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into nlcé’WEQmEEFFVed cardlonyocyte grafts were detectable as long as 7
weeks after inplantation. ~ 5 Schuldiner et al. (Proc. Natl. Acad. Sci. USA
97:11307, 2000) report the effects of eight growh factors on the
differentiation of cells from human enbryonic stemcells. After initiating
differentiation through enbryoid body fdrmation, the cells were cultured in
the presence of bFG-, TG--(err)1l, activin-A BMP-4, HG-, EG-, pNG-, or
retinoic acid. Each gromh factor had a uni que effect on the
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this disclosure. In certain enbodinents, P-X is an introduced heterol ogous
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Figure 4 shows the results of a study in which hES cells were transiently
genetically altered in feederfree culture by lipofection. Panel Ais a

hal f -t onewbapuegdscti on of a |ight mcrograph show ng nor pharagyw1/@i3omES 5
cells on I am ni n after t hey have been transfected. Panel B is a half-tone

" epr 0dUCkyg, of é?T usetmeeﬂﬁeeums%e%ﬁeettd mtmaam%fceﬁgs? WP & PLRS
e

same ol el & i ustrisn "R Sroneies pe B O e

PGRN376. Pryhgter, 4nd ﬂamoretdféet ol/felomeraspaeveise ratscripagh(TERT)c Jhpedlls pangpise lsentdine? pies
Si npl ex tebistaricel pene YiinBa sentrbliokip, dg@del inithid disciaona tak B-X-8f indicafiig@rfeicihal fedtieiship r om

the U@St Wil P l:le Ia‘i@sqté%ﬁﬁorpcff b&tlh? arnil’mﬁlﬁ‘\ tl%eem?nefﬂg Belﬁg%ll %ﬁ&@ﬁonﬁrﬁ“@&ﬁ%nce that
.transcri ressi on of IS pr onot ed’'in cells expr essi ng

hTERT) sﬁ%ﬁtﬁﬁg" ‘iJ?ﬂﬁ It %"%F@WFI ated enbr yon| c stemcells. Figure 6 is a
t wo- panel | i n@nofergrpedispm @l theyintention isfafstest celh genetically pitesgd Soi95 16 Gantdiea Ryclsls geid

-vect or omnitiuhdstiuftare @RX,i aatakehdhEScribal. | The indditidn ddotpeavidesoplyaiclenige véclves adardtdddo wer e
t r ansducggetthily Aief fiam céﬂeg,tmyfagﬁton an MO of 30 or 100, or nock transduced (no
vect added) | | r i ym 15
cont EIS ni n hé‘ 't:h%}j ea-nbodlmg‘nt S thel %ﬂoﬁ% Vgg I dég Jj'?a%&%gatq FLf%lfFeIeﬁ%@d g%lﬁ\llgtﬁ TEAC
vector +© ”('f’ﬂ?ft %ﬂ"ﬁé‘“ﬂf‘ggw 5‘“§°’\’fﬁ?ﬂ/“‘3‘él°‘f"§ thaty °‘t“h"é‘ ?:Bﬁ’ﬁefcoﬁc'dv{%cl'ch'e cERgRitetT i s a
bar gr apkirugiive Ribhig tredtediaicaugsat ohst O updifferpRiaEd gelle indire populatierdel diffF®tialel | s. 4 h
af t er transdughot@nenidotiiedt BERhe/iIBGHDA js of ie®b forBshictng vhaiserétlstetstanpdalisoftom angll GCV

at the c g%ﬁ@l% r §1:c.=,an:@Ilssik| %%opuTatn%Oar@geMt@;yaN@e% sgma't {F@J coHt'anq %rnUEIQ@aMCble ons

t est t 0

e 0P Cateih P Y isnB i, cohe Ras2riar 8o b s ol P insie "

| i nes. Be¥Rsiefndgenipe isugeeplible e o lgfhatefiech pit sy etamahpgeBinis Rifceth undprecommhcf a
veot or. frangaipt®nd celwovsenichictha@ fchsed thofenERARS prefefedtially eqiessen tn wnifereniael . |
popul ati %Scewta (Sﬁﬂan&,dcat rberaeﬂéutat@sueet iwAtd PR &if pﬂ&@nl%llyj ShdifidrBRiatee lobiereWRIhg T ed

daily w talused rﬁate orwﬁenlcl;t aCI @r&%@gr@%}e&@% (l;d{?eé iate ceIEt Idlatt ?gr gﬁt |S:E;1ta;[ gn or

with eitRer
i nt 02 onmi t t etiXdePihd toihe fehdben PHEHSY gieskstemycells, cAo blegf%‘t‘ed SE’PPQ’WV\RHP’E"% o @t ed

Wi t h t hepSPRAGN wedsr oonditions auherb1X is @fpre8@d. [l Xurendads thé MIIGTertiPhdo EbpeffecRiah i s a
bar gr apbxgfoadenGsubng ddagRerodiig), Geh LriifSidhitiicll by célld ad dépistd®y colbR@g e vdis Wi t h

TPAC + G@Mn tﬁ% E)&gnﬂlﬁgggﬁ Glﬁs |c§1 &%oﬁyﬂyeéént%m%ﬁe &€ h \ﬁrg Wéih thb ngnt |L 'ﬂss@@-&hure or

i nstance, ons ear ed
i i e ol e oL P, o P KGR pseh s L4 ar Sk

nmor pB®l ogysertThe 30 Lower Panel is a half-tone reproduction of a gel show ng
RT- PCR anal ysTis redgeiith andtethiigues Bighi€idlention cdmiasigougstl td Beac onl dell papdiativing pntaining

condi t i Ogreydydgedtt&mc&taﬁﬁnme SbedalBdaast peicsleh e%.a%etu%nﬂst&xw@s&h%,
while 2 out of Ielgtreated with retinoic acid (RA) showed

anplifi cglf‘?agﬁm?)r?{onﬁ s consistent with ver¥ | ow | evel s of OCT-4 expression.
Figure 10 is 2 F’eaﬁtb('}%?f‘e“d’“ﬁ? Bregtiph 4 Re gPag AR descirlip R WSt has been
trans@uced by conmbining with 35 a control adenovirus vector (Panel A), or
PGRN376 (Panel B), which corsrermEstédweidvoraanpranietey control of the TERT
pronoter. Both wells of transduced cells were cultured for 3 days in a

medi um cont ai nj n ganm cl ovir. Undi fferfntl ated col oni es i c,ﬁl of nor mal
NES ool | cul t DUS TReT gescnareeh ot o T el s peleodib ahveetereda b
PGRN376, (miF%or exiracgliular maklx Mabigel® of lamiein) VS regtlal medimotfiMe or speditenggigprsiumA@M)- onl y
di f f @5 entrheddopdl p&el i & cdp§ BRI geRowirgi OTUAGINd HTERS exprdsyibiy 4 &8 eiRNA levd bgRBRER. ThBOW Ng

drug Senﬁ,tvta w.et ¥ a@br JAiH tértpenfgrtte' .@t;%ﬂexﬁetstoﬁ o7 Ot eaom &ga,ftet;ﬁt k& emgsaee

g;g gID E ?\r/ﬁ'b Eago ctf h§¥ g] Pgﬂ%ﬁag t 1%8 Ft%‘dsr i r %owgﬁgﬁammm and l\PYrYSeI@ B condmone§ how

(E) - 5- ( 2mBfishisye figiar 9’9*®%Ft'?c§'§‘}¢ﬂt°ﬂ‘ﬁi“’lﬁ%°’(’ﬂ’?/@@!}"“ onafeyleddveyel y. Ganciclovir at a
‘ concent r at i onFigere|20sva hsif-t@neTefddubtion éfsa gel showvad telpmarase afivity measuedlinfchiltired MES at ed
TFAC4ES ek b Trdr dativity assdy. dRiRe cuitiirg Bdnitiche 6 ved Pébiti(EbloR&tagar doiBSatter 40 days in
, bl ack- angegga (%eec I;ueeoroducti ons of fI uorescence n1 crographs of differentiated
" ES cells i'Mes Ho- 376m 18, H9-§ D t]l TPAC
gene; H9- p&K 5'9“’° 3ni§oa Halftane '?Pé°d8°8?{t ?"8Y"'"%8’fpfesf ?"h s § fe@eteéae"ad"b WER t he
drug sel sawiuged Wihaetrvichs amthtsersdiidrinjatady HFS Celle tvete tandfared joesugpeppion forliugerie fosp ed
i nt o enbeyisdil HaGied, Bfiture@dea iR £days, edplatetinnis Getafib-ocakd Bidss 4nd calln@li jo5a Seckfanbieast
three of the TPAC containing stemcell |ines show areas that stain for
nmuscl e specific actin, a-fetoprotein, /43-tubu| in, and cardiac troponin I,
representative of all three enbryonic germlayers. 5 DETAI LED DESCRI PTI ON
OF THE I NVENTION Stem cells of various kinds have becone an extrenely
attractive nodality in regenerative nedicine. They can be proliferated in
culture, and then differentiated in vitro or in situ into the cell types
needed for 10 ther apy. Recently, |t has been dermnstrat ed that human

e N I, L T Y M. o



adaptive culture and positive selection nethods will be suboptiml for use
in human therapy. In sonme 25 circunstances, undifferentiated cells in the
popul at i omomwem244mpai r engraftnment or function of the cell #Crsei/vz09

Undi fferentiated cells may al so i ncrease the possibility of a malignancy or

other t UHRBY flxte&)gﬁa]pﬁ@og%)hetdIﬂﬁde?ﬂlﬁ@s&ftcetf@%FF’ Q)@F&%ui_éfﬁ)athéWBnghQ@Id Wm.ﬁét.&l{ ation
of t ransp RO\t expressml s directed towards a strategy In

whi ch und@i*ﬁaé‘r%%ﬂt°t’ht°éea°98‘ét‘tﬁs remalning i n such differentiated cell

popul at i ons ¢ EUISA seru the rasilts offstudyfrunhich PES peliivess ragaipnlly eralicply aleredd ol t he
cells, sbeddottre lay lightsatdn3Banbl¥cit a hali-tdne rdpekuctian oha ligbt rhicrognaphishoging imbrphdoge afpE@ S S ed,
or r @deﬁéls ok, la‘ﬁMﬁ’P&tht ihB) Ravé Bech ttaﬂ§f$!:ﬁzb Q’faifté?@t is @fha?-fén@kbﬁﬂtﬁﬂén @M bresckre

-pl aced upder t ra%h s%?m%ggréf‘%tex?rﬁs%lon %qp %e co cIJn]y ” Pg‘lglrttelg | GarShd HFIP’RNH%E %er['t%ge §88s1 T O

be expressea un erentiate

popul at i Bfpressig &P “§deé"aﬂ‘é{jé?'td\)@33el ection strategy, designed to minimze the
*proportion of Figwdisfi§ @ mambi Eeredector Hesignatdd pGRISTHO Sidiskis an adgnayiwsbiesier of R188 bp
techniq ueorwntukg RO Ripbd s\mples(eﬂymmhb Riflast @R yBrieQiHes cddfrol VEd frédbter takéhdom tielupQiesler t O

obt al,d’l r géﬂfcé/ gfl tlye Eﬁ%ﬁgéﬂg %‘r‘ tn'eaghsre%frseégﬁsc%%é (h?g?lt | §)§)l:’e§fx£r¥ Q%UQ Bl@rtnot lﬁ

essenti a ree nti non-lrmting validation
of the i FRIRRPIEEINS ttn FHoRgY 5“%‘?(51%{" Is have been transduced
with an adeno¥iowrgs$ ‘?@ctNe‘Pa'(efl'F"‘A@[apf'nSW'F% H’ee?ffPFéPb@Q TgA Tymidipg, Kpage peclkichase
gene was umiffaeatEdtet AERdell G thrabdr raplatirey, 1he caiDvere raBduend Tharvettorsban W@ 0030adt as e

reverse idoags E.Bdkmaﬁs%ﬁceé %EEBItLr ad&Ed? CF%Lr' P lafef) it éeitéﬂvértl%kdﬁaﬁ‘gwrrﬂﬁﬁeshﬁléﬁﬂm but
thi S1$b| Lclm n|n %er?ro ¥Jgﬁ owr (F}E\?)r ?} a*% %AEEtX@W 'lePAc vecté %B(/ c(bjtta'_lrgreg%%ShOW

t hat trans “Re] vector "t ender s un eranti at ed
cells su%‘é@r??'?slﬁls@et"tﬂ"?'é’?'ﬁal ity by the prodrug ganciclovir, a substrate for
t hym di ne ki n&igere 7ak aabar greoke mhawing itigationfof GCP0n Hive vESteriehied DES (cefisgur e aly

shows t hggnsiMafR vhnEﬁe G&hdr, Sresi @equu&ee@omamda GVAR té Q6 cBritrafdAGhEWRE 20 1M
di fferenhbgtNgsd Wln leY§ec,o (tmo 8@ € NO survi ving cells with det ect abl e

OCT- 4 expressi o ? Sft undi fferentiated cells 6

t echf ques of Flape d is ﬁ\‘)’é‘rﬂal‘%ga’&“’@h geaving isefion pf Gfar e TRac P f'ﬂ@dué"é‘\ Er"d mock-

popul at i basduped HES| cafsriomedo difreanblinesr Battt ines ark eensilivgrie GOV laktar dpgtmenipvitrethe Tpac

depl eti ngectendi fferentiated cells, the differentiated popul ation is expected

to possess bep%g,g d %G:E 'tr%”é’ftecta&drp%‘géé\‘? ttr@ﬁn'ﬂ&nt Qan%?e%t deli! p%ﬁdla%éns RN AYR

reduced rjisk o

[ he o ealteruely SIS PR TR IERe LAy Wi At Siecon Sy paaing prileostaied ' "
undi 29 er eipei oaw@ueﬂheé 5‘P°§‘“afp'é‘°'ﬁﬁ?"é°’t9§f’ﬁﬂé?% tourduce gifierentialigndrlie epaunitigd erlls efimwed
advant aggheh@ypenDtayt lalr, BpPidrd isfe@@iWith @@ ThAaEstor aiad MOas! 3ppae Beivmgeant i body,

CDNA l'ibrari egpe lbeQ Pﬁﬁer @QBAr@%pﬁéHAQm ﬁé‘mnﬁ»@ﬁ&&us Qﬁ)ﬁﬁn&'intchlﬁfb's TPJaQIeHWP?pAc
primate P erived

from pr ot lé:‘-#gl an}ﬁ?eré celliﬁlﬁtgrﬁ%under each c%n IO? |{1 eTc)n ins ance E‘fe Qﬂte stlwtw%g ce‘!s P lced
fertili zBapuigypns SpicerRearRs Highly %Eff“é‘t?f’éf‘i’ §tq9‘€“"6'fy f@él%@"‘i‘f‘é’fﬁa‘lﬂeé WoFelpgy- The
appr apr i béver Banalds 4 hatftie odproguatichud aiggl shovdgediTyPCafanawsisarf the sulvivifigaelsn Thasekdlls t ypes
that ar ecﬂ%a ¥t doididndafmeiin (REF-EMCor DGO RadiRY diteBiabie DET.E bxprdsQEHIALIB 218Ut of 4

mesoder ntan? 9 WSSO Tt o6 596 ol rhyRaith ARG ol G el qofiich as

t he abil ma terat wee m ce In the
definiti 8’??96?“ PS cells are enbryonic cells of various types, exenplified
by human 15 eﬁ'gwyémse@toémee fEsyraphudf prshESekling thplhds paen FanSAuserhEyepmbiting with

( Sci e31c ea 28l hiehbyirud @83 (ParehA)r or pARK37S {{Ranel B Iwhish fonains b egengunderabras), of telch as
Rhesus syam &'&Jndté é&tﬂ@@iﬁ Qﬂtraﬂ&du@éd cellsl:\)ﬁre%ccultmtf& 3 d%‘;@ﬂa n%gllum cu%t @%Xc‘%ﬂ)ﬂn

1995) ncﬁ%renhate% co%nlec %o ormal ch res eres em theg {ra well oW st:rl'egt%&3 ) and
=) T"l §ﬁ n’o‘t 't ? . eI

human e

USA 95: 13’72@””?@9893‘ °fd' wté’t“efﬁ'gi'ﬁ’é% gel ﬁ?"?ﬂeP Here 8Me: a@%P'r'\sd'f&feé"%ﬁd%'s f%‘@\"ﬂ’ded | n
‘the term Any Figwe|td isof twppanebline geph, ghawing idary sensitivity afpabifererdifteqhealicierntainigy tbe ogeny
t hat 4@r eofbieia¥erbrivdtss dffen Blyhidné kifRe 36hedE¥aB). Ndperl AN BFnsr RAs bHOWsbiik@ity to the

. regardl eﬁadrte{ aan&tott?tactvgsae téb%%t.m% Jetgpadﬁa?émﬁ'rss b eGanrﬁgs\lﬂlat a

tissue, at are not

deri ved T"f"&?ﬂ"ﬁ“mﬁﬁsﬁ? ErvtHMK 'FJ?" ‘3"" %Pﬂf‘%""g'g"srf'}" ?ﬂe'%" %Su‘{oe "WS‘% afaﬁ Ys necessary)

that t he cel | §ige RAY yand /(R camrrigesniigolrand- WrﬁPS’PES’é‘I“’FW"éLH‘ flypressengy Eicipggphsi hed as
"undi f f etigeréritigtiecEs’ cettd) @RI hes HHSTEANIB] 188-37pM-BR @GN HBITEMIE cotiaimhe Fbac ser&nleb pakei r

derivatives in the popul ation display norphol ogi cal characteristics of

undi fferentiated cells, clearly 25 di stg ngui shing them fromdifferenti ated

cells of enbryo or adult ori gin. Undifferentiated pPS cells are easily

recogni zed by those skilled in the art, and typically appear in the two

di mrensions of a mcroscopic viewin colonies of cells with hi gh

nucl ear/cytoplasm c ratios and prom nent nucleoli. It is understood that

coI on| es of und| fferentl ated ceI I S W|th| n the popul ation WI | often be

1 N L Y T T Y 1 T a o o M



di scl osure as "feeder-free", what is neant is that the conposition is
essentially free of feeder cells according to the preceding definition,

subj ect owloyo2t4edEur t her constraints expli ci tly required. 'Flmer/llrsral/ms'berrbryoi d
bodies” is a termof art synonynous with "aggregate bodies". The terns

;SL:;V t Oné%glgg 8 @&nﬁ& cQIf lmglrgngf@c{te%r%l& Ak @ﬁbdselé&gh Bhfas%da Yhb leﬁﬂraﬁﬁec&ﬁ céllg @bre
PP ettt i spRuk ey gD B tiipiocerifly Aoy el pisp Bhipe P!
types, t §qolanap sigmicelblinesehow aweps that staip fos yipcle sperifis tartingrielopratein.oB-tRulinyendnesias gi cal
Crit eri atopbiiel, teplesabtative@nalitirdeathbpsnegamsiaferscel | s”, "lineage restricted

precug sor cells" and "restricted devel opnental |ineage cells"” all refer to
.cells that are capabl e of EoTI l' a 'p anT di fvf Trenti ating into several
different cell types) with nore limted than

pl uri potent stemcells of enbryonic origin 10 capable of giving rise to
‘progeny of al bteinlteizert Gaibis Kindy £vS bechiodar extreraéhngira2da mpkiais 10 fegshantie inisaidine.

precur sorhe9 %LA Be Fr@ﬁér&l&?m ReRt QQQHe%tdrf@reﬁt%geijn v.rmrqn s@r rao ool BRsGRLdch Rr

vari Qus uripotent for bile
tact "o DRAR JfeHut raves Repn ety FC Bl o el oty Rl ocBirigsl Barees = oy e
exanpl e fegl ?féemnzer ase,@a3bfingdheado paintpistelomprp [epgtie e gg’wﬁ@roa&'@e'@rtelsar cuytgre.|

precursors that far digtewsdiffe@nialel grod ealisl hae\tiees digdd aahariyciywaeds, identifgdngneutorenal

