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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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Definitions
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embryonic, or fetal tissue at any time after fertilization, and have the characteristic of being capable under the
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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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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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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.
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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

—_7—



BSF(tm-60 (Quality Biological Inc.) (Exanple 1). See al so WD 98/ 30679
(Life Technologies Inc.) and U S. 5,405,772 (Angen). The X-VIVQ(tm 10

f or mul at iwo 20eomo2086s phar maceuti cal grade human al bum npcCramsessiozané hunan
insulin and pasteurized human transferrin. Exogenous growh factors,
artificial el | ul ar er nts
are nd Cri‘e‘r‘?EWthg'&a"iyﬁg?%gﬂ? Vo e[lg th%d’g Sl ¥ Olagd q{ﬂm% n%@%[smqﬁécjiig?%bgﬁany
pr ot eirefatks thasessabse ag tﬁﬂ'haag‘%ﬁ%d'fe@SP(Wﬁ’i‘W BiﬁPnlt'%e °§"§er umfree fornul ation that
cont ai ns neseEbimané o sppsisenrdumned rupmcesprasvaopnent Ochdy thotert rambe of

al ter n% Yes g"%?laE@ gﬁAeL or\%}@(ms rﬂ%ﬂhmg@%lé@mr cbﬁ%hteﬁnapasaﬁmease Ceﬂlrgdnl'in

t
Chit | FhBeY BROPHPCTaRis o0 e SR PR ET aCRATGR Db B SRR ot
i nhi bibk corginatiuély pertuséd withinediumei bsedlin ait-bgfriomede, srcpoe inyeridys gkesconcent rat i on

i s especi q\lukrﬁénﬁf]éo‘ﬁm fhé(tehefpg nﬂfn@mﬁ@uﬂﬁﬁgreﬁﬂtéd [ﬂh@ﬁﬂtﬂpfe%ﬁ@-&dpﬁéﬁsvgrévhlﬁ)&treplaced
differentiation

menberrs nscfdefl Hf@r FWPIG;TB% %ﬁ?{%ﬁg (gel% sehlg Ht rel.g acm ?oa L1[r]n(j aﬁcﬁien ’resg%tegé?lidgﬁé
honol agls). @mowihfis gioaitorednariddisgssulture tsi spiaihes reawre@ﬁ@m?'@srs@&fqr whmw%d@‘tﬂ Br,
ang Otshl?a'blercﬁlﬁﬁé)ﬁé?ibd el delisthd HiglesBd S@WkLESTor thir |ﬁt6:81ebﬁlﬁpbsd(3t erm ned from gene

expr essi gé,,e?,négg%ﬂ?er k?hn%on%nsd s B ANEETIRE 1S BIRELTHLBRAN Hisial OF

acidic F oncen alone I's _su | ent g
pr onotserage ey H'SGWVOFFE'SS%WS@“ Ptucgsy E&tﬂ?f F‘f"@'l"%'}?f’ iPh1res mepigcan ﬁsgf’rﬁ% BLPIE 4h g
2) . CoHveewnd:rias idasiosfof sEperasfoh exaltures profide the ruserowithray fuetheti oppastunifyt tp preizentis cel |
gr owt V Qi dt%ﬁm Rdimidd BARs 2@ a the@iE offtblis

O 7ot Naffle Richo R deuitint E’vg{%ﬁ‘ t;v m?% @%ﬁt g ‘?{80 by, i %rﬁf): it
Co1r§ceri'i!"re%.t’t°i1 ofat lrspsns'%%@‘?f el Bgoen Pcefo ol arpgmb hre
cost ahiisetitiated cEefmis\tk gree- droansierdl pauivialsnicof @ undifrssntiatest paiony qel 2 Al %'décebf FGF
can bepogs%l §d?‘ﬂoi}%@d BYRAIE &) Jnﬁ(eréh‘ﬁatwmw éﬁ@m@lLﬂeﬂsU-l’—&ﬁ |fftlﬁd]ﬁli:c§3d'_e®:f ark Rifspersdagbut
pr opo moni,t o n ifferentiation
accor Cﬁ%lﬁa %JP hg%wwe}{a% forc tha esr\gi?l bgtat g e%f@re%ﬁjﬁql%ﬂr ina hES Cells in
Suspensi orPdtimizates ﬁbﬂh%ééﬁ?%ﬁ'%c@%‘éﬁeedyﬁ%tcaﬁéﬁ Etelishsd, e eHPIEtRN FHinY-
S uUgP e NFidABrehtithddWems frdndd préviodskamack et susppsibh euline] drsspagsaged brihatestalondition, and
subst rc%ﬁtﬁed l%lf§ V\%%J( lo? mg?épalﬂg%gl R¥%n B@Q&Med%hédﬁa@ ﬂeérﬂ%teﬁé%s &bﬁ-_‘@' &adl idrrom a
pri 3|ntoavs g’@&{t g_:l elg ?lbecelcl:a%'n
suspe rﬁz‘?'ﬁ?fe ”Fﬁ%”\?é@?é‘@f SW&{"I d§s°&P@ ip Vﬁl“&’é{ls?'i’m” a7 flusgpted nxapplp adhérence
of undildoftemeassapeat teck tBSet-edtébisheT e sysgeralasd eeluated frs cihgsic mrblepical frglutsie

