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washed fromthe culture vessel, and then replated w thout further
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det erani nistigble edppecies@molpgapficiacapaisdsi dntitodiss @ theaatpapti&tFGF peeeptarchnd Mbetiragaptdrhat
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honol ogs,“artificra receptor,
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40 As a supplement to FGF, ligands that bind c-kit, such as stem cell factor (SCF, Steel factor), antibodies

to c-kit, and other activators of the same signal transduction pathway may also be beneficial. SCF is dimeric
and occurs in soluble and membrane-bound forms. It transduces signals by ligand- mediated dimerization of
c-kit, which is a receptor tyrosine kinase related to the receptors for platelet-derived growth factor (PDGF),
macrophage colony-stimulating factor, Fit-3 ligand and vascular endothelial growth factor (VEGF). Also of
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express receptors for acidic FGF (FG-1). At a sufficient concentration (40
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phenotypic markers to undertake a quantitative adjustment befitting adaptation to particular conditions (say, up
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OCT- 4 (deweamBabieo by RT-PCR) and tel omerase activity (detrectizmbt/es2by TRAP
assay) are also characteristic of many types of undifferentiated pPS cells

(Exanpl e &neﬁ%ﬂ@# Rer. tﬂﬁﬁ&érﬁ‘ELrﬁcél?ature of propagated pPS cells is a
potenti al ITrerentrate tnto cells of all three 30 germl| ayers:
endoder m nes duedistosae alscrdvideed gysterPlon plitginitg @RS gelle that e bee gesetieally allgeed, either
confirmedinby tfardidil BO stalile t3kieHTAThd BellSGhal) HFl B&ified nd giex asmndastedt prepertiboin the

represent gf iR ndaled %Hﬁ‘e?to%fve b dl LS oHBREMeANRIcAtiatidN ihtE LIRE LN GeX, or to provide a
pl uri pot enc e

an bhe detéerm ne al.l ow n PS cel | i tiate
non- spaci frie%?fﬁf’ Hosty %yr?rg?gﬁ{'r?ﬁly 5‘%{%’ pf%'?u?ralrﬁﬁjgfe'ée%tre?/gi J(T% ﬁ@%}eggéﬁnggp%g t hen
det er ni ni ng t e’ teesapeutic \priicatipns it BaYhe Repefir 19 madifk Gelle Wity thprgpeutic genes, or to render
i MMUNoCy't el Gisiosdmpytible(\Fh gher iteriey rechPiette ehel atsfatipPSincaso|be uses! tdipfepae el foat e
into part is&ﬁHg&fter_QﬂﬂeJent!a.lidhe;Sor@%pbﬂhd&&&ct’elﬁ g}edara@aar dihrli\}jrtﬁg.)susﬁﬁiibmly(ger.edmd@.s
descri bed oL at6f a hbindidt sl B @fddrBateLealsi@bR2ARIE). popul ations described in

this disclosure are substantjall ndi fferentiated. . can ass d
bet weéR mul ti 8?"@% l)’f""?ciﬁPE%m'FSn%flﬁaé’&%%%m‘)ih%%\é’%é’?@?? @é%&?'ﬁgg'psau%s%g@ggsone
cel | s nmay defciied e i Batent Ne&5T8.4781 $020703aeh 6 PRI FR%h 1aag) expaplfied, iy fxapels s VIY! | ow
density, oectonkyeramb for greducihgisiSanets vath etalzé deovisdltdraliofsampe babksi amadenovirug (atoES S
typi cal |y of igRshaltdosrbd @ink d6ngicidily £BRbIE ikl cdportdi f f erenti ated cells as they

reappr O?.Ch Co%fe{we"l*g Q%%lionlloq hEg‘c;Iells\AQq FJ &%Q\%Qufﬁ)&gﬁﬁwgﬁ%&%QQf ge%@_glte'ra@on, while
alteration of plur] got ent gt e'{%cel E’ Thi s di sdcl'ﬁsurg aleggi Jols awea%alsgan%gstem
for oBPai APRETHIEE dERPTiEiPREDe TRRFE s HREh AR CAPTY- AP BrEE Y IR 1" a
transi ent eoichesithytsplectipgiohi dinctionphisatere of We ReyyIgnelyrepd Fartisarly Gestiveavay RESPIAEE| r ed
pr oper t i egereficatiynateredicxtls fsfpesitontalaatimndisisg ebistance @ gdrvesucinamedegine e prllograbei es
after difiefrialy Abl@by donta@in@LiM@ande8dly with YBRS systins tfd? tHamRielgend or dendBitiridedt, t O
POSI tivel )én aI; v %%ﬂ? Ellex%lay 3 S‘\%te dLug rresB%r\ée! g%hg Ay, MM&J, fﬂ%rcﬁjatrbs@sﬁaﬁ& %Ee can be
differentia _eof p é’notypeg. or thérapeutic appfl cations, it may be

benef i28i alPult BlogdrTS veEa gsdregeras Pftapeuti ¢ genes, or to render cells

hi st oconpat i bIPBS wglis [aret dspecialivt ampriette to@enal¢ aligrationGihqa they ag|aranngn feeder-teerculii™so be
used t o prRpRa@ weldhsut ey dischald. | Trgnsaftttansfadiidnfusing DNAGtd @mplekes rcareeaaspligh,ast he
hES cel LSG@%.eTﬁe_rc]?IB%free@aEi@rqO xémarts;]gauaae, EHAUIErSHS RErBddelelld dralin@ B8 d4ndRk for sa@pscrog: of
a pronoter ecific for. un eren . : ) e
vett or pi ERANALoYSfE 4 FacH Bl TRy B il e ol it fic g S

