi ng figure | egends "SA001

TrypLe" refers to hBS cells fromCellartis's cell line
W@E20010730hi ch have been propagat ed using TrypLECT/EP2007/002346

Select(tm and "SA002 TE" rgfers to hBS cells fromthe

sanme cell |ine, which have “i'nstead been propagated

In tHéSfbﬁgmﬂ—é ﬁ@iﬁbﬂedﬁ;@ﬁé SAUGWT‘@BL@* RfNETH KBS cellstdmh C@lsrtis's cell

ter nore than enzyrratl C_passages us

ine BADQT Ewich Bavq beqn BIABauRtoR S50 EYPAE S e SAB02 TE” refers
to hBE@ef@ﬁ{oranﬁe Qérhe 4ell ﬁﬁe m%v%linét&d b&ﬂfﬁoﬂaéeﬁéd @Qﬁg

I ne phosphat ase TE stai ned for
Tryqsw) EDTﬁAqummomsawchesgaiska"(ms obHO0Y #ftarimere mﬂﬁ%ﬁla@@g@tlc
as£ 9\% ﬁxﬂ?&' Sé@@tm‘%&qr@% phe bar 250 nm (g).
ure types H of SAOOl after 25 passages
SACE TP LR e I GR (e TRAR -SH1E), SREAD ) ed Aine SAQ01

phodphitdde rsa\owf@st@m@erfméctﬂ@i TRAMIEA @HYSEA4 (f) and
represeftative karyotype ( 001 TE, di'ploi d nor nal

alkafipe ghogphalasgrBl ysi s of sel ected chronmpsones from SA001
Sca-g |4'§o(|ﬁa (a@dséﬁg%rfgo (#h (gslemonstrated that the

l's were and diploid norrral for chronpbsonmes X
(bI ue), Y (gold), 13 (red), 18 (aqua) and 2 1 (green).
Figlrb@ure 4: In vivo Pluripotency test of SAO01 .
Teratorms after nore than 20 passages usin

LE
Kargdyrast& FIH obP00 3fiasi2e-rasyagespysingo %B#%§P%§?Egl>/$si s of
(a) ’Eﬁ‘é é{reﬁ%orﬁéé)ﬁbf%%bﬂfr?ﬂ!@w@% GipRid thaPAPR X gﬂl_l% shows a

after 27 re Ively 22 enzymati c passa
repr@gentgt)veN@uryq;mq &@e‘-‘ﬁw&%eﬁ dmgplﬁjnorrpel (g)d) Bt pp%{é:gs of selected
ChrdriBATR o s(«@oi )Try%QEr(Qg é’r'idfsﬁi@d)‘t hsl(a)tuenﬁ&ﬁqa%rmt the cells

Scal e bars 25 nmm (‘a,c,e) and é/ c%
wereiiis anck @P PIENATTA 67 SHATIOZORES S (0h) @ylﬁat e 18 (aciua)

and%r(@}e%n?e' | passages using TrypLE Select(tm. (a)
-4 i mmunohi st ochem cal staining, (b) TRA-1-60, (c)

SSEA—B, (d) SSEA-4, (e) al kaline phosphatise. (f)
Figdfe R 0i d normal karyotype of SA121 TrprE after 20

single-cell enzynatic passages -i): Teratomas
In viysy lyn@aoqepgyntgg\lojl&gqmeﬁezgtowg Sm rg)than 20 passages using

Trypleus O86ModRs W&HEQ?A") (h). Cartilage (mesoderm

). Secretor ithelium (endoderm . Scal e bars:
Histologicahanalysis ofd o as from SA001 TrypLE (a,c,e) and SA001 TE (b d f)
after 27 respectively 22 enzymatlc passages.(a, b) Neuroectoderm (ectoderm), (c,d)
Cartilage (mesoderm), (e,f) Secretory epithelium (endoderm)

Scale bars 25 ym (a,c,e) and 50 um (b,df).

Figure 5:

Characterization of SA121 after 20 enzymatic single-cell passages using TrypLE
Select™.

(a) Oct-4 immunohistochemical staining, (b) TRA-1-60, (c) SSEA-3, (d) SSEA-4, (e)
alkaline phosphatise.(f) Diploid normal karyotype of SA121 TrypLE after 20 single-cell
enzymatic passages. (g-i): Teratomas derived from SA121 after 23 passages (g).
Neuroectoderm (ectoderm) (h). Cartilage (mesoderm). (i). Secretory epithelium
(endoderm). Scale bars: a-e: 100 pm, g-i: 50 pm.

Figure 6:
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Figure 6:Single cell enzymatic passaging with
TrypLE(tnm) Select results in increased clonal

waeenwiemhs Wien cells were transferred t o hFFsPGF/ER2007/002346
TrypLE(tm) Select treatnent,it resulted in a 3-fold

i ncrease in the nunber of héS cell colonies forned

Sindt® BRPERA nfafic Eéé@b‘@h @RTﬁybLEmS@éEt réélﬂ’(@% ihtreabéd clonal

di ssoci at ed s wer e ated on
surviel When edlIWETe Haneaged MuFReater RIS ASE BPUTRAeTl o
resr.ﬁ’t@& @H Q@Qol@ﬁn&egée |F|Qﬂ$’ﬁﬂrﬁ9ert6f HEls dN@¥lonRisToithed Esingited to

data are resente as the nean plus st andard

TwresrrrBPTeﬁaes)memr(@t@% )7 ifidigsogiatad B eells waie platedon RFF
srgn?ﬂébﬁtw |§=‘|cre€€éd ﬁtﬁrﬁﬁ‘é’stoh Gobd ESlosied {N%Fé @rﬂai@r@d . Mﬂ'ﬁiared to if

shows few remainin FF cells in
theys\rrersem@ire@; an rTrFngm rT Be glaty argrpée&?@?qd anthe maandlpnstangdard grror
(n :yyrth TrypLE(tnm) Sel ect performed on human enbryonic
fi broblast cells (Anerican Type Culture Collection,
CCL-1 10 ATCC, Manassas, VA) Exanpl es Exanple 1
Figdlzt ure of human foreskin fibroblast feeders and use
as a feeder layer Commercially avail able hFFs were

hFFselis aftercpnervwrak IR sultvrer (A ghows e hfifisiqollected pn dha mggnet and
(B) él‘gﬂs t@é?&v %F%rn%ﬁ?sc%%m Aperdish.were cul tured in

| scove's G bco I nvitrogen Corporation, Paisley,
Scot | and; http //vwvw i nvitrogen.con), supplenented
Figo#b'gh 10% of FBS (Invitrogen) and 1%

penicillin-streptonycin._ The.cells were passaged
Sm%@ﬁ'f ar*mma(tmmmw'ta ToyALE" §§t€\ﬁfea?rformzdarmhtr“@ embryonic

fbrdb‘Fés’E‘ eerEf(m%nearEWg?e Cbﬁl)’rletdd%&f&r ceenfiouentc rma@éswerVA)
of hFF were treated with mitonycin-C (Sigma) (10 ng/m

for 2.5 hrs) and plated on 0.1%gelatin (Si gm) coated
edli shes at a density of 70,000- 80,000 cells/cn?2 in
V| troHES(tn) nedi um suppl enented with 4 ng/m human
Exap@ohbi nant basic fibroblast growth factor (hrbFGF,

cU/tbré/éftrerresh,ﬁ&bﬁ&J/éﬁ fRIePs érﬁﬁ&‘sé‘és 5 peder mybet ween
passage 12. Exanpl e Cul ture of

A
ConimBo A AAIRPIs: ket o cbtaiRechAeh i AmETIEa EeRscir UL Epllection

(CREomB TG, INYariéahd, genbwaw c@lﬂi?éd’ﬁr"lb@oJe"éJDMEhﬁ@ilbco
cel |'s were obtained romthe Aneri can g | ture

Inviteggendearpeiigtiptadiaisiey, Geatiens: hipAuyasigvitron SO abpemented
withClaled Bf 8IS (IRvitre§aY@ang 1|6iﬁnk§¥r‘ép{dr\WcH JHERells were passaged
Cor poration, Pajsley, Scotland;
regularly (weekly) at a split between 1:2 and 1:8'using Trypsin-EDTA (Invitrogen).
Confluent monolayer of hFF were treated with mitomycin-C (Sigma) (10 pg/ml for 2.5
hrs) and plated on 0.1% gelatin (Sigma) coated IVF dishes at a density of 70,000-
80,000 cells/cm? in VitroHES™ medium supplemented with 4 ng/ml human
recombinant basic fibroblast growth factor (hrbFGF, Invitrogen). hFF cells were used

as feeders between passage 4 and passage 12.

Example 2

Culture of human embryonic fibroblast cells and use as a feeder layer

Commercially available human embryonic fibroblast cells were obtained from the
American Type Culture Collection (CCL-110 ATCC, Manassas, VA) and were cultured
in Iscove’s DMEM (Gibco Invitrogen Corporation, Paisley, Scotland;
http://www.invitrogen.com), supplemented with 10% of FBS (Invitrogen) and 1%
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http://ww. invitrogen.com, supplenmented with 10% of

FBS (I nvitrogen) and 1%penicillin-streptonycin. The
weelrgoses e passaged regularly (weekly) at a sPUIT/EP2007/002346

between 1:2 and 1:8 using 'Erypsn n- EDTA (1 nvitrogen).