cells {]rlﬂm‘fér@ﬁtfa ol rlgllso{ﬁxamﬁé"@{; AShélnSd 'célfs' 4 iMBREA QiSAEI |f&QilffbrdM|Bﬁ!ﬁrltc§)a| |y
or _nechani ca| dri

t I
at %Sac H@chtl ar ttsﬁ @gn thsy’tlpﬁtg?eghmgy rgngg h8 I;naaker ?rgﬁe cr)"fq &G%Weﬁmeﬁ cMIR;t C@‘ut y
devi ceh¢ hbility IOf)th&tfsﬁﬁ tohifferantiie bs s@uiked. t'@emh@@cy ﬁéhl@ﬁ pl@@gqs@ﬁ CBlFur?jr%OIb@y

gpon t Berirmed b;SQampM@&ﬁeedeﬁs sAd éitﬁ’eb b@dlicHg t&biSRSE SOID mitd, bwye,ltairmrg EBrdetes sells
evel o Bk 50r
fgrf rln%k?(rs repr_esen ing tal?th\‘le% {agt%?sgt??g&pl E:::E'lecds@] ¥ tI?eYé%k/ ghhis B0 %%%{t

shaker gen
Pl us( t??)‘"e(ef\ﬁaWH@@‘M‘@\F@‘%W“S(E‘?‘%‘PWQ the gl éaf'amea?v&ff*ﬁée@t(?ﬁaﬁ leget *f‘&ﬁE‘“ fih‘? {0
( Amp! | &mrenkiats info thd Iheadedhissae edaterests can be conti nuously perfused wt h rredl um

or used i nAébeI:t? dr ih@tlﬁtnre@ggn 1B YlayCXBYit irbm YeHhbrOpiimiSAtiBR holude 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
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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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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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30 replacement and optionally a cardiotrophic factor that affects DNA-methylation, such as S-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, cTnT, 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). '
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» 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 materials 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
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2005/ 08 t b
Lo g U EPal a8 o B95 i Sl Aot MRl locbPhliecl, b,
cuI t ur iaigx ang C&“W?%W%W*’S‘FQFH"?@O& %@ﬁﬁﬂ‘rﬁa‘i%f)éﬁo Gf clebyatedin fufl flo ey EF'Ect ed
from Agﬁowg(e)a%za hi st one deacetyl ase inhibitor (such as butyrate), a

m togen ( Sﬂ'\ I‘::? BEFdre r% Ean-gg; anfd RYRRSTH %nelqyaném %Qﬂ}nsfron( %Wﬂltt@lér or

noggi né I's can ured by cul turi ng E( Tg% m_de

yi el di BS%M@%If’I°mp‘8‘ﬁﬁWaﬁ'?"Eﬂ‘Fal MowhTE s N sk PXPsImES (life é/é\m g@swebdxl ,
i nsaul i supplghercaigth, thes osuat gmtias:i mamegn2middndvtening, Cl"/mee%ﬂlalwanS?@@S \gibco),

03{ 95084'[%?[}(( &ﬁ\él@ébtogﬁlraﬁbl )and @%Hﬁﬁ.@?l@re&h&m&ﬁlrﬁ ﬁa&fﬂ%eb%ﬁﬁ%d@nt@d’wﬁ@hﬂ/ﬁlwﬁﬂ 400 hgs
cells wi S, -0r, YO use
o gantta ol Kor@ouyof Wit Goh e e el Rere” (1 B REl, Aoobfs B
Hermat opoinginlc ot &lt3 digandn (Rak Bo Swmad@%ymcﬁﬂ Mg lwngwaiﬁesurzp@megtew wify . 1 mM

hem&t OpBRIcEptEaltaAll] 196 8onad3cenBal RAMG aBTBY (BIbOGEAH 60 YAl &fibRGF ABE TledcultiredlinimEFUS

%g/eg%%% 1908n2ed ée(} a\WgreV\%% a%%/ gﬁ%ﬁﬁ%ﬁ%@& n‘f I nstitute). MasenChyma‘l

rs can gener rom S accordi gg to the neth
descr i bed The hﬁéoet@/vmmfawasw@ PioMaigei® regehpidiehiangrataomess V. %flgr?“‘f%*‘é’r{%e
furthep dd}sfvxfltﬁl’c&lﬂlttlbr&&deﬁbdluﬁit oy @othk astditibred emgemoeds|repldced witm@ds uneersiinvesi ni ng

an ostgg %Phrﬁ S&@‘P 'éxpaﬁﬂ&hm@tﬁunpoeﬁls ngreﬁmmd&lyfaﬁ@f:%'sébe@ RRLY. CI‘HE @fobéhlon
BWP- 4) | &n uman TGF‘}) recrg eg r,q Lﬁ?lntg ol unman

vit am ff %p?@@@&eawm(% ipp3gagerh R 20% EBRTPATRRtY Syery 2 dgysy é%ér”ﬁe@e?"l Le5Y03:
5(29 : 1wée§Id thahgndr wtitheydad beantpessagqirfoteniitesr s can be generated by