conpl ées 1o RgfEploniss ahdpganstrigia L raig PhenqivRg, & cpiyredbm JepRiately 9 giokpd galonies are
6, 020, 202 disgansgd BtcOFTR! AdBps oh Piel108 xeligyrni fepleidd inrp sBahigyshiromnenty/j It ig possiye foraghieve
syst ens f QuiuRE 616 g inlWhidh & BigH Bopekibrusth atik et pe nreliferentaletl eligiare gansticaiyraltdie.
based on adenovirus, retrovirus, or lentivirus, prepared using

conmer ci al | vai | ?bl e \{i(ﬂ; gomponents. Genetic alteration of hES cells

requires %Q%QE&W% hi gh efficiency of genetic alteration,

whi | e 3015 not pps eamtcungddictdreigean tthid tnvedtionodan bl @sdiBS naké biererltiated) cedis ouvedesi r ed

pat hway. ThemdensbddGmdp¥utiadn} AbeHnGSluk §p&an be enriched by selecting for a

f un.Ct I .Onal f e?—'%rugxgm qf, sgip % tp gtvxicfgo%rt%?%%ﬁdn Kg\/eoﬂ{cuepeldln?efhloé{s fgr]c Jb?a%n'g\ﬁ hly\@ryricl%

enriching genetica ?y al'ter ed cell’s I's positive selection usrng resistance

to a drug PSRYEHONS Sf SRILARIRS ppurairifadee | Gels aé%lﬁ’a[}@d & AEieIRAND CaTIRPLEY e 5 more

cont act i ngewdtpinsdsic asheproiprhin 3\oe brainderygdsreasreisophip factor) @ndhene joe morg Eriegeny (sréne

of i ntser esk epidewidl glowihEdidd) basiy Sredmst fraith picoy pEest-dehed drout thes| isdubmike ggehe.

Vector a6 Ll ahhanfipitiul Blbicd s 4 SAR 7 b detos Kledh rbink el ol § Al

v . ; Lal |

genetic alsfcé'régggéc:%°rﬂ?éo‘w' t'\ﬁe(%'f/" "éer%’g”? 8"“‘%%0?1@ %eéé'?g?ts i (Ca%’é%% % %E%r?!? chrl' é%g) Pt ed

t hr oughoutce!s Hindudno Sratusrs pRueens)Teng gl gplle (pgluding REIPFYRS AN SII99enEIRRYISS) piigmatively.,

conpl exes repbqatie@easnamrephrsers can®@ Ybtaifedehatiaivé¢ e capeciteladine ifferentintathéep ndraleitons iand

t her e 48r e wArh hia@dersuCa lal e @E0 B ppulddh edptesfityBbifikhybiRkylabd)@ nva@@t & rdopaminergic

Fol | ow ng ngﬁs}g.t 5& rITLEIBibPRoBMNEs16S M peeLafidai bR A sder F esi st ant feeders

or feeder- re% 'Crg'l ¢ ulr&g (%]t ! f g\oss&.bl % gﬁ%colup‘l Ciﬁ-"SCc%,Isoorr"ergﬁ tltl%%% ells in the

denonstrate t R&°EPE &L EFBHEE: '?E)g‘,'e and ccul fure "them Separa Y he pi Cked

col oni es #&fesence of a histone deacetylase inhibitor such as n-butyrate creates a population of cells Righly enriched for
markers of the hepatocyte lineage. The cultured cells are optionally cultured simultaneously or sequentially

—12 —
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G 40 ng/mL  LIF (100 ng/mL)
H 40 ng/mL  SCF (15 ng/mL), IL-6 (15 ng/mL)}, LIF (100 ng/mL), CNTF (50 ng/mL), OSM (50 ng/mL)
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anal yzed for phenotypic markers by indirect antibody staining.

| mmunocyt ochem cal anal ysis showed the presence of (3-tubulin IIl in cells
havi ng newoaenaos20mor phol ogy. Qther cells stained for a-fetoprusvzeszoor
snoot h nuscl e actin. Th| S dermnstrat es that hES cells cul tured in nmedium

derivatives of aI I Tétﬁez I‘Faefbrmﬁéﬂ ﬂoaryéﬁftss méﬂutuerforhésraals(sages in the
full-st 6 i v
50- 70% of cel s cuI turSEEI“Bﬁg/’R)ﬁt ri gel (r) or | ami nin di spl ayed mor phoI ogy of
undi fferenti at ed hES céCFgoommd) had a normal karyotype. Cells cultured

W t hout any growth fact,:ﬁlgl_@gt@mgi al nost conplete differentiation after 4
weeks in ulture. A er%‘ 1%&9@ of differentiation was al so observed for
cultures in which the tors had been 20 diluted by 5- or 25-fold.
Addi t i onal Mexperi nents t‘é"Qﬁ'BHé:“tabaélP%@'éct the conponents in the factor
cocktail esisential for shES8seghl), TPgr(tﬂMth)The H9 hES cell |line was cul tured

in non- congltl oned ES rgedidem Rh- S E@dd S LML s alone at high (40
il A W GIrg1 I{OaE)ng/ m.) in conbination

ng/ m.) or | ow (8 m.) ncent.rat

w th SCF (f5 ngf‘h‘f_g?“ SCEﬁP ngjm ‘r"@ h&gt‘gf@l')ng/ m.). 25 Figure 6 shows the
results. CQ tur é&ngiilt h SAF (A redHcERHI0Ar¥®Hs of bFGE cont ai ned -30-50%cel | s
having wundifferentiated norphol ogy, with a higher proportion in cultures
al so contuirtd Nge Phdsadgel ifthéseTohditigandhd efai\aled oA RAloygIng badisobyerorpHamgical 6A8mOf t he