Conf | uent nonol ayer of hurran enbryoni c fibrobl ast

penféfmn' §tré§ﬁ<{1 ydinh. Q%%IIMFE Héés@&é’&fé@u@rl?@vgm ) 4t B&pheveen

E@ﬁ'ate on 0.1% gel a I gma) coated
12awﬁt1<§|t§ﬁ@sﬁaps'@r M\g}trqgen?&mﬂeefgdn@fmbm@épf BYURAD i n

embviéér{lén’_glﬁ%lta@ eﬁ?We\’%‘q % gmﬁ%ﬁﬁoﬁw é"dSI@rrféS/(f@ p%VHTWH?' 2.5 hrs)

nant aS|c | ast ngrovvth f'act or

and|ptated po §elthy gelatimbPigmabegaled &V dipheshatasdensdy |0§7Qv@%80 000

ol
cell#érﬁ ma\ﬁgglqggm r%feg'%@%%?taa \%%64219#“'%%?%%2@%%%8'6
rbrcﬂqlaat gts:Iwabfaqt@e(U@FGFe |Inwtrqg¢e) (Hsurean embryenic fibrakkash FeiboBgre

collected in
use T RikdeR FReh ARG Y osBBaPis TRUIS ot anyi
froma circunti sed 8 week ol d boy. Skin explants were
nkmg?d i nside 25cn2 primaria tissue culture flasks
on Di cki nson) containing | MDM nmedi um
Esta(ul/alvmemtdg@rf)umalp/fpp@kfncﬂﬂwl?/@ﬁté@&d@pP@/hfy@c(lslﬂlc*( & peltline hFF003)

Hurﬁe(hvfowsgﬁe&n%éé)\gé%tés%% lcﬂg ﬁg{/éd)ﬂ;\ JHIR @ﬁlr(Wtrd%EE?r

r oxi nat uent nono
con@mlragﬂx Qe@tiamynifefr@r@la airongcised Srwegl gjd bam%@;e@(wtﬁ yere

puaczexr%&( é%ﬁ?ln‘?ﬁa fss0¥i ghmﬂs Ahaks é@gt% lﬁ&i@ﬁ’é&%k E(Bhtélhﬁ% IMDM

or a standard panel uman ogens
mec( wp dkmpltr@gma), 1% mermnhmﬂytseptmmanqn 1Gibep ﬂm«trqgeg Qﬁrp@ryﬂp@)@nd

1086 fnar ARG Ui himaldh) B Says, FRbIuc FtsPolalBiiuds
established: Thg calég\aerue\ﬁ@naIB(@aa@a@edtumaprEay%ele@r(lm&rm@n)oAfter
|
cxo bt (7 e DNRAF AR aRel o R b R g
HIVio tupersand AdHepatitisief type Buand G.rederaeoalevitus, Heres Shapley Virus
type™ Gfd 9: Bpé %télﬁ LiRANHUMAR® iR Aiug) élﬁe@ﬁ@iﬁ§ﬂ£g$t% a

m ni nim o our at room tenperature uent
nonol ayers of xeno-free hFF003 (fifth to eight
age) cells grown in IMDM 10 % hunman serum and 1%
C|II|n streptomyocin were then treated with
Feedplt Igmfaqrepa(r;a(l@; gerathe rhquse estabtishedforeskyg dibsoplast cell line

PrloMJ HIQ%(r?d fhe %ehb %E%nfa‘ﬁ%%ﬁaéﬁééﬂe@ ﬂeeﬁ’ssgg cbft@:re"l@ale“d wells

ton Di ckinson), 200,000 cells per

werﬁﬁqatsmwmuoch%wa@om@@d mmanmmtlodﬁlbmmésorsaupmmm &dour
at rd¥nh tbnjr;%/%l(.lyé OonfLER & é’]/@]'s d%eno-free hFF803 (fifth t|c>/<=:||ghkt)

peni Ci n-streptonyocin,” 1% d ut amax
paspagey agﬂwpwamlMlaMd 14 9% henae sewAt and 1%rﬁem9ll%rtsfa%otomyocm
r
werp (Rer{ifeet QY it RABRYERC Rignap ot | ThorRl 2 npii® ML
treatbsk feodefs wece eratmroWPrmISdBBbtgn Qitkinsepli20MORAselihpeighed

cmZtirQ a%wm \ﬁg’soygged d?'PﬁMiEW/F(a‘éaa%ove) supplemented with 10% (v/v)

human serum, 1% penicillin-streptomyocin, 1% Glutamax, 0.5 mmol/I -
mercaptoethanol and 1% non-essential amino acids (Gibco Invitrogen Corporation).
Prior to the placing blastocysts with their inner cell mass cells and cells derived
therefrom or hBS cells, the medium was changed to a DMEM (as above), now instead
supplemented with 20% (v/v) human serum, 4 ng/mL hrbFGF, 1% penicillin-
streptomyocin, 1% Glutamax, 0.5 mmol/l B-mercaptoethanol and 1% non-essential



10

15

20

25

30

35

suppl enented with 20% (v/v) human serum 4 ng/nL

hr bFG-, 1% penicillinstreptonyocin, 1% 3 utamax, 0.5
worei /107303 mer capt oet hanol and 1% non- essent i al BEA/AP2007/002346

acids (G bco Invitrogen Corjgoration). (Sane medium as

described in Exanple 3.) Exanple 5 Transfer of hBSC to
amifd &Y B@gGlﬁch fr@ﬁﬁ%@h igHiparatidl! @amftemBEIMCAR) deskHb@sinTAReble

SA002 SA121, SA167, SA348, SA461 and SA502

3.) (Cel lartis AB, Goteborg, Sweden,

http://ww. ceI lartis.con) had been est abl i shed and

characterized as previously described [ Heins,
Exampidsson] and i n WO03055992. Such material can be

Trat@&?éradfmd fo¥Rz lah@bfdp§?ﬁ%naﬂﬂiuﬁes al so available
roug;h/I the NIH stem

ThelTAS65T ineb SATON sSAED. SRR Se AT 81 SALRTS A8, SA461 and
SA5E® d(béflért@AéBGB%oF welden Citt //M%é|lér§£@&%£ﬁéuibé9002)

one subclone o SAO 2" (SA002.5) available throu
estatm@wqqamd chascternzad asdrevipyshedeserb %Féﬁf‘ @P in

woug@sisgga $6iéh MBR¥ANSan B/ 65thin€d frofY d)elta'?t% A@Sneeé alsé bifRble
used are approved and re|stered by theUK Stem Cel |

thropgh wegﬂlggtprﬁg:e@;@@gﬁtm attp:iste hisggising goellartis

AB ﬁé@w@%@&&dm@g (8Yd1 éd@saom O? d?fdl d?fe guacrohe oPERE0S (EAVCR.5)
the |ines had been mmintai ne di shes on

avaiighig,thjeugh.the N cThapgthip ?@#'"ﬁ%@ﬁ\ﬁ b‘F%{}/ fggquently used in the
pre%énﬁ an%ﬁgnt ] tﬁ?l%é‘x‘ @él( \ﬂé§ l%é(f §r$§ﬂpr6989%@%glst§%d@wme

[ www. vitrolif om | emented wth
UK rsrtem@elaBank Steeting anyrnﬁgeamdwgwom SA802a11d SgOQZeﬁsare

apeiiaq B MERT ATDEP b Bitbe SR, e BES0FEbp e iined
in I\ll’saéhéwd)r’:] mgemvadwmamtésoen(ﬂi:zvededmwlaytemnomrwm“'unsmem
e once._w nv

P
(Vittgie AR Kot a R Co vy BN Y PitE Catoh s Gbalmitted Hith 4
ng/rﬁmrem;s@mh cf manhy#Ilyi By Jsiigha (nl.cmy bhpsnga? rag cw?mgt?ha raadfdetbol.
e ncubat e
To tiansTea hBs: cals foayieadfionah et hf Enan g dsodeliot elieysed
cultlireunediup wasasiohéed éﬁ@dfe” cdltaseedhshe'Eh@eré evdshetieate wills PBS

nvigGBny By efirnd PO 5 ioe TP St (nut et ARSI o &
(Chélﬁl’ﬂ:bh) <f>ru§r9p§mvEE)dew\mﬁ)“gehzjfvgg gdanaatddéﬂﬁb g?](ﬂ‘gf\/ggﬁﬂ?h Dishes
werB et 2D 4P B B e Siog B feias Sl Rl S& et o round

up feomdl tHelfeederngyes. Tred tellssheptwas menmeaemdado lanilntglanell VF
ont ai ense, f eede nactk\fat ed

di sh
susigriongy TRraeq Hiufly SN £ PlRBlg ARGlerBH hadepifids e and
centifiged dv@66 gder Amimiteg)|Stpeaiatart wap eisthaiedFthe B getigddllet was
res@ygf@%a froeshm?oﬁmcﬁéélgm%%%henghglte%e ggsﬁerll\s%ncv\lljas see%ed

into an IVF dish containing a dense feeder layer of inactivated hFF.