SU:C ]E uri n? Fitgﬁreoﬁéﬂoﬁs 'c&orf@scd'f?EQQzélegt\fit@)@&d\%ftgrbza@%ab@@khfﬁ@erﬁGHTMIIF’@IE;M@II&S) iBfthe

ifferentiatio i.sted in mGAr
i 11 or GRS TR 21 RBhEoB Mo S oo e G0 08 B hror AR 40 1
appl i ed-INOMES+HEBF §0ng/mL) + stem cell factor (SCF, Steel factor) (15 ng/mL); (D) X-VIVOT 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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cultured according to this invention. hES derived cells can be used for
drug screening, preparing pharmaceutical conpositions, research, and many
ot her worwbwhete2@ar poses. Commerci al di stribution Conpegoentssoosin2idie
culture systemof this invention nmay be offered for sale, sold, or

ot herw se distributed from-the place—of—ranufacture—for—use—by—anether
entity for any purpose. CoghonegtsRiebres ﬁgﬁctﬁmeg or distributed

together in various useful conbinations, such as two or nore of the
following: nedia suitable for culturing hES cells jygagtsnelshash factors
extracel lular matrix conponMpdi& or thi ckeners present geRP&age0 be added to
t he medi um—mcrocarrierspresent—Tnmorto beadded—tothenedium— vessel s
adapt ed for suspéihsPufioradimedt®  the hES cells thensel veé2 ®fther growing in
the culture systepyo®npshedEd@odgmignot her form but integgggqfor use in the
culture system The products ang product conbi nati ons are packaged in

sui t abl e cont ai AeYI¥O™dpt PERFAKHONgMLL* REE (1608/mL) and nay be8dd@dnpani ed by
witten infornmaty @0 | Dt ials according to this invention
- such as maint eﬁg%?_?lgq%r Qgﬁgg‘g’ﬁg) hmg%ﬁ&éiﬁg The i nf or RAtP'HN nay be
witten in any Iaré?uma e on @n%grﬁ@rmuni cation medi um accessi bl e and
under st andabl e IRPSF e pFERHE IfSer. |t may take the fofth™f a Iabel on the
container or the kit, or a product insert packaged with the container and
di st r iU t=06tagOB@bMRIN. of GO paRhRBAgel i0 XNBVET™MEd amE IAEBFO8tSwas! diSdidrUdnl 198 Sells OF
expl ar}:lajltt IrOJ' l% r‘r’v‘%l'g tcct> %ll? or%erril rrll‘le%lru C%RR‘X Ghe 'chseil\ ?ncEtFrc%H(liiﬁ;onL(P I g}jigr}{a\i\llelrea a!sgagte ol he.
user or the'iNtended User as fef €refiIce or resource raterial associated with
t he cENeragce@M §d3yssthie Bigtcels ipriodyiet .10 PR CBRBTNS0 esra pRgEacrd PP average every 5

i | lbustdagd. i TOWS, tiOdterme@phnston il unadrditibieel > VIFOHED or RBSFi60 vaEXANR EStidesdngdre 1:

G ow ngLRA HEj:g&;dﬁi cdEsGmuGel I's in rapid expansion nediumA |ine of hES
cells was obtalned that had ori gi nal |y been grown on nmouse enbryonic

fi br obl astFigwWedehowss gene sipiessioB Rl AR FHrO% Y pHedYbway iFlaled Imybe- 1 r ee
envi r cahewrsingdtgpPurs RNG 1ddietion je(Rorhe Riagrosice) dnd legaluateitbyi Teqaad" essag (real dmed

ot o TG00 b Bilnd o TSR 18 B Chrili] 1o B0 RBAEH Bhrdllonth, 18 cohiol
MRS T <hgiﬂéﬁﬂ?ﬁ@a3@%@?%%%%%@65?@& gt 3EeRroe T Grrpsiar

Qual i thgptwBen|tisg fegtadind| ¢potrol Bempless erei onlyt bignifisaetxib eleptaethar 2-felthe TRe \ANRIYS Ajows 0
nedi UnaxyassichUd? PirBRE B EOctdiat 3crbhiRs WsHaWhafGRA 188ptatibR BRlnéondRionsl X vigblt ndrne,
arenosSeRt el RILAR PEED B0 e EYFREAR S0 o A0
( G bcdpek ing mid/spditenedyprgnmd et tree bRjs ineadirseBCF (R & D Systen); or 40 ng/niL
of1sbFGF anmb chhiirmghditen tulttret B untapaincheq Rediut réis theimpluripQBaEy( émrydilloodesliveren was
suppl & agﬁd g«taﬁﬁ @by%mpnmoﬁ-tsem BPH&%&% m;?érgpaafegéﬁ@lgécﬂlof DG G ds
(G bcola & Aft4 ngﬁ m? i be:' Q'E t%e IIS o c} o eq dl'nt HE il clu ing 200 U/mL
yers. er pasSage 7 in expansion medium, the cells were dissociated into small clumps using m
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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condi ti oned nmedi um were used as control in these experinents. The hES cells
were first passaged onto Matrigel (r) coated plates using coll agenase 1V,
and cul t weaodmm2@6days with conditi oned nedium On dayP2T/usb@scoesyds t i oned
medi um was replaced with 80% unconditi oned ES nmedi um pl us 20% expansi on

medi um S Fee fpgglcé‘"g%sadegall Vel e%?éfﬁ:ﬁ&%gse eeklds The proportion of
expan e S y every 2 days until the

cells wer masmmi alteey mwaemenl onamhgelbeveregpasmeum 4 fre¢h(egn-doaditidoed) sepagsaged 6
nore ti Tﬁ 1% sﬁ%%%ntg&) L 'Gﬁl%anﬂ{] ng‘%s@éﬂtlgl &ind BiSusehd er@aﬁ&@tﬁmes