cells i r.'Me;n %ﬁt‘ﬁe Q&”dﬁ&hrs%%nﬁﬁ%g é@§|§ ﬁlgn §§'§i‘9m§ble th‘anQ @Wdlﬁ@r@rﬂlate&: U&Iénté@eﬁghﬂ 7

condi tioned nedi um cont alne th undi f q B S) 09 rbd -90%
expr essi NGVSERERsgn of| §FEL 4 §i|f)"§lé‘ifﬁdett¥ '°‘%9<yb°§}ﬁl"h‘8ﬁ?d o T HEr ﬁﬁ%ﬁ‘%‘@t‘%’ P A %ige
passdge (&7 cade) of brssad7 19 {Hieellak aftprbsiaq tins'3EpdHiErg cenglltipngd medjurr A Gel BSIWP My ﬁft ai ned
i n condithése beditisre diowea temneaeattivityragphssage 1. esh ES nmedi um cont ai ni ng t hese
gromh factors. Table 2: Factors added to fresh ES nedium for hES cell
culture - Conditi = 4iS i ng/m. B C 40 ng/nL D 40
ng/ . S ngy.then  DEGE d%%&r@hﬂ%&sﬁ%ﬁ&ﬁﬁeéhﬁi F 40 ng/m TRO (100

ng/ m.) G 4hEsSgdeid pdskdged JZQOImnglnn@)tdIMnéu)magumrMeSGFeaQQSOntrgﬁmyemaw_e rGeduins

Ng/ Mg) , dekifnell &P ProlgatiBh-dnd d6NIbEmdnD& héreHitdpbidtic c6BM (50 ng/ ML) -20 WO 03/ 020920
PCT/ US02/ 28 Q.vigﬂﬂ (z:z ed.Em%soctﬁ:{@aig&q ggmtrt & t%ﬁsntaﬁgua |.tr0£ndty$§¢u§ﬁtd

af
culture | TPO
(100 ng/%L% S‘Wl din %‘E"‘ 3%/%’""9 5 °’1§n‘% 7Y B0 (100
ng/ mL) QosEpEeg T@GP"?YQ'TQrﬁQWW“F’PtQ @@VfﬂUW'fﬁ@PH'Escwq mednt f@'"ﬁ@?'ﬁ’ﬁ_wamps 49vineg/ mL
SCF (15 angunint_povink| ttansdrrin( (160 wygiLixLiipids and cholesterol; B-mercaptoethanol; pyruvate; nucleotides;

15 epidermal growth factor (15 ng/mL); fibroblast growth factor (2 ng/mL); platelet-derived growth factor

(10 ng/mL}; and insulin (10 pg/mL). For use in the current experiments, the medium was further supplemented
with 2 mM L-glutamine, 1% non-essential amino acids (Gibco), 0.1 mM B-mercaptoethanol, and 8 ng/mL
bFGF.
The cells were first passaged onto Matrigel® coated plates using collagenase IV, and cultured for 2
20 days with conditioned medium. On day 2, the 100% conditioned medium was replaced with medium
containing 80% conditioned medium plus 20% fresh 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 weaned, and then grown until they had been passaged a further 8 times.
At passages 1-4 in the expansion medium, the proportion of cells with the morphology of
25 undifferentiated phenotype appeared to diminish slightly, but was restored by passage 8. When these cells
were passaged back to medium conditioned by primary mouse embryonic fibroblasts, the cells were
indistinguishable from those grown throughout the period in conditioned medium by the second passage.
To confirm that these cells retained their pluripotency, embryoid bodies were formed and analyzed by
immunocytochemistry for phenotypic markers representing each of the three germ layers. After passage 4 in
30 expansion medium, the cells were dissociated into small 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 and cultured a further 10 days. They were fixed in 4%
paraformaldehyde, permeabilized, and labeled alternately with mouse anti human B-tubulin isotype IIl clone



O 40 ng/nL SCF (15 ng/m), TPO (100 ng/nL) Cultures were passaged in these
condi tions and eval uated on an ongoi ng basis by norphol ogical criteria.
Many of tWwe osoededi ons continued to mai ntain consi der abl e POIIHse?/28204

undi fferentiated colonies. Figure 7 shows expression of SSEA-4 as

eval uat eé:bL% 6 ImQMXe%X& %F\ Wsc(e%ﬁn%né gﬁFS'SWnQLsthtgpfeﬁbbﬂfeml Bgm:;r)eé(rﬁll)c)dy @gs

P o Sor AP EES HG AP 98 BT ool g M eSB! BPREh I e
t el omer aeangien PeAiumyingl preyieusly geyeitiorsd). Eﬁ?étﬁb#'@'el‘“a‘ﬂ Neip PesiivelorRilin g mugiicowi ng

hES cel Istin.n feeder-free culture hES cells passaged 29 tines in conditioned
medi ym were weaned onto an alternative medium 10 designed for

prol i f erabh gl 30 deRl ARIRNS Al ST ARl feefie! | 5 BX vivo expansi on
medi um was 0 y arrangemnen a conmercial supplier, and is

t hought to HES deliss pabsagnd 2Hdimase dhi enw'tubesctmedwd vwere weashd it e faltelnath@Smedium
(Pont i nQdesigvel &M pﬂol’l&at}on of MU adPadmatdpgletidRélls UmVIV@WTﬂl’dxﬁdasior{ ﬂﬁ&ilJthds(vMalﬁgj from
CONMPONeNy; SyninhiSE Qié%w& el fobtgﬁed%nb&faﬁp Bﬁxoa@afﬂanu mrh@m/%wrd rdﬁmyantcam.ﬁes
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ovi ﬂ)e Fﬁ% rn}aﬁeoylpcsl gra e puman zﬁbu%merr%cloglfl togunpa%SmS i 8nd E’as*]qeunzegak upmar trar}SFernn( 15

