WO 20117/0112086 PCT/US211116/02 397 6 SUSPENSION CULTURE OF HUMAN
EMBRYONIC STEM CELLS OTHER PATENT APPLICATIONS 5 This application claims priority to
USSN 60/6Y8288filedssune 22, 2005. BACKGROUND 10 Regenerative PRAREHEIBEAefiting from
recent advances relating to the isolation, culture, and use of various types of progenitor cells. This
disclosure provides furthgy Ixiavareeituies draRAMREIERY sleydepmeatal human pluripotent stem
cells and their derivatives. Embryonic stem cells have two very special properties: First, unlike other
normal mammalian cell types, they can be propagated in culture almost indefinitely, providing a
virtually unlimited supply. Second, 15 they can be used to generate a variety of tissue types of interest
as a source of replacement cells and tigaues Hornsardn iiasusdherapy, or for use in the screening of
pharmaceutical agents. Thomson et al. (U.S. Patent 5,843,780; Proc. Nati. Acad. Sci. USA 92:7844,
1995) were the first to successfull oI te, pluripgt tem cells from primates. They
subsequently' BEACRHORAT M SRIBY itnl@ ﬁ%géﬁdggéagﬁfflnes grgaéfman blastocysts (Science
282:114, 1998). Gearhart and coworkers 20 derived human embryonic germ (hEG) cell lines from fetal
gonadal tissue (Shamblott et al., Proc. Natl. AB&EKCRMNRJSA 95:13726, 1998; and U.S. Patent
6,090,622). Both hES and hEG cells have the long-sought characteristics of pluripotent stem cells:
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These piasmebRsYRYREpRHH E‘%ﬁﬁﬁ%@f@ﬁﬁﬁ?&’?@%@%ﬁfﬁ"ﬁhﬂ FLBRAIGLSE TP Bropagating embryonic stem
cells in an undifferdivaatebedeas, tarioetHesr A SuiPprabEMERIsIE" fHPRRRIaMdigpgre traditionally
25 cultured on a layer of feeder celis to prevent differentiation (U.S. 5,843,780; U.S. 6,090 ,622). According to

Thomson et al. (Science 282:114, 1998), hPS cells cultured without feeders soon die, or differentiate into a

heterogeneous population of committed cells. Leukemia inhibitory factor (LIF) inhibits differentiation of
mouse ES cells, but it does not replace the role of feeder cells in preventing differentiation of human ES cells.

U.S. Patent 6,800,480 (Geron Corp.) is entitlied Methods and materials for the growth of primate-

30 derived primordial stem cells. International Patent Publication WO 01/51616 (Geron Corp.) is entitled
Techniques for growth and differentiation of human pluripotent stem cells. An article by Xu et al. (Nature
Biotechnology 19:971, 2001) is entitled Feeder-free growth of undifferentiated human embryonic stem cells.

An article by Lebkowski et al. (Cancer J. 7 Suppl. 2:883, 2001) is entitled Human embryonic stem cells:
culture, differentiation, and genetic modification for regenerative medicine applications. International Patent

35 Publication WO 03/020920 is entitled Culture System for Rapid Expansion of Human Embryonic Stem GCells.
An article by Li et al. (Biotechnology and Bioengineering, Published Online: 21 Jun 2005) is entitled
Expansion of human embryonic stem cells. These publications report exemplary culture reagents and
techniques for propagating embryonic stem cells in an undifferentiated state, and their use in preparing cells

for human therapy.



-1 WO 20117/0112086 PCT/US211116/02 39 7 6 The information provided in the section below
further advances the science of hES cell culture that will facilitate growing and manipulating
undifferenti¥&t2NiMpRent stem cells, and help realize the full commercial BSXEH?PAP@PEH6ryonic cell
therapy. 5 SUMMARY OF THE INVENTION This disclosure provides an improved system for culturing
and proliferating ipfomaipPpbiRRteRtsiestith EsvertiseTar SuspersioencuilireSsystenuof thisvitivention

enables e MSehia-Rratuf S HelsaHAN-SRbEQNAREM St dnscaranidAasixoharedisienianode,

for use In ther?i;); a doqlgggeﬁlgtﬁcovery. 10 One aspect of this invention is a culture of human embryonic

stem (hﬁoﬁn%l W

?H‘s'ﬁ'spensmn, Wherein the hES cells are substantially undifferentiated. The culture
may contain one or more of the following: fibroblast growth factor at a high concentration, other
medium additives such as TGF(3, stem SeUMARIQF (SEVEMHIN{3 |igand (FIt3L), one or more soluble or
suspended extracellular matrix components such as laminin and/or fibronectin, or solid microparticles
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changing T RRHRIMT I TbuTRRS SHERSIR PSSRy ht ré%ﬁﬂﬂéh#/%% ?Pr%sé‘r?& e S0 as to reduce cell
defsity; and fnglBsbretvs stindnastisfioacHiweaftaaDeRAGHe B RER bTellsid FHPERTRAN Y 2ES s tem or
kit for cuituring bES aellsuirsiatisiensititreviatpdisifgeonduer magrecotinersomporie ofstzrédelyineferred
to, or degesifpad pelavadbiase Rpdletisiasnesisepfikituinventiar withbe FERmEm: tamadhedesgription
that follows,; RRAWINGS 42 5iHe LapRws RIRIRS eliksiGalmafetahhARARAERR 98 Briigkd
surface in nconaltlo_ne medium. _supplemented wﬁ&gr vvghtfangdﬁ)rs.éALg?rpEF FOI’]%I QQaigldE&tﬁnedlum
(controlf%° Bﬁétrf°(§“f’i'57r8L)?°?I§) ”B'?fﬁ’ﬂ%%???n%’al'%‘ﬁ ‘Z%’o RoimLy; 1) R-VIVOTM 10+ bFGF (40
nglfL) $¥XEpsATUREIMTiEYor (SCF, Steel factor) (15 ng/mL); (D) X-VIVOTM' 10 + bFGF (40 ng/mL) + FIt3
ligand (75 ngAnbijie(EHE8 SETVRGDtehF &Fe80{40 sidiuming hAf thfe chemsisingetipeEiD drieipghs in
X-VIVOZ MLiientanshiQB Sahtant) Bandeivsegdosexpaitd hESingels lydeedectireedesitived. doothis

illustratign, the, GRS, HANNG: IR SAMPinRiRaS BINRIHE L erRandadifelaldeney Rassagrcybareas
those in COQ{JIi_t!a%rc]gigaw%%ir%nst.gx%ag&ed %Zam‘ﬂé Figure 2 shows the gene expression profile of hnTERT
and Oct%?ﬂ, &asuréd y rea\_ me %nb R, as described in Example 1. 35 Figure 3 demonstrates
thaCcells cultAROTh ITRECHRAHISETIRAR Y PR fidR SISy e S LR LG E P fiffes in
mEF copditishetineeimnesisaheshdrioirrddoreMVisroPRA #83Medium containing bFGF and SCF. The
cells were themeliffendntiatetipts efttibriypoidibodit be platee,tdnt dralyseidiby fratfalinosytochemistry

DRAWINGS
25
Figure 1 shows colonies of hES cells after six passages on a solid surface in unconditioned medium
supplemented with growth factors. (A) mEF conditioned ES medium (control) + bFGF (8 ng/mL); (B)
X-VIVO™ 10 + bFGF (40 ng/mL); (C) X-VIVO™ 10 + bFGF (40 ng/mL) + stem cell factor (SCF, Steel factor)
(15 ng/mL); (D) X-VIVO™ 10 + bFGF (40 ng/mL) + Fit3 ligand (75 ng/mL); (E) QBSF™-60 + bFGF
30 (40 ng/mL). All three base media (ES medium, X-VIVO™ 10, and QBSF™-60) can be used to expand'hES
cells in feeder-free culture. In this illustration, the cells growing in combination shown in (C) expanded 8.2-
fold per passage, whereas those in conditioned medium expanded 2.2-fold.
Figure 2 shows the gene expression profile of "TERT and Oct3/4, measured by real time RT-PCR, as
described in Example 1.
35 Figure 3 demonstrates that cells cultured in unconditioned medium retain their pluripotency. hES cells
passaged 7 times in mEF conditioned medium, or unconditioned X-VIVO™ 10 medium containing bFGF and
SCF. The cells were then differentiated into embryoid bodies, plated, and analyzed by immunocytochemistry
for phenotypic markers representing each of the three germ layers. The cells stain for a-fetoprotein
(representing endoderm); muscle actin (representing mesoderm), and B-tubulin |1l (representing ectoderm).
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for phenotypic markers representing each of the three germ layers. The cells stain for a-fetoprotein
(representing endoderm); muscle actin (representing mesoderm), and (3-tubulin 11l (representing
ectoderm). WORO7A0208%/0112086 PCT/US211116 /0 23 9 7 6 Figure 4 sR6WA/HRB06EREGUNt of hES
cells grown in suspension culture in spinner flasks (Example 3). After the culture became established,
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culflre was cﬁﬁﬂﬁﬁaﬂ’?ﬁ’?ﬁr@ PR ARYAL RS PBYABT PRSI hEHE 8 FbRRIRREr SaBistantial proliferation of the
cells in suspédrigion? F50DE TAH FD DEBERIPAES helPlievicuk wwhth ol sgyptosignowing prinateajduripotent

stem (h&Sreehadhasinwekserlcei g gRiadsald osdiaces aithee fitwklastderdar aellsbhfddatent
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optlmlzegbt ar% a(f‘évroﬂ qlgr] o%g%relﬁétl)n WO 03/020920 substantially reducing the cost o cell

S
productlon or commercial purposes. The ihtormation disclosed below provides a new system that
further advances the art of hES cell culture. Specifically, the production capacity of the culture is no
longer constrained by the two dimensionalPEieEpDERSRIANOK surface, and makes fuller use of the
three-dimensions of the entire culture vessel. Growth 25 conditions have been identified that permit

hES cells to paguliviadisysacasianioraepthpemasthhe&Rmple dhdEd Sl guiwedin
A AT NBIR LRGSR SOMAIER e e 8 e R TR g e poternce
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from the;, SY{ROLIRAYSFIS MR ARk DX G RO AN RIRRINRG ARSI A d8SS SEINRKIoUs
erb\élronconél } ions have been identified that permit hES cells to be cultured in suspension for over three months
(Example 4). hES cells cultured in suspension maintain phenotypic characteristics of undifferentiated cells,
and maintain the full potential to differentiate into tissue types representing any of the three germ layers
(Example 3).
The ability to culture hES cells in a three-dimensional space should make the bulking up of hES cells
30 an even more cost-effective process, and provides further opportunities to optimize the production capacity
and growth rate of hES cell cultures. The use of suspension cultures also facilitates the adaptation of hES
cell culture methods to a closed system, where cells and media are introduced and recovered from the
system in a sterile manner, but the system can otherwise be handled in a less scrupulous environment.
Further advantages of the invention will be understood from the sections that follow.
35
Definitions

Prototype “primate Pluripotent Stem cells” (pPS cells) are pluripotent cells derived from pre-embryonic,
embryonic, or fetal tissue at any time after fertilization, and have the characteristic of being capable under the
right conditions of producing progeny of several different cell types. pPS cells are capable of producing
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antially undifferentiated contain at least 20% undifferentiated hES cells on an ongoing basis, and
may contain at least 40%, 60%, or 80% in order of increasing preference (in terms percentage of cells with
the same genotype that are undifferentiated).