SUffIC i ent tation) mlaMnE -
condl tR‘ﬁrﬁQd“gf@ﬁmﬁ‘?ﬁ“-lbaﬂF F(OBM?Fﬁﬁ' : a'IdSS‘e”)@ Ot%ﬂ"a% cgat NUEBRERY: (o)
X- \H VX ltetmptiva, dwdpté@ve(mr@mmynreetlssmmdoetb lthef seoteaned(uBCRtaiBing 80 né/mE ther GF-( 15
ng/ m—)The(:,st \APére\Gay%emvelij ?da@fﬁhg%@ﬂg‘a%w + Flt3 Ii gand (75 ng/mL); (E)

SF(tm - It w( g |t| I S|m||g1 tkf Sho res on q\%((:f‘r ° * tal
ceI I expan%‘i Brﬁs p?é"r np'éfgjga&kss F?ﬂﬂ ?ﬂ?dY"??eren ated lI'f’s cultired tor 4
pas s agegphopgyfeF celle guivniiromek conditipngdmedivms (B) mvrpb@wégégﬂnpﬁmxd'w YoM (@ or
QBSF( t $0ra&OmIrRbISBEA 4 Rbre¥didd iRAEREM (BN pe2 SorGihed Ghddiuty (B1Spavezh); UD) BypesdageocCel |

P, di nbFGF
( 48)?]1 nSI nce%%%kﬁ;ﬁ?é‘ﬁ Qﬁe W”@%gﬂ%ﬁj f%f'ngcpﬁlg%@ﬁ Z%m % R%rfofrr%ng Cﬁl }(Je ¥%E&é}ne&19m+
fold )da'W'O'@@? RYPErQy: veryipge 'é&elr@hﬂ"e*)weﬁe FHSP@G? PN@%FFHP"(e?SePfese"“"Q abollt §0d “f b L}
Tol d (&3%iré.t I9vel6 OF mtarkeir Gkprdsdibmgdrerkg folbwéd: f ol d The average expansion of cells

per passage in X-VIVQ(tm 10 and QBSF(tm)-60 was greater than the cells
cultured in nFF conditioned nmediumcultur

medi um wer e passaged AVSrcoMiblcendiigs cel I's in X-VIVQ(tm
10 and QBSF(tn)-60 mf%le?égﬁsaggﬁﬁ\é%g'égér%ge e\}Jery 5n 'ay§s Thus the rate of

expansion 1 n uncondigj@aed X- VEY&XdidkedO0 or QBSK(t was to 5.2

ti mes FaSEPRPO-t han i medkn condi t eerenES nedi um  Fi SE?J 'Vezgeg%eéﬁ’/(gssf’he gene
expression profile of hTERT t3(4, The R I sol from, cells
using_H gh Pure RNA Isolation B \#ra 2080 anmﬁéﬁfq) anﬁgggal ump y
Tagmangbpmeassay (real time RT- PCR) The gene expression in each of the
test condition is plotted relative to expreSS|on in the control culture.

Taki ng {'#¢b consi d&eattiosd t he™8hst run®t error afd . assay'®ari abi 1%y,

di fferenpgp hn exprassian betysen theghest andapksol GAMIRS af & 1Y -
si gni ticant1fgreater—than-2-fold—Fhe—analysts—shows—expresston—of-—hTE
and Ccexp8imnidecr eases sonmewhat upon adaptation to unconditioned X-VIVQ'tm

10 or % Xtr’r) 60 rE%(r:\Iziltoned(fl r% f our Q@rs in eac1l"boset) bH)to returng,to
r

standar d Mevel s wheh e cel | S 'are passaged
H1p34+11 Defined 77% 84% 1.11+0.38  057+024  0.76+0.39
Experiment 3:
H1p47 Conditioned 78% 92% 1.00 1.00 1.00
H1p35+12 Defined 80% 86% 200015 0.86+020  3.12:0.91

* 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.