R-merca
ng/ m.) ; EXDGRPHS | QaRufh Ftaw ?f"f'F'a'c%"@H'a‘(”z %Q?"H‘E’) P’°'Eﬂ'aé't"éP’et'"dafé‘P1’ FeRlegreR "Plact or
(10 ng/ nitdudectinthe XyY&@™! 1 nietiBimp Glhayiale.alsE-dqvoig gfany proteifrkinase Crstimtlatex FABSF eliss, t he
medi um waSerimHrdehBimuBitidapth& rBambied recombinBnt Zr FbAtdurigld LHUBREA PR1eind. %0 AeMuse S @déd al

am no aCéxﬁe?;m(ar% REOL. V|VQTM]10%E§T\%£ S @msﬁeiaa,m'z,mmnauémmg/ 198-non REGHial émr% cells

were firs S d S usi.ng coll agen

and Ul 1B BTG S SmdrdabEetaeflony 8 bl Pete PR BaT U= g AR ALV Dot
condi t i o9& AEVRIATR QI\/anGFr (@ﬁF%ic‘@dg/w# PiPFREAMNIEG St RSP %‘%‘b BrdingmbAkd
medi um piFGS aR@ %% hg/es i Btd pigandi(B A Dn¥ystienm QESEM-80 mekue wascbuppleeshted aith §1 savd
passageds-Meredbloythandin 81 REnREHNtid Briin®4cids XEMRB)SEnE Ao REARLL &f BF @A ShEiSREIsRakR inyEF20%

appr oxi %L&loXed eg{JM V\as %@X%bcommlh lhegebﬁpe rﬁénlt V\Br e conpl et el y Weaned and

thenﬁ)gr own ti %«C assa‘g | 8 tjnes. ﬁ ssage es 1-4
in tfle ex pang‘ie or° ?‘ﬁgﬁ ﬂﬁﬁs&pﬁﬁsaiﬁdé’ﬁ%w '® Eﬂateggf’lf’%”s\/ﬂgtc?\"a??’?@ser%ﬁﬁ By 25
undi f f erdqeys witheendijened megdiyse Qptse Artecbordiiontd iriediig WasseRizpad 1vigh 80t ncopgitiong or ed
by passaaiud. pliéfzen expuase naiurs Colkewae fpaseshgaity dnapissiged weekiyu Ithe pmghitoh ohed by
primary &%§.§n rﬁ‘mﬁmg'm@reéée@ﬁml’/oaa%ﬁ)rﬁmmét@ﬁev&?b|d§ys\6ﬁ’(f B cdIDWEre bonpbySakhe from

those gro ut . t itioned medium by the second
passage. "\4‘% C Lﬂnﬂleﬁaq[d%g%@%s'sagedem%rectq}ggl ned their pluripot enc{\)/f)a)c enbry0| d

bodi & were 'T'W?rédh%"ﬁcfm%[heél Qf Y ctlyat the et Alot Daserope s Edeny for Bl agdsria
mar ker s foleping giedid: i Ay mEB condiipnet! Imediarh v HEGIY EnamlaBe XYIVOAP 1 &F bfﬁt‘s@@@enm (C)n 30
expansi opvived 10meGh@406g3‘th)S- S @1l tHeB b BCF atRfiabtél) Q5 fgmL); (08 Ixwmas™ wsi prsF200

U nL col Iﬁgmg\sﬁmy, n@75 ISf foés@*médlb‘#bﬁ%ﬁ’ghh% suspenS| on culture |n
dlfferentlat LL ﬁg“ ?HB % dh ar}st?e]g ont o
pol y- L-or nlt r‘.°£°"¥‘|” dPb8H e 6%t R °|8 SPASORRY P Sﬁ?gce ‘H‘ TePUPPhET® €6 days.
Th ey%x;er‘é"“ﬁd)é@d PP%\?aQQ%" MER cardiipied Madiv qefor 7&?%@&61 vy @c?4 109H@BIFELY ed
alternately with nouse anti human R-tubulin isotype Ill clone -21 WO

03/ 020920 PCT. | one
HHF35, or nouse anti a-fet opamés-l Growﬁ’rmarmﬂyr EgCélbutyredas Vi sual i zed usi ng
FI TC | abel ed = lgG Results showed that hES cells passaged
repeatedly in expansion nedi w@, Qot previously condiAveegeit) Expanstint hen
differentiated, were positive for (3-tubulin and nuscl e PeaRasfa§e 5 Exanpl e
8: Rapi d expansi O%Egggrjggﬂ;eg%dlm oducing pluripotent stemgeglls hES cells
passaged 20 tines in conditioned medi um were weaned onto an alternative
medi um desi gned env@il od 4 fFeF &ohgim) of human henat opoi et i c6.8ddld s. X- VI VOTM

10 expansion medi YOG 1 8. +bt§F%'F %rqg/rI\Lr)?@:F (15 ng/mL) 8.2 fold
X-VIVO™ 10 + bFGF (40ng/mL) + FIt3 ligand (75 ng/mL) 5.0 fold
QBSF™-60 + bFGF (40ng/mL) 6.4 fold