Whenever a culture or cell population is referred to in this disclosure as proliferating “without

30 differentiation”, what is meant is that after proliferation, the composition is substantially undifferentiated
according to the preceding definition. Populations that proliferate through at least four passages (~20
doublings) without differentiation will contain substantially the same proportion of undifferentiated cells (or
‘possibly a higher proportion of undifferentiated cells) when evaluated at the same degree of confluence as
the originating culture.

35 A “nutrient medium” is a medium for culturing cells containing nuirients that promote proliferation. The
nutrient medium typically contains isotonic saline, buffer, a protein source (in the form of one or more added
proteins or amino acids), and potentially other exogenously added nutrients and growth factors.

A “conditioned medium” is prepared by culturing a first population of cells in a medium, and then
harvesting the medium. The conditioned medium (along with anything secreted into the medium by the cells)
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LaboratGrytaitatairacy Sdmbedisrnet at. edsolisy ﬁ‘rﬁ?ﬁérﬁ‘ﬁf?“@éﬁ@@?&ﬁ&é’r%&%‘?°ﬂ?fﬁ?ﬁﬁﬁl|an
Celts (Millewgeyca s edsy ;undnCrmteny/ndiocois/ag\ibte QuligeB ilaiggdth WileaBsidne) eRagoerts., Wiley
& Sons)ySelh higleay « RIRIRIRChSRIIS Hyniphsian iba techaigursicamnhedaunabia fourmninératocols in
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Is Our Bausme ﬁ/l?rRWcLung]ﬁm ﬁ%nnt%ses nderstanding Media (M. McLuhan,
Signet, fQ?G)‘.d Bloreeficrs: supplies and reagents are available from commercial vendors such as
GiBeo/BRL, Nalgene-Nunc International, Sigma Chemical Co., and ICN Biomedicals.
Sources of stem cells
Embryonic stem cells can be isolated from blastocysts of members of the primate species (U.S. Patent
5,843,780; Thomson et al., Proc. Natl. Acad. Sci. USA 92:7844, 1995). Human embryonic stem (hES) cells
can be prepared from human blastocyst cells using primary mouse fibroblast feeder cells, according to the

30 techniques described by Thomson et al. (U.S. Patent 6,200,806; Science 282:1145, 1998; Curr. Top. Dev.
Biol. 38:133 ff., 1998) and Reubinoff et al, Nature Biotech. 18:399,2000. hES cell lines can also be derived
on human feeders (U.S. Patent 6,642,048), or in conditions entirely free of feeder cells
(US 2002/0081724 A1). Equivalent cell types to hES cells include their pluripotent derivatives, such as
primitive ectoderm-like (EPL) cells, as outlined in WO 01/51610 (Bresagen).

35 The illustrations provided in the Example section ensue from work done with hES cells. However,
except where otherwise required, the invention can be practiced using other cells that meet the definition of
primate pluripotent stem cells. '

By no means does the practice of this invention require that a human blastocyst be disaggregated in
order to produce the hES or embryonic stem cells for practice of this invention. hES cells can be obtained
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25 Sources of stem cells Embryonic stem cells can be isolated from blastocysts of members of the
primate species (U.S. Patent 5,843,780; Thomson at al., Proc. Natl. Acad. Sci. USA 92:7844, 1995).
Human emBMAEeMBhES) cells can be prepared from human blastocy8Cdéls20841339rienary
mouse fibroblast feeder cells, according to the 30 techniques described by Thomson at al. (U.S.
Patent 67200s806)sbaienes 28RiddAS fbAOButidlHepbafribietor BleimdR; 188 lvicki 9BsaaehRedumairoff at al,
Nature Bwa&%h WBiB8.200R kel Higps @é\m'&guga.a?rm&g an R‘}Amé‘%f/? dﬁﬁﬁaswéﬂdon%em
6,642,048) gb%n |t|<% entlrely fr?rg of feeder cells g,le 3 02/ AI uwalent cCell types to

hES ceII |nclu heir hg) %eﬁ)t erlvatvgrgorsdba(l: ermcr|m véesé:c erm }_ Céjfgca{gagutlmed

in WO Ol?g 610 (B ?é%a%se /285 178 ﬁﬂ?sHéﬂBﬁ@'}Sr%Qf?&é"&%n he: If)?é‘?ﬂb?é‘@@éﬁ%hzé%ﬁﬂ #IMAork
done witRAESPkEnstepipavesis drteqst witheretsthepwismbagsine diethtsiveetivaycise be prasstieéd using
other cetbprifurmetaétivegefiniticisohtp s ieipl b petent Sterr aeisinByca thaeaivp sleaSoHaadsactice of
this invertiantaguire. thaia Tuenaroblasineysting, dispgesegatedols). ARy %@Bﬁaﬁé{&%&k@t B}Fss o

embryong, %m@%ﬁ bl Bﬁ@%ﬁleoééﬁ"aﬁa‘éﬁﬁb olx c;u;b t.se'é% C@gﬁugsd%bﬁh ger.va%o 80%9 (/0112086

PCT/US 11116 /0 m esta lished lines obtainable from pu eposi orles for example
the WlCeﬁflﬁeseréJPc ﬁ%ftl{uqt NEBITWI U.S. A., or the American Type Culture Collection,

Maflassas VA, U S.A). Human Embryonlc Germ (hEG) cells can be prepared from primordial germ
cells as : genblott at al., Proc. Natl. Acad. Sci. U.S.A. 95:13726, 1998 and U.S. Patent

6,090.622. U SgtencPulieion 200311910 & 5 fepofs Bpgienl stem cols lfeg wihou

the use C%eren a}ios or fetal ssue. passible to_repro er prog enitor eellS into hES

cells by using a actor that imd u%secgl’l%g]bgurlﬂléf’é'ﬁy &ngﬁé?fr?g %@13?9?9«9‘?%2& al., CeII 113:643, 2003;
Mitsui et al., é@ﬂyl‘ﬂ% BN 198 73 eIPI Ay BIRSpTHHES CRS HHIE Hs WAV @élﬁﬁﬁﬁ"éﬁpmml&@é prdliferative
antfd |ffé¢e¢ml agbn leapenite sroliaripu sé théomtife detliiatipheobgiifferentiate drotinst es dastiseraecording
to this inventetent 638001380 MO0 108 18565 (et l0diglyannos! sciantisdais tncdigldideiersed teulture

hES celigatpyeanaliipadearhs dnrsrventditeraniialion. anaviainalrsseisd by Thomson (U.S.
5,843,780; U 6a@%%t6%ﬁ}he %{j s Scie tists a{;hG(Fror]( dlscov3r%d culture rf%/stems in which the

elements conin ute er cells to promote %géo?lfgratlon “oPtive (i ﬁ%r%ﬁﬂ%ﬁ%ao Pr&hotype

could b& FA5TIHEG rﬁ?tﬂﬁom&%ﬁ‘ﬁ °3) & ‘l*—‘*ﬁf’é\iﬁdﬁbé(ﬁf? Ingyee) baingsa e ptdsfomitsospl Yingrl-Xu at al.
(N&lure Bitteehn kst 819 BT 0200u9e derskldbidinefEATEST-esessisituNe. 2RI IPent boas wxsonts
proliferaftforpladtholivalifferientiatits. @neaxspaecnf ihe feedaut oessuluite isoRtbOmMis kL sHRMRHhe IFES

cells by asyeings arsaibiesieasriiBlariMatibel iR AN R AePRSHECL DY AreckiturpgAnd dysing a
matrix- fﬂfm'ggré&uémﬁe@b%ement membrane. Other suitable extracellular matrix components may include

laminin, fibronectin, proteoglycan, vitronectin, entactin, heparan sulfate, and so on, alone or in various

afsls (

=\ &

25  combinations. The matrix components may be human, and/or produced by recombinant expression.
Substrates that can be tested using the experimental procedures described herein include not only other
exiracellular matrix components, but also polyamines, hydrogels, and other commercially available coatings.

Another aspect of the feeder-free culture system is the nutrient medium. The medium will generally
contain the usual components to enhance cell survival, including isotonic buffer (i.e., a buffer that is isotonic

30  when adjusted to working concentration), essential minerals, and either serum or a serum replacement of
some kind.

A direct way to introduce hES supportive factors is to precondition the medium with primary mouse
embryonic fibroblasts (mEF) which can be prepared as described in U.S. Patent 6,200,806 or WO 01/51616.
Also suitable as feeder cells are telomerized cell lines, and human cell lines obtained from differentiating hES

35 cells (U.S. Patent 6,642,048) or other primitive cell types. hES cell medium can be conditioned by culturing
the feeder cells (typically irradiated or otherwise inactivated). Medium conditioned by culturing for 1-2 hours
at 37°C contains a concentration of factors that support hES cell culture for about 1-2 days. However, the

conditioning period can be adjusted upwards or downwards, determining empirically what constitutes an
adequate period.



20 6,800,480), such as the STO mouse fibroblast line (ATCC Accession No. CRL-1503), or human
placental fibroblasts. The matrix can also be coated directly into the culture vessel with isolated matrix
component3YMAIPERMGs a soluble preparation from Engelbreth-Holm-SwRd gty e98ahat gels at
room temperature to form a reconstituted basement membrane. Other suitable extracellular matrix
components (nay ifelHsfe lRMoinitdiaEonestn, Resteaglysase visanectissentactimdtiepaiareduifate, and
S o D RS AR oHHE U CATRARR R Y. DRRURAR @B ok ad . ced

e i Sabialcs i s be eseduming g e

ex racelltlar matrix components g) amjnes

hydrogé@tmh'éfabbvﬁﬂﬁé?ﬁalﬁf &0amiisie epdmnigen ﬂ%ﬁ‘i’g?tggrﬁéﬁro?'}ﬂe)fgéﬁé e l%{m?ure system
is the nutrienhmediey. Reamsdiuas FBE.genor gyt fheinserAseeip GRe ARS-RSEAIAATE Cell
survivahdnshidingsispianiseh ufifer i woicalp ubietithabissigetyricdS Ghwieskreldnstid tw Wbrkitrget of
Conce”&%%mé‘)an%s%gﬂ%ld?am{@'%mad.@'m SRIUMHRER SETHI KPBlasement piuromIetkinderindirect

way to introduce hES supportive factors is to precondi ith PrisRaLY {HIRUseagmbryonic
fibrobla®t§ ?ﬂﬁ\g‘f:j Tf{?ﬁ% b ru‘rlg%:areé' B d%gc(?r%be %%%HE&Q‘@%&#W r%l ?or \We 01/31616