back into nEF conditioned nmedium (last three bars in each set). To confirm
that cells cultured in unconditioned nmediumretain their pluripotency,

enbr yoi d wodnemozsse formed and anal yzed by i munocyt oclremivstoog/0b3r6
phenotypi ¢ markers representing each of the three germlayers. After
passage 7 in expansion nedium the cells were dissociated into small clunps
using 200 U L collagenase IV at 37C for 10 mn, placed in suspension

cul t ur exampled; CulriagmipiSgelisin syapeisioh ( DVEM + 10% FBS) for 4 days, then

transferreg.pnt -1 -omthi V-0 ] plat her
10 days. T _ét@qv\‘gervg?df %ﬁ%ﬁsﬂ{ynﬁ’%yo %’a&a c?r?rerg %ﬁ&gé@a\%@&ﬁeg{%l ﬁ%lﬁsztev%g cglrt%éq Qbel ed
by i mﬁHﬁB%&?'P%@ﬁ%Fﬁe%FYaV.ate#if‘@ﬂP@hS'OWeﬂﬁ@"Wééfe'l"t differgptiated g4llp epfpgeiaiveef 7

ti res alhreemgomdiyeisoned X-VIVO(tn) 10 medi um stained for a-fetoprotein
(represent hge€BAOIRWALN MIHROAG SveAChdRsted R BSRM biai8 aRESRAS ifth a PRk flask
b-tubulin ng &r,epr esenting ectoderm. Thus, hES cells can be expanded in
fresh (HEHIESIHPICENTYE) media in a feeder-free environment at a rapid rate
sui tabl e for convessdi &0 mrwiwetfiegn - as nuch as 2- to 5-fold faster or nore

conpar ed vvith.grgg\gugﬁg,{*[sgegm%jgem@egjag@@lsicg,[gynq_r. on feeder cells. The cells
re%ai n the norphol OL?% of undifferentiated hES cells, and can be

di % erentiated i ¥ed Ymea P (L PEPIneer fIgskr esent i ng al | three germ

| ayers. Exanpl @ 2Mediuh ¢sed:emBif cdniiforee Iregiuh norsaindef iFGEWS syst)em f ree of

ani mal - based pr og&%go% rg}ggocrﬁhk%ug&qamg,ﬁ%nb& ol CMon Matrigel (r) were
i

passaged to a fres non-condi tione serumtree nmedium X-VIVQ(tm 10
suppl ement ed Wi t AmesAieEnPHhE CAfdirueai¥ent i al ani no aci ds and
b- mer capt oet hanoMediyn @sch8fhengEvEry bieradnyb@sshange@by astindgaihe | @R §dide, daamdarddhen

adapted to surfaggs.rard 5, human [am nin. Alternatively, cryopreserved
cefelos wer e direct Flyc'rfgham%ger}q%\t o) t he sane medi um contai ning 80 ng/ nL hbFGF.

The cel? EESeHewgiamainigingd iBdhespineer dasiypder fhesargndtians fogBAxSe 1V. Cultures grown
under t hesEigaeAdiitpeo pamehsh@vsstherirdsalts. Ofolltvatd @r inttikladeckng| dutingeshionthd/Rtlturegeds ) .
(A) MOLRMNRE el Bl ki Sog S B WL fdi J%Etfﬁ&l&%&dé?”ed medi um (B) mor phol ogy
fin defi neg gedl_%n;hon III am nin; C%, urface Imar ker SSEA-4 expression in

mEF- OM ( HLPEZT PYPh BRFTRarerRRir LAt InBrsorudgylate posfedpyiih MatigelGo geteraieryeier
meddk er thay iill hacsiDe phrenetEre-aCNndifferatidtedeetis. ridd icultvre cGniinued esingemBErCvmadien contdiniey
def i negkardhgimLen | am nin was superior: very large ES cell colonies were

observed, with col onies.representi ahput 80% of the culture. Levels. o
mar ker exp'\r'l\'lI weds OW\%EP%neQSS%B‘%ﬁ ?”8\/\755”' ab%%r 3. SIS REPA%ex JPe Sl R ﬁ"dD%’?“ﬁ’H%c{j
Cul t urBorekningy of ueierslipted eddis.nar ker Passage no. Culture Rel ative gene

expr essi onpPiumdichid @ XY @SS Wad eaitlRd 4y Tording PBrybid BEFesOCthd/ il Hdr havdaxdagfoniment

L2281 P4 afeRt Wit ORRC oA RR %0, bnd Darkres th-2Q8 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.



H1p31+10 Defined 92% 87% 2.85 + 0.58* 0.74 0.04 1.82 0.62 Experinment 2: H
1p44 Conditioned 81%91% 1.00 1.00 1.00 H1p34+1 1 Defined 77%84% 1.1 1

0. 38 0. 5AwoQo@4o2ns66 0.39 Experinent 3: Hlp47 Conditi omew/Us38is®2%7d. 00
1.00 1.00 H1p35+12 Defined 80% 86% 2.00 0.15 0.86 0.20 3.12 0.91 * nean
SD for 3 RT-PCRdet erm nations Ex%)r es&si n ‘ff ogﬂer. mar ker s characteristic of
undi f f er et INQthePXpEigepiet’y RESGEUS YR & Eﬁﬁﬁ% SLIBP S RO ER by real -ti me PCR,
t he | evel s of « h'Meb8E: dndmCepipreofiagker e t he same or greater in defined nmedium
conpared wi t h, Mgl GMon, Whaidig) tdeiye s ensiaamef Cct 3/4 was |ower by about
28% (average of three experi nent Sr%" TRAP anal ysis showed that the cells
retained tel otrer4eSemaAYeer04plt REGPRINS 188F | s grown in conpl etely defined
cubture syst em afedpdvisdd: mEFA3 € ByGH (8weime) har vest ed and used to make
teratomas in SClD.M t | uri potency. The teratonmas showed