Bi owhi tt aker; OBSFTM 60 was obtained from Quality Biological Inc. The
X-VIVOIM 10 fornul ati on contai ns 10 pharnmaceutical grade human al bum n,
reconbi nawo obiz@e0 i nsul i n and pasteurized hunman transf erriPET/USEX2RI8MNOUS
growth factors, artificial stinulators of cellular proliferation or

undef i ”eﬂe%%}s’dee&&{hfs.%n @fréllé‘]ﬁgr paés&fel |Hd(e\ﬁi\/dm16 B& ddAVEdT Ms eem?qnaH Mhe JEY are

al so devo nase C l.a SETM 6 umf ree
fornul at$ glﬁetflﬁar%}ycoggmoned me(L(um %ure r{ﬁe cells in mEF condn |oen d ,medium were assaHSJ

human
use [N 1HEEE e Teiaysrhieche galn X \VQISHNENhORSET- O (B ESSETH PR ABHOREM & h 2
mVl L- gl udasisti Thes, thbYete orpxepsieit Lrebnditigiad X-VIBO '8 ¢9 orQESEMES0Yes ~B2 o GAVimes faster

3- nergLaphaah henenditioneESmdvpm. bFG-. The nedi um was furt her suppl enent ed

VSM.C;[:h ( g &n%/ rTl1-'1 19£ Q%QOMBg‘er%eanx QE g: p(' (;?LQ)? mE’RTéQd B%IQL Tﬁ)ef Rl@/{: %s @d%d]fémr}gé L O]E)

S AR MMl e R e O
1% non- eR&nThegienegrpression ijeded of Bk ssispndifipriis 2Qtaddyiative i pxprselm in ENE cyligre.
cul t ur edTaking inalconstieraitbh tHe i3 ewineRBho LM WSSy wagablity xdiffead s inGdxpressiob hadgen the test
expefd MefHySontrdGamhhles HEShyCEnkisan @atefr tha b-IoRATRAEHRNsiOfHoRs Mplebdicaat ATERT GRAL ed

p| at es u%] gg d(e:ccr)ejflseaé rqgﬁgt u&or{ adgrﬂa i r? *'cl) uhc%r c? t%nédq{ VIV8TMq6¥r§)é/§Ft”hGO§rg Q)‘H’nt(dré? ?o%p

medi um

uncondi t‘?ab'*n'é(fa@§e‘) n'?é‘H feﬂ’fﬂsﬂ? ﬁ‘é"dEG%"EB? ﬁ"ﬁ?{bihﬁ ﬁe"ﬁé‘fﬁ RAsaotshacls MRePE $o8giPPEsh

dai | y andedvadistdfeet barsdékdagh sethe proporti on of expansi on nedi um was

i ncreased bytodaffrapar i dnbdrealiry uredraitighed mel@iys retaiitthdir plubted @), é.ﬁbwrbednes)mad etely
weangd, fofa@&l awmuyge%w)nmsay&cﬁemgwy Jaa&hemﬁ,ra n%ééaq&éierﬁnmcﬁ of héBee gémh

Figure 8 I.ent

for full la ecfav)@er passaje '?m efqﬁmsmn mﬁdlum the cells ware %lssogli\tf ”igllsma?cqgﬂ%s ugln%%g ILEGL ium +
bFGF ( 8n“g’}'ﬁ$ﬁ’)ase Wsj 375€ for WemvPipepd.in Bt 1"4‘19%&7 IR ifferertighion mediugn (RMEN +116%-FBBFGF
(40ng/ nifpr 4idags, them ranbferredante ooly-i-G@Mine Bydeblomida ceated)plafes Br mtyftivelr YO dagd) Thix: Were/OTM
10 + bFGized |64@Iﬁ@éf6ﬁn)aldé'hy5d beimédola0 tng idbelda®y Mmunoc(ttghedBHETM 60 + bFGF

(40nﬂ{ m-) Tﬁ&uré 9# F%Ws% rte&m e?}éi'@éﬂ@ %s@a%e@y%‘:n fA Jn%n@lilongc?g(lw\@t@?d’]r%% per

passage, for  undiffer entl at ed ure n
Pond 1 G AR [pRsrooming SEBSRIES MFAEsy] VEBrrce BrooeRiek ohs BRbundb) o 5
G owt h Regressenfirgreceger@e| | Cul t ures Medi um Aver age Cel | Expansion per
Passage nEFThegndsiulis ae thaniEsi cais can Be xpanded iX4rédh\(EohivbribBioredirhédfa if 4 Brrgerirbts 6. 0

fold X- é‘l\/l}éq';Mt]aQ atrabilf Ghte («41308/ Bl donimerdfal plodiRtidh0/ fike) cdis Zetdi®lutd mefphlioyOtM 10 +

Chonzs ey {2y 5P B P s e o e Gl i on

of cel | s per passage in X-VIVOTM 10 and BSFTM 60 was greater than the
cells cultured in nEF conditioned mediumculture. The cells in nEF

condi ti oned TAeednmpBaitBRY 40 PREFAECIIoVAd in ¢ ABRERIorEiAR by offéctilély Godifabby thosb he cel | s
in X-VIVOTM 10 ;gnd i< @336 WM& qe i) DA 88 ARG Mo UmpBY &S iPBS IS EIY: fohow, dBYS . Thus,
t he éoate of expansion 1 n uncondi fioned X-VIVOTM 10 or (BSFTM 60 was -3.2 to
5.2 Tinmes faster 5 than in nEF conditioned ES nedium Figure 9 shows the
gene expression profile of hTERT and Oct3/4. The RNA was isolated fromthe
cells using H gh Pure RNA Isolation Kit (Roche Diagnostics) and eval uat ed
by TagmanTM assay (real time RT- PCR). The gene expression in each of the
test condition is plotted relative to expression in the control culture.
Taking into consideration the instrunment error and assay variability,

di fferences in expression between the test 10 and control sanples are only
significant if greater than 2-fold. The anal ysis shows expression of hTERT
and
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Oct -3/ 4 decreases sonewhat upon adaptation to unconditioned X-VIVOTM 10 or
BSFTM 60 nedium (first four bars in each set), but returns to standard

| evel s whwo oBheoseel | s are passaged back into nEF conditi omed/usomekomm (| ast
three bars in each set). To confirmthat cells cultured in unconditioned
medi um retain their pluripotency, enprygd bodies were 15 formed and

anal yzed by i mmunocytochem stry for E%W)typi c markers representing each of
the three germ |ayers. After passage 7 in expansion nmedium the cells were
di ssoci d¥hetis plimed agriel ifvertibriisps usi ng 200 U nL  col | agenase |1V at 37C for 10
mn, placed in suspension culture in differentiation nedium (DVEM + 10%