Also suﬂafﬂéoﬁﬁ‘éétl@w@ﬁ?@%%ﬁﬁﬁ%a PR LR AT éﬁf?lnes obtained from
dlﬂ@rentlatlngﬂhm%bdmﬁwmfslah'a@éﬁlﬁ@%h@@m)"éPBYH@FWNW%T?T}?H%W€§"'§?§ﬁt'ﬁ?e%ﬁlhm can
be condjtienandneuiipingicthelkeederaatisritypicallyiveilitte exormstore rvesiimaBivdiseeriatium

conditiongsk-hy gy iEHRg éﬂfogr&lhﬁwséemn%%hs:oeéalasa\mommommeofefamn@ehammpoutSa ES cell
culture fof about d.g ﬁ %Wﬁxﬁvoﬁh%cmmawmgcmm cREHRSadiuptehud Warss andewnwards,

det hat constitut t d. -6 W 7/0112 C 11116
determiing S el consiiles on deguarc geiog, can%%%%v%ﬁ% S ettt

(nth- cmmu@myfméuiamrw&ﬁamuﬁg%&6&&#&6&9@1}’1&? AG3IRb N Igg JPoBri ATy I¥§nal AL dliction

pathwaysdn amdifferentiated allsroteislinatscChstisevinierdiuRERN UK Veith Gt e et SHTIE Ean R

identifieg)qaRiricalivbitdne sneditxibspicalancontains aoteuntpaldotidfenésutiveaasaph Esghit& RRATOr high

conceniyalioh icatBp A A SALOR c-SAIQT S Bislelsy YD (2.0, serum such as FBS, serum

e AL e Aa eI S EL AR s Rl AR O AT DRlrlsR bpicaly
a

upplement
contains |IpIdS acl '“’“Hoféé’f’ L extract of seru other in rquents found

|n%ﬂost§tﬁ?ﬂ$yﬁ?éﬂi&ed?rfhﬁt§‘%ﬁﬁe(§?}aq°ﬁs Ff@ﬁ?’ﬁsf)?rﬁ‘?ﬁtﬂgf&?fr? R 8r(])cs‘?|r)('E:-""s{1 "B Rt ec@ des. p ruvate, a
sugar stupcenstschEas el indisuation sfiliay Waﬁytﬁiﬁ&eﬁxﬁﬁ?ﬁ‘?ﬂr%ﬁﬁaﬁc Gl 8ot steh 4u
hydrocastiee reanaiar shecdutyngragentsuchdasH@imert dptoethanedyicshwraings itiflslel epweasercially
availablsnﬁmms% Ray& Reeteeeinped @b sultiiagoptelilenat veeeliety pesdiedematopetetic
cells. E emgcar Exfg?ﬁs.fe'é(% Y 0 rnfosin ety B EiopRkes And: QRBFOMPEP-(Qually

Blologlca(m1 ee aso /30679 (Life e Inc.,) a 4
(Affgenl)iof H“@r}?e{}tfwm(io?cgﬂ%uﬁa??of? 'ce:o?n alf')mrom(ﬁ'g aceutlca%@% umaﬁ‘%%&grmr?eér%%gm binant

human (Gzamaleit ﬂ@dﬁb&%ﬂ“ﬁﬁw{fﬁ%ﬁiﬁ?ﬁvﬁ%ﬂémw ﬁ%(ﬁﬁ??ﬁﬁ%drgizgr?ﬁpc?é‘?wm on their

own usually have a lower bound of about 20, 30, or 40 ng/mL, with a practical upper bound of about 200, 500,
or 1000 ng/mL. Concentrations of at least 60, 80, or 100 ng/mL bFGF are both reliable and cost effective.
Equivalent concentrations of other forms and analogs of FGF can be determined empirically by weaning
30 cultures from bFGF into the proposed substitute, and monitoring the culture for differentiation according to the

marker system described below.

Culturing hES Cells in Suspension
It has now been discovered that hES cells can be grown in suspension culture, rather than letting the
35 cells grow on a solid substrate.
hES cells expanded by another culture method (or obtained from a primary source) are inoculated into
a vessel adapted to keep the cells in suspension. The vessel walls are typically inert or resistant to
adherence of undifferentiated hES cells. There is also a means for preventing the cells from settling out,

such as a stirring mechanism like a magnetically or mechanically driven stir bar or paddle, a shaking
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15 stimulators of cellular proliferation or undefined supplements are not included in the X-VIVOTM 10
medium. They are also devoid of any protein-kinase C stimulators. QBSFTM-60 is a serum-free
formulation AREGHERES recombinant or pasteurized human proteins. Oth@(Foeati Bitarhatives are
Ex-Cell VPROTM medium made by JRH Biosciences, and HyQ CDM4TM made by Hyclone. The
base magitRiimupRIMNsRiadnihnaddiees, that aremgterprolifesdtiomefrtvisur(tkierdntietatiat20
phenotype while, inkibiting. Qdfgﬁgﬁéglgggpegfggrgpjpas,&ggggy,tthm;g; at high concentration is especially
effective to Rrom te hlf.%le Orpggélferatlon w ithout dj Jgﬁt'%?é]o&'ﬁ?éﬁ{nﬂ@ﬁea{ﬁebéﬁlg g;‘.,lge(anF 2),

and FGF-4, bu her members o? the amily can also be used uivalent forrF]: are specie

homoIoﬁ%“’&?fﬁﬁ!\é?éﬁﬁ'ﬁ%@?'rﬁﬁ&ﬂf&ﬂ?égrlf@?hse (ePELRHERS éée PSR OIRET PacE

er receptor gC?Vatl ng

mobecuRdss it thisy BaawvdetSenntiseCorbadgan §t@ﬁﬁr@§&%%1yé@?wa"defﬂ1%ﬁm@&%‘E§%%l|s
expresséecepiarsfopatisic Wb hdfited iséd ia 2B higiriconderdndtiome FaRriglenads sufficient to
promote growghRhVricRlipdnrRpLndiiiarand altrstairiéb xaempips dnandppbre gnoentsatione:of FGF
effective for gJeJZPtJr& Wndiffer ﬁ&%‘%ﬁe%@% gst't'le%fawﬂa % eMe %&\m%lw@vmégmrnswd of

about 2%5 50 a practical y un o O 500 000 n
Concerﬁ?glﬁ?or@"(’f‘ftﬁfﬁm%ﬁdﬁ 3Pﬁﬁﬂ)mr'ieig %e' % oth reﬁa%fé’% r(?ggg?e egf%e kfltzeaalvalent

cchenﬁia‘ﬁbﬁﬁdwﬁﬁéﬁ%rﬂ?&%‘n‘ﬁ?@ﬁ&!ﬁ@%eéﬂi‘é}lﬁeééﬁr 'H@f@?ﬂ%‘é‘ﬁpﬁﬁpmcally by weaning 30
cultures fromMeRIB FErintottibrecproposee dalosttuie, amdng ORRoMY ithibeaeaesdor dFersrmask!id
accordipgtedheymrkes s teepaenarimddse Bite Ciolitiingh BSr&sissittaSas pension Exdmagadw been
discoverpd ihat RESFeliF-can DRarwn énuﬁrés&%owm@ugerav.ﬁamﬂtmaea@mmwhe oBnagdlsmgrow on
a solid substrate N rr'éj‘sa%tgﬁﬁ 8{ E%FHF% W%Eﬁ%@%@ﬁ@:‘&e{j é@ﬂi}p%tﬁé@é%ﬁfh%ource)

dlated
are inocdlated in avess adapte eept e cells In sus nS|o . The vess II§ aresxpfally

ind#t or Fuendiei et SHPRSPSIR% SHtRAMIL BRERFESTC MR PverE s &S0 %erm'egns?or oo SERling the
cells fromdiftsteinigtetitlusiatsn(ths treendingnpiraehegvispipke’ amyagiiereine orapRCARAIRUIN SRS stir bar
or paddigsanshakioghdst WQRO pATYOIAPOBEIROTAIBR1A b1 /- 2r3f9hE BEFrstharssinpaspeic ANy

attached o dhervasseldvaine Risida) niamirviestingrmachanismifona device that rotates the vessel
S0 as to Char%% theaf#'fectaormgf &.fs%gnyoupgmtm@ cplish, Viessels suitahiesfen suppensiaa) Culturg, for
e

process dev ment Inc udet e usual r e of commerC| Ué\éavallables mgﬁer ot §or§h%r fIg%(S

Fe%%en't’é‘f’éﬁﬁﬁ?ﬂ?ﬁ%df%?"égﬁ%%%?glfnﬁsrc? letion ard Celigen b Plast runswick Scientific Co.)
and the SHRHIT R RESEBPTM (AP SRk FAES) Sffieieed tﬂ‘éﬂ%%i‘é%fé"&éfﬁa“B@eéSPf‘t?n?I&Fﬁy‘:ﬁErfﬁ’éed with
mediunesmusedsmatfedrbdteisysieddesmbedamibeinevbsintiens BroslugiRiserit Fretmied thErerellsMaintain

the undiffergatiatesyphpamivpewandsangped sgiosnihsisnieplaeeduasineeatiascd fosrehavopitfdajuledting the
cells Seg#%namersrmgtgmgeﬁr;e(msmm)an@ ihenresuspendingibe crilRkefPronihrisrenitores,and the

culture |ss I| W enr uire ke roo for further ar r the
Ceﬁg ar @?_Iarl\]/ 8rs s%]a ny§ USe CT f%r H’]g?ﬁtlen %sn a BOt % {hg 8%‘4@!’ égﬁ:lg g‘f tillQ &Hﬁﬁpéﬁtlg{élél&ﬁt@g B?ff‘

the ability of the cells to differentiate as reqwred The plurlpotency of hES suspension cultures can be
confirmed by sampling the cells, and either producing teratomas in SCID mice, or by staining EB-derived cells
for markers representing all three germ layers (Example 3). The user can thereby optimize the system to
achieve a high growth rate while retaining the full pluripotency of the cells (or at least the ability of the cells to
30 differentiate into the intended tissue of interest).
Aspects of the culture system that may benefit from further optimization include the nutrient medium.
Alternative base media and alternative FGF additives are listed in the previous section. It may also be
advantageous to use one or more additional additives, such as the following:
e stem cell factor (SCF, Steel factor), other ligands or antibodies that dimerize c-kit, and other
35 activators of the same signal transduction pathway
 ligands for other tyrosine kinase related receptors, such as the receptor for platelet-derived growth
factor (PDGF), macrophage colony-stimulating factor, Fit-3 ligand and vascular endothelial growth
factor (VEGF)
e factors that elevate cyclic AMP levels, such as forskolin



