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P y 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 Iransduces 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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undifferentiated cells. It has been discovered that the fibrobh&Ed Wowt h
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FG- al one is sUsfforauletivhs groviqed ot Exagpiesecion bélowniSe perhdrity designaghfor culturing hES cells.
undi f f e5 enfwihab thpr&;r@feelh(e E@anbrR2Sin Ghis @idElosr): . caggbeTéEhpﬂed &V@ﬁurltﬁb@s |0n§ﬂ’sjd@|5 afid

method Tor it RhLi b@%cc%gnﬁwaat.s?@ﬂé krmwa ek BAb éeegge ' gk LB AR Ok i

growt h. Th@ SnBPIPFE2 |af?v‘éﬁp€/§’§mc°6r+?ﬁ PfP??Q"ea"prﬂ?rbof t&d gp '“*’%PEFW? (g as LIF or
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The degree of expansion per passage is cal culated by dividi nlg% FgBngngmber
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may al | ow ypP@meeiohso! b gtagdard hicrosegiic inaged BET wlls ras Wiglgeuslequisitbasaici ritios in the plane
retai ni Ng ofthp iy dréntrienOtuckidicl brddf @mpdtt botdn@ bl Gith JoBryOdisderhatiieOcell RBdtions. Cell

whet her ¢ Q,le craﬁ Qenk%rygt p%d @grﬁf’é@sﬁn@ar& @rban’\ @Jch jub ?avﬁl'dll)lg len?anpéhnlgﬂ %a?ﬁ“«:@abs‘ that

Lt | eooMpEe b kamf"" S sioR SPap e aer‘rs?ca Yo a6l pafing G en? oStz 19"

of pas?§ag é’gb“é'?d@”ma“ kgpyoyReast! '57"9?.5’&%'% Ei’g’@?'"éﬁ’ theybave p “npeseRl F@r%’p‘éx‘ﬂ“&ﬁéﬂeé?ﬂ"‘a‘
provi des ahevelsara qugloid,oherein @bitumah throrgospreesraregsasbit end aye ndndtieaably plteeadot ypi ¢
mar kers t o undestaakrecceidigdntaish 8 bhacRbiet 5§ SPREsed efll hirteROdeRdBRE 6 dntitbd) Mow

particul arzcélgrggg'ot hgﬂr?oc&u;cm(mnstwgor }Pe %rse‘\raﬁ%'%ﬁgsgQér{vpur\(lé]n?gs%ﬂqu%al Iy h have antlbody

PCT/ US02/
o evi ous. 9BGHTE S TR0 f10ci e B FOEAT Y PPR BB CHOPFS b EEriEEs by the
envi r Gamemes{rER alimfkplise gosphalgsedcivde t“ihv'ef-‘a!’és tletgcipd bintidng thercelly witlef % pareforgpidetvde,
pl uri pot erhd ihen tdvelomhgMan YédtaFed as a tubaitatd, hedss@ibbd wame winulabulee(vesdl s siibratodes,
di fferent 'B@ﬁlﬁgah@t@h)pr %Pegéfont &aﬁreraepgnasmt@ (&e%aﬁs%smﬁ&mb@ﬂytel%erg’%ct.ww

det ect abl ﬁEeP EE\Q E%ﬁ-ﬁ@a#&p a?eaﬂ(?sto cRaracEeﬁglc%nﬁa%etyg%s 0 lYn%?{eremg E»Bé dce){s (Examaé 3).

Nut ri ent

this inventi orﬁ"&‘a‘ﬁ dpRrabiq iepted PrRRoalRd Pttt P& RelsDYaL ko diffgrentinty Btorogls off!
pPS céPl s .geMedyereenindemamesedyni andiskiedesnr Pladrsteneyol hig® cafle can brreotfirmesi by forming
cul t ur e wedrtémasTr 410 8¥S, antl @karing lrRntibreresgraRiviREIFe aldllenréxQyatntiaity. Alterduickily,
flat or p%ruaaoke%y &ah Béé‘eté?rhﬁé %wna ppé\kétg to &@F@Bﬁmoﬁfs&@if.&mﬁf&uLaW(eeoy forming

envi r onnent

par t1 ol es e preet dud i s iio B P} B Bitieoves e SSiep 8P mie iematp
be introd lﬁ"&%’(ﬂe P 0t 5’0‘8?%'9* QSPP§ Reds & ‘é’l’ﬂﬁnf'%?]ﬁi@rﬂag""lﬂ cpiblinet canrealeteraifageccording 1o
(r epl @&Benprecedofes desetived laedn thimdistiedaref r esh nedi um), fed-batch process (fresh
nmedi um added \gehdin BN pob@iBVAdescribeY inORE AisBiguRXG4 ditgantally WinGlentatel! HBQER bON

g; SItge ghea%gég%ad%e.as‘ewnmgcweb.n?rre%ﬁm%%&%gnDam PQg;LdS u%e.@r P8 ?jgfg/ﬁ

nave t he IRAPUEY abrbastis Rl T oo R g i AR
" cells. | nceiess PRy erpsiadHaliadeeer BPP%"%P%%HBEW@“WWM&W @EPRM@%GWHE@eceI S
have Rbgh nucl ear/cytoplasmc ratios in the plane of the inmage,

prom nent nucl eoli, and conpact colony formation with poorly discernable
“cell junctions. Cell lines can be karyotyped using a standard G bandi ng
techni que (avail able at many clinical diagnostics |abs that

— it —



provides routine karyotyping services, such as the Cytogenetiqg, rab)isk
Cakl and CA) and conpared to 20 publi shed human karyotypes. It is

desi rabl e woombtdoazon cel |l s that have a "normal karyotype", wighsiiEsns
that the cells are euploid, wherein all human chrormsorres are present
and are no t a al S and hEG cells can al so be

char acterl(gen fi tgrgnog uecyénd cehg rkers detectable by antibody (flow
cytonmetry or i annmsologdrmémepmvsesws)/stem foybtairingeP § eells trahiwes hagth goreticRIBRIterkll withar
ES cells tiyp gaslkeit Sraymicanthidd0dyne dat ardy aal RodiPEAo 4ive Thear liefOd pRPshies in the

Tra-1 81 fubebhibl gaé%ﬁvelmergﬁ’é.rgaearé,p%mssagheﬁ&.ée? BB F BRI ShbARI RN oD

25 presence at ase act "y

fixing X he™¥adePogiel °H“/%95‘HF é?e&ﬁ':trfﬁrlpag g End er&ﬂ‘ﬁ“’f’ ﬂb‘f‘lﬁeé?&féﬁdc?ﬁ?r}? PR t h
Vector Red as FéPf%@9%'9?@“‘36&@5&9@&tiem?def'b*?' te meditrepllsfilt therepeulit Yenes oF to render
Labor at or i @8s hist@dmpatinig auire tHeAjiendEX prigiss] GRndit alef&iRT candso(MeTusdd (c0etéract i fer

by RT- PCR) soaigl aﬁee LiREYERARA. FRAF blaMbik Yine REtLdeRCEaRhRIBYd WERAPIES &ﬁyapm;an,egeaé Fridler
characteri é?:%tlro? fa @ro][no[gf sd)egpcq% UQJlffereanl{d cglrsg\gg O%%qs)p PS celI's (Exanple 3).