Example 6

Enzymatic propagation of hBS cells using passage as single cell suspension

For enzymatic propagation the hBS cells were maintained in a culture system
consisting of hFF feeder cells at high density and VitroHES™ medium supplemented
with 4 ng/ml hrbFGF. Enzymatic dissociation was initiated by removing the culture
medium washing the culture dishes with PBS (Invitrogen). A volume of 0.5 mL of
TrypLE™ Select (Invitrogen), Accutase™ (Chemicon)or Trypsin/EDTA (Invitrogen) was
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consi sting of hFF feeder cells at high density and
VitroHES(tm medi um suppl enented with 4 ng/m hr bFG.
wepmymetshiT di ssociation was initiated by renmpvPCEPINE7/002346
cul ture nedi um washi ng the&gbul ture dishes with PBS
(I'nvitrogen). A vol une of 5 mb of TrypLE(tm) Sel ect
ther{édaéldtts @g@rmsh A@.@H&@%ﬁé ifdutatdiean ﬁ@@)lﬂhl thé YDfer PédREME of the

I'nvitrogen) wasthen added to each Di shes were

hBS el plonias Séartqwt@ rownd up fra@ tae faedey @geroﬁﬁe GF" shret mas then
brolﬁ“e‘ﬁld aftab %@lr‘ﬁﬁ? ?(I,IIE’:!h %gn§|6’n B?%&afé@ thitr @BidAMFitih ﬁ‘?ﬁ’&r’rte

ce broken apart to
Subgemgan@y e ¢ell§m§mrbwawam%gé%q ok eantrifioe &tqecﬁmdvqenwfwed
at 4@(‘) g%rtf?mlr&@%s %‘&H@r‘?nta{a)ht Wé@ disehided UPRNSHhBS c@@‘éellet was

nsferred ergltrl uge tube and centrifu

resmsogn@edr igifresh Mltmhﬁa% r&m@m%l&werﬁé%erd%@&ﬂd@e fr&ﬁ'a 'Y‘ﬁe
d.sh'@?goﬁt%ldu hér‘?ée f8BGer I8y DP RRCAMA I hERE StsstblMaftube b'é%(em 4 or

I um svverethen seeded into fresh | VF di shes
1:5 grchi §PAi Thy lawaesriieratioenrs usegydiring whahwe refeatosts thepdisstment

proc%‘au’et dJrﬁ‘1 'tﬁé v@rg s§ag43$‘?r'i the: r'f_év%%tém 5/53‘93r nshﬁor{e%‘ﬁ’f 5

USG urlng refer to as the

pasaaqe@élver’eﬁs csH brewas sPli @t BRI r@tWé t\?é’l’%ﬁfﬂ 2e ang AHHAgkyityras
wer% Eﬁlrﬂ Wed ¥oafMeu tBleét WC%H@SBA“I%J%QHPW%%M%@% was

Inée was s [1t ratios between 1

replacastyoith Fsh VireBESE b st BPRGA SVANa#S CHESRARsNdS 09 7ts
grov@tﬂ@ﬁgéa/ ‘bht‘l’ﬁ@‘lﬁ’dl\'hbfual H?B%dcéﬂ ih ‘tHéecé'@ Wéﬁ@E&%gé& El/@f%@ﬁ 2 days.

fresh VitroH GF éver

BothylinesSAGRhard iSAy 24 have @f*@néwerp% b%tﬂ"%@m"ﬁ@t'anhﬁeﬂ ftared for
more @%ncﬁi baésb &s Witk nfa%tbﬁe%bﬁnﬂ%%%@ a?M%the@‘ole@n ¢3¥én and
1 ne SAO01 and SA121 have when tine of l'ing
thawewl %coaﬁbmg toganyentigaahslewifiegziag meshodsgp éhetlmmzbcultwe
me&ﬂﬂﬁ%ﬁ?ﬂém%fea Wil 10 iDMsbnor nal  karyot ype and further
been frozen and thawed accordi ng to conventi onal

sl owfreezing nmethods in their normal culture nmedi um
Exafipipyemented with 10% DMSO. Exanple 7

I mmunohi st ochem cal and hi st ochem cal anal ysis of hBS
Immugphistospemical ancchistoghemicalanalysisd #BSrels,

hBSP&ILRGEB WO HE ihA% ﬂagra%rﬁiéio%ﬁyd@%? A8 dMhliteg ecfianfn@éblﬁzed for
mnutes in 0.5 %trition solution (Sigma-Aldrich)

5 migytesdy Qo trjtiqs saiytion (Riane- éwﬁagndrﬁubswteunﬁw PPFB%W)‘“ 5%
FBsTh@ssetlh\ﬁtrwrs ngh@e mchbatea Wi pYinRiy hR@dYy solution

sol ution overni ght at C. primary anti bodi es used
overpight a%?bé—‘c ihe cP“f"t?fY @ﬁttQO@'es'FRRd !’%Speﬂ'@\é fonOgh4, T&AE=A6D, TRA'
1 8183%/:31 mﬁs@m%émt(saﬂa@uﬁwt@@mm ggantSTHA CA,

httP [/ wwyv. sout her nbi ot ech. co | ncubat'i on

Pt . APl e ST adRAlen B oz e L secondary

ant.6&o@éd<gaa<§omﬁfarneﬁe%em LaBBRItGHeaY W§§&M&$nébefbf 60 H‘ﬁ’r%tes at
mnutes at roomt enper at ur

roorg (RPAte: GRINURS Wersequntessigingy W'*\"H%Ap'c(ﬁ"-lmﬁ)yﬂaff aCt'V'tY of

alkaﬁhek aﬂwédﬁﬁa@@@m%mm#ﬁj a{ kAR pHokplatase adtkay de®ction
phosphat ase activity detectio

kit accordlng to the manufacturer’s mstructlons (Slgma-AIdrlch) Stainings were

evaluated and documented using a Nikon Eclipse TE-2000 U fluorescence microscope.

Both SA001 and SA121 showed all the above hBS cell characteristics after more than

20 passages.

Example 8
Genetic characterization
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kit according to the manufacturer's instructions
(Sigma-Aldrich). Stainings were eval uated and
wolomonenved usi ng a Ni kon Ecl i pse TE-2000 U  PCT/EP2007/002346
fluorescence m croscope. Bqt,h SA001 and SA121 showed
all the above hBS cell cha gcterl stics after nore than
F 8 é%ﬂ& R AR ¥ Sresémtd SitoRemid,
orEQr.y @?rel ?1‘21 ysﬁgét%ﬁﬁ;s ﬁg,%q as wer e l?{‘?czubat ed | nmtlh
trypgn@g@ e@d @nd aeunisd on gltaswgem Thaichromesemeasn werfbyipkaliged by
DAFQ%&?J\ ﬁ?sar%n:gggénd EBSurﬁQﬁtQHg§@g‘%ﬁ M‘&%frl%d\(ﬁlérlé%!:é;?@éqd%nd with

al ni arr ané ment ed usi ng
apprqwetetféterwr&ssé@m( yioVisisedApmlied Impgingpante &larﬁqubr s
. i on; Applied Imagi ng; Santa Cara

' ppT T edl magi ngcor p. com For fl uorescence
|n situ hybrl d| zation (FISH) analysis, comercially

For ﬁg&b%@éﬂcg éf#‘él&l?hfb‘)?gﬁ&%géﬁ fH9sAf Asvsid, %Bnﬂgrﬁwm%lé%ts

Y were used accor di ng
conteinting probes far chrampsomest i2o 3.l H8n2 it anb¥ V\felf% HWQJ?@OW'"Q

to thg}ﬁaﬁuféﬁﬁérw&rum \)(/ﬁﬁqm‘l#? n%lilﬂc%ﬁ@ﬁst qﬂe IQ|c‘P&fs‘Wér@F}:\‘?\alyzed in
appropriate filters and twar e
an I(ltqnes\mlgtqanpe SAHPEdWith approariaefilters ﬁOQ\é@lﬁ“l‘i@J’ﬁr@VtOVlS'On)
SAdBé}ra\ﬁQtS'@ﬁﬁ l'fgtﬁ %‘iov&&i ﬁ@n&ﬁ’kér"ﬂ__&geleé HrdrivRi r&ﬁ@t@d iR Y& &B’bent
nore t han assa was con i rmed nor nal
systatn fevenereringn@p qgéga@ﬁ;eg ISHwaagPRirgedmaryaliaj eyen higher
ggdégl potency in vivo Pluripotency was assessed by
teratoma formation in i munodeficient mce (SCID) as
described earlier [Heins et al]. In brief,
ExaHﬂfl’é gferentiated hBS cell colonies were mechani cal | y
cut 1nto 200 x 200-mm pi eces and surgically placed
Analysieaf plurigotenanéyvivaipsul e of severe combined SCID nice
PIur%thé?’\c}Wés‘Hsg%éseﬁodyq?%to@ ﬂfrh%ﬁorﬂnvﬁﬁndrégef HMMiESISCID) as

m ce were sacri 8 weeks and tunours
desoptred esxlisr fdeinaatiall. il beefi hnw%reat#aé%hﬁﬁlcsueﬁ?'e@es were

meaﬂsmaé é liflo 206 xez%lu?n ?fe@é@ 8R4 Q@bﬁ:fafl)} ﬂaé@d:&ﬁdyashémaaﬁey

eval uat ed hi stol ogi cal resence of
capgijle pEsevere eerabingd mg%(FeBdlgﬂp bsqidBfRa Gharles Hiivas

LabSr@P&rﬁé@F 'T‘F\egﬁEérWe?é/ SAGHfi Eecgafter@WééI&Cén@C{Gl‘th rsGfdrbick8ig€d and
pithelium All ree germlayers were

fixed A PAERIomTAIdaty o JHEm el S0t SRt 08 s aShana were

evalQlH{etd%ﬁglobiQaﬁﬂ%r @feep?éﬁncélb‘iﬁﬁf@}e‘?ﬁlhieh Hbia tis80E Bemidd from all
passages. Exanple 10 Cul ture and characterizati on_of

threa@mhrvmgemsy%@q 9| Pergeestpderpe cattlagra@ndtoyiks £githgjium.