Media and other components designed for growing hES cells in the absence of feeders on a solid
surface may also work in suspension cultures. Either conditioned or fresh media can be used
(Example 4V E0203he dynamics of suspension culture provide the us@CHIIPZGMBEY ©pportunity
to optimize the various components of the culture system. Without intending to be limited by theory, it

is a hypothesjs qfIhjs &,’étlm}gg&t@&5ba§u§H§pgmparﬁg&gm.wll be enhanced if the hES cells are
permitted to form sma Il undn‘ferg_I ﬁgd cIuEter% th g thl’gt%((jll nsional equivalent of an
S

undifferentiated lcjslon 8'ﬁ Rt aces) pOSSI s rrounded by cells partly differentiated into

stromal cells ® or"ﬁi"t?f@“ﬁESgé@M@ é%%%ﬁsiﬁ@?‘s%“‘dnﬁlﬁt shielded from the dynamic fluid forces that
otherwise might causgaifféeentiatiorh SptiniredigroehtizetguiSFENsion culture system can be
accgmplished by,eimpisiiadesiings @Qrndifferentiated cells from a previous surface or suspension

culture are PagAge iR IEthIMAUA ARG UG A AHUElGR Do 1RSSR, SRRRAg
examined periodi ér/]for charac erlstl%e3 ree ; Eﬁoceca deor exc?[glele usms% tpe n]jarke;]systs%rg g)escrlbed

in the nSYCEECHEh 25N GG ST P ERSPR SR Gan “aleD e assagedaﬁ fo a

well- estﬁMi@lﬁé’ﬁj(@alﬁJP@@%?é’@, and evaluated for classic morphological features of undifferentiated
cells (Exampl/i8lk tfatvelliES e st araintantcidrultirmiamiy RireifedengatisridmdnitebesiericliBptissue
type, therdhe viisiets tesiomay setd enthesnatsarprofiiexabtheundifferentiateticidtinepbutedhie ability

of the cells fo. differentialeas [eaiEednd® RLLNOIRNEHOLAES SUSRE BNl @HIBLSS. g Peognfirmed
by samsanbg the cells, and either producm teratqtmras in SCID JMice. or | bg telnln EB- deg,ls\(lﬁglycells

for mar 't8 ré‘%aé?fﬂr? HPHrEe Orersrlﬁs aey%cr’g (ql‘:J M |n°|f~f§?éﬁ1 & User can t ereb oIelr ize the system
to ach|é\?@%€ﬁl@W§j¥599!¥P?§té’WﬁWé“fbt%{lﬂ|ﬂ@f‘ﬂ'?é ?ﬂﬂ“ﬁ'ﬁﬁ‘ﬁd‘e&ﬁey oﬁﬁ@’%@ﬁ%“t'&f %’éé’i%ssé'ﬁhlty of
the cellsttec86 idiffeningtiatellingorebeténtd adepbtppsiale sftnterest). Aspects of the culture system that may
bengfit from furesioniislircdianisncivgieshensivriraniranesicontaiA iernatiedbaise hediasnsl dit@native
FGF adqjijyes,a&dieshin Ehﬁ‘s@ﬁ? 69&!5 FRTiAHtNANAISO the cARVARIBEROUSIRMASR SRRAT TAEre
additional additivee, Sucly %%3% oW, e 26 C?‘JJ&%@ L&%%&.é&@%‘é%&%é?ﬁba%ﬁé Ji92pd5Mg

antibodié T4t dimeriza o her activators of the same signal transduction pathway ligands

for other“ﬁﬁ‘&@ﬁﬁécmﬁ%é‘?glﬁf%m@ﬁ?&% 2d0RAREHE PEILHEr platelet-derived growth factor
(PDGF), mackystergeotmlongasiniialsaid grtasist orrenitrgheiranaricecirde deactietiizgisuit it tor
(VEGF) fagtors thaitisdesratgeciccioghistP delletscisuett &y fotskolnd -® WO 26dther/0pe 208i6k-shaped
PCT/USZ kb 15402 3 & ébindastersdhnabieducei@p)l Rewssihsas ik Briofi@ncesiatinaMiathematepoietic
rowth fRelQrsooHEMh A2 HCORANAIEAS LR Ok kABHEHTIRD LIRHAR) FacialSy RS AESTISR tiknalher
growth fg%Egéalulsalil’anatrlx egjlchegsn?aln%gwég tfl%(%t‘%r g%tach?ad cglg e?\;[é e IQasrﬁeS Hﬁ:cro%%v onr-nre:nt as cells

plated onto a solid surface.

25 Another type of microcarrier is macroporous particles of various pore sizes that permit the cells to
reside in the interior as well as the outside, to potentially enhance the protective effect. In order to recover
the hES cells with minimal disruption, it is beneficial to use particles made of a material such as agarose that
can easily be dissolved or dispersed by gentle mechanical or enzymatic action, thereby releasing the cells for
harvest or further culture.

30
Characteristics of undifferentiated hES cells

Human ES cells cultured according to this invention have the characteristic morphological features of
undifferentiated stem cells. In the two dimensions of a standard microscopic image, hES cells have high
nuclear/cytoplasmic ratios in the plane of the image, prominent nucleoli, and compact colony formation with

35 poorly discernable cell junctions. Cell lines can be karyotyped using a standard G-banding technique
(available at many clinical diagnostics labs that provides routine karyotyping services, such as the
Cytogenetics Lab at Oakland CA) and compared to published human karyotypes. It is desirable to obtain
cells that have a “normal karyotype”, which means that the cells are euploid, wherein all human

chromosomes are present and are not noticeably altered.
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With a view to protecting the cells from adhering to each other, adhering to the vessel wall, or forming
clusters that are too big, it may be beneficial to include an anti-clumping agent, such as those sold by
Invitrogen (@42 200000@08Y AE). While the cells have some capacity to form eV GRPeRRREellular
matrix to a limited extent, it may 10 also be beneficial to include one or more extracellular matrix
Componentstﬁﬁg%gmggly@&%aummmsm Eeﬁdwﬁérs%auﬁ’ablbwer'}ﬁmy(ﬂmg&ymheﬂﬁieminin in
suspension is ut 1 33 O candi Majet NRINSHRSHSRensHEaHHires
include négh'?é)cg#o &8@5%?&?8& g%%{%gﬁsgaﬂ%ﬁé%@g%ﬁg%égﬁgig %c@?}?s%a%ggogc ggt@&%s%qegrt&fgcial
equiva@ﬁ@lﬁeT@é??ePh@”gx-{faéé%IQPM‘Eerix mé\)'/ _asa§|$t 3 e(—:-_ ce ﬁgﬁn ormin smae" a&;%re %tes of an
appropﬂé‘l@@imf'wﬂﬁ@ﬁ*?&iﬁ/’e‘l%r"iﬁ%JﬁYi%r"f‘,r‘iH'ét“s‘h@paé’i’?’é‘i’BPf’EMﬁﬁ'goﬂ%%%ﬁté% parr(hcu?é% carriers
that crezxevplifasesCivithipativin selsprimsion!idrtGRR) proeiths throtsahEh e e RG e cBYSAR a
three-digngnsiepahsRacenIhBLselisTare ) uliu mdrniinassageddndhetame way, except that the
particles are retained iRihavessakHURNg [BEAIUMbRYcHARDR: QReINoEeHRKiRIas areraddednuhen the
cells are JOR Q1 ne.of TRcaigis SASRrGAl QbsalSARGHERLRgIHCIRS iBagoR glass,
plastic, GextPhA % aving a Eéosm_ve charge to augment cell attachment (nCti tod{axs)LJ anga torQeAnother
type is eRekmeRd pedorainiRgnRendn SIER FicmemE E@UEQ'P%%@%TQF SOlg By %'(\ﬁv 'éruer?s(\)/\(icﬁ cientific
Coy) Incasnyriavaref thégpatifilkspprindigacy sarfaeciairsmit it Poa'owing $6fdek rierd e yptiory
coated yyibrRaINES eehflicndivrsixy acetiuiabndaixrsuitenasttamitia fsoce At i epmeenied i8R have
the samg{RICLYSAVRERSAEARREISRIates) ObtreAisnliches ifareio AfiféraatiteriiypenttunioreCireser is

macroparoje PEEles O Yariaus Bote:Sieesaiah RS s celi o reside in the nteror as wellas the

outside???) peo entially enhance the protective effect. In order to recover the hES cells with minimal
disruption, it is beneficial to use particles made of a material such as agarose that can easily be
dissolvatsesralimpegasedipzgeiie mechanical or enzymatic action, thereby releasing the cells for
harvest or furer Gltkse pRRisebar actRsistig s AtM Reiferentinted hirboeelissnanEScetsiouitared
according ig Ihig InygntioR, 1y (e AP RS G maeehalalcal featureahoniuiagasiintadisiem
cells. In emtwo dimensions ofa standard ny croscopic image, ESI ells have high
nucleartSiBRENAI IAMLETiFPRHRE ﬂ1§ﬁt§do?t%ﬂeffﬁ'dat3,'np?g SHEnaclest and compact colony formation
with 35 poorly/elfieeaniatsie G Geliscrorre. el riseen e HacieFyRHh B Tah G USHHUHPE BB 5RYing
techniquelytaviadiaie atdribayikelinicaboiiignostios lebsutist prodiines roUTRIEPRIAHBLY HiRYEeRikEs, such
as the GyeeenalisslabsatdaldantufcA)rasdcannp aredaeopublistte tbhinn stkarybpypesiciuicelesirable
to Obta'@oﬁﬁﬁél&ﬂg% HAYE ReNAMAlKatyRiYRE i BEangidhRt Ihentalka e RHplaitisybesely all

human chromosomes are present and gre nat nofi ly altered, \ ining an
P%T/US@'fTﬁ@% QQS‘Lf ()B ! eltzegtlgéeﬁscce?ilsn ?gmcsh%%%%%gri}é@j ﬁ&%ﬁ\ggﬁy %I]Ein[gggkgﬁztdetggﬁéble by

antibodj}eﬁl'!ikﬂﬂéyfﬁﬂﬁifeﬁ@dd?en correlating the effect of the compound serve OXiCl

25 metabolic effects can be determined by cell viability, morphology, the expression or release of certain

markers, receptors or enzymes, DNA synthesis or repair, and so on.
hES cells cultured according to this invention can be used to make differentiated cells of various

commercially and therapeutically important tissue types.

30 Liver Cells

Hepatocytes can be differentiated from hES cells using an inhibitor of histone deacetylase, as
described in U.S. Patent 6,458,589 and PCT publication WO 01/81549 (Geron Corporation). Undifferentiated
hES cells are cultured in the presence of an inhibitor of histone deacetylase.