evi dence for pi it 't{\ﬁ%)rg%teég?ﬁ)ﬁgkgﬁérfn&z)gndodern); renal tissue (endoderm;
nmesenchynal ttsdMpsiunedigersr (Yce Rl HBYF t ubes (ectoderm). This confirns
that the Gajurse ERInBItIRAEsU eDicephalcLitpre s estatistedpthecdds welnaintdiveg haigdy el | s
in sumgpﬁjzod; ?Q%JOQ a viewto increasing the yield of hES cells per culture
vol une, & CerT's were cultured in suspension, and then eval uated for
mdPphol ogy and their ability to formdifferentiated cells representative of

al |t iexeeplgér nhdeyme ssspertddn hi8recel | s grown on Matrigel (r) were harvested

from6-well plates and seeded ipto spi.nner. flas t j
condi ti on TMFeReEIMent\Rs dpe ¢! ?pg{ésr l?ﬁasa% Imef'n_lé)rf:eu egs[\F%rﬁ'a g%gd{g ﬁ ;a%hiék(r%ﬁla{gg: 3.6
X 10s instat of aispinne/Batk wndey everskdiffaent pulturrapondifionsasd the eytiwe wep geNded Le9ve ner
condi tyy®Resndredi um contai ning bFG- (8 ng/nlL) Agitation rate: 20 rpm

(Bellco carrier et S, st Ih,%“( i eﬁs@d froﬁ‘xt%@élﬂﬁ{sﬁ%mﬁiﬁ%g%ﬁri{;%Hrbrﬁéﬂondi%@hum

ex@hange: Evely ' _ r© av;‘ferfe_c ange qu . 2| I's settle down and
repl aci ng t he supesiumaergfeydepiinighaker dpsgks urgst tae fPBIWRILOPENS N t he spi nner
flask under tQResgsspnbotiL®nsketr PaskS days. Figure 4 (upper panel) shows the

resul t S Fol | (.)WI lﬂ% %{i"oni Qelreé)l#\ Id ndS| lé ><61dj.lt!£|fs which the culture was
est abl i shed, fhe"T& u %eégn (?o ri semg'r om day 2 through day 6.
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.
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At this point, the cells were plated back into a 6-well plate coated with
Matrigel (r) to determ ne whether they still had the phenotype of

undi f f er emi2ad7m208¢l | s. The cul ture continued usi ng NMEFPCWIUSREIGOR3I76

cont ai ni ng bFGF (8 ng/ rrL) FI gure 4 (I ower panel) shows the results. After
a single B

undi fferenti at ed cel l s]. %u@&% rﬂggogﬁs "gg% gﬁéndns(:umé eval uat ed by form ng

enbryoi d bodi es. The c S Were arvested om contluent culture using

Col | agenase TV, ancrf'r,ﬁgﬁ red T gk attaqﬁggg@[CG wWel TyRlaie 1Tn DVEM +
20% FBS. Eﬁg&ummefor aﬁ/{j mai nt e?’rllje for The .EBs were then

repl ated onto pol vorr{'“i eliELE oat ébo eolis/bb r sl("?jé@'s’ ter @O°CAEMAr 11 days,
the EB outgroyths were siqined for gd etoproteingendodern),sqruscle actin
(mesoderm and b-tubulin w th neuron norphol ogy (ectodernm). Figure 5 shows
the results. The top howasiays cell syglifferentiaged fromtherHES cells

mai nt ai ned i n suspension culture, and then plated back onto | am nin under
standard condgti ons. Thesd ower row fows cells digferentiatexsfromthe sane
hES cell line that were nmaintained throughout as plated cells. As shown in
t hese i mages,11hES cel | s 2ai nt ai ned 2B suspensi or2.$rai nt ai ned a2eir full
capacity to differentiate into derivatives of all three-germlayers.In
anot her exper$2rent, H9 hES cells wefd5cul tured under the fol Fow ng
conditions: Vessel: 100 ml _ spinner flask Inoculation (seeding) density:
3.5 x 10s cel¥s/nL  Medi #fm vol ume: 56 ml. per spinner flask ~Medi um used:
nEF- CM + BFGF (8 ng/ L) Agi tation rate:. 20 rpm (as before) Nedium
exchange: Once every three days Figure 6 shows the results. Once the

cul ture was established, the cells were naintained happily for the full 12
day peTroldGWm"B(‘@h?&eéthﬂCe”EUﬁ@ﬂ%ﬁ%'@d@%‘éﬁﬁ?@ﬁ'a&ﬁIWWQWHF‘@ C@S&'ﬁérf?fﬁﬁv?ﬁk%s
done Mddhnﬂﬂﬂér&lﬁiéte&lli&k@ﬁtbIMa&nQél@m mhBRE caaitibred wetiemecoittiinligeFGFsi ng a shaker

flgsk instg stthém lis " hft fhs kpaégggﬁa REURE bl ffrwtﬁ@gusgﬁg.mgmm were

condl ti ons and over hES cel |l s

were HFAPWHS oY and ety %?qteﬂﬁtlcalf\@@erfr@?tewweﬁ RORMESr i gel (r) in nEF
condi t i onemheswdhtaindicatnitiathesded chmbomaihtaiket in Slispshsonienitles fot dtdsabtahre@mbmtis,

go Bd'xtdf%gt%gye ?r]\égfgﬁf& exp%%%n% 33 %f%fd aﬁé@%ult&r@ Q@déln@é fums{a&%ﬁéﬂ ng) density:

di um vol une: nL per shaker

10 Example 5: Suspension cultures using fresh medium

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 (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.
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Agitation rate: 80 rpm (Labline rotator/shaker in a 37C CQ2 incubator)