FBS) for 14 dadivd fotrbf aa&Juewnedpmm: 96th Yend, o&thpakikdli ne hydr obr omi de
coat ed p| ates f % ini %?{Iati@ﬂ%ﬁx& dan becie}fgéﬁqg havL Ibe(e%qlso‘a@d%r/ Q{opagated from a20

par af or nal deh I ze y 1 munocyt ochent stry.

Figure 10 s HY °‘15'esul ts. hES cells passaged 7 tinmes in unconditioned

X- VI VOTM 10 rredlbmhltufeg e plldofuistiondn 4 edtep etyreamant Contgitingdherieliowing eomasdes m ;

muscl e actin (repr ese)retnidigadmsardrei‘trn@macamdm(u&iattedmkrhdselldnhrlmat(ui@pfpesami ng
ectoderm . These res ; I r
(non-condi ti oned) rreg} tasfr %B'gzhtd?grﬁ‘ggﬁke%\# r%c])rr‘f‘%rédo%)ég)%I %ﬁ(r%élaﬁg%ragag

sui tabl e for comfgfed '&F‘e@?"éﬁ?u%'ldlaéﬁw lipide aPdl | s retain the m)rphol ogy of 25
undi fferenti at ed hESigalfb@blagtigbvaactecast fferentiated into derivative cells
representing al I re i t

br ovi ded § n-t he e BRE, Bk EhFoop i GBI b AR HLPLRGE M GRen, |
in the art \&P’Etﬁ'ﬂ'l&sa'ﬂéﬁ'é‘}ot“f"ﬁg fromthe invention enbodied in the clains that
follow. 30 -23 Wie@BADNOSHOn PETLUSE2NIIPEOt hadE i S9@e 98lee: i s cl ai med as the
invention is: lunftisetisiadeasad 1061 axpaisiog ofth@ Apibkrad! c@ls inahe pulstiop Gudniiat st em

cells, conprsi dag, ofﬂ)e ceﬁataaé mdm‘grerﬁqa@@ﬂh'é &niRtaRbd R ditfcleRPieERb dshvaMLales t hat

have been |soI late opagat.e froma human bl astocyst; b) culturing the
erm mesod rP a

cel | popul at &R ture enV| ronment containing the follow ng

conponents: i) an ext racellular matri x nade fromisol ated extracel |l ul ar

mat ri x corlpdhemetsed df ERyimd, Wiregsintthd et bapnlation siebituradaintithdie iarat Bastp 59-Bideygpapsiate d
protein or amheRundei dalls inad@esliaissc| eosi des, and added lipids; and iii) a

fibrobl ast gr vasbchftﬁ&taﬁ)reas!aﬁ‘g o?)hqulrsl|9m@|ekﬁén&§%§lagépﬂlgnok Q% &ﬂh&rerﬂggdﬂ'la@t Ion
one or nore ti nt cont ai ni ng sai d

conponent s; g'l‘g@fgﬁ"%{?t'lng?’ﬁ%a"%rg?rf'\semm ﬁﬂg%germ ¥U¥e environment have the same

genotype; until there is at |east a 10-fold expansion of the nunber of
cel I s i n Bherhpopthbddf claim, 1, sheodin thdatl papulatioh sagitured @9l thretisat legwt la [26-folsiregpansion
undi f f er ent i hefumbaNd cdgin Ha@osuatisned to differentiate into derivatives of

the endoderm @E&Qﬂﬁ rameaﬁ%%eo? ghgqglrsm thg exJ;h&d rE@ﬁ E[%QIatm\ ag @’ldmr;ntlatg\@ Qr(oe' n

the cell populationis E east d expansi on
of the nunbefPaBE oL aing progeperepassatndat 1Bie geé'ﬂé:aﬁer? hat at | east 50% of the

cells in the expanded cell population are undifferentiated and capable of
gener ati ng. phegethyd ¢ e eseditd degm, abrhprising esagiag e kalyropsatiorBat Iskktehrepatintes thtoof
claiml, whepgidhuleRRir6ehts BORIHiIrRLAiI@EbmpSnehty biirdg BB olpBisioh. there is at least a
20-fol d expansion of the nunmber of cells in the popul ation;
5. The method of claim 4, wherein the cells are cultured after each passage until there is at least a 2-fold
expansion in the number of undifferentiated cells since the last passage.

6. The method of claim 4, wherein after passaging and culturing the cells according to the method, there
is at least a 100-fold expansion in the number of pluripotent stem cells originally obtained; and after the
100-fold expansion, at least 50% of the cells are undifferentiated and capable of generating progeny
representing all three germ layers.