Staged protocols for differentiating hES cells into hepatocytes are described in US 2005/0037493 A1

35 (Geron Corp.). Cells are cultured with several combinations of differentiation and maturation agents in
sequence, causing the hES cells to differentiate first into early endoderm or hepatocyte precursors, and then
to mature hepatocyte-like cells. Briefly, differentiation into endoderm-like cells can be initiated using either
butyrate, DMSO or fetal bovine serum, optionally in combination with fibroblast growth factors. Differentiation

can then continue using a commercially available hepatocyte culture medium, including factors such as
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immunocytochemistry) or by reverse transcriptase PCR. hES cells typically have antibody-detectable
SSEA-4, Tra-1-60, and Tra-1-81, but little SSEA-1, and have alkaline phosphatase activity. Panels of
suitable maMergldetetdhle at the mRNA level are listed in application US 20023V0204423941 (Geron
Corp.) 5 Exemplary are Cripto, gastrin-releasing peptide (GRP) receptor, podocalyxin-like protein
(PODXhép&lblé?@rbr%l@m&é@%—@%e'&%&F&@S@F@Iﬂsﬁ&b'r@@ﬂ angbihRRNdbrvasatniionifaetgr, Oct
3/4. As ﬁwfsggxt %ﬁo@w&mm feagﬂ;ﬁaafraf&nms%ﬁ&&%km arps%t%atzﬁhmgmntlate

into cells ree germ ayers: endoderm, g}n‘l and ecto Pluripotenc ES cells can

be con?ﬁr%%ﬁrﬁ?qﬁ?ﬂﬁﬂ RrsriadinSEaHY ml?:%mz?l% examimn asfﬁ or%y PSP régéc ivé fisties of all
three 18Y@§HWW@@OAMW|\%N€§IB'PI®'&§HE§/q:a'PPB@ﬁéiérﬁﬁW&H W%II’BWHE‘)@'WE’S' JefRs of
differentrigaspirs.specifically (for example, by forming embryoid bodies), and then determining the cell
types represented in the culture by immunocytochemistry (Example 3). Potential of hES cells to
differentjgtg, ind@ particular cell lines can be determined according to procedures described in the next
section. 15 Uses of propagated hES cells This invention provides a method by which large numbers of

pluripotent celR'EAGE FrdEacEIBHS FIMAES Galisseaaeding docfsaibadstatiiddh imb et
research&n@eroaeeciel puspoSas Meths 20RIFEENIABIT fonth, VBP (P PRSERréeeseh toUMiEiE@Miate into
a particulrsreathtype. hirglifiarentiatadybl S asllsaanke aseddarsereanifor factersn(such as small
mO'eCUl?eQ&wﬁh.RseeHéi%ﬁe &%@mk&'&@t@%rﬁﬂs thedlikehRrsANAitiarRe teuchiaseyibigcanditions
or mani Ln%tslg% OrfSIG r’aCter S Ofah%ﬁcgels ca aqaLllét%'f }?5§ %Hl%{% %n(‘g%I]na!‘,%ﬂupee Used

for the (8% researc Assessmento e ac |V|';I\]/eg ndidate

|caI compoun
pharmacé&R %deB‘FH%ﬁr?ﬁ%EgCé:nB? ﬁ)}%ﬁVBR@s &p ﬁ\%ﬁ?@’%’ﬁ#’éP@H&?ﬁ?@B"&%ﬁ? SRR ion with
the candligateecerBoEnauRtEasinifNAg YRS rest ERePERE e, HMPtRRh 28sPretaarig 170 8F&ERbithe
corapounsleadth e phseive dichangel Cyotoxicity eppabventstalyalsheffedtsxdasebe dederctentd by cell
viability gparialpaye (RBLXPRESS IR BIHEIeAs Q. Af BRAAIE caIREkasSuResep RrmiRS T EARRIdR A
synthesis, or. rep: Irge ? naNG28HRR- nJ‘tﬁ?’aB?éﬁc&H}t,l,{rtg%ﬁlccordlng to this invention can be used to make

differentiate varlous commercially and th

euti taIl ortantltlssue tyepes 30 %(la\éelrr] Cells

Hepatocytes 8&9%%“%[&?&%?&%%%%%%? e °§|n |Hh¥8 [%r 0 e deacet/lase. as
describadmediys. @atdinte A58 aptPeT Bﬁﬁi|@é\“ﬂoH'W@’E’ﬂ@ﬁ%ﬂf?@@?ﬁﬁ’?'@:&ﬁ@iﬁtﬁb‘ﬁ? as
Undiffe teiatiatetbrite Sseetisrarenduttinedscicth&hgreslie ree térapiatahidito e ob i stafrced rcetiprigaciStaged
protocols famdifferentiating pépdidtelsinsrbepatocesraraifesstibed, tanUe 26054003 THaBAb35
(Geron Cy/p. %ﬁ%@"&éf@&&%ﬁ@ﬂ%@&%@l ) ui%j[f@%@%ﬁ od gﬁ%@@“ﬁ“ﬁ@hmrt@m%ﬁﬂﬁrb%ems in
sequence, cay ells to differe irst into e n ¢ ors

9 eq‘or oli Isga%ieng C){tﬁe CeleS @ﬂ%t g}ro deﬁ% can %g Qr?adBBBrﬂ’érm Ii 9&8/55\/@ ]%Plﬁﬁé

and thefl t(S) Maltre he entiation into end e cells can be
|n|t|ated"6§'iﬁr§"e|{??é¥eblﬂ§\"§te BRASESor RERAPHISDIng Qe RAHR0 7@890ﬂ'§hy‘3ﬁ’%8ﬁqbﬂaﬁb’n WRHSFoblast

grévth REGEES(1BIMEYérifiBtion can then continue using a commercially available hepatocyte culture
medium, including factors such as

Heart cells

Cardiomyocytes or cardiomyocyte precursors can be generated from hES cells according to the
method provided in WO 03/006950. The cells are cultured in suspension with fetal calf serum or serum
30 replacement, and optionally a cardiotrophic factor that affects DNA-methylation, such as 5-azacytidine.
Alternatively, cardiomyocyte clusters can be differentiated directly on a solid substrate using a combination of
Activin A and Bone Morphogenic Protein 4: Spontaneously contracting cells can then be separated from

other cells in the population, by density centrifugation.
Further process steps can include culturing the cells so as to form clusters known as cardiac bodies™,
35 removing single cells, and then dispersing and reforming the cardiac bodies™ in successive iterations.
Populations are obtained with a high proportion of cells staining positive for cTnl, ¢TnT, cardiac-specific
myosin heavy chain (MHC), and the transcription factor Nkx2.5. See WO 03/006950, Xu et al., Circ Res.
2002;91(6):501-8; and PCT/US2005/009081 (Geron Corporation). '



-10 WO 2007/002086 PCT/US2006/023976 hepatocyte growth factor (HGF), epidermal growth factor
(EGF), and/or bone morphogenic protein (e.g., BMP-2, 4, or 7) in various combinations. Final
maturation MW&y20¢78AHIBAced by the presence of agents such as dexametHEZLHE289(AEYStatin M.
Cells are obtained that express asialoglycoprotein, glycogen storage, cytochrome p450 enzyme
expressinnsraghiepse-6-phosphatase activity, and morphological features of 5 hepatocytes. Nerve cells
Neural cells can be generated from hES cells according, to the method described in U.S. Patent
6,833,269; CHIP&arat b SERS KRGS 06T Pro )] %%t!@@if"ﬁ?{cﬁw&%%f/%%g@@ pes@fng in a
Corpordfigsiym senighiitfaremmiinatPh PSSl brlempeipsier gy AdNg dve distene derselylerediivhitor
containisgcbre rtyvatr ke aettsgiio phithsaanhdGieot aT0EE-iagehs)lgeneatingaudelispopgilgtiamén which
at lgast c6Q%RtHbieoeeisuRIVESHARBRitPALS RN asedNRAM P hORRIEBR dMhiIghdsCopaPblgeof at
oot 2GR K e, GBI IIG0RDS B REEWANEE, BRSH0 BBRIRE fobsempiary

neurotrgphins are NT-3 and BDNF. The use of TGF-(3 Superfamily Antagonists, or a combination of
cAMP and™scorbic acid, can be used to 15 increase the proportion of neuronal cells that are positive
for tyrosine hi8M¥SASEEC sethsfaCreiate i cerspatrsiirgicelfoiiB Aarnh 8 PromRsiiRY' T &I ETFEhen be
caused todgihdiéatg oetisrmirsaludiffieite nderteoricb yelbu ltain gevitonwalico treppteirss (B 3hePalbse 8T Hhitogen.
Oligodengraeyiesicaniibecge rexaied farm hiESitells bycubyingihemaassesl aggiegatas, swspended in

a_medi%r‘ﬁ%&é@l@ﬁﬂt@;i%@%@r%ﬂh@% E@&o%&@s@'@%ﬁ@%ﬁ%@ﬂ%(ﬁ&ﬁ%%ﬁ%ﬂs such as _20_
trllodothyrom%sgr?l}gnlum and.retinoic, acid. T e dcgllr% %Eesth%]lsﬁglate onttootﬁtesogﬁlms (rjfaascén tgulanretlnom

acid is withdraees (é ﬁlg\ﬁ] g\*o Snitors, can, b€ genera CCOT m?

population is expanded. erminal differentia lon can be effecte B plating
on oty { QLG 7SR B SRR RTS8 SE s A S TR 6 e PEISOBF B006 of

the celldngreeretntivee fOCBHEORRBIRITHE R iarkers e, srsteay BrEMAPBS i 8 merG FRisuiaAY
netftivefot-dhe lneuddoad marke TERENcSee, BCTipurkiitationOva4100 B68G:sod \Weirsteamet, al., J
NeurosaotigS2A0212Rmk Bidh D41 Qoo weri £eHS) Canalaryasayieser prstiaRIY Qe i REpRIERaTS, can be
generatgg rHRE GRS ARERINGIR G Mehad Egvided i WS A8RRAJ0¢ fels argepltured

in susp%%og&g&ihe thna galg serum or serum 30 replacement, and optionally a cardiotrophic factor that
affects -met y?a(flon,rchh as 5-azacytidine. Alternatively, cardiomyocyte clusters can be

differentiated YEdifeaintizignmeatnsetatynsifg A ritirraisHo AexRIaRs BmbrieRRgE RIBFRISERenic
Prafein a:@pdrmesretius|iocthistractiniytel kESanatied lsellsepardtedisednfontier celtsringherprgsatation,

by densphaeenrtikiigeiiipokitisiRpepsacsmeeps casr inaltarieylitydsgsthe cells so as to form clusters
known as cardiac bodiesTM, 35 removing single cells, and then dispersing and reforming the cardiac

bodjgd' 'Qong%cpceéﬁsq'v%g{‘%%tiqns. Popl_JIations are obtained with a high proportion of cells staining
positiveT0 : , cardiac-specific

Components of the culture system of this invention may be offered for sale, sold, or otherwise

25  distributed from the place of manufaciure for use by another entity for any purpose. Components may also
be sold or distributed together in various useful combinations, such as two or more of the following:

e media suitable for culturing hES cells in suspension factors

e extracellular matrix components or thickeners present in or {o be added to the medium

e microcarriers present in or to be added to the medium
30 ¢ vessels adapted for suspension culture

» the hES celis themselves, either growing in the culture system, or stored in another form, but

intended for use in the culture system

The products and product combinations are packaged in suitable containers, optionally in kit form, and

35  may be accompanied by written information on the use of the materiais according to this invention — such as
maintaining or expanding hES cells. The information may be written in any language on any communication
medium accessible and understandable by the intended user. 1t may take the form of a label on the container

or the kit, or a product insert packaged with the container and distributed together. Equivalent forms are



myosin heavy chain (MHC), and the transcription factor Nkx2.5. See WO 03/006950, Xu at at., Circ
Res. 2002;91(6):501-8; and PCT/US20051009081 (Geron Corporation). -11 WO 2007/002086
PCT/US2008028971@2¢ther cell types Islet cells can be differentiated from HESUS@es¢itifiating
differentiation of hES cells by culturing in a medium containing a combination of several factors
selectedi o] vbrAstierbiTangiseasaviage inhibitasp(sichersthuty faie pvailaitoge (sachr && bFGF);
and a TRE-R Sunerfamily antagonisthah asR00aink Jikar csllssanitnea-esagued by culturing

with nicotinamide, yielding a cell population in which at least 5% of the cells express Pdx1, insulin,

glucagon, somatostatin, and pancreatic polypeptide. See WO 031050249 (Geron_ Corp.).
Hematopoietic cells’6aR*BEARS Haik/¥s ardiriTgHeLmeaith s &'BBI5E EPFSI cells or yolk sac

endothelial cells was used to generate cells with hematopoietic markers (U.S. Patent 6,280,718). 10
Hematopoietic cells can also be made by cultuErgMHESSCells with hematogenic cytokines and a bone
morphogenic protein, as described in US 2003/0153082 Al and WO 03/050251 (Robarts Institute).