All three germ layers were confirmed in the teratomas from both SA001 and SA121
cultured in the present system still after more 20 passages.

Example 10

Culture and characterization of additional hBS cell lines in the enzymatic passaging
system

In addition to hBS cell lines SA001 and SA121 mentioned above, also hBS cell lines
SA167 and SA002 have been successfully transferred to and cultured in the enzymatic

passaging system as described above.

Characteristics of hBS cell lines cultured in the enzymatic passaging system is shown
in the below table.



systemlIn addition to hBS cell lines SA001 and SAl121

ment i oned above, also hBS cell |lines SAL 67 and SA002
whame/1Ben successfully transferred to and cul PCT/ER200TI002346

the enzymati c passagi ng syshem as descri bed above.

Characteristics of hBS cel "™ lines cultured in the

enzymati ¢ passagi ng systemis shown in the bel ow

table SAO01 TE SAQ01 TryplE SA121 TE SA121 Trypl F

SA002 SAAB7ETryp FAAPPIEPUEE NRATBETE of >AF12uTwrtbo SAp02  SA167
>15 > 15 SCED passages Morphology Undiff. Undiff. . 5. F
Undiff. Undiff. Undiff. Undiff. IHC Cct-4 + + + + + %
Tral-60 + + + + + + Tral-81 + + + + + + SSEA-3 + + LE +

+ + SSEA-4 + + + + + + SSEA- 1 - - - - - - AP+ + + +
Numperof RT>48CR Qct -4 ##0+ ND ND +2% Nanog +>?0ND ND + #15  >15
ipto + + ND ND + + AFP - - ND ND - - Karyotype 46 XY

P25, p39 46 XYp27, p39 46 XYp21l 46 XY p21 ND ND FI SH 2n
pa¥edged 2n XYp35 2n XY p21 2n XY p21 ND ND Ter at omm
Endo/ Ect o/ Mesao Endo/ Ect o/ Mesa Endo/ Ect o/ Meso

Morghqtegy EEPHT Meso NDUMF: Abbr evi'ddiffons: p, Yadfiber of Undiff.  Undiff

enzynmatic passages; TE, Trypsin-EDTA, TryplE  Trypl F

IHC Sel ect: Undiff, undifferentiated: ND, not determ ned:
Endo, endoderm Fcto Fctoderm Meso NMesoderm Fxanple

Oct-ﬁ_ 1 + + + + + +
Tra1-60 + + + + + +
Tra1-81 + + + + + +
SSEA-3 + + + + + +
SSEA4 + + + + + +
SSEA-1 - - - - - N
ALP + + + + + +
RT-PCR

Oct-4 + + ND ND + +
Nanog + + ND ND + +
Cripto + + ND ND + +
AFP - - ND ND - -
Karyotype 46 XY p25, p39 46 XYp27,p39 46 XYp21 46 XY p21 ND ND
FISH 2n XYp25 2n XYp35 2n XY p21 2n XY p21 ND ND
Teratoma Endo/Ecto/Meso Endo/Ecto/Meso Endo/Ecto/Meso Endo/Ecto/Meso ND ND

Abbreviations: p, number of enzymatic passages; TE, Trypsin-EDTA; TrypLE, TrypLE
Select; Undiff, undifferentiated; ND, not determined; Endo, endoderm; Ecto, Ectoderm;

Meso, Mesoderm.
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Robust ness, reproducibility and universal
applicability of the nethod A great advantage of the
wo ewenoBol met hod for enzymatic culture of hBSQPET/RE®0T/@02346
that it has proven to be stable, robust and easy to
reproduce for several cell Tines. Seven different hBSC
Exahipegs have repeatedly been used for the evaluation and

establ i shnment. of the nethod. Additiaonall y t he invented
Robyaingss rerfodyribiidy e anversab aprlisepiity b the Bethegs cel |

A grbhnfcﬁ/ah&gb*b@tﬁémmw Rettdd fbrEz W.Bedltd}éwehesemﬁes {sQhat it
be stabl e and fast for several i fferent

has |prqyes to Pp stablgirelushpnd Pﬁ%'stOégreraewesﬂ%éﬁ\fer%” Hﬁ%ﬁa Feyen

diff f@g MBS hdshalv® ?'éb‘e%ﬁ&ﬂiy bébrpus%‘éik‘&t the ePA8tlord Sd estA¥ldBment of
SA167 SA348 (>4), SA461 (>10

the aﬁZingééQ't'?%"gl t'@%!ﬁ‘t’?’ﬂf@é@ﬁlué %Pf%ﬁ%ﬁtf%%sé%h"ﬁhwsni hBS

cell tuli@s tbriw@gﬁbééau&qt&uﬂuﬂéqn&ﬁse hbgd ?r%Qéﬂ\ fbd!Stabld! dndtest@br
ell Tines in industria ul ture

sevgab@ti%rfenbws elblifsise he wewfﬁmeﬁ@tst%sm@ﬁwaﬁdnﬂ%ior

each hﬁe BURMSAEY Weoraakas | SAOOQf(sf @AO@Q%X)”EWC)QZ BQSQ)a@M 67 "(13)d
cul ture sgste tradi ti onal cul tured hBS (on

SA3Br3 SRR et aRd SA150843)s %FP@O%/@P@&@%% |aﬁt=<§ dingdo the

inveRtilESuIS BE Infad@Motisdald & &diRFe df the hBELda Iu$@§ RGhdustrial cell
Accutase(tm or Trypsin- EDTA. The hBS cells were

cultye|niedtighd seeded into new | VF dishes in two
densities on either hFFs or nEFs, resulting in
approxi mately 350 and 700 hBS ceI | s/cn2. Media was

ExagipihlRd every 2-3 days. Approxinately one week |ater,

Co,&ﬁye,:dm,gy,gn)q@@}; enoved and the cells were washed with
(G bco, invitorgen) followed by al kaline

To tﬁﬂd@?) ﬁ'é?%t@’es‘ia&?ﬁ'Fm@f “é\% EBFYMatly RaSSAgiRg ﬂ%ﬁ'f"é’é? BYsiems
tradﬁ:@ﬁ&lfy' d@ﬂtbfé@l HES &1 (oﬁhfh’F'sQl’s)ng rﬁ@ﬁwdﬁi&é’pﬁééagfngphb@ ned

|l colonies fromall_four,test grou

d'sseeat%iéa singlsy celig Ry L§inarRtheal vols e\ﬁﬁ'%t"}%{%éf’ t‘HeT rypsin-

ED'I'?’LJ "ﬂh@'hBﬁ caN8 elré Gﬂtﬁéé aAd séedddneaidw IV disHersn twd@ensities on
| oni es were scored ﬂBOSItlve i.f _nore tr@%%go/ of, the

e'th%fd?Fcfﬁ;Pf\%’% REAYNGB APPIKRPIGH SRO AN AP &fted in

an inverted m croscope. The experinents were perforned
i.n duplicates and reeeated three tinmes. hBS cell ]ine

Medignyg® cBanged eYapl 67 &3Ys APrradmatelions Wasiniater, t wag

remB¥ed\iid-ihe RBAY WBreNRSs HRIAIWiY BAPBS REIHRY, inAtorgen) lftwet byhe
ol oni %g?on hFEs were rade%@as u differentia ed See

alk ""Pga'i‘ tasgystayipg é?r%qr A9 &Ryt %Céurtef peed igma-

Aldride§. UthasRinibars %Q%bttﬁﬁé@ hBSd%ﬁdolgﬁleH :ﬁldm‘ élerbantebfagredps Wwere
rlson [ I Ssocj at.e cells re

couTiRRaEOr SR LA 65 oS AU o STt atea RES cel

colonies, the colonies were scored positive if more than 50% of the colony was

undifferentiated when visually inspected in an inverted microscope. The experiments

were performed in duplicates and repeated three times. hBS cell line SA002.5 was

employed for these experiments.

Regardiess of which enzyme was employed, approximately 90% of the colonies on
hFFs were graded as undifferentiated (See figure 6). Of 200 evaluated colonies
treated with Accutase™ 191 were judged as undifferentiated. For comparison, if
dissociated hBS cells were plated on mEFs, significantly decreased numbers of good
colonies were obtained; only around 60 % of the colonies were graded as
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col oni es were obtained; only around 60 % of the

col onies were graded asundifferentiated (Figure 6).
wabm7qembs t ati ve di fferences were simlar in bethEP2007/002346

dilutions tested. Thus, usiyyg hFFs as feeders and

TrypLE(tm) Select for dissociation seens to be the

undﬁ?@?‘énh&%\ﬂ?%@l’&% CPRO QDAItatRVR differbAcds!idraisfnifdr W@éth dilutions
survi val erenti at ed, uri potent hB ells

testedk JiyE eusing By @%xfeﬁseWeFrv@LEggﬁeﬂth fog deéPC@%h?%ﬁm%w be
the Hfoshfge?rfabl‘érem&i%h kS rdieatd cibnal dudAtal OF LiRdigSRhHlidEa!