Anot her desira is a potential to

differbhtiate W?‘iﬁe Yaster E'a%‘f‘dsd‘l”l "af‘ﬂ?%@ intg (YEY Ef'hinclige frid/DRdh RspierGHy such as those
nmesoder m desclibetin At® rRutenPNasr b.pT4ERCE020L0H BER! €0411429, ol elranplifipd fin Expendlel$y Viral
formng teeotQaBss tbiproallifg HEEGEIs wilh StatiX@Rbtid aGatbMeih bObasbed ABRNA] btvRirus,

tissues Ofori”e'nlmrH‘ErS;%re%Eg%éo %c%tlyﬁ%ﬁ%?r@g}m\/ﬁh%ﬂls pl uri potency can be

det erm ned $ gwg erentiate non-s emﬂcalh%\g |
exanpl e, by f oPHEHGH PU cfe'l?d%‘?”é%s)a"“'%i’ﬁ‘a PRSI IR REIPRE At whie
types T%pr@S@'ﬁt\‘é‘dg fifereniidtion ofthe NEE cifly alormatvpdepiradehibngys [The/gengtichlty gketedrglis can be
Pot enti al @kiche®Pby sdclirg firaa tdacfidnelrfesiire at tee hatt g2n@gdet iACpanRGlary @¥fbotive Wi S eiahilye
det er m nedy.Ageay gliepeﬂl cre@ is %ltrw REeRHILE Qﬁﬁ&ﬁé Qeéjdrbga&.@ﬁ ad ﬁbanfélﬁ The ceils can be

di scl osure, erneq:ggll%I glkep.ﬂ,fd%g r{t&?r%% ﬁjﬂl!r%gés g ﬁggc or g&te'm@ fr.;[r H’Ie%natqf!ég Q%P§e%e g‘lr ﬁterest

substanti agf

cul tures i3 FW@”%’&W&R’T 1“6‘rP§°"H‘8%‘b? P'H%&s's‘ﬁﬁ*lgﬁ‘@? p‘%}%@%@iﬂy thegtg edtignge 9%9 can be
di f f erant i mititénto hpsameivealdr as hy genketinterep] ated as single cells at | ow
density, or wh#s dely g€ esletiaif @mBnable@o gérleti @@ alidd viHak ey alelweﬁ :eedeembé tUhes,

typically &a%eéﬁ@mraug%uﬁhas%rsg&mmprm%rt. QR reBifon WRAL Bw n’:'olrng &€ hd S
t hey reapp 4 CT/

US
Gonot | o ol Pi d07 S8 B BN HEPURe: 0P Baro A8 Todeof &' sor"we% B8 e r e dosor
provi des & %Wpéﬁ'?‘#“b?“eﬁ’b?"aﬁnﬁ Aiyg Spolonden reg-reriuant fpadas pdrederfen ettirelalt Iswoss'ble
al t er e2$, &b biemlonipsthg demamEitetw allored sheabire. dnd stiiuenheniHepargel. | Tre pekpdiogonies are
nodi fi ed tdspgbesand bﬁé‘ﬂldﬂﬁf]‘ak 61@_@-190’ ePNE ahd :@ﬁatbcﬂln'fabeltabibl !&d&irﬁlﬁn@hﬁ Nt is péseidle 84 hiBve
to give thgmdepie: usn.: W&rataigﬁﬁgaérao%qup% 5o RS beibrRinte Ll QrteB t.c%fal ngered
types, or to provi to positively or negatlve y se
particul ar_undi fferent i at ed or d| fferentiated phenotypes. For therapeut iC
appl i cat i dke! hg 56 A7 to nodify cells with therapeutic

genes, 5401 t O rp@’@dt.%rs mﬁﬁ'lac!l §ccbn’d§|& Q&lemehttak %aﬁNbé nseh h? rﬂam ﬁ@%at@@%llp'oﬁ%wus

CGenetic altera repare cel sorting a

used
di ff erent |°§f"["8’ﬁ'a'8'l98‘fth%'§%ﬁ’ﬁ'flalg MRt Hsé%e tc“f@lsl s are transf ect ed wWith a dr ug

suscept i bi | i t yFogemmpiamngisptistsca Gerpd Coppraten hrvsriiseriered methpdsi fer qbigining highly enriched
undi f f er entopddtios o etk f (W\De(a/idadel SPelis @ Berigkd bl 2cultere tr@riup | castamicts orfeait more
t ransf ect i fagrokdphifs BER a6 BbdrsirobHACs bidRaih-ddpl !/ Bl IBAETALEX 8BSt 0nd WE Mo@ Mithd¥AS Ruch

gi;%::{%}??eéé pi&:’e@xt{’:;la i toJ\‘Qv?sic fi@mﬁlﬁ ol fagoroagelgt%ﬂveg:aggﬁg?cg& ﬁé% ik@@ﬁmﬂh
with stabl@'gdratp

or s
ESPT‘ dirh QUi Céléfrf"%%"“ﬁﬁlv aPEsHeLFE o‘i?l“f"ﬁ'g‘*” ELIPERTT 7 grer
or |enti visueisas A3Pepat@M. uldurrPreRRTEscen bt phjained ARvingihecaphaityty qepsrfie Aeh peuronal
Geneti c alde@r@tivdny odiurbb&uras), lasd glagedls arluaich adrddyivg addl bifgb@ineBtykeg). hilghatively,

g; f 't ﬁgeE%e@éau&%%mp@éuts%rsw lQerbbtaWQ& e havLﬁheer acW@rsnﬁ a.ﬁgermé @en smaaﬁ&ng an

|
el | 5 an BE" il PRd P BRIt B Rl S e ra hiomaS 8 men & R ey
genot ype. NAUBEr ﬁ?‘t‘iﬂTd}“P’Va'@f‘ f"@b‘l’i’s\?@“\m@/"@fapé’ﬁ?‘ioﬂ REHYSOgéPdti cal |y al tered
cell s is positickaissal 6ebi Onpalsibmiave gisdosdraBe chlmrirg pBs Wels Sterhbrasd HeEaICin fhe

The cells %shcpa a rﬁh’i‘dﬂ%éé&é\}g&% iRlbhd? 5&RH 2DW.0GRRE @f@&asrwpoaamh bRBRMRA Ynithddlor
vector SySt rgrss of 91';? hepa?ocyqa me%e Q%ulgred %qln s are thmnal‘y cul?ured ' simultaneously or sequentially