Medi um exchange: Every other day initially, once every 2-3 days |ater The
medi a usewloanal/medssur e peri ods were as foll ows: A nEF- EMrasbéo&s23986 ng/ ) .
Mai nt ai ned for 98 days. B: nEF-CM + bFGF (8 ng/nm.) + Ianinin (33ng/nL to

begin with . for t [ es nt ai ned
For Ao dayAt e BB olE kR Tahibo el ode e B p8los b S5t il gl sl

Mai nt a‘°r@’3‘”?t‘b fmorpipolegyy sC e"Dretlxmzﬂ lgautiagp culbiresrad qelDtakeyy wytly#rom the sus(pmuqmg/ n)
+ | ami oiltre 3@ tesigd fok pltripoteadyi by invhdrdcytocAéicay étarhing bfeBaRfilc@rcellsOds it B@mbRSt Oof t he
culture). Mintained for 11 days. Cell counts over the period of the
culture are shown in the follow ng Table. Table 3: Gowh of hES Cells in
Suspensi on Cul tures Medium A Medi um B Medi um C Medium D Days in culture
(105 cel Il s/ nL) (MeC8meesitiosy and procdddbss dexclilstmbive (408 atfettively mhdiicd 5.0 5.0 5.0
5.0 1 (not count ed) w%h&lt cgbpgrtu? Formth@el@med Rvehtich ahd Bs dquiraénd 2-3 2.5 2.4 32
0.3 0.15 - - 98 c?tern1ne whet her the cells were maintaining

t he undlfferentlated phenotype, cells cultured for 4 weeks in MediumA were
pl ated back onto Matrigel (r) in nEF conditioned medi um containi ng bFG-.
Figure 7 shows the results. After passaging, the cells derived fromthe
suspension culture were shown to grow and exhi bit characteristic

undi fferentiated hES cell colonies. These data indicate that hES cells can
be maintained in suspension culture for at |east three nonths, potentially
under goi ng expansion by 3- to 40-fold after the culture becones fully
establ i shed. Exanple 5: Suspension cultures using fresh nedi um The next
experinment evaluates alternative additives for use with fresh
(uncondi ti oned) nediumin suspension cultures. hES cells are harvested from
a surface culture in fresh nedi umunder standard conditions (substrate of
human | am nin from Sigma, coated onto 6-well plates at 2 ng/cnR; X-VIVO
10(tm nedi um contai ning 80 ng/nL bFGF and 0.5 ng/nL TGFbi). The harvested
cells are passaged into suspension culture in 100 nL spinner flasks, using
50 nL per flask at an initial density of ~5 ¢ 105 cells/nL The foll ow ng
medi um
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alternatives are evaluated: 1) X-MVQ(tn) 10 + bFGF (80 ng/nL) 2)
X-VIVvQ(tm 10 + bFG- (80 ng/nmL) + TGFbi (0.5 ng/nL) 3) X-VIVO'tm) 10 + bFG-
(40 ng/ myworod@ekise (0.5 ng/ m.) 4) X-VIVQ(tnm) 10 + bFGF @80/usgéosio)3sre TGHbi
(0.5 ng/nm) + 10 ng/ L human lamnin 5) X-VIVQ(tm 10 + bFG- (80 ng/nL) +
TGFbi (0.5 ng/m) + 50 ng/nlL human serym al bum n Each spinner flask is

pl aced on a Bellco carrier nmagnetic AT er (Bell co Bi otechnol ogy, Vinel and
NJ) in a 37C CO2 incubator, at an initial agitation rate to 20 rpm The

agi t at Terinveatoa claimed @} ust ed t o keep the cells in suspension and provide
sufficient aeration, while mnimzing shear forces. Mediumis changed every
2-3 days,6as before, nonitoring cell count, and the flasks are split as
needed. At g‘éﬂ[ﬁ'feaqf hymRngmbaeaic ster) (NES) gells Inssyspangien. PR deciF Sroplissie ahefaniielivt ed
back ont o endfgrentistad. coat ed surface to eval uate norphol ogy. Cells returned
to surface cultures and cells taken directly fromthe suspension cultures

are tested for plurjpofency. i nocyt ochem cal stajning of EB derived
cell's, aésa' e ﬂ%ﬁlcgﬂé{ﬂ%%@g%pcgwf 8‘&%“93}?& R (S 8@8‘3?91" gayh s can
be ef f ect i 7empenyaipnf @ ipagliabeid® nelebarting from the cl ai ned i nvention and
its equival ents. CLAIMS The invention clainmed is: 1. A culture of human