|s was treated with Mtonmycin C for 2-3 hour s
pluripatesst BBY cells.i nhi bit cel |l proliferation. After
Mtonmycin C treatnent, the hFFs were washed nultiple
with 1X PBS where after they were dissociated to
Exampigl 88 cel | s by enpl oyi ng either 1X Trypsin-EDTA or 1X
TrypLE(tn) Select. An aliquot of the cells were
Emgieying a@ghat/capémea@mftseﬁatawn 8MFA fem eBls celiwer e di | ut ed

t t
one 7B Bith SRt R heR WAt isats ik MG far 3 fours i
orderas ehhibit dedl préisération. tphuer Mitomysinspeastimens thehEFsiveredeashed
and differe anmount s  of

t b t

mulye Rufl P58 Mgl St nd Ve drisanelia § el Selfy empleving
elthérFﬁSt i Tajlpemrmgtmbr ¢XF]W;IUE§'V' ssleoemenléhthegt Oﬂtf:@eﬁbllslrwdréeounted in

upe e e I ON S al € I NTO el a
a haedcubr R anLie ST Bntedis Rnbaae BoeefiEoht [Faferent
con%@gﬁusl@?‘eﬂa@ﬁtlclp‘dﬁlctésS(End@@ﬁﬁ'éI)IWEBé fostestied, thetcell c60

naor e n a u 0
SusRRTSTA0E Wasp Bviees 158 e tabd, BRGATere e amutisif qlegnghc
panfctexsr}wé}e &&lgéddﬁdtto trBibeg/ THe. hEFthrﬂayagrw‘nt eartawsd've’ng tisen

0 m,C e Wwas
mix e TP IR AP raT s RE S AR e PSS MV fianes
(Falé@prAwuﬁaerwoaéFFcuuls wefd ﬁe@b@eﬂﬁm dish. Change hBS
cells were added to the plates with hFF feeder cells.

To collect hFFs on the nmagnet, the cells were rinsed
Conoanteations K E risemMitediesismeri di edar\getfkoneste”mj to 560 ug per well

REBb el il cassPond Bie ¢ R eltbe B tolfln '
and%

eppendorfhtube and placed in gl ?se fgggﬁci tohz t

. T owe Q a
1-2 R ey s ind: B 100 RRSLRLAPLRR RS pBaBTH, M S P RE e
majorﬂymi/mbdundmrhhm—ehgbm/toséﬁtlmn ;Iahwlest Aepmmtmgégmmsaﬂbr
I a X

the il oHorR SBE ol e B T pIBRE WAL bapr il

sol ution was then re-suspended for cell countlng and
To QfiEctERS o FegfiEh e S e e el e¥ in Ok BES T hepeited
wnthea‘ithex:Trgpsny)EQ‘@eer X 'gnypEEV’)Selecagasdblemllgﬁher&ll suspension
qoncent rati,o

wasdhd/] faiRen G eaR SR higeratie aced’s Bose sanragttp g magnet.

The realisetiecalloivied to httachtiB3he eldgaetafbt addvethinutes and the remaining
solution was then removed from the tube. After that the tube was removed from the
magnet and appropriate medium or 1x PBS was added to the tube and the feeder cell
containing solution was then re-suspended for cell counting and verification of
separation efficiency.

At least 90% of the hFFs were caught on the magnets (90% separation efficiency) (see
figure 7), regardless of the different concentrations tested. When enzymatically
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shown). References Heins N, Englund MCO, S blom C et

w@bkoeo7Mer3dyati on, characterizati on, and di ffer entT/BEP10071002346

of human enbryonl c stem celdss. STEM CELLS 2004;
22:367-76. W003055992, A method for the establishnent

paséng@ HEISEAIIB We?d sedWethtd h@ﬁd/lﬂstd tHe WSS csliseafiaeRéd,

[i"he, Cellartis AB Hunan onic Stem Cel |

prolifgrated anddomracseaticflqnigs (96@410315 @¥®n- Jansson E et al .

Lar ge-scal e propagati on of four undi fferentiated
enbryonic stemcell lines in a feeder-free culture
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GoWM@DéOfFSQQQ 2 , metkodu fare the gretablishmenir @froeonlvgpqteqt "human

an st em cells. NAT

Bi %tl%g% ﬁ&%h%g gegnggl uézr%‘grﬁ Gough NM Cr ook

¢ MHstmari Emﬁw@t&pm @éll HﬁnwttmoISE&esaﬁBérs therd084 ext ended

CU|§J rgn ﬁ' Et g ons% %2 ? §’ oMiIoﬁ ‘a}ﬁ%rentlated
Ii Sﬁo Br egerv he gene

i nteegarmryc ca‘temumiln Ileeﬂomycmufee@rénﬁcemuse satem. Developmental

Bi 1Ql 0O Cowan CA et al. Derivation
of qjé&r%%%nzl(%%o%em 04111%1% nes from human bl astocysts
(S;Bmmbié étepxbrKa&/o&mxpls!atahtyargpnpqypmgdldqffer)enﬂiﬁwn feeder-free

En \%ﬁﬁﬁngﬁéér %ﬂd é@qnﬁ %‘r&ég%ﬁ gaQrQAI ?Qhreé%urﬂﬁ? gwiiagf;bﬁlﬁ:nstem
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norcnﬂtlhnemdermddt prive t@ dagustd 9h20631n Seerbr(;aﬂalandswwapmem 2004;
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) yon| c stem (ES) cells and enbryonal
calrapands, (3ot)h KeGbkhale PpetsaltRecirdetsgain of lebropaovemesil7q and

e 2 aME R PSR ety CEEp AR VAY Biseitanthosame-64
hurmnzzérldasx @ough- e |0reak dileeh 4IhRBSyotypel of raomar ESi cx¥sduring
) hgengﬁg %Sl?qu.rNé:teék')tsécﬁrtmol308?;95:'3%’(-385 at least 50,000
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blastocysts (Special Report & Supplementary Appendix 1) New England
Journal of Medicine 2004; 350;13:1353-1356
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human embryonic stem cells. Hum Mol Genet. 2005 Nov 1;14(21):3129-40

e Andrews PW et al, Embryonic stem (ES) cells and embryonal carcinoma (EC)
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i) one or nore dissociation agents for dissociation
of hBS cell colonies into a single cell suspension,
w@ea7/1073)3 a supportive culture nedium which CRUT/EPE07/002346
system nmakes it possible t(% gPr opagat e hBS cel | s by
di ssoci ati on of hBS cell onies into a single cell
Claimp$pensi on at each consecutive passage for an extended
time period, while nmaintaining the significant
characteristics of hBS cells. 2. A culture system
1. ARREfHyREEN for probabhtlon SR bIAIScydRBSIVEY s¥ém huagﬂ:ens
feeder cells I's from about 50,000 to about 500, 000
COmMpEPiNg/ cn2, such as, from about 50,000 to about 400, 000
i) hlﬁﬁér{ t%éeé? cdlls faf Qmaﬁél@taf aP[RaS0%h A00 &dN8IEm2300, 000
|s/cm 2, from about 50,000 to about 200, 000
ii) o%p[ @p@-ﬁiIgsoqa‘tlgmagggtgtfor@sqy@@tlp@ oglb%%peltgqjor@g@mto a single cell
susﬁéﬂsﬁo?f qAy 2, from about 70,000 to about 200, 000
I's/lcm2. 3. Aculture systemaccording to any of
ii) ao"r%Pﬁ%'V&CHH‘UFQ meiEPei n the human feeder cells are

whnﬂ?&dltﬁ?@sﬁsﬁ&ﬁh@k%ﬂ pTob§|§IéQo pf’opa?afé%ﬂ&'&&lsi’dysdl%‘clatlon of hBS
accor di ng l'ai m 3, wherein human tissue is

cel gelPrigs intp acﬁ'ﬁgé?mly%wpens'%ﬁta?achﬁ@amuave PRSRAGRIfPreAN tended

tlmé‘ﬁéﬂoﬁ WhitS@intaning ke ISighifiant ¥RaraBleAS8 T hBS defs.any of
clains 3 or 4, wherein the human tissue is derived
fromskin, including foreskin, unbilical chord,

2. A'Edt‘&@lleesys{éﬁﬂgcco?@hé ltueblbmmn wﬁa@mﬁ@deiﬁﬁylo@au@an&é&@ cells is
nua stroma or turesste

fronbaa 8P P90 aBewt 590, qoﬁé:eﬂ?/é@eﬁuﬁ@ 38 AT AbOY R Q0o akgut

4oome)m;ené/@md %ncsd;dlﬁ 5@ro©od6 bb&lﬁiCBOOFDOWdeHQcmS Lfrelan §§0ut 50 000 to
rom B | s or cel derived from hB

abogt 350,008 SHIF B, e APRULasH ST APBUP QO Salb op cbumaBa

70,000ab EBoutvdt® soelsemPunen feeder cells are derived
fromcell types pertaining to the group consisting of

human fi brobl asts, fibrocytes, nyocytes,

3. Akz‘i‘ﬂtaﬁe' ég@fé:‘ﬁ Séoordiﬁ@’@ﬁ &) bf&ilanﬁ@'ﬂ & ZGWHe%‘M tHeelun®n feeder cells

cul ture systemaccording to any of the
are E?%‘@Qcﬁ%hﬁméf‘ﬁ‘ﬁsu%er ein the human feeder cells are
fibroblasts. 9. A culture system according to cI aim 8,
wherein the feeder cells_are derjved from hu

4. Arfaire: syistemy acording 19 gaighBakhereintpe hwﬂem'tswsgﬁgmﬁom

emi détag nkensthiajuvelile, bhad@i tisstée cel I's derived from
S cells are fibroblasts or have a nesenchymal

phenotype 11. A culture system according to any of
5. AlQWRURY SERM BECording B any\bradifim8 Jtdiel, nerin freafipiarc®sLs is

denégfﬁg%g,rq'@’nig]cft@%@fgtréték%oﬂﬁq%mf;élké grkc)il %Sutscszle I%)r%,re%ltﬂbl on| ¢

placenta, fallopian tube, glandula, stroma or breast.