Mesenchymalpjogeniiorssanos deneiated foghis seliaggiording to the method described in WO
03/004605. - nchymar cells can then be further differentiated into osteoblast
lineage cells ih imewédignetonesinhignad betdederdndhcbsenslion28 BEHePBPpIRDI§ dhielsrofender

(pacticulggly, BadBMP <khaadigandziopasdugearan I GederdeeptorioneiigangisingMairgel® eittaneiuRr

receptor (WO A3 10Q4RAR: metilm alcabnfrirRings SterhCalis 28016 pbA%kd M X bpadmeytesipr their
progenitggﬁs%&)b?ei Q_gﬁ]erated by culturing hES cells in microaggregates with effective combinations of
Ion factors

differentia Isted in WO 03/050250 (Ger. C.;,Qr%.). Other diffe(rjentia}tion i oevm qga IrI_<_n(§)rwn _in
the art or subBUETHIYURVETSH ST L BRI cf<t§' S 1ce|?§(p%'8ﬂltnl]?e'é"3cé%£plng togﬁns’lnventlon.
hES derRRIFEEAR fam RuakseBiRnosAidnscrd@niitf PrdipsAry PRI Bty BmbLSHEHE ¥eSearch,
angsmanyippthresniedriiiviike ysusp gsedie € oanmeigr G alMistilserion, GBnmpoeesttiaf amnealidee Spsedm of
this inveniignrpayRepefierad fansalryan drar othenwisen?b-disiikutedkonribe yitasmghnanufacture
arious L e NS
cells in {0sp&iitioR fgf?oﬁgagxtrggél ué\s’ Mattix c%l?(n%fsor%eéntg1 %\?{r'%ﬁc g?lesrgpgtéé%ﬁr{%r?@ﬁtg %e%ed to
the medfamererriepBRarHdrs Teesssn i SPIBoRS SHERF LS ArsdMnA 80CT e S5 S u R teer P mER
sugpensiomnditioltes eethienhER gedlbahernisd ipdksssitheerifioang in the culture system, or stored in
another form, hidthirstendedfofirseéssdeg cutiunerrysienaith olaee dsiotscalud grodudt admibiratitms are
paCkageéicjgysc‘WﬁﬁQlﬁ\&%@%&uﬂpt&n@b’ ﬁptﬂgtcmﬂ?ﬂomqnedium was replaced with 80% unconditioned
ES medium plus 20% expansion medium. Cells were fed fresh daily and passaged weekly. The proportion
of expansion medium was increased by 20% approximately every 2 days until the cells were completely
25 weaned, and then grown until they had been passaged 6 more times.
Figure 1 shows colonies of hES cell at the end of 6 passages (sufficient for full adaptation) in the
following media: (A) mEF conditioned medium + bFGF (8ng/mL); (B) X-VIVO™ 10 + bFGF (40ng/mL}; (C)
X-VIVO™ 10 + bFGF (40ng/mL) + stem cell factor (SCF, Steel factor) (15 ng/mL); (D) X-VIVO™ 10 + bFGF
(40ng/mL) + Fit3 ligand (75 ng/mL); (E) QBSF™-60 + bFGF (40ng/mL).
30 The following table shows the average total cell expansion per passage, for undifferentiated hES cells
cultured for 4 passages in mEF conditioned medium, or for 7 passages in X-VIVO™ 10 or QBSF™-60.
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35 may be accompanied by written information on the use of the materials according to this invention -
such as maintaining or expanding hES cells. The information may be written in any language on any
communicai? 20H@dM3M8@ccessible and understandable by the intended uRGTIVRARO1IEhe form of
a label on the container or the kit, or a product insert packaged with the container and distributed
together. Equivalentforms are -12"WO 20117/0112086 PCT/USZITIT67/0 239 7 6 descriptions,
instructions, or explanatlons wrltteﬁamehar@m@y%@tﬁ# ’@IeE&@&iwatmeavallable to the user or the

intended user asrefe SOt at-a ed product.
The examples that follow are |IIustratlmemeot meant to I|m|t the clalmélﬁef i p§"§9@AMPLES
Example 1: Growing-pluricotent stem pid-e ion-medium-A ells-was obtained

that had originally beeﬁ"gwwmooedmwge embryonlc flbroblast feeder 10 cé?tl% f@lnd then expanded for
20 passages in a feedgffepe gnui %/p&;’npnsmg Matrigel(r) extracellulgg gpatrix and conditioned
medium, according to U.S. Paten t 6,800,480; as elaborated in Xu at al., Stem Cells 2005;
23(3):315-23. The hESYEKRS HRsteR e SHEE RO TM 10 expansﬁﬁt ffbdium from
Biowhittaker; or QBS&INBA dronFQruabiy/Bigtogicabine (For use in these ¢ el 0ments the X-VIVOTM
10 medium was 15 sigiplemented with the usual goodies: namely, 2 mM L-glutamine, 1%
non-essential amino agisisn{GdhamcOdongMuy-mercaptoethanol, and 8 ng/n‘@bF@F The medium was
further supplemented-with-8-ngfmt-or-40ng/mtof-bFGF(Gibco), 40 ngfmtof bFGFand-15 ng/mL of
SCF ( stem or 40 L of bFGF and . 7. R&D QB FTM-60
medlulr?n-l%v?agvsﬁﬁe e%ﬁ '8?1 ‘\’Nfg]é &ehﬁsfsggmgrgaét\gkg{ﬂl?tgpf@%élcg)ﬁ%qesent%ﬁi%|rE110 a)g} se( ibco)
and 40 FiiyRd &7 B?félﬁf’?ﬁ_ﬂ@”&élfgeéb'l‘i‘hfe&“fﬁ mEP @Bsc'arfaﬁfoh‘elﬁ’ HRBf URFnET &V ErSeRpERELh R in
these espergnenesy ThHiewESitelhs wrirdrfidcl Y E40 @t bRRSMA e resatoedmatesiashe enlgenase
IV, mnd eyluradidome daysarsthaanditwneadtiared dmavOi'dayytise eaodiiored medidmewnasgeplaced
with 80%e-HRcRReiIignaRd ESE818dikm. plus 20% expansion medium Cells were fed fresh daily and
passaged WeFk'Q’ TJ‘%Q&Q%"”‘% X s%ﬂs'% ‘3] '88{3%5%%1‘)&( OXaPRAXIMaLey every 2
days until the ce [S Were co JEWea en grown until t Been passa ed 6 more
times. FgrESTSAERS E&&N&SBPK Eéﬁ%tm‘é'eﬁasa F8 PusRYBL(utt a@H‘t't ?Eﬁl”‘é&’ﬁﬁ‘t fi6n) in
the follBkifgRhetha: Jp RPRSHN AT PhfediericonBEDES (SpiRATEIRIUB X eXAFESPVIN e corGIF
(40mg/mbLilE) PERIAY/ G Mohfderbfet Fhé4Bnigimin) rateantelbfacteriéSaF, Bteehdactior ptpfessgimL); (D)
X-VIVOJM A 4RI ARSI YaFiks Saaai( ZRainl, (RAQBERTMRD +THE GR(ARNgIm). 30

The foll >‘g" yagsablg ﬁ'i‘é’&‘isaW&Y%fPS&FQJEésCS&%’\%%{‘Eb%H Q&Vp[?aﬂé’r?‘%‘&ﬁné&#d%ﬂéﬁ%f%@’m‘?ohﬁs cells

culture r4Npassa es in. mEF conditioned medium, or for esin X
QBSFT %’n % % Edaard ?%els when \he cells are passaged

back into mEF conditioned medium (last three bars in each set).

ium (first four bars in each set), buf refurns to sta
15 To confirm that cells cultured in unconditioned medium retain their pluripotency, embryoid bodies were
formed and analyzed by immunocytochemistry for phenotypic markers representing each of the three germ
layers. After passage 7 in expansion medium, the cells were dissociated into smail clumps using 200 U/mL
collagenase IV at 37°C for 10 min, placed in suspension culture in differentiation medium (DMEM + 10%
FBS) for 4 days, then transferred onto poly-L-ornithine hydrobromide coated plates for a further 10 days.
20 They were fixed in 4% paraformaldehyde, permeabilized, and labeled by immunocytochemistry.
Figure 3 shows the results. hES cells passaged 7 times in unconditioned X-VIVO™ 10 medium
stained for a-fetoprotein (representing endoderm); muscle actin (representing mesoderm), and B-tubulin IlI
(representing ectoderm).
Thus, hES cells can be expanded in fresh (non-conditioned) media in a feeder-free environment at a
25 rapid rate suitable for commercial production — as much as 2- to 5-fold faster or more compared with growth
in conditioned medium or on feeder cells. The cells retain the morphology of undifferentiated hES cells, and

can be differentiated into derivative cells representing all three germ layers.
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WO 20117/0112086 PCT/US211116 /0 23 9 7 6 Table 1: Growth Rates for ES Cell Cultures Medium
Average Cell Expansion per Passage mEF conditioned medium 2.2 fold X-VIVOTM 10 + bFGF
(40ng/mL) 6NPFB3ME73PBYOTM 10 + bFGF (40ng/mL) + SCF (15 ng/mL) 8. PfNARRNPYBTM 10 +
bFGF (40ngIlmL) + FIt3 ligand (75 5.0 fold ng/mL) QBSFT"O + bFGF (40ngimL) 6.4 fold The average
expansiggable@!scofirpasseg/esik ﬁ(é/déf&'BMzétawaméQBEEQIMa@&Mﬁﬂ@reater than the cells cultured

in mEF conditioned medium culture, The MEF conditioned medium were passa
average every-? GRFCUHTE {M"Eeﬁ:'\/m%i PBTMCLO RN %%)Faf % non‘congt'gnedz onqa?/eerage

were passage
every 5Bedi)s. ¥H(¥OMHd tatereipBpahaibh %@H%dﬁfbﬁ%sﬁry(a\/%?ﬁf'% PHSESETRIR0e"3.2 to
5.2 timeguastergthiahiman Bisicot@fitomBdiias@neativhen Fidaptedda Bgigsctheogien eitkpragsismipivdfile of

hTEBRT ARghQeER/ derfdpecRINAVESS: inolai@ddrpmathel iaellsieisimg: HighuRuenINAy Isblaiion ot GRoche
Dlagnos;@sgeﬁg\gegé/géggggég QVGW Mmég@@gqme RT-PCR). The gene expression in each of
the test condijgn is ploticd relaiive.t tgb?ﬁ RiFSSIoN LRAPIAIAB il Taking 'mgqr.ga@ﬁ'dafvon

ro
the instrumen error oYvassa varia g ?erences In expression eweent e test an COE

sample<aRIAYY BrrR g aafn’ém T e Ehwgly@%w@e&sﬁé%%%ﬁ‘ SPAFERT G
Oct-3/4 SetacsasesesHREBvA sxeisetcadmprItioM (5 iniebridiabirsdamravy (4183 KD THRESFoN6H
meldiums(fitakfalardeansa -eaah rEE-ChubTratiines toesiamddhdiley elsfovinemcehie telldefiredpasdagenh back
into MERAanditiesgstmedisndast §varhansdnaachssaiid Mt eorarinepitiahniel ol Boedime

uncondlgﬁtf{a?d mgggw ;éh %@gﬂnggtgwoﬁnbryold bodies were formed and analyzed by

|mmunocytochem|st enotypic markers representing each of the three germ layers. After
passage 7 in expansion medium, the cells were dissociated into small clumps using 200 U/ml_
collagenase IV at 37C for 1(1|.n} laced | sipLmidtvee in differantiation medium (DMEM +
10% FBS) for 4 days, then tranf;fzor W%SH%X%HO#%OMI?ﬁ%e%%ﬁ obromlg)e coated plates for a further