b i . I~ i , i hE | |
Subst ant  al 1 i oPhafi 2, whetof e GBALLE o1D ol FludolniSy chvin Ser Bef Fornay
cel I's are B e AP (SCFA oRBHilgFAICERtRi ni ng fibrobl ast growth factor at a

concentration of at |east about 40 ng/nL. 3. The culture of claim 2,

wher ei n 4 hendWelirdiNafY $0caRB bidhISndrbif e kOl B Qi dE NG efdﬁﬁ\tcgﬁtaimﬁé @r}e(o-lrﬁg@
. 4. The culture of any

stemcell factor (S r FIt3 |jgand (FItSL). 4.
pr ecedi ng séq?ug’fer%rs“{%ﬂeé’fj q%g ??E“'%I@?ﬁ“%%&m@“%’ﬂ?-t ured in a nedi um contai ni ng one
or nore sol uble or suspended extracellular matrix conponents. 5. The

cul tur e ®f Tiel it 45 clavi e @hdteih iR GarbdelfR InkakHxaomPaHehiSX ifcRBD ARGALASin aAghude
human | am mnﬁnﬁiﬁwegﬁn human fibronectin. 6. The culture of any preceding
claim wherein € célls are cultured in suspension with solid
m croparticle. 7. The culture of claim7, wherein the mcroparticle are
coat ed Vé.t Fheondiurer ofnaiyepre@iding| daivey waetsipand edisextr atgtd W atspaRdidhi with solid
conponent SyicRparftidret hod for culturing hES cells, conprising: a) suspending
the cells in a nutrient medium b) maintaining the cells in suspension
whi | e cul turing;

7. The culture of claim 7, wherein the microparticle are coated with one or more soluble or suspended

extracellular matrix components.

8. A method for culturing hES cells, comprising:
a) suspending the cells in a nutrient medium;
b) maintaining the cells in suspension while culturing;
¢) changing the medium periodically; ‘
d) optionally splitting the culture from time to time so as to reduce cell density; and finally
e) harvesting cells from the culture.

9. The method of claim 8, wherein the cells are cultured in @ medium containing fibroblast growth factor
at a concentration of at least about 40 ng/mL..

10. The method of claim 9, wherein the medium also contains transforming growth factor beta (TGFB),
stem cell factor (SCF), or FIt3 ligand (FIt3L).



c) changing the nmedium periodically; d) optionally splitting the culture
fromtinme to tinme so as to reduce cell density; and finally e) harvesting
cells frownothe/omssure. 9. The nmethod of claim8, whereiPaTtuseoocmbisze ar e
cultured in a nmedium cont aining fibroblast growth factor at a concentration

2l so coft SRESPARCBPHIAS BT P4 i e B Bl Sl p Sy 01 17

(SCF), or sl,a]ublgoqqugm@pd(qxtrchl_tyarmtnxwonﬁshod of any of clains 8-10, wherein
the cells are cultured in a nedium containing one or nore soluble or
suspended S (A8 of difi11 Wetdin'ing SROHRRE Rar xll%mpmﬁt(gdmn,eg A erdor
wher ei n't he ext racel1ular matrix corrponent I ncl human | am ni n and/ or
human fi bridpeetifrenectis. The net hod of any of claims 8-1 2, wherein the cells
are cultured in suspension with solid mcroparticle. 14. The nethod of
claim 13, %%eﬂo@oﬁajﬂfomaﬁﬁsoﬁﬁ wh&rbif tha1c8lis GRAURFedh ElbperRRdn Qith 58 Mickphrudd.e or
suspended extracel lu matri x conponents. 15. The nmethod of any of clains
8-14, wherein the cells are cultured in suspension for at |east two nonths.
16. Thel4reTHeaubtiof ob#igimdB, wiegdimtbe Sictopartigihare spated Wil ope Pl Borg Seleiyd sytPendedst a
3-fold expaisdeMitarWatrk @orhgdnspgpensi on cul ture. 17. The nethod of any of
clains 8-16, further conprising plating the harvested cells back onto a
solid surface and continuing to culture the cells so as to paintain

subst ant5- aTheynethed pfany peaipimad-d4 WP thsspllsiam Guliied i gusPerpion I AHBRF BP ”&H@S of
claims 8-1 7, further conprising differentiating the harvested cells. 19. A
system t § laPRast GOFTRId Sbidiod whkd i ent
medi um ?GL ﬁec%%%lﬁghgy f flge‘ggtaﬁ%ﬁﬁéﬁlﬁﬁeﬁeﬁjﬁﬁlggst gr owt h fa%(?or 20. The
system or PengPn YPm 19, al so conprising an extracel lular matrix
conponent or mcroparticle for adding to the nedium

17. The method of any of claims 8-16, further comprising plating the harvested cells back onto a solid
surface and continuing to culture the cells so as to maintain a substantially undifferentiated cell

population.
18. The method of any of claims 8-17, further comprising differentiating the harvested cells.

19. A system or kit for culturing hES cells in suspension, comprising a nutrient medium that contains at

least 40 ng/mL. fibroblast growth factor.

20. The system or kit of claim 19, also comprising an extracellular matrix component or microparticle for

adding to the medium.