Pr ecur S Ogdnditidha thatpreabid Sufigrduth &leélpﬁbﬁulatéllé wﬁpﬁheﬁctﬁ%lcpéﬂimsoeﬁ tidafie ﬁ,';ha' desirable for

descri pt }eg&erah\}aqnetd%@g] S&Llﬁrmr%ﬂl (srfpfaﬂ'?‘%lgsr?{r]\g'eﬁécg f rIO\plgrfac rsQ)ln Idﬂ'@ eﬁrﬂ}? SJ-rEm

cell, recu

stem "éel 'F”"f?ﬁ?mP’M‘e“%ﬂ?m Gefsy "tLbS 6’ plg 5@%%%??@‘%?&’ a5t ‘fﬁ“&‘%‘i“idé”'"br "Wépﬁcﬂaﬂ n8ne

di f f er enthalgh eperably ioked dmal repetengene whialy iglihan uséd toeblect for peligaipressing thdeporas Ipart

of the swo®B762025Hematobictiv\Bia@cellslirk tiigh@ntbdisled droy lesi@dnedgens,@indlintn @iftedit®RYONI C

stem cel Lrﬁ;e&aghé)@eué 8 Mrididi s ifdSa MATh, WHeh & Hon IrJ%?ed grmr ud 6 nHIRE Qr%?aﬂm@r@ As

used in t I.scl os erenti a ferenti ated”

rel at i ve®t"@Ps9e rfg‘r-%"é al %”Ft'ﬂéseéér?f"&%t'“ I”ﬁ“"wﬁ “IS"H" RIfRE MyesE Rgay ghain promater
SpecPd i cednirglied pxpraseidneaf @mineglyicesidg pprsphtolrangletase. t Yrprstegted Ql&rmwtedq@w wege sdlesiedcel |
the ter nhsmgrmlm fwhick aroul&bcerdles sfehrgibByobacike talst Mas B armosise sélecti@Ntibdyghs L

cel I, nE %I’JSQ&\ ﬂaﬁérﬁg of filé EJs%d%&Eé ﬁqu allofv%teféf'e%trali meiwﬁ)f Qiferdiitida tr%fue the
rel atrve y rra ur

o ohol ol car kA uBtRES VRS sk o e o e pERRIIE R nien S LR RLERS

pr oduce. a43RYP foplsFeefitd Ropilivg ﬁsbe%ererhgdsnm/ée sepoptima! fop use ipyhumen HERRYer erﬁornat e

i nt 028l | citchmstpcgpenmiiiferatieted cellTin ghemepulaordindyf imparengraftnedt dr funetiob biga @it inelg. and
can r eadihdtreRRriafcacod ma; &b iRYoalNFe &Kéldlﬂlﬁﬁla hraughérey &HotheYmdVRIrRRt 8 sttt the

criteria, e & a nucleic acid rmlecule refer to a
pol ymer o?rl%ug 'e%‘gﬁ% ¥QHR& r? °h ‘Tﬁic Fncl uded are %enes and

fragments, nRWES "‘B’?’Q'NN 'srqffﬁﬁﬁ?dy'ﬂ"?ﬂfz?/ Fiseoy dpyyhioh uaditsrnpaiedntels, 'ﬁ'ﬂ?: 8t des,
branc heddiifﬁﬁ"yﬁeﬁtqetbwp'a@ss cap b daniedd, Thisag efigeted by asesitiealisatempitiesally, SRNDAL a grne | ei ¢
aci dapr oibetds letai b fdeil MBVhED it Bexpsddsed Sed thnildis it Klisceptblela h @Mdrefiect bifae elt@iaragent, is

ﬁg: re/ 23f'e§5“‘e“ deer rrﬁ.fs&h gwmfcgrgewg g&eﬁi donfeht tHA ‘éQJs&‘sen R4 eﬁdr&gédepnséréra&w grgant e
t%tse cgls m the npogllrlaﬁrgr% al'hre ?s a gt.%%[rveqs tBn shg ac;\é dgesrﬂneq to mrnrmr(z]ee%'re form

i nventi on d{ﬁﬁ I"e-stran

and eac hP’8H°"l°P|%' “P‘J‘EF’%‘W"&'HBHFQ?S?’b'E foQW@“%‘P'F &ﬁflﬂ’@tle W'B‘Pﬁ%""ﬁ?ﬂfﬁﬁh‘?“éﬁc TueRfct ed

to make vaoustkipdsl dusrieeto sbtriareitraly Poe nepulbivos ofdediedreetisauecipeitet ae pdertinlafregd such

as pbpepgrdmakdabesguand t hi ophosporam dates. 35 A cell is said to be
"genetical | y ﬂ%ﬁgnqurtrng vaLJaﬁtﬂ tﬁ&rk\%guon, hgrlrran ﬂﬂ%ﬁ% %%lhﬁS)tcglgmﬁe%'é gnsdmgn a

pol ynucl eot i erred Into su ns of

YT ch S e BE A ScbR T 450 h Y i Wi Pymiios Sase o P ey rr@efarr"@r 1y

al t er ed penelensqarentefar humae fefomergse IYersg d1agastRiase TERD: MERecelsonstilybels srarese wi | |
' of f en CONFERTI® this hilgyis bstiuiraldifaesiatgochesple NTCEPurags-8 siwabaeiransduttion nthEs edlt

whi clhg e n@w 1@&0 VeBiBr réifRlbls uhdRieRtiAfeE 5is éda@prureqs erhamaay u@rbroeruey%a@lml eeéasaluater?e

. genet I C t%l i%ll %Q alt Sa C%TclerQraI' %n op~ 20 '&nl,, el':[xamale 1? éFl%lre ﬁ tsgoclvsqp{al Wi ent I]E% cehs are

cel | have’ con se uence
is a nucl’%‘é‘!‘ﬁcﬂ’ew'@érﬁ'éfe‘f?é'e’ 3nddhsp r}'éeje'r“ﬁedaw*hu ?M%Q Herei FnnoTuryivp &8l Mé%dqtm@e
cont r i buD€F4 txpreiséian (& pheodtype Rbundiffepgptidtagitcelish of a pol ynucl eoti de, such as
replication, duplication, transcription, splicing, translation, or
degradati on of the pol ynucl eoti de. Transcriptional control elenents include
pronoters, enhancers, and repressors. Parti cul ar gene sequences
referred to as pronoters, like the TEﬁ% pronoter”, or the "OCT-4
pronoter"”, are polynucl eoti de sequences derived fromthe gene referred to
that pronote transcription of an operatively |inked gene expression
product. It is recognized that various portions of the upstream and intron
untranslated gene sequence nay |n sone |nstances contrrbute to pronoter

L . Y — o oy




15 as this functional relationship is maintained. In the context of

encodi ng sequences, pronoters, and other genetic elenents, the term

"het er ol ogour/s2isdi cates that the el enent is derived frompeTgeootysps cally
distinct entity fromthat of the rest of the entity to which it is being
conpar ed. Forg.exapg u%s oﬁ‘hBrWFoﬁ O&esgr%'a‘%n il fOdiRR bl Yo Eﬂﬁl%'wﬁh Righaeer i ng

techm S INnto an e S Sal

het or of CoRERSTHEs it R ede A deHIg SHOTREn AR, s B et b
el ement @xpegted jtes pspess [hettes Sunetiopdl godk engraftment chamcterisias #rd hitve redupad risk eliereatingn
nat ur e, wvkrituigdie aiciéture heivediand@)in thetraatet sdbject. al Addition) tdll ohuedls épled af

Bg'ea%?ﬁzgﬁlgerg\?é%& Ldps! areTh'l@ret dBeneds) Mr%pﬁrb\ﬁiﬁs a difiRAL éddﬁltagé-?(g ngpfhgﬁlﬁéﬁgb ag:' SS
oF oy | EHERRS A SRVIPRLE DR SRR 0o Ol ¢ Ty b

| i near or branched, and it may be interrupted by non-am no acids. 25
‘Cener al Oatigivns ques For further el aboration of general techniques useful in
the practice of this invention, the practitioner can refer to standard

t ext books andP'RiAeERig e IuERaiqnt %?%F%ﬁwsff"é)ﬁf‘ep"&'&‘r‘%?eés degjyrd "eRBPYBIURS:

| ncl 19dedembryenidf or Etabisawecat moyrtise afted fedifidatiop oand hawet therehaesctetistic A heing capakier inder

appr oac happropridte cbiaies oSMsHuciRfbrogehyRlt sdvér@iSifierbit Sell tyb9SiRt aredrivatiVesl 6 all 6 thberiewni ques

in Nbus em%ﬁgﬂgqﬁ%de(rﬁ) nM;od\éWr? 51%{ &Bﬁbnﬁ)t ac‘%rdmg t? Q%tanddbép @p@d Pateﬁﬁh JSQI%S)

Enbr yoni nin Vitro Enzynol
225: 900, a%wg’ﬁ 'moli?’?} ?"PF&%J?(@%S % Enbryoni ¢ St em Oel ts: Prospects for
Appl i cati on t'@'qdﬁﬁrﬁﬁhesﬂ%m"t?gff pifcatefre GTW&W"S(@V‘D‘WRQE% fmelifieddly humgme pr od.
Fertid . dowonid€en3(bES)EOIBJescribbdibly @b et (Scieroé 282t1e4B, CI9B); antin®nit e ealeitbri N
Rober t SOcHher Vﬁﬁéfbs Seeh ks ﬁh&hs stém: cll%:’(rho%@o%%t BN PREART &84 ScREBA 98784k efobs)] -

?I?\e/ descrp.'i\rﬂBosat s?em ceﬁs 1?-/Ent1509 ef %Iéﬂlolnﬂep?o%u 58%4 gl%&ﬁtalné: Eun%é‘% r??n?ct de@ @EQ ceﬁ‘er I ng
Labor at o={Embien &‘él )Pchsgﬁw& (i SA5:1§726,3P98) SHDRE VRSt elwipde cefaarp §'S°('t\9t"ged Gait,
ed.,); Anthatdm.Caiylcel@Lof primate qrifin that dFe eaphitredf produging proGémm thaflare desivatives ealittaees f or
N | agbrkid lagerd dvé InbiGded Gedadtlieds of whekRer Moy Waie ldeVed f¥n® britshdn® tibslo, 40l G, ar

Bi ol ogy qs §Q95r tT |E'i’n%n9ﬁﬁ'lel§te§ i pk‘@l:e(ﬂgﬂ'llxtgl:e n'g’! c@l'ngg{rom §'}rgllgﬁgtt EéuQ:@ & E erabﬂJs ubel

et al. ., Academ c Press).
Reagent s(E 8?‘81‘?’?’(? e‘i?ésl?fyg‘hgtme&ﬁ'}i bggg%f?%%am’f%’m enetic nani puI ation referred to
in this discl R?§tf?'ecuﬁltf€5 a5 daspribed e ‘prdiirertig e apubjlaniglreporiencth sigd cells B Rad,
St r at agether, ddridativesrio gien popatatbnGlisplay exipholéginale chatactbisgdsnofQuneiierentiatede bdlls, Caldatiyur e

and gedi @stuﬁ&lsh tnonoraaﬁeretﬁttta aad of aaqbtyat,gsau@s e WRIB b pieeiehs £blbisy € (Hu

E;[ O?LC’hnO(l:ogmzed h?ﬁe s%ggc} %8341 08 tyq%c%@ a‘gg Cal)the rdymrtral}nglgn o) cro%jo%n%;(wevv Imt a:‘)r
Opi n. Bi ng%ﬁﬁat“s wigh @W”"'i@’@iﬂ”“&f?&”@% peRE H”"E&'I t'Lp é“dSFmR}HH?tﬁ‘P'?”é?ﬁ Cel | s
(Bi rch eundifidrentiat@i aofierwitbie 4w porutdtiorolil] ofte®bBrounded PP eighering celle Bukara/diferepiptedabout
t he medi Revathdledsh @i runtif@adifted® Bolbrite pRélst Whed 186\PbURGHE R cuR@ME o REgEm dRieDy

B/gr Stggl:'tl oMobRaR @IS, t@%ﬁtdta@t;nd.féreﬁ%eccee éatst.ﬁt eMsfRlahdi B-nlabo'ﬁloh ravmgtctnpn can
R R B A - L

neur al sme/nﬁoete'nlas'eeﬁt ton 8R¥e.f 9" SATe R Afder ¢fjincecgEng tﬂefeenopat\%twe‘ef 768W848 cPleport s
pr oduci ngppuieion i ldfaet & ih titndissesloaspraiteratiy ‘aithotiaifieepiatms svhatlis BeanPa thendfter
5, 654, 18gciferHlon e sonfpdstion B 3uis@RlitunkiffPontikddd a8dording BITR prebdiftfdéfirtlon.CI €St stem

cellg US. P‘?—‘E ce@ 94§ged£§0ar£ f‘eﬂ%r & t|:: 'E]es&%b'é 8|s Qﬁ{ﬁ‘é’kﬁgh&%&& c9|| feﬁ%@\%ﬁé at ed

neur ons from cul ur es

981 50526° aw&emegtsmﬂ%@ PPt i whigty i ‘ieﬁ)?r?f ) 69°P’§’6¥Pﬁf’?"cﬂ‘i°“bf“hf§‘iﬂeb°€lb*i ¥hel i al
st em cel ¢ptonallylfrom @ diEferett Sregieeasdkat aelisdey eresurpertings berexarepirsl cdripin tyagse!f pRSsellsican ed
neur onal beXupRHédLY pEmarymBuseRabgtriic fiydBiads, afbrazpDinbuse BRbYlc iBioRasC&Human

* obt ai nednbtdtem.emrsm@m.atw er‘rPﬁl?d atu@ssohesdabéd%@% H tttuaaurge.sbm mmn.e.nssawg

gl uc nslerri M| nﬁ;u LN §7 est er.on veral ot her
gro séegitt% I,e essiptlallr#are eeder c’ellslf ecells ﬁ:ﬁggsn own rough %t eas rclag dro!r_lnda er Ff)llf?rr%

* bi opsy op W&'El‘rfﬁs'tfﬁ?qeﬂlcee&?f? §‘é6d‘iei‘ L"sﬁ'ﬂ%"%y‘e ﬁ@W‘f‘l?E‘f“E)PPSW Q‘t’t“’%lsrﬁsaiﬁ‘lﬂ"bfﬁ%el°h‘?%’e’

conbi nat ¢etincoothin dasé thag abrub 6% deedertrglisl Whendveras eulturdot ealirmapulalier) i reféried @ 958 633
Al reports isolating liver cells by preparing mnced human |iver tissue,
resuspendi ng concentrated tissue cells in a growh nedi um and expandi ng the
cells in culture. The growth medi um conprises gl ucose, insulin,

transferrin, Ts, 20 FCS, and various tissue extracts that allow the

hepat ocytes to grow wi t hout mali gnant th ansformation. The cells in the
|iver are thought to contain specialized cells including |iver parenchynal
cells, Kupffer cells, sinusoidal endot hel ium and bile duct epi thelium and
al so precursor cells (referred to as "hepatoblasts” or "oval cells") that
have the capaC|ty to dlfferentl ate |nto both mat ur e hepat ocyt es or b| nary

o ™~ o 1 A/ ~eNA




The invention can be practiced using stemcells of any vertebrate species.
I ncluded are stemcells fromhumans; as well as non-human pri mates,
donmestic w()iomahﬁs | i vest ock, and ot her non-human mammal s. PG/ VNGBS t he
stem cells suitable for use in this invention are primate pluripotent stem

pPS) Ce& 40%3!9@ 5% %‘3&% reeO Wnét rs%ééﬁt |J tﬂe(t %QOrﬁgoglﬁ n |£9£§Jn§:§||* f?ée’of %hceﬁssac@ordm to

bl ast o ))/?"@I Cc tissue eé uring gest atl on.
Non- | i mtf‘? W&egﬂ%?ﬁfi?'g’g s&?‘%@t?ﬂ‘r ?V'%?UT‘?UP@? %try RSN shed | i nes of

enbryoni ¢ st efhedesm|“gmbrypg bodiesle djtesm ahait weqsyrequs @it "ragregaie Hediest dhe teges et and
pr opagat agaegfaéiSof Qlifletestia@a And) andiferamigted feels avak bgHearditieh @P2 nélls fovargrow &smoraydr ong

as the cglrss, ngr@'rﬁﬁﬁmg@?ﬁesu;daﬁsroqQ;ﬁlhﬂepsd m%ra(%@és' and la%auréiafddlffé%ﬂt ae J/pes,
‘propagat e fied

SQur ces | Dul becco's no
Eagl es rred(fabwmme)@@ ge"&aﬁers 8'3""3‘155%% lﬁ&% '@‘s’ caﬁc flofl Dul becco' s modified 5
Eagl es medi unTHek@mmvEsgnmities priggursor] gais's “finpage ?G'G"t?ﬁvlpff’cﬁ?%t‘é*f‘ﬁ n&nd (pghiclgd #
-15039- 02developpentalSipeagt celb” allmaferdo cetls tliatsamé cepatdnof p@ifbretnglatd diBer@B@ing into several

(i - mer cogdagt b pbs, with 8 ERgehindYT auﬁwsrarimree@raﬁr‘amrba@ﬁt shasdefls df leb9dHicasiin

Teat o .f%%5b9°d°fgpﬁﬁg"é%@’%ﬁ)ﬁ‘r‘?ﬁg?gm%g“ Senff BRI,
ser um ( PRgyde hgmatppoistic efis, whigh,afe @ 'p°8”t1f°'r/ﬁ91'?‘l'8rtﬂ3%ds i ehatoays W&geal?rw Ichy arg

L- gl ut anplyripoterd el bile duchdpitheliapeile anst kepeatpayies| and Tasenehsial giemi oslisf i Anpberesdiarapiecs
stored ateudd rebitctbd el OwliddNGR T gehdiatel ghal Wwelk i@cursSar tian frogesds HS oligpdkintiatyies amde
vvr th 80%KEA1VEN nedRR A B@Jukéﬂ?s%ﬁﬂr@?e%@ﬁ%umr@ 1 mM non-essential am no acids,

glutanin apt, nol n ffe ru
rep &J’Eerrent P}sm@el%@c’sﬁs %@g’y B‘ﬁ nﬁ'fﬁeengnsg Cﬁ?ﬁcf'nsref ﬁ era u" :ge ‘efﬁem ce(T At 4c
for no | enyited preeisopcalichek @s defineck abpye Mre’“*llbé‘ Steﬁ‘lﬁ'h'r?s HP@F"“V%P Picilgete and oM £ j nal
concent r@dis afimoed thah ang ldifférert Badotgne, atl isdiso, cafsble ®hseCoanpwal Heitberraa parbofalie sBat ent
Publ i cat i qite, WPwRN cafifed inder differenf R8RS, ClthtnBnit VEIR Edls btn®E Jaediicl RIpeMRERE @6 | N
nEF nedi unrznmet th}é ni ng 90% DMVEM (G bco # 11965-092), 10% FBS (Hycl one #
30071- 033 Y B rrsfﬂlgl utam ne. nEFS are pro ated in T150 f| asks éOor ni ng
# 438825), spf‘? vsed {igh's ffgelopuss. I%"efn‘fteév%f}dy”’ﬂtﬁgr latgdPradpiptye {SHpePedng 8P ng
the cel | eneutivwhith theyrare usFd Precifiralveintréfererice dgle partisuipr typle j eqif;renewing sterp e, the

i rradi at @fh QhdiRreHRER” korsbitRitdxhd sapieGbli-bRiwRy ko céllihepas b tors YifblamBies" retérs

| mpor t an, Jn@CJrQ'ﬁo?e bk réérmprntatuJaE.ﬁeprSSmQ B0 ro«aﬁi%emm hd ee&rnasré w)

Si x-well cu C atlon
St 37 wiPloSgt ofer el Mo apd i PensRie ey Ricducs GriBR @l o pEHRE 0
i rradh at be akiiHg diferentigie finfo all thusecperm layers. Theygalis effeéﬂn&atqdﬁsmd%ﬁ"r dp ngls @l 3n feadily 4
days af t erreqbaited hgone Bkiked mitebiart iy ingrphiodppicaicrdatiawi t h fresh hES nedi um j ust
before seedi ngnebids Cpeuwuaeou@ Bl huicRRScifl Mbleduldt feldi th B PolfMeR Bifnuddofids 6€dny Bngd. €

known, ‘apgd @ Qreﬁsneggrd I mars%ﬂmnﬁ&@'ﬁrw\a Rk g A%&@ﬁna%ﬁro gnrcﬁa%es Medi a

and cul ture ues articular cel Fﬁ‘ﬁ\i re

previ ous '3@5?‘1 Refynugieglides; pig ?"B it ﬁ VREON A e BEle; g Aroben BRSPS em
Cel | 80 Entpes dmitits sﬁs@qwreerhe dermapelynesieplisies aefesdnipreangegbinde deuplst endhpingiessiiaeded of
t he pri mablecuppeon@s othddrdsrsatificdtor Gkuired, Rin Embobilbit .of A€ MckntidBahat isldSAlyBitledtdd 4,
1995) . Fwanpaegmr)amah&m@sm&h&ﬁ ) arfi@hdnsof ﬁu@mo%mﬂérﬁ‘éﬂélfyf‘sﬂn ib s eumiedQorY RGN

D 5 915y B B S50 S AL O b,

ff., 1998¥ hidphosReigBPHSf f et al , Nature Bi ot ech 18: 399 2000. Briefly, human
bl asaa)cyst S afecebbit ahindel bbrgenelivalvalterad”, Virangfeqieds wp‘lgemtifaﬂyi tiansiomizd’y when a

Al t er nat paryabdreouderhaybaeﬁ Qarkirddiittd e delt{bly i) suliblRmeass of adificemanseition 0dr whdi€the el |
human eg&r;} r&;%@ %129 @.ER%QQ&%%QH thé?ﬂaé%réﬁéftﬁé’ﬁoﬁy SHeBRE, TRPBGRLe ke ﬁrh often UM

Repr od st oc stage in
a1 2 andwge"sef bl oply SHBPD Gl of gt YA othies B AP B Beprsen

' Bl ast ocyaitay efeiaied Ia\el/erheperawea"sreroec&ew tp ¢ “ingiteisl [ Plogesy &t the Aterettigall 'z%tﬂe

pel | sxi deamesatteratiomved from bl astocysts by brief exposure to pronase (Sigma).