10 days 20 They were fixediipe4% paratamaldamyde, permeablllzed%E nd Igeqe (SO s\éo N
mmunocy?o@ﬁemlstry Figmesi@rshows thee@sghs? hES cells passage

tlmes in unconditioned

X-VIVOTM 10 medium stalned for a- fggmwteln ﬁg.pr@sentlng emimderm) nsge actin (a;emesentlng
mesodern -ttbd . octe heexpanded

(non- coﬁ&?ﬁﬂﬁ‘ﬁﬂ ‘media in a feeder-free envwonment at a 25 rapid rate swtable for commercial
productioppés much as Zodaitréald fastenor moresgmmpared with@rowth in coaditioned m@edium or on
feeder ceus The cells retain the morpholo/gy of und7ferentlategskle§5c8§lls, 8“;'4di 0.04

1p31+10 Defined 1.82 +£0.62
Experiment 2:
H1p44 Conditioned 81% 91% 1.00 1.00 1.00
H1p34+11 Defined 7% 84% 1.11x+0.38 0.57 +0.24 0.76+0.39
Experiment 3:
H1p47 Conditioned 78% 92% 1.00 1.00 1.00
H1p35+12 Defined 80% 86% 2.00+0.15 0.86+0.20 312+ 091
* mean * SD for 3 RT-PCR determinations
15 Expression of other markers characteristic of undifferentiated hES cells was also comparable:

Measured by real-time PCR, the levels of hTERT and Cripto were the same or greater in defined medium

compared with mEF-CM, while the expression of Oct 3/4 was lower by about 28% (average of three
experiments). TRAP analysis showed that the cells retained telomerase enzyme activity.

Cells grown in completely defined culture system at p34+11 (75 days) were harvested and used to

20  make teratomas in SCID mice to evaluate pluripotency. The teratomas showed evidence for pigmented

epithelium (endoderm); renal tissue (endoderm); mesenchymal tissue (mesoderm); and neural tubes

(ectoderm). This confirms that the cells retained their pluripotency.



can be differentiated into derivative cells representing all three germ layers. -14 WO 20117/0112086
PCT/US211116/02 397 6 Example 2: Culture of hES cells in a defined system free of animal-based
products hE®@2#’&Pfed in MEF-CM on Matrigel(r) were passaged to a REINUREME3HTItioned)
serum free medium: X-VIVOTM' 10 supplemented with Glutamine, non-essential amino acids and
(3-mercaptoethanol, plus 80 ng/mL human basic FGF on Matrigel(r), and then adapted to surfaces

coated with hwmae AMIRIRES Aieialivelyisaryopreserved cells were directly thawed into the same
medium containing 80 ng/mL hbFGF. The cells were passaged every 5-6 days using Collagenase IV.
Cultures growiiindiefethdadesasinfoins wieke ifiar G beterHlian YeltiifeshencRiatWesI @Fyitwey in

morphol®gydmice HsdirewavakaidaRa omnditiology amktirimabilB) torforp ilfegytiited efiisecbrosuiativecri
lamgnin; iGhrydaceydrarker SSEA-4 expression in mEF-CM (H1p62) or defined medium (H1p34+28);

(D) Expresaqng{E]Schhg E’r&ﬁn@ﬁ‘ﬁh?&@é@) FEO G Brde iined MediumeSHIBW S AGHPiRRNCE In

the deflnegen'{ 0 l_fra‘n nin was superior: very large ES cell colonies were observed, with colonies
representlng a out 0% of the' culture. Levels of marker expression were as follows: Table 2: Marker
Expression in Defihed”€85RUrP&BhariB1s Peissage no. Culture Surface marker Relative gene
expression medium dxpréssiosSSER dFin:13-66 hFERF@ct3/4 Cripto Experiment 1: H1p41

Conyitioned 79% 93%vdafh LeRfnd: 0D HLR3344RRedined 92% 87% 2. 850 58* 0.740.04 1.820.62

Experiment 2: H1p44 ned 81% g ed 77% 84% 1.110.38
0.570.24 0.760.39 Ex“’qg%g‘% QB&é”Jﬁ%|one3"‘i§ '55 ? 100 .00 H1p35+12 Defined

80% 86% 2.000.15 0.885%9 @t;’LQ%oéﬂm’(l?ﬁ@Qr‘fP@ﬁ 'Fﬂﬁggeﬁ"letlﬂﬁrh determinations 15 Expression of
other markers charactdrissighefuRdiferOnitédiES cells was also comparable: Measured by

real time PCR, the lewglsiah lekErardg@n cEGdiptansie iR texsring @y Al indelinesmediwm Hampared
thymEF-CM, while t g gqsesgg 0 Q%SM was lower by about 28% (average of three

experlmﬁQH (;cl' AP anal %smgg? igredstrﬂmat tﬂi ¥ell retaln%((j) r;[ Iomerase gnzyme activity. Cells grown
in comple efl

near%m ure system a da Sy were t'?‘l r\?égt A %4nd used to 20 make
teratomas in §@1‘U thiderss é%%a?f??‘ﬁ?uﬁﬁdfél‘\’&v TH@W@%M@EHW%‘O%WEMH%FH%Y@G

epithelistalgnbist tanell rendktissur (erigotieniyy teseachyyntal tissue (mesoderm); and neural tubes
At this point, the cells were plated back into a 6-well plate coated with Matrigel® to determine whether
20 they still had the phenotype of undifferentiated cells. The culture continued using mEF-CM medium containing
bFGF (8 ng/mL).
Figure 4 (lower panel) shows the resulis. After a single passage, the cells grew and exhibited
morphology of undifferentiated cells.
Pluripotency of the cells was evaluated by forming embryoid bodies. The cells were harvested from
25 confluent culture using Collagenase IV, and transferred to a low attachment 6-well plate in DMEM + 20% FBS.
EBs were formed and maintained for four days. The EBs were then replated onto polyornithine-coated
chamber slides. After a further 11 days, the EB outgrowths were stained for a-fetoprotein (endoderm), muscle
actin (mesaderm) and B-tubulin with neuron morphology (ectoderm).
Figure 5§ shows the results. The top row shows cells differentiated from the hES cells maintained in
30 suspension culture, and then plated back onto laminin under standard conditions. The lower row shows cells
differentiated from the same hES cell line that were maintained throughout as plated cells. As shown in these
images, hES cells maintained in suspension maintained their full capacity to differentiate into derivatives of all
three-germ layers.



(ectoderm). This confirms that the cells retained their pluripotency. -15 WO 20117/0112086
PCT/US211116/02 397 6 Example 3: Culturing hES cells in suspension With a view to increasing
the yield of REB26&1&0B&6culture volume, the cells were cultured in suspenBigHUaAY¢H8# e aluated
for morphology and their ability to form differentiated cells representative of 5 all three germ layers. H9

hES cells groyuhQRMabigelx, were hadnasteddiian Sonel tratasanctsemdas into a spinner flask
under the following c%gi(teiloqo\{g%sel: 100.ml spinner flask Inoculation (seeding) density: 3.6 x 105

cells/mL; 10 Medium volume: r??l'_n?aer spinner flask Medium used: mEF conditioned medium

containing bFGF {8 rf@?ﬁﬁ‘l'ﬁm'b\(é?ﬁﬂﬂﬂ)uq%ﬂﬂ?"?&'?ﬁiﬂ%é’@"%"tarrier magnetic stirrer) Atmosphere: 37C
CO2 incubator Mediieriexchwamnte 5B wryestmemeaiagexchanged by letting the cells settle down and 15
repjacing the supernaiantihHe-hESsets weremaigaingd in the spinner flask under these conditions

for 6 days. Figure 4 (H ! q,rrp%gaelw sihadgsults. Following an initial decline during which the
culture was establishegtl%{ e cell nutr}ﬁal\grsbe ar?to rise from day 2 through day 6. At this point, the

cells were plated backSAtSSERFIPH RIS HERRE Tt ¥ Fatrigel(r) to determine whether 20 they still had

the phenotypdiae fidiffereisdasdieeRcT e cyltvresstibiersing FrRtsruessMeREingd aarifihg
bFGF (heaimbhdyigetiei 4 (lower panel) shows the results. After a single passage, the cells grew and
exfaibited morphology of undifferentiated cells. Pluripotency of the cells was evaluated by forming

embryoéq(aboq(iee --&ﬂ%&ﬁ#é&é’ﬁ;&ﬂ%ﬁﬁﬁ@d from 25 confluent culture using Collagenase 1V, and
transfe ow attachment 6-well plate in DMEM + 20% FBS. EBs were formed and maintained
for four days T @BEwRruathemeeiaae et HESO RS HTEni TBeCesHEatr 8 F4IHERS USinge’ SAater 22lirther 11

days, thesieRi ety epivibs fiaskrenstaisedrfbdiéicfetd potedcdedittodeand) theagtles wetinx{enegdbiberydrand
(3-tubulip withpeuron morphology (ectoderm). Figure 5 shows the results. The top row shows cells

diferentiated from, the,nEscelle MANAIIEAIN AOSHEPSASIORGHINE: ARdOBNAlaidhageRp(
lamiinin under standard c_ondpiﬁons. ?‘he ower row showc? cells I(Ijlfferentlgq_e from the same hES cell
line that were maintaiffe4AHBIATRSAELL!BRIRE IATES AXEHBRR YIRS R%es, hES cells maintained
in suspension maintaiesgeth&d0full Szakackivaso differentiate Into derivatives of all three-germ layers. -16

