WO 2007/ 107303PCT/ EP2007/ 002346 1 Cul ture system and net hod for
propagati on of human bl astocyst-derived stemcells Field of the

i nvention 5The present invention relates to a culture systemfor and
a nmethod for propagation of human bl ast ocyst-derived stemcells (hBS
cells) upon enzymatic dissociation into a single cell suspension.
Background of the invention 10Traditionally human bl astocyst-derived
stemcells (hBS cells) are maintained on a nEF (nouse enbryonic
fibroblast) {gemeicne! | |ayer and are propagated by nmpapao@Ebkicng
and transfer of individual pieces of iol onies [Heins et al,
W)03055992, Bresagen]. This traditional culture is very | abor
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met hod which all ows the maintenance of hBS cell lines in a stable,
15 nor nal s'feal'?e over extended periods of tine and is therefore a
suitable culture systemfor smaller-scale maintenance cul ture.
However, theeR ki inWntiohechni cal drawbacks associated with this

traditiopal culture system, K For instance it is near i npossi blLe to
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Up-scal i ng grgcessespehased on these 20traditional culture systens are
limted due to | ow conmpatibility with automati on techni ques, such as

robots and bioreactors and would i nstead require a huge anmount of
man- hour s, Bagkgraundof thepexestiomd equi pnent, such as mnicroscopes.
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20  ftraditional culture systems are limited due to low compatibility with automation
techniques, such as robots and bioreactors and would instead require a huge amount
of man-hours, laboratory space and equipment, such as microscopes. Furthermore,
techniques for cell sorting both for terminal analysis and for subculture of sorted cells
by e.g. density gradients, FACS (flucrescence automated cell sorting) or magnetic

25 bead sorting as well as cell transfection techniques by e.g. electroporation or viral
agents are all preferably performed on dissociated single cells than on pieces ar

ciusters of cells.

Enzymatic dissociation would therefore render propagation of hBS cefls more efficient
30 interms 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,
35
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Several groups have attenpted enzymatic di ssociation but very few
have reported propagation of hBS cells upon dissociation into single
cel |l suspensions at passage and have instead relied on passagi ng by
using e.g. collagenase |V, whereby clusters of certain sizes are
obtained [Brinble et al, Bresagen, S Ogren-Jansson et al]. For
S5exanpl e, while S agren-Jansson reports increased adhesi on and
survival when avoiding single cell passaging in a feeder-free culture
system Bri resagen report that they use clu i.zes of
around 10- 1§g$§mﬂﬂ9wgnd further clearly recommend avo?%ﬁﬁﬁaﬂ%mam

di ssoci ation to single cells during passaging, as it has negative
effects on U St I I till
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30kar yot epr g ges. These alterations observed
during &hzymatic propagatlon of hBS cells are presumably due to an
overly sel egtaddiorat tHelwbevesi&tionaditéchhiaM afficOtiescrekling 6 peghhiical |y
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even at hi gh, rﬂwnpctvara{vem al, ARdrevid @hijopbiafr@leabiapéy, B@t-@4 awlnen bei ng

R e L BeNR

above- nment emis the
subj ect of @tﬁgn@p@g%m aqdnﬂ@,rﬁl§qﬁpwan clearly indicates genetic anstabih y and

therefore suggests regular karyotyping. Enver and Andrews describe transformation
towards a culture-adapted or in-vifro adapted cell line, which may start to resemble
human embryonal carcinoma (EC) cells or may exhibit altered pluripotency as well as

30  karyotypically epigenetic changes. These alterations observed during enzymatic
propagation of hBS cells are presumably due to an overly selective culture system in
favor of celis specifically resistant to population pressure and stress, which usuaily
starts to occur around passage 15-20,

35  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



Brief description of the invention 5The present invention provides a
culture systemw th a highly supportive culture environment for hBS
cells which allows enzymatic dissociation dow to single cells during
each passage w thout conpronmising the cell line's undifferentiated,

pl uripotent and normal state over an extended period of tine, such
as, e.g., for nore than 20 passages. The supporting environnent of
the herein presented culture system 10conpensates for the selective

stress infl i\%{?ﬂw%so he cells during single cell pass ﬁf@%bq@@gﬁ

culture system provided according to the present inve
culture systemfor propagation of hunmdn bl astocyst-derived stem (hBS)

cells conpr|sj i ' r | ; I; st
50, 000 col | Cr e il ERulSR B e i BledBrERR S et puo
di ssoci at i off!te®e shghesn iedhg subisrigh fheLraspptdnvant®nngl e cel | suspensi on, and
H) a supportive culture nmedium whi ch cul ture system nmakes it

possi bl e to?%m%ﬂ)tﬁgnlaﬁ%e%}emopy di ssoci ati on of hBS cell col onies
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Suspensi on By PRk e SRELR s e W Bhe Frd Uil b
di stributing the single cell suspension in a split ratio of at |east

1:4, such ashendultlreagsten] provided azcerting rthdresentitventisrds ¥ estued systedripT i si ng
ncubat i ng PRERIR 4 hyfailtle dBveBeih B Shicitr s 3 tpon
regul ar ned? OM¥Hagese!s g2 JeapiyRf PHEPshOR 999«8"SfDm step H), wherein n
i s an i nsegiron@br radre HisgeRiatidn agehts dordissodatiopstopagall @ldnlee iftBSsicgé tedl,
whi | e naintgkg&%ngQQ significant characteristics of such cells.

iif) a supportive culture medium,

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

20  time period, while maintaining the significant characteristics of hBS celis.

Furthermaore, the present invention provides a method for propagation of hBS cells in a
culture system according to the present invention, the method comprising the steps of
i} optionally, performing an adjustment procedure in crder for the hBS cells obtained
25 from a master cell iine to adjust to the culture system,
i} dissociating the hBS cells into a single cell suspension by the use of one or more
dissociation agents,
i} distributing the single celi suspension in a split ratio of at least 1:4, such as at ieast
1:5 into one or more culture vessels comprising human feeder cells at a density of at
30  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 i}, wherein n is an integer of at least 1,
in order to propagate the hBS cells, while maintaining the significant characteristics of
such cells.
35



WO 2007/ 107303PCT/ EP2007/ 002346 4 In contrast to what has been
disclosed in the prior art, the hBS cells only require a short

adj ust nent procedure - if any at all - when transferred froma master
cell Iine culture to the culture systemof the present invention
Furthernore, the present invention solves the previously encountered
problens relating to low stability and 5quality of the obtained hBS
cell s when propagated by enzymatic dissociation of hBS cell colonies
into a single cell suspension at passage, as the hBS cell s propagated
in a culture S BR%ccording to the present inventioﬁp%vnggwggﬁod
according to the present invention cat be propagated for nore than 20
passages, such.as re.t

€. q. an,.3() passages ile i htaining the
signifi cant "ERBIAR ngigsh IS §§’ 28 ngc.)ra%ot%f)ggcf?nﬁtoplnﬁéq&[e? he

i nventi on Ashorrediustoari@racedurdre if apioatall - whemranskeypdicam amastRecefifirs ent
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suspensi on T i §Pﬁ§ Pﬂ% %l&%?? BRI AL P 205 gf hBS
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possi bl e t OpRERRAGHIE mBRRINKR thSsighificaht ShNsdtaHsticrer s £BS cel | col oni es
into a 6ng| e cell suspension at each consecutive passage for an

extended” time period, while maintaining the significant
char act er i sPessgiptign ¢fgle twention The hBS cells may be propagated in the

cul ture syspemear&ifitRGbbR, b iRINEESERhd MyRAtihnAtidnatialB s %ﬁur{ahan 20
passages, such as, e.(d. re n assage re .
passages, nor ""taﬂg‘ﬁ'"%gmﬁ%?ggcﬂ’g%é,ag(g?'%%ﬁ rézypﬁgcnos'%aé%gg S g’%;?Eﬁ%'ﬁg Still
mai nt ai n t henglé epflistispensinn winavtdessiag thersigpifcant chagasteristish PNBS cells. Thedne

ot her aspeciuitle s%sh&n R B&8AdatibrMRBLIcOR doSordindtd tielprésehtisleRtBnf Or
propagation_of hBS 30cells and subsequent separation, said system

conprising:cTTmﬁﬁnan feeder cells at a density of at |east 50,000
cel | s/cn@, #hymasdeedsr caffppiea dinsityod ptdeasbPP. @§esalisentor di ssoci ati on of

hBS cel | cof)@hé 65mdrd HRsRiatibiilefts & ldlssSitsREsTHBE Rell Aicklinko Asisdppartive
cul ture nedj u 35'3\% magnetic particles for incorporation into the

f eeder ceII%Pp SP@h culture system nmakes it possible to separate the
f eeder é@l | i) 4 suppertiveculipSMmediimg .

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. The hBS cells
may be propagated in the cuiture system according to the present invention for more
25  than 20 passages, such as, e.g., more than 25 passages, more than 30 passages,
more than 35 passages, or more than 40 passages, and still maintain the significant

characteristics of such cells.

One other aspect of the present invention is a culture system for propagation of hBS
30 cells and subseqguent 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 info a single cell

suspension, and

iii) a supportive culture medium,
35  iv) magnetic particles for incorporation into the feeder cells,

which culture system makes it possible to separate the feeder cells from the hBS cells.



WO 2007/ 107303PCT/ EP2007/ 002346 5 The separation efficiency of said
system may be at |east 50% such as at |east 70% at |east 80% at
| east 90% at |east 99% where separation efficiency is intended to
mean the percentage of the total nunber of feeder cells that are
attracted by the magnetic 5force applied. As used herein, the term
"propagation” is intended to mean that hBS cells are propagated in
order to expand the hBS cell population, i.e. expand the anount of

hBS cel | s. he culture system and the et hod ation
descri bed he@é?ar{lﬁiﬁac%n al so be used for the purpose of @#Pr%g”f’%?g

mai ntaining a hBS cell line. As used Rerein, the term "significant
characteristics of hBS cells" is intended to mean one, two, three,
four, five, six, or seven of the foll ow anchar acteristics: 1)

exhi bits pr e FearraionGificiensyAE s3ig systemmay FaAt fae s 0tk Fuch a8 akieast E0%wabn
grown on m kadt 80%) dtyeadtIiomaati¢asa99%] wherde parstiidhlefficieatydd intended)to exdn bi t s

stabl e ohr oS olod 2 HEtHAGumber feggﬁﬁgsrtﬂa%aegﬂactggsf(hemgnﬁer' ng

propagati on 0 e mal ntal ns pot ent |
devel op Pnt¥g&PPi®dt i ves of all types of germlayers both in vitro
and in vivo, and/or 20iv) exhibits at |least two of the foll ow ng

nol ecul ar p drate
epitopes S &%E%E@hgter Féi%éggtgon Q@%%%%an%?ﬂg%rﬂggél n core of
a keratin sE/PPaSREARSERNtOPPARA @ah?%t:%' Reeviatiop] ileyexaandthe pmgunt of NBS

pr ot ei ngl ycedls.reeegn) tieclithie sidiem andmbe hetab fopiobhmtyh ddedided heraind/ or

v) does 610t ﬁdqr’y‘% 'e‘ﬁé’lﬁéﬁ%%ﬁf”&ﬁé%‘ O{Ih%] ﬁmedl fferentiation

mar ker s, retalns 1ts p r|pote orns teratonmas in
Vi vo when injected into i Mmuno- conprom sed mce, and/or vii) is
capabl e of ds lidedhedini tt tang “significditeBracérBliac BBS sdis’Usinttayedie meaal yzed

as descr | begh APl e, Y Byl o OklAlng}hslbissva s such as every

1- 20 passages, suc ., every sages or every
passages. Sl)a’frﬂti'tﬁar"hfﬁﬁa@?ﬂ @pacﬂy ”*F’r'i‘é‘”é'ﬁ?rﬁ%ﬂa d%‘é‘?ﬁ”@f”"t"ﬁ@ "B‘PB%aéht
i nventi of caactbstedifeedkr bells, gi@pagat i on of hBS cells or 35cell lines

that are Mﬁ)%&tﬂﬁnﬂ%{%bler&h}@ﬁﬁg?ﬁaﬁ kﬁ'%tlr;fedaeano Qﬁe?ltaﬁcfns%géulrrmb'dnﬁwg herein. As

used herein rs to the parent "cul ture of a
hBS cel | | i prap3ggtign qf the hBS cells, and/or

i} maintains potential to develop into derivatives of all types of germ layers both in vitro
and in vive, and/or
20  iv) exhibits at least two of the following molecular markers OCT-4, alkaline
phosphatase, the carbchydrate epitopes SSEA-3, SSEA-4, TRA 1-60, TRA 1-81, and
the protein core of a keratin sulfate/chondroitin sulfate pericellular matrix proteinglycan
recognized by the monoclonal antibody GCTM-2, and/or
v) does not exhibit molecular marker SSEA-1 or other differentiation markers, and/or
25  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
30 intervals such as every 1-20 passages, such as, e.Q., every 5-15 passages or every 10
passages.

Starting material

The culture system of the present invention can be used for propagation of hBS ceils or
35 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



WO 2007/ 107303PCT/ EP2007/ 002346 6 maintained in a traditional culture
system usi ng nechani cal dissection of the hBS cell col onies at
passage and a "master cell line" may also refer to a parent culture
that has been vitrified. 5 Feeders A dense |ayer of feeder cells is
required in a culture systemaccording to the present invention in
order to make said systemsufficiently supportive to the hBS single
cells, which are definitely nore sensible towards the surrounding
environnment than_are hBS cells in clusters. Accordin t he density

al .
of human fecd®f®C¥% in a culture system 10accor di ngP‘%{%EPtZWémoﬁ?”‘ésent
i nvention is from about 50,000 to abo®t 500,000 cells/cn2l such as,

from about 50, 000 tq . ahout . . ; (o) to
about 300, J08MARTY bAABT dithebiler B fiRencd BTG s s 4P
cel | s/ cnR, dolonigs atrAgsace@NOECMegerAsh e Pen2lgnEiet i1 3 rarenputuretiathabout
70, 000 to ahweHtir#ed, 000 cells/cn2. Normally, the feeder cells are
seeded in the culture vessels fromabout 1 to about 10 days, such as,
15 e.g., fromabout 1 to about 5 days, fromabout 2 to about 4 days,
prior todseka$derg the hBS cells. Optionally, the cul ture nmedi um may be
fhangeg at Aeasb ia}?é\eaf fe%?;@rllem_s reQuitbd in @tuitliRaFéterh Wesordiig tb &ﬁﬁeséﬂﬂlr Fe, at
east four Qr at least five tine or, to . S.
20801 t abl o MIGST ' E25elp makf pdt FEfm RirBh| o BER i<\ hePubdbt | B
present i nvwtie B defaielbmogeensitritoppdpig shEaynding snydorsrent fayagdPShe
ﬂgrs [ Ve?| in aﬁq& fnﬁlust%ké@hqc@ﬁiing@% e derfsitPoNnDMEN ﬁe@dﬂdr%ei@?n gealitus sglftfrhved f lr3 om
ce : e hu tissue fromwhic e s may be
dor 1 ved '3 oA S Bl POST Bl foh elod 37 o Bl 86050 RIS, |
tissue, andsuch as.fremiabpUtSASPYpbowti488 0RO qalis/any'elnt akat ZGOR to ah9et udi ng
]1: olr :as ki n, umgi, dob Giélisfc&?!?ﬂbd\, abBut$0/060 tol 6@ 208 pd deed/érbfNirord ?mem,@n tcl) |
al | opi an t ybe 2 Q 2 s
may b dori {out P08 Ello . o dBBu Ph.ox! B35y 200 o0 W SEREN B °
human fi br olgedes eells afe Igpdnshin the cullepsaissironkaiont 1 19 Wtégf‘asén%@@ R®l i al
g Sl S gmsi eyt feh bisdut ¢@ldbsut sﬁmwm]l?:as:b@ft 2$¢3iasbhtf4 @aylﬁ,ﬁﬂribr tb ¥@eimgtieat
may be us riy e [ egbr
fibrobIastsﬁﬂ%%ﬁédgﬁOP?%ER%a@ﬂ%ﬁﬁ%ﬁﬁﬁﬁépﬁgrgﬁﬁ?EQS%%§V%%?@%%E%'Herm
cel l's, fetaftlqasvpint lpgstdhrem @l lspst fauperat pae §ve Yreasapriopipsepdnatbe MBS f et al
skin cells,cdigtal lung cells, fetal endothelial cells, fetal
epithelial cells, unbilical chord nesenchymal cells, placental
fibroblasts and/or fibrocytes, placental endothelial cells,
post - na@l PuiteaA heraprierden clis fir 9o iadheccultue pysreat ofthegirereptiventiofdray- nat al
des?:I e E el | ss adiost froRbliuddansiksue of ey May ﬁ@ﬁérivétgm iaulr.-o,&meleféne.l_:;i, l&llam eB$ Llsi
adult skin ) ibrocytes, adult nuscle cells, adult
fall opi an t%%ggﬂgkﬁ%%%yﬁﬁgé@%%éﬁglEP2007/002346 7 endot helial cells,
adult gl andul ar endonetrial cells, adult stromal endonetrial cells,
adul t br easthedaRRR fisgha ren Ahichtle Hudlah feedadulstmBndekhelimludeel | s, adul t

epi t hel 5@' gn%&&ic?feta@,qglﬁate}f,%v@ﬁiieQ)?ggxflt?ﬁsue, and it further includes tissue derived

from skin, including foreskin, umbilical chord, muscle, lung, epithelium, placenta,
fallopian tube, glandula, stroma or breast. The human feeder cells may be derived from
cell types pertaining to the group consisting of human fibroblasts, fibrocytes, myocytes,
keratinocytes, endothelial cells and epithelial cells. Examples of specific cell types that

30 may be used for deriving human feeder cells include embryenic fibroblasts,
extraembryonic endodem 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 fibracytes, placental endothelial cells, post-natal human foreskin fibroblasts

35 and/or fibrocytes, post-natal muscle cells, post-natal skin cells, post-natal endothelial
cells, adult skin fibroblasts and/or fibrocytes, adult muscle cells, aduit fallopian tube



5When human feeder cells are derived fromhBS cells, the cells
derived fromhBS cells may be fibroblasts or have a nmesenchynal
phenotype. In a specific enbodi nent of the present invention, the
human feeder cells are fibroblasts, preferably derived from hunman
neonatal foreskin fibroblasts. A human 10foreskin fibroblast feeder
cell Iine can be established fromskin sanples froma circuntised
baby boy by placing said skin sanples in a culture vessel containing
a suitable s¥epIOIE®7¥al ture medi um such as, e.g., a bBESEHER&AO®MS such
as DVEM (Dul becco's Modified Eagle's Wedium or | MDM (Il scove's
Modi fi ed Dul becco's Mediunm), supplenented with a manmmalian serum
such as FBS*ethpiiahests. aavitgipndyler aslempivpleaisnadid stiprd epdosetrighgells.