6. A culture system according to any of the preceding claims, wherein the human
feeder cells are derived in vitro, such as, e.g., from hBS cells or cells derived from hBS

cells.

7. A culture system according to any of the preceding claims, wherein the human
feeder cells are derived from cell types pertaining to the group consisting of human
fibroblasts, fibrocytes, myocytes, keratinocytes, endothelial cells and epithelial cells.
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extraenbryoni c nmesodermcells, fetal fibroblasts
and/or fibrocytes , fetal nuscle cells, fetal skin
w@eira973dbet al |ung cells, fetal endothelial cePCHEP2007/002346
fetal epithelial cells, umblical chord nesenchynal
cells, placental fibroblasts and/or fibrocytes,
8. A@uﬂGl%r%y@{en?Qg&?&]ﬁé t@énf&Ithé ordR@dihg RRIAL HETBIR hOR@RKA N
obl’asts and/of fibrocytes, poSt-natal nuscle
feedescels arpdibtabiastsal skin cells, post-natal endotheli al
cells, adult skin fibroblasts and/ or fibrocytes,
adult nuscle cells, adult fallopian tube endot heI i al

9. Acalituee, system aceardingltn elaimedauirseinithe feeger eells aae ferived from

h "SRt ﬂg,qjég;gﬁ]tﬁd gba&g! | s, adult breast cancer

un%tgr encha ce r’ gdul t endot helial cells, adult
epithelial cells or adult keratinocytes. 12. A culture

10. ﬁ%ﬁ@@s‘%%ﬂ{ ﬁécﬁgdnﬁ tdarfl%moé Wﬁé?aﬁﬁl?&@é‘l%%n%@fr% hBS cells are

wherein-t eeder cells have been growh

fibrablasts priaved mesenchymal phanetypgst em according to claim
12, wherein the hunman feeder cells have been growth
inactivated by mtonycin treatnment. 14. A culture

11. Apsitann systent akaegding tacanyi ohthepregpding clainis avhelpia the lwraan

feed?e‘? lcjal% Q‘@\é‘aerlp&?f?orgrm%ﬁl@ ﬁ&’bbi‘é@fsegxt@énﬁﬂrf&ﬁé éﬁd&férm telis,

culture ysten1accor Ing to any prece |ng

extreerabwmc\me&oéaﬂn colis, fﬂiﬂé&brqbé%&ﬂ%ancﬂ@n ﬁb@%W%s Setaliewsele galls,
fetaPQ&P%ou t felal mtaenél%féwﬁdotﬁéi@hcegﬁ , fefhl apnthé‘népdalélhﬁhmléal

, from about 2 to about 4 prio

chomngmhy,@alt qe@s Hacendal [figroblgsts andéqnﬁbmcgt&g, B gmtal endothellal
cell%%?%f rgétQI%Jn%rPﬂo?ésmn]f%roMQéﬁ 8hdot hﬁo@}dﬂ %@t-r‘i@gl' rHinlécells

| east one, such as, 9 | east two,
Y

post- ré%altskmeé'é PQst-nptakgpdatheial ﬁﬁ"sa?d fesémf kroblasts .aﬁ%or

fibrd®y el adilt ME&IE B8lIst Q&Jmﬁﬁbpﬁﬁ% {u‘beﬂeﬁdorﬁewlcbw adaly §laRdular
accordlng to any of rece |n cl alns mhereln one

endometrial el adicstiomab ﬁna@mﬂtﬂgl Gedls awuérbzm canggr parenchymal

cell€ @l ERdStMSITF BRIRC SQILE fithelid) c@ll@br"édl:?t keldtiRb&)tes.t he
enzyme Is a proteolytic enzyme. 19. A culture system

according to any of clainms 17 or 18, wherein the

12. ARGKIFR dySteth %ohﬁf%?f@éwéthe?Pr@z&@&n%EQmﬁ\nmé'rélH'irfé human
system according to any o ai s , Wherein the

feed@ﬁg9l|l§ehqv§ been&Eevdh inactiMateAe group consisting of
trypsin, trypsin-like, dispase, dispase-like, pronase,
pronase-1i ke, collagenase, collagense-like and matrix

13. ﬁwﬁmneospfﬁf@mmg@@ oxclaim 12, iherqin hesuparnieagRiaials Agve been

groRYn&tivated ibmitomy2th trédi@eRi. n the enzyne is a
reconbi nant “enzyne. 22. A culture system according to

any of the preceding clains, wherein one or nore
14. A culture system according to claim 12, wherein the human feeder cells have been

growth inactivated by irradiation.

15. A culture system according to any of the preceding claims, wherein the human
feeder cells are seeded from about 1 to about 10 days, such as, e.g., from about 1 to
about 5 days, from about 2 to about 4 days, prior to seeding the hBS cells.

16. A culture system according to claim 15, wherein the culture medium is changed at
least one, such as, e.g., at least two, at least three, at least four or at least five times,

prior to seeding the hBS cells.
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di ssoci ation agents is a chelating agent. 23. A

culture system according to claim22, wherein the
web@raei3ny agent is a chel ator of dival ent catPOREP2087002346

A cul ture system accordi ng 4,0 any of clains 22 or 23,

wherein the chel ating agent is selected fromthe group

consi sting of EDTA, EGTA and HEDTA. 25. A culture

system according to any of the preceding clains,
17. ka@rﬁrsvm@ aneerding taAny ofithe Brecading flaifpe Aehergia oge or more
dws%&ﬂﬁ%ﬂﬁ@éﬂ%ﬁ§%héﬂi feast two, such as, e.g. at |east
hree, at | east four at least five, dissociation
agents 26. A culture system according to claim 25,
18. WRBRGesyEiem SQRIIAGEd QBinP17, Whepds i érdyrRAS AlpFoteolytic
conpri sés one or nmore enzymes and one Or nore
enZynel ati ng agents. 27. A culture systemaccording to
any of clainms 25 or 26, wherein the conbination of
di ssoci ation agents is xeno-free.28, A culture system
19. AceBvrgi systermagerydieg ta-any ofslaims 7 or dRavkgrginthe enzyme is a
com&ﬁmgwﬂ@ghﬂﬂn@f di ssoci ation agents is selected from
group of commercially avail abl e conbi nati ons
consi sting of TrypLE(tm) Select, Accutase(tm and

20. A%Ht%’%(yﬁf@n ac?c%rdlr?g Ay RITNS H ¢mgaﬁ/ﬁ9rrem {he drdyRBYs &lected
t he recedln% clains, wherein the supportive culture

frompikgidionR Gonsisting OEHYRSID yPsie-like. cflﬁpaéen@ﬁ%%ﬁeriﬁeowrom
prorfse- Ilkmuaé)&asé &M mgéw& R ARK RietIRBrdi@inadws, of the
preceding cl ai ns, erein the supportive culture
medi umis supplenented with fromabout 0.5 to about
21. AQRfured Qﬂenhééfb%@?n%ﬁi&’fy Gt%laifls 97-20f Wﬁgﬁeﬂbﬂh’étenl.% @isa
about 500 ng/m hr from about 2 to about
rec%‘@t?'ﬂ?”t@f‘zlﬂf‘%m about 4 to about 100 ng/nm hrbFGF. 3 1.
A culture system according to any of the preceding

clai ms, wherein the supportive culture mediumis
22. élﬁ:}b‘B‘I’rérﬁdﬁ’{eEUa%qqﬁnQ tooAnyaidhR Preceding Bgies. XwaiB oOfor more

dusséé'iﬁf'br%%r@sﬁacrfeﬂémb @Ht 5 to about 20% serum such as
about 10% serum 32 culture system according to

claim 31, wherein the serumis FBS or human serum 33.

23. A ctiltlireWyStefy 84cFAIRE 8IS 2R, intherdily tr@fcﬁemmﬁra@@mds A&helator of
clains, the culture systemconprising i) human

divalent Ga9RS- f or eskin feeder cells at a densi ty of at
| east 70,000 cells/cm2, ii) TrypLE(tm) Select for
di ssoci ation of hBS cell colonies into

24. YR SYEIRM 2664rdIng Y0 any: 9f Glatas LAPT &0 pi%heéﬁ'éﬁi‘%ﬂh%{ﬂ'}g agent is

selecRAFFond tHegrolip Bordidtng D EDTAL EGTACAHE MEBTARdI UM whi ch
culture system makes it possible to propagate hBS

cells by dissociation of hBS
25. A culture system according to any of the preceding claims, wherein the one or more

dissociation agents is a combination of at least two, such as, e.g. at least three, at least

four, at least five, dissociation agents.

26. A culture system according to claim 25, wherein the combination of dissociation

agents comprises one or more enzymes and one or more chelating agents.