7. The method of any preceding claim, wherein the culturing and optional passaging causes the cell

population to proliferate at a rate that is at least 1.5-fold faster than if the same cell population were
cultured on mouse fetal fibroblast feeder cells.
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such that at |least 70% of the cells in the expanded cell population are
undi fferentiated and capable of generating progeny representing all three
germ | ayewe.0342092he nmet hod of any preceding claim conpri PCrgSpzaseRagi ng t he
cell population at least three times into new culture environnents

contai ni ng, Sﬁmb%e%%PQr%“ér&:e&lkH A, W r?%ﬁQaeQEah&Ha ceﬁpopmﬁ‘onn&h’@éégs %fom@.'a?d m 4,

wherein the cel ast a
T expdREr o HeR ThRFLPE b S pEr PR ST Sl PRI v B2
passage. 6. PPRdlARYTiDYIGPd dmebihial iypRiasEPefePiser passaging and cul turing
the cells according to the nethod, there is at |east a 100-fold expansion
in the numbescuiire a{vwninam&atparﬁjtngabaﬁlaho% ofirigbterabibl canblcahgieng: and after the

100-oLd expansion. of o S8l il b ] Lodls SubAlLE) SARPLIALREN

capabl e of generating progeny represent erm
met hod of any precedihg féqsﬁl'sfﬁontﬁ/rfé'wé? rﬁ“qdh‘é‘ CAMRriEiPg ﬁ@deﬂrﬁpté'ﬁtqf @ﬁ‘a1° ¥K8sagi ng
causes the cell JuapduhaidoStes) sndudaéd fpkpdng at a rate that is at | east

1.5-fold faster than jf .popul ation were cultured on nouse
foral °f 1 brobl st 1 ooda BB BRl Do 000" et Us03/ 28200 8. The

met hod of arthefsinethen plerpolent siem celifas Spvs beeaisialqsn @werdaied fromp 8 Huma qiasiqeyst
expresses taonerase reverse transcriptase (TERT) or OCT-4 at a | evel
within 5-fold tl"hagungrfgdm/r}atcu;iuteem,ud"ﬁbnbendf the sane cell population were

cul tured on mousg é@h& faés% %F roREHRE ik rdw cﬁiugef“erﬁwnwﬁtecoﬁm ihd ?Jﬂg‘;”t

for expandin a og ion o ur| potent stem ce conpri sing

extracel | ul &™ X made from i sol ated extracel lular matri x conponents;
ii) a fresh isotwaien abthp edip @ epab@liyrn e dRpPEnEhamthetiedetsivetei n or ami no

aci ds, added nusligesiide sastancioricde@dsidniopihelsymbarticdils in Jhe@odulalignpbl ast growt h
factor; wherein Mﬁﬁopﬂl’aﬁb‘h'us‘lﬁ{a%& in &hs@rﬁ&t%kﬂsﬁ%fohﬁé cdI ¥R RE@RNentifEY, AaReh B

pr opagat ed fclagse%%gj%mgte |r!to \%?\ye§ Bf theh erﬁ) mgs%herH aﬁg ?dt&iertnhe culture

envi ronment ongﬁ passage e e fieS i nto a new

cul ture environnment containi ng said conponents) wherein all the cells in
each cul t 9r A empositiomicesrpandiny/mmaneluripolas sigoaelisycpmprisingiti | there is at least a
10-fol d expansi o) a@bpuidien 61 pmip@tentotencedls Batihavetdeen paged @tpropayatea frerelalhuman
popul ati on iR ag,{aed in Whl ch at | east 50% of the cells are

undi fferentiate fferentiate into derivatives of

t he endoderm rre%oaumure env'ronénem c?rﬁﬂmngqhe fiBW'n%comgonemgl tion for expandi ng human

pluri potent stem cel I'ha” EASI I PRYX "&fjdeamﬂbfﬂhtgj PYACHPaTRIFX $RFIROANS t em
cells that have been ii 20fe3h @dtodic darpeagatuetcdnipAsh@ abdedetoteid|od amaoyasids, and

b) a culture envirannent o??e@tﬂd@dg%alb)@g 49!l owi ng conponents: i) an

extracel lular matrrx made extracel lular matrix conponents;
ii) a fresh isotonic B@Towpesteetui#ce6npri si ng added protein or anino
aci ds, addeshereinal BosdIsiasachandreadaotdni Havdalas saamBderotypg; a fi brobl ast growt h
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the cell popul-ation one
expansion of the number of ceIIs |n the population,

produces a cell population in which at least 50% of the cells are undifferentiated and can be
caused to differentiate into derivatives of the endoderm, mesoderm, and ectoderm.

11. Use of a culture environment comprising containing the following components:
i) an extracellular matrix;
ii) a fresh isotonic culture medium comprising added protein or amino acids,
added nucleosides, and added lipids; and

iii) a fibroblast growth factor;
for culturing a population of pluripotent stem cells that have been isolated or propagated from a human
blastocyst until there is at least a 10-fold expansion of the number of cells in the population, producing
an expanded cell population in which at least 50% of the cells are undifferentiated and can generate
progeny representing all three germ layers.



times into a new culture environnment containing said conponents) until
there is at least a 10-fold expansion of the nunber of cells in the

popul ati owo jgnowaces a cell population in which at | east P0%ws2/8200 cel | s
are undifferentiated and can be caused to differentiate into derivatives
of the endoderm nesoderm and ectoderm 11. Use of a culture environnent
conpri sing, containin onents: i) an extracellul ar
matrix; ]gz) am ?t?°é’shp'?dé’8't‘%9?f’%'°%lﬂvne gétenen‘g's FATR SRS i si ng added rot ein or
anmino acids, addeyVifitt? egsikipeof pra'rfﬁﬂa"aw@t!rerﬁ"ﬂmeﬂg'u"paﬁaf stem gelisghgt inge dBeras t
growt h fact dso;atéd@rprmabathtomg hamgopastoast on of pl uripotent stemcells that
have been i sol at@dar@recﬁag@dngga{e@dpufaﬁ@mnaabuwucol%@stocyst until there is at