r epl acenment adun @reh§ocBierl pdrédchymal ReIRf siuRlbhdstHelie cail) ddur epieidl ¢uns bs | VDM
(Invitrogen%Lﬁﬂgﬁ&gﬁﬁgted with 10% (v/v) human serum and 1% (v/v)
PEST. A con quen mo 5Tayer of cells is obtained after from about 5
days to about 30 days. The feeder cells may now be passaged by

enzymati § divgeOEInRnifedliepdelld AreEMab SrofhheBlcalRome celis danied from abedéls 10
days, such as sQQH%%bOUt 4 dag to,about 9 days, 20from about

o
5 days to aﬁgﬁ?e@g%?"aa)?g, usi r?gm%sﬁEChSP 'rs%‘?%owﬁf‘ssoci ating agents, such
as, e.g. TrypLETm Select. After establishnent the feeders nay be
tested for g aSdpbdimtdntoSifleRC tHelprezbntMEMIdn 1AS MeGRANSederceNs gl8r t 0 ensure

their heal thiness. Specifjcalll a Ll 1 f. human, foreskin
bt obl act - THrBgERss pEfReh oo Bdfbtonale el MBS REGRAT . o | |
t he bel 6% @Beskip fibipllashedesnepibinersambe esiablighed frem skippamplessfamn #an a

cult Iur gl sy fS&i&mnagéaculald'y By Hygafdchg sHd ﬂ&ﬁéﬁr;ngld@Vﬁflfdthﬂ(&Avﬁ%é_l &lﬂtaﬁﬁﬁ'ﬂie_r rcially

aval | abl e [ uch.as, e.q. ri ype

it ure Col T st RS such & o o £ back el SR EREVVED L

fibrobl ast uibescoisAasified Easlay Median) erieMdistqve’s Mogdiied Rutpectd® ATCC,

?0 Maﬂassas, M¥dm), E.q:@céafgm@eluhrsa Hﬁﬁﬁaiielfh defin, Blich S8 IFBS ioRNEREN sefurdTBYy f
urt her ,pe (4 on o

f eeder égl I LSJ%%%@L% ﬁ@ %g"{q“ﬁr?géug’fa%ﬁgﬂéf XC{ %gg%?— ﬁ}l}ljt)'yﬁr%%gélﬁglﬁ ¢ r"]?)ugh a

t heor et i cal MpdivmA e MPN Graitragamb ayprigmepted wih B1Ys (vivih hnan sgrus anphidy &@/var e

sever al 35netémadscohientdtdnd@yérivhtelaRbdbRMEd Al FrORQBoULS dbs th GBdEE®Or m t he

IIs with g g.ovi ' sbOGsrRLGsSLon of
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2007/ 107303teTAEwdd dave dospyb! Osdays sreh)as. rgERToM abaquirhedye faealiort Seays.
cells, bot whedodil EHysitGaNODENOUSINY ofXHIMRBS BiskoBfhgGREMS, sasrasabl e to

mai ntain t e!a.g."ﬁ,?p‘irzbe:?‘;%ch %ﬂ?rtt-fs{ahﬁéh%@&t tllieofe(?%%i xgaeJ %Réét&oafﬂ & S €SCENce.
Mor eover, oné of e€ither cell type, I.e€. e eder cell s or the hBS
cells may beelection of human pathogens in order to ensure their healthiness. Specifically, a cell
line of human foreskin fibroblast feeder cells may be obtained as described in example
3 in the below.
25
In another embodiment the feeder cells used in a culture system according to the
present invention may be commercially available feeder cells such as, e.g., hFF cells
(American Type Culture Collection, CRL-2428 ATCC, Manassas, VA} or human
embryonic fibroblast cells {American Type Culture Collection, CCL-110 ATCC,
30 Manassas, VA).

Feeder cells used in the present invention may further be immortalized or genetically
madified. Immortalization of feeder cells means the acquisition of the ability to grow
through a theoretically indefinite number of divisions in culture. There are several

35 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 pratein



5magnetically nodified to allow separation of a m xed cell popul ation
t hereof by applying a magnetic force. In a preferred enbodi nent of
the present invention, the feeder cells used in the present invention
are magnetically nodified. Magnetic nodification of the feeder cells
may be perforned by exposing the cell population to magnetic
particles that can be incorporated into the cells by several neans
such as e.g. by 10el ectroporation, endocytosis or fagocytosis.
addition the %eeder cells may be genetically nodified haV|n eC|f|c
genes i nt egrat 8d71%** he genonme. These genes may code POYERH 9%%?@ of
interest or for synthesis of bionolec®les known to be beneficial to

the hBS cel C C

fi brobl ast @EM ﬁgﬁg%agg\’%%c’&%Ll%é%ug&ﬁ%d ? i Sta&oﬁergwg %Fasstg)gﬁﬁ%uce
apopt osi s 9% #7e able tjeeinteiatelamep &“ﬂ*ﬁk@fﬁ‘?ﬁ’d’t}e é‘éP"F ERiFie ssPesP¥ster
cells available. The human feeder cells used in the culture system of

the inventign hiaye been.or.gnb. 2OLAAELIY AEY hi L ARK Lpparai ntain a

relatively TiXe o avol e feeder
cel | s ou grmeenetiraliyyBifed|te allowsepatption oha@ixpd edllipepHIB PN RgrRghby apalies
cells my bempgeli©rmdn b)prdfér%ﬁﬁdﬁb@dlhbﬂ ofteb b sanit tnheralﬁn At feedet taltb i C

agent, such a§ in tﬁe eéen[;1 nven are ’ma?rge%%)lg ?‘n%glf é ,\é@r? %ﬂgé?f%e as

perforned Nﬁeexa he human
f eeder cel If§e¢¢aye"b€'ag b@mrﬁvrm%@t Poernadnaniel somfaien iori@agt‘ﬁ@ Pé‘é'F'P% 25t0 a

dose of i rrgglicak b@®Mcorbaiatid Ao 1HEBENB by sdvadi Médne Budhisleichent to cause
[ rest accordl to knoyvglsmet hods. Prior to growth

cell cy %
acti vat:f n SFCPRUAPD docypogislorfag? ey may be cultured in a culture

medi um supportive of the particular cell type of the feeder cells.
Wen the fepagdiichahd Bedur €=l ity B Qedatiblip blodifddhavihl speeiit eres medi um may

be (5° ect ed b3l 1B SLANR. SRS hale i Alocb BRSO MR T fipd Eadl €'

Medi

s uplpluren m(s nt eﬂnWP%*ﬁOfWCP'aﬁkae Leefisiahls ﬂmﬁ%ﬁw&w% agarels, or
serum r epl agesRduchbsle. § WHEFebastibRbREEFOWIfadlol) THesJene Tegifitaiester s may
be seeded dife sto'.r}éu apo gt%gg I tﬁ%{egg%gé.l%%kd 8@{ ur‘?&@&é’r QLS oﬁe&%F L&

conponent i A tne cu esse e ned
suppl ement edal@feh serum such as, e.g., FBS or human ser um in a
concentration fromabout 1 to about 40 % v/v, such as, e.g., from

about > 10 el edd CIRIRE] nﬁﬁ?&[%/gggs%é’fﬁ@nr?e Weﬁﬂ&%% Bebn Gl

10% v/ v and
st rept oAy ci ﬁacﬂva’iethm§5@&iom%'11@%&ﬁtw§hﬁxed BYmees P@eﬁ%Fﬂ'ﬁfq ayoid that the
suppl ement e@dedur tlls RaBiow thd hBS &dils epb@Aattivatidh chhidhdedster adis may bet ween

from about geﬁ%etd%y%&‘ﬁb t Ocoéﬂé/ \{vi\ﬁ an anti-mitotic agent, such as, e.g., mitomycin,
according to known methods or as performed in examples 1 and 4 in the below.
Alternatively, the human feeder cells may be growth inactivated by subjecting the celis
25  to a dose of irradiation, such as gamma irradiation sufficient to cause cell cycle arrest
according to known methods.

Prior to growth activation of the feeder cells, they may be cultured in a culture medium
supportive of the particular cell type of the feeder cells. When the feeder cells are

30  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
diractly in the culture vessel or seeded onto a matrix component in the culture vessel.

35  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



fromabout 0.5%to about 2 %v/v, or preferably 1 %v/v. The feeder
cells may be 5 passaged in this culture nediumat intervals ranging
fromabout 2 to about 21 days, such as, e.g., fromabout 3 to about
10 days, from about 4 to about 8 days, such as every 7 day by use of
one or nore dissociation agents at split ratios between 1:2 to 1:20,
such as, e.g., between 1:2 to 1:10, between 1:2 to 1:8. After
approxi mately 2 to 10 passages, such as after 3 to 8 passages, the

f eeder ceII rowt h i nacti vated 10as descri bed ?’9191;‘ er
30

growt h |nact| va |on ?he cells may be seeded in cul ture vesgﬂeméuﬁth t

are coated with a suitable matrix mat&rial, in a culture nedi um
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supportive of propagation are suit Sexanp
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human pl ac epﬁrﬁimnemmptamequd io lagoncentration betweayeftoart ampt_ G116 ko asut 18.%9 vy,
recombi nant ¢y H@cﬂh@g‘? dﬁb}.ut f’%W B?ﬁ?&f@raﬁﬁg‘@?m’ TRk 'fe%ﬂercbfeilé}ﬁéya&e' nis

about 0. 1% w v cells are see ensi from

about 50% 00PPsERFELHLilliE C%‘C? Hedue éi inteRvalf ranging Fﬁ°’5§b°ué2 ¥ ab°¥tr?d fe¥bout
60, 000 t o amhbs 201, fde0aboat 3 t6 @abdut 1D dayk rfom adbotut to 20oud 8 Qatsosuabasit

100, 000 efef) 7 éag% use &%ﬂé l;%&r@%m@%?aﬂ% adefils 'a?sp"ﬂf' rat.dg%%&e@m hepder

cells betmeen pas ween passage 3 and
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exanpl es 1 @nphs8ages, sutieadudteodvo d passagsy @ei féader efibody begrowibfindctated

present 1h NVENLdOibed bRl €€der cells are xeno-free feeder 25cells,
i.e. they have never een exposed to, directly or indirectly,

mat eri al of non-human animal origin, such as cells, tissues, and/or

body fl ui dsAm@rmmcmdwemetclaierrwfbe sEadedpi @lltﬂeaem*.elé that aceomwbieat | on
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cel | cohani esanp@rof beuithble setixataetial maycoanpgsergéambirahl husas iemsdcom at

passage. ASniReCReh8ieRddfd: S P hdlh slfeﬁk <HREREH s | Nt ended

to nean a suspensi on o essen rosing Sin
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6% | ess t hmd@:ﬁé&%dehs&ssﬁ frdnaabR960,200 td anst 30000 t&Gof, subleas; ekl from
entities ”aé(bota?eocddd?é é’s{oﬁt 20080 LRI NYr ROmGhatR 76,680 BRYaRRSI, 6U'r.‘la| ! y be

r emoved use stralner, which functions as a nesh

2007/ 10?%03@&%5‘5%@7@?@&%%9&50”%%% aafEﬁS?fée'éﬁ beaveRA 87 EBY° %?'Ws@er s are
col | ect ed asw¢thss.regl. detvekeh pasmege 3 artd & Bpaxifighlly, ths fepdaicelamey bieuitune

above, thisgd &asg,,bgmntéxgﬁhepq QsLsMhg reidace the single cell status is
harsh on the hBS cells, why it has previously been found to inply

conplications vvlth respect to cell survival and with respect to the
stability amd specidambodimentod threwrasentimvgntoe] thefeeder Y rrausedireafebdee

g ?n;g?ézgr Sie(l)lglli'g: tﬁ%ﬁna@éf ﬁév%ﬁbéb‘ﬁ%?ﬁdlb@ﬂ §iRcthyR iR &3 gﬁaé%ri@i‘éﬁ 'ﬂér\g @ﬁ?a"gpea
o1 nat + onBOTE SN G Gt b NGB BT aTS FEHENE® IREcheT ng
agents. AccBxahpregd gnd 4ihecrarimation desorites thesswblishned and geivatonmhy xe- a

conbi nat i ongQf ceftfind & AShart fﬁ@skﬁ\‘i‘@r@o!é’s‘éfeeé’ergellsat least 10three, at |east
four, at least five, dissociation agents.

30 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, €.¢., less than 8%, less than 6%, less than

35 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



Enzynmes that are suitable for use in the culture system of the
present invention may include proteolytic enzymes and/ or

col | agenol ytic enzynes, such as, e.g., trypsin, trypsin-Ilike,

di spase, dispase-like, pronase, pronase-like, collagenase,

col | agense-1i ke 15and matrix metal | oprotei nases. In particul ar

sui tabl e enzynes may be reconbi nant enzymes. Suitabl e chelating
agents nmay be chel ators of divalent cations, such as, e.g., EDTA
EGTA and Fl BRFA07/R@)pon di ssoci ation of the hBS cel | PEUERAITO 346N
step ii) a DNA'se may be added in addigion to the one or nore

di ssoci ation agents, which will prevent clunping caused by DNA
rel eased f rithaipose sige wheprery|clustersameenipttenand single sellsdre lsbibiond 48 agent s
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nedi a t hat su use | st em.ac to t he
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i ncl ude '[%gpgndergqn} m%tai ogrogel rgges ?r{pait%ﬁlar W%abPNel% Q%Dr%%regoﬁ'\%inéappor tive

cul tur e 'fredP U e ol | owi ng
constituent gnzvmt’mral ian serum such as, e.g., FBS or human serum
KNOCKQUT(r) Serum repl acenment, penicillin, streptonycin,

non- essent i aci ds u i ne. .10l 3- oeth n nd

hr bFGF (hurrglr’{ta%egg&n%mﬂaﬂ?mbma be ?Lnlg%]ro&sbfgg%ergrc %% %%ﬁ ? 2 @o ot her

medi a may bECTA & HED e resent i nvention. Such rredl um may conprise
y p y conp

salts, gptam ns, an energy source (such as glucose), mnerals, and

gg‘ gogac IGg\SB péuétssgcti)ﬂgr g¥ tRX"FzQs féﬁ oBFﬂgs ﬁ‘\(?stela?) éaggﬁge any B@gddggcrili um coul d
addlti}?)n to the one or more dissociation agents, which will prevent clumping caused by

DNA released from disrupted cells.

25 Combinations of dissociation agents are particularly suitable for use in a culture system
according to the present invention. Examples of such are TrypLE™ Select (Invitrogen),
Accutase™ (Chemicon) and Accumax™ (Chemicon). TrypLE™ Select, which
comprises a recombinant trypsin-like enzyme and EDTA, is free of animal compenents.
Accutase™, which comprises proteolytic and collagenolytic activities and EDTA,

30 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
35 xeno-ree, i.e. they have never been exposed fo, directly or indirectly, material of non-
human animal origin, such as cells, tissues, and/or body fluids and derivatives therect.



15acid, lithiumchloride, and transform ng growh factor beta
(TGF13), and bFGF. Furthernore, such nmedium may be chemcally
defined. The culture nmediumnmay al so be a conditioned cul ture nedi um
i.e. a culture medium which has been in contact with feeder cells,
such as, e.g., human feeder cells, prior to 20being used as a culture
medi um for hBS cel | propagation. A conditioned nedi um contains
factors, which have been released fromthe feeder cells and as such

it my be tive for hBS cell propagation th
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is particularly rel evant when the proldagated hBS cells are to be used
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8 t o about g G"‘—’%/ !QF , such
as, e.g., fidmy ‘t]? af SpHGSHFE ?u"%é‘bg'Hﬁ’F%t 6 FIPACSout 2 to
about 200 n@uitable growttr factora ot addied t tadoediunl Calid ey e IBABRPipecholict he

foll ow pg fsw |.tﬁfarntc%h@e aHd ﬁéh%ﬁrrﬁﬁ@br@w@ﬁ@ctdﬂ%@tﬁrﬁ@%? ankigpEyer, it is

cont enpl ate hat other culture &cp be used for as long as they
provi de the %S’”&f’é‘? F%CWEE%"EL‘@%W?“FP’PEH' |9efM%gr edi ents in a liquid

form i.e. inorganic ingredients such as trace el enents and organic

i ngredi ent ST%hur@%ealmn%yaa@o% a dRdifoRed é’dithr@%e@ﬁlm B @lcOMrPmeMiHET S,
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T e /B P A e AR (4B se el f%ﬁﬂﬁﬁ%%@ﬁf@ﬂ‘sv@fwfﬁat
| east 42hg/ pdinghusbé@a cuinetriseiunsior hBfbied propagation. Alratditmayd thediumsed i n t he

invention i neERidits Wnikh ndve e M ased from the feeder cells and as such it may be
more supportive for hBS cell propagation than an unconditioned medium. Furthermore,
the medium may be xeno-free, which is particularly relevant when the propagated hBS
cells are to be used for any Kind of medical application and consequently have to be of
25  clinical standard.

The supportive culture medium may be supplemented with serum, such as, e.g., FBS
or human serum, or alternatively a serum replacement, such as, e.g., KNOCKOUT®
Serum replacement. The supportive culture medium may be supplemented with from

30  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,
35 consisting of EGF (epidermal growth factor), HGF (hepatocyte growth factor),

neurotrophins, fibroblast growth factors, such as acidic FGF and/er basic fibroblast



ot her base medi um such as KNOCKOUT(r) Dul becco's Mdified Eagle's
Medi um suppl emented wth 20% KNOCKOUT(r) Serum repl acenent and the
follow ng 20constituents at their respective final concentrations: 50
units/nil penicillin, 50 ug/ml streptonycin, 0,1 nM non-essenti al
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p- mer capt oet hanol, penicillin and/or streptomycin. The WO

2007/ 107303Pdhe Rioping e weyishe CH!'B“Q:@H%F\FFFSW'B‘Q SPweNsFritrs Bteqwiated t he

xeno- f ree mgdi difer csitupy reddes @dalby ubsdmr Abangtas H0éy \plovidk theaiBSERIIs3AH0 v/ v

human sexu 0 t human
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serum rom abou out uman serum _an
preferably ZTANE KIPHEMSRENAT aMTRRACENTBRIIIDIND S YEY FIPHESE i n t he
xeno- f ree Scampdhydrates mclpdied eugakleye. f rom about 2 ng/m to about 100
ng/ M hrbFG-, such as, e.g., fromabout 5 ng/m to about 50 ng/m

hr bFG-, from about 5 ng/m to about 25 ng/m hergIF from about 5
ng/ M to abB0t suitsblpgyitye 'ﬂ?%F’G’SEdw&ﬁ'“&%“t“”é‘sd'tm”g? BT 4 ng/ m

hr bFGF. 13 hesppreenttd aith stneaef 4 ho/gl ubFBA. ne or G ut amax(r) in the
xeno-free nmediumis preferably fromabout 0.5 mMMto about 20 mM such
as, e.g., fromabout 0.75 mMto 10 about 10 mM from about 1 mMto
about 5 V] ARQiRER sgigble megiumghaipay A gseddm e fiveadon Ef’rF"B‘P“sr‘FSHf%Q@éMtqral

am no aci dSothér Habem¥@nn -dutiess KBOEKMU T Dubeedory alified Eages akaiuth, 0. 01 nM

to about 1 such. a bout . 03 out 0.8 mMM
fpom about DrpETRRRs B2S ngckORT SaPH etk e it Be RHhS chour 0. 4
mM  f r 080 abcarstitQerfOat thr respediivel inaDcdbcertfationa ci? uaits/miepegicilli@. 8D pgivbl The
concentrati r e diumis
preferably %\Fbg%%ggﬁ @Tﬁ rﬁﬁg%ﬁ%ﬁgﬁg@outﬁg%%%%ﬁ g?s&u mﬂlwﬁ. , from
about 25 uMMeGaRpRianch 8easht nembiPEBout 50 JAM t o about 150 MM from
about 75 uMto about 125 MM such as, e.g., 100 u.M The
concentratiof th&%ﬂh%\é rhé%{hla%*&@ ?ﬂ%’&%ﬁ)&ﬁﬁﬁg%ngd'léthgin‘%ér%ﬁ‘ ly from

about 5 units/ om about 10
uni t s/ 25t ocumsiged ass‘eﬂowaNﬂQQﬁOUTr@rWﬁeawj\ﬂodfed Eagle's Mefiuno about 100
20uni ts/ M, sfpbRMeRBOWIth 25% Knob&bmr@ sau;abswacer%éntléﬂa ths,/fdmbw.n@ uch as,

e.g., 50 units/m concent ion of str cin jn eno-free
medi um i s pFUFHEREN i‘}q'fel'fé‘?ﬁpﬁ‘ﬁ'&% PGP HEIS %&%ﬁ@'cﬂ@/ ”gf uch as,

e.g., from ebptimydi, 0,0mM foo-cadeotidl abbO atigé, MmM Lgairanadzceits 12@3ng/ mit o
about 100 u Q OB PR st g hflrgEsuch as, e.g.,
50 ug/m . I%/e'[aga%wéetﬁl frﬂ%#ae oég're@nt tﬁfé cu'étfjregrre |mum I's DVEM

suppl endht ed vmth 1- 25 30%v/v human serum and 2-100 ng/m hr bFGF.

I n one enbodtnlrﬁﬁroﬂweitslmmﬁnaeﬁumcﬂdunm et prhsesseAifvention iham@mn-feer um |1 n

Super or  quigaRI N EmBARS A HEHl FEAGHRGI:RE orBlopsGich orheR el oRE DT
Culpt ur e q suutab!e base medium is Dulbecco's Modified Eagle's Medium (BMEM). However other

culture media may work as well. In addition to a xeno-free base medium, the xeno-free
35  medium may further comprise human serum, hrbFGF, L-glutamine or glutamax, non-

essential amino acids, B-mercaptoethano!, penicillin and/or streptomycin. The



30nmedi um has been repeatedly produced in our |aboratory. The bl ood
was tested for a nunber of standard pathogens at the Hospital's bl ood
center (Hepatitis B, C, H'V, HILV and syphilis). Accordingly, the
human serum used in a xeno-free mediumis preferably prepared by the
foll owi ng steps: 351)collecting healthy human bl ood in not-heparin
coated bags, WD 20071107303PCT/ EP2007/002346 14 2) agitating the
not - heparin coated bags for a tinme period of fromabout 0.5 hours to

about 5 hourgg 208¥fse8S, €.9., fromabout 0.5 hours top@Reidbordeh@ur s,
3) incubating the not-heparin coated 1%ags at a tenperature of at the

nost 55 C for a tinme period of at |least 10 hours, 4) optionally,
sel ecti on basamtratbnek Birkdntgrueiiakictxgnstied maium & peeferatomenateudf% viv

“lotted fibe: . SHied O A
ron 1o o LB i SR h 065 LU TGRSl o SRBL L0
107) pool i nghusen §hRumy Gom albout B8 /v 1GataBiPSHsv/Y IBY1an S8 M g BB m bef or e

use. Pref ergredrablyl2blne Hiyah edfuTiR ghehidtios df IeBBHIh idend-fiée cul ture

system of the. [N | [ ' t
PLohen % LhGnh BRARLWGR bR ﬁ%’mé‘;" B 140hd mgﬁ‘,g%%o S 'sefaéc"rre, i)
Tr ypLETm Seffastgborb ngiinkte gequs b9 aeimbirb{isrerajapowt §Ing/l i02bpyit2§ némii ngl e
cel | suspengbrek, francGbbit)s nyinii (4G HH gl PIEGE duell asVielgh atikad @ aghnl 4

ot 1Tk SRR UL U U A WS L M o
col oni es i nrgferably iffﬁglagméé’lﬁ mM (@ prerisiOgrM cuciedte B 9 BPra @beHt P& mbhiesage
for an ext esdedhotrhWEroRestotich mMhb bisbuBindt RichiaB @ d. RenNs i TBB kdrice@iation
characteri sgi ¢s .0t NPS ESLLS in ethr?oqfréeonf.eoﬂfnfiBg%?etré Qe at{b%.&ﬁ' s
251 n anot her marn aspecP, e préesent 1nvention r eq Ales 10 & met hod
for propagahMdpakst 1 mM, such as, e.g., from about 0.03 mM to about 0.8 mM, from about
0.05 mM to about 0.6 mM, from about 0.07 mM to about 0.4 mM, from about 0.08 mM
to about 0.2 mM, such as, e.g. 0.1 mM. The concentration of beta-mercaptoethanol in
15  the xeno-free medium is preferably from about 10 uM to about 200 pM, such as, e.g,,
from about 25 uM to about 175 puM, from about 50 pM to about 150 uM, from about 75
M to about 125 uM, such as, e.g., 100 uM. The concentration of peniciliin in the xeno-
free medium is preferably from about 5 units/ml to about 200 units/ml, such as, e.g.,
from about 10 units/ml to about 150 units/ml, from about 25 units/ml to about 100
20 units/ml, from about 25 units/ml to about 75 units/mi, such as, e.g., 50 units/ml. The
concentration of streptomycin in the xeno-free medium is preferably from about 5 ng/mi
to about 200 pg/ml, such as, e.g., from about 10 pg/ml to about 150 pg/mi, from about
25 pg/ml to about 100 pg/ml, from about 25 pg/ml to about 75 pg/m, such as, e.g., 50
ug/ml, in a specific embodiment, the culture medium is DMEM supplemented with 1-
25  30% v/v human serum and 2-100 ng/mi hrbFGF. In one embodiment the base medium
comprises 20% v/v human serum. In another embodiment the base medium comprises
at least 4 ng/ml hrbFGF.

Superior quality human serum for use in the above-mentioned xeno-free culture

30 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:

35 1) collecting healthy human blood in not-heparin coated bags,



hBS cells in a culture systemas defined in the above, the nethod
conprising the steps of i) optionally, perform ng an adjustnent
procedure in order for the hBS cells obtained frommaster cell |ine
to adjust to the culture system 30ii) dissociating the hBS cells
into a single cell suspension by the use of one or nore dissociation
agents, D) distributing the single cell suspension in a split ratio
of at least 1:4, such as at least 1:5 into one or nore culture

vessel s co man feeder cells at a density of 0, 000
cell s/ cn2, nngb%ﬂ”?)ﬁ@gbatl ng the hBS cells for from abo@%m%&tq 323 Sout
25 days upon regul ar nedium changes, 15 v) repeating n tines from
step fi), V\/nerel r

or opagat e t he -8 Ce%qﬁa%tﬁéﬁfo‘?-gﬁél|ﬁ£:%a?édda§§‘f%h grm ého of mglﬂautos
characteristics of sURsFs tea@pus5 hgurgysuchys, ?Ereff?’i*rﬁ‘i’ %Pr@ﬂ‘ﬂrét%bﬁk’hzded by
this method is that fepeated passaging of hBS cells by enzymatic

di ssoci ation of the hBS cell colonies into a single cell suspension,
whi | e mai nt ai ni @AY t hiecubatngithe eaherasin aeaied kegs atd lewrypturepsatdeg mest | s

r ender eds possi bl e. Asro:pfodhﬂ;gb)éenoaofrﬁyeabﬁoaﬁou;ls,east 5 such as, e.g., at

least 10, at l'i'? %ﬂa ai‘q?ptlaﬁally ls%falgto %gs o% c|oﬁﬁ$ éua%@ ?ﬂt?shg Ssgbs%g)c%e o@t

| east 35, or n-or o veri srgnificant
10characteristics of nanﬁéotﬂqg@r@epna@tvaﬁérer#awthfeﬁsmd bef ore repeating

fromstep ii), ige. &%fa@hﬂ; tﬁ@g&a@wra@tﬁmttbma@a&n s, the nethod nmay
further conpri s§ thet | ﬁﬁ tn h |% anal yzing the ceI | s obtained in
step iv) to see hhet HETS PRANG; §n| Yeant characteristics of hBS cells
are mai A ai ned, 7 poolind Jeryrefrenel least 17 dameist ep ii) if the significant
characteristics gpf higRz@gkbsmaemrd®ent ai ned. 15 Di ssoci ation
procedure The dissociation of hBS cells into a single cell suspension
in step fi) may be perforned by treating the hBS cell colonies with
one or nor ePglfegedeiitate sysfedgent s. After renoval of the used nmedi um

the hBS cel |y a%éf@ﬁﬁﬁn%&bhehﬁhéﬂ@ﬁh@@yété}n BB prabdneRvenByh denpadidepl et ed
for cal g%l mr)]ﬁuman k g 'fo‘%e”%km@edepcen (D £,.dLis %‘f"&'aeat{&ﬂioﬁ%glp c?n?ar e added
(0] es an . e.

to the Iy FIOwed 'T0 wor k for a’suit unti |
the outer ré&dnwhE (ﬁeleFHéF%SC'%*@NO”&ﬁQﬁﬂlc@gn'%ﬂl@tpﬁ 5t”9|ercé’b%p%'0ﬁromthe
feeder | ayesnqd by a suitable tenperature, such as, e.g., 37 C. Wen

the one or WYOWOCIP%%IEQtQ agher}tleas rl'l}rtﬁ%FOé]s [’fgortg"gr nzynes, a

sui tabl e anlb yrre act Vi § y ran rom abo ets/rrLto
about medium,

20  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

25  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 celis obtained
from master cell line to adjust to the culture system,

30 i} 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?,

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



255000 Units/m, such as, e.g., fromabout 100 Units/nL to about 500
Units/mL. After the incubation, repeated trituration with a pipette
may be performed in order to assist the one or nore dissociation
agents in breaking apart the cell sheet in order to obtain hBS single
cells. As the presence of the one or nore dissociation agents nmay
negatively affect the capability of the hBS cells to form col onies
once seeded onto the human 30feeder cells in step iii), the effect of
the one or RYERedHesHeCI ati on agents may be di m ni shedp@FimbizbRsct €p
iii). The effect of the one or nDre dj_ssoci ati on agents can for
exanpl e be di m ni shed by physi cal val , for exanple by

ﬁfentri f:J?at\;{)Qébeatfd-ghttfn@Eifr@iﬁ sp ||$Wﬂb|’6ﬁﬂ1t:§-§mﬁ@gérfbf@tﬂébﬂf1 to separate the
3S cells fro

h1 35 cel s horlbeeans. F RLecss 06k Ak an-208Man dibUbABn 8T the

of the one %Fhmi'ﬁe di ssoci at| on agents or addition of one or nore
substrat es of the one or m)re di ssoci ation agents i n excess.

Al ternat he one or 200711 PCT/ P2007 6 16
di ssoci a é ﬂiﬁﬁ'?prﬁ*‘é %’és pr?aw elg\got t% do' ﬁ oor’?s %gg%{ ey have
an i nher ent cefj apadrizymatig d@somaﬁfhm bithe 'Tfﬁ;ﬁ @qﬂeﬁlpmwo P&WQ'FlC@hSLéPQ"éHOnua

certain ti nﬁmt@ﬁ!rrarr@ébmg?tﬁe lssgmfcsaht @é@ﬂ@&.s@cstmssaas ‘&egndé\esp&saml m and

Accumaxi m Aft t he
ot ol ma " hekcehglv e Bar be tleshl ¥ 8, 2o, BBl 90 $REu 5 R BLAUUS,
medi um 5accleadRhg! leastBhcat ieastcddt ¢f@hleaﬁf ﬁOétmré?r t? Eﬁ'ft&bt?ﬁt the sigffigagt e cel |

suspensk®n §HardeBastRe bl the hEPELIE afe&ﬂid:r@alﬂidﬂ! b‘éfoﬁﬁ}ebaa)m@frorﬁ Bep meitdbglore
descri bed above t ai ned t%l ngl e fceI | suspensi on

may be di st FIBRH" ec’c}n‘? }ﬁécheéﬁghe et dr"éaygﬂ SUr e RRS L8 IS COTTEI‘I si ng hunan
10f eeder cetil @abzf@@ﬁeeﬂsaz@taweémrﬁtﬂ?e‘d tq gpetethanibe eignificapt chereten cells
are seeded gfrp,gsh;eusfae@ﬁtgmtaﬁ.ehl s. The |rrportant feature of thi s seeding

is, that t he ?roT s%eg nfjif %n]slg rcarle Ch&iract rlsjlgs of%b% Wis a? nttélg?é?i: 5

di stri but ed" ePﬁa '"B Aot as a eas
whi ch mdans that the hBS cells are distributed onto an area of feeder
cell's that pgsgiatibdimscdbaeger than the area the hBS cells were

Cort o n st Thd P RoRor ik S E e d dngte A b BERSd T b ) Hay BRRGRAL &

certain split ra epend upon e Uency
honogenei t ybwifeatingthe, e@lqoloem oith & o Wowsemtpﬁﬁ@nﬁe%%lwnﬂi%@'éﬂ on
nor phol ogi thle uiséaﬁﬁ&mni @ 13Chel CoIbnictOMEY LS wablicdin BBS S@@hatdyes. The

hi gher [.ors t he hi gh e ed
wi t hout tzg o rr%erng%dePrnca clu dndtmaagp?sn.?n gne%PJnEr% d]fs?cjs-ma??r? ?gﬁeng%rel {%L&én d the
hi gher expa?ﬁlslcﬁiﬁ”'%ﬁarldW&OWﬁSir’f%‘e’Pfkéqf aH‘BE'b@éNes' g S"téﬁ'ﬁl%‘%@g"’@lﬂff@bl e

split rati OpBS &4 chBedQartMotrfind (@ flomNIgLfeédep By U sultatde @mpdratorel 0 about

1: 5000, SUChc fs Cﬁ)gﬂ mﬁf\Fvﬂéﬂ tﬁggéj%orjmo?é)dl%s%cagt?%ﬂ%ber& JDQerQse c{)ggtlﬁgrg

1:50 to abotl ere an o
| ncubati on enzymes, a suitable amount of enzyme activity ranges from about 10 UnltslmL to about

25 5000 Units/mL, such as, e.g., from about 100 Units/mL to about 500 Units/mL.. After the
incubation, repeated frituration with a pipette may be performed in order to assist the
one or more dissociation agents in breaking apart the cell sheet in order to obtain hBS
single cells. As the presence of the one or more dissociation agents may negatively
affect the capability of the hBS cells to form colonies once seeded onto the human

30 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

35 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 mare



25After seeding the hBS cells at a certain split ratio, the cells are
i ncubated at about 37C in a hum d atnosphere, i.e. preferably about
95% hum dity, for from about 3 to about 25 days, such as, e.g., from
about 4 to about 20 days, or fromabout 6 to about 12 days. During
the incubation in step iv), the culture nmedium nmay be changed at
regular intervals fromabout 1 to about 14 tines a week, such as,

e.g., fromabout 2 to about 6 30 tines a week, fromabout 2 to about

4 times a vve‘%am%%gsas 3 times a week. Adjustnent prg&e;ﬁll%%ég&ce

the enzymatic di'ssociation of hBS cell colonies into a’si ng cell
suspensi on, which is an inportant el elfent of the present invention is

a maj or chapae Lk aggrﬁsm ﬁﬁ@%hrﬁ% ARERAbRCLE. We %ha@tgnmrenpot ential

| ow adhesi on an seque era ont aneous
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the cultur e ayat GELALLILPLAAE DS saa\fssngaeﬂaeagxa%%ﬁ% LT ©

m | der condit10h conditions is
meant a 8 maﬁqcé'id'ngyﬁq e inventicd inprgerde P'?iﬁ'géﬁ*"ﬂfﬂ 6%1‘ PESRIOR PTRBS KN
prescribed in the nethod for propagation itself. Accordingly, the
adj ust nent g};]gpggure according to the present invention 5conprises
the steps o 3 di ssociating the hBS cell colonies into a single

cel | suspenbisip ijyfthe methpd dereriend Arpeethaings 6olisdt e ALtAIGEhtgle cof)
di stri buti ngushéieichiniglbe dieiblited Ihfade st mﬂrelcﬂltuae eakeld cangribing fmaat | east

1:3 t |1 t
2 densi 19 oo PR EGsSt B Esct ERREIE <LRVIRYE. BB TR 56%9%’1‘3% s
cells for ffeeﬁﬁra%uThesmp@faabfeeiﬂfe%th&awgdmggﬁéfh’ﬂﬁ@ preéer@ me P@Fﬁ' about 7
to about 16ckaisystembnanteabrue ditriboteaaidplitkBiotRdiSeast ]{I@,rbuﬁfedsl almgast

changes at ‘i-%%Lcﬂ e'ahJ‘Eﬁat tt‘fbﬁ?éé’?ehéare‘égstn%}% QA?E‘LJF]Xrea Bﬁ?e%%F éerlgthB{ Q8 step
a) at the nos

undi f f er ent F“’ﬁ%%@gﬁ’B@rst‘P prea the|hER cels, werg disfoRiaige H@Blﬁﬁmi%%‘&ﬂ’ Bnlhes i s
i nt endedst Ocht@BITorcBbaHgaSceRAN bl rafit) depeed ualcbnilensy) drywth ktoaghout t he

col ony area,y,{d ﬁéhk oPhb hQQ glpcoﬁ)hge%tthl! &JﬁurreIQs%eﬂﬂﬁesoo&' rﬁérbr%ﬁbﬁkﬁl step a)

and t he rredl um-c trally
t he di ssoci BERESHPT a9 §?'b?9UPtP?“%{rﬁ’&5%°d%B" ﬂ?? higher thecabpa fRgers fteg higher
propagat i onsglibaes eani teathplofed Rithoatx@xpronidig tiaf sthuiity andpuaiesTee clis,

provided by the. p Qgﬁé‘é%an% it S‘f’?rgée@ﬁnb'eﬁofmﬁ%é’t% is ach@@éd g[ﬁgxb@%ﬁlﬁﬁeﬁi@g y

adj ust ment proce
per f or mefl oﬁ‘a}’rﬁ?lvmt"biiéf\?%&?"% Aipaily 1 BST 2 1 oyt 1980, §ughas ¢-8nisem Ayt

cul tured acco e abgutt101060,drom about 1:50 to about 1:500, where an often used split ratio is
about 1:20.

incubation

25  After seeding the hBS cells at a certain split ratio, the cells are incubated at about 37°C
in a humid atmosphere, i.e. preferably about 95% humidity, for from about 3 to about
25 days, such as, e.g., from about 4 to about 20 days, or from about & to about 12
days. During the incubation in step iv), the culture medium may be changed at regular
intervals from about 1 to about 14 times a week, such as, e.g., from about 2 to about 6

30 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
35 cells associated with stress, potential low adhesion and subsequent low proliferation,

spontaneous differentiation, and even potential cell death, it may be necessary to let



25 W03055992. Accordingly, if step d) is included it may be
performed at the nost 5 tinmes, such as, e.g., at the nost 4 tines, at
the nost 3 tinmes, at the nost 2 tinmes. In a preferred enbodi nent of
the present invention, the method for propagation of hBS cells in a
culture system as defined in the above conprises the steps of 30i)
perform ng an adj ustnent procedure conprising the steps of a)

di ssociating the hBS cell colonies into a single cell suspension by

use of one %0%5&7&ssoci ation agents, b) distributi F'@r/ﬁpllﬁnlﬁéz?ﬂl e

cell suspensionina split ratio of at least 1:3 into one”or nore
cul ture vessels conprising human feeddr cells at a density of at
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ti me i nter valisratichndrad@reiat intupaianaimeshaaprespritet it the methed fobpropagetign . WO
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undi fferentiate ) dissociating the hBS cells
into a sPngf¥PEResthatieRsefhisi on by the use one or nore dissociation
agents, sucé dasocigtingthe hESicplLdolamieS@ltes single cdtisispgh@dr bybuse bfrgnetohe si ngl e

cel l suspen%r%raisis&]aqior?g%%n{s ratio of at |east 1:4, such as at |east
51:5 into one or nore culture vessels co risin? human feeder cells

at a densi t g dtribyting tBe single gellygprenairn &y 1§t ratiq ‘?/")'5l leﬁﬁtdl?aif‘i"r?@ePh@m}‘?BS

cell's for feantieabsists cOmpsinglhatian 2edetayis atpdensitedfut past sediuealgtainges,

v) repegpi % i&h\t;é;rﬁ?ﬁmte h&e cusﬁ&%row&ﬁht%tts ebJu; 30 dayfl sﬂﬁi'pésq €k, komBbQRAgAt €
el l’'s, I Te nmalnt t I I e f

the hBS c a|n|n§ eswgn Icant’ characferistics o
such cel | s. 7 5eapavtaipidayp or from abaut o aboyt 1 qaxs. HBRP PRAuNS elfpaaestat euIat
feeder cel |l sman@ndBS cells fromeach other 15according to the present

i nvention ?gmr' ] - L) exposing feeder cells
to magneti g.@%oﬁ? I cl'é_ g%ﬁgagrgiﬁwg#éﬁ%ﬁ’gé}ﬂeeﬁ%gﬁpeé,m)di fied feeder cells
prior to selBdfdsgto gbian omogenegys Wit E?ﬁ%ﬂtedrf@ﬁy‘iﬁpﬁ OrRicy LY OBEEERB Sand
subsequent cdaldriadns ingndedec MBS addnies hevindg aneeveracaiielensita tHraughadinki ed

feeder cell éolgngrare%%ith&ﬂ%ﬁin&u@&%dures.

The dissociation in step a) and the medium changes in step ¢) are performed
essentially as the dissociation in step i) and step iv) of the method for propagation
20  described in the above.

One of the improvements provided by the present inventicn is however, that the
necessary adjustment procedure ~ if needed at all - is short and can be performed on
many today existing hBS celi lines established and cultured according to e.g.

25 WO03055992. Accordingly, if step d} is included it may be performed at the most 5
times, such as, e.g., at the most 4 times, at the most 3 times, at the most 2 times.

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

30 i) performing an adjustment procedure comprising the steps of a) dissaciating the hBS
cell colonies into a single ceil suspension by use of cne 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 ahout & to about 30 days, such as, e.g., from about

35 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,



20D ) detaching the m xed cell population of feeder cells and hBS
cells fromthe culture vessel and dissociating said population into a
single cell suspension by the use one or nore dissociation agents,
such as, e.g., TrypLETm Select, and iv) separating the feeder cells
fromthe hBS cells by applying a magnetic force. 25The separation
efficiency in said nethod may be at |east 50% such as at |east 70%
at lest 80% at |east 90% at |east 99% where separation efficiency

is intended (0, @??Uqag he percentage of the total nunbe;,cﬂé%gozﬁ%%ﬁsi ;

cells that are Cted by the nmagnetic force appli
of significant characteristics In ord to investigate, whether the

hBS cells ohtoﬁdem%%%%mbaeo&euﬁdnaemm de@thiegn mai ntain the
signi ficant racteri stics of hBSC | i nes SA001

and SAl 21 w@rEseqaing e rPe gellE gty egle ﬁ?”e?”%%?&?'%’h*fy E%B?eoﬁ”ﬁﬁr%ret he
present i nveisdotietivnagents, sbthuaseegatiyplE]Y Agledto t he net hod of the present

I nvention for 8t tﬁésnﬁ@@é&%ﬂ&de\ﬁ&orpﬂ%%ﬁﬂ Ratio oﬁst Iaeeﬁagecr.?a@ aflgstabove
the hBS cell's were ‘characterized thorou rX JP (? tge}/ i ndi vi dual
cells andl c&PB\‘MWﬁﬁEﬂ%‘&@[e\X%Féeé\?%{P%PgB” Yfeecer cells a dens'ty of af

2007/ 107303t 5EPAD@N/662346 19 mi croscopical ly reveal i ng nor nal

mor phol 09y Ak BERGIA s AP RbHBGEEs o 4BERAE ahysl Uk gk mdaiAf eSSi ON

of markers was analyze e protein expre55|on | 'evel using
i munohi st ofRB#Sst ry/ hi st ochemi stry (Oct-4, SSEA-3, SSEA-4, Tral- 60,
Tral - 81, SSHAerehptirigeat g 20 tithes frogutepii? and figure 5). Genetic

char act a5 Zpld icARolgik et dalk, RKRIMAIANG e 886ncahSHaADRlNEl

reveal ed mal nt al hed karyotype f nor e 0 passages (exanple 8,
figure 3 antfiglre 5). Plurlpotency mas evaluated for hBS cells
obt ai ned according to the present invention by the formation of
teratonas i gemdibhm ce, revealing the hBS cells to be pluripotent

undi fferentiated hBS cells after npore than 20 S es (example 9,
figure 4 andSHifaggmetiep f°’f8p%ﬁtﬁ’f‘t°ff8ﬁ‘5r' C%'ﬁaﬁ‘bh%ss‘l‘%ﬁ? fs’%’ﬁﬁ?“&é‘fr@h zation of
hBS cel 1§ cadcbulimgdo the pmsehit imgerition triae cpnmisehe falowiegstepn may be anal ysi s

of clonal syeyicval feeéé%%@ltsﬁé mQ&ﬁJﬂ@bé’ﬂzM t5 O RR YnabQBAY hRBinéeanes Of
equi val ent numbers of single Cells seeded in different culture

conbi nat i onS"BP Y S TErs, such as e.g. feeder types and densities,
di ssoci at i oif afgremtaptiorandediv osuge sédlingrapd sthseqliessturag trermBagelston Two

i mportant  pgeMBhakSlyIntRRb feb&Y cbiR 1§t § 28Nt
20 i) detaching the mixed cell population of feeder cells and hBS cells from the culture
vessel and dissociating said population into a single cell suspension by the use one or
more dissociation agents, such as, e.g., TrprETM Select, and
iv) separating the feeder cells from the hBS celis by applying a magnetic force.

25  The separation efficiency in said method may be at least 50%, such as at least 70%, at
lest 80%, at least 80%, 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.

30  Analysis of significant characteristics
in order to investigate, whether the hBS cells obtained accerding to the present
invention maintain the significant characteristics of hBS cells, Cellartis’ hBSC lines
SAD01 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
35 consecutive passages. At passage 20 and above the hBS cells were characterized
thoroughly. Morphology of individual cells and colony morphology was evaluated



invention are i) the choice of dissociation agent, which tend to be
of inportance for nunber of colonies fornmed and ii) the choice of
feeder type, which tends to be of inportance for the quality of the
colonies forned in terns of being undifferentiated. G ade of
differentiation may in turn be anal yzed by norphology in a m croscope
and 20potentially correlated to previously perforned anal ysis of

mar ker expressions for known undifferentiated and differentiated

mar ker s and bl astocyst-derived stem cel
characterlzgﬁﬁﬁﬁ%oiﬁelr activity of the enzyne telone§%£QXM$ '% can
be tested for with e.g. a kit called 1925 Tel onerase PCR ELISA Kit
(Roche). hﬁc%&&pﬂﬂ@?e\;egﬁwg ngltn‘%f ﬁ@pp&&&y'f&ﬁ'h@% Biis dnfl |09|Hﬁéﬁﬁ€fea’é 8Rre

anplification of ner ase chain reaction

det ecti on of E*Pre\ﬁi'?rh“&??“@ﬁzwnﬁg?ﬁgé’(ﬂ theRIRIRD SV BREiPD %{Eié‘éﬁr/‘g( ELI SA)

Tel oner ase imaiuhshistocheraiytnaitstomiinise (b4 IBEAEB, BEARCRA1-80) Tha-81,

differenti n n
Zéébék iy g&@hg@ ﬂF%é@a@ghge d% Ee%\?t?c oﬂaﬁa@&faz.érreéedamr%d el

further nor ﬁ enes following is
shortly %eéemowé'ag RS .agalwew'e&wfa'm& 'fvaé?E'efﬁf fm{ﬁ&f"&P
di fferenti giaeshghBSxaapié 8,dolrersi = figny 5D Eludetachess édvatetet e hBikelar e
PLate mecnaiidhih akodiing i HepredhG) éonao%ewaﬁ@ﬁ& dibckibinaARdcm or ed I
-80C. RNA rra ?1 e racte usi ng asy Mni Kit
accor di ng t‘B‘C? H@’%‘S‘ﬁé’iﬂﬁcﬂetﬁ’@rbe@“f'?f’éﬁﬂt H’(‘f’dﬁ%ﬁﬁ@a ecﬁg@,%?%l@afﬁr IR%cri ption
I S perfor medaruX pagsages (Exarade e flgidte,4 mdGhuras). Bi o- Rad ' Script First
Strand nthesis Kit (according to the manufacturer's 20
instructions) in a Rotorgene 3000 (Corbett Research) and the OPCR is
per f or med Kipnal grampinsoT st ariraing of NS cekbse‘?ﬁ‘é'é,’e‘i’rﬁ‘ﬁf°{9‘5’9cﬂ%§5ﬁﬂef‘?r§d in
t he sane r unveatiah mayi He gpaigss &l conal sdivivilesueh bs pariooning tadny Sormbticeever al
sanpl es Ca”as@%p EER@"al%ﬁt d&%b@x@'o‘ﬁ&!hgﬁé &é]gséEBEchﬁ%%Feﬁ?éu:tur@@brﬁﬁﬁatmaf ort he
ase

i ndi vi dual eneti c markers detail ed
protocol s aRAEPTRYESPYLRSP &5 fW?dWGQﬂdié%“sﬂ'esrﬁ'ésqcﬁﬂ?r\ﬁgﬁﬁtal and 5 RPSWENt s
used i n18 hetirfestedissopiatmentatdrwaimentanoparaseleh idestiibd i thegeemt cel | s, the

medi um and,¢ ﬁonbelrélﬁ B\%Q:X&Ee s&f 4ti9% aée‘ﬂt Whith teﬂ& tovlfel ch mﬁs%rt]érh:@ 1d?BS cel |

l i nes cultured acco Eresen i nven d for
human pat ho@@?‘@’ of splppesfarmed aéd ﬁ) ol rLiERAsT ‘VPEJ r’ﬁﬁ'f?h I“?Fﬂﬁl‘?dﬁé’ﬁ i ci ency
Vi rus type ihpatmhcfor the padlityt df theBomnids GrmeByit emegetibeivig undifferdiiatpd s

Si npl ex_Vi r(‘.'a'l%dé Yfrerenfdifdn fray Enaﬁq%@nﬁyzea byhﬁfﬂ)ﬁelo@gammofeaa(ﬁhl | ona,

Virus. The absence o gﬂunan ogens’ | s ortance for_an
cl i ni caf® usRotesialiy sereialed t°lpf‘?¥t9“%lhae'ﬁf’\ﬂ?de§“é'ﬁ?‘? %f%keéémr%sst%s ot

bi ol ogi cal uwwiferentdtedbadidiflecnfistedmsbat cel | fines. 15 Further aspects
of the invention In the further aspects of the present i nvention

described in the below the details andﬁp rticulars di scgﬂsed under
the main asPEBCEIsaHB\RAsRERtFeysR peMTaRlsIP ”'T‘ﬁﬁf Benﬁaéa‘:teﬂffd tH8er
procedur es ddidtylvBSe esdyhs teilyberase dhiglt corteitestpdtfor withe.gor &Sealied | nvent i on

may be s4ibj ﬁﬁén?é#asrecpdc#ﬂ@@ht d%%@%@ﬁ uéeg ﬁhem&ha%mty BNeBRELS by

anal ysi s of . For exa e

accordi ng t 3 RIfiction ddeRroqurtRYRe nﬁ’ﬁ‘ﬁ”é%\?f‘aﬂﬂei@ ‘H(Pic&g a?‘?ﬁ‘get?ﬂ %rb‘gr‘té"t'tf‘on of
di f f er ent i agreshzygred firked Fununberapt assayp(EhB8).debinemse aaivity hayres wett ber di ng
to the i nve,g{?%gﬁ diby ofekapabl e of undergoing freezing and thawing. In
a specific e iment, the hBS cell

30 The differentiation status of the cells in the present invention can furthermore be tested
by QPCR for specific genes. [n 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

35 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



| ine obtained in the present invention can be frozen and t hawed
according to a vitrification nmethod previously presented by
Cellartis, W2004098285. To increase honogeneity of the hBS cell
cultures, the cells obtained in the present invention can be subject
for clonal derivation as described in W2005059116. Al so, the hBS
cell s 30obt ai ned according to the present invention, may be
transferred to a feeder free culture systemas described in
W200409939 nmet hod for determ nation of the e

differenti aﬁ”%?‘n 0%?}%339. hBS cel |l s descri bed el sewher e%@ﬁ?w’%m“
applicant may be enpl oyed on hBS cel |4 obt ai ned according to the
present | VRt O 190 rdRdNabboR b IPRERL cn MG hetpoiti Qansifibd o ¢ hat
have been obtarned accor ng-to hig resen? I nvention gan _
subsequent | yndsigyjtaide eanditienschll gengs MpebemEnidied Brihgsadieddn s if RIsabisat ent
ap!gl icati onsumagmgt;ﬁhté;gs "‘?f@%#f’é* garﬁ%é?sﬁt@h ap bondiafed B fegloyatingc Or por a}] gg by
ref erence. : . n

el | ool oni BETHARGAUEEF 7 P rebidael Spmo8enssa s gl oB RE AR 0, |
present § nvéattiiedprotogels gredlescribed/in MEPZO0ERM GPInent s over exi sting
culture systens and nethods. In the follow ng several applications
for which hBS.cells, obtained accqrding 5to e present, Lnvepntion is
par 1 cul ar | oS0 VB @ eParti Rt Rate e pfnise B b S R, | T
and i npr ovevaiinite pedivi. @ad theplasteeyspinas ier tojusg.aa et as thFHBS peldisent

i n?/tenti on f?ﬂ%bﬂeﬁ%@&o%g{lé ﬂig%%gbﬁtqgveﬂ{oﬂ.@ﬁeﬁﬁi fbﬁwuﬁiaﬁlaath?;iné,czuﬁxéssu ng
cul ture,systeng and nethods due to the large_ spi ratl.o

poss! bl 40 by By EPleedR UEGR (it Bideng YRk Sy 2 it G B
expansi on ofvtemegamiisntieroes fimglex ¥irysgynen! and @pbirsteivRarmifus. &dHmang

met hOdsd Thb@pi%_ﬁlu ehud. TRé Mbsehdwadf h?nh@n Mrﬁ@@ﬂtis bfmﬂ@attah@’forwnwﬁn&??use -

i nproved possihi Lities.qf up-scalijn . . i S. e
conbi nat i bnoaPSssl ioe e e ERE el RN O St Sl e

hi gh split ¢edtinggs nmade possible according to this invention enables
scal abl esproducti on of hBS cells, 15which may furthernore be subject
to aut omati A I;e(r)gs' e@ coqr“(‘zliirr]‘g‘l_‘ im‘scal abl e production may be achi eved
by conpl ete Or fpar i"al "aut omat zation of the procedure according to

t he i nvent i Brihe furker agppcls obive diesgt Bventipr desgingd H8e bejewsithpydegails anf e
system and pRiidape digtssel Ry MHeintih AbeBTho0elas appPNoRey Hitagliy, one
enbodi nent of the present invention relates to scal eabl e production
of hBS cells using the culture systemfor and/or the method for

pr opagatP onFétherBegerf s di scl osed herein. The one or nore

di sisogi at i OMhe P dells sH@tkdi dacdrih@toadmeicrBMentin rdydeisObjediéd temnﬁa?l\l

i ncl ude at ) , CChit .

Aot her ombBACASE R RAHR R Sk e eSSl PRREARAE S AR
Sel ect, 25 peeiprdeseqifingiednorresratinyrtionsanse usedderdln rrepardi@tiet i on of hBS

cells. The gr@diated calsaRdinamitrg) alhaBicenoretl IhBScaadingto frerinastned up
ol o A8 B P A 5B 0 o o M
pr epar at i onfinerobtaiefrisvibe pARPPARINGRT PNEP TR apd thawedaccerinBde der i ved
from hBS celilrification fitthéd pra@dusiyfpassaiid p} aélagis, Woiloubgepes. Tblinsdese or
bi or eact or Fré%jo%leﬁéty ofth& Rl%g i::é?&u&lﬂes? e ceils obtained in the present invention can be
subject for clonal derivation as described in WO2005058116. Also, the hBS cells
30 obtained according to the present invention, may be transferred to a feeder free culture
system as described in W02004089394. 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
35 and subsequently subjected to celt differentiation procedures. The patent applications
referred to in this paragraph are hereby incorporated by referance.



30syst em does not require manual selection or mcromani pul ati on and
can therefore be scal ed up and automated using robotization. Suitable
robots coul d be based on XYZ di spensi ng heads which all ow pipetting
to and fromculture vessels such as liquid handling stations or could
be based on a robotic armwhich m mcs the novenments of a human being
during culture vessel and pipette handling. Wthin the robotic system
35envi ronnental paraneters such as e.g. tenperature, nutrient supply

pH, pressur orces and oxygen shoul d be nai nt
opt i mal Q‘f"f"gﬁ\%" 007/ 107303PCT/ EP2007/ 002346 22 Tﬁd’ ﬁ?‘%"a. 0 of
hBS ceIIs as single cells in the sind@'e cell suspension obtained

according to the present invention, enables exact quantification of
hBS cells using known cell quantlflcatlon procedures and devi ces,

such as, e.Rjssociatan AR edcalgpieeinto ssierals At BARSEYS MREGRASFCIBSY HE,
Fl owcyt orret;eéseﬁuﬁ\&ﬁwneﬂoﬁdmrsbverﬁmﬂﬂsrow&ms|ofzerceaismgrcume sysiporstaatit i n

order to bem&ﬂ?{) :ﬁﬁ%ﬁg@pﬂgéﬁe@g{»ﬁu@%mvﬁrﬂé HEEERs &Itau‘b@%@@t%iﬁ s the

hBS cel | s ¥ e su r mor e aV|n S cells as
single c®lItg f@tprﬁéétéfa@@mﬂmﬁ%'a%%ﬁlée P @klinedde Tughemmhﬁézeé toj ect ed
to differ erdenemd indS@p@vatdnepraided el theppsstmtmgett@ahni ques known in the
art, such as, e.g., density gradient nedia, antibody based

chromat ogr a hy or antlbody coated magneti c beads, for exanple in
order to sePwrrssentientsafaciitatespirnagaion At BSyels contpated iupyisting culture
Al t er nat i vedyytems BAd mithgdseius & the BuRppNSitios matie pi3Sbie ® the pedskati ned i n

step fi I @X"e}%ﬁ?ﬂb\gﬁlﬂ%@h lel}repd g“efe 0?5 Bsnéﬂ d?q% amorﬁt%? Fléé]&"g ;?:Chn' ques,

such as, cent t omat sor
magneti ¢ beampsEon iy exna@amewd@ﬂaewewp o il B BB RV {1 i ty)
chr omat ogr agpbyidesapabaddi passibillties ofepaning therxmaneien ofthBSelzalls e

t ransT ect ed AR dr SuhhATSHA OARSIAEL R DS frdrithe hion fiTaRe! | s 10

single cell |on as ene he presen
i nventi on 20a8PoEELIR 2¢0HENade ﬁ‘ist‘“"ﬁ’@t'%ﬁ‘ lessgplable progygien @finPECPISn
cloning1so0 \Qﬁﬂerhﬁ} fertiekroore Se vitjdet wriutratifatat weesdifglyomalaBE poeluttiohi nes.

Mor eover , { ﬁgéc}ﬂ%(leicfc t%ct'olnhlgé E CEl aPtfomQt%‘g‘t tﬁ]eclf e th}élaédr'é 5&0@9\8% di ng

to the presen I nven separated fromt

f eeder cel | &e invpntiopdherey|RERKiding 2 tm?e a‘?"ﬁ‘?ﬁ“ﬁ?‘”@%ﬁé‘f‘"&ﬁyﬁﬁ“ 789 Reged @r
descri bed, wopdyatidn &fhes te¥sention of limting the scope to other
potential nethods. One potential approach for separation of hBS cells
fromfeeder cells may be to allow incorporation of small iron

particl 83 i feordiey. g empedigentof the pessent Eyemion FREFSIB PERISaBI PRAGYCHON
of hBS cells using the culture system for and/or the method for propagation of hBS
celis disclosed herein. The one or more dissociation agents used in this embodiment of
the invention may include at least one of TrypLE™ Select, Accutase™ and Accumax™.
Another embodiment of the present invention is the use of TrypLE™ Select,

25  Accutase™ and/or Accumax™ for scalable production of hBS cells. The praduction and
manipulation of hBS cells for scated up culture may use novel culture systems for bulk
culture, such as multiwell plates, multilayer flasks and bioreactor modules. The
preparation, treatment and analysis of hBS cells or cells derived from hBS cells in
multi-well format plates, muitilayer flasks or bioreactor modules, according to our

30 system does not require manual selection or micromanipulation and 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

35 environmental parameters such as e.g. temperature, nutrient supply, pH, pressure,
shear forces and oxygen should be maintained within optimal limits.



30be perfornmed spontaneously by the cells, such as by e.qg.
endocytosis or fagocytosis or by electroporation. The cells may be
exposed to suitable iron particles in suspension in the culture
medi um prior to seeding. Feeder cells may prior to exposure to the
iron particles be mtonmycin Ctreated or in an alternative way
mtotically arrested. The iron particles nmay be of several types or
brands. They may further be of Fe2+ ions or Fe3+ 35ions or a mx
thereof. In iment of the present invention E I,

used. The |r@§ S?ggﬁgles may further have a dlnen3|onpgﬁb%agﬁﬁﬁgto 50
nmin diameter, such WD 2007/107303F€T/ EP2007/ 002346 23 as e.g.
between 2.0 and 40 nm between 4.0 and 30 nm The concentration of
the iron particle may range from between 0.1 ug/n1 and 560 ug/m,

such as fr offerAeiApeH ophBS calisiaseitn!s efisin thersinglh %! Susﬁﬁ'ﬂfmfd’ataﬁ’@?’m from
0.75 to 10 agérding td the predenDintentidn, @natdysrekact diretitetidneof MBY cdlle usug)osed to
the iron copbahBhitaRplatbh Bl ffesbho BiEOUICh & BNt RukiGodbupbpUt 48

hours, such as m nut es about 1 ? from
about 608 ni RereesytomgtepMannal %"Wbtﬂ%’cyt%'ﬂ%tﬁr%@W%%ﬁ"éﬁﬁbﬁt’c“ﬁuﬁﬁ atiRdur s.
Af ter exposiginpditantirh@déragbedbicstpaiatdizelaes intpheve fat grfer of pekcédurasalye be

seeded in ah%%%t"gﬂl% geeaﬁsgelc%g{bd t he medi um exchanged. A single cell

sol ution of e seeded on the feeder cells as soon as a
| ayer has been forned and up to at | east one week after seeding of
t he 10f eederurdeinicse, hdviey th8BT adllk as simyle ks kiqpbsaga futthértenalde thasd deéis | r on
cont ai ni,ng e‘o%%%@e&e?;i t Sk B 24 séfgﬁaae;n Hfortie ﬁn;%s%ﬂmm oy at

| east 4, at e se(?ar atl on
may furt her S4B ap &% cﬁeﬁ%féi QWIebtrfﬁ%ﬂchW@%V %aﬁ?fb%%aé?qra%%%we %n of the
m xed cel | gRpdnkdghéitdeass, heacrrplzadorabay ecparate SRsdg)ivantdmpastx pDSi ng

sai d cel | 15eaHSHRNRIMIA, e TRIBEL] Sl ool RPN Ly fe MY

orlglnatefroman%w;w l'e in dinmension wth
vessel or t{iBebs fed b qff?ée'kEE'F‘Fss"fé‘ﬂBTgéE‘Eh”quessé‘ﬂfﬁraé'tq B &% Dbei ng
kept. Ong pmhﬁéideaﬂaumlddmll aifrtirigher nsgpetfcakadsoring, dhesityrgrasiat i n Exanpl e

13. 20The h ﬁé{,& &%ﬁ,@ﬁ@m%gaw fAfarbdn! f3Fe d@&%@%ﬂ%mérwgawa%n are

al so particu ar el ng subjected to cell transfection
procedur es, rasfee df‘ﬁ%cgﬁsﬁﬁmé’”ﬂfér‘?fe%‘iddﬁ.?sce&% the hBS cells avoids cell
fusion duri ng el ectroporation, thereby avoiding mxed clones and

i mpr ovi ng t§§s gcihlé snce.rgrécaéu Ofiutoh aeaés%ﬁﬁeagn% AR I e §v eatmvernfan

enbodi nment Invention th t.al ned |'s are

subj ect @8 t Ba¢eg P g?qdaﬁ?étff@cpﬂnbfﬁf Ispitngsiyiion gloniag,tojgeqerate feeesg"“h PP se of
viral agent gatutdspomedSasil inesel ect ropor ati on, cal ci um phosphat e

nmedi ation, in order to obtain genetically nodi fied hBS cells. Cenetic
modi fication of hBS cells is useful for several a Ilcatlons such as,

e.g. for ushowsverdpirperfadiitaieuse of GBS Rells cRitureq agFRITRHSLE RBTER t 0 be
used i n devpvatioeihtaBS asibaysy basdpdrast fonm the éeder celitsuit tok folloawirar gneand f or

toxicity.tegtl |
2007/ 10%§O3E§E£E%é§§z)zﬁgﬂgd3 %giegc%oedj &R thd iSRS TRARY fre scofPto other
P

One potential approach for separation of hBS cells from feeder cells may be to allow
incorporation of small iron particles into one of the cell types. Such incorporation may
30 be performed 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+
35 jons 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



24 Furthernore, the hBS cells obtained according to the present
invention are suitable for use in multiwell|l plate assays, since the
obt ai ned single cell suspension is easily distributed honbgeneously
inannltiwell plate. Accordingly, the single cell suspension 5o0f hBS
cells present invention may be used in a nultiwell plate assay for
exanple in order to performtoxicity testing of different chem ca
conpounds or in a drug discovery procedure for identification of drug
candi dates. &, shNRLH; cel | suspension 10The present |n¥ Ih&%‘hg&ther
relates to a single ceII suspensi on of hBS cells, |ng e cel
suspension i s capable of surviving arfd maintai ning the si gni ficant

charact eri sid£s b&tcvegl'?".so GfRd A, %tufé@ﬁ £0%ha80 7R, Thﬁlé&libeﬁt%no@ofghe II’dﬁDr e
t han 25, nore . nore tha

¢
subj ect ed tr@ﬂ&'er%%@&seff@w bﬁP’%?ﬁﬁBétLigES'ﬁ apd 5%@?{" cSéJFh gs fram g ﬁ*‘é@%ﬁﬂ.%d in
t he above. 4 360 h@l, freMml0.9 ande OT hg/mp fres TH ta MrenAtl foom fl.Orte Heug/mél at es

to a hBS cefe dfidlfa a@uxs&eb%ﬁh&%d co'nfam 's@ut%"ﬁﬁﬁ"woﬁt a%unaurnw{é @9 and

mai nt ai ni ng the si |cant characteri s for nore
than 20,5 suRIUERE h°érsgs"'°h Abiren ?‘?Pé.'hzozrs'"“tﬁ"‘bﬁoé"b?‘ﬁéﬂ h%s SHﬂTae*f'E"H%ﬁ?O%‘S or
nore than 46 piasisagedout Bhnbresushiiyg et aebut Do heatshiiter xposye togbgat | on

of such Cehlnﬁgsn@& %ﬂﬁ%&%%@%dep i aebé)gfe%deaﬁﬁ%@uage pa‘ssébn@iheneeun

di ssoci at ed S on densi t @/ %{)artl cuc% usage In
sone cases PEaRg5d @é*f&!ﬁﬁ&hf%@ﬁﬂ%ﬁﬁ{soceg%@ew et Indne fedeneelsfhgl e
cel | suspensicons afaytitias pearsentediand emibiableasd nteowéakefterseedind of thawher ei n

the feeder t_.at out
e oneCde! | ek SoiR! TheME8 SR A ool AZEH Hiclitn SHRLInAS oBR As 10

about 20, 009 %38 1 @cﬂ'ﬁ?h a%l%‘d‘iﬁSt 25t 50 4t fepsly ?:ﬁfz'easfﬂp Siegst 2883¥5elngvant

e.g. as an internedi ate step, i.e. the last or final step of the

procedure da{CLiLhee rﬁ‘aytfnr%e'r Bé/ Séﬁdrr%ﬁ b),pﬁ'B&rcﬁg ‘é% Tg!erl:eﬁi bhdhErsRRldF #el ON

applications for toxici % in SX derivation
di fferenti al&ed &Y ngp”(‘%}'ﬁé ag rd(‘ﬁ‘ﬁ’r %38%‘{31 afq ﬁ‘ébé‘eqtleﬁt'% GBI &Y ons,
a | ow 305 f esdpenside s b tnyagnety firee. dithe ardgagiedorse wag nrigi8e dreinlspy aniwble

separated fpoMmet t@naaﬁ&sl nﬂm@ﬁéldnswuh%hé vaEa Y HibRdn Whlich e d%ﬁ@&%i’%t to

i nvention one e (SE he inve t#]on rel ates one or. nore
kits corrpn%"ipﬁr@“%éreol?e’%?e@t nesBetRak S R HE SeRarafiop it descabed Bt em
accordi ng texdantpe 18r esent invention. Accordingly, a WO

2007/ 107303PCT/ EP2007/ 002346 25

20 The hBS cells obtained according to the present invention are also particularly suitable
for being subjected to cell transfection procedures, since the single cell status of the
hBS celis avoids cell fusion during electroporation, thereby avoiding mixed clones and
improving the efficiency of transfection. Accordingly, in one embodiment of the present
invention the obtained hBS cells are subjected to cell transfection procedures, such as,

25 e.g., by use of viral agents, lipofectamin, electroporation, calcium phosphate mediation,
in order to obtain genetically modified hBS cells. Genetic modification of hBS cells is
useful for several applications such as, e.q. for use as reporter genes, for knock-in and
knock-ouis to be used in developmental assays and tests in e.g. drug discovery and for
toxicity testings as well as for use as disease models.



kit according to the present invention conprises at |east one, such
as, e.g., at least two of the follow ng conponents i) a single hBS
cell population H a user nmanual describing a nmethod for propagation
of the hBS cells. 5 Furthernore, the invention also relates to a kit
conprising a first conponent conprising i) a single cell population
and at | east one, such as, e.g., at least two or at |east three of
the followi ng components H) hunmen feeder cells, 10H ) one or nore

di ssoci ati oq,vé\gﬁmﬁgsogor di ssoci ati on of hBS ceI | col opé zbd%&s,%
single cell suspension, and iv) a sup ortlve culture ne

t he above kits the single cell popul 4 on may be derlved froma
xeno-free derived 15hBS cell |ine and one or nore of any other

conmponent s -V be x . Preferabl further nt
a kit accord‘? "%"83 f'%@sﬁﬁs'é@ﬁ{aﬂeﬁe&%f%ﬁ" %gnté{wﬁ@‘gp a??asﬁg%?enfgr
descri bi ng uzsenremhltn.clellfpdnte S|P sibdedine ¢E:rhaua9@c§mgbaaltwsmrtshnim8ﬂ1et ails and

particul ar Sdlamdlrﬁaﬁqggén%usmeamtﬂenﬂm% Ac@@rdﬂél?%ﬁé‘im%é‘ééﬁ@&dp@ﬁbnﬁ\nd/ or
a magnet. 20 F|gure ends col oni es

Ridaf
B ol "B Rels s e o Y R el 'ﬁgrﬁEWﬁ@%eaﬁsavf%fw'e('ﬁwprE
Sel ect-ft" rder2bperforkal pitityrigstinB8 diftdrdns cheolicehiogwoerfds @r intatvedardiscpyesy

enzymatic di58Q6Glkdd [&gﬂrcam, o@ﬁ@?%aﬁ&d‘af&s.het erogeneous cell popul ation
observed during early adjustment (the first passages in the new

systen). c¢) Cluster size, i.e. single cells during enzymatic
passage. d%sﬁg!agéf:@susminbmmuspenm on of hBS cells on hFFs. 30e) hBS

cells ady us{rfeedprésfamt mnwn%ﬁm re%ve%tt@mmgw@euféayp%nﬁéﬁ &hBS raznénm.&p
di ssoci ati on. col l())[nl F A usg tgr? Hﬁm)gn outs hBS cel |
col ony (to ﬁup%e ﬁ\éﬁpe?qfﬁﬁf ?apa e of surviving and maintairting the significan
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 described in the above.
15
A hBS cell line
The present invention further relates to a hBS cell line, which hBS cell line 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,
20  when subjected to a method for propagation of such celis as described in the above.

Seeding of single cell dissociated hBS celfs on low feeder densily for particular usage
In some cases it may be advantageous to seed the cells in the single cell suspension
of the present invention onto feeder cells, wherein the feeder cells are present at a low

25  density such as below about 50,000 cells/cm2, about 10,000 cells/fcmZ2, about 15,000
cells/icm?2, about 20,000 cells/icm2, about 25,000 cells/cm2. This may be relevant e.g.
as an infermediate step, i.e. the last or final step of the procedure described in the
invention, before use in differentiation applications for toxicity testing or in systems for
derivation differentiated cells types from hBS cell lines. In such applications, a low

30 feeder density may be advantageous when hBS celis 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
35 the components of a culture system according to the present invention. Accordingly, a



h) Culture well with hBS cell colonies, overview Scale bar 50 pm
(c), 100 pm(a,b,g), 200 pm (d), 250 pm(e,f), 1.66 mm (h). 35 Figure
2: WD 2007/107303PCT/ EP20071002346 26 In the follow ng figure

I égends "SA001 TrypLe" refers to hBS cells fromCellartis's cell line
SA001, which have been propagated using TrypLE Sel ect" SA002 TE"
refers to hBS cells fromthe sane cell line, which have instead been

propagat ed using Trypsin EDTA. | mrunohi st ochem cal staining of SA001

after nore @2\’3%1 5|1_zymat| c 5 passages using TrypLE ﬁell/%%o%ﬂ%z%d
1(c),

Trypsi n EDTA: rypLe stained for. OCct-4 (a), TRA-1-
SSEA-4 (e) and al kal i ne phosphat ase (26’). SA001 TE stained for Cct-4

(b), TRA-1- Igt]acécﬁiamg é%@apr@seﬁ{ )Neﬂﬂﬁ c.%"n?ﬁ&e‘s RfeshORDBRhas & d Nt leasiGRb © bar
100 pm (a-g 0 Figure 3: Karyotypes & FI SH of

SA001 aftergfﬁ?fﬂlﬁgg'&@%@p?i@i“ﬁg TrprE Sel ectrm (a) The chronopsones
from SAOO1 iYayipdl&EnB@cadl pdpydtond normal . The figure shows a

repr esent atij, 4Q 05 MR Sribind ) rrﬁ;ﬁag@?or?; padtit] Qié nperdam. (c,d) FISH
anal ysi s of 'sel ected 15 chronmosones from SA001 TrypLE (c) and SA001

TE (d) d®nonstrated that the cells were XY and diploid nornmal for
chr onosonesFukh¢doiote Jhe inveligolatip reidSs ordd pomarBing adjisagoneneder? tor(ryisieen) .

Figure 4. 20l gnyéva do bMétloH%E@QtQéfasF &t su2h asAWP Lt !eIﬁh@&&@?t@asﬁtﬁ@é of MOI €

t han 20 passages u5|0§r9p rr%/g Sel ect-IN: and Trypsin-E
Hi st ol ogi ca® DAY P& FRsPe e at omas from SA00L TrypLE (a c e) and

SA001 TE ( bij)dipdan izbdeecel®7 respectively 22 enzymati c passages.(a, b)

Neur oecged elﬂ)n&n(e%trﬂﬁl@ B]Q@mla{l&v %n@%&t diis@gﬁloﬁ e AeS! %élmolon(eg iftd a %ﬁgfeet ory

epit hel i uméeﬁrggs%egsrlm F;mZdSSca e bars 25 pm(a,c,e) and 50 pm (

iv) a supportive culture medium.

In the above kits the single cell population may he derived from a xeno-free derived
15  hBS cell line and one or more of any other compaonents ii)-iv) may be xeno-free.

Preferably, further components of a kit according to the present invention may be a
user manual describing a method for separation in accordance with the details and
particulars described for the method of the present invention and/or a magnet.
20
Figure legends
Figure 1:
Morphology of hBS cell colonies cultured and passaged as single cells using hFFs and
enzyme (TrypLE Select™).
25  a) Adapting hBS cells colonies after their first enzymatic dissociation.
b) Areas with heterogeneous cell poputation observed during early adjustment (the first
passages in the new system).
¢) Cluster size, i.e. single cells during enzymatic passage.
d) Single cell suspension of hBS cells on hFFs.
30 e) hBS cells adjusted to the present system, two days after enzymatic dissociation.
f) hBS cell colonies adjusted.
g) Homogenous hBS csll colony (to the upper right).
h) Culture well with hBS cell colonies, overview.
Scale bar 56 um (c), 100 um (a,b,g), 200 um (d), 250 pm (e.f), 1.66 mm (h).
35
Figure 2:



Figure 5. Characterization of SAl 21 after 20 enzymatic single-cell
passages using TrypLE Sel ect. 30(a) Cct-4 i mmunohi st ochem cal
staining, (b) TRA-1-60, (c) SSEA-3, (d) SSEA-4, (e) alkaline
phosphatise. (f) Diploid nornmal karyotype of SAl 21 TrypLE after 20
single-cell enzymatic passages. (g-i): Teratonas derived from 8Al 21
after 23 passages (g). Neuroectoderm (ectodernm) (h). Cartil age
(nmesoderm. (i). Secretory epithelium (endodern). Scale bars: a-

100 pm g-i 5 Figure 6: WD 2007/ 107303PCT/ 6 27
Single cell ‘géngm%%og passaging with TrypLETm Sel ect EE%Q%%U%&%

i ncreased cl onal survival. Wien cell s26vere transferred to hFFs after

TrypLETm Se t L ol t he
nunber of hlhg% fOifo“ﬁ@trW?egEﬁ#sorgﬁééH ﬁ‘gmb%@g% RQ#'QEHE ﬂ%%‘%%ﬁé srbeﬁ at ment
(p=00. 1) . |{edA88bmhish baverfey E@P?@‘%ﬁ@g prvakFedeles @¢§,A002 i retere

5si gni f i canfolhBsicakIfeashe samendad lise, ohich boe realad bea@provageedtdirg ned

0=0. 2 .

g)r esen% egogqs;\% %gEér@ ?}rﬁm%%ﬂ%to@@nﬁcaﬁ)gﬁéﬁgor ? ES%{ WEFES‘B%?@E %‘ﬁ?}'ﬁ cells
after on® V\E%Raqeﬁuﬁﬂﬂ'fwl@ Sed‘%&) §PR)MP%'}1%DWFFS col l ected on the magnet
and (B) shossodiheyplewtainedmdt Ottr(af) FRACE11(8), SSEAUEHansaliaiine Fi gure 8

Singl e ool | oEUGMTLIS 38736100 Bl KPRIY.o, 38| 8gEaRgs Loy med on

human enbryonl | ast” ce i can

Col | ect i on, 2l@ipe phogrhgtase (Mivanassas, VA) Exanpl es Exanple .1 Culture
of human f opesddan 160 @ﬁ(ésd;)asdaleftﬁedm@nmd use as a feeder |ayer
20Commerci al ly avail abl e hFFs were obtained fromthe American Type

Cul ture |l ection
Figure 3:

Karyotypes & FISH of SAQ01 after 25 passages using TrypLE Select™

(@) The chromosomes from SAQ01 TrypLE were diploid normal. The figure shows a

representative karyotype. (b) SA001 TE, diploid normal (¢,d) FISH analysis of selected
16 chromosomes from SAO01 TrypLE (¢) and SAO001 TE (d) demonstrated that the cells

were XY and diploid normal for chromasomes X (blue), Y (gold), 13 (red), 18 (aqua)

and 21 {green).

Figure 4:

20  In vivo Pluripotency test of SA001. Teratomas after more than 20 passages using
TrypLE Select™ and Trypsin-EDTA.
Histological analysis of teratomas from SA001 TrypLE (a,c.e) and SAQ01 TE (b,d,f)
after 27 respectively 22 enzymatic passages.(a, b) Neuroectoderm (ectaderm), (¢,d)
Cartilage (mesoderm), (e,f) Secretory epithelium {endoderm)

25 Scale bars 25 pm (a,c,e) and 50 pm (b,d,f).

Figure 5:
Characterization of SA121 after 20 enzymatic single-cell passages using TrypLE
Select™,

30 (a) Oct4 immunchistochemical staining, (b) TRA-1-60, (c) SSEA-3, {d) SSEA-4, (&)
alkaline phosphatise.{f) Diploid normal karyotype of SA121 TrypLE after 20 single-cell
enzymaltic 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.

35
Figure 6:



(CRL- 2429 ATCC, Manassas, VA) and were cultured in Iscove's DVEM

(G bco Invitrogen Corporation, Paisley, Scotland,
http://ww.invitrogen.con), supplenmented with 10% of FBS (I nvitrogen)
and 1% penicillin-streptonycin. The cells were passaged regularly
(weekly) at a split between 1:2 and 1:8 using Trypsin-EDTA
(I'nvitrogen). 25Confluent nonol ayer of hFF were treated with
mtonycin-C (Sigm) (10 pg/mfor 2.5 hrs) and plated on 0.1%gel atin
(Sigma) coat shes at a density of 70,000- 80, £ in
Vi t r OHESTM rr‘gdéilzdtg%ﬁg%%pl emented with 4 ng/m human recg |1£r%§’h)tm§ {a&lsi o
fibroblast growth factor (hrbFGF, Inwtrogen). hFF cells were used as

feeders betggran, #ﬁ%@%&%c 635@55% s&a Eﬁ%elegﬂe@ﬁgfmél&ea%e&%r{aw e of

human enbryoni c use a

Conmer ci al | %}”“é‘(?éW"&BF@'SH‘{?FPatF?“éfﬁﬁ?‘i/‘BﬁFES ?erbTréBLrEas§e"’c‘éfr?§'¥9\’/§|‘te obt ai ned
from the Anesuliedim al3 ol itdndase inghédalnbectfinBs ceIClionks GorRdCmpebedas sas,

VA) and werg, ;%%H [?'fﬁ?tgeagﬁot ~§§(1-))VEd@sWhﬁ@ch&%&@Mbt&a O9RHEs,

Cor por ati on, and; WWW. I nvi trogen, conj,

suppl emeht etionficemly 1’6%%?" W@eﬁl%%‘{dr‘:&ﬂ@ﬁ% wejR Qotgiged (R 2) compared to f
20071107 303tReyTdérPp R (k4 b GiER4 6T h2Bataaund wedenten-as theaystao pips standaidaratel | s
wer e passagged regul arly (weekly) at a split between 1:2 and 1:8 using
Trypsi n- ED ?I nvi trogen). Confluent nonol ayer of human enbryonic
fibroblast cells were treated with mtonycin-C (Sigma) (10 gg/mfor
2.5 hrs) anagqirbat ed on 0.1%gelatin (Sigma) coated |IVF dishes at a

density @ I nIHFEQ RS t and

suppl errent elﬁgavvl Q% %pu&q%eﬁﬁﬁﬁké%érgg%n%’?hgnt %am C f‘SFE IIt’)‘F}}mset amgrovvt h
factor (hr b@éﬁ“’"“lsﬁh\ﬁfﬁ‘?‘&?j‘éaﬂf)'“g hadeEl RAYPSIANC fi brobl ast cells were
used as feeders between passage 4 and passage 12, figure 8. Exanple 3

10 Establi SPPF(P tp of a human foreskin fibrobl ast feeder cell line
(such as cel i ne hFFO03) Human foreskin sanples were aseptically
ol | ected. | HNGR &7 @ TROEESEEDR Pt JERLE s SFIEA PR G5 5 BUHTEARIEIRSt T orn
a circunti stuotBastvedlk (FoeaticdyOlype Skikune Guljpktant CCweTIATEICA Madassas Vde 25cn®
primaria tissue culture flasks (Becton Dickinson) containing | MDM
medi um (| nvi taéwgen) 1% peni ci | I'in-streptomyocin (G bco |nvitrogen
Cor porat i on #91510% of human serum After appr oxi mately 10 days, a
confl uent nbraaipgeyer was established. The cells were serially passaged

using TryPLET b &;Le@w,hsfeasga}eede%wus%e%%dgnaﬁehey were test ed

for a standar anel human ogens asmng,
bt 5. " PR pabroreal 2 9ibied anbe coaies g M AT o e Fbes SshiRe
Virus type CRUA22ATEDIanassaBNA) aud were culkdmeven [sRavels|DO4EM (Gibces) al |
resul ting nﬂgl%de\ﬁ%orp%%tion, Paisiey, Scotland; hitp:/f/www.invitrogen,.com), supplemented
with 10% of FBS (Invitrogen) and 1% penicillin-streptomycin. The cells were passaged
regularly (weekly) at a split between 1:2 and 1:8 using Trypsin-EDTA (invitrogen).
25  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.
30
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
35 inIscove’'s DMEM (Gibco Invitregen Corporation, Paisley, Scotland;
hitp:/iwww.invitrogen.com), supplemented with 10% of FBS (invitrogen) and 1%



Exanpl e 4 Feeder | ayer preparation fromthe in-house established
foreskin fibroblast cell Iine Prior to plating the xeno-free hunman
fibroblast feeders, the tissue culture treated wells were coated with
0. 1% r econbi nant human gel atin (Fi brogen) for a mnimum of 1 hour

25at room tenperature. Confluent nonol ayers of xeno-free hFF003
(fifth to eight passage) cells grown in IMDM 10% human serum and 1%
penicillin-streptomyocin were then treated with m tonycin-C (Si gna)
for (10 jig/ hours). Mtonycin-C treated feede ated
on I VF wel | s@é"e"%%“g”r? Di cki nson), 200,000 cells per 2. g@’%@‘ﬁ’i"%‘%

medi um whi ch was based on DVEM (as ab®ve) suppl enent ed vvith 10% (v/ v)

30human ser Lup. o a&g&g@&l *rneééng%gsecyzy&awmg&a/ﬂygw B wWEER1/ 113-

mer capt oet hano non-essent | al am no” acl CO | nVI t rogen

Cor por at i on}2 28 1B HsipgTyRR-BP LA (IRygrogen B fyret ’§°’\‘/ﬂ'at B FRETE i nner cel |
mass cel | s afistysrel flofobriel delledlert redted witimitmytiBS (sghia)s(,wn@eﬂ foezls birs) Was

changed to o % (v/ V)
human serumgh n /éﬁ_aé%ﬂg%é@(s?@g edr#gﬁ sh%b' wg}&%%%‘%@ ‘

d ut anax5 OCQﬁS"ﬁmﬂENﬁﬂ?HEﬁerre%{“b%’cpﬁ’aﬁéﬂ‘te%wﬁ‘ ﬁwrﬂBWH@Q%ﬂmPla?nt bws
2007/ 107 30 3fdfedi dsPORR/4LE02 IABF Y Iraviifoen). aRineE etbiybeiofidroblast talg @are

Cor porati ong%gég%rggergg%g MR8 HE? zEﬁ%?é)ée 3.) Exanple 5 5

Transfer of to enzyrra I C propa ure The hBS cell lines
SA001, SA002, SA002.5, SAl 21, SA167 SA348 SA461 and SA502
(Cellartis A&mp@cneborg, Sweden http [ /ww. cellartis.com had been

establ i sped-g d&sffrp%gﬁfdﬁfggjég&e%ﬁy fﬁfo%}é%t%’éa’eyceﬂﬁﬁe (’Blé&(;’ag tcLMﬁ‘q!e PEO03)

Noakssson] an
Cel lartis ABugstforeskinfaseplapiare awpﬁcaim%?qtﬂsﬂg%st?%'M@ng\tﬂéﬁ?r&m I
registry ht Edhteﬂdi@ﬂ’@@ﬁdrﬁycmlfﬂ&mﬂcﬂrﬁﬁﬁﬂﬁﬁﬁdek eldibsy. ISkin.exflaltd wark 1 S AB

(8A005.5) - abas s 2Bfin ﬁﬂﬁ%ﬁﬂ%@*\%ﬁéksz@%& T a2
frequently GeddmilAviFesenif %ﬁ?"i‘ﬂﬁ‘v@ﬁﬂm@ﬁ“ (Gipgo 'M@QWB@PF&@PH'O”P i"’?ﬁ’es used
are appnevedoabthurigissiuel atkr Byprbieatbid 168 mnhueaaﬂ&qo‘atyaemasng

Commi ttee apg, b%?,%glh e%%r@?&lawgﬁaggf %Irggsﬂgp%p"pge?e\é?ﬂgmé gettr Al

(Japan). Prror € experi nen been
| VF di shes ®fp2apgianghgycraie Sieﬁéﬂffalsiﬁaﬁ%f@P?fEFDfPé'@ﬁéPa*W%?'é?(g‘yF%‘aﬁ“?f oHESTm
medi um (Vi t Hod dftype ABnd Kuingatasokgpe S‘a&ﬂemytdmidgploshv’umrpest&rﬁrﬁleﬁ\ﬂrwOn')

suppl ement egp sndééa%rgisanr\,ﬁ&@ﬁufaaﬁp Htimg ggj%h ulig ¢ kg a micro

caplllaé cutting and transfer tool. ans cells from
traditi 8Ral culture to the enzymatic dissociation, the used 20
cul ture nmedexampneas renoved and the culture di shes were washed once

with PBS (I
(I'nvit rogenggéa% %? g)egﬁﬁokl’ Omn@%@n ogseSesinhSﬂg? %F%E#EJ ﬂ%@%@?ﬁ%en) was
t hen added WF&@N'“BW xgnefiee myman r%?‘éeqd?fédﬂ%t' sHe gitursteatsdivels t he
out er regi owsre@batedneitthBB% ebmbidartt Gomarsgesdtia (Kigrdgandfor @ irtmwun of Ttar t he

feeder 18y b rodhRniSllus ReFfushiforblifgs BrleRaARobs b ndl © el

25 suspensi on trltrurat on pi p transferred to
a centrif ug@astsﬁﬂ?éc%{'ﬁé“’(‘f’ér‘ﬂ MOM, JR G BHMaAGEFUG a6 1 %P epicHintSBEPIONY9RB  nat ant
was di scar degre tidharcbBSwrie mitordin @ (Sighes for ey sPe i Bours). Miteeg/bin-C

Vi Lr OHESTM F?Sém&%%%@ ﬁzafé'd ?95\% ‘ﬁeﬁl% gee%%ﬁ chﬂ*ﬁéo‘?z 2}‘3@69&%‘1?%%22 ggt 0 an

| VF di sh containrn g/ I'nactnmv
cm?in a meduum which was based on DMEM (as above) supplemented with 10% (v/v)

30  human serum,1% penicillin-streptomyocin, 1% Glutamax, 0.5 mmol/l 8-
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-

35  streptomyocin, 1% Glutamax, 0.5 mmol/t B-mercaptoethanol and 1% non-essential



30 Exanple 6 Enzymatic propagation of hBS cells using passage as
single cell suspension For enzymatic propagation the hBS cells were
mai ntained in a culture system consisting of hFF feeder cells at high
density and VitraFl ESi m medi um suppl emented with 4 ng/m hrbFG-.
Enzymatic dissociation was initiated by renoving the culture 35nmedi um
washing the culture dishes with PBS (Invitrogen). A volune of 0.5 nL
of TrypLETm Sel ect (Invitrogen), AccutaseTm (Chem con)or Trypsin/EDTA
(1 nvi trogen)y¥asmso¥s 2007/ 107303PCT/ EP2007/ 002346 30 tELEpaHMGNst O
each dish. Dishes were incubated at 37C until the outer regions of
the hBS cell colonies started to rourfd up fromthe feeder |ayer. The
cel | sheet Maifio h@NGRESIRRGRATdpdrlioR. Safd hRdGR ds dBSLHIBEITE EREMEANY

r epeat ed tré\;ruratl on with a pipette. Subsequently the cell

suspensi on s transferred to a centrifuge tube and centrifuged 5at
400 g for 5 mnutes. Supernatant was di scarded and the hBS cell

pell et was pgspgpended in fresh VitrOHESTM nedium Cells were then
seeded ipto_fr contai ning a dense feeder |ayer of

i nacti var ed {L‘i%fgte”ﬁéﬁ“‘égmﬁ%qa\%"e "e4 or 1:5 and 1:500. The

| ower spl it ThedtBScelhtires $400H . §4P0h GAMNTA SV BAETT, $4348sS5A468 apdlj ust nent

pr oce?ﬁr e gQAMQQCélBﬁus\A@r &otfaibdrétSmﬂlai&'S agsefﬁwwncéums ey hay sépm  Af E er no
nor e an S ce S rati os
ot veen 1. SeaEes 2agtraradirir e el AR 8he. MedsseRlad e or ot
37C and 95NMVAPFRDS/ Suthisaaterialban recobtaingd fram Wgkarise}R ansidsialed availgbteesh
Vitr 8HE]§EF l\ﬂhfhrdﬂ] E% L% QEME@Fregg@J Mtp/sBmda Sih. dlalemeﬂtm@q%f tdifar@s oWt h
spee (6] nal vi e.ce ver
o35 days. | EBIR MPHES SyBee AR bap ke Gl pibe P S SPOR ARG B L
appl i cat i onadséaite toighghuthe tliH. dhoseRiSrcell inea haveGeprafsessignily uagdintheai nt ai ned
normal kar yﬁiews@m@morf Wi ma%s%ﬂheéru@é@are%grdvaa\éﬁ@ é@;ﬁﬁ&@aw%é 0

conventional sl ow freezi ng met hods in their nornal ture di um

suppl enent elKvitem CRYR eripg SyppInaittee Q@F PARAIn SAL9Z 8ot enPR2p atthd

hi st ochgsi capprana bysmng Jdibaﬁ) eAbts tha BperiRbhts Giallihes 128 bUEH @aihthixed i N
4%paraformil tes in

0. 50t ritiof! \2'?? e g e GHRE R ter e e B e e S i U
5% FBS in PBSrdifleri, Kunagleatka, STiederc ot Svwmeyiteolifernomb surstémanteth with 4 nar y

anti body soww msrcﬂﬂ&{drwgh&nt@ny %%;:%aem@é !:ébﬁlé aa@&tt. deSnd&ash wer e
apa

specific fo 3 _and SSEA-4

(Santa Cru Z%‘B]fﬂ}s@{; h%%?@@y’omgaﬂl‘[l ure tod%\é enzymatic di ssomal%'g‘n the used

20  cuiture medium was removed and the culture dishes were washed once with PBS
(Invitrogen). A volume of 0.5 mL of TrypLE™ Select (invitrogen), Accutase™
{Chemicon) or Trypsin/EDTA (Invitrogen) was then added to each IVF dish. Dishes
were incubated at 37°C until the outer regions of the hBS cell colonies staried to round
up from the feeder layer. The cell sheet was then broken apart to a single cell

25 suspension by repeated tritruration with a pipette, transferred to a centrifuge tube and
centrifuged at 400 g for 5 minutes. Supernatant was discarded, the hBS cell pellet was

STM

resuspended in fresh VitroHE medium and the single cell suspension was seeded

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

30 Example b
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

35 medium washing the culture dishes with PBS (Invitrogen). A volume of 0.5 mL of
TrypLE™ Select (Invitrogen), Accutase™ (Chemiconor Trypsin/EDTA (Invitrogen) was



htt p: / / wwww. sout her nbi ot ech. com). Incubation with FITC or

Cy3-conj ugat ed secondary anti bodi es (Jackson | munoreserach
Laboratories) was perforned for 60 m nutes at roomtenperature. Cel
nucl ei were counterstained with DAPI (Sigma). The activity of

al kal i ne phosphat ase was determ ned using an al kal i ne phosphat ase
activity detection 30kit according to the manufacturer's instructions
(Sigma-Aldrich). Stainings were eval uated and docunented using a

Ni kon Ecli psgodde2089 U fluorescence m croscope. Bot hp&hHEdo7amekeSAl 21
showed all the above hBS cell charactgristics after nore than 20
passages. 35 Exanple 8 Cenetic characterization 31 For karyotype
anal ysi s t hﬂerhﬁﬁe@e)dagh WEX. @lshgs:w&aﬁreabaitdﬁ a4t Becnnfsie ater adgiche botaen d,
trypsinize an nt e S were
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for norept h@d%sa%@s p@s@sgemmema%bmaﬁspmmog bé@EerOZ0Ed 1300 £0LEreBi gher
passages Usd vi.vo Pl ency

. Anal VAT r ten i pot
e ageosscier A I Al Rb Rl s o s RHERAY. Ul Wt e 8 N Y
descri bed e@P‘BWé’rW“PIﬁeFM‘é'tf@"dE?aT'T“”Qﬁm' BioFEF evannes dpsr B?ﬂqnalﬂ@en HBS cel |
col oni es WegrewiRpéEIYf halindiidubithBStePindQkk el Dbl pABsBGRIGRSTY BN1d days.

sur gi cal | yll%tﬁ éﬁ%sg?ddég?m aq'ge Sn%%?agﬂ”' %hlggpg@?%\r(lgr(g e%%[}lﬁfr&efgr SAD

mce (C B- arl'e Ver abor |es
were saddi fm@re@%f@@ﬁs%g%ﬁe@wsn%ﬂﬂnﬁm' §anyptyre asd furtsercpeamtiozeneed i n

4% par af or mﬁla\dﬁ’acdadm@w&hmyddam&nﬁe@mg imetholisih iR npatabéditu® sections
wer e eval uat e hi stp 'Mstdﬂ'e presence of differentiated

hurman ti ssuB der PVeg 116 omwg+ %ee enbryonic germlayers e.g.,
neur oectoderm cartilage, and gut-like epithelium 25 Al three germ
| ayers were;_:mfei;rrred in the teratomas from both SA001 and SAl 21

cuI tureg,in the ent aft 0 passages. Exanple
g‘le’ o RN B Ecarad s Bofdn ’””‘"E” aRSor S e PRSSEIRY- | EeaTP

t he enzymath thS %@5‘&)@?%@%@%v‘s‘t"/eﬁ?rﬁfﬁmﬂﬂfh!qed?f OIS, esmpalizedisr SA001

and SAl 21 neRinuRs ech. laNtRn sall§d (BiBRa@Rlrith)lahih SbsSAERK bttt SMBGEY, have

been succ es% {nl%s dr2E3 e?, cé{tg w%mnc%;tgéj{vﬁzdprf.nﬁr} mbo%v 2R ©

passagi ng sy em as des
overn;ght at 4°C. The pr:mary antlbocﬂes used were specific for Oct-4, TRA-1-60, TRA-

25 1-81, SSEA-1, SSEA-3 and SSEA-4 (Santa Cruz Biotechnology, Santa Cruz, CA,
hitp:/fwww.southernbiotech.com). Incubation with FITC- or Cy3-conjugated secondary
antibodies (Jackson Immunoreserach Laboratories) was performed for 60 minutes at
room temperature. Cell nuclei were counterstained with DAPI {Sigma). The activity of
alkaline phosphatase was determined using an alkaline phosphatase activity detection

30 kit according to the manufacturer's instructions (Sigma-Aldrich). 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.

35 Example 8

Genetic characterization



WO 2007/ 107303PCT/ EP2007/ 002346 32 SA001 TE5. 4001 TrypLES5, 4121

TES, 4121 TrypLES5, 4002 S4167 Tryp TrypLE LE Nunber of
>40>40>20>20>15>15 SCED passages Mor phol ogy

Undi ff.Undiff.Undiff.Undiff.Undiff.Undiff. IHC Cct-4 Tral-60 Tral-81
SSEA-3 SSEA-4 SSEA-1 ALP RT-PCR Cct-4NDND NanogNDND Cri pt oNDND
APPNDND Karyot ype46 XY p25, p39 46 XYp27, p3946 XYp2146 XY p21NDND

FI SH2n XYp252n XYp352n XY p212n XY p21NDND Ter at omaEndo/ Ect o/ Meso

Endo/ Ect o/ Meg@2denfledelEdo/ Meso Endo/ Ect o/ Meso NDND AbbepbBhdeRsS: P,
nunber of enzymatic passages; TE, Try1sin- EDTA; TrypLE, TrypLE
Select; Undiff, undifferentiated; ND,~'not determ ned; Endo, endoderm
Ect o, Ect odeyrRary&tyddesalysidbe 08 cBlis were incubated in the presence of colcemid,

trypsinized, fixed and mounted on glass slides. The chromosomes were visualized by
DAPI staining, arranged and documented using an inverted microscope equipped with
appropriate filters and software (CytoVision; Applied Imaging; Santa Clara CA,

5 http://www.appliedimagingcorp.com).

For flucrescence in situ hybridization (FISH) analysis, commercially available kits
containing probes for chromosomes 12, 13, 17, 18, 21, X and Y were used according
to the manufacturer's instruction with minor modifications. The slides were analyzed in

10  an inverted microscope equipped with appropriate filters and software (CytoVision).
SA001 and SA121 both showed normal karyotypes after being cultured in the present
system for more than 2¢ passages. FISH was confirmed normal at even higher
passages.

15 Example 8
Analysis of pluripotency in vivo
Pluripotency was assessed by teratoma formation in immunodeficient mice (SCID) as
described earlier [Heins et all. In brief, undifferentiated hBS cell colonies were
mechanically cut into 200 x 200-m pieces and surgically placed under the kidney

20  capsule of severe comhined SCID mice (C.B-17/lerCrl-scidBR; Charles River
Laborateries). The mice were sacrificed after 8 weeks and tumours were excised and
fixed in 4% paraformaldehyde. Hematoxylin and eosin stained paraffin sections were
evaluated histologically for the presence of differentiated human tissue derived from all
three embryonic germ layers e.g., neuroectoderm, cartilage, and gut-like epithelium.

25  All three germ layers were confirmed in the teratomas from both SAC01 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
30 system

in addition to hBS cell lines SAQ01 and SA121 mentioned above, also hBS cell lines

5A167 and SA002 have been successfully transferred to and cultured in the enzymatic

passaging system as described above.

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



WO 2007/ 107303PCT/ EP2007/ 002346 33 Exanpl e 11 Robust ness,

reproduci bility and universal applicability of the nethod A great
advant age of the invented nethod for enzymatic culture of hBSC |ines
is that it has proven to be stable, robust and easy to reproduce for
several cell lines. Seven 5different hBSC |ines have repeatedly been
used for the evaluation and establishnent of the nethod. Additionally
the invented adjustnent procedure for establishnent of hBS cell Iines
to the subsegyapieisst ure method have proven to be st ablgpaRdokast
for several different hBS cell lines. The nunber of tines
establishment was nmade for each line 1°s indicated in brackets, SA001l
(6), 5A002 (5), SAOOZ 5 (>3) SA167 (3) 10 SA348 (>4) SA461 (>10)
and SA502 . , ok G £ }
coul d be made for SCAl 6 up cu

industrial cell culture production. Exanple 12 15 Col ony Féwmaivaeh
Assay To test the supportive capacity of the enzymatic passagi ng and
culture system traditionally cultured hBS cells (on nmEFs using
mechani cal Wedgal mg) were dp#soci at ed®o si ngl e2tel | s by>@si ngis

ei ther TrypLERm Sel ect, Accutasen" or Trypsi nEDTA. The hBS cells were
diluted and seeded into new I VF dishes in two densities on 20either
hFFs or nEFsWﬁﬁ@@ultlng in apprOX|nater 350 and 700 hBS cel | s/ cn2.
Medi a was changss CHEH e e e
medi a was renmoved and the ceIIs mere mashed mnth Ix PBS (G bco,

i nvi torgen)in€0l TOWEd Dy al Kal I ne phosphatase stai ning according to

t he manufacturer's description (Sigm- 25 Aldrich). The nunbers of
obt ai ned hB3t¢el|l colonies fromall fotr test groups were*counted.

For sem - qu,anflfm‘l\/p eval.uation of the nunber of undifferentiated
hBS cel | col®¥iffes, ﬁhe colonles were stored p05|t|ve i f nﬁre t han 50%
of the col efyZu A

i nverted nlcroscope The experlnents wer e perforned in dupllcates and

repeat ed t NEFERITI MBS NBS Celkl 1116 SAJUZ. 5 wWas ~30enpl oyed ToOr+-these

experi nments.

SSEA4 ¥ + pt " " T
SSEA-1 - - - . . N
ALP + + + + + +
RT-PCR

Oct-4 + + ND ND + +
Nanog + + ND ND + +
Cripto + + ND ND + +
AFP - - ND ND - -
Karyotype 46 XY p25, p38 46 XYp27,p39 48 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, Ectaderm;

5 Meso, Mesoderm.



Regar dl ess of which enzyne was enpl oyed, approximately 90% of the
colonies on hFFs were graded as undifferentiated (See figure 6). O
200 eval uated colonies treated with AccutaseTm 191 were judged as
undi fferentiated. For conparison, if 35dissociated hBS cells were

pl ated on nEFs, significantly decreased nunbers of good col onies were
obtai ned; only around 60 % of the colonies were graded as WO

2007/ 107303PCT/ EP2007/ 002346 34 undifferentiated (Figure 6). The
qgual i tati ve wbbdoerenses were simlar in both dil utionsctesb@desskhus,
using hFFs as feeders and TrypLEn" Sel.ect for dissociation seens to
be the nost favorable conbination to tacilitate clonal survival of
undi f f er ent Exadrtt, 17pl uri potent hBS cells. 5 Exanple 13 Enpl oyi ng
magnet i ¢ Pagbduhes, fpfoda AR A AleRl BhEaliPiPiATgEl | S e 1- 75

flask with confluent '\%Pln C for 2-3
hours in ordgreatasvaniagess ihe(‘flé(F'Fte‘bWB‘F‘P‘? for epzympfic cufur.pf &Wd? et
treat nent, hdserdveirs beatablenasie dnd sy td regrbducafdr keviial BRESned Segeraf t er

they WeriDTéﬂ\ﬁeggﬁrﬁéﬁﬁnés%Eg?é géﬁ?een‘c&ﬁéelei\u@é S &le?\%n%h& ﬁli%ent of

Trypsi n- S yere
counted in e ﬁ‘&gﬁﬁrdﬂﬂ%ﬂ'ﬁ‘ﬂ'ﬁheﬁﬁﬁmﬁﬁﬁd@@q”&pr\ﬁ&ﬁdéred?rlelﬁiaéﬁh'ﬁ’ﬁmébﬁ%pr| ate
concentr at i eafsinesltd theistifset@nt cutorecesttioaaveopisventto ipdstd ard fgsafok i Cl es

(Endor emm )k Fufifer?fiod E311GL,  $HEGBE! o IHEPERRIARRAEL Sl ded Tt o

di fferent tubes rent anount ? rticles were
then added ®ash{ifRs indisated 'Wkﬁﬁﬁ\oah@ magRetd - SAR%-$ (73} é@*%@é t hen
m xed i not hgAi4shss) 461 & 10h@andSASPR (5.1 Gontim@ass ¢etablishethehindcoordied Btthae

coat ed 'VF Qb&h&?coﬁF%b%%zfor%ﬁm c%@g.? gﬂngﬁ Mfceﬁﬁ;&ﬁs%n WElGispefded per

| VF dis centrations of En tested were I n a range
from 5. 6 ugc‘{"‘éfemuﬂkjﬂper wel | 20and 200, 000 cells, which corresponds
to from2.8 ug/mM to 280 ug/m. 1-2 days after seeding a 100% nedi um
change was perffged, which renoved the majority of unbound or

non- endocytosed iron particles. Approximately 24 hours after the

nedi um ¢hanGROHES R §5%%r e added to the plates with hFF feeder
cells. 25 Tto edlthespphifiexapatity bfdha@gpeitic rhivagiogbhdculee systannsed once

in |Ix PBS apg .x{éhmeﬂ@éd%s%moﬁhxfsbgas;x?grm&%smc#%ﬂ y Were T YPLETM

Select to sin susgen& henﬂ&ransferred to
an eppendor?“sst°fi'8'§d HRNGA SRR ysinasiters dvebint JBEcttAFCY@tfagdiYPSithe cel | s
wer e al | oweHEDTA Tat haE belis ereteiuta® gmibdeefi@tinta néve WHdishas 3wadghstigseon

remai ni By 39:h§mﬁ opx'ﬂE %shmﬁgﬂm aS&QﬁﬁQe@%@@&ﬁMOhH@%ettsﬁFnﬁer that the

tube was renove rom-t e magnet appropriate nediumor |x PBS was
added to the tube and the feeder cell containing solution was then
r e- sus pendeblediawacalahgeticuerty i2rigdags dhpperkimkietyane oneloftes dpamegital veas

efficiency. omdRLH Wl RASPIEEEHETARA 14 PAF R4Bco, invitorgen) followed by
alkaline phosphatase staining according to the manufacturer's description {Sigma-
25  Aldrich). The numbers of obtained hBS cell colonies from ali four test groups were
counted. For semi-quantitative evaluation of the number of undifferentiated hBS cell
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
30 employed for these experiments.

Regardless 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

35 dissociated hBS cells were plated on mEFs, significantly decreased numbers of good
colonies were obtained; only around 60 % of the colonies were graded as



35 passaged hBS cells were seeded onto magnetic hFFs, the hBS cells
attached, proliferated and forned cell colonies (data not shown).
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enbryoni c séien OETyssin-EHTA X Teanet™ Sek0 Bin Myuoflsf In(calls) wedd 294 in
Andrews PW y.oni I inoma
(£0) 30cel | SreloenGRBe Al Sl bithediGlydoRAt SHRTKANE, 1 efenl
2005 Dec: 3 3<€qnt:entratlons of magnetic particles (Endorem™ ) were to be tested, the cell

suspensions were divided into different tubes, and different amounts of magnetic

15  particles were then added to the tubes. The hFFs and magnetic particles were then
mixed in the tube before the suspension was plated into gelatine coated IVF dishes

(Falcon). Around 200,000 hFF cells were seeded per IVF dish.

Concentrations of Endorem™ tested were in a range from 5.6 ug to 560 ug per well
20 and 200,000 cells, which corresponds to from 2.8 ug/ml to 280 ug/ml.

1-2 days after seeding a 100% medium change was performed, which removed the
majority of unbound or non-endocytosed iron particles. Approximately 24 hours after
the medium change hBS cells were added to the plates with hFF feeder celis.
25
To collect hFFs on the magnet, the cells were rinsed once in 1x PBS and dissociated
with either Trypsin-EDTA or 1x TrypLE™ Select to single cells. The cell suspension
was then transferred to an eppendorf tube and placed in close contact to a magnet.
The cells were allowed to attach to the magnet for a few minutes and the remaining
30 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.

35 At least 90% cof the hFFs were caught on the magnets (90% separation efficiency) (see
figure 7), regardless of the different concentrations tested. When enzymatically



6):1526-30. Review 36 Clainms 1. A culture systemfor propagation of
human bl astocyst-derived stem (hBS) cells conprising 5i) human feeder
cells at a density of at |east 50,000 cells/cnRl1 ii) one or nore

di ssoci ati on agents selected fromenzynes and/or chel ati ng agents for
di ssociation of hBS cell colonies into a single cell suspension at
each passage, and H ) a supportive culture nedium 102. A culture
system according to claiml, wherein the density of human feeder
cells is froMv3070083t o 500,000 cells/cnm2. 3. A cul t uPET/ERRSIL78¥PB46
according to any of clainms 1 or 2, wayein the hunman feeder cells are

derived fromhuman tissue. 15 4. A culture S%ﬁb'; em according to claim
3, wher ei n Raseaded HBH celis yeetresepdedaiq Naareio e dhphBoralle attackqda| |

neonat al , | préRétated andiornisditel cdidrfes Y@ata not shdwn). A cul ture system
according to any of clains 3 or 4, wherein the human tissue is
20derived fromskin, including foreskin, unbilical chord, nuscle,
| ung, epith@efergnrespl acenta, fall opi an tube, glandula, stroma or
breast. s 6. A culture systemaccording to any of the preceding

cl ai ms, wherein the hugan f G s.are rived in
preferably fr om'{‘ﬂ% Re %”r’geﬁgé Jgglargr?veéc?' e P‘r?tﬁﬁscr?éacc%e 'f%?m 9 A
culture system aﬂdf@tﬁnmtlngotm'mnymbwomimterprcelbe‘élT%CEUeﬁ 2094.20881-&8-n t he

human feeder geljGomEsaderd \Haghodr M 68! dstdoldp@RnP 8F LAIpkiPderdt Ondnt®
group consistin ocytes, nyocytes,

ker ati nocyt es, g’ﬁ&@?ﬁggq'ﬁ?d%tgrfqlcgd |5|ﬁur§ég5m§8 I|aI cells. 30 8 A
cul t ur e1gyst em atuo@n dimbg/obio SenyCelfProthelsBresaSen g 20041 N5, wherein the

human feeder celdig & anfdoRr Okl agt §arge~scaie pro?agaﬁbrplél‘ tdik SundS e RtBted
according to claim8, wherein the f are derived from

35human neonat a|en]b8(|og|§ kSt fqeu) H'B‘Eﬁ éps ta S eecge:r)r ae cuiture system. Developmental
Dynamics 2005;233:1304-1314.
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15 maintenance, and gene expression sampling in three human embryonic stem
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13:585-596
+ Draper JS, Smith K, Gokhale P et al,.Recurrent gain of chromosomes 17¢q and
12 in cultured human embryonic stem cells. NAT Biotechnol 2004;22:53-54
20 * Buzzard JJ, Gough NM, Crook JM et al. Karyotype of human ES cellsduring
extended culture. Nat Biotechnol 2004;22:381-382
s« Mitalipova, MM, Rao RR, Hoyer DM et al. Preserving the genetic integrity of
human embryenic stem cells. Nat Biotechno! 2005;23:19-20
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Journail of Medicine 2004; 350;13:1353-1356
s Enver T et al, Cellular differentiation hierarchies in normal and culture-adapted
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10. A culture systemaccording to claim®6, wherein the cells derived
fromhBS cells are fibroblasts or have a nesenchynmal phenotype. 11.
A culture system according to any of the preceding clains, wherein

t he human 5feeder cells are derived fromenbryonic fibroblasts,
extraenbryoni c endodermcells, extraenbryonic nmesodermcells, fetal
fibroblasts and/or fibrocytes , fetal nuscle cells, fetal skin cells,
fetal lung cells, fetal endothelial cells, fetal epithelial cells,
unbi l i cal chord nesenchymal cells, placental fibroblasts and/or
fibrocytes, placental endotheli al cel f%, post-natal human foreskin
fibrobl astsggisl/ or fibrocytes, post-natal nuscle cells, 10post-natal
skin cells, post-natal endothelial cells, adult skin fibroblasts and/
or fibrocytes, adult nuscle cells, adult fallopian tube endotheli al
cel I's, adult. Agluaurd gystem fon gropaEiatioradf hambh Blastadst-derigdd peralhBsneaset ri al
cell's, adult, hreast cancer parenchymal cells, adult endothelial
cells, adult epithelial cells or adult keratlnoqytes 1512. A culture

syst em atcot timiy feeslenepls afa dareitynf atlezfit A O] ellsfem™ wherei n t he human

feeder cellig oh@uﬁn@@e@sc@ra@w dychRaeleL¥akad enz:l/a}es énd?bl-l dhblbghgSeite fbr
according t e human f eeder. have been

I

growt h i nac ?S\‘/’%{g“"& O%%BS i H@E‘e‘ﬁ‘”[] G AR SUFSI9Yy Eﬁeﬂ\s}b’fﬁsﬁﬂee @y st em
accordi ng tit a(ﬂuapcm“@’@mtwmmewm t he human feeder cells have been
growt h inactivated by irradiation. 15. A culture system
accordin % to anﬁjof t he precedin clalns wherei n the human 25f eeder
cells af "? PBHRT REOIdR PR MhEreindhe dRagi Ry RN eedsT calisl's
16. A cuItLﬂ&mS@@KﬁﬂﬁG@@&ﬁ@Wymm%o cIa|n115 wherein the culture

mediumis changed at |east one tine, prior to seeding the hBS cells.
3017. A culture system according to any of the preceding clains,
wher ei n one3 &rculiyP 8YsR™s agserdngite AR s/ T QaWh%ﬁﬁwumEBfeeAef@@l'st ure
syst em accodrdideriget fodlhaingn flséuewherein the enzynme is a proteolytic
enzyne.,. 38 19. A culture systemaccording to any of clains 17 or
18, wherein the enzyne is a coll agenolytic enzyne. 20. A culture
syst em accot-di ayliure gystany aesbrdiriodd asimly whereiniirehuman tistue iederiyediring

sel ected SfdRydniterett PUbhDNSlechild, Bi%adah tdstyPSi n, trypsin-like,

di spase, dlspase-llke pronase, pronase-|ike, collagenase

col | agenase-li ke and matrix netal |l oprotei nases. 21. A culture system
accordi ng t® Aawiurebystdnaacrerding-t@ 6y ofkieine Ioridhehaein yrrethuirgn dssuesonbi nant
ENZYNME. 20 derived from skin, including foreskin, umbilical chord, muscle, lung, epithelium,

placenta, fallopian tube, glandula, stroma or breast.

! 8. A culture system according to any of the preceding claims, wherein the human
feeder cells are derived in vitro preferably from hBS cells or cells derived from hBS
25  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.
30

8. A culture system according to any of the preceding claims, wherein the human

feeder cells are fibroblasts.

9. A culture system according to claim 8, wherein the feeder cells are derived from

35 human necnatal foreskin fibroblasts.



10 22. A culture systemaccording to any of the preceding clains,
wherein one or nore dissociation agents is a chelating agent.

23. A culture systemaccording to claim 22, wherein the chelating
agent is a chelator of 15divalent cations. 24. A culture system
according to any of clainms 22 or 23, wherein the chelating agent is
selected fromthe group consisting of EDTA, EGIA and HEDTA. 2025. A
culture system according to any of the preceding clains, wherein the
one or nore dissociation agents is a nmbi nati on of at |east two

di ssoci ati on agents. 26. A culture syStem according to claim 25,

wher ei n t hejocARRILRBysRM &Eor@ﬁh@ Qi 6l Mbrald SR LCSIICHRA RSHEXQIDEreMOr €
enzynes an re chel tln%% ggnts 25 27. A culture system

q one or o
accor di ng t'8"RRSS OF PP FMgseRBYgF! ¥Herein the conbinati on of

di ssoci ati on agents is xeno-free. 28. A culture system
according tQ AQY A sy%ﬂ%?n &E&Gzﬁ?k%y% Ak PRoedfiedidih g &h@%wﬁtH&Rﬂﬁéd ve
30cul ture nmedium s sel ected

romt Cgl’ oup consl St ng M and
INDM 29, Teede(pells pre dsfjaddiemsmesyaniodr @S‘érﬁitféﬁmqrm’cﬁ“éfe%ﬁ ﬁ@”scl ai ns,
wher ei n t he:xsapoydnic\eesotidrinltels, e fibroblhss S iepedse detwintulcik cam) 0. 5

to 1000 ng/ &%hsWnQF@:fetal ﬁx%%g%% feﬁh&%%&&[a?ceﬁg %tglrgpﬁ’l%ﬁgrcgl '&nlgm% ﬁcapl ai m

30, wherein e serumi f or

pr opagat i orfherd nisenemplselsn placentrl tikiplasiyandéontiigcyirst placsital endaihgliabf

5cl ?i ms 1- B&eus bbm_na{etm@@nwagkmg&)idwsmadrgma;ﬁ;yeé p@sﬂ%’@Bd.ES@lﬂﬁélI% d6lls,

per f or ust 0 u .n _orde ar ells

bt o ol P B B 580 B R R esle] aflsest 596 Ao Hant ESsy et em 1)
di ssoci at i rigracites. 2BSt pedclescelnedulidalippiag hube eaddthedaispisngdulliplaogularhe use

of one or r&&&n&hé%@%‘ Qéu!t%{?orﬁa%ﬂéo'?ne%%l 8&% it Er%@t%é}%:\éﬂﬁa'?erf%ﬂﬂﬁé?r
chel ating agent e cell suspension in a

g St Gt o S o SR e b B Do S

conpri si ng human feeder cells at a density of at |east 50,000

cel s/ C‘[? fz"}\ cbl H]é%)cg)rgﬁ% %Ba%y%?!hle%recg&ng (?é?rqe %vhte% r?tﬁe ﬁ upon

regul ar rredlumc romstep i erein n
is an int ed@edebpella@aqeetggp grpwth mactwated

13. A culture system according to claim 12, wherein the human feeder cells have been
growth inactivated by mitomycin treatment.

20
14, A culture system according to claim 12, wherein the human feeder cells have been

growth inactivaied by irradiation.

15. A culture system according to any of the preceding claims, wherein the human
25 feeder cells are seeded from 1 to 10 days prior to seeding the hBS cells.

16. A culture system according to claim 15, wherein the culture medium is changed at

least one time, prior to seeding the hBS cells.

30  17. A culture system according to any of the preceding claims, wherein one or more

dissociation agenis is an enzyme.

18, A culture system according to claim 17, wherein the enzyme is a proteolytic
enzyme.
35



in order to propagate the hBS cells, while naintaining the
significant characteristics of 15such cells. 33. A nethod according
to claim 32, further conprising the steps of vi) analyzing the cells
obtained in step iv) to see whether the significant characteristics
of hBS cells are maintained, 20vii) repeating fromstep ii) if the
significant characteristics of hBS cells are nmaintained. 34. A nethod
according to any of clainms 32 or 33, wherein n is at |east 5. 35.
A nmet hod according to any of clainms 32;:34, wherein the dissociation
of hBS cell 25colonies into a single Cell suspension in step ii) is

perforned by, Acediré agtehhachBing €@y of akifRi1eSr 18, Whe@PEhOENZIME & a
di ssoci ation aqggg{msc. 36. A nethod according to any of clains 32-35,

wherei n t he®dt of f'Me one or nore dissociation agents is
di m ni shed prior to step iii). 30 37. A nethod according to claim 36,

wher ei n t heyehfcBile st 5cORBg ¥ arlVRF BaiflsSiFAS A drONMBEENR it Selected
di m ni shed by @lgym cal rem)va[q of 'the one _or nore di ssociation

agents, i IR GR 98P CASSHRRO Y PHIH IEPN-EE oUIPEET SIFPaTEHE-LIOEHYi ti on of
one or nor epromdsedikd, otlbgafass, lvellagaeasesikarardenaisaetalicptoteanasagent s,
addition of one or nore substrates of the one or nore 35di ssoci ation
agents in excess or inherent auto-inhibition of the one or nore

di ssoci at i ofi- Ageliitre systepaccaging fo #yohlaMedcFP AR BegAZYMSTiS 81 ai s
32-37, wheretdmtidat &bk, ratio is from1:4 to 1:5000. 539. A nethod
accordi to claim38, wherein the split ratio is 1:20. 40. A nethod
according to any of clains 32-39, wherein the hBS cells obtained in
step Hi ) arz2 Arelsasstenf ancofdingie @wytodtrePretaying claigs whereimenschore
accordi ng tQsRBY4tidAfagehtaisBerdrirtageMher ei n t he medi um changes in step

23. A culture system according to claim 22, wherein the chelating agent is a chelator of

15  divalent cations.

24. A culture system according to any of claims 22 or 23, wherein the chelating agent is
selected from the group consisting of EDTA, EGTA and HEDTA.

20  25. A culture system according to any of the preceding claims, wherein the one or more

dissociation agents is a combination of at |east two 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.

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

dissaciation agents is xeno-free.

28. A culture system according to any of the preceding claims, wherein the supportive

30  culture medium is selected from the group consisting of DMEM and IMDM.

29. A culture system according to any of the preceding claims, wherein the supportive

culture medium is supplemented with from 0.5 to 1000 ng/ml hrbFGF.

35  30. A culture system according to any of the preceding claims, wherein the supportive

culture medium is supplemented with from 1 to 40% serum.



iv) are perforned from1l to 14 times a week. 42. A nethod according
to any of clainms 32-41, wherein the adjustnent procedure conprises
the steps of 15a) dissociating the hBS cell colonies into a single
cell suspension by use of one or nore dissociation agents, b)

di stributing the single cell suspension in a split ratio of at |east
1:3 into one or nore culture vessels conprising human feeder cells at

a density of at |east 50,000 cells/cng, c) incubating the hBS
cells for fromabout 5 to about 30 d upon medi um changes at
20regular time intervals, d) optionally, repeating fromstep a) at

the nost 5 times, in order to obtain honmpgeneous undifferentiated hBS

cells colo /ﬁcultu systeﬁl‘l?’a‘cctﬁ’dl;l& ohoq)a ﬁ%{egéa{]tgugts rg%l romréﬂupﬂ\é\ﬂggrehn the

hBS cells o tal hed are | ncu days.
44. A nethod according to any of clains 42 or 43, wherein step d) is

included. 32 A nfkhodforBRIE |o.a§prwscﬁerwmmum;agme%as de@p&tih byt from
step a)é%stﬁﬁ%fggﬂgg a% t nost ﬁ@ P nes. 46. A nethod according to
any of & aifAMay3hdne RRBPLE $PWﬁ@g &Eﬁﬁ1changes in step ¢) are
performed fireptverially @eddmingrpsdasiveaknro@8de.in dderderioohBiceads ditaiged o any
of clai ms 32ntBmadib&eMRid0daGQTPME Sl {BRsteps of 41 i)

perform ng an adjustnent procedure conprising the steps of a)
di ssoci at i d'&;d‘F?Pé'aH‘ﬁéh‘éBW C%I'%‘h? &gl ¢l “apeé‘F'H@PéthEé‘P? Ofé’tﬂ%ﬁéfﬁgr?on by
use of one diEsotEtioa agerss Sddcaddifiam axgﬁﬂésSandb) chthizgitg dputsi Ng t he single

|
cul t ur o odd sflilthen® fid odiAhibain Ba o3 ot tf*eés%ea@é‘% °Jrr‘5"c{ )
| east 50, OG@"‘@EW?%SP'@ﬁﬂmP@r@)hUWﬁ%fﬂ%?rlCﬁb? gt p@errBB ol fgast %}0 felistems

30 days, Uup@NndiBAating MBI @RSfoRkonk eguiaacrayé LpeR regrmaeméaiumchdageeepeatl ng
fromstep onogeneous

undi 11 er enc 5PER HELTES g s B et M5 ied R Belit The hes cel I s
i nto a si ngherdecblprapagaieiisihBh chiis. white ruaidaining thesignificant chasastaeibtiss iobn
agents, 15100k gigst ri buting the single cell suspension in a split
ratio of at least 1:4 into one or nore culture vessels conprising
human feeder cells at a density of at |east 50,000 cells/cn2, iv)

i ncubat i ng 33hA nleBSdeetdrding orclafnn 3infidtheocdprisiay he si@psnofr equl ar nedi um
changes, vi) analyzing the cells obtained in step iv) to see whether the significant characteristics
of hBS cells are maintained,

20  vii) repeating from step ii) if the significant characteristics of hBS cells are maintained.
34. A method according to any of claims 32 or 33, wherein n is at least 5.

35, A method according to any of claims 32-34, wherein the dissociation of hBS cell
25 colonies into a single cell suspension in step ii} is performed by freating the hBS cell

colonies with one or more disscciation agents.

36. A method according to any of claims 32-35, wherein the effect of the one or more
dissociation agents is diminished prior to step iii).
30
37. A method according to claim 36, wherein the effect of the one or more dissociation
agents is diminished by physical removai of the ene or more dissociation agents,
dilution of the one or more dissociation agents, addition of one or mere inhibitors of the
one or more dissociation agents, addition of one or more substrates of the one or more
35 dissaociation agents in excess or inherent auto-inhibition of the one or more dissociation

agents.



V) repeating at least 20 times fromstep ii), in order to
propagate the hBS cells, while maintaining the significant
characteristics of 15such cells. 48. Use of a culture system as
defined in any of clainms 1-31, for |arge-scale production of hBS
cells. 2049. Use as defined in any of clainms 32-47, for |arge-scale
production of hBS cells.

40

38. A method according to any of claims 32-37, wherein the split ratio is from 1:4 to
1:5000.

5  39. Amethod according to claim 38, wherein the split ratio is 1:20.

40. A method according to any of claims 32-39, wherein the hBS cells obtained in step
iil) are incubated for from 3 o 25 days.

10 41, A method according to any of claims 32-40, wherein the medium changes in step
iv}) are performed from 1 to 14 times a week.

42. A method according fo any of claims 32-41, wherein the adjustment procedure
comprises the steps of
15  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 cellsfem?,
c) incubating the hBS cells for from about 5 to about 30 days upon medium changes at
20 regular time intervals,
d) optionally, repeating from step a) at the most 5 times,

in order to obtain homogeneous undifferentiated hBS cells colonies.

43. A method according to claim 42, wherein the hBS cells obtained in step ¢) are
25 incubated for from 5 to 30 days.

44. A method according to any of claims 42 or 43, wherein step d} is included.

- 45. A method according to claim 44, repetition from step a} is performed at the most 5

30  times.

46. A method according to any of claims 42-45, wherein the medium changes in step c)
are performed from 1 to 14 times a week,

35  47. A method according to any of claims 32-46, the method comprising the steps of
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15

20

41

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 5 to 30 days, upon medium changes at regular time
intervals, d) repeating from step a) at the most 5 times, in order to obtain homogeneous
undifferentiated hBS cells colonies,

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

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?,
iv) incubating the hBS cells for from 3 to 25 days upon regular medium changes,

v} repeating at least 20 times from step ii),

in order to propagate the hBS cells, while maintaining the significant characteristics of

such cells.

48. Use of a culture system as defined in any of claims 1-31, for large-scale production
of hBS cells.

49, Use as defined in any of claims 32-47, for large-scale production of hBS cells.