27. A culture system according to any of claims 25 or 26, wherein the combination of

dissociation agents is xeno-free.
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cell colonies into a single cell suspension at each
consecutive passage for an extended tine period, while
waoredontiaiznd ng the signifi cant characteri stics oPCTBR007/002346
cells. 34. A nmethod for qﬁpgation of hBS cells in a
culture systemas defined ih any of clains 1-33, the

28. ﬂ%n&@ syStE é&foﬂﬂné Rearyt @RAIMAE 25270RheRIAIhEombination of

formng an ad] ustnent procedure in order for the

dlssngstumaaw pistselastad o thedreus cbeorpmprcially pyaijable,egmbipations
condiStidd 6 ﬁ*ﬁﬂ@“%e?éé?tﬁd&ta%éw sHeRRehRk™Mg the hBS cells

Into a ngle cell' suspension by the use of one or

nore di ssociation agents, iii) distributing the single
29. Alltur® Qféﬂ?é%rdlﬁ‘g B sh 6ftthé BlelcBdifg c@‘mé %%rrelﬂ tHe éJHp@rtlve

one or re culture vessels co “SIan human f eeder
cultgrelmedium inselestsd frpmahe groupceessis EM and MR, i v)

i ncubating the hBS cells for fromabout 3 to about 25
days upon regul ar nmedi um changes, v) repeating n tines
30. Arcyltwrersyptem Jccoytie ta anyrefitae ari@cew@g@rm%fwwe'n dhgssupportive

cunur% rﬁécﬂ@rh % Qu;fb’lé?ﬂéf&é& @ith @S5 eld o abWG! 1®orngmt Fi’f‘bFG‘FQ

signifi cant characteristics of such

sucfma'e' Hog Hemahguhd ta abeyt S0fngun! hrpfrGhhdrong éh@lﬂtl%tior?@%’h@o
ng/mit &RRonPhbtitl 18BBbYZA JBhd/MPnBEEFS obtained in step iv)
to see whether the significant characteristics of hBS
cells are maintained, vii) repeating fromstep ii) if

31. K%Itﬁﬂe%bfe%%r&ﬁ@f@ﬁféf'tﬁé bt“e%e&ﬁ BR#nS Q&He?elﬁrti% supportive

mai nt ai ned according to an clainms 34
cultyie m@lumsmmﬁmentgd a@th |f@asab®t§me Abew 40g0 gerymamfba%te 9.,

fron*]-Qbou”itS tb @88t 2@_% s@Fun* ﬁ.ﬂ:‘ﬁtaszébouﬁﬁ O%%@ﬁlm 25, at |east

| east 35, or | east 40. A net hod
accordlng to any of clalns 34- 36, mhereln t he

32. i SRGE FhlefaQordiRPtdGhim §p|vﬂ@r§§ tHenééPurﬂ i$ FBgl hemaln serum.
suspension In step ||) is perforned by treating t

hBS cell colonies with one or nore di ssoci ati on

33. AGRRLR sy3Rm AcdiRdiR@th ARCEHTIE Pécb@ngBirdd, the BilfiFe 3¢stér.

wherein'the effect” of the one or nore dissociation
COMpH8iAgs i s di m nished prior to step iii). 39. A nethod

i) h@ﬁ&pﬁé’ddagaw&eglmé@dascelw b®ieRsity 6 1d8€70,060 EOR/PAFE
e di ssoci ati on o?rgnts i s di nmini shed by physi cal

i) TFY@#EV aﬁe'SFt fendissnriation oihPE cgll selspeaintd A %l'é?é?]?@' suspension,
anddi lution of the one or nore dissociation agents,
addi tion of one or nore inhibitors of the one or nore

iii) thirgg%%, aqqu;en;;@m \gith aldaastidge/wt hibREFRUPRetie culture medium,
whidHQuFé\REerR imdkBS itQaSsiBle tIRFHadhEHEE 8dlisHy dikdBiasioh Bf hBS

excess _or inherent auto-inhibition of the one ar nor
cell gplenigs irke ia@m%@eﬂ@spensuon at each consecutive passage for an extended

time period, while maintaining the significant characteristics of hBS cells.

34. A method for propagation of hBS cells in a culture system as defined in any of
claims 1-33, the method comprising the steps of

i) optionally, performing an adjustment procedure in order for the hBS cells obtained
from a master cell line to adjust to the culture system,

ii) dissociating the hBS cells into a single cell suspension by the use of one or more
dissociation agents,

iii) distributing the single cell suspension in a split ratio of at least 1:4 into one or more
culture vessels comprising human feeder cells at a density of at least 50,000 cells/cm?,
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40. A nethod according to any of clains 34-39, wherein
the split ratio is fromabout 1:4 to about 1:5000,
weemh/1em03 e. g., from about 1:20 to about 1:100BCT/EP29AT/002346
about 1:50 to about 1:500. 41. A nmethod according to
claim 40, wherein the split ratio is 1:20.42. A nethod
iv) u?&!BQﬁﬁB M8 HES &% 18 frorh abol Ftd-abdut @R Lﬁ)Ohh@ngﬁSnedlum
I's obtained in step iii) are incubat for from
Cha%ﬂﬁ?ut 3 to about 25 days, such as, e.g., from about 4
v) r%aﬁﬁ@h"ﬁgﬁg f&RY Step @Y, WHePdh AkOHA iffede? oRBOBAstH2 days.
. e

] accordl ng to any of clains 34-42, wherein
in ordeetRrgpagate Hlﬁw"@%% é?)"]awa'ﬁ‘f‘@ t'lﬁs?'%‘f?ﬂé’tﬂ Ch?r@ﬁﬁef'St'CS of
Sucﬁ@ggt 1 to about 14 t| mes a week, such as, e.g., from
about 2 to about 6 tines a week, from about 2 to about
4 times a week, such as 3 tinmes a week. 44. A nethod

35. Aqﬁ&ﬁ&u E&Jf&néﬂycl@lfm 84 auﬁﬁer%nﬁ;%smw &kps bhe

ust nent procedure conprises the steps of a)

vi) a@a 3ipaithg rellg abtringrkio e \v) @o?wf&hﬂﬁh%S'sn@w&cea@@rq"st'cs

ofhgg%gﬁggleqﬂa,hkm&e of one or nore dissociation agents,
b |str|but|ngthe singl e cell suspenS|on|nasI|

Vi) fegerlinadform stapdl itha signiisans cR@ctsrisiasral RES Gale are Bauaiaed.
conprising human feeder cells at a density of at | east
50,000 cells/cm 2, c¢) incubating the hBS cells for

36. Arpsthethacaording & abb tclaims B4y 3gpwherrisn @rﬁt&fﬁaéﬁaéﬁc%Ps €.g.

at [€a8040, 3t 1aks0P5, 1 a0 IV 20, Sat |tst 25 tdt A8t B0/ .at IABES, ioRGt lebSIA0.
step a) at the npst 5 times, in order to obtain
honogeneous undi fferenti at ed hBS cells colonies. 45. A

37. RBh&tAsy a&sdaa.ﬂ? '&gaﬁ of IR 34436, Where theldigsddRfos 6f ||1§s ceII

obtained in s are i ncubat ed for from about
coloalféu@torﬁcﬁ'w%e" §m¢n§§n insstgp ii) is PSHPERRSLRY fre%twgéb%nﬁsfe"

coloRRSwitl orld SHhéeQisoéiatién ageis. 10 days. 46. A net hod
according to any of clainms 44 or 45, wherein step d)

is included. 47. A nmethod according to cl ai m 46,
38. Aanethod 'amrdmg)m amyeof (ﬂélmis$4pﬁi-7r vbereirlthateffebeofithe bné or more

u t he st 4 times, at the nost
dlssgc{a?%gg rgst 'st(ﬁ@ ",lﬁﬁ‘gfj Pé'°f$°nsé§9 ngs A met hod accordi ng
to any of clainms 44-47, wherein the medi um changes in
f r.om about about 14

0. Belinsd o uBge ol 9o PR cte Phid e diere Bifgfipaton

agea*sdsltimﬁnlklmecﬂbppﬂtysftbai 'rdilmg_aomﬁe lone sumrasls&d]atwgsagants

AT Ha% RomOL Rl s enesatiepReefioh & ok e it of e

oneamljnusé n‘Bsbmaﬁwﬁagﬂaﬁgg additipn bEorregortrheressubptsate obthe one or more
oci ating the

o3 B i R 1 P e
age

40. A method according to any of claims 34-39, wherein the spilit ratio is from about 1:4
to about 1:5000, such as, e.g., from about 1:20 to about 1:1000, from about 1:50 to

about 1:500.