» Inoculation (seeding) density: 5.0 x 10° cells/mL
e Medium volume: 15 mL per shaker flask
20 e Agitation rate: 80 rpm (Labline rotator/shaker in a 37°C CO, incubator)
e Medium exchange: Every other day initially, once every 2-3 days later
The media used and culture periods were as follows:
A: mEF-CM + bFGF (8 ng/mL). Maintained for 98 days.
B: mEF-CM + bFGF (8 ng/mL) + laminin (33pug/mL to begin with, ~10 pg/mL thereafter for the
25 rest of the culture). Maintained for 49 days.
C: X-VIVO™ 10 + FGF (40 ng/mL) + Flt-3 (75 ng/mL). Maintained for 11 days.
D: X-VIVO™ 10 +FGF (40 ng/mL) + FIt-3 (75 ng/mL) + laminin (33 pg/mL to begin with, ~10
ug/ml thereafter for the rest of the culture). Maintained for 11 days.
Cell counts over the period of the culture are shown in the following Table.
30



WO 20117/0112086 PCT/US21106/1123976 In another experiment, H9 hES cells were cultured
under the following conditions: Vessel: 100 mL spinner flask Inoculation (seeding) density: 3.5 x 105
cells/mL M¥@amiite: 50 mL per spinner flask 5 Medium used: mEF-OM FBROP(BHE/mL)
Agitation rate: 20 rpm (as before) Medium exchange: Once every three days Figure 6 shows the
results. Oncethe culture was established; the cells were maintained happily Tor the full 12 day period.
10 Example 4: Long-term suspafesiorGomthicd FES Celgie SuseatsigadCdimeswith another hES cell line.
The cells were¢u using-a-shaker flask—instead-of-a-spinnerflask-underseveral-different culture
conditions, gndthe.Glture wadediktefided for MRIURR monthsV$4UBELhES cell¥sfEittharvested from
6-well plates (growing on Matfityel(@ri) mEF @ohwitionied meditiregliaimt)seedddofveisthbker flasks
under the foIIowing conditions: \{%ssel: 100 ml- §Iaaker Flask Inqgylation (seedingy density: 5.0 x 105
cells/mL Medium volume: 15 mL per shaker flask 20 Agitation rate: 80 rpm (Labline rotator/shaker in
a 37C CO2 incubator) Medjprcexgeange: Every other day initiay, once every 273 days later The
media used and culture periods were as follows: A: mEF-CM + bFGF (8 ng/mL). Maintained for 98
days. B: mEF-CM3+ bFGF (8 ngA#L) + laminin (38pg/mL to begird&ith, -10 pg/mL2thereafter for the 25
rest of the cuIture). Maintained for 49 days. C: X-VIVOTM 10 + FGF (40 ng/mL) + _FIt-3 (75 ng/mL).
Maintained for 11 Eiays. D: X-VIVOTM 10 +FGF Elft) ng/mL) + Flt-%5(75 ng/mL) + \&thinin (33 g/ml-to
begin with, -10 pgimL thereafterfor the rest of thgculture). Maintained for 11 days. Cell counts over
the period of the culture are shown in the following Table. 30 -17 WO 20117/0112086 PCT/US211116
/1023976 Tables3: Growth of hES Cells in Suspension Cultures-Medium A Medium B Medium C
Medium D Bays-ifreuiture

To determine whether the cells were maintaining the undifferentiated phenotype, cells cultured for 4 weeks in
Medium A were plated back onto Matrigel® in mEF conditioned medium containing bFGF.
5 Figure 7 shows the results. After passaging, the cells derived from the suspension culture were
shown to grow and exhibit characteristic undifferentiated hES cell colonies.
These data indicate that hES cells can be maintained in suspension culture for at least three months,
potentially undergoing expansion by 3- to 40-fold after the culture becomes fully established.

10 Example 5: Suspension cultures using fresh medium

The next experiment evaluates alternative additives for use with fresh (unconditioned) medium in
suspension cultures.
hES celis are harvested from a surface culture in fresh medium under standard conditions (substrate
of human laminin from Sigma, coated onto 6-well plates at 2 pg/em?; X-VIVO 10™ medium containing 80
15 ng/mL bFGF and 0.5 ng/mL TGFB1). The harvested cells are passaged into suspension culture in 100 mL
spinner flasks, using 50 mL per flask at an initial density of ~5 x 10° cellsimL. The following medium
alternatives are evaluated:
1) X-VIVO™ 10 + bFGF (80 ng/mL)
2) X-VIVO™ 10 + bFGF (80 ng/mL) + TGFB1 (0.5 ng/mL)
20 3) X-VIVO™ 10 + bFGF (40 ng/mL) + TGF1 (0.5 ng/mL)
4) X-VIVO™ 10 + bFGF (80 ng/mL) + TGFR1 (0.5 ng/mL) + 10 pg/mL human laminin
5) X-VIVO™ 10 + bFGF (80 ng/mL) + TGFB1 (0.5 ng/mL) + 50 pg/mL human serum albumin
Each spinner flask is placed on a Bellco carrier magnetic stirrer (Belico Biotechnology, Vineland NJ) in
a 37°C CO, incubator, at an initial agitation rate to 20 rpm. The agitation rate is adjusted to keep the cells in
25  suspension and provide sufficient aeration, while minimizing shear forces. Medium is changed every 2-3
days as before, monitoring cell count, and the flasks are split as needed.

— 18 —



(205 cells/rL) (105 cells/mL) (105 cells/mL) (105 cells/mL) 05.05.05.05.0 1 (not counted) 7.5 6.9
7.335.95.02.828 112.72.3252.4 320.30.15--98 14 - - - To determine whether the cells were
maintaining W& 24AdfPePentiated phenotype, cells cultured for 4 weeks in MalilifiRo@desplated back
onto Matrigel(r) in mEF conditioned medium containing bFGF. 5 Figure 7 shows the results. After
passaging, thatcels=dexeredsfraims the sugpensiancatit e ARIeIBROV4IK 0 rgs Vamith @shiitsurface
s:haractezsis_,la}gmawm@feﬁeﬂap.eddaﬁ:s@lhg@I&:E@ﬁaczrt@ﬁ%%fgadrgéiga@én%ﬁaﬁﬁ ﬁ%ﬁ@&%ﬁg iq(tjair;ted
in suspe e ree.months, potentially undergoipng expansion - t0 40-fold after
the (:ultuérlt'e[ﬁ %c%%%é%él@%ﬁél{ég?s CéEY m&%&%ﬁi&e@cﬁlﬁﬁgﬂ f’grr?%)lﬁ%vreeéscl%gslhﬁs PERMRE S UM The
next experiment evaluates alternative additives for use with fresh (unconditioned) medium in
suspension cultures. hES cells are harvested from a surface culture in fresh medium under standard
conditions (substratghefchupoaiticlamimi prirenvSigietasitasied o 4o - eeitipiatescatalpg/cm2; X-VIVO
10TM medium containing #fholbdagémhgioks hefigHed ing/Mén BeFSdguildearvested cells are
passaged into suspension culture in 100'mL spinner flasks, using 50 mL per flask at an initial density
of -5 x 105 cells/mL. The following medium alternatives are evaluated: 1) X-VIVOTM 10 + bFGF (80
ng/mL) 2) X-VIVOTM 10 + bFGF (80 ng/mL) + TGF(31 (0.5 ng/mL) 20 3) X-VIVOTM 10 + bFGF (40
ng/mL) +TGF(31 (0.5 ng/mL) 4) X-VIVOTM 10 + bFGF (80 ng/mL) + TGF(31 (0.5 ng/mL) + 10 g/mL
human laminin 5) X-VIVOTM 10 + bFGF (80 ng/mL) + TGF(31 (0.5 ng/mL) + 50 pg/mi- human serum
albumin Each spinner flask is placed on a Bellco carrier magnetic stirrer (Bellco Biotechnology,
Vineland NJ) in a 37C CO2 incubator, at an initial agitation rate to 20 rpm. The agitation rate is
adjusted to keep the cells in 25 suspension and provide sufficient aeration, while minimizing shear
forces. Medium is changed every 2-3 days as before, monitoring cell count, and the flasks are split as
needed. -18 WO 211117/111121186 PCT/US211116 /0 2 3 9 7 6 At regular intervals, cells are
sampled from each flask and plated back onto a laminin coated surface to evaluate morphology. Cells
returned to surface cultures and cells taken directly from the suspension cultures are tested for
pluripotency by immunocytochemical staining of EB derived cells, as in Example 3 5

— 19—



The compositions and procedures described above can be effectively modified without departing from
the claimed invention and its equivalents. -19 CLAIMS 1. A culture of human embryonic stem (hES) cells
in suspension, wherein the hES cells are not grown on a solid substrate and, wherein the hES cells are
proliferating and undergo at least a 3- fold expansion while in suspension culture and wherein the cells
are substantially undifferentiated. 2. The culture ofi@ai 1, wherein the cells are cultured in a medium
containing fibroblast growth factor at a concentration of at least 40ng/mL. 3. The culture of claim 2,
wherein the medium also contains transforming growth factor beta (TGFP), stem cell factor (SCF), or FIt3
ligand (FIt3LY: 4’?‘&%31%*?6?‘%fhRUT‘PH@%E§%I@,E§QJﬁ?ﬁﬁéﬂ]@‘f‘%&?%@béﬂ@ﬁ@‘tﬂ? CEifs 1Rl AtRrieht
medium; b) maiptauming telckisstrsrspensiznentiiie it eaigastpholitestiine awllsrpikofcrtistid3-undergo
at least a 3-fold gpanpiaRivhilgrisuspensienserltguiet dadolesm oma slid skbstialgaslapanging
the medium perh%(ai S‘J' i ng d) optionally splitting the culture from time to time so as to reduce cell
density. 5. The metho of clgim 4, wherein the cells are cultured in a medium containing fibroblast growth
factor at a concentration of at least 40 n%/mL. 6. The method of claim 5, wherejn the medium also
contains trar?sfomﬂr?ﬁlt@%v%hd?é@t&r Waex 'W@Fﬂ',ss?éerﬁlg%ﬁ%&o% @8"-"31 S?W‘:Ttﬁ”r%&ﬁf& ﬁfﬁ?\mf The
method of any dReRiiAS 4oBseRtiatiRiPtiEieasi @ ekitured in suspension for at least two months. 8. The
method of any of claims 4-7, further comprising plating the hES cells onto a solid surface and continuing
to culture the.cellsesuiasetof miaimtaintesirstamedliynurtsi fenentatedstethipgpudatioractr Phia (Metdd of any

of claims 4-8, fuitfiar-ePmREPBISH) b HferRAtiatipesthe hES cells. -20

4. A method for culturing hES cells, comprising:

a) suspending the cells in a nutrient medium;

b) maintaining the cells in suspension while culturing such that the cells proliferate and
undergo at least a 3-fold expansion while in suspension culture but do not grow on a solid
substrate;

¢) changing the medium periodically; and

d) optionally splitting the culture from time to time so as to reduce cell density.

5. The method of claim 4, wherein the cells are cultured in a medium containing fibroblast growth

factor at a concentration of at least 40 ng/mL.

6. The method of claim 5, wherein the medium also contains transforming growth factor beta
(TGFB), stem cell factor (SCF), or Flt3 ligand (FIt3L).

7. The method of any of claims 4-6, wherein the cells are cultured in suspension for at least two
months.

8. The method of any of claims 4-7, further comprising plating the hES cells onto a solid surface and

continuing to culture the cells so as to maintain a substantially undifferentiated cell population.

9. The method of any of claims 4-8, further compromising differentiating the hES cells.

-20-