. The inner cel k\ usem eefemarreorlt S tsBelieRy” emuara&ra& g&fudnce |lrﬂolwa| .@ B Hterstidacofst S
are ex OS i e, rum
p gctu es tha{ ﬁonﬁngutes t%'rh f?l{glIOQIél r%@gp n of %qh Iymmé%ﬂag' s%&! 5\5 A dﬁ@l&dtl&?

for 30 ni'n osed
to a 1: 5"?5'?‘?”8‘!?‘0%"‘6’19 enslaten: i ifg@SWB'P Qhﬁ‘ﬁtm'{"@id%'g‘) ff [?Pscf%p"ﬁ‘? G ed%'eatg
Sol t er einclgde promBlescenhadiadrd, andderaebsorsci . USA 72: 5099) 40 1975). After two
further washes in DVEM |ysed trophectodermcells are renmoved fromthe
intact inner cell mass (ICM by gentle pipetting, and the ICM pl ated on nEF
feeder layers. After 9 to 15 days, inn cell mass-derived outgrow hs are
di ssociated into clunps either by exposure to cal cium and nagnesi umfree
phosphat e-buffered saline (PBS) with 1 nM EDTA, by exposure to di spase or
trypsin, or by nechanical dissociation with a m cropipette; and then

repI at ed on rrEF |n fresh medi um 11 Dssocr ated ceIIs are repI ated on

e Y Y o o I —~—~ o o o Y




Enbryonic Germ Cells 10 Human Enbryonic Germ {hEG cells can be prepared
fromprinordial germcells present in human fetal nmaterial taken about 8-11
weeks af twip d2lygsdsast nmenstrual period. Suitabl e preparati gemgonaskee ar e
described in Shanblott et al., Proc. Natl. Acad. Sci. USA 95:13726, f 998
and U.S. Pat eB%mc‘ﬁraPEQve%auen&rs erEJQeté to Q@’Hr&ﬁ%lers ) §9@§ AT Erﬁeﬁld I;__%l Lhobﬁ?t oni ¢

buffer, then rp ace p 05% ég [ ution
(BRL) and™®eleriaff RoVRUClepts SeqanmRs ¢ e"’t‘tﬁ‘é”t“ﬁ e f e"F?‘. |"6’€’Pteé’6"5?’tﬂ'%h f"a 100
uL tip t eretveiylinkeld@eneckxpragsipn erpdick 1t i ¢eceanizedsthat frariohsspartiops.df dheaistraam gwidntfopr - 5
m n, t henntradsidedgbnesenugna@\wal inserdé sants caditbad to prdmogsr aufitit, ave Batlamoriasy obdehdf 4500

mg/ L B gleééé%ﬁens%%ng ﬁFQJel-n i %Qlc%%b n‘éé’ré&%ﬂét‘rb&refelég/?oE%%otefh olbgded!

cal f seru

1000- 2006%% ﬁ’i"e BHEAEeS eg‘B’r?B?"heér'n‘FV' ohs: 5“'9‘*‘ ﬁ""g“@y ’?S"P%S 9”‘3 ﬁ?°|‘-"° B yne) :
1-2 ng/ ntadq'i'a'ﬁawb?"é'&?j‘ﬁﬁi Gelefians Besliptie, ﬁ '%‘ﬂéﬁl“&%lt"“yg}? B‘W“Pfe f’%[@t"ﬁ‘t"" ("B‘Fedﬂge‘ @Hezyrre)
-and 10 wWlkdetir ®kaustsidesigmed 1d) redDMBO) hunhans swicalyl domprisat sagmestpiat io atddast 98%idemcdls ar e
20 isol atcﬂﬁ)réhﬁildﬂ Boqdfdl BT UmERERE CR bdRIBNBERAIMIASE: tededtarGatvitodil SBETI for

geni t,gl a&glgsoy%etrgﬁvémﬁﬁgbttgg teg%gpgreﬁ @;( % ed from fet al material) the

genit aced in 0. HCD di gesti on

sol ut | On (0. 0P HSIPanISHR Frdde be fﬁ@ah\ﬁ kFOB YRR A §tructwalj_rg}gt|8 g'P BYEHiNg
type 1V, thanito énegin iSiagreangyaespuing b their dxGegd binttinn. neadiingtapce, Tk gwmeter heipgriniigled and
i ncubat eeanberibtion lof thy/@kig §8alienad, thd éédinglseftibiep e thidriad tb-as oprati@dly lifiad @ (Ginder

medi um  andoBh Ak ﬁn@mgtglt Grhé’re fn%&erl;éﬂ%&geque%ée BSWaET Ma ?Ho%ot«‘é\‘%hc!l cobihgriéh W Ur €

pI at are -confluent |ayer of teeder cells cultured for
3§ tﬂ’g}(’ﬂ'f"??@&eﬁgn de?‘iHﬂeéfl umfree of LIF, bFGF or forskolin,

| nact [ vat ed winie ‘BG@@”@&@"W padHeReRsqmsters, adioingisienetic eleprissihaiem “artplegepy” s

(ATCC Ac indisatasOimat e .ele@iht i<l S03d. fromCa gonetipically distiricnantity from itirat ofathd ret 836y entity to

suspensi Qhict ibis BEIREEOMpAre® AR edimple NEprévRdtdr B¢ ge]'tg| Rrdduéeditoy @&feﬁ@gﬁlnéeﬁn@@dﬂﬁh\% ed

after 7- of
A Qﬁ% hesTE ‘ﬁg‘béﬁ iABghELE G, 08 bR el
fibr 8BI a§'F’§e"‘ '#138 element §‘a P & ‘E"tﬁaf"ﬁlp@?f he RrerEgsPe Whem 'h??é‘l'f%ﬁt"a‘ﬁ‘f’ ‘W@H%?W"‘untl I

cel | nor phoénsgnay be artiiicitydmtodugpd ihto EGighbdringpagitien. obser ved, typically after 7-30
days or 1-4 pmaﬁﬁSpolyﬁkpmag@bﬁderhn@fprdtbﬁsa@atddwdréha@aammlthfsfd@dsx@%itoa%ﬁdo State

OPS cel | 5 Msm.ng RGP oA 1o WISy b ik el Rk 3 RIBD AL O Of

culture | ons g{ab 4 pronoti ng

di fferen 'ia'ét? oA R ﬂe%lﬁ’ PYNONSBEORUYS) s are cultured on a layer of feeder
cel 138 typically fi brobI ast type cells, often derived from enbryonic or
fetal ti ssneen Tebtignueel | |ines are plat ed to near confl uence, usually

i rradi at ed to ﬁr event proliferation, and then used to sulg})o,rt(yPPS cel l
cultures. |n BHduihen qlpbpratoniopgpnegieshpianes uselyl 18 the Rracfice ph ffs /ygNtiah e ASHISAY ed on
primary ewbﬁfybhlst?mﬂamwmoas gl revidwg dre celf iolaah tiseun icdtufei Bndodntbasicgy. (‘eelBFdd ran be
obt ai ned Téraoircbihdd a6 ofbrjoniFis @8 ceiS ABCKYticSl bppedate(E. JSRAbbh, @d.SIRL BiestsLid. T982);
abdogn  of;usy, TRl Mots195(Si0MenRP AON ARG & o 8D BELhellelrhked Wo\CERAAAL

the d
nar vest edtngralc Ol eike b Vi 4 Qﬂ%f Tgf rd p b o e e 4 %feﬁeqr J
car cass e§’"él?"@’°v§é%’h Eelist Ripseeets far Anplization i kjuman Siojogis Anck Gega Jhessry &0 Rsthen @b /- 10 cm

bact er i aRemiods Red. Reont @id1ni1983). 2 Difftrertintipp of sidricCAlA\is @vielvetliim @bbertstndeid .Cefhblor

i ncubat i Rg17, mﬂampea&ﬁn RepRdIFeMPSevMas, 1888, i nactivated with 5 nl DVEM
?n?nf;g‘h Inizglg 10 Ile}glé%e(t E%ﬁ?! engtB(ananrmgl f@tdégcgbédéeﬁeh%ﬁ hg Jn%ﬁl f&gong IS he
super nat arN°’t°§’a Eﬂé{’gu LF’E)"’%""( ?”ﬁ%t‘l"” {(FBmbrpek H-1 8lgepuciegidg Sﬁ’l"”éﬁ"’ééf‘”ﬂ)rﬁaﬁ g &0 cm

ti ssue céhimg/Gell QP’&'tee(RcbrFfeFV@yyf qdaisRene Traasidr|Vaaws fos Mampalisa Celld (Miltrd & Sales.edel); f or
24 h, af tcerentivrbtedsistimiolsterdi Bittody and SHoh Beedols MWebcdidr Bl G/, 8 EditidaniF. M.Ll‘&lﬁlﬁbe(et 2-3

' d) t hey ala'é@'s )Sé?ih 'Ffecolnb%aﬁt @F\b@ Mgﬁl\%ofob}a@lk\ﬁu ed15 Aggdeﬁtﬂtlﬂre%g)s F\%E eﬁ@ Qﬂn ¥t§rs and
di sc%/er ere

oo Pl g ol Ty BB S i, W el e R o

" incl udes BigRady Ptazagpne: IpYRoge endipgiech-at e, particularly an extracel | ul ar

matri X, such Generghtectiniguebcn ralieditufer amimdis enffedtitn ave pdilinedhip Lamge 1Strdet Mawenalidna®erh par t
of adhesicomrenal ecall eur. @pMPBiOEchhdl 126 10O SeruATRe Mdd Yk LieoCBIRERRMgAt 7:28) | S
avai l abl e from Becton D ckenson under the nane Matrigel. O her

extracel lular matri x conponents and conponent m xtures are suitable as an
alternative. 10 Depending on the cell type being proliferated, this my

i nclude lam nin, fibronectin, proteoglycan, entactin, heparan sulfate, and
the like, alone or in various conbinations. Lam nins are major conponents
of all basal lamnae in vertebrates, which interact with integrin

het er odi mers such as a6al and a6~i 4 (specific for lamnins) and ot her

het erod| ner s (that cross-react with other matri ces) The pl uri potent stem

o o o N 1 .. I L T, T



35 prepared by culturing irradiated primary nouse enbryonic fibroblasts (or
anot her suitable cell preparation) at a density of -5-6 x 104 cm2 in a
serum fr esvoredizeym such as KO DVEM suppl enmented with 20% sepeus@anpliswenent
and 4 ng/nmL basic fibroblast growh factor (bFGF). The cul ture supernatant

is har Ve%&ﬁg L é §Jale'hlﬂamqa%n %{9// 3171&9 (étﬁr_. éﬂn.%lioie@ﬁnglaﬁ:ji%?'lggﬂ; Q{diémﬁe)fsimﬁe of

fibroblast cu res,. conditioned_ned um epared from 40

enbr yoni i}aFWB’faﬁéflgz?"c%gtﬁ" é'?pﬁ%eﬁse@sg'g' ﬁf‘?‘ﬁﬂ?gﬁa@%riQ?V”f’tmeB??HﬂF‘f B8 um
appr opr i Heisimpact gyibcuftyreenyirangpent BRYE Peatataps byMarshaliddesyhae enddragiAllen- t el oner ase
reverse transcriptase to increase their replicative capaciiy. Another
possi Bl egspits estdnscdils fferentiated pPS cells with the norphol ogi cal features
‘of fibroblasts. pPS cells are suspension cultured as aggregates in

di fferenti ati Onis imedionanusipragticerbusing dilem celim tf varelid types whigh maydhchide the (oldving ndrd 6
cel I s/ 9. fimgige)ampbt €r 2 days the aggregates are transferred into

‘gel ati n-coate | br -1 i st i

of 100~ 1000 i catre & e 3R b M REh vt G Bt SRR bk Bl 5. P

col | agena<ER-YP dxpriifpppducipg, peuoplgss, ipm spwhomyqarepral hegispherpsy &3 FlaleBick R4 1 Hrrdr a
m cr 6&cope49.95asera ¢id usa offFRMMelkh Uneyralagiest stemtoelly. fiHP. Rateel 8.049380 irgpyrist ip vitro
condi t i 0gersftigheAl tittentididicheutBAstidAtcullRs olR@inataniibdtenna ENE @femleld. GAD/B/50526
typi cal | Xn&“‘%@?jﬁe)giﬁ@ g%gl@(rggnegaﬁocn EI’%' igolﬁim Bfur(egrog;ﬂﬁelié’s%écéﬁé}yoﬁgod%%c}lélﬁsﬂocyle

exchanged. |If nditioned nmedi um ement ed before use

b adaPEPERE A5 btk FHEE P RL PR RS | LS e SRRt priicieutpen gel® 2

growt h f alteiend fromk emipiyoriE fespbraingrod) cyltyigd h gsraefiumpamPRRIng) dlysaser psteradingHif: may

be suppl semmiureptogestehneaargsemtahotifeagrowh factolke bFG-, an i nducer of gpl30, such

as LIF or Oncoghdy iverch cuind cRES iBRMedirdmAfiingd bidpBAdr s@bi®WAdEiISeddi¥dub btpeMiddn

: evel s, %hhc%\ Ia?‘Pérofgr%(esclg%Lilflartlubn gfocolgéglrag‘ecgn%rh&a&rén?u%sepfAItQ:ﬂQNéIJ, (%rﬁérgsb %{3(? h;?apétso.e' I's
n the two t.| ren |Ions of a sntezan a; _Vn‘rl psuosré:oplr(‘:il mag‘(aan,tr h .scel Ssi ave high

A A A A AL LN A S

and conpaetiurce iog ello 1in r T pdiuesomatidee glo@ké, ijsulinctrangfersn,

li neso ?:anpb,ar&&?ia@iisép@dm&sitmauawgeaxaﬁ&mgs@magmtaugﬁdmnirampterm_éwa'meaaqse at

many clipi t o E OV i r serwui ces,

Cuch a5 A oD BNARE SR ad opB e AR (L MMPLIE o OO

Pumn- KaPOPBPECEH e b Fpthclim S The et sor s g (s REae sl el Pl o

cel | mar kasedhe qapaciycp differprtiate finto Rt aterg herajopyias onpiligneeriheddl sellsdsedoolar Ami &

di scl osuPethat.ais0:6%, thot;a¢ taisbnUGIriag: Gpirs Gelk Bidd] 10:7i0y1easolaagb endl., CeehritegLas:514,such

as fhbew gydgpnetry for membrane-bound markers, inmunohistochenistry for

| ntracel Tul ar Bplef 8 10,A8dl SOANEILIKE L ATHARR SR d O FBRASLSIIER &' ©

" ne SRR e L5 TR 500 SHSE TR GUE A s
t t h . . v at ba ! '

E|;ri ma(ras. argkapprobr@e gRutharetia B rsws;ra‘sﬁhem;rﬁgtfm ﬂtSh%qtend%@%i’o‘ﬁ?sr.epf@grathhs%’didéw'ice

enbr yoni 6r aituing daban( EBbEBYoicht eells Bty el BécuSors.CU ST Patadl 6,815/55£ 6d3Enheda tel&d of

typeso AohRAGnGRunfaR ymSSRANTERRE Sy@f € avail able from the Devel opnent al
St udi es Hybri g

B t hesda MD). Ot her. useful nmarkers are ect abl e

eing ant | bou DS ATL T A e s Redtitoous Bon i 3Fian RN B3R SPRYEE 5

Li nes fr siﬁ?rﬂtﬁ#awm@eﬂsf?? R/ fham pifrrPaNectivp, tissuetype peypfedst b9 carfagg tendey ligament, 3gts

cel | s ar dertnigpiTogyl dreyotBBieAfrdm hegatarve oa paliocEBmA-Mso pewitdd are culthig@orgitibisused te

%pi cal | ¥xpaREMesbndh@fdl tstoreeelld @It isalehd® nBharPRSschdhS stoh Ydid lisBlafe@ St S 1N
e Ss - A Tr.a-1- 1

oxpr oo Bolhadly ndlidish 1eq Abrclitodo o AP B8P LORINBSE OROREREpons

of | al kal PHRSSEsussisrcels ang faiges, sPbsiapipl foe.of ABREACRANE Etckeiion e CPIR GPPHREY cil | s

Wit h 4% paivbgfetnandstl ansioyliyeed toniefiueaiwmagesaad enpilifppedguiture gsies or Red as a

_ Substrate, asThEifeftiobesh (brdayicet nging1@emiéalebfanevenébviae spetied. abaudad aré ki@ cells

Bu:jl i ngazran %_)atng; mn¥9funmu§£@m%s@%,!d%etaﬁceanﬁm,qvésagm. gridlotn¥r Aoﬁmﬁg%m%algw tive
an -4 positive. 0 ¥ ivity .can be deter i

et 1y abanpmpigfind ford 156 AR08 hr kb Nk BkolkS SEHFIAL AERGHA oH (o |
avai | abl derked frammissuedomedaiteransiginar spsh ariblagiacysh qr Riat or epgyoniciEsys faken gvdimgen
Co., Pur diriag gestsititn. Non-ifiding PHAGESTNE Qrilagyreaiiuces er d@istied AR ambryo@attem @013, 89;
Roche Di agnostics, |Indianapolis). hTERT 35 expression can al so be eval uat ed
at the nRNA | evel by RT-PCR The LightCycler Tel oTAGGG M hTERT
gquantification kit (Cat. 3,0i2,344; Roche Diagnostics) is available
commercially for research purposes. Difterentiatino pPS Cells
Differentiation of the pPS can be ini t it ed by first formng enbryoid

bodi es. Ceneral principles in 40 culturing enbryoid bodies are reported in
O Shea, Anat. Rec. (New Anat. 257:323, 1999). pPS cells are cultured in a
manner that permts aggregates to form for which many options are

avail abl e: for exanple, by overgrowth of a donor pPS cell culture, or by

o - N . o -



pPS cells are harvested by brief coll agenase digestion, dissociated into
clusters, and plated in non-adherent cell culture plates. The aggregates
are fed eweragibew days, and then harvested after a suitablpeTa®oiakoo
typically 4-8 days. The cells can then be cultured in a nedium and/or on a
substr at g 4hal ARsBIRyEs enrichment of cells of a parti cuI ar |i neage The
substrate can %r?rl se matri x conponents such as I\/atrl é‘tﬁ“

Di ckenson), CHFHRNIng 19| PARRIRInIPER S f2n 5ve o te%e’i‘h" ‘Baf "I"t Ipngyas

cul turi ntye aelhabtﬁihed-n@mtuaé?sngﬂ eharpdteristicpeand sandie peppagatefiifuthesh [Suitable geureep dstael i al
cel | |1 nejowsamdibédaes moyifidd Eaglad eledas (DMER), | Gibes WCIN 965-00& WKnbdrad: Dubesco@ mbdifled

remai gs é&g‘ie@%@ﬂmt(@otdﬂlﬁw L&:Ec@@t%oé’fg d18&0¥ ﬁﬁ/ﬁ@blutarﬁﬁ@”@:ﬁ%@ 19625‘310573 neReREHiSE @
‘het er ogeneous ¢ el | 8 gﬁ? g‘]n tent iall é §1V| n %go erm exteri or , and
& mesodePTIna A Setishephta HIAPT Pregmmghty T8 CHPHL PR TR 308

di scover trebtabtagroviPReterebFGF) Qe el 32610 r BYemplary Sefuri-nantsiniie i needise) is Made with

“pPr ecur soBo% DREMStymdaliyt 60 DMER), R§% défihéccietairtolisd @einCEBS)ovmehtidgtivatedran mig non-

embr y oi d eg%hleaﬁung 50|&§ggﬁlﬂg%‘u%§tlngsan@@1 tnpltﬁ%e%;&b@ﬁaﬁol S'ﬁl%pnedl |s%ictére¥i’ an@stored at
suspe erentiated

re onto
S aoiha L Paet tries o iietes SRFET G TR Taa YA 5P K BN PE STHEL el
gl ass or replhcegentc0.5 mM paneassentighemine acidsd hameholutaibie, apsk ik p-mgleamieetrennle sl i ps
can be cemtitpe shnt faplacemoht yeQGitich @ 10828-628D Shextidin iSAEBd &1 sPreh el 431 ashgéritia

POl Yl ySi BGee@Older HAiSH: bt Afnan BFcks Afled WWQ?&Q&H%M of § ri?ﬁrﬁ’_ (B&Hn%(er"?Qlt Il or

ot her po ositive charge. The cells aret

cul tur edk%/'gf?ﬁergqﬁ'?'tag’bﬁ?eé'%’iﬁ%’ '°5%@é? that is adapted to pronote

di ff 8% ent i at i 6YPIero%REY dderehisedease Proaadgiet in MERdRRYNM. Pontaliae90 PYHEME ke és,

di f f er enti9a3-092)) 10% ABSr(Hyvdne PrRoOTH-OBdartdye miMtguthminel mEEFS @reymopagatesia BITRO flasks

repl acerrwatnmg QfEbEB e snu.hg ul.e QelRB G NER othéH day %mm@en a@éanewmehysusémmmt 4hing a

medi um devoi er up

repl at i nE,repalre the fe er ce aP(r%r caaﬁse EarléI qt‘ralti%lf% ﬁeqese 10 | h%lt Rroﬁﬁrgtga%%l permlF ?ynth?&sm?t of

pr onot edMB§aR) ft‘"r‘ﬂﬂsr'atzhst*Pme'tFé cglfs <Tﬂ89°éaq%€arw%a&wr$@me£ pultyg a'etebtsa%t Edlgon
gr ow2h of M diefcb@edet incabation @aliCswith d rmlais §elatis perwell pveimight @rd peted with 375,000
differ entnh@attéoo.ﬂEFSEpéaml el cdl Uybrs GRNPRAPNIESI § NE LgHs 6RF piatng. ThdMbdium is

factors, t. r tor (LIF), and basic fibrobl ast
o faeg%tggq W 6ot beftd 3L dindioés EAC

moted b
IERBAIRN e ke ke uthy n"%tfag%ﬁﬂiﬁanbbawﬁ 3 pipioeiRlal )
| i neage, the el tiet piledie anf gulyredoghpiauss for eariicylaggefl fypeprglensd tedn the aevieus spqlist pres.
For exanpbegedinohegefarencas eéte@5 cells commtted to neural or glial |ineages,
t he medi um can include any of the follow ng factors or nmedi um constituents

in an ef ? ﬁg» natl on Brain derived neurotrophic factor (BDNF),
neutrotr%’%ﬁ’dn)é%w epi dermal growth factor (EGF? ciliary

neur ot r ophi ¢ FRRYBI S{"G\?ﬂ%“" h"e‘?%‘*dd'i"ﬁ\}@taﬁ“‘fyﬂ& pigrenmbrieseh the prigpale sprotes Q&‘P’a“(' RA) ,
soni ¢ heetgbhityes; NRICAce®, Sch $45619B7&44.a18P%., Heranskbiypnie, stemethB$) chits\eamie premaemfiiFBS) |
and Bonendmh pReges @lisdishl erienSch(uEiNE’séscan@ biSeRuAiseH etf. i(018] Rafhtss,§49/78® Istigdcai ng

tissue cgdoliSas 43BN R Uoh RIS, 3§¥£W ‘Fé%b)' aﬁd ﬁétﬁrnéf?e\(hler\lﬁﬁe BibledREf826 ﬁ:@o( Repr od.
Fertil. Dev. é ons of

o bt el b e B A o0 1 S o ALl e B1 o
cel | s an¥irgfPilzed Q) pmisyos cayhe pag), or seacelbiiiman erpbryps can igjexrapded o thy Rigsiopist stages .
Commun. @06ysd 252, HuhDBepyod Br J6atve9s kiumatenbityos arEmpiurecI\butredila.stods&téme jn G1gPOaAd

Wj Ciek eb2.Blmediu(@faneNatial. . FoM: Bibril. §584, 1999A BIRi0d3Rnal Ielop Bid sbleckd fBﬁiS%bTIIS

gar83|lor8r§%°|at§n %ﬁ?zoﬁ”’é}lu&@é rgm%ég I’ro@?'gto é%ﬁ}brﬁ?&yﬁs@% éo %&aﬁ S(Sghgc gﬁ‘% r% gell and
o DI Paeae e T Doeytoer e BBFHEnAE BRI o7 P BT DN e

Bur ker t enleep bell anfigemmpir@p mirdteg Jigen washed fopd tinBeeiviee knes e PMEMW,. and Bxpgsed I*temiﬁ ol .

Y 21: 774, diRfHA .of GlirBa pigabragidmeht, (Gibch) RbDmih@bst@Bolted et LFG6:S Ratll &R0 GOISUSE72:5083| | n

Secr % i n%??)a%lélel@L ttﬁlhg%%eg ﬁ\l I:BMéM Q@&J trolshe§odePrﬁ-t:@9rare5erZo%gi f?ozrliﬁthé ﬁlla@ttlﬂér 5e“3
hepat ocyte e of tl ghl Lgenitor of I nterest I ncl ude but are

. leﬁf%yﬁgent g rp 8e |rtgeand elﬂfl\; pl%f m F eed%rlaﬁerT

not |im P&t gment epithelial cells,
40 fi brobl ast After849 1% de»er yer 5‘%)@!‘?55&%9"‘1881"%’?’?‘?%%%7? @%s“"t‘i%‘rt'ti? FIYIIRE efther PYexPasyp r

f ol |i cl etocaltilrs and requadsiudefese pegspiatedbifesdd sgling [RBS) witrd goh ERFAC bysdpdsatedd dispasecdre
cel I's, t@pbihCot Frme2h@@aNdidsedidion Aithda WRsepipbtl afNHe Rpkiedlon GaF i6 fre&Cinediin. St S
at Geron Corporation have discovered that culturing pPS cells or enbryoid
body cells in the presence of |igands that bind growth factor receptors
pronotes enrichment for neural precurso?‘ cells. The growth environnment may
contain a neural cell supportive extracellular matrix, such as fibronectin.
Sui tabl e 15 grow h factors include but are not limted to EG-, bFGF,
PDG-, 1G~1, and antibodies to receptors for these |ligands. The cul tured
ceI I S may then be opt| onal I 'y separ at ed by V\het her they express a mar ker

R NS R .



hydr oxyl ase. Markers of interest for liver cells include a-fetoprotein
(l'iver progenitors); albumn, ai-antitrypsin, glucose-6-phosphatase,

cyt ochr orwopdAfiiact i vity, transferrin, asial ogl ycoprotei npcaaspot/enp and
gl ycogen 40 storage (hepatocytes); CK7, CK19, and y-glutanyl transferase

(b1 | € "ePbiDEkLyTle ok epliBS oPHEE WEERARLEH rhihs HERA! A ARl i BEED A"

requires_t

2000) . ME? ?&ﬁs§e’?’?{‘a'éa;’5%£t{fe’ﬁtre'3'ﬁ‘eﬁ|§tlﬁmﬂ%{°géff?r CL“’H“EJH SF'H%?du'He""a’ PRippite, t’?eﬁ?ﬁg?ﬂ'y
a- f et opr digsetizied mjgotumpgl endokp!ated e EStlikes mbiphplagy dancitarabigizedrag compast] cgloniep @b 1
r ecept or apphidghi |hlg|ﬁlm]‘c@0£lptcﬁdiplasﬂlnﬁllo|a6c|DbrblﬁnenNB.blkcﬂll’ Resl@ipe BE esit a@Nhehiutinky split
expres si %ryjt@ weeks'bgl SrlieV%sﬂLamm*ﬁosu?eQQ&Ibec&Q%b wnth@rft)%unﬂp 91 rleguzlm %Q\ﬂ\ b

.al dol ¥
?r a(rjls?ZrGr K1 Dq?gte pﬁ?ﬂréa c’ltpf’gl %%%eaigoo LJ(;'H' éﬁ’y?) 1 h‘b%‘?l f‘?n °fC'E'5%)' %?@F 3 te’;/ges
in ni xed’"@@P'Pe“Erocﬁ'dmpa"Meﬁ)?@bQﬂ‘ ? 10 &9 °P‘FGF?1°B‘P!§' cells can be recogni zed by

-char acterl stic norphol ogy and the markers they express. For skeletal
nuscl e: ,,,claémggng n) and nyf-5. For endothelial 5 cells: PECAM (pl atel et

cndothel ZI ( Oen TR QN2 U o o g T b S NG e
speci fice 6‘§tP’ﬁ‘ f3ke8\ 3PO i1 veeispafiep i (!ﬁsb F§SEA peyiod. G&T’Jﬂb'ﬂ PreRRIRUeN gnethads, 3f ac
t roponi ndelscﬂbesi inflgibhtt etab\Pyocciiai Avad. §ﬂdJSANF137F®ﬁ9%6arﬂ:¢ Sdtateot ©A9DF22, pdx and
i nsulin secr eBiety) genlté iiddee ARt MR vath iistoRie butisr, MBCIpIAcEE info QHIDORBHL tRP/0. 5FATM:- 1

Ch34, ACJo%ﬁm Eoha £URJ:.SH (Bﬂl)%h&’l:dt thto é%”%ﬁdﬁﬁd Ghe %s&hhé‘lhbrﬂpnlaéﬁgﬁhﬁﬁdhea 1‘05‘lu|_ tp ulo

Cert | SSUue-s iste 1 scl t he
ot B bien taaB s g S BB CaA T e - Tl RO 4 Bgn & adats

i Mmunocy E@ @tewtii medium if BMEM e45pa smﬂn Pegivsosrer?RemgL mvingedin Ivicarberalee tA%sES qualifedr
exanpl e, fedf cdifi semth @BL) 8 rMM glutaftie EBBIGCT imIMSopiuih Qyruivatd (BRLE | 1000-2000 QML human
cel | -sur fe@&a%m%ﬁe'&ﬁ‘erﬁa mMﬁzﬁ& ?afc[&r R\Foéeré'}?eb ] r%/n%uri?é?»' rbé&ln@;ﬁan?ﬁésrc%%ﬁas: @Ekﬂh

enzyne- | noa xtracts or cre into
AR e RN e SRR i )
det e&q ediselated ¢ping rhvaiwonldaselloeﬂﬂsenaww@tst eradal l@hlemenanat‘rytsh riggesciwith -nisisenteries are
hybri di zaisseas ipmadty sarial,Ge golyitar rdyedrat@inéed AIFBS| thdl (RB8E ih O inl BCE Ggdamn gomioas e

gt&g: Inf Ir ggCot o9 a(uBI af%e S, atao/osamenvoe\%snﬁ*agtﬁat&yw tvnnrfr%m' étgrat agme% EG

in
ThPs. i <abig TPBRLReEs i e A% nPPAR Y P Mk Ce S UREReL L CRMBIHE (URL
WWW. ncbi grathrmedivi, grs\Plag0/oain e fegder layer) Preparing Cel | Po~-~ul ati ons Essentially
Free2nf Undi f Riestesit wdltieste &btk plates ara preparadavitic & subtcbdiluériniager bifeeaiaitceldryitured for

popul ati 9 @§/s m m&i‘lﬂgé Eé %F&Mh%e@igmqge |o§LI?’-'b?GI*j@r%r§<roﬁ1danJtuvdte%l \@ln '53(%' r¥d y |rrad|at|on

undi ffer ntiate e SI

renders g‘ﬂ u‘ge(':e ?lSEPe‘;é“ é\%ﬁ?zf 7% 6‘* %Hpgol';\ zeg'l‘ ? %Wary a‘téﬁt“' a:r(t%ir
control #fepregsien i fdder ity pich PhIhe et r Ble TiEst 8Fpease it ?P&t’”"@a@ﬁeg orevyierié grerthe

pr ef er entmediln, yrarsfepingsask dell 1o dné@elliof ci 24wl eutitre diblepiedably srepdids Wi iredieledrBTe sh

t hi 3 3% t hnmfrse kirSbladt. © TRELSHN 4r6 atlllthbéd i @ RpIRIek bR bf ,gaftn\r @htilYell ?.trwtrogt BsifERCeSs
used to Jed lineage for erapy, in a
way t hat‘g%uéteg({e%r%we? %,e?veh h)?p'cglgr?gég S?%ﬁgﬁrg%fpg%%tegatl ve sel ection of

undi fferentiated cells, under control of a transcriptional control el enent
Wwith theP@eE!gthOea‘PB\GGﬁléf'tﬂ"élgqiﬁ%@”ﬂwcaﬁ%t%ri ptional Control Elenents for
Driving Negat pnseceﬁedaeme popaghiee centmbisylin alitereBising b Sorstiriagat ot dultade tcbndaionsitieiy t O

t he gy ot g,b,not@mmeea%& moﬁ%&g{nggﬁép‘;m;ﬂb@ undifferentiated and differenti at ed
cells in theyP (Pnon ¥ pgg cel%e e%ultureé on ??ﬁyﬁ o?? egeﬁgélgrteslc% Of%rc@ th@%gegllsccﬁl

identified b I'on, or
functio n%ﬁ""ﬁdé(?é‘l e"ibﬁ’“t'%’ fﬁ?"f ‘fsé‘l'ee nthed’é“ ines, 8B tplatef ito Argr °°'6'|’Pé°% &pugly; ipadialed to

enr i chedprbent pBlferdiionfapd then ised duppeit PRS ceff dutturest her rel atively enriched for
“undi ff erenti ain@pk if@irdtion, pRBIEAISEE rsBREVAO BV sOipoRdaItR Blirh&rPEmirydRik HEEIaSH. bmaua@t ive

hyb r !t(g' Z?rndr)%nic ﬁgrobﬁiggl'anéﬁ) @Jn% 0@ i’ne(?ﬂﬁn me@d%q Fn%g (é\%@b}l&'oﬁte%wtmn

Once a transcri pt |S|}c‘1’({; i apr Bessmn%&ttern "the
" pronot er 5P MHAREEP 2 e 889'}38%%%?% 8&' é%ﬁm (589 the dEF D F CWHE M uct i on
of the nehgerhpty dulleddesdineotBYlke c EBbryospare (iptvesiskiepiarenta, oneritugnes raafl ol gsspies are
conduct edmu\&u,rbgd #he Cenassescard/vasheds wwirk @NBBSAT Thay arg @Hae traris®fred BITAsMAID chDbabtetdn
Genei ' i XJishes SSRAE 2 mMuGdsPRDTAY Shddh&y Rinear Adr RYubaRg!s! rf’uWa't'gW@' by dshagment s
ina 96 or 384 well format, and then spotted directly onto gl ass slides. To
conpare nMRNA preparati ons from two cell popul ations, one preparation is
converted into Cy3-1abeled cDNA, whil edfhe other is converted into
Cy5-1 abel ed cDNA. The two cDNA preparations are hybridized sinultaneously
to the mcroarray slide, and then washed to elininate non 17 specific
bi ndi ng. Any given spot on the array will bind each of the cDNA products in
proportlon to abundance of the transcrlpt |n the two or|g| naI nRNA

o o o, —— o o " o o o - . r N T



For the depletion of pluripotent enbryonic cells, an exenplary control
elenment is the pronoter for telonerase reverse transcriptase (TERT).
Sequence wb ochphunan TERT gene (including upstream pronoper/isequsoce) is
provi ded beI ow. The reader is also referred to U K Patent GB 2321642 B

(Cech ety 9/\8% g ;?1 g%?‘iﬁmﬁ r%%@%w‘ré sefdp] @éé)d;% the' k&b Fé%hé?é;@b topé%erﬂi

Publ i cat | ons a@ Wﬂora V\q l 33998
(Hagen &Pnigy tube g8d disgocialp 5% ?vyeg(t’czrﬁgplf 5‘” 2 Q'Hdhﬁl-ﬁ’)'f"?m S mpde ugio g fjnal vp Eﬂ‘hcer
Res., 59%f8p8l.. arl@@@f)d. onBad 0 em tissuegiturd-platgrqy T8&fag=RiTe tpsinie infubateg wndisidered for24nD

99/ 2711 ZftérMbich the @ledigrh is repEEddOWhésTIaike Bidicorfiiont (~A3 hiawmdydie Pplragantcicsanieskelesi gnat ed

ré Ggi/sgl | cont %c@hﬁ%& itéeréﬂ@vms%&éreumsthbgmEa{n%mns. .n&ijnsmmétmtas@au{epgfes

et oSty GFGE (s TP SHERRPI 4 st o bt cSaapo syt sl
expr essi¥rexigpdivianmatri sichapnde defediimparenephiereirang Cpial May fam aa'b?f@H‘i?P’é’r
*Sequenc aendisanle (ecéptomiigandconplingsg Atsuiabie prepagtioras avkiteble from Beofd@Ockehpon underteiname of
L hte PQU nﬁa%\ablby @ﬁertemaalﬁlaﬂ RAHOIdIMbHBALD st copdmeft rhikidBs 616 Isiitable s 1af aﬁ&ﬁakn)éat ﬁfj
e en
V\ﬁ) l%apgndln{; %n%e cell g}lg«% Iblelégb;ﬁtg%{age@ ltg{s'%ag? @heBJnﬂH ﬁ%&y f’ d)rmglemlat‘l én?éc gnl'y

expresse qtf nint ent cells of
the egg %’?Wﬁﬂ'@‘e a Eﬁ%r?%‘ﬁ%‘ﬁ V?’@” OMRINFtR LATRIGS 38 MBRECPPISNE ol Pasat oder m
di f f er erlamisgedrsverteprites; whidhewerabbwith integnin] hdigrodinegs sigtyas a§bisand @@ﬂ4t(ﬁnwiii°§orr1@§min6) cted

t o i gr ani BigerpbteidBinets Atat Gk Batialith &her Ma@tes). evel 20 OCT-4 gene expression is
al so Observedrh Blumoléwsa (e8I re%imam AL TR Qﬂgtueedmmamm uﬁh@b}bs‘éﬁée of

I|nes and i s wn-re ate erenti at e.

o to R HOmAE P oh PRRDPSP. ThaslnaL Pa e e Oy 1née S50
I nt er natPuAAat pgting tensitieh i 4 Jeest ori5 WO 19 elpipaly 89. ?OélrFﬁbI‘&ﬂi’o QoA Eem)’) Premeier
sui t abl esuspatandiimiedifersetatis. Jaspdseage bt ppiSrveld if the absgren eSleatiang benelits Gup pepsinon  of
mar kers tﬁsh?#@-ﬁéll?rd §£4uc‘c|u9f=.-rsun% &g reﬁ%mtcﬁgéstra@ lid GaitbdbdidAE cdhO oAk cOmpiQisly  NOt

'(I)'T‘ at Qe 8(]:'.&'35 rgerde %’Ir‘ ZC {nlenr \i\n col?agenFs(?er wfxéﬁm of ~‘Ql'§ EO% élls%% ?&'ﬁéat d dIEéC@ (;]ntOGIQG and

pl ur3® otsé'Pﬂ“até H’HP% frirtper Slispaisat e I“'fes“a""?ﬂep'@ﬁéf rﬁa"et“% EPFRPshagtaged Eﬁ“"’%"? (RARLPS of
SSEA- 4 rraljurdscasen fineiagel eyspemsiom mesvidicmthétreo [aprsbreinte mbymevandmedven ate shoserhped the
expr essigingdeasty sl suffitishlly HghlMBY Ray & MEirhatioR Yoo hinfan tehaycmrc@mtcels cliiured ftemel

protein abgent‘§$f%9 i au@?é'nngd%M h@tpﬁgsg ﬂ&m&h&gﬁura squfPJn%i ﬂOSt" oi)ﬁygﬁ?ﬁRélﬁc:JGd in

prei npl antatl o as
D eT T eci eSS EREA PR Toaih HaPRoP i B i AP PErRAS IR AP PRI SPRE col |
(Ei @Ss eand the celisgre@ifiyratedith e gipette pnt]l thg gells arp dispprsedypip @ syspersier casmrisngisinple eallar

el enent sang@ sdindxghatbQilistenta TBcelsyareathanl plegad at defmsitgeofcsomoamsmoicprts/cm%qolpamsu’eemyivai or

exanpl e, anRYmbifdSastbRYTHe ﬁénmsdesof ESENO pdsSigeE BB lebihlgSe £ AP R chRRbed 1N
di ffer e”vSHef?tcSt? a%%%weﬁgdnis %%E%g%&ﬁ%c aﬁ”gf&%n f R{]a&ﬂ.g %ﬁo‘?{ %Q&El@t F’f ﬁQﬁé}ve‘; F&' Ly,

using a specl
gene to "&"B?H‘ PrAYmesbafoedhe R '6?fh§r°’°%['“?'15boﬁeé?"s geerpsybated o migdn fplipn

f | uoites ddiTéeaique dn BBS), wasied riomnete etitira|vessel, @8 thanorigidviainta senew( Rultyye Mlé'mubiqﬂfGase,
or (i-galispetfsi dase. Use of reporter constructs to test pronoter

specificity Ip‘iasl Jentstbstea%ﬁéiab%wwfregn U E D5 Berdit fﬁé.fbangt &n&%‘d\@s nit@nAeREEY | Ng
Negat i ver Sel ogrl ate

Spoat 11 o gresten llasaerply S sl PreSrR e S, o) G o, RO Bl
t hat wi 1955952} MingEise prdrithes (SPreA o s&’é’l“l'@”'ﬁcﬂ“%\‘hi’f&ﬁm? fing. s Cendjtipned é'@&'“'" @R Pher
di r east | ynrepared by cult@ingl emdisiegd mitmary elise embrsangfibiolidsts (braanatier edithide ¢ull gEparathb@UOUS
ext er nal 4eAGe Rk ~5- §L<'H(§46<.1?A 26in &f JoRft Ml HERMAS sich @b uk@eomlifm@pptem@heoemoﬂ@/ serpept i de

toxin - Sp cemen%an neq/rriL ch flbrob? ng{hhﬁ ﬂe‘lﬂ? upuré ?ugerna E{n?mg}@e%ﬁa trof(l n A

Crotal us ‘auri ssds T cus
toxi n, #HMaNZj% nocanbi que toxin. Hughes et al ., Hum Exp. Toxi coI 15 443)
* 1996; Rosenbl Asanadteradtive to QamryemougSfibroblabtronitures) conditimdmetine can dnrdphted rdD 96 ;

Rodr joJ UegnbBloniétibrablabl @b iind teBted fbr iaility 12 3&iitioV RGN hppRbriadly. -SubrANELEan BRRnally
. 96 4311 ]lgﬁs?%qgﬁluﬁﬁ’ tﬁ?OH\e;a?ébJe\?ers% tansSfpiee fo ! iRdasd ﬂgﬁ%& QCe g}ﬁg&@t no%?,%s%é S -

such a el ne rot ei ns,

Bax, bcl%"’%ﬁof*‘f@%‘ﬁé?gégs eﬁﬁw‘%f“e&°’F§P'°9'°a@ﬂ€e9rﬂé'f"°b'%ﬁ°72%’3 PEOTE® IR 5 et
al ., Fr owtturedBis @garégate® in OFE&8tiatib® gvgdiunpising mpreddherertt cell[culture Slates (-2 xCQ Frretisyo. R

6:53, 198f&)2 dafuhb AfdFegRE dPd ttaheidmed Mol gelbiiBBAte BB anll BorcbRGNkd dblis pp4YF Mcitdls t hat

i nduces apoptosis even where small drug chenot herapeutics fail (Pietersen
et al., Adv. Exp. Med. Siol. 465: y53) 2000). Koga et al. (Hu. Cene Ther.
11: 1397, 2000) propose a tel orrerase-spé%ific gene therapy using the hTERT
gene pronoter linked to the apoptosis gene Caspase-8 (FLICE). Gu et al.
(Cancer Res. 60:5359, 2000) reported a binary adenoviral systemthat

I nduced Bax 10 expression via the hTERT pronmoter. They found that it

eI | C|ted turmr speC|f|c apopt os| s |n V|tro and suppressed turmr growth |n



19 be used to effect depletion by a suitable imunol ogi cal separation -
such as immunoaffinity (e.g., panning), fluorescence-activated cel
sorting, wo®enplsenent -nedi ated |ysis. Wien the transduci mgTagentiiios a
viral vector, the effector can be a viral gene required for replication of

the v' r usnoﬁ 8'8&1% ﬁm'th&rﬁ%%oﬁ@{noﬁﬁﬂ ﬁQEylsoﬂft?Bne@gﬁ xaswéamnéh@'mtctﬁmtuttﬁnkgél Ei

a, i on senilal 5 1 ncl ude
o6 andeEen o FHIEd R eIFEoRs) BrERact BT e, Y P P T epator

pr onot er ESgpdumysed to transduce cells i n the differentiated cell

popul ati on. THediun thetsas bésh ebnditienekdife at2aiaggie Gpitallg edetl yo suppampsuaitiufirefoenti at ed

cel | S5 Pr 856 thd theR bbShdGedt hﬁf&lpeg Johmfohgdenedta%%an mﬁbﬁ@ﬁén@@%forg @Eeetmh addltlonal
‘Publ'i Cat rowthygc::%ors%ahgeneé gé’%’b ell ci.llture I%r hﬁ8| a growtn fac bE##Eﬁ;PGFfPJa F ption

of lytic~vect { ype
of ef f echf cdugmerivn méh@c?él@%‘*”!f“‘ﬁ%%r"éf?é’*“ﬁﬁ?f @?HF(f'ha't ingusgeT obgPAZ0: i“ﬁ'easéff Tope
recogni zdcoltptinthh endneehapsfal factaa Hiki epaalss.cyclibAMAevelsy airfeasfiorgldi n may be a protein
expressed in the sanme species on other types of cells, but nore typically

i's objai @egactemg;@@ @f’fg’e"@“@ pkBsys Or is an artificial sequence I n this

case, the anlaenw re| n to the species from wh mcells
are derived, Srife BiRtdPRIHPEL" ASHFRITHMPIRRFORS IE9% FER 88 RY9 h'g'h’Btcle?f/%%p SPBact

Wi t h ot heatiosamihg glaresf the image peaatinent nygipoljapdgompact ¢atsny formaftien with persly disgetptdeesell can
be a cel jungibiisf a:wnmrcbmbgdatrm@edmsudgiqoétdmdnmmmttechhnmet (avafiab®as enany Hlidical

ef f ect or yRGPLUENER 1 brbvidel ?daﬁha kﬂrPolﬁ)ﬂtﬁ ¥éiceb, RUAN 24 @d Oy3géeiick U8 bt DYMMABBA] sha Of
part|1gul ar |r erebqlsheg umagk%c sgs transferases of mammalian or non- mam"ral i an
originh t REPaey RPHEIeT aimean %‘ﬁﬁ rate differentiation antigen, alloantige
xenoanti gen, BFS ABVEG ls @ fisA &R chargsierizeg Oy BrREestRy cath Mamlsely In QER%{ﬁp‘f“egssP%cl ude
t he mar k epecifsStafkets, distussedirthic Hisdidsere ednfbe déterted SginpLesitabledmrowndiegicat taahnique — such

cor r espoRgioRQy b %Y h‘te.t\@fawefbeﬁmrketshﬁammhlaeotaer%kt%r iltla bt @4 PrarkBrs R E@&R{Hhe- ON

endot hel eys,
et 1 by s e HONAL o 658 e BARB POl A LIS
gr oup? anb§itsied & B‘F Vg heyB Y seHiERSHP SR P E ”S"fgo'f‘a' PREAMS PrEeEn 581Uy %%'Ziuence
i s the cbBréplondithandeBO tr ansf erase. See GenBank Accession Nos. S71333,

J05175, and ABthgAspdskic dieyoial anfighns X$SEA) ardcriBoeds ef réramntdbrane @l ltypes.
: 3; c ggt !s RhiBodidd er3é§E§ ngQé. ab %QauQXe f%b?xtthéggé%lgp'?nehtglaétud%@h&ﬁr&nha)/aa‘ﬂE Fddtrheédél gnnh
J Oetefu(g%ﬂtq 6nar'<§ cil Lf' &é?ectalme usbng témnéles (ﬁl\waﬁ § Tra 1%8 and '? {3 ew% et aﬂ Ctiell

possi bl e
DoubP&st Hagsdee ’dtrmanaﬁ%qu” W’ﬁd’t Fés%ﬁ’(‘fPhdS’Wo SéPfiior*tE?‘cPﬁ' sofre ﬁ/ﬂ'ﬁﬂ‘)‘ §sﬁ’?‘2NA | n
a cell ( segeiveasd 8SEpenm@psitiveaECrcelstayre igpicathyeSSEAG Hositivg e DifiRNAtidnef bRS chiisih vty ed
(Sharp etesdk m)thﬁ@&%‘ﬁ sEA, Tla3i-038nd RS ex?ﬁééféﬁﬁncﬁhcrﬁsed exPradsion GE$dEABL Qs

2: 170, 209&2 t:e]tn a?so bg)smteﬁ y eap%gerge %PQIIaﬁHe Ih h%s? BW @hlchtgﬁrbe g&éc\l’eﬁ%y

expressi gn o Cri ‘f verte eats
CaRen T r BHREoIE D pﬁe r B e tsbagong i Veck Haf St gl o SF e

| i nk&? 30y hemanuiacterer (t/mpsLagerﬁeneathﬂggaale%ht hetic RNA containing a

doubl e- st r andedbry@is@m)cellbase Heaypicadlyadonictasé puditiceans DEID4@ogtivel Tadnerasd adilig RNAI

effects i i def’ehﬁ:%nﬁmé ?l-'ﬁ,t(pema{yaalééa? (6 etk 'scibiRb 26@?43'[199734115%@@700!2!99’93"}' I'n
certain e\{al a% ﬁ {ﬁeﬂlﬁﬁpez )p# llog%lrgse begectlon I(l? é‘atxf9)7o7e Iﬁtrerrggnt Co Purcpge.éﬁ(r orI s

transcri undi

oper at i VE?'?/TAPPF?R Eﬁe"t'be'%?ﬁ %55‘%@“35 Qa'u@r%%égl" (ﬂ"cr}‘?a?'??jpﬁ‘c 'a"f‘Fﬁ’ - tWFHEts a
part BEul expregsignecat ala b€ pyajyated Thibe mENY davel dip ME-FCE. Jhe tightCycler Hielo AGEEHT NTERT f or
cel | Vi aliahiifitaton it@at B0ARBI4ERoche DidfmbsticsPi adallabRE6HhdEiANP br @Eealch pltsdsat | ON
factor, a tRNA gene, a ribosomal RNA subunit, or DNA or RNA polynerase. In

one |IIus ration g hTERT pronoter drives RNAI that inactivates a gene in

the puri R@ﬂéﬁé@‘@%&e@%hmy In the presence of drugs such as ami nopterin,

" de novo f\ynt hemrém.afon RHhb RPS cbf\b@fnﬁé(&‘“yqpst fdanﬁ@en&yotmd@&t eyﬂetavprn&pntsh.ﬁ

enzynes oxan n ani n QsRROr i n r

, thym g§| ne‘}{t "AESe”Y 'C\'%O% SN ?tme he&epanHehaf@& g%age%zgﬁe% Péa J%% rvi ve
in the pFddehipa 'Eﬂ"""ét‘ﬁah‘t?ﬁt“@rapﬁegatfé tq f?fﬁ‘gf%t‘gh“’thh’é"‘“h‘é’tﬂ'P'??rﬁ“t @’a‘ﬁ‘b'es[?b?j‘la'éﬂ‘ér‘i‘t’ ed

wi t h hy povesanwii afi e deneuiPRStepihdutiuracr by-iTurinerFiSierts.in ikge chsedls haviad 4 fubstreta witialoed

cel | s candikgon' wépenietwiidhGinvishes peftidnatEnBRoiDYodies carbatd s matie tihsusifshsidibdditiien

Transcripts of essential genes such as HGPRT and TK can al so be targeted

usi ng ot her types of effector sequences - for exanple, antisense 20

pol ynucl eoti des, ribozynmes, or encodi ng,sequences for dom nant negative

anal ogs t hat Iack a functional catalyt ¢ domain. The effector regi on used

in the vectors of this invention can be constructed so as to be

functionally controlled by a nolecular switch. Fusions between the

| i gand- bi ndi ng domai n of receptors result in nmolecules 5 in which the
nornal functlon of the natlve proteln |s |nh|b|ted in the absence of t he

I L A r o, =



30 This can be acconplished in several ways. In one enbodi nent, the

popul ation is genetically altered using a vector in which a transcriptional
control ewermenr4+isf the appropriate specificity is operati perysoi/msed to the
effector gene. The genetic alteration nmay be transient (for exanple, using

taE aderlcb\bbrcglﬁs NERIREd byrﬂ?l@ir&blﬁ nﬁw eEtBﬁ olisgdéﬁled Rho GusRfsCaRI p@ﬂsd% ﬁUnf&Hl%'?é:ﬁs as
e cellsS

popul at i o‘h%”“?’ﬁ g‘?‘ewqqﬂe B%gfﬁg?‘%s "’"%'F ‘ﬁ éer‘”o @9819 "hea e?{ges? e%f"tef Be ?‘i'en"ee" df 'V‘E %al'
The genet§ dava| thecells casrihardy cdlligdinigdnedgm gagargn a ﬁ'tbs‘(aFBdPa' BRAAP richentipfoels
r et r ovi rahh patbladingage MEr@RBUHAEAtd daa tontpige radtixesragon@its such as Makipel® ¢Hebten Digkepoigeny

of the |I£Huﬁnh ,Bbilayendddidan, %ijﬁﬁ(l produckB bysflrét%ulféhHgtaaMtr& pfo@t’icm@@é]ﬁuﬁ@-(shdﬂgzs a fibroblast
differ ergr 9&0 %Ilapg'\ell lin 0559 lhg% ,gé? SanE Olgéhln\é’llll éuclbg\dlgy(/@iﬁ tﬁ) rgé?lllﬂ’g;mg 9 Jttg&% }{)Eihe

function

undi f f er%’f‘ﬁ"?a?f 313 Y?FSGHEH‘P'P’?'% P%q'ﬂslcawae @ellefesoapneays cef |p§‘é"af'95‘ Pﬁ%“"ﬂ@ﬁﬁl’"&q fbn.
"Any sui teatiddermesieriarswil @ mespdarm end ecaderpéterized. Suitabl e viral vector systens

for produci NgscehR £ Gkhbs Cétbbraibd Bive discd Gt thkt PBS tdlls Ednibs differémiated P> coMmMittEe

pr epgr e%rééﬁn’st%}gceﬁéj OREGhA LiferdVidtbd adb a,r.tmus w@mﬁ& mw&méd.es\%ruﬁgpre RGN 5

conpris ector_genes are cr ation

of Bt endBamBHetE HE | . oo S ASHPTAES Yol s e 9 HBRPHe £ Bie

i nt r oducedace ftabpremdt¢sgdifigientialioac Spiteple sehsiraies, mc{vﬂe glags r?gplﬁ*lff)'ftt!fﬁ@mmabﬁﬁﬂﬂf@se@s

such as Hoheaepldaphs cdvedips Banlhe Soatédatitarat polMesionicosubstddce} éich a5 aGBi¥arings jike poly-

3, 705, B%me5p07fwmtﬁi§e5 or ahgmgmgg@Zeou@ororngd%@fepﬁd’ég oP oifie? bofd&ls wﬁﬁ(g h&fiNant S t he

for r%l at/ Qp ive gOf eCI'F'Ig‘ @gllg eare2 Qnoc-:llet;_x\rgda me% ![s f&éﬁ%@un@ %I%‘I}SI ;u% te o promote

Technol (fos' ot he ary rans £ B

Reagent , ’eB\'aé?{H°"t‘)’Fdsl"le|d’F’%f§ Gefhlingess| | posorral form and ot her corrpounds in 80%
et hanol , obt an n®iyk ecitunstand@e.c Hiterdditiatigm ds thirber Gomelert &Y | vdthdrawing gerarmn hasr serum
enbodi rmaﬂuacemfefr@ﬁ e clinfe nQI0M. iTRis pdnafé%.mdwsummrrgal mefumadavdriél GeE Qs

transcri uh'noneg%ce%?mt |fo?lexaqu Emﬁpgﬂe tﬁjré E\‘ v%ﬁat?n nF'TCEEQ n%%o%nté o?rtl%rmtve%ﬁon Thi s

can be e reco %I on, usl ng\f‘ }/ect or
comPi s HigrerFAIOT s fRERTOlR B ﬁ%‘iﬁ‘?vﬂé %"sqmé'ﬁ’ eme%"h?ﬁwa"e b PRMEIRELYR @

t r anscr i yotiffesertipteceshy, proic: peanentibiterebidiéarentiation Jaermpiesel Yementirenegle dgidrceetaimnd

fl anked gaswih hetoas htbges, deukbnyte ibhSH I faddN (QIE)) i (baSE gbrebie gfodth tabier hiGRet ed

gene. U.Syredn ﬁét&%am be proft&ié b?@édl@r&qneﬁmﬁ%amﬁkﬁét fﬂﬁ%?bfn’ol@?diﬁergﬂéflgtll f%w§r§d tﬁ&t i on
strat erde weP VY{]Ime??e,n% lrlg%lﬁsthe gf]]r%\ﬁl? o ceFD\(fllg%nt!IIeS|rs.=]d ch?rac?eng%s Foraegcagnz)} { tgenehat 4 to

positive Se

the 2  teelsniomattegfo neHial & gliah fingages dh‘kf”ﬂ‘{j”"? gagiigstyde gnysf ‘hfc5°"Péi'f‘9bﬁft°'5 ormediun 5
reports dohdditueseingin dfentivl @ybiveion: eBreintdeivad nevretrophicgastar (RPNIb cedrtophios (NDJ f yi ng
the cel INm Qﬁlﬁ&nﬂfgrm&rm Vb Gedt@pRicCadidrSCNTEY, hee bridkia ratRE (NBF), Gétinoic

| nter est dga h %h&%&‘é@ eﬁ(%%oéga6r£‘@5d|&)%rs§<§lﬁ gﬁ&l'b&%e%@rﬂm%sf) %H@gonb 'ﬂmthemc
Patents @ 4, and 5, 789, 215 he effector gene directly
causes 'gp or apoptosis, then the population will be depl eted of

undi 3of er ent i a@@dfabmnﬁl@alﬂfpfo?bta@iﬂ@ ttiggup mejls the R*}@Pq‘%" gierel e¢lls Gen@riewed s Poglesee t he
control (BbmseFerdil Bee[5as; t1ewl),tand CzBIBaeri 5,000,622 S Athep pitdicatiot df reergpe maudeHomever ,
i f the ebifoRR:0ForgRuIA p'ro%erﬂ&& rdirkiG&strcie Bk RA gllah!éﬁ pre@dRl Seeldam of 8l IBiochem.

;gsggg ey feg. Bmiptel, O3 1{25-;1“ S Fro@londl o 5| S N A9 @9%7,&153 laplggn Wi I

gene i s Mppse ey U@ér?\‘?é?otsﬂﬁ‘b a%dngﬁ te"'[sﬁ’eeﬁpﬁe@p? 25i°6h 51780 ¥ tse% tri‘rf:?orf or

pl acisng dattéac qaistle andh casdioreypryles semEPEN &otht BevniDygmich ¢ 9921301993, anyWikabes ethdd. gene
I's an anpiidadtiation ag: o8} 1991.hEdt heegbpdiciicogiodesitonf See Eurkert U0/ INgY Bioil Bigos; e 1@ed | s in
an envi ré?ék@%.t etCaQ nlt:‘)@' ﬂérﬁé%l %ﬁl?ﬁ' fideB, % 'Pptgrq% 77@&553@5&%'9@1’3@5@%@65@% insulin

envi ronne ca ust be
S Gdeg PP RINS TSR ea OB RePL g o SR e Bl BrelR b ket O}
Coor in acriegenisrs of Bepssidedugnbut am "B‘é‘mﬁ%’r‘? BFYieR ogtpqplgsts, b‘i}'"%{dﬁ’i“ﬂ‘?‘ §P'@?‘ﬁa‘rﬁj"5t he

cel | 4opopribroblasts kit eelifsushily ke@tnocyas Hesdritititelis habdalisleycells) resbdugeepithedd! bells, smooth

. adm ni st g kg M@sc@gﬁlgttestldulfar pR&¥bnitels f Ba Caécuik BruBtdiial cbig] | popul ations in which
the miJ orit y ?z{]enﬁs?s at aergr( gp u&'rafugr}q{a%d“ 40?%%9 th%PLQItLP ?g %Q&E'e?% r%ldeB&{) cfelis%jthe

according to

Al t er natA"eREnsy, of agams ot PE‘BP'°B‘B;S?ﬂ°éﬁ°‘g°h°’%?'°’P‘é? %ﬂf%ﬁ@} fﬁgeﬂﬂ&’?c?'é?’éﬂﬁ af'ed

cel | s cagrovie eqyisonatentordy| cpnigi el ineurad gellastiprertive erdyaceltiular imatsy spehorsiipiepecyn. ayliable hen
differentiated. In this situation, it is nore typical to use an effector
gene that does not kill the cells ime gately upon expression, but renders
the cells susceptible to the |ethal effect of sone external agent. In one
illustration, undifferentiated pPS cells grown in culture are transduced
with a retrovirus vector in which the herpes thym dine ki nase gene i s under
control of the hTERT pronoter. The cells are optionally selected for
p05|t|ve transductlon elther by 30 |ncorporat|ng a selectable narker I n

e o o o Y " o o



5 5 ppmundifferentiated cells are increasingly nore preferred. For pPS
cells, the presence of undifferentiated cells can be determ ned by counting
cel | s expwesrigsSSEA-4 by FACS anal ysis, or by counting eetissoexfoessi ng
TERT or OCT-4 by fluorescence in-situ hybridization. U se of Differentiated

Cel l's longﬁt kastodd| reiaawﬂa@%qmém E&P pkSE, PDGPMEBRAY ] é?fe aﬁead.égqo I-ése%ttrsff&rmeae

vari ety researc

pur pos eng ﬁgcg{%‘ag@%@e%&awen %)qug??lgﬁ%”agfe P‘hqseﬁ'gn ‘f%ﬁ agfaé‘e’cf%%fagw (§
undi f f er drflef the appropiate g'rcumm\yes.:muw@nw &efls epr 'Cb‘?defﬁfa?"é'ew?ﬂl%tb‘a AR e m
|'i brari esave higt capsiody spgemifaiecbothotieutohid cells f(haudng trizaitre deypéve)) ahy pial calie (iuiueling

t echnd qQUERodREnd ShgdaBhdidcies). I@Hfohiu | tROce PShuldAs bk niHBeddMelehiebio 56y, exaiifle, bynel

-use in i noassa 5 nethods are descrlbed |n
Handbookmoruf"'"gfamex'ﬁm c?"gﬁ'""fwaé?vﬂ%? ’%;‘We. r & Blackwel |, eds.);

Protocols in ?“r’ﬁ'i‘tﬁ‘?cﬂ‘ Gergn ?%‘r’t“@%\f‘?"%t‘ma‘re"’-d thapuityring eRrelna kS UB’P"V Gels n ‘“e
‘| mmunol ogfeseade ohadiepaecgte (diiaestatjanfdgerd prombtes ergidument e haphlegyterlike/CiHs. \/Eirel grgygh
GrbH) . CefRdnabnt irf Euniafu@Bpdtdiyte kuppiive BrirBdeiRa frairik, 8ch@E cdlfRf¥M oAVitigei®NBuitable

i br % ' Caitrddnt tl%%%ﬁts lf’n%lqdé \%rlm QPtQJ a%gé g%enr%néf?goéx%ﬁ ifiod b@# bqgrafeo Mhe

| sol ati on an aracterlza |on R. %ﬁo % cDNA
Li brary BiHedsel ae roal opituied siyutan ?P"s'»@zigeqwﬂwwh Aee mayﬁamr!tﬁ?&f B
Genoni csaf ¢aane s@ez@ktﬂlmeeéydlfow@Msozmuratlme@éemowpfyasrfemgeqmber@weetelor
popul at i pswGonarsachiad gitddéorticdiy, epiddring Grolvibr fadts GEGH), uﬂbrumg TSE-6.CE3H-§) gbrédndt growth

ther apeulg @é%ﬁ"hb&\ﬂﬁ 'h%ﬁmyt%r’:mh REIRGEH rh91 %.56 el léﬁ‘ﬂ%bﬂbéﬁh pPS cell's of

this |nvent|o ‘can snal |
o St Ok o B Eomdilo e Tl ol el e R e e
condi t i ohighly( sfuemd 28PUALOT COTEPigiSnedidmyeRste pF PREGINpYQEYiSt Preqyysorh athe pipiewyocyih e
char act elniesgeicels caf bethbtdined, dortekaaipebyaiifielestiatiighES ostie inep@rbwtis atvirginent comprising a
differ entar@&reﬂ.ccfsétdrsha%ﬁecum rmysﬁ‘dae&em.fnﬁéat @r§az1é$}ﬂ<§mepréb@ﬁ’ér%od?@tcb\{t:@&hém or

pronote Qﬁllé) can th%f\ gt Ide%?rap 9 r?rrrtTgth%} cSP ?ngg pfogm?t%l%" ?ob 8)% cﬁns}gtgpﬁqtnfugarnm %blfew €.

For exa Ir's are tested
by aéi n@m‘teféﬁ‘\e'tso”%‘PB"'E‘f?I pulturing, "Eﬁ £ b At MEEHM §°"taéﬂ'ﬂ§! FeRupe: cFét“@'fem%lt?\’Q“eany
phenot yphiemetivangé is hpossitie dei| diferentiatec bitSdicelly into @l evidhlya bririghed r papelatiom choprisihair t her
culture adwap.ugeendaf orloBi8obfeets lefpresEiay dsteGdalciran® EdIgRA NTha N ¢a6 Bk ioR@sed®F tdking S

i nventi OE’Psfr cﬂe ik SrebehcryRE cBlf“sanb &Qeré?&at.F?J‘tﬁérFﬁCaerh’édluG@JontQiHHH)é)bU?tQﬁaofpﬁbg@l-ﬁéﬁgotem

research rojs referre dard tex

U Er o, N PRIHEN VPRl Rt T TR DaskPiiof s NRafBiA el Han D766 and U 'S
Pat eA® 5, 030,015). Assessnent of the activiiy of candidate 35

phar mac e Godreetistiearpitassrtdsteqyemer al | y i nvol ves conbining the differentiated
cell's of thi 8céu9\4§meicﬂaamntéa debdfing WA BLS BHRAMIE Weherid] €hE EMArA inBiGdedY are hange

in the "R B {g)B%Mab?c a%&{% RQ@%M%@M £d&§c‘tu§‘rpo‘?hua%¥tﬂfaﬁ bf‘é&&ré/ss&&elf%e%%& S

that is s or
cells tr%’&t"@f’é}" 96ty andhdstermipation of s Artgna p'%ﬁ‘i’d'e??fgﬁcﬁ'ﬁf"r"éff’ ating the effect of
t he 8@nmpound Warkeys ¢ffireeresbioenrevraicbelstingiude-tubiliel I sorerrefiamegt, Phayaclodsticid newrons;glial
exanpl e, fifiidnRidic BREMUGEAR) [HRes6R HREBRLs| falablBeleBdask (GAICHE Vel bddk protein (MBP);

phar mecol,agl 6Rle §bid3ah8lss g%éﬁ! &a?a@ttsn HRRStorlndd g@gas RehOpMo o

designed t av un| nt en .

mor e dr uBdrak BFCURES: ¥t e i°H scd?ﬁ?? rf‘ét? i RASAASTSHE rfz gffﬁ PRIFHES AR P23 t her
si mul t aneregegitogs, wepegivelyicPrils egnjalpy be t??dﬁddetse?cetlormﬁeterabteestmt'%l@welrv@qw srbedangest | on
ef f ea$ S. Fdrrexaqpiee GAPPEécedibg BduRNs CmniROUENGiRG &y @rosti@esieltdnid adiddekatbdiddse or
potenti abAﬁA)leo%br%Mergslgﬁeﬁfoﬁé tan®b idRhtified @Qrod&?&t ﬁ@i&)a' ddcartloRyiadb, td&ﬁbmmgtch%%mé n 23
Phar macept |°c Research;' Academ c Press, 1997). Cytotoxicity can be

det ermi n€d N the first instance by the effect on cell viability, survival,
mor phol ogy, aMEfk%&B iBleteplglar fyer selly glude qiptoprelpip VY Rregepilorsy aljupinegsrantitapsky

" enzynes. glidotechirospbétasa, dytepjromn p@br ectigity o radsfeiDhlAasizduglytpprotbit @repion exid pjycogen

neasyg i Pﬁo%h&%ﬁ&;}%ﬁ Ick7 %Kt@ eﬁra'yrgluta[n hllak dRor 4%k QB %plﬁ’l@lluﬁf d hJ hhsﬂ Eéaﬁ MB@BHW :
especi a

e
" required" %’Btf’cyt?ecf r?erer" ‘é%?’l ey fef)rllhe ‘f@“&%‘ﬂ% fﬁgtf)ehppﬁ‘ {4 eha'dr &'f" U%Q%g)ht ed
ef f ect s Warkersindepeiidart| of HEIF-de gxuesbion inglusls ogantitypsip, wfe@wp@maappa M@Weﬂ?gesulm
det er m ngewih actoR i aRE S6F- BREPRH insuliR Redp®AART leptih. M@k deBshabrd o NP AcBiESsIoR PP
375-410 1n "In vitro Methods in Pharnmaceutical Research,” Academ c Press)
1997) for further elaboration. Therapeutic Use 10 Differentiated cells of
this invention can al so be used for ti gue reconstitution or regeneration
in a human patient in need thereof. The cells are adm nistered in a manner
that permts themto graft to the intended tissue site and reconstitute or
regenerate the functionally deficient area. In one exanple, neural stem
cells are transplanted directly into parenchymal or intrathecal sites of
t he central nervous system ~accor d| ng to the d| sease bei ng treat ed Grafts

o T o, o o "




35 The efficacy of cardionyocytes prepared according to this invention can
be assessed in aninmal nodels for cardiac cryoinjury, which causes 55% of
the | eft weoww4dessl ar wall tissue to becone scar tissue w tFotsdiiembent
(Li et al., Ann. Thorac. Surg. 62:654, 1996; Sakai et al., Ann. Thorac.
Surg. 8: %Qché’albafgrﬁ%{)o@aaF@ll b, a.='+100lll ‘ApoC-IlhﬁH’oﬁgeB gﬁé’nﬂél%m%%ro&ggeﬂ ﬁy&elfgtty%gné

1999). Suc edu scar, I'mt scar
expansi o?t'né;'}gr?c?];ﬁ"\‘rﬁar"gv'@" ng'éﬂtj ?"\‘AAFHRE? aike Wdﬁg&ﬁ’g‘f'ﬂ'f‘ﬁﬁgd by systolic, diastolic,
and devel opedCl res it mixedicelleputions defijed figmPkR cglsstan ibe renseided dy @barargari%tin
enbol i zaibmiblogPand themdrdas trady sipadss. [For dkkletal naikcld: gob,edybgehinf 42t hgks. (Fosdaadiithiang
artery (M %ﬁﬁr @ratefél endotgﬁhl ceTraﬁmegiQtll %‘eculez ﬁ@? ue119%§} va@&ﬁ&r %héo'trﬁl?apYVEQf

‘treat I’T'El'lt t ol O unc i rdio OCyt e
o oo at PR IESRIE A i o, T S Sradl R G8ICafbind VR iy Fh O
regener a?aéd'%@lp‘dle&ceﬁﬁg‘ct‘"@? Brfdrdiap &eponip b sUvPIIcheavit chalgraitf ANF £ ﬁﬂd@ﬂ%ﬁ@“‘( tgllss,
"Pat ent Spd}ldad 4dQinaedetidd) B@/HeRRdrdjetic s and tRdweprejemoie] aaTA-1)aiD3k,04d168Y paigpr

provi ded Va¥ tration, and are not nmeant to |an y any
limtati %Iﬁ%{' n a%aﬂofr@t;éurh(t&%éeént ?ml med i nvention. EXAVMPLES Exanp

Feed¥ -free pﬁgr?a'g‘é‘s‘tﬁtsp‘?‘fﬁ% magkprp Jistedhiny thip Jiselosiargr r’f@?’l‘t" in Bttt FEY @n?qte&te%&y hES
cel | s t himmuheiadichle elechnigiesit a- nesdeho mSprﬂomrlmmmthmmydm coef-ewideer wakdrs wer e
har vest eithmuashdtotheaistrTBidr RkaRiplRed fikdd cellRer afsestcng for irta@ens or ddneuraty hatkes, wel | s
wer e C0aW@QenlrQlot"énralpsré\@tcéll'ulgleextra&n gndténf'yn@%llﬁ |Wn€as§é;’l %Weﬁrﬁar ef('tratztgl r IE}B&,&QHCE

of condltlo

i rary FECBPRR Tedt JEOREroR ol Baashestit (R Basibe LA AR EHPIBIR BF P
mous® enBYs) B blpienalugis: dot-lgrhpyidizationanglisisa Qtby raxerPeetraRsarRiasetivitgter! PelyierEs 0

fl asks bshainvaedaiion JRPER) tusimgesewiehde-speritic Mimets ih sesdafdBSipltitinaliod betheus U Sedubnty data

(]j- t5 ZhrnafoF {h¥B§d|dMaEQa-reers( @e@%rsfdﬁélos@ﬂ(%}irf besoﬂfﬂéﬁad o iﬁ;Jnc Eﬁ&a&é(s%\:/%%si&&%@k FBS)
et ache were collected in nmedi a 0

The cel I%J#ﬁewvevn&(r??'a ik Vagyenfe\éhooo rad (508 sec at 140kV: shelf setting 6 in
a TorrexT"' gener at or) count ed and seeded at about 55,000 cells cm2 in
nEF 2fedi Brefa POpuatidns Edse Fesfe : hteghCells ) . After at |east 4 hours

the nmedia were exchange th SR cont ai ni ng | contai ni n bFGF
using 3-4 . Befoodd aécecrrﬂwn Rygpiog, goryfatens 5?&5@@%%8?"@.%%8@ o oaey

col | ect e@dtifarﬁr"yteﬁ enrflls yPxiressigy mgpne thatiEghal ip cpligoergndes|thegysgepeptiplelty/a lethel @fegial was
pr epar edarusdengl ageht, yphiaicadholi oha eanstripticdalfchi®kesmeateindn equgésrioy ganel ok pekddrényaligt

0.3-0.4 ggp,eggghg,theagg,%&t@g@b,rsr on to the hES cuI tures, the condi ti oned

medi Vas Suptp ccampr;'rsh ﬂtﬁwlhe c)e;lts 39 g?netrcag/bgtegg flther gfjorg or f':t the Eroit:)ersg ibJSB%Sf

cul ttires were us

newl y pr @‘Eﬁa‘?“éﬁ the|cplls inty te gggired !jf@Pgech’a"f‘?’ﬁl}j in @ xRt P‘é{%t”of’"el%blﬁﬁi'éd“%ﬂ? fqrgel
or r egul sagative seléctien| of (IBierensiateDicelliki unden nontr@eatié banderivinal werdrol diemgeidvith the4igsired he
Mat ri gel progsiesli |l uted 1 a 0 to 1: 500 (typically 1:30) in cold KO DVEM

0. 75- 1 O rnL of solution was added to each 9.6 cn?2 well, and incubated at
roo washed once vvrth col d KO DVEM
bef ot g?ra”sﬁ’(f"%"ér?"g"gEfr"at@"’%érﬂg 't‘fgaé’&e é\n‘?etc?ﬂ"n 2 h after coating, or stored
in DVEM at 4- theapirol daseentd sejficle with a ewyadie praigimexpressign pgffefng ogthe undifferentiated
Undi f f er awitdifferestictet E¢8s io Gk popultonnwer e har vest ed from hES cul tures on feeders

as foll ovvs Cabrict 'vitR dé8ifale | enfrblah Qe o ObelluBriinicaOby 8gAa eﬂptésst.dar atdBout S
m nut es %Ztloﬁ: traﬁaét‘at"o?%n%ga‘t 1N St freRY e S&E{‘&S ohd" e aYveg( p heng@tPN! €s

up with a m Crosco

FORCALR Mo YT A N g T R
wer e t heinclidesulivectivnhybridizatiop plrNA ipraries rand microareay analyelé of eiiNAlIGyels o Pongiadrgnscipt each
9.6 cn? wselkhtiiiéd vith an &plopriale eiTrestion Ren, QIR prdtnotet br@Rhahdeeof fHe@birdaphnaify $ehd 3anbs

. --15, Ooouaetot&namt.%&ofmmsgarmxeexa&.tnremaeedl ng on Matr' gel hES cells nere
VI sible as srrgswta

- bet ween t ha sS4 oﬁ% mtcrogrr%y n%lysrs is bongucﬁg 8ngog Gmegqf lgrcﬁroerme? arra gs?ega T, ang an

X the HES en GeneRpy™sic@iney é‘f"‘é{?f’éfdys aﬁpéepersql‘ @Vrﬁ”@%’y"tﬂé@élﬁﬁa%f“ﬁé'q Pg@“ét’ﬂ’ff“tf’éify
conpact , anddimnesaiad diregtlytonte gineg slidest yio gbmsuer hidideprepamations firom o eall Ipbpuiationeliosdr. The
hES cel | grefdabatié e con@drtodling Sydiaskied cDNA vhikLifd débis kéhvéist MRl Y5 MabeIad dDRaamek thad
prom nen [ e t
conf | uen%:De %ﬁ%&l n? fer 3 r;.%r.?égtstengm%ﬁﬁsg?c%%é mhﬁ%%,‘dtgh%d?%ngﬁ%g%regﬁpéggcnrftb\ed
| ess than 10% of the ceI s in the culture. Si x days after seeding,
the cultures had becone al nost confluent. The cultures were split by

i ncubating withl nL .-200 U nL CoIIagenase |V solution in KO DVEM for -5
m nutes at 37 C. The col | agenase sol ution was aspirated, 2 nL hES nedi um
was added per well, and the hES cells were scraped fromthe dish with a
pi pette. The cell suspension was transferred to a 15 nL conical tube)
brought up to a 5 voI ume of 6 nL, and gently trlturated to d| ssocr ate the

o, P P 1 L a N NN N o L . Y I 1



15 indicates that the expression of these markers is localized to the ES
colonies, not the differentiated cells in between the colonies. Cultures of
hES cel | swibaeg2bgen grown in the absence of feeder cells froT/Esoens3d80 days
after initial seeding, with no apparent change in the proliferative

capacit yspgﬂlcﬂmg?ﬁbo%‘ng@venmhﬁrag@JH iRd m ?tlh%'cﬂﬁﬂi prgﬁhcw&’rdpgr%n t6 %uﬁ@ﬁce of

conditio ave

e pr of 15 G 5o o HENA presayeg Che Gl it 1R WRBILE aPREESlp . | o
aft er 64eadngfsheddbelscand é}emw@at@nﬁaﬂq&Wémammmerera'm@r Praferaiin thedgvglipbexpEssignsf e 2:
Phenot yphe effsatok gans willl behdtJeasted-bold or Bveh @8R hifHeed thal Liidifeentiavad icélit esaind toaheed hES
cell s exmeeegt%teggm 4, Tra-1-60, Tra-1-81, OCT-4, and hTERT The expression

-25 of these lﬁ‘er‘%& ecrfaﬂ trﬂ Q di fflgrentlatll on. N, er to assess
whet her t he ce°f| PP & OB PGS B ex@@ﬁa'?'tcf’"oﬁ eermeef' P N8P RES R
mar ker s, telpwerpss reyeise tranperipiags @ERTy Seaengm efstefiuArm GERT gape fircluding ypsteaamipmeee PCR
‘anpl i fi cetiieode) isprdidedsisdoy. fToe readdr Grasp ad@red &t Ui Rajent EB 2328642 1B)(SécB ebal., Geron

fl ugr es C@d?p“oeaua\cfaha/qt eboisi&l), 1nehitibRY FaleACRIbicaite WBD0a6dsh S(;vnlwr &t di,seaed at ed
in i
di | u1eog t r@ér {aTonr)' WO E%&f% quP%%?(AElngegeg&MSﬂa an)é Hjoméwg Ef etsal (8an§?9r F%L“

zi ng surf
expr essi ??r? c@?q)s %ﬁ-ﬁ’&‘eé‘c‘? Alc iﬂﬁaﬂéﬁ TERTL958° j5r Propefieq) "amq 41 185(M°’i"n‘1°élatjdf5?f§" | gG
i sot ype Cupvratigl). AGnbdq phagy gone desighdted XFS| @oteiipe ~ t5HA0 basks Ypstreh® )irom BBEAERT
( 1 10), ensvaivy 49({113603@)avall-gl5l@-frdm ROA1dc fhadr AddaekiohNY: 85851 Exdmph)9 ilustaddthe@stihgd t he
d' | uent %\h ué*a%[l'f'ﬁT p%?no rgéquébr}t:ésgéE %g% v‘%t&r@xx{j&g ggtulﬁgt) cells vere

ed wth rat” an

i ncubat in antl con at ed with PE
(Bect®n Di ckiﬂ?ﬁ‘ﬁiexﬁmﬁa%%@ e@é?’n X p@@‘?’oﬁeq%wer{?’ﬁc‘a@&’lq in ?“é°"6\5é?§ﬁ§'8"and
anal yzedOgf4F-Aa8mbhdriobihe FOU fapiloek ranseripting fasiors( BEE t4dian{orindikrl ip selivitedDamedidhaed  CA)
usi ng 35and@d tehidrgd ih'tHe dBaichmgémbryoandiitlisthighly @xpidssedhinsbe 6xphidiig Glastdcp diitben icel | S
on Matri tgt.eémlunpw!)t@tm:é%&th ég&éyﬁr@ﬁptrlanscﬁ)d’tuorpig)hcl\nﬂg%nlaﬂeya@tﬁ Sﬁrﬁﬁﬁ@&toﬁ%ﬁérenhll@@ 1-60

d Tra- L : t hat
ot R PR et A 15 e AP b B 1y Bolng PiraRL o e"%gagicﬂ'gh Biefl e
i mutfocy®ethesne g’tpfe;“ls'°"d%4'9r°§b%é’ﬁ%'"P'H@PGB@P@HV%WW%P PHEMDIYRlif Stanral lipss. andiis

i ncl udi ndpwhsigllatdd dfen( theskCplls &5MAucdd (ol diRMEntiatel r Rigl mE@e  dnd 40nara 0AT-4 rpeombteB 1

(1:80), thbeuéeedrelprbwhémsmgmat.om,abubﬁo%@nfvm 9930468 HotrafeBlahtSncer € then washed

i 0
Wv\ats P\I \lf]\gr Vru FRO@E%%W%VE conﬁ’cr)] ele e%(tg %BJI e gpé?apn?ti] ?rérg J-Jsd gﬁ&ﬁqﬁ exp?ersm%ntn]nFrk%rél;ﬁner
tenp foroh3Eeefisty of ?’tS'I"F’SW@'dd Ef‘;)s ‘P H‘E B‘EPélF'i‘% Rut\Rptopthe fiter I“aﬁf elsnfugamely REAS:

ant i 2a1ouSIEAen lialiA9i and T(all-8114pb§halaSerighradl varfous typan df andifefentiated (luridotent gh@ryenic Cel | s
wer e wasdigtlcells t BieRBEIMI résPonkidiPkor &yithedignd BEEA4 mhl Bavs transBriptighaMidstrof eldotenta itry

per f or neg, de%.rﬂ@yapréésfoﬁgpeamamnag reck® la)laﬁ\thﬁe ahrﬁaerffafa% il QetS¥RLESSI ON

Bfer ?Lfﬁ;%{;‘ a>t/ zunf: Qrcﬁer Hrote{n thal per;%?’essedfln gﬁlmﬁgantat]:og re% rtéésat g mouse F?ex{ %rorﬂc;{ hrlh%s: was

par af or NREERI YR & Fobgs aI'S*ff?ﬁ'Y? fraaﬁeeph?mkwasmdrﬁgrewaieﬁ e'P‘B@"'C %WICS"S\A%Q% et #en
i ncugat eCuranttBivl. a1:&1#l 200€ phosphat ase substrate (Vector 5 Laboratories, Inc.,

Burlingame, GCéyarhy 6i0RRGNARAEAS binCoel &btihdle) Blagnaly§iobr denél trarﬁbripd@@re‘éﬁﬁ’n,efol’i nsed

for 2-5 é?g:ﬂplé IB%%\QQ’%P@? E%}%%l HE’p%hQr ﬁ([ﬂ}%ﬂ%&d e ?edrlrﬁaf!félre%&te%agmqw&r

SSEA- 4 I ne E at ase _were SXpresse @/ t he
hES col oflEe" B7 aRAPFAtE Shecifigty: UgAg A PIRMOIgISor & ’I:?H"ef seauerie TR feddegiiied elgRsede - put
not by tdese i pdndiplctransosption] ot &| ERoTIerTgehRa toURheRs GTRRN HugresqenessProtein Frrgat @kaling hows
OCT- d5 anghokph#titt, BYsuRSRAE or Bfgaktiostigdel Uso ol bpMECtoRstAS 10GEst ploRGElespEsificilSs

det ect edy Ry d DU HehhAlgcr i ptase PCR anplification. For radioactive
relative quantification of individual gene products, DuantunRNAT"'

Alternatel BS Internal Standard priners (Anbion, Austl n TX, USA) were

enpl oyedE’&é'E’cﬁed?ﬁfg'ﬁcﬁe‘ﬁ’ﬁé’eﬂﬁﬁYﬂﬁegﬁP'ﬂrer s instructions. Briefly, the |inear
" range of anpl A trarsertplianal rejulaa;rypaalﬁemonhapprqmnatmecmy Is operativele lidkedriorsd éncotlihge n

coangy | fl'e 511 W b Brdhi® tRPRA (BIQ:K/IU@-EIﬁ'tngEdﬁtde bs Af wiRdH ©1s"BprBssdBS. either directly, or by

primers: i.e h coinciding |linear ranges.

" Before a therE% suing?byafo;%f%% g}j&{gq}d%@? qxlgfactl ons, the enzynme was

pre-i ncubat edSW'i'%e“(eﬁ@’ QFQ??QCEEFGEW PrISesS\R RERHIE A SUEk @B P ﬁ?j‘"t%”h‘he"a'

manuf act galosin', £seudernenge piotoris A, Raldive daisdug LrigR toxina Etotalin gdamenieusderin, YWaje dajon 5%
non- denagpiid, aMOVaOhdEaRbiyleadkind Budhed & al., Gith 6kp. Taxebl. @ 5P3S BU6; IRos<pas pHlao,| Crage

screens (Mol ecular Dynamics) for 1 hour. Screens were scanned with a

Mol ecul ar Dynam cs Storm 860 and band |§1t ensities were quantified using

| mageQuant T"" software. Results are exﬂwessed as the 20 ratio of

radi oactivity incorporated into the hTERT or OCT-4 band, standardized to

the radi oactivity incorporated into the 18s band. Prinmers and anplification

conditions for particular nmarkers are as follows. OCT-4: Sense (SEO ID
NO4) 5' - CTTGCTGCAG AAGTGGGTGG AGGAA 3 Ant| Sense (SEO ID NO 5)

N T B e Y e s e r——

A I o, ~ T - o a I 7 N A



hTERT and OCT-4 expression was seen in all the culture conditions except
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Transfection using Lipofectamine 2000™ was conducted as follows: The plasmid DNA (3-5 pg of

pEGFP-C1, ClonTech cat. # 6084-1) was diluted in water to a final volume of 100 pl. In pilot experiments, 5 to
30 ul. of Lipofectamine 2000™ (Gibco, cat # 11668-019) were diluted in OptiMEM™ (Gibco, cat # 11-58-021)
to a final volume of 100 L. The DNA solution was then added slowly to the Lipofectamine2000™ solution and
40 mixed gently. The mixture was incubated at room temperature for 20-30 min before being supplemented with
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plate Six days later, the only colony that had continued to expand was derived from the pGRN190-

25 electroporated plate, and was subsequently designated NH190. The cells were maintained in growth medium
plus 0.5 pg/mL puromycin. Analysis for telomerase activity by TRAP assay (Kim et al., Nucleic Acids Res.
25:2595, 1997) demonstrated that NH190 cells express functional telomerase activity.

To facilitate monitoring of the cells in mixed culture populations and in vivo, NH190 cells were further
infected with a retroviral construct conferring expression of green fluorescent protein (GFP). The enhanced

30 GFP sequence from plasmid pEGFP-1 is one of the Living Colors™ fluorescent protein vectors, available from
ClonTech. It contains an enhanced GFP encoding region, with changes that alter restriction nuclease cleavage
sites, and shift the excitation and emission wavelengths of the encoded protein. The EGFP-1 sequence was
cloned into the vector pMSCV.neo, CionTech cat # K1062-1. NH190 cells were transduced with the
engineered vector, and GFP positive cells were separated by FACS sorting. The GFP expressing cell line was

35 designated NHG190. These cells have been carried in culture for over 3 months.

Example 7: Genetic modification of hES cells maintained on NHG 190 feeder cells

NHG190 celis were cultured in DMEM (Gibco) plus 20% fetal bovine serum (HyClone) and 5 mM

glutamine. Cells were split 1:10 every 3 d. Subconfluent cultures were detached with trypsin, suspended in 10

40  mL medium, and irradiated with a cumulative dose of 3500 rads with a Torrex™ 150D X-ray generator.

Irradiated cells were pelleted at 400 x g for 5 min and resuspended at 1.25 x 10° cells per mL in either NHG190
medium or standard hES medium,
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Forty- elght hours after seeding, the hES were transfected with 10 ug DNA per well using FUGENE™ 6

(Roche) according to manufacturers protocol in OptiMEM™ serum-free medium. The DNA was a plasmid

2
204050607090 TAI3@/1.0309 @BFI

containing the PGK promoter driving neo’. Four h later, 3 mL of NHG190-conditioned medium was added to
each transfected well. Gells were re-fed daily with 3 mL conditioned medium. Forty-eight h after transfection,

15 the cells were layered with NHG190 conditioned medium containing 200 #g/mL added geneticin (Sigmay), which
was replaced daily thereafter. After 3 dayé of selection, additional irradiated NHG 190 feeder cells were added
(1.26 % 10° cells/well in hES medium). Twenty-four h later, the medium was again replaced with NHG190-
conditioned medium containing 200 p#g/mL geneticin, replaced daily.

Individual colonies were isolated and expanded through another round of selection. After a further 5

20  days, individual colonies were identified by microscope and marked on the outside of the dish. Medium was
removed, and replaced with collagenase (~200 U/mL). Individual colonies were picked using a p20 pipet tip,
and transferred to individual tubes containing 2 mL NHG190 conditioned medium (without geneticin). The
suspension was triturated 5 times to disaggregate colonies, and the contents of each tube were transferred to a
well of a 12-well plate coated with gelatin and irradiated NHG190 cells (1.875 x 10° cells/well). Cells were fed

25 24 h later with 2 mL fresh conditioned medium. Two days after seeding, cells were layered with 2 mL
conditioned medium containing 200 pg/mL geneticin, replaced daily for 5 days. As each well became 50-75%
confluent, the cells were detached with collagenase, transferred to 8 mL conditioned medium, and triturated 10-
12 times. 3 mL cell suspension was added to each of 2 wells of a 6-well plated coated with gelatin and
irradiated NHG 190 cells (3.75 x 10° cells/well); the cells were refed with 3 mL conditioned medium at 24 h. The

30  cells were then selected for 5 days using 3 mL conditioned medium containing geneticin, and split 1:6 as
before.

Stable transduction using retrovirus was conducted as follows. Retroviral vector designated GRN354
was constructed at Geron Corp. using PMSCVneo vector purchased from ClonTech (cat # K1062-1). The
eGFP encoding region was inserted downstream from the MSCV LTR. The LTR drives expression of GFP and

35 the vector also contains the ned” gene driven by the murine PGK promoter. Plates were coated with 0.5%
gelatin and NHG190 feeder cells (7.5 x 10* in 1 mL NHG190 medium for 24 well plates; 3.75 x 10° in 3 mL
medium for 6 well plates). The hES line H7 was seeded onto a 24 well prepared plate in hES medium (1
mb/well). Forty-eight h later, 3 wells of hES cells were detached using 0.05% trypsin/s mM EDTA (Sigma) at
37°C, resuspended in 500 yL. NHG190 medium, and counted. Stock of retrovirus construct pGRN354 was

40 thawed on ice immediately prior to use. Growth medium was aspirated from the wells and replaced with 400 uL
hES medium plus 8 uL retrovirus (MO of 10) and 4 uL of 8 mg/mL. polybrene solution (Sigma). Two h later,
800 yL hES growth medium were added per well. Each transduced well was refed with 1 mL fresh hES
medium every 24 h.
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16 hES line, consistent with differential activation of the MESV-LTR in different cell types.

Example 8: Transfection of feeder-free hES cells

In this example, hES cells maintained in feeder-free culture on laminin in conditioned medium were

genetically modified by transfecting with a plasmid carrying green fluorescent protein (GFP) driven by the CMV
20 promoter.

mEF conditioned medium was prepared as described earlier. mEFs were irradiated and seeded at
about 5.7 x 10° celis/cm?®. After at least 16 hours the medium was exchanged with hES medium including 4
ng/mL added hbFGF. Conditioned medium was collected daily for feeding of hES cultures. Before addition to
the hES cultures, this medium was supplemented with an additional 4 ng/mL of hbFGF. Where needed for

25 selection of stable transfectants, the mEF-conditioned medium was supplemented with 200 pg/mL geneticin
(Sigma cat. # G5013).

H9 hES cells maintained on mEF feeder layers were harvested from cultures by incubation with ~200
units/mL collagenase IV at 37°C for 10 min. Cells were dissociated and resuspended in regular hES culture
medium or mEF-conditioned medium, Cells in the regular medium were then re-seeded onto mEF feeder

30 layers and cells in the mEF-conditioned medium were plated onto Matrigel® or laminin. Seeding density for all
cultures was approximately 4 x 10* cells/ cm?. Cells on feeder layers were maintained in regular medium while
cells on matrices were maintained in mEF- conditioned medium for 1 or 2 days before the transfection.
Conditioned medium was replaced every 24 h.

hES cell cultures were transfected with Lipofectamine 2000™ as described above. FACS analysis of

35 GFP expression was conducted as follows. hES cells were harvested using 0.5mM EDTA in PBS and
resuspended at approximately 1x10° cells/test. Cells were washed in a solution containing PBS plus 2% FBS,
0.1% sodium azide, and 2 mM EDTA. SSEA-4 staining was performed in the same buffer using antibody
obtained from the Developmental Studies Hybridoma Bank (University of lowa, lowa City) at 1:15 dilution.
Isotype matched controls were obtained from Sigma, (St. Louis MO, USA). Cells were incubated with

40 antibodies in a final volume of 100 x4l for 30 min at 4°C, washed and incubated with rat anti-mouse x chain
antibodies conjugated with PE (Becton Dickinson, San Jose, GA) at 4°C for 30 min. Samples were washed as
before and analyzed for GFP and SSEA-4 expression on FACScallbur™ flow cytometer (Becton Dickinson,
San Jose, CA) using CellQuest™ software.
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GFP expression 24 h after transfection.

Figure 4 shows the results of this experiment. Panel A: morphology of H9 cells maintained on
laminin. Panel B: GFP-positive cells observed in the same colony shown in A. Panel G: FACS analysis of %
GFP-positive cells in SSEA-4 high population(undifferentiated cells). Cells were transfected 24 (bar 1 and 2) or
48 h (bar 3 and 4) after the seeding and analyzed 24 (bar 1 and 3) or 48 h (bar 2 and 4) after the transfection.
Bright green cells were observed in compact areas of undifferentiated ES colonies on laminin 24 h after
transfection (Paneis A & B). Transfection at 48 h after initial seeding gave the highest efficiency: 38% of the
cells were GFP-positive as determined by FACS analysis 24 h after the transfection (Panei C).

The next experiment compared the transfection efficiency of H9 cells maintained on Matrigel® or
laminin-coated plates in mEF-conditioned medium with cells maintained on mEF feeders. Cells on feeder
layers maintained in regular medium were used as a control. Morphological differences between cells on
feeders and cells off feeders were observed 1 or 2 days after seeding. Colonies on feeders were more
compact than cells maintained off feeder layers; individual hES cells in feeder-free cuitures were less compact
and flatter. There was no significant difference in cell or colony morphology between cells on laminin and cells
on Matrigel. These cells were transfected with a plasmid expressing GFP driven by the CMV promoter 2 days
after seeding. Twenty-four hours after the transfection, cells were examined for GFP expression under a
fluorescence microscope.

The cells were maintained on mEF feeders in regular medium (mEF/RM), on laminin in medium
conditioned by mEF (Laminin/CM) or on Matrigel® in the conditioned medium (Matrigel/CM). Bright green cells
were observed in undifferentiated hES colonies of feeder-free cultures. In contrast, very few green cells were
found in colonies on feeders. FACS analysis showed that 16% of cells on Matrigel® and 14% of cells on
laminin were GFP positive in SSEA-4 high population while only 5% of cells on feeders were positive. These
results indicate that transfection efficiency is significantly increased by using feeder-free conditions.

The next experiments evaluated the effects of 1) the ratio of DNA:lipid; 2) adding the DNA/lipid
complex to cells 4 h prior to the addition of mEF-conditioned medium vs. addition of the complex to cells in the
presence of mEF-conditioned medium; and 3) use of Lipofectamine 2000™ vs. FUGENE™.

Transfection using Lipofectamine2000™ is described above. Transfection with FUGENE™ was
conducted as follows. The plasmid DNA (5-10 ug of pEGFP-C1, ClonTech cat. # 6084-1) was diluted in water
to a final volume of 100 pl. In pilot experiments, 5-30 yL of FUGENE™ were added to sufficient OptiMEM™ to
achieve a final volume of 100 .. The DNA solution was then added slowly to the FUGENE™ solution and
mixed gently. The mixture was incubated at room temperature for 30 min before being supplemented with 800
ul of OptiMEM™. Cells were washed with 3 mL of pre-warmed OptiMEM™ and incubated in 1 mL of the
DNA/lipid mixture solution at 37°C for 4 h. In some experiments, at 4 h the wells received an additional 2 mL of

mEF-conditioned medium; in others the DNA/lipid mixture was added to wells containing 2 mlL of mEF-

40

conditioned medium and the cells were incubated in this mixture overnight.

Highest efficiencies were obtained under the following conditions: Bar 1 = a mixiure of 5 ug plasmid
plus 12 ul of Lipofectamine 2000™, adding 1 mL of the DNA/lipid mixture to wells containing 2.5 mL of mEF-
conditioned medium and incubating the cells in this mixture overnight. Bars 2 & 3 = a mixture of 10 ug plasmid
plus 156 pl of FUGENE™ and incubating the cells in 1 mL of the DNA/lipid mixture for 4 h before adding 2.5 mL
of mEF-conditioned medium. L=Lipofectamine2000™; F=FUGENE™,

35
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geneticin, Cultures were maintained in this geneticin-containing medium with daily medium exchange for over

exchanged for mEF-conditioned medium supplemented with 200 pg/mL

21 days. All mock-transfected cultures (i.e., those that received FUGENE™ mixed with water rather than
plasmid) died within 48-72 h. Drug resistant colonies arose in the wells transfected with both FUGENE™ and

10 plasmid at a frequency of about 1 in to 10° originally transfected cells. The colonies were maintained in
geneticin-containing mEF-conditioned medium and expanded.

Example 9: Preparation of vectors in which a thymidine kinase gene is under control of an hTERT promoter
sequence

15 The lambda clone designated AG®5 containing the hTERT promoter is deposited with the American
Type Culture Collection (ATCC), 10801 University Bivd., Manassas, Vi 20110 U.S.A., under Accession No.
98505. AG®5 contains a 15.3 kbp insent including approximately 13,500 bases upstream from the hTERT
coding sequence.

A Not1 fragment containing the hTERT promoter sequences was subcloned into the Not1 site of pUC

20 derived plasmid, which was designated pGRN142. A subclone (plasmid “pGRN140”) containing a 9 kb Ncol
fragment (with hTERT gene sequence and about 4 to § kb of lambda vector sequence) was partially sequenced
to determine the orientation of the insert. pGRN140 was digested using Sall to remove [ambda vector
sequences, the resulting plasmid (with removed lambda sequences) designated pGRN144. The pGRN144
insert was then sequenced.

25 SEQ. ID NO:1 is a listing of the sequence data obtained. Nucleotides 1-43 and 15376-15418 are
plasmid sequence. Thus, the genomic insert begins at residue 44 and ends at residue 15375. The beginning
of the cloned cDNA fragment corresponds to residue 13490. There are Alu sequence elements located ~1700
base pairs upstream. The sequence of the hTERT insert of pGRN142 can now be obtained from GenBank
(http://www.ncbi.nim.nih.gov/) under Accession PGRN142.INS AF121948. Numbering of hTERT residues for

30 plasmids in the following description begins from the translation initiation codon, according to standard practice
in the field. The hTERT ATG codon (the translation initiation site) begins at residue 13545 of SEQ. ID NO:1.
Thus, position -1, the first upstream residue, corresponds to nucleotide 13544 in SEQ. ID NO:1.

Expression studies were conducted with reporter constructs comprising various hTERT upstream and
intron sequences. A Bglll-Eco471l} fragment from pGRN144 (described above) was digested and cloned into

35 the Bglll-Nrul site of pSEAP2Basic (ClonTech, San Diego, CA) to produce plasmid designated pGRN148. A
second reporter-promoter, plasmid pGRN150 was made by inserting the Bglll-Fspl fragment from pGRN144
into the Bglll-Nrul sites of pSEAP2. Plasmid pGRN173 was constructed by using the EcoRV-Stul (from +445 to
—2482) fragment from pGRN144. This makes a promoter reporter plasmid that contains the promoter region of
hTERT from approximately 2.5 kb upstream from the start of the hTERT open reading frame to just after the

40  first intron within the coding region, with the initiating Met codon of the hTERT open reading frame changed to
Leu. Plasmid pGRN175 was made by APA1(Kienow blunt)-SRF1 digestion and religation of pGRN150 to
delete most of the Genomic sequence upstream of hTERT. This makes a promoter/reporter plasmid that uses
204 nucleotides of nTERT upstream sequences (from position -36 to -117). Plasmid pGRN176 was made by
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early promoter and enhancer) wete transfected into test cell lines. pGRN1 and pGRN150 constructs drove

SEAP expression as efficiently as the pSEAP2 in immortal (tumor-derived) cell lines. Only the pSEAP2 control
gave detectable activity in mortal cells.

10 The ability of the RTERT promoter to specifically drive the expression of the thymidine kinase (tk) gene
in tumor cells was tested using a variety of constructs: One construct, designated pGRN266, contains an
EcoRI-Fsel PCR fragment with the tk gene cloned into the EcoRI-Fsel sites of pGRN263. pGRN263,
containing approximately 2.5 kb of hTERT promoter sequence, is similar to pGFIN150, but contains a neomycin
gene as selection marker. pGRN267 contains an EcoRI-Fsel PCR fragment with the tk gene cloned into the

15 EcoRl-Fsel sites of pGRN264. pGRN264, containing approximately 210 bp of hTERT promoter sequence, is
similar to pGRN176, but contains a neomycin gene as selection marker. pGRN268 contains an EcoRI-Xbal
PCR fragment with the tk gene cloned into the EcoRI-Xbal (unmethylated) sites of pGRN2656. pGRN265,
containing approximately 90 bp of h'TERT promoter sequence, is similar to pGRN175, but contains a neomycin
gene as selection marker.

20 These hTERT promoter/tk constructs, pGRN266, pGRN267 and pGRN268, were re-introduced into
mammalian cells and tk/+ stable clones (and/or mass populations) were selected. Ganciclovir treatment in vitro
of the tk/+ cells resulted in selective destruction of all tumor lines tested, inciuding 143B, 293, HT1080, Bxpc-3’,
DAOY and NIH3T3. Ganciclovir treatment had no effect on normal BJ cells.

Figure 5 is a map of the TPAC adenovector pGRN376. It was made by cloning the NOT1-BAMH1

25  fragment from pGRN267 into the NOT1-BGL2 sites of pAdBN (Quantum Biotech). The 7185 bp vector
comprises the herpes simplex thymidine kinase (TK) gene under control of the medium-length hTERT promoter
sequence.

Example 10: Transduction of hES cells with a thymidine kinase construct

30 These experiments test the effect of the pGRN376 vector described in the preceding Example on hES
cells. The vector contains the herpes virus thymidine kinase gene under control of the telomerase reverse
transcriptase promoter. Expression of the thymidine kinase gene in cells should render them susceptible to
toxicity from the prodrug ganciclovir.

Undifferentiated H1 cells were plated into 24 well plates (1 confluent well of a 6 well plate split into 24

35  wells of a 24 well plate). After 48 h, some wells were infected with the TPac vector at an MOI of 30 or 100.
Four h after addition of the viral vector, medium was exchanged for new mouse embryonic fibroblast
conditioned medium (mMEF-CM); some wells received medium supplemented with 30 uM ganciclovir (GCV).
Cells exposed to GGV were re-fed with mEF-CM containing 30 uM GCYV daily for 4 days. On days 2,3, and 4
after the initiation of GCV treatment, wells were harvested and analyzed by flow cytometry to assess changes

40 in 1) total cell number and 2) cell viability (measured by Pl exclusion).

Figure 6 shows the resuits of this experiment. No change in total cell number was detected at MOI of
30 in the absence of GCV; but there was some decrease at MOI of 100 in absence of GCV startting at 48 h.
Evidence for toxicity of GCV alone was detecled: wells receiving GCV alone contained approximately 55% as
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100 cultured in the presence of GCV showed similar results: by day 2, these wells contained 24-28% cells in
the ES gate, at day 3 they contained 19-22% cells in the ES gate, and at d4 these wells contained 12% cells in
10  the ES gate. Thus, GRN376 plus GCV is effective at killing undifferentiated hES cells at an MOI as low as 30.

Titration Experiment
Undifferentiated H1 cells were plated into 24 well plates (1 confluent well of a 6 well plate split into 24
wells of a 24 well plaie). After 48 h, some wells were infected with pGRN376 at an MOI of 30. Four h after
15 addition of the viral vector, medium was exchanged for new mEF-CM; some wells received medium
supplemented with 5, 10, 20, 30, or 40 pM ganciclovir (GCV). Cells exposed to GCV were re-fed with mEF-CM
containing GCV daily for 2 days. On day 2 after the initiation of GCV treatment, wells were harvested and
analyzed by flow cytometry to assess changes in total cell number, and cell viability (measured by Pl
exclusion).
20 Figure 7 shows the results of this experiment. ~20 pM GCV was optimal under the conditions tested.

Comparison of different hES lines
Undifferentiated hES of lines designated H1 and H7 cells were plated into 24 well plates (1 confluent
well of a 6 well plate split into 24 wells of a 24 well plate). After 48 h, some wells were infected with pGRN376
25 at an MOI of 30. Four h after addition of the viral vector, medium was exchanged for new mEF-CM; some wells
received medium supplemented with 20 uM GCV. Cells exposed to GCV were re-fed with mEF-CM containing
GCV daily for 3 days. On day 4 after the initiation of GCV treatment, wells were harvested and analyzed by
flow cytometry to assess changes in total cell number.
Figure 8 shows the results. The total cell number demonstrated decreases in cell number for both
30 lines after TPAC vector treatment. H7 showed less toxicity induced by GCV alone than did H1. Thus, different
hES cell lines respond to the TPAC vector. In subsequent studies, the H9 cell line was also found to be highly
sensitive to GCV after TPAC vector treatment.

Example 11: Selection of differentiated cells

35 In this experiment, hES cells were treated with retinoic acid (RA) or dimethyl sulfoxide (DMSO), and
then analyzed for hTERT and OCT-4 expression after treating with TPAC.
Undifferentiated H1 cells were plated into 24 well plates (1 confluent well of a 6 well plate split into 24
wells of a 24 well plate). 24 h later, some wells were re-fed with mEF-CM containing either 500 nM RA or 0.5%
DMSO; wells were re-fed with medium supplemented with RA or DMSO for the remainder of the experiment.
40 After 7 days of treatment with RA or DMSO, cells were infected with GRN376 at an MOI of 30.
Four h after addition of the viral vector, medium was exchanged for new mEF-CM (plus RA or DMSO
where appropriate); some wells also received medium supplemented with 20 pM ganciclovir (GCV). Cells
exposed o GCV were re-fed with mEF-CM containing GCV daily for 3 days. On day 3 after the initiation of
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presented very weak OCT-4 PCR products.

Thus, no detectable undifferentiated cells survive TPac treatment followed by subsequent culture of

15 wells grown in mEF-CM or mEF-CM plus DMSO. RA pre-treatment leads to detection of low levels of OCT-4 in

the surviving cells. It is not clear whether this reflects persistence of undifferentiated stem cells or induction of
another cell type that expresses OCT-4.

Example 12: Stable stem cell lines containing the TPAC construct:

20 To facilitate creation of stable cell lines genetically altered with the hTERT promoter/thymidine kinase
construct, plasmid pGRN376 (Example 9) was modified to delete most of the adenovirus sequence. The
plasmid was digested with Stul and Not I, followed by blunting and re-ligation. The remaining vector contained
the hTERT promoterfthymidine kinase construct, preceded by the transcription blocking sequence to prevent
promotion of tk gene expression by promoter sequences upstream from the integration site in the genome. The

25 modified vector was designated pGRN376mod.

pGRN376 — adenoviral TPAC vector

pTERT SV40
Ad5 TRM HSV TK
216 bp polyA

pGRN376mod — TPAC plasmid vector

pTERT SV40
TRM HSV TK
216 bp polyA

30

Cultures of the H9 hES cell line were split 1:4 using PBS containing 0.5 mM EDTA, as described
earlier, and plated in feeder-free culture in 6-well plates. Twenty-four hrs after plating, ceils were cotransfected
with 2 pg GRN376mod plus 0.5 pg of a plasmid encoding neomycin phosphotransferase, using FUGENE™-6

35 as described above. Medium containing 200 pg/mL geneticin was added 48 h after transfection to select out
transfected cells. After 7-10 days in geneticin-containing medium, 103 individual colonies were picked from the
wells and individually plated in 24-well plates, which were then expanded by culturing for ~7 days. Ninety

individual clones were screened for sensitivity to the pro-drug ganciclovir at a concentration of 30 pM. Ten
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colonies formed colonies with normal characteristics. In wells transduced with pGRN376 virus and then treated

with ganciclovir (Panel B}, most or all ES cell colonies are gone and only differentiated cells remain. The Trac-

treated wells contained 8-fold fewer celis than the control wells.

15  Example 13: Further Characterization of Stable TPAc Embryonic Stem Cell Lines
TPaC stable clones were derived by co-transfection of pPGRN376mod and pGK-neo plasmids into the

hES cell line H9 grown in mEF conditioned media with basic FGF on growth factor reduced Matrigel® coated
plates.

In one experiment, the H9 line (p 80) was passaged 6 times usihng 0.5 mM EDTA prior to transfection.

20 2 pg of pGRN376m plasmid and 0.5 pg of pGK-neo plasmid were used for transfection of each well of a 6 well
plate of ES cells, using a 3:2 ratio of Fugene™ (a lipid-based transfection facilitatar) to DNA. The cells were
transfected 24 hours after seeding, and G418 selection was initiated 24 h post-transfection. 101
G418-resistant colonies were picked using collagenase. Clones from cells transfected only with pGK-neo were
isolated as controls for co-transfection.

25 Individual colonies were expanded using 0.5 mM EDTA for primary and secondary GCV screening.
Primary screen with 30 uM GCV (weeks 1 and 2) identified 10 GCV-sensitive clones and 20 partially
GCV-sensitive clones. Secondary screen with 30 uM GCV (weeks 3 and 4) confirmed 9 GCV-sensitive clones,
including those designated H9-376m-18, H9-376m-77, and H9-376m-62. Following secondary GCV screening,
cells were expanded using 0.5 mM EDTA into larger cultures and then passaged using collagenase.

30 In a second experiment, the HS line (p 24) was again initially passed using 0.5 mM EDTA, and then
transfected as before. Sixty two G418-resistant co-transfected colonies were picked using collagenase on day
0. Primary screen with 30 uM GCV (days 20, 22, and 26) identified one GCV-sensitive clone and four partially
GCV-sensitive clones. Following primary GCV screening, cells were expanded using 0.5 mM EDTA into larger
cultures and gradually returned to standard collagenase passaging. Secondary screen with 30 uM GCV (day

35  57) confirmed one GCV-sensitive clones (designated H9-376m-6).

The GCV-sensitive clones from each of these experiments were subject to further selection in culture
with G418, to determine their stability. Clones designated H9-376m-18 and H9-376m-77 showed G418
resistance that was not stable. Clones designated H9-376m-62, H9-376m-6, and H9-pGK-neo-1 were G418
resistant.

40 Figure 11 (top) shows sensitivity of the stable Trac lines to ganciclovir (GCV). Each cell line was
exposed to decreasing amount of GCV to determine lowest concentration of GCV required to produce complete
killing of undifferentiated ES cells with the least amount of toxicity. Concentrations as low as 0.5 pM were

determined to kill undifferentiated ES cells similar to 30 uM, but with a significantly lower toxicity.
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156  conditions for 7 days, passaged and placed in the differentiation conditions for additional 4 days. Following this
treatment, cultures contained few if any undifferentiated cells (assessed by morphology). At this point, 30 uM
GCV was added to the differentiated cultures for 4 days.
There was no sensitivity to GCV observed in differentiated cultures obtained from the TrPAC cell lines
H9-376m-6, H9-376m-62, H9-376m-18, or H9-376m-77; or from the transfection control line H9-pGKneo. Thus,
20 the hTERT promoter in the integrated construct has the appropriate specificity for turning on the TK effector
gene only in undifferentiated cells.

Example 15: ES marker expression in undifferentiated Trac cell lines

Expression of ES markers on stable Trac ES cell lines was determined by flow cytometry. Cells were

25 harvested from confluent cultures using 0.5 mM EDTA and incubated with monoclonal antibodies against

human SSEA-4, SSEA-1, Tra-1-60, Tra-1-81, CD9, AC133, and appropriate fluorochrome-conjugated

secondary antibodies. Level of expression was determined using FACSCalibur™. Appropriate isotype
matched negative controls and viability assessment were used to determine the level of non-specific binding.

Table 2: Markers on Parental hES cells and Stable TPac Lines

Phenotypic H9 H9-376m-62 He H9-pGK-neo H9-376m-6 H9-376m-62
marker p35 p 80+15 pas p 24+16 p 24+19 p 80+27
SSEA4 + 92* 100 64 37 91 98
SSEAT + 1 0 0 0 0 0
Tra-1-60 + 98 99 89 89 86 90
Tra-1-81 + 96 99 82 88 77 97
CD9 + 88 95 81 98 91 99
AC133 + 90 81 72 78 68 70

*% of live cells expressing markers.

30
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* S$10%a &- ) _Flgsg_e)z/ﬁhe\@ reeresestﬂve fluorescence micrographs of immunocytochemistry, Results were as
follows.

» H9-376m-18 p 80+20 was able to generate large embryoid bodies (1 experiment). Beating areas

(consistent with cardiomyocyte-lineage cells) were observed. Muscle-Specific Actin +++;
15 a-fetoprotein +++; B-tubulin +++; cardiac troponin | +.

e H9-376m-77 p 80+16 generated only small embryoid bodies (1 experiment). No beating areas were
observed. Muscle-Specific Actin +;a-fetoprotein +3-tubulin - (none detected); cardiac troponin | -.

e  H9-376m-62 p 80+16, p 80+20, p 80+21, p 80+24 (4 experiments) were capable of generating only
small embryoid bodies. No beating areas were observed. Muscle-Specific Actin ++; a-fetoprotein +;

20 §-tubulin +; cardiac troponin | -.

. H9-376m-6 p 24+12, p 24+13, p 24+21 (3 experiments) were able to generate large embryoid
bodies. Many beating areas were observed in all experiments. Muscle-Specific Actin ++;
a-fetoprotein ++; B-tubulin ++++; cardiac troponin [ +.

. H9-pGK-neo-1 p 2449, p 24+10, p 24+13 (3 experiments) were able to generate large embryoid

25 bodies. Beating areas were observed in 2 out of 3 experiments. B-tubulin +++; cardiac troponin | +;
Muscle-Specific Actin ++++; a-fetoprotein ++.

The results of Examples 13-16 show that at least three of the stem cell lines containing the telomerase

promoter driven thymidine kinase gene are capable of differentiating into cells of each of the three germ layers.

30 Differentiated cells from these lines contain an important stop-gap against residual or reemerging

undifferentiated cells. Ganciclovir at a concentration as low as 2.5 uM kills virually all such modified
undifferentiated ES cells within ~4 days.
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3 Herpes simplex virus type 1 thymidine (supra)
kinase and 3KBL
amino acid sequence
4~-7 Probes and Primers (Artificial Sequences)

It will be recognized that the compositions and procedures provided in the description
5 can be effectively modified by those skilled in the art without departing from
the spirit of the invention embodied in the claims that follow.
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wherein:
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X is a nucleic acid sequence that is lethal to a cell in which it is expressed, or renders a cell in
which it is expressed susceptible to a lethal effect of an external agent; and

P is a transcriptional control element that causes X to be preferentially expressed in
undifferentiated cells.

4. The cell or cell population of claim 2 or 3, wherein X encodes a toxin, or a protein that induces or
mediates apoptosis.

5. The cell or cell population of claim 2 or 3, wherein X encodes an enzyme that converts a prodrug to a
compound that is lethal to a cell in which X is expressed.

6. The cell or cell population of claim 5, wherein X encodes a thymidine kinase.

7. The cell or cell population of claims 2-6, wherein P—X is an introduced heterologous molecule.

8. The cell or cell population of claims 2-6, wherein P is an endogenous transcriptional control element.

9. The cell or cell population of claims 2-6, wherein P is an OCT-4 promoter, or a promoter of telomerase

reverse transcriptase (TERT).

10. The cell or cell population of any preceding claim, wherein the stem cell(s) are human embryonic stem
(hES) cells.
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18. The method of claim 16 or 17, wherein the external agent is ganciclovir.
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19. The method of claims 11-18, wherein P-X is an introduced heterologous molecule.

20. The methed of claims 11-18, wherein P is an endogenous transcriptional control element.

21. The method of claims 11-20, wherein the cell population is genetically altered such that X is transiently
expressed in undifferentiated cells in the population.

22. The method of claims 11-20, wherein P-X is inherited by progeny of cells in the population, becoming
expressed in undifferentiated progeny.
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precursor cells.

28. A pharmaceutical preparation for human or animal surgery or therapy, comprising the cell or cell
population according to any of claims 1-10 or 26-27.

29. Use of a prodrug in the preparation of a medicament for depleting undifferentiated stem cells in a human
or animal body,
wherein the undifferentiated stem cells comprise the structure P-X, where:
Xis a nucleic acid sequence encoding a product that converts the prodrug to a compound that is
lethal to the undifferentiated stem cells; and
P is a transcriptional control element that causes X to be preferentially expressed in
undifferentiated cells.

30. The use according to claim 29, wherein the prodrug is ganciclovir.