—_12 —



and a vector systemthat provides the drug resistance gene.
‘Al'ternatively, the drug resistance gene can be 20 built into ’théE%;%
vector as WeigRA®lof interest. pPS cells are especially amBA@flsez/z8300
genetic alteration when they are grown in feeder-free culture,

el abor at ed wihg QEGRRHE mbkiaBondhcids| RBHIALEGFT indlin] MBtFGH! F0AHL 8didiI0 Banlssl 1Bghd in PCT
DNA/ 1 pid C&%@Kﬁéo%’%@e as high as 60% The cells are easier to

mani pul ate,p and'} ere are no feeder cells around to act as a_ sink for the
vector. Fol | oRFRystyarfarancomorisndietoifvelng? BpiirRy's Lopetringfng pyfiving hesS cell derived
dr ug- r esi stelintthdt ceeke praragleriftie atheierst efetardianiveqyies pnd jspontageqyd Pefidgicecoptmetiley agivityk
col oni es t bakreAlat@NStRite Byheciadidednadgsphe aitkcyey mandktieusitct e shtwefbxy-cytidine),

separat el y o [ R§ad,€ l%ﬁ(? b&R! ARIHSSenRl Foteidl SPEI8RGah BE QurféBdnkiched b Bshsifibased cel
25-100 cell's, and t ed n |rcgrgi|;'rrvlsenta t

r ated 1 n a suitable env . 1S ROS e
achi eve cdfeGI%s aB‘fRB’IBg'"ﬁ%I'"I refig, C?/Qt%al""éqq G T T Yol A ikagﬁne( u%ee{ Ebgé’%*é&g?n
t he undi f f EFEHEPAReY cel |s are genetically altered. Differentiation of
propagat ed pPSscieltibis aBGepRITog@tation tavk talse etibcae@d rmhitiegs fop diffeiestialingvielft pade into
can be tysegheldcHRki@eldiif § REAM dortailg & Bbrle SnofhodéAE bratdh (BMFOIERAH fétHe)huMBHITGE-p
t her apeu_t : (r:e%I lth, o'r mggnhEilornheg'!u%gyﬁtahngécepggrTh%)ﬁ%gig%%a ﬁﬁh&%&%&&ﬁd«%&mgﬁa@%,
Cor por ati on Have di scovered nethods for obtalning Q’I?“éh enriche o
popul at i on&seaPic @giffehgsphaten andRepFes of FRIGERYY Phesad's "i‘?ﬁﬂ%@ﬁﬂm?%‘c%ﬁ derivative
cul t ur e nedélismndererhbnelvpig feattes oicellsof the ocdtrsblpsytineagsh SeasP{Tsapelisaties PCT/US02/20998.
neur ot r ophi n 3 Ferthdispaitia-ude rti iy ediailyeidsi@ble tahditerdngaddode) pepotticdsn 8e SubstamEmly free of

m togens ( Shfifdrennaicd$rE Blid eHiBay 81 RPkihg LAfHeRMiated 3R Celsi B AR BSdiatisH 19 WiRnstect
factor, platel e%- deri ved 9{{&&4

t tor i ft}gctfra%;['neoﬂﬂderl c@st%ll tlnfn- lnl.wr#o(?er gugwgw #Eﬁ’?t l(') 51 ilr’) that
and eryt hr S88i"EP Prfoor L Me & e &1 € S €0t T0R a1 1Y seé‘gr at ed bas&d 61
whet her t h&gpsepirieeda ampeeRep undifgptialry calspEoprhnrceaneraNgyha reapy EdefpredisPCT
can be obt aubhetiorh80 OR¢p4he capacity to generate both neuronal cells
(i ncluding mature neurons), and glial cells (including astrocytes and

ol i godgpdr ggéétoﬁgg 2 tﬁt%dt @6k YhhdrgeraffBl | Cative neuronal precursors can be
obt ai ned t capacity totormdifferentiated cell popul ations

in 40 whi ch at Thigdsriptig/profideald methas! kyedhich large himebersoqs ulugibdteph celix parebss produced
t yrosi ne hyghirerddiaS@noutthBBiedes! 19dded B4 Nind atieg i difereRIRIEIOMNS .corm@ifed fedeursor cells or

publ i cati Om,M\Qu%ﬁﬁ%Qéd g frede c%p?Jphﬁﬁhg &R 0B Gldd Y50 duhBE O impottahbtosts S Trd
Ger on Cor por at |p%n ave, di sc_oveariejd hatr é:tél gunrl n .bPP.S cells or gen‘g_r%ﬁol'dlm
body cel | & HerP RS ol BIRAEC 8peva= gt  BRECH LaTEuPY oS F R e isah, Sduther
n- but yRat e deiziledin EST AUbKEH VEP PRS- cel ls highly enriched for markers of
t he hepatocyte |lineage. The cultured cells are optionally cultured

si nul t aneoysbahing proWeateR Riciod] difibreniion S bAZMIAeulica FEB 2006

PCT/ US02/ 28200 with a hepatocyte maturation factor, such as EG- insulin,
and FGF. Furt heS eplt ean|bg ugedric ffeeen &Y Higioss isupes sl mpipeuis drsh. PRRYdes PEgeieplides,
Sci ent i st s aat the{Gikelon c@ditipariakh ancuiay eondidane loopathulatdnh dtdks affeor thegehaectartstiaagt girsd
puri fysfg bdSinCkltlre. deid 3486 heeht Savbhiade I Ad Beifd)nfidal ib§ bistcoRBnkéies cBised by

car di onyoc i, adi ciite.actlvi B
Dt feront | S e s! POACH 2ERE e e 8@5%;%3%‘% srnfh ectng dupgigees are
met hyl at i off*'fSulh cyWigned Meea A Ue Bmes cultye ?J%tahs PR MEAIUT (SYRASYGHRMEM is
nmor phogeni eubplitade i QifterentTirlis afe|thes trezied b dfigiepttaskiadnetiseindelfapigrs deharp andigateciar
cell separephdignhe eanghonvnis ot hie peditibned media.  EticdeabidacigmBiu@aé daeminedil thie tirefe,
and taggi Ngots SREmdfalnedRRY boREhIB M a E&I«%&@Q%&%@_‘L@maﬁph@m &R calaitiGrRE Medium.
_COI‘ porati OBoth%\all%iffg‘rleﬁl%ioqlf c?o?svcﬁI;:gn%itigggj[cgrpgestegt% byqnjsatifn& fh& lefs%géo%% rtl:}l':lf% t%gl lro?ocol,
into 10 nesenchynal cell's 1n _a nmedi umcontarning”a bone nor Bhogen_l (9
protei n (BRAS) heny delpuling whethet Mg Y¥RAIFE e @Rrelgrs fBRBRR! oY | PhEfoWRIC| shgraRiyistegrof a
t he hunman dviffarentidted @i pf@pefitutnr ineddee nmedi um nmay further conprise

“dexanet hasone, Feed&rd@é PPS caluied-can RO $P eddeior B tbsrRUst paSmadeual QMBSINNEA drug
phosphgj €. . LART ASRELRh ot Gel MR b1ABSRIAe pHEMbbHchEBmpduRbs @Bl ¥AVR combining

. g_ggln?pa/f: SP‘.‘L Al ?@%g%?ggﬁg@%als %ve?ariontvatﬁ lh%scgr%? alleaéts)%polurlmp %&gr%‘mingea(r?y rescu];ing change, and

then correlating the effect of the compound with the observed change. The screening may be done, for

example, sither because the compound is designed to have a pharmacoiogical effect on centain cell types, or
because a compound designed to have effects elsewhere may have unintended side effects. Two or more

—_13—



For therapeutic use, it is usually desirable that differenti a]tga;ll:ﬁg][]ﬁ .
popul ati ons be substantially free of 15 undifferentiated pPS cells. One
way of dewbeatipgendi fferentiated stemcells fromthe popubatiuvgm/isaod O

transfect themw th a vector in which an effector gene under control of

a pr Omtoﬁr S Q%JGJ'IJ t]gcg R a?BER;F.oP Q@%Fﬂﬁﬁ )lg Mﬁalhef céﬁ@%ﬁ%ﬁ SIR[II%"ILED"UQ B:I élquennally) Io

expressi 0 renttl at ed fh A rat | on, a“rgg
is referF&d &°88'ﬁ?9c$“9 ﬁfa%r" &t ?{‘e‘%ﬁ) 7%%&%"“ ?65 68'8%°“6 SPEG4 E-‘El

cel | s arpgteptigbloxicity &raptethetial.e® SThitY P iMstpdsrn 5’FW°&'€'§3’§9W€F @Gaqﬁvm\ﬂ’ﬁsﬁ;h
| ar ge nuesBRr Syt@dxicy dah bp ddt@nhedci thesefied bn & viptilog sueeck!, mophatey,.©h geleyprevsibhaut

t he nReededse bEGHST maRdr, $ece|§6}g o.téa.%eghotxfmmmﬂee.g @rdfeéanttﬁ)eaQQéHByt[ fhymidine or
precurs %rdt?lﬁ(lo é)%raggn or o% agt‘]gp c?irolrr%uadé n%haﬁgeet?gerrglﬁeeﬂe(%%lapl?ase %H?eeaﬁ efh(é\?ﬁ| er is referred S5

popul ati ons
pPS cel |9§"9f'%'v ’%&%ﬁ?ﬁdeméﬁ’fw‘i}‘s’? §"’6P”’9‘f"?5’5 %%éﬂ%‘?ﬁéﬁ?@??’bﬁcﬂd%? Sfeﬁ%éggénﬂ‘d
speci f i d-arpleiddB®®!5i s further 25 det ailed in PCT publication WO
01/51616. Screening proliferation factors, differentiation factors, and
phar rgace,%,ralga%msc %,tggg | s can be used to screen for factors (such as

nol ecul e ru pepti des, polynucleotides, and the |ike) or
condl tions (Ehfua(ﬂntlaafsi @Lﬂ ¢fubie ingentieli ¢ang¥ss be rusevilnl {Ralecatet@siiutipm gt regerfralich it he
char act elingd piisnt Of ndeBheredf) ORI defs drd aGinthititte®in al RbdheSHRTRAIB ABmMEBQraft to the

advant agge ks gl LGN bprageﬁga@meauna@sgam&wm gelect caused by

perturbati on

appl i cati on, T Woe\ﬁ’r??' P?“éaiftfrﬁée’gﬁﬁseéﬁs}?@&tg &eg'y "gg&'%"&hymf{% '"gr?fﬁe s i e
medi 1§m i8Nt ReraysaKHer [aerPrdngdo the Pisqpebeig dealeds iGiglseére W?WSF%M sgEpenson
DVEM i or ssalbsiprieaidsead .a donditf ef 25x10046040.408 cells pet hie V.8 PetattcichepBadh Tind éftaand
cockt ai Ingurfce @rlariébllaﬁs fcaf:b@e&e;se@tn Al n%aadbrd&t,e@ ihj@ba s;r.@pl:@@ laglgegch@d by

CorrponerucgonaI 4 e‘i (N?tr eaJ[ L. dggegggf Id Hrm et EI 24 B%f g[ﬁ)% ﬂche]sstﬁ tr?nsplant will

det erm ne al ne
sati sf achay yrawahw@rzr ivedh Felismiersnt dks “Wel’qs")&s2 ‘1” rVeglen ¢t éﬁ@'ermﬁ*e'éh iplen aS‘FOCY*es
Pot ext i aligodéricfoeyteandnidat nedend, ast reigrsting aloaginddcrd iamstheiasorbe eridestiad inpyovérieansihi Ng
t he cel lggi, dsrdafinNshdtuRightibeardngsSt protocol, and then determ ni ng whet her
t he treat ed I t eno |
e elncal‘éf‘éﬁ#a‘?é?o?n Eér{&g chrfB@LTs%secPD. 4N nl?ér %OS{F%%%EES r?&{n?ri vS?rSchcan

differentiate

al so be cﬁ‘é“&?j’s?’ pf therjgft ‘feé’é"f‘i‘% &a‘b‘fss‘t’iﬁ%\f’??ﬁ‘&%fftg’f fogye %‘B%Bﬁﬁ?ﬂ%“ FLhE’dP ™ Theyac-

r esear cPurgASRRES S9eq Saksf ettahehnacthpes- tSyraod 203 4189 Selai glabrnEnoeagt Gacdidvase. Surg.
conEsundss penN®es)l Byccekiunledm@niGarraiubd Rgared 61 theGtdrfian et bhaidn cat Indrof hdahi s

i nventi gpcihth dE:Qrﬁ] fedBYl kﬂéﬁcﬁ‘ dﬁQ&P%HGaveGEJﬁr&‘s&}é “@ar@rQa/mLR/Sch bisd1Be ES@I&GG
and then Cor rn?bo zﬁllchn cotl in th%glstal rt:on ?f tpe le& arqgnr% Qescendi{l?] g;lenb% a anabe ?E[‘ al, Cell

change. il eree cause

conpound "qng"%ﬂ'éé’ i28hd8%8).r I‘?W@“%[‘ ?5 H%?r 'ﬁ‘hé’B‘f”@gi‘%‘éﬁ"d'@Q FREFBRYATeR AV St Al c’ef‘ﬂp'
types, ®@hysiobe®2:288.e2092)c O1fffioarm dof chesingriechnt o2 leaiatedfiyetittslogy| ar@vbredias fyagiohave
uni hendpriorlstoe plebailods enbddBie® HBIRRNtioh 3anlbetisEB tl%%ﬁto%eggrétg 28820muscle
T S0RhRAD Rl S 68\ iforl G815l S0 QA QoG COTDI i NG W L T he

cells ei t%er Sl rm t aneous or seguen | a{@g
b dr g HEBTORET B TP ool S e AR 48 TS BB AR o pret Iver
scr eenedantiet Pag sugh exapple [solpmpaeicatsed iyinteparipngalinisetion pf DhgalaglosamingdDappmietalg | n
I n vitr eamVitFatdsi 4sn6d@h ot Edicdcy oraieatﬁevsea'rupru,ereﬁmmdemnmuﬁomsnemrcmgsﬁm)ng for
Cyt @b OXifigdr b3 rarsDRicdebE BlidtRRalRY of dhethBfchRBduld Rrus@iel oWh Alirdwink Yissus Whyin¥ al

ror pRol Qs ARl bl BT E85) Bhutle § i b5RAEBn T IPL0THY KPLe ol RGERLS'

or enzyme

Brdu | neﬁ%bﬁﬂmﬁ"@w" "% 01 &P LR R P PW‘"%%?&?{%PH@@/ Wﬂéttﬂ@*wm“'ﬁ'&dhwblem s
net aphader iysrerageneraiagilselbialpwing fuminasfhepatictiurgener al Iy to the standard

t ext book | n rei dufpesdyiet ddee@rcialdistibalonRelR icpred acRRERAb Gt invAtiasl eatypicdly Qppiied

199740 ar]-qhe Hrn$of aP ﬁ%%&euﬁcapc%gmgs}ién CO"I'IQ)HJWH%%HIE 'efcup@gm r&da@ﬂ %nder condmons

D fferent| ated use

r econst Ilrtah?rfa 8Hﬂ1%ﬁnl|¥_ ga@enfgr_ Ql.{n"aa ﬁgrplﬂlstghon ar general pnncrples in medlcmal formulat:on of cell

compositions, the reader is referred to Cell Therapy: Stem Cell Transplantation, Gene Therapy, and Cellular
immunotherapy, by G. Morstyn & W. Sheridan eds, Cambridge University Press, 1996; and Hematopoietic
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A (Left cgimefge?ulglﬁ Lpon différentiatioft.” in lhls experiment, it was found that the celis maintained on Matrigel® or

laminin in conditioned medium (CM) for 21 days exprass OCT-4, wheoreas cells maintained in Matrigel® in
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exchanged with ES medium containing 4 ng/mi bFGF. Conditioned medium was collected daily thereafter,
and used for feeding of hES cullures. Before addilion to the hES cultures, each conditlioned medium was
supplemented with 4 ng/mL of human basic fibroblast growth factor (hbFGF; Gibco).

40 Figure 1, Panel B (Right Side) shows morphology of hES cells of the H2 line maintained on Matrigel®
in medium conditioned by mEF, NHG180, STO and B.J 5ta cells, compared with unconditioned regular medium
{RM). The cells in RPE conditioned medium differentiated within the first week of culture. The cells in the
other conditioned mediums all had hES colonies with appropriate ES-morphology. Based on the morphotogy,
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medium exchange for over 21 days. All mock-transfected cultures {those receiving FUGENE™ mixed with
water rather than plasmid) died within 48-72 h. Drug resistant colonies arose in the wells transfected with both
FUGENE™ and plasmid at a frequency of about 1 in 10° originally transfected cefls. The colonies were
maintained in geneticin-containing mEF-conditioned medium and expanded.
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undifferentiated phenotype appeared to diminish slightly, but was reslored by passage 8. When these cells

were passaged back to medium conditioned by primary mouse embryonic fibroblasts, the cells were
indistinguishabie 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 1V at 37°C for 10

min placed in suspension culture in differentiation medium (DMEM + 10% FBS) for 4 days, then transterred

onto poly-L-crnithing hydrobromide coated piates and cultured a further 10 days. They were fixed in 4%

paraformaldehyde, permeabilized, and labeled alternately with mouse anti human §-tubutin isotype I clone
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ng/ m.) &40 ng/nLLIF (100 ng/m.) H40 ng/ mLSCF (15 ng/nm.), IL-6 15 ng/ m.),
LIF (100 W ‘%ﬂz‘m@NTF (50 ng/nL), OSM (50 ng/nL) -20 1 4 FEBT

03/ 020920 PCT/ US02/ 28200 Tabl e- 2: Factors added to fresh ES nedi um for
hES cel | spudmiormeuteSOR herid mgtehdin HSEFHHFEEGr mousaianti dielobroBin. Pﬁ'fﬁamg{tuﬁdd)/ whsl PO

(100 ng/ an% (Fl'l@ Bk at drli-biowkk | 675?6'3@1/5 MWEB@GFE‘:&S’L@HQ%S%LG re (y 0

(25" o r{ne%{%’@féi%{3°§®fé*ﬁ%%ﬁ%@?’ oyt MG b P4’(‘)a"%?"rrf3

Cul t ur es®W@r e passaged in these conditions and eval uated on an ongoi ng
basi s5 by norphol ogi cal criteria. Many of the condl tions continued to

mai nt ai NEzEBS Bd_dpaidkensitihands (@ brotuthh blv@befttsieatcat col oni es. Figure 7
shows expression of SSEA-4 as eval uated b flow cytonetry ated for | ow
or high stai Mt @5%rgedA° H&?slagca"dém%d(m%"“e‘ewfg)Wea?edp%i‘é%argg“em“‘(wedwm
cel |'s) afasigredtiesipralifetationres hespand@matpraipic eaidli X VI¥RE O Oresetnsion mediumpwsds| obtaigechivam i n
any of  Bib@fRke amBEFtM-ENBassddeived frbre Qo amBY Bisi&yicaciht. v TieyX- givofamsiagriaildn. contains

Exampd e dhamfdelftal aa@ hmash ARk, g&@mngg rmFm% q,%huknsaadnpss%e%a H‘anQ@ trsru}ehwe
hES cel | E E‘aﬁsssaﬁ rs nr%? ma!lrsl Cl.?ators oil ceru? I ?era!flon r U %a necile nu | me ts ar not

al t er nat I V&"{E ?1 ainyety b o Anddeve c?ﬁ At- of
hemat opoi”‘é‘fqeé'"(%lxr“évo E>1° W’F‘Wﬁ" -eNpate i"‘fPrFeYPétH’ G’PY]F\F%%" grreal sueriaRs HESER g8 ent
W th a conseendealormsugipt thet containd rec@mbihanti gh bastegrizeth drulbbas pdtes t Fer ysedn these
descr i begkpidmekle She RaV@M 105médiln WatZsupdrimithied Gith ARBEINGIdtARING, 1% IHd8-eFdRtfai &tgno

medi ‘ﬂé“ 99&3&(55&?61%& &Qljcép%\é’lhgr%!)%%@ r\fpap |T§ecr9%n(ﬂm§wm&fh£njs§ %L@@ %‘h s

medi u errin

Carmy e oS mrat debpe ERsP Fo nertt A FESEng dF Relib P SOE S & PR A Bg dbs
15 epi d bR angr7ém/mLf°éE!30'warcd1@ &gy Brteom)- ﬂBﬁf'Btﬁpa@td'ugrwswpﬂea@ﬁm witnp0.1 mM
ng/ m.) ; phatateihadentonedegemiatamidbacitGibed) 26k 400/gmiL)of bRGTR] hERA Sells ictitufed & mEF
pg/ ). quamdflé@médmmtm quraE é‘cmrolﬁ%!ﬁﬁéb ats. t he medium was further

?uepg%:og )ms nt edThnmEéceus were fnfst gat %a J’}nto%atn elé)coag?d nﬁﬁé{%&@élﬁ%gw Iand cuﬁured for

first pa% %aé(@é"&’ CBM"B”WGFP@e Pr gy 2(:@5?@8“‘?%%’?‘%‘%“%‘5?5@” e ViR GaY ﬁéf%‘é’"‘f“\?”edaﬁ‘ﬁ:l
cul t ur edmédium Qus 226 eragnsionmediure.oRelis tetsrfedirasie daily and @Bssagay wokklyt [Tbe 1BBYon of
condi t i o§@shsioR Abditin WaSncFe@fdas 20bs WhpkdkintaRE Wi 2 08 Lrdil thé El)s SO adpitivivieartad

medi um pémezg%wf nﬁﬁﬁbyﬁaw@e@%&@a @@éihurm.mgel I's were fed fresh daily and
passaged wee

0 I ansi on nedi um was |nc 20%
Dt o1 D% 8 o RDE o % <Rl o B & hrmpeces Byiient &1 §F RBRRtR) g
t hen gr ofs¥ewinatriefiat lrféy“ﬂﬁavd"q@}@ew PRGBSl hBY X'S‘Vﬁ"frﬁ)s‘f bﬁ@" ﬁﬁ@r@@&gé@
1-4 in tREIVORrPANSHFGA (MERGMUM: stbh eelpibopastA, SrelGictaahs sg/miit (D) XivevaTorphorargy
of 25 uaﬁhgfnfmﬁ@tnba%% Aﬂ@p@mmgm&l@@eeﬁ@qm@m@sm nish slightly, but was

restored ﬂ%%ﬁl%ﬁqﬂt@ble hc;wgI thte Q\?ﬁs)aegg?%%i cé?l ex%‘ﬁéa%nl [9—3?‘ 5539 eq‘orb t%glh?rén(?atg@ %Su cmls

condltloned h@
30 cultured for 4 passages |n mEF condmoned medlum orfor 7 passages in X’ VIVO'™ 10 or QBSF™.60.

Table 3: Growth Rates for ES Cell Cultures

Average Cell Expansion

Medium per Passage
mEF ¢onditioned medium 2.2 fold
X-VIVO™ 10 + bFGF (40ng/mL) 6.0 foid
X-VIVO™ 10 + bFGF (40ng/mL) + SCF (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
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condi tioned nedium + bFG- (8ng/nmL); (B) X-VIVOIM 10 + bFG- (40ng/nL); (O
X-VI VOIM 10 + bFGF (40ng/nL) + stemcell factor (SCF, Steel factor) (15
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djaverage every 7 days, while the cells in X-VIVOTM 10 and QBSFTM 60 wer e
dpassaged on average every 5 days. Thus, the rate of expansion in
juncondi ti oned X-VIVOTM 10 or QBSFTM60 was -3.2 to 5.2 tines faster 5

Bt han i n nEFt.cémdihed forrchnE® neailetion oftiedyUinat a9 pRbWS! dnivetaifiene isxphemsi on
dprofile of hTeRkoandenatSedls, cIhmsigNA was i solated fromthe cells using y
gH gh Pure RNA |sq agmanT
gassay (real tine @ﬁj@gﬁﬁl MF@S%%%%‘)%%?%E@P%?T%%% #ﬁttﬁgmw’ng
gcondition is fﬂ"‘B‘E”P %d relative to expression in the control culture.

dTaki ng i nt o consi der atl Rosrrachiiar matixmagadiom isslaled extrenaibiapmaiyporopendnisbi | i ty,

#di f f erences i n expr ess§iaowRsHistone euturd hmmmﬁm&ﬁgma@hﬁmﬂdrehinsamﬁla&ﬁd are

gonl y significant nﬁclé&&@e@taﬁéa&dm&aga 0l d. The anal ysis shows expression of
ehTERT and Oct-3/4 dec S.,SO pon adaptation to unconditioned
EX- VI VOTM 10 or QBSFT %ag%nédﬁﬁmrrﬁfal rsat"gf our bars in each set), but
Ireturns to standa? PPHEH| R2SHRAIES 1P (RN PRAVINON gne op Juomes HBRY 1B B Mg%h BUSUIBrER
dgcondi tioned mechmamt (ohtsisit saldceepotpgls's i n each set). To confirmthat cells
gcul tured in uncondbrbih anectemaciatitulued eavibndditiave il sahé gsasreICy, enbryoi d
Prg?'k gfswreggr 615 fuei B ss%masammag?y&mn ammﬂﬁy&e&ubmx tﬁéManosrucmengt ?/gl c
dexpansi on rred'?%%ﬁ’%'h{g'%% aéﬂsgmv\%‘!r}ger |a{s°§oc?g°§f’§dca?m¥%dﬁfﬁ[§"hfm5'f ud?r"ﬁ's u%i?ng 200
U L col | ageRa®eedpy BRsoBTEaFtod®™ni n, pl aced in suspension culture in
adifferentiation medium (DVEM + 10% FBS) for 4 days, then transferred
gont o pol y- Lz or@inkiibd @ cRindlt,aeeinitdesc fpligen BlcatuRg uhbined i btndaed sckéla days,
JThey vere fixed sﬁ@%ﬁ/ﬂﬂ@&@f&&%ﬁ&ﬁmﬁgﬂ per meabi | i zed and Iabel ed by

ooyt oon I S et ek S A SR 0

;tl mes in uncondi £f
i (represent i ngFaead oiperaRing ARISTITPresRrting st hieegaresean i ng mesodern and
4(3-tubulin Il (representing ectodernm). These results show that hES
fcells can he wxpansed cm f meshin @-BQarﬁ‘oeMbrt k QRARY uRRBbR i it IasiRded - free
éenw ronnent af, gs[ APk gfgfc@w,g,ﬁp& & conmer ci al pr oduction. The cells

Yretain the rmrp ferentl ed hES cel and can be
gdl fferentiated i ﬁ‘fcgg%/‘ea? SHA{ 9’?/?3%@?'??"?"@5?“@%8&’5 PREY1APN a"’t WPE%""&‘@“%W“F ayers.
gThe conposi t i carrdle ohoenefsitinacendeny eapropantigiatie®e parm YR descri pti on can be
{effectively nodified by those skilled in the art without departing from

Jthe invent I@nrngmmdloedyIpsacédmgcs%%m&s,ﬁmasa&ﬁq zh@wu opatibn g idabithradQREs CLAIM S
y! . A nmethod for, exn %r%em&memggo% ﬂééa%;&?rgmeﬁﬁggﬁg an%.rr? progeny of an

“ establ i shed I'ine of ryon S, conprising: a)
gculturing the pluripotent stemcells in a culture environnment containing
5t he foll Owiqqgrhe methed of claim 4, wherein the cells are culturad after each passage until there is at ieast a

2-fold expansion in the numbsr of undifferentiated cells since the last passage.

: 6. The method of clatm ¢4 or 5, 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 celis originally

obtained; and afier the 100-fold expansion, at least 50% of the cells are undifferentiated and -
:ﬁ% capable of generating progeny representing all three germ layers,
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conponents: i) an extracellular matrix made fromisol ated extr ui[}@fr
gratri x conponents; ii) a fresh isotonic culture nmedium conpri si n added
orotein or am no acids, added nucleosides, and added lipids; and iii) a
d i br obl ast grow h factor; and b) optionally passaging the cel | popul ati on
one or nore tinmes into a new culture environnment containing said
rconponents; wherein all. the cells in each culture environment have the
jsane genomey. Wdrethod H@fyeprécsdir@icialne alisteinahalddndiny atld GpipaNabagngdaudeite enber of
cells In the popuak mmﬁ%E‘r&JHﬁ& is dloadt $ARN Varh it 3G akSleh SordiaRn

3 ndlfferentlated an |fferent|ate into derivatives of
& he endoderm rregmdeedroﬁ]m‘ése @fggg ﬁ%ﬂ "% The method of claim31, wherein

;f'J he cell population is cultured until there is at |least a 50-fold
iexpansi on ob. Tieenethondieny mécedrgl clain, wherdinttes qxpapoddatli mpylatiguadretshatbloradrask east
B0% of the celdseivphstdpRsoxErameiastTat 4 leRPR# 8iddafat afvRatidinG bor wedainat ed and

apabl e of gepar %Etkd\%ﬁw%%ﬁ Onrn%%;%%?moh%g e@clelceﬁ ree germ | ayers. 3. Thga

I et hod of claint ereint popu |on I'S cultured until there is
gat |east a 20-fold expansion of the nunber of cells in the popul ation;

'_;;» uch that af FeawrsitizORsagpandirpdupen dlugeolent stehgsliexpapiigion] cel | popul ation are
jundifferentiated saind capabl e of generating progeny representing all

hree germ | ayer%eilsﬂ'rataTJ‘ﬁog@@tothsr@@NESQElﬁﬁtggwg claim conprising
passag| ng the cal 531 PLBKPB enwron mcon’tamrnatﬁ folFoual mpon into new culture
dlenvi ronnments cont’af A 1'd conponent s dutn Ef f’rhe expansi on. 5. The

et hod of claim 4, \/\héf"é‘?’*ﬁa“f"ﬁ@’ ’Eséﬂ" rade fro@ isgiatpq gxjracaiuial rpalix cemROPPSassage
funtil there is at | ealita fash i@iohiobulure optursiooprisingiaddériepratainds emingdcids, added
fJundi fferenti at ed Gedidoides] @Rk Blad; @t passage. 6. The nethod of claim4

gor 5, wherein after pﬁ\)sa's,@gb,ggg rgmd, g,;J turing the cells according to the
Zmet hod, there | on in the nunber of

apl uri pot ent S?@Fﬁnéiih?%ﬁ%]? FﬁPﬁ‘“ﬂTV“’“B‘B?"é'%ﬁ%'g“ AR "W Per the 100-tol d
Jexpansi on, at | e&sd vBERbfuitaiee compaslondind opfiannly Feasegipa heugel gordialen o¥pabl e of
ggenerati ng progemes ispd edewmturagvighhent donteiangeidvoingyenss yntil thete FEBeds006 7.
HThe net hod of 1038y expanei6E6l it GubteRbtitlis WHRS RbuRtidnNRodubls fa 4kl faBLIAAGTIn RN soNal
ipassagi ng Cau|§~%?sg®,QFm&c%LJ are LR&F? nﬁé:éd%ﬁd daR ol da¥bd Fo%ﬁ&&rﬁiané‘ho%eﬁv%& ft’ﬂé‘t i s at

4l east 1.5-fold faster tion were cultured on

: % same ce popul a
jnouse fetal f §p3 B'B‘Irﬁ??dﬂf’%@dJeBF *€1"1's, 8. The nethod of any preceding
Yclaim wherein the expanded cell popul ation expresses telonerase reverse
atranscri pt aseAEbERT)r roinuf@ETrgla @ttur@envieuednt fof dxjrntinge fne lothEshralts, @iprishat it

;?;vvoul d be if t@%b,ﬁmgourg%dcaa@pm@tl on were cul tured on nouse fetal
«gfl br obl ast feeder ceI ﬁsnﬁ}a qpom tion for expandl ng human pl uri pot ent

stemcells, conprisi cells that are an e- tablished hES
CEEpiER e
dcel | line; and b) a c Iatf é”sgﬁ?/?“rmﬁ?ﬂ%"f’l‘[" ‘ﬁ'(j“’f"ﬂé"?@ma&\ﬂi Affed
%corrponent s: i) annekepydgeand agpadiiigepandi x nade fromisol ated extracel | ul ar

_ matri x conponents; |iijsdiobreshowtsfatani c cul t ure nedi um conpri sing added
fprotein or aniHaRinAes 6is epedes10-1046) RAFKEIASaid IbnAEH Fidlded B Sgancandy 1 t!) a

af i brobl ast gr;%%al%n :ﬁ%@.‘q =t teast 50% of the cells are undifferentiated and can generate progeny

rapresenting ail three garm fayers.

11. A method for manuiacturing a non-conditioned medium for expanding a fine of hES cefls,

comprising combining:

i) a fresh iscionic culture madium comprising added protein or amino acids, added

nuclecsides, and added lipids; with '

ii} at least 40 ng/ml fibroblast growth factor,
wharsin hES cells expanded 10-fold by culturing In said medium on an éxtracelfiutar matrix produce
an expanded cell population in which at least 50% of the cells are undifferentiated and can
generate progeny reprasenting all three germ layers,
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wherein all the cells in each culture environnent have the same genotype;
jand wherein culturing the conposition (and optionally passaging ?@§2@@II
§oopul ation one or nore tines into a new culture environnment c h al ni ng
fsai d conponents) until there is at least a 10-fold expansion of the
tnunber of cells in the popul ation, produces a cell population in which at
4 east 50% of the cells are undifferentiated and can be caused to

adi fferentiate Into derivatives of the endoderm nesoderm and ectoderm

810, A neth or. manuf ri.n [ fur nvir.ongen e iLhg a line
ot nes oo ¢ BHaPParish b el bt B Lo ARG oot br RO
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&f i br obl ast gr @bl hRE Liddast st BuRichls B ndiRlehtiSte@ X pPanded 10-fol d by cul turing
gl N sai d environment produce an expanded cell population in which at ’
il east 50% of the cells are undjfferentiated and can generate progeny

§r epresent i Ay AMPIERTRRFULEERROfoalyapaged sip celi, caRARRIBH f or manufacturing a
gnon- condi ti oned nedi um for expanding a |line of hES cans, conprising
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gl?.hA raPidaexaamﬁbgmmmﬁﬁ@Qﬂmﬁgkmg@@@ﬁa&k@gmﬁgﬂmipotent_sten1ce||s

4w t hout feeder c . N0, : ; e

syst em accordi n %k EIE%ﬁﬁngi()a(rﬁ%%iélﬁés}gmgtosﬁ rltﬁola glghs%m% n@?Hﬁgmt%ng u@@aéh Hé\ll th a
#doubl i ng tine“%@mW§¥§“?ﬁhﬁ“hbout 24 hours into a cell population at |east
410-tol d | arger ibhirapti¢ctng calls in|thecpapulatinoxting DNAisidecamilex sl e undi f f erent i at ed.
413. A nethod of proEuiog cas et beagdngticahsvedwiEttemooged s, conpri sing: a)
Jtransfecting cells froman establ shed ITES cell fine with a DNA-1ipid
jconpl ex; I in , . n j . t ith the
4conpl ex; aﬁ% ?ﬁgﬁ&%&x%§1%ﬁ%f%gﬂﬁ%%gﬁéﬁggﬁﬁﬁmﬁgﬁﬁghggb%§1Ihcﬁﬁﬁg? e net hod
jof any of cl af¥iAseylargnair '(?P’&a“%rja"""ﬁ‘fc'f I8 rade e Epgelbeth ol SwrEn el cal | y
jaltered. 14, A nmethod of producing genetically altered stemcells,
dconpri si ngis. ajhe ptodiotlioMmgosBiorCd BY@SH:dding Blaim ikl ipf@intiDaddddas iz MedLOViDhé Si NQ
gprol i feratingeiddidiborenh ALeH or REbReIRA stemcalls; then b)
Ztransfecting cells in the population with a DNA-lipid conplex; and c)
jselecting cells that have been genetically altered with the conpl ex 15,
2The net hod or™ e BRAIST TMBITHIST ©f AMPrepidies BiMeE 4ridh ara 48994t e Pe™EUPR ur e
genvironnment domgthich egovagensigipopreteiest | ul ar matrix that contains |amnin or
4i s made from Engel bret h-Hol m Swarm cells. 16. The nethod or conposition

1of any pregedinhgeidaat BmpWABH §iahy PEcoiR cinl, fheAdIRe itk iabyfowBsbioH [Faks t he
formof fetal calf S£YM ,2LRUI 10, 1o o LD 5 GR! BSSIE sither basic FGF or

FGF-4.

19. The method or composition of any preceding claim, wherein the cells are cultured in & medium
comprising 40 ng/mL FGF.

20. The methed or composition or use of any preceding ¢laim, wherein the medium further comprises
stern cell factor (SCF) and/or Fit-3 figand. =

21. Ths method or composition of any preceding claim, wherein the medium further comprises insuiin
and transferrin,

A R RGN e S R E e s el s

4




17. The method or conpositi on.of . any.preceding.clalmheler :
dded to the mediumin the form of hi gh or |ow density—tTpoproter ns~ 18.

he method or conposition of any preceding claim wherein the fi b&g E@smﬁ
growth factor (FGF) is basic FG-, FG-4, or an antibody or ligan

i nds to the receptor for either basic FGF or FGF-4. 19, The nethod or
conposition of any preceding claim wherein the calls are cultured in a
redi um conprising 40 ng/nl FG-. 20. The nmethod or conposition or use of

hny precedi ?bg TR }%J-Bd F%’)’Q.ﬁ,{ & JLarJishPS g@dg%m, ertél.ﬁ"fa s&ggBIskgﬁﬁersrﬁéﬁg TGl |

actor (SCF | on of any
br ecedi ng cl aleﬁﬁa" &' Q?Fi‘faf"ﬁg ﬁé‘ﬁ?‘lﬁ’ﬂ?%?‘frﬁ@r'm%%ﬂp@@g” ?frqg'%?’i%ﬁed &\l
ransterrin. .whighatlepEp5% ojghp peils TERy@sentdhelsml asfmiaeyy of clains 1-8 and 12-21,
urt her conprising causing differentiation of the expanded cell

hopul at i on 4orrna mMFb@Hh‘ih\%' Mretn"b%%eo@fr% dﬁ&&rﬂat@d &l bre HQWE&& |h@RioBes,

Elfferentlated cells In Hg]q] F ] 5% of the cells represent the
ame germ | ayef™ %Y‘eﬁ’ﬂ?%y § € 81“?%922 wherein 95% of the

i fferentiated cells are neural cells, hepat ocytes, cardionyocytes,
resenchymal 2¢ed josylatiorot osit eathtegsdgsny oPah. sstdbligep tESadel dna, ©xpanoel dcrdinf &tthear e

Jr?ﬁegy ]9f an r@a&%@fllahysa@@nﬁﬁﬁas@hdazl b Wich am&%ﬁﬁ%fﬁfséﬂfmlmggs@?&?ﬂe .
e (0] (0] any i % (0] e ce S
n the popul atulg%"n‘9 gt?%!gggndjbﬁj?eﬁée?ree&% @g%pﬂgsghﬁ%g’n g&"‘ ‘e progeny

Fepresenting all three germlayers. 25, A popul ation of differentiated

cel |'s that & et porusinev/ditpfentiated REiSthatarel crageny of an VR eel fing. wiereln adesst 3% ofdife t he

cel | s r epr esenslistdhesssamesagegem lagy ebtained bicaingit tha ewsdts cigm oorehe net hod of
claim 22 or 23. 26. A product according to any of clainms 9 and 24-25,
ubstantlal as_her r of the i
Exanpl es. odut? %ﬁﬁhé’ ) anﬁof c%ﬁ‘:% d quf#% ts&stall;ﬂgl yeats %Qﬁrﬁtnfgfg d%@%:ecg‘ ﬁlgl 10- 23, |
Bubstanti aI I y r%l%’"”ﬁeetl’é’?Vr‘i’f‘?ﬁfB‘PE“a"H'é%cr| bed wi t h ref erence to any one of the
$Fxanpl es. 23

27. The mwthod or use according to any of claims 1-8 and 10-23, substantially as hersintofora

dascribed with reference to any one of the Examples.