41. A method according to claim 40, wherein the split ratio is 1:20.
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di stributing the single cell suspension in a split

ratio of at least 1:3 into one or noreculture vessels
weowpndsing hunman feeder cells at a density of PEAI/EP®AaT002346

50, 000 cells/cm 2, c) IﬂCUQﬁtI ng the hBS cells for

from about 5 to about 30 days, such as, e.g., from

42 ﬂbﬁé{ﬁod_' a&&r@ﬁ@kﬂ aﬂﬁoﬁ@éﬁus%«ﬁr Wﬁb?ﬂi}%ﬁe hBS el Binddin step

UOHI'TEIUIT]C anges at reuar time intervals,

ii) aae; mrcetpaia@ fafdrom abrul Bdp aayuta% dRE, SHSBESEE . fffogn abgyt 4 to about
20 dghgegrf,tdpn abd 6o ABBDOEN@4s undifferentiated hBS cells
colonies, N) dissociating the hBS cells into a single
cell suspension by the use one or nore dissociation

43. AYSth&d ac‘db‘?&'ln??o afy & olalFH%)&sz( Wﬁkreﬁ?{lﬁ%edlbw&anges in step

distributin he single cell suspension in a spli
iv) argpe@rafedaffonn abayt 11t0@bi°Ht g @mes Bveelr IO AS: Bide fm@%% 210
aboGIETRNES b MkeRUAEH afb%@d@fo ARk 9 tifles @ WEAS stich &4 3%h1e|s%5\ﬁéek
50, 000 cells/cm 2, iv) incubating the hBS cells for
fromabout 3 to about 25 days upon regul ar nmedi um
44, ﬂrﬂﬁeﬂg&facéb}dm& REALY SFLidns!33a88 wRBrdin ﬂ%sadl‘ufs‘t’rﬁbﬁttrﬁgcédu}e
in order to propagate the hBS cells, while maintaining
compfisessihgisteascint characteristics of such cells. 50. A
a) d%%@&ét@hgﬁtﬁé |hB§‘>Uc°e'ﬂ‘:‘cBﬁinfé@ iffo 16 8k §usp\é'h§i6ﬁ'bg usEDFohd18
% suc | ess than 5% Il ess than 2% or | ess
mm@lﬁiéﬁﬁoi'%%'fa%ﬁ‘és ceI | s appear as clusters of cells, the

b) distribatifg fR A.n%w%aeaﬁp@ﬂs.eﬁwg sﬁmmw & dfeast/l: \3'|Mb raﬂefya ¢hore
mai nt ai ni n he si ficant characteristics

CU"'é!éIVIe§5€F'%)P°fﬁ6rr'%n9 hwﬁaqtﬁed@ueﬂl%é a dengity ofad ﬂ@sf ﬁ%ﬁo@sellsfcm
c) m‘EQBﬁmbhﬁé‘ hBS, cell®fd? frbhﬁébo'i:'t_’ 5% aH&it%Otd%@B ufibn ﬁﬂe‘éiﬁﬂﬁl@ﬁanges at

when subjected to a nethod for propagation of such
reguyintinee WECNRIPi ned in any of claims 34-49. 51. A

d) ofsﬁdmf rresea&inggéoﬁm §te|ola) %u&eeﬂ&t@nm@s hBS cells, wherein
ess Yo such | ess t han 5% Iess t han

in orgley @roht@§§‘°m98ﬁ”q@)esd4"°¥ff?éef8@f‘¢%h%%5%‘i§r°°&§"%q usters of
cells, the single cell suspension being capable of
surviving and mai ntaining the S|gn| fican

45. Amathed a¢Goeding to gpimms whareis the)hBRgels ‘?tﬁﬁ'ﬁe@ﬁ‘ stgp ghare

mcuBﬁted%r%om 3B6& 5 foebodb30 ste stiérpds, 3., EHh @bbiENtodboRE 16
nore than 40 passa en subjected to a method for

days, iy AbPehn’ @fa@t%ﬁoéié}’er s as defined in any of clains
34-49. 52. An inproved cell line fromhBS cells, which
I s capabl e of surviving and maintainin

46. Aimogihed eestclon o e &4 rcrno i Seb 055 maded: han

20, such as, e. g nore than 25, nore than 30, nore
35 or nore an 40 passages, when subjected to a

47. ﬁé‘%ﬁmp P?ﬁor‘iﬂf‘%ﬁh‘a@m % fSIPetg'GE OBL$PR ahis RESPIMRA)3t the ARpt 5

t.me@f sdnadsTE. g3t 4 mast 4 ifhes, Gt tie Mbbti3irRes 8 tHRIMAS 2 times.
defined in any of clains '1-33, for Iarge scal e

production
48. A method according to any of claims 44-47, wherein the medium changes in step c)

are performed from about 1 to about 14, such as, e.g., from about 2 to about 6 times a
week, from about 2 to about 4 times a week, such as 3 times a week.

49. A method according to any of claims 34-48, the method comprising the steps of

i) performing an adjustment procedure comprising the steps of a) dissociating the hBS
cell colonies into a single cell suspension by use of one or more dissociation agents, b)
distributing the single cell suspension in a split ratio of at least 1:3 into one or more
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of hBS cells.54. Use of a culture systemaccording to
cl aim 53, wherein the one or nore dissociation agents

w0 p@aeBont | east one of TrypLE(tm) Sel ect, PCT/EP2007/002346
Accut ase(tnm) and Accumax(tr). 55. Use of a nethod as
defined in any of clainms 34-49, for |arge-scale

cultite QRLE14 e&nsrf.s.ﬁba&rﬁsﬂm feedePéells\ds 8 dahsify ot et 56,000 8éIREM?,

to claimb wherein the one or nore dissociation
9) ln&g%aitng the, BBgcfé"safOr frepsabayhe t%qutftyﬁQLq?Q’? rﬂUCQ@Fe%Q from about
7 toABBUL fSE@4ys By fr%ﬁ'ﬂaﬁﬁﬁ Vﬂ@’éﬁémm dafs, 5oR rRéditmBhanyes atGegular

enzynes such as, Try (tm Select, Accutase(tm and/or

t'meAet@mpe fﬂpeat"f'g)fm'lnasrt@‘éa)s%té'l‘%"}9%%&'25'?? JR oaerﬁ%sbtea I's.

hon‘%%en@od@'Jndﬁfé?@ftia?éd’r%@bells%ﬂmé%ﬂe such as, e.g., at
| east two of the | ow ng conponents i) a single hBS

ii) diggaqiating e BBS&R"%'@{%\? singleccal\puarensiondy the uge P& LEMoFe

dlssaa)étl&fa n‘?é ocPds, 9., ThypLB™S8Ectmanual describing a
prop aﬁ;atlon of the hBS cells. 59. A kit

i) d@ér&mag ,tf@ Ql@glg ccall fyspensign &t a splitiralio ofat tesast 1 grinto one or more

culttﬂ%%é&% b&ﬂg@lf&%ﬁ@nﬁfg%e@ﬁ tQIsat 8 o‘éﬁsﬂ%f‘dﬂ%st 50,800 célfs/cm?,
cl ai ms rising first conponent

iv) 'wl?atmgsﬁhﬁd‘as) cells dorfeare apeut @&epta?ﬁ WWQWﬂ%‘HWe’“B?‘UW

Chaﬁ@shod as defi ned in any of clains 34-49 and at | east
such as, ., at Ieast two or at least three of

v) rQH?ét”FQ)P'l '6%tr?8tﬂﬁ?dfﬁ5%ﬁfe§ i) human feeder cells, iii)

in or‘a@?to%ro e eSS Cals G/Hll@ﬂ\%mtﬁnﬁg Eh@él@ﬁlﬁ&drﬁlbhé’r‘éc@fnstlcs of
BS cell colonies into a single cell suspension, and

SUCh #llsa supportive culture nmedium i )-| v) being as

defined in any of clains 2-33. 6 1. A kit according to
any of clains 58-60, wherein the swrpqgle cel |

50. ﬁéﬁlﬁl'eaﬁ"ows%”% PARRP ¢ollsmvhereistigss thep 19& subpshBg- less

tharC%%! lebé fanar oﬂiég? Han'MP% ®f Qe 3618 HpbBEF aSOIRERTIcBIIs, the
ii)-iv) are xeno-free.

single c);ell su)spenswn being capable of surviving and maintaining the significant

characteristics of hBS cells for more than 20, such as, e.g., more than 25, more than

30, more than 35 or more than 40 passages, when subjected to a method for

propagation of such cells as defined in any of claims 34-49.

51. A xeno-free single cell suspension of hBS cells, wherein less than 10% such as,
e.g., less than 5%, less than 2% or less than 1% of the cells appear as clusters of
cells, the single cell suspension being capable of surviving and maintaining the
significant characteristics of hBS cells for more than 20, such as, e.g., more than 25,
more than 30, more than 35 or more than 40 passages, when subjected to a method
for propagation of such cells as defined in any of claims 34-49.

52. An improved cell line from hBS cells, which is capable of surviving and maintaining
the significant characteristics of hBS cells for more than 20, such as, e.g., more than
25, more than 30, more than 35 or more than 40 passages, when subjected to a
method for propagation of such cells as defined in any of claims 34-49.

53. Use of a culture system as defined in any of claims 1-33, for large-scale production
of hBS cells.
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54. Use of a culture system according to claim 53, wherein the one or more
dissociation agents include at least one of TrypLE™ Select, Accutase™ and

Accumax™,

55. Use of a method as defined in any of claims 34-49, for large-scale production of
hBS cells.

56. Use of a method according to claim 55, wherein the one or more dissociation
agents include at least one of TrypLE™ Select, Accutase™ and Accumax™.

57. Use of proteolytic enzymes such as, TrypLE™ Select, Accutase™ and/or
Accumax™ , for large-scale production of hBS cells.

58. A kit comprising at least one, such as, e.g., at least two of the following
components

i) a single hBS cell population obtainable by a method as defined in any of claims 34-
49

i) a user manual describing a method for propagation of the hBS cells.

59. A kit according to claim 58, wherein the method for propagation of the hBS cells are
as defined in any of claims 34-49.

60. A kit comprising, a first component comprising i) a single cell population obtainable
by a method as defined in any of claims 34-49

and at least one, such as, e.g., at least two or at least three of the following
components

ii) human feeder cells,

i) one or more dissociation agents for dissociation of hBS cell colonies into a single
cell suspension, and

iv) a supportive culture medium,

ii)-iv) being as defined in any of claims 2-33.

61. A kit according to any of claims 58-60, wherein the single cell population is derived
from a xeno-free derived hBS cell line and one or more of any other components ii)-iv)

are xeno-free.