Rt I [g rgwarat hatvmeem[ﬂmguygﬁer Sl o LdhplSnpopUl al i on,
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producing an e he cells
Bre undi Tferent | e con Dol o aong o e P B Ry Tt A B e
| ayers. - 25 thy®hes/begragpgicadCaiieled02/ 28200 12. A nmet hod of produci ng
genetically altered stemcells, conprising: a) providing a popul ation of
prol i feratg ngmatrudiof Jr&fuaﬁﬁgeaéﬂeﬂy Rlettt kipat&Bicomprging:cel | s that have been

| ol at ed, or. B ORGYAL B, . OltoBkuaH TRl A5 A 34 ooy ARBLERG! Pdnghhss |1

the popul ation w't sel ecting ave been
geneti cal | y PHP¥FEUWYF t he conpl ex; and d) expanding the cell popul ation
accordi ng to the)ienslagiag edls iaihy perfulatiqnztiyg DNA-fpid dempler andor  af t er t hey have
been geneti cal | y) sdidcargedis tihBhavebaarjdnetdalip hitepadodintbe tgnpgerzed i cal |y al tered
stemcell's, conprising: a) providing a conposition according to claim10

conpr | Si ngt p/{ 8}) {i % §£r%ltol1 Bgth&mg] eie?{hﬁd&%ldn&% %ﬂsten‘?%&v F\gﬁt?e 8er§éll§r&> )JJ%L Lgﬁd b)

transfecting ce J

sel ecting cel | s ft4p9 'H‘é{\?%te’gé R gt haabee) 'sﬁ'F‘F%?'é’ pﬁ?afeﬁ "P é hB’B?“Fpti Be%Y*hnd
14. A rapi d ie@pwitableotvityretehdrdnient thaleip epsettiathyiresl efripqslen estiy angt bph heelal mediymt hout
feeder cel | scontaiging$ulfisien Gbroblastigrovdii fatter (PGFYKd qaadeett cetistte Bxpared wits atdbuatinghiaeef been
i sol ated or I@s%ﬁg%uﬁgl rfoﬁlgmtoaa J@WP&UIatQh ABLRCWSbId IaFg@r iRwhitH 4t ARt 0% i thdefis

envi r onnent thantdmérg tes$ent| ally ee of feeder cells and that has a nedi um
cont ai ni ng SUTYTCPENE Y i br obl ast gromh factor (FGF) to cause the cells to
expand with a doubling tine of |ess than about 24 hours into a cell

popul at i ofé. afthe Imethsd, cdntpositiph dr Usapipay preqedingglah, vliereih drstituGNyinfmenhemeeses & ar e
undi f f er ent i gdrReliuladPatrix i cdARINE RAININGOIEREF flomEAgelietB@m Slvaraitgispr ecedi ng

claim wherein the culture envi r onnent corrpri ses an extracell uI ar matrix

t hat cont gj nor.is from Engel bret h 6. The
o hod. | cBerEIh e B1otien SeiEe Sy BRUEITAIG LR ORI U SRR T added
to the medi Upfimohfetairall serym. iP¢Rin. PECIM repiacemabr um  al bumi n, or ser um

repl acenent. 17. The nethod, conposition or use of any precedi ng claim
wher ei n | {701 Ghg mdih6d, asheasltidh @r isB ar dﬁ?gﬂeééﬁhg Oaith Vehereh @i £ adabOB the mebiowind@Nsi ty

|'i poproteins, 18 (jp 1 Qigosi tion or use of any preceding claim
wherein the rlmbr%'%q agfvrggrsgﬂwtg%pr?act or (FGF) is basic FG, FG--4, or an

antibody or ligand that binds to the receptor for either basic FGF or
FGF- 4. 1918 The mettedh geimpogitamen gsetdf ey mcedingeslaist, whgigin (e develiashgjoveh ipten (F@hds ei n
t he nedi um fuasit A&F, FGBAPF arsasbody@ Uiganiithat binds to the receptor for either basic FGF or FGF-4.

19. The method, composition or use of any preceding claim, wherein the medium further comprises insulin
and transferrin.

20. The method, composition, or use of any preceding claim, wherein the pluripotent stem cells are
progeny of an established line of human embryonic stem (hES) cells.

21. The method of any of claims 1-8 and 12-20, further comprising causing differentiation of the expanded

cell population (or a subpopulation thereof) into a cell population of differentiated cells in which at least
95% of the cells represent the same germ layer.



and transferrin. 20. The nethod, conposition, or use of any preceding

claim wherein the pluripotent stemcells are progeny of an established
| i ne of Meomena/ozovde yoni c stem (hES) cells. 21. The net hod @cTarsp2/efoe! ai s
1-8 and 12-20, further conprising causing differentiation of the expanded
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differenti ated ce

germ | ayer. ?@Wﬁﬁpﬁf%ﬁa ﬁ%‘?’/ %?%’5200 22. The nethod of claim 21,
wherein 95% of the differentiated cells are neural cells, hepatocytes,
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are undlffenr,ée;,q,gof'aatn%lr M 1%aNq gener ate progeny representing all three germ
| ayers, obtal ned accor |ng to the nethod of any of clains 1-8 and 12-20.

24. A population of differentiated cells that are progeny of pluripotent
st em cel | & thearulptie) &f diteeentiafed Gellg thatipreprogepy o pUrpatealcpter s ‘ha‘h ﬁﬂ?f’“t‘ﬂ%@f’ 8tyst,
wherei n at |easpat@3tmathuintredlasebist wheeqir @ $e$1195% hBhas@hregesemtiexyme germ Glpdrai ned
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