2 7 MAY 2005 WO 02/ 42445 PCT/ US07/ 44309 DI FFERENTI ATED CELLS SUl TABLE FOR
HUMAN THERAPY 5 TECHNI CAL FI ELD This invention relates generally to the
field of cell biology of enbryonic cells, and the nol ecul ar MAY ollblyy of
pronot er ¥h2HA4Ped viral vectors. Mre specifically, PEVHEOYPIbes a
technol ogy for renoving undifferentiated cells from popul ations derived
frompluripotent stem cells uBFFERENEIAZED CRIdISy expressed |ytic vectors. 10
REFERENCE To RELATED APPLI GFh&NSFIfmgvappidr@ti on clainms priority to U S.
Pat ent Applications 60/ 253,443 and 60/ 253, 357, filed Novenber 27, 2000,
pendi ng; and 09/783, 203, filed February 13, 2001, pending. For purposes of
prosecution of this 15 application in the U S., the priority docunents are
her eby i ncorporated herein by relgrgecEEiDN their entirety. BACKGROUND
Precursor cells have becone a central interest in msdi cal research. Many

tissues in thﬁns%ggm}{onhtga\(eg &erali%t?g‘?}&(}(of%ﬁ)bl& nglélﬁl%;oﬂlc Is Rl G HE é%%%xoiwat can

replace cells are sanes ease.

Consi der 8188 HEE e BuR A orrebrs PR 5 X’]"@%?*“ & émf)"f”%t’fﬂﬁ‘g?ﬁ’}'aéedof a nunber
of di ff erdnfifompprylgiipassdefivgd rqmgridoignt St?r@}@@ﬁ'@@géﬁlf’%ly FERtpet ifis vecys: S, Pat ent

5, 75010397 (Tsukanoto at al., System x) reports isolation and growh of human
hemat opoi eti c stem cel | s WHERERENGE® REVEDARPLIGARIANGL  and capabl e of

differentiation into | ynphoid, erythroid, and 25 nyel ononocytic |i neages.
U.S. Patent Spig3fpickRA chils Mgﬁ)ﬂo ak. pabmAppﬁcara@rsb/gsméa@éhmém ikd NogA@&- di r ect ed
different) %doodéna%f Aﬁ%%/%%%! ffLUrFEJLaH‘%‘%BH%g%EH?Ag %Brepmpgs%  SroseRb G 10

appropriat'e bioac 11 ntroduced into
PPl | SR BTEhy e P PP B P P o) & Bbent 5. 970, 411
(Org) |1 at al.) proposes regenerating skin at the site of a burn or wound,
using an epithelial autograft. UBASkeHeaent 5, 766,948 (F. Gage) reports a
nmet hod for produci ng neurobtasts from 30 aninmal brain tissue. U S, Patent

5,672,499 (Anﬂaruésmeuéﬂavééecame@%&M Lq@regm?jai rggqarae%wnss%s%ﬁae bgmﬁoe%el l's from

enbry Neur 0s res) reports
01 S0 ot BT PR E L PR U T g SRR B RO B SRt

f et uses. Ceysiderabjecgfferiias been madegesently ‘R/l‘”'@%?”ifé’ﬁ‘tr%‘?‘)a PBSH Eer P TRES HetiF Al stem

cel | s derdosrerdtive mesfinpr i nary central nervous systemtissue. U.S. Patent

5,082, 670 (F.u.Capent sep@et $rsaarmmt Bodl, E@emgr @bds nglage nad igeah lof hoedi fied cel |l s
to treat nedRpdif K&t s w@lk§§m¢1ﬁboﬁﬂaﬁgﬁpam of bilftPenGBMiMAmpRRY, IS, S¥iSt em

Auerbach at at . %@r&age Ué\lqiﬂ Hsocflas 98‘%3 2898 a nﬁf&g% meqhgcgofr)r ||n£a§f&rectrl cal |

mul ti ot e t| al
active. aflerimi g B ma"d%%% LAl o At T bral s, T oun gl el cally 754,

1999) r eS8 fan iRt '”ﬁ?dé?f’ﬁ (18 § Posi Mg nEIal At ge PP SPFoni ¢ stem cel | s
i nteract w t hURdeEnta&iRanraintal efdeses renaterangrsijiebtitheateeol akuns wpund,év@ br ai n and
spi nal can ebithe@oAGbgEber ALH. Laténnd, B6,2B1(F. ltag) REA: 2 geer fat edudiy néuhelagtensel oprment  of
enbr ygni Gnisd 6ah 6&Ld. Su.s Whie B 621465 (aftBrsdnROMIREorE Bty Bedrd P QN Rk t O

differ ente!n%oﬁc ll ﬁ) UMnl%%k1 83% (V\Bgsset al. El@e[u st)h \4\&{ 49&)89{\50%% Vp%ﬁdv& ne%{aﬁsltpmcel I's was
|

dong in enbryoni c

Col's andonii st pLbi Bty §3Rer Setnal neur el PR ot o e
cel I's ar &l fpAed MR BRCLERERP-EVSF™ Y5761 i f eration in vitro in an

undi f f er ent i at-8dPatest 518&.670r(BtGDeh reporin @ Metabd kiagrafing yeretical mgdifee tells e tehle pot ent i al
t 0 di $f erdetts| de@se bolagl@ye oM dentrel Ser@bs Gdtdm. tabdrieen @ ADEWON N&iros) €2:160d, agoe)r S

(endoder mpoB&aAlRpdAniARNS @t ARk into dnintal BraiMA¥m2O8QBicIND8/ A 4h&ionaly
PCT/ USQ / c%é’éQQ neurons. Brustle et al. (Science 285:754, 1999) report that precursor cells derived from embryonic
stem cells interact with host neurons and efficiently myelinate axons in the brain and spinal cord.

Considerable interest has been generated by the development of embryonic stem cells, which are
40  thought to have the potential to differentiate into many cell types. Early work on embryonic stem cells was done
in mice. Mouse stem cells can be isolated from both early embryonic cells and germinal tissue. Desirable
characteristics of pluripotent stem cells are that they be capable of proliferation in vitro in an undifferentiated
state, retain a nommal karyctype, and retain the potential to differentiate to derivatives of all three embryonic

germ layers (endoderm, mesoderm, and ectoderm). '
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Devel opnment of human pluripotent stemcell preparations is considerably |ess
advanced than work with rmouse cells. Thonson et al. g ppddat2886 p! uri pot ent
stemcells fromlower primates (U S. Patent 5,843,780; Proc. Natl. Acad.
Sci. USA 9V98%#4451995) , and then from humans (Science F83/UPi%443%903) .
Gearhart and cowor kers derived human enbryonic germ (hEG cell lines from
fetal gonadal tPsdwaent SHamyl rbrirotentSitegtcelidreparatips deconsdidgtably lesteadncedShin, wolySA

95: 13726, ¥80OBsusabdls. UTidmsdiadt @ntprofagl@0pibiibht. stddotdis hisS laatrchrihkés ©el Ragnthave t he
| ong- sought s18d; Rfet. ANal. ek S OfisAPd2E4ds PRESB NHha HLEMCRINS: (sdidiey288k R, 1e68pabl e of

bei ng gr OW@eArl{lrt\ér‘dtcgv%g(%\dégglg#thurginf &%{/’oﬁpéeﬁnﬁﬁ% Qeu !iﬁe%?rgna ?g}lg%na@al nggeqﬁammr yotype,

and they remain capa , roducl ng” a er erent cell types.

Cl onal 1y d&3FVEG '\ﬁlﬁﬁﬁﬁ S@ﬁﬁf“ﬁ%ﬁ?@' 13?%%’1" g&1 e PR8E“ai ntain  pl uri potency and
proliferative peieirfiaad Grelpher bhgesdoyse chardisrisicn obpitrPenesfmpAlY e a8l ., Dev.
Bi ol . 227: 2abdhle @ BDQ prowrlif villhexs@t difieleltigtingy kychaeaneimdide@diire apt tayTesein fapableuse | n
human t her 3pyteduddf tai nlgbeAs: cﬂfer’ér&&iﬂlfl}b@d. rcidn@ adriRQe0RNArbABhicQfem o@l}élgl’ﬁ_@ssr?\airﬁmy tissue
conpromn se UnB L Qr [ [

I nt ernat i o?}%ﬁxtl%%i{e}g%k%g@ | c%ﬁlﬁéﬁtpb\é%‘gécrgp%%giﬁiﬁ%%g\? gﬁtsa%oaer%g .Bipr ei‘zj;é'rtésgﬁbt);o met hods
and mat'8ri al'€° fOr OGPBRIHG BT R &edb Il By 0P dF LR E&FE P one
ermbodi nent 2mas! g FgsueCRPRQIised eeeinPiogayy By e d 9pGFe copflieinv ng pri mat e- deri ved
pri nordi al st entigeitibgl PatenaPubiglion #tp/el41\(Gererdedif)arfemtla atteds stdatairiashiervi ng a

| ow osnDt i Groliby pimats-8ditied pamddidl evn edlel O @Xd dinbb@wel, 5 celildirdda&iug isREIdet i S

conbi ned Wglhin@priktb-fidhi€8 brirflil RnfEfEf b kb Santifly SRR idted SaRENGRPMoN oRotic

pri mat ersdet| uGd Bl MEhRle & oG8l b ARdo R e ITL T ALG Slo LREHEL L] S o an
extracellular, matrix conponent deri ved ‘Trom teeder cells. e 3| um can

further indPEEE" SO EEEANRE PUT BTGNP 4r° ditere” “and ProRin'¥ Betors that

t o t he use oedantsdnégrvaighdioss tabare ditteenualpogidds sr atppuveesditr ol gr owt h and

di fferentiati onakignicant cBflergh® tHR@selot &dH oals 1ok HEby @fto dohtEsS s 6| bifieke@ioh B

tr eaj[ et Qie p%ﬁc}i}t @Jf!is%trequil'éd@tregﬁénedﬂgacﬂpa%ﬁt.& 313 (M Taketo, . Jackson Labs)
provi des a part§¢sar, ARNAIGRT R AYENGEE LNt BURERPURLES A0

f1 anki ng exogenols ‘or. I'.6conbi nant ' gene. Fromea pr onot er acconpanyi ng | nc!
gene that CRSESAETO"AG AR §OLBS Y BB EEEI U™ R TR} FPPerBHI SRS el | s.
U. S. Pat entdoss g 3gm@y grugesxpessiadly undifitrgniisfeg pelly e S. Patem b S @ Aa Cavet o ndlor

i sol ati ng arobdseseagtodpdoihting € lirgdge medi@lstm pefl invitrd, inoyhich @ plwdnetahergerypliastempelt ent
enbryonisC SdiRise6i@] vith 2&ndtSet inwREhSTiRG§eapkcid dektticdkichon & lopddbly lidikEd tiefdRer@ene,

i neage- speGiyfnk the I8NRIe} ConGiloRITRRE tHe%ell%@rErf'ﬂQésKarJd ifaK €&akBn 3 LRRMEET; raene,
cul turing trpene(r:aerl Iepaya%g%m&pepghstl ons where the cell differentiates, and then

separation of cells exspr essing the reporter are separated from ot her cells.
U. S. Patent 6,08, 8 @E@\F@é‘tﬁ?f&quéf‘: al.gfedars EpRi NP Oy ffireciR &, raeiers™iqiy i r ect ed
t o transdi fePidamesheefsanie viRgle neyring eseliddr beifedel ergnr e opieabdrapy-n@inrcels gredrgwsietisd f or bot h
cel | t h®r apyth amelragg@ieratshipiiapycior, Skd utuee lil & madien ¢ontainisd eCingnse Igomicidiidea

neur ogeni C cbreadsmb ioRhégaie fogelodt neudRikireikitidh €d i N a medi um contai ning an

antisense ol i gopueleal pAlG: pGRLEERE N ik e@al.ﬂ@.%%yogaw&g%@s%t o NEUr onal

o et ety SRRl Bk S 6L Lt no Ml Qe =
hemat opoi etd® (WEeAhTEBIPE!e repjiant dipdiiglaty [jdurtass). yiderfopntrgloba gy fesderatiseq dr ug
resi st atfce celiyethe ceflssarcdmigigterpiEnthpnamariathish is e trptedith te Aycke bfredsatnerafimenidict ase)
under cont riehsgeok celis rgaticntotwdrandgentratliisonal in stem 35 calls. The cells are

admi ni stered i Nth@maionseransa) Rubikdionodo beBod BRintel 8. AWhsdabrubbnd) Rfrsds BignddOrod NCT ease
engr af t MenteQissingt Jx@@@gseqﬁﬁ& i lidrPuiclcB el L¥E af QeNANELANSRRNEE E8! fof bone

I nternati O%lrrjvﬁ grg ?cmtractég A&@l%{é agﬂ in}&@gh%@eéggr%é}s%z}(eg i%taglelgme‘?‘}tha?lzohﬂols Srgf)éesss}icin in

Massachusetts) ‘re ers.to et hods ' ressing exogenous ge n

di fferefiti degmeeIFE STEHLE N Rksetear pf‘i”@@iué’?”%%@ﬂw"&‘g’lt [&lien §'0 488 m bone
marrow) ar € erit-acledt APk &PreRges) fesisudviag Franden inveRiecHPENE SiEB P8 [N %ked to an
el ement t hateregmt rdke st @xtpn esd ppriation is pharadi 4l elree ndmpakee d geeleksessidxediploary i s
the rat ostgeecakeicaispronoter. |nternational Patent Publication WO 99/ 10535
(Liu at at., Yale U.) proposes a process for studying changes in gene
expression in stemcells. A gene expression profile of a stem cell

popul ation is prepared, and then conpared a gene expression profile of
2




differentiated cells 2 2 7 MAY 2005 WD 02/ 42445 PCT/ US01/ 44309
| nternational Patent Publication WO 99/19469 (Braetscher{ ddA¥al2(i5

Bi ot ransp sefers to a nmethod for grow ng pluripo yoni ¢ stem
cells from )e“f;ig A sel ectabl e marker gene is |nsertl];(glr)ésr‘”/gt:g he cells so

as to be regul ated by a contraol or pronoter sequence in the ES cells,

exenpl i fied bYfeTaiwals 8%’3?‘!‘?&“'&5‘?"%9/&4@@?%“” 7 Al BPRAPIPYHEP™ BAMENY "Publ i cat i on
WD 00/ 159*@21”9(9%016111 eqifryopi¢ stem celis frgmiefingtiay Agiyctaplehasiesgepsys pesanipdlicicelasoid 5

der i vat i oihe @fuladby amomioler mdnemseqabdcs.n thd B celdxbrapiifad iy tiewbitiverad-sipamitdie presence
of a conpoundpithatnasele® Plidafh Wo doRvEDisknth dPEIOD.3GABURY YO toprbbaghivddndOf cel |'s

ot her t h%vﬁ &gr]nl{ nlpyterﬁ &m Whé !:engargcﬁlurgnﬁkhb ralgsep@toh%ym §1§1§ %Qlts!elgéllve&/or the
dlfferen ated c {:ﬁ&ﬁj g} gxeﬁnF bi co r’rp% ”ﬁ ) nhi bi t
SHP- 2 "° gPPERHY ‘%’é“é“/“ﬁ/l& ° 0 %"“55 R 8" i : ﬁ'gna 9he &?y eﬁse" FAvest. 98: 216,
1996)  pr Gfirsstiated call oy prenggpter OPeRER Tt eAPPYPIsSTeR BERT HY % HEL %ﬁiﬁd@%’% 10 from
di f f er entasadé.ng nouse enbryonic stemcells. A fusion gene consisting of the
a- cardi ac nyomigret 188 'CHh. I6laal 98:216pToeaYPibEe Ddtateds fot fANAcan eeihnigrdanjonagl ycosi de
phosphot ﬁ@tﬂﬁeﬁﬁt@ﬁl&mmeﬁkﬁﬁlsﬁém Eé‘ll@rksfus%ﬁzée%gcohﬂgrﬁ oittlli.b% é&a&rﬁ;’oé Sheavy dgft "esul ting
lines Werrem éra d ?M\ encodnn mlnogl co |Je os qa s? ase ass Lf tra 9 émloi e-E eellsseI ect ed
car di onyB&YTE 2Eifi G QEPRlyoRTES PRER RS Yﬂ tﬁ?%/ ATerarSAPEafdd. wen
engraf t e&euase'wgﬂ’??f Herﬁij"f%““aﬁ‘@“ Hfé‘f*inf}é"éfmﬁ‘h‘fstﬂi’ BHfroty t&eclf aar%@vocxx%?u@feaet ect abl e
as | ong age Frywedkde aifityedfferenipedarythat pronfted back StohmidedF heerived earggmyocyiPpreie. Nat | .
Acad. Scivere iithiatsras A0 7 weeROBO )mpra@mior.t t he effects of eight growh factors
on the differenidnaid anpef N @kddSscl. 16874165 Bood R brYiRNdiBetst &M dridtnliRiors Af t er

initiati il RN b At I i Ik ind iR N odddBgCell's were
cul $ur ed | Bfinclh mmm,f oL Kb SIPEO ke B Dk ORBL KA i BBis B8 S L

A L 41 o s L et e
di f f er en?irginPixasidpBacheienn fadpliad A girue effect phige difeslieten Patiaey. 81 sond pitedwl
di f f er enfartart Hipeedaifobrtigipneadugivelyte coneligel | type. 20 There is a need for new
appr eaches t orrge Remaddeor RARLIrAENNB Gendhie fplidtiens emtibatiaeh GRlsligoiSttininakl € f or
human  adidiidsbs ation. SUMVARY OF THE | NVENTION 25 This invention provides a
systemfor depleting relatively undifferentiated cells froma het erogeneous
cell popul ation, such as maybe obtained by differentiation of stemcells.

The popul ation is treated wtiﬂ"&%'&*ﬁ-@t puts a lethal or potentially

| et hal effector gene under control of a gene elenent that allows the gene to
be expressedratnventidtipglies a @@ for bepleinh) @iatiail Lidfif@éreandd ctsetn s ubpaprbat i on. This
produces . phfiRtidh, alch & nal & oBibihed 8f dttereioh SBEH i Frhermsmai.&a i<iRhidcSuith ARGorSUi t abl e

for use | LEIRnaAbl M.gcm'eﬁeha%mg%idegasmﬁo@n@ | {iith o0l aibfly bRQVARE 1 ON 1 @

popul ation o Vi vo, which

P essen?’fpﬁlsﬁe?atf?h%he el R TP REE BRI o MEEIBHET ArgPRIR TV pot ent

st em cel P¥icRsf loppgiupeels: aprtsuilghlpfor usq in egepgrativedmeriEitban enbryoni ¢ stemcells. Cells -
in tie popul aPieembaiznant odhit averionis alperuidion pcell difgéntideddropsley rele Feaed ate

conpri Si migp, tvhi@ isSdssetit@lylrteof Frdiferentiaraesie Pferhanara Hit@doehtCsieaiChid ofp@galedige t hat i s
Iethal t Quch aifdthdn emblyoMPbisieelst 1S expressed, or renders a cell in which it is

35 expressed ééﬂs?a.ﬁﬁpyp@%nsn cgpcomawa d%l.vesssfn&ssoly%e& c%msr@.ngpﬁé sl and P is a

transcriptiona L | .y expressed

an%l(e)lc acnds enceqb?ﬁxs Iethal oa ell.in wﬁn flse resse é)zdersa elﬁ hcg1
i n undi f F'E7eHE P APEGEESY §é G TP RREPR B fiPcat'®s "fhat the
genet®c é?pé"’ﬁ??ﬁfﬁcea‘lbﬁ ‘%ap'é‘PaéF'ieﬁ}éfli? EF‘F’W@G”‘ %Efsr?etfa”%ﬁf'p“?i‘@tc"'i"ﬂéﬂ?m%ﬁ‘ Baladj acent in
t he nucl eiueesade it Preisreatilylexpressyy ig undif¢rentiatadgelis.oThe prneeliéng eddi-K jptlicatsm thetitat  f ol | ows
as an ef geetcermoequepteely kaametssn crad ehevard Qi)tent,in tge rpelad el molectibat 1 nduces or
medi at es apopk @ fkefred 1O thdbs ARG YRR olloF4 46 B @Sctdr Biyibhddi R Bankehdd@SBoxinfdpatenconverts a
%Odr ug (h%H&‘aceéé meéé?esg GA.sC&QrVdnEy)ne ts@n 3s GO UND:) ‘ih'a%nvlar@a|p%&rbbaéucﬁ£ a cell in

h X Iggnm X\P i) to a compound IElha?tX oa cr:g? in wﬁuch%(ns e rgs%c\slol (a%er examp S aré prpowdecnater in di scl osure.

this disclosure.

In certain embodiments, P-X is an introduced heterologous molecule, meaning that the cell or its
ancestors was genetically altered with a vector comprising P-X. In other embodiments the cell or its ancestors
was genetically altered with a vector to place X under control of an endogenous transcriptional control element.
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In certain enbodinents, P-X is an introduced heterol ogous_nol ecul e, neani ng
that the cell or its ancestors was genetically altered2w tMAYaZ%ﬁct or
conprising P-X.  1n other enbodinments the cell or its ancestors

geneti cal | y&&%tz/é%“éﬂ with a vector to place X under contr%qT/Wlléﬁogendogenous
transcriptional control element. 3 2 7 MAY 2005 WD 02/ 42445 PCT/ USOL/ 44309
Fol | owi ng f?latrgfansiesigh X ey be gHpe@nsigpty R@fesseq ip wsiferpriipicA calle Byl perytiop,pr P—X

undi f f er entindk @tkerived dnd ekpressethp upiiprertisitd pouggny. OMonfmilitg egfannledyer Fiinvladerthet Gil4e and
expressed bpwmaiing fe prombiér at i6mdOGRRY trandiaflask (THRT) Mg @XaaphRSoftdra dugi ncl ude
the OCT-4 reQEtQﬁPéeﬁJY urﬁ&qorﬁrmgfﬁjﬁéam lﬁfhlsggclo&% é?;rﬁef—@siﬁdlcgtﬁygfu&@ongl'?e@a%gfpl ptase

(TERT). -I_h%he(l;eﬁ:l re%la&a‘l.rrgn& u())n o?bomxaan(p\( %{thgw gvnl{s%s !eﬂsl;[l %p grlentgxon ? the se %MA%@ {hfcont rol

of P, de scl osur uncti ona

rel ati onshlrﬁs"geW%"P%‘”lﬁ'sF‘é’BﬁII at es transcrl ption of bot h X and Y, with the

el ement s bei ng fntheiapbagimens pitthetiivestioniis stiemeelganpticalyciierqdisags to fonipik s elieaddunct | ons
i n this mamitehe strdnet R aseidadydiestatat. BE intdr@n alsb/@ovidesonlyiusiecdde Stoarm a0lel to

geneti cal | yerddchigbieCtemQel@h tisGshiit @i n @ nucleic acid with the structure P-X
as alregdy descgjhed ?om@,r bfri%%&n'l é?ﬂs arﬁ%d BhBMlﬁﬂgeas?OBQié(n%'r’&f’feﬁgtHe&’&nV‘%\Ct ors

adapted to enetl ca

enbodi ment “HfPRUTEN I AURETRY LBﬂ“ei’eg“aEd ﬁ‘é’“f‘ ﬁ‘iﬂ' ‘“ES‘fCO ?"bﬂlﬂ‘éci‘eﬁg"'%m B 'ﬁ|°%{‘Epi”Sde ”&‘ff

di f f er ent | &fuele Baiq igatequo capse|a) leasispiup uafieg fiatednrisin tad Parylalipd i diffreidnt | at ed stem
cell s that cont &iotherampndiglent pighedryentionringd reethad fer deretr undiffanegtiatel etem etisfeoagele P- Xi s
treated topGakse Sim bAs the fepiRion Brel bdnéiedipabidioatkt e dofait Nnbibeadopletat | on t o

differepti @&n%nsma‘r}gtshﬁ{ureqﬂp%lr%ﬁ&eséﬂgedt henid %V%&eh@tﬂat St BB LRt wdepl et i ng
undi ffer ent %tsseé oﬂ’ Pé@rs lF%USCEptIFIE Qon; fith:g elfecthof gr? Qﬁen’? agerq is%aceg]ur?dg %o%trol gl t he SN

popul ati on are gene elc acid { )
nol ecul e i’%‘s%tﬁ‘ﬁﬂ ?°§‘f°h§ier?eﬁtéha§faﬁli?&fhﬁ%‘eﬁ9 5 péFé‘*“’él%Pye%Hﬁ“EFé%&’}di”%%‘ fed Cﬁ”st his way,
a gene t hatthg el pestitian cangre gensticklly ajtaredwhgncihis sf "tprfidsrnwftyrl@@@@epate%fbefPre Relesr s it
suscept i bl easa wadiferedtibia) or @fich @ alteady hrecaminamtcanpmsds digg@ited cdls pl aced under contr ol
of a --200 tranggisigial 0 makel QRA luidAkreRAt@IRRAlcelk Bt be GRILERSIMPNE QRS tHe @elbe

pr eferenti %J)[Jul)ﬁtloﬁﬁr‘agr%r%ﬁ'%s 'wﬂeryﬁ%l etqfr(gge@ngf 'Xa'gnggs fﬁ@ Icéll%usc;)hﬁa tg %lh!al e@ée{s)lt” Qﬂt ion can
be genetica 1 i At ed

(before bei ﬁegnyal a(gentl gucg asfa rlg o Wodru%)%?e.n uqdnﬁz:rpated Sg?ﬂ cgls arg d%‘etmpbgaombmm tﬁom nant ly
conpri ses &'f FePERE ""&%d“‘&&ﬁ“ bg dons y qeftacioitg Cf”éf“hvé'f’ viping Fegnt l’;‘é‘fs ® it

undi f f er entfElieinstetriceIe SubieairPinyianesuy & swePnilninyhepgeE |2eaa if ﬁ@j atfﬁﬁ@v cel |
popul at 25on pusmder conditions where X is expressed. If X renders the cell
suscepti bl e t 0 hRtdagdnts@hd 1@BhAiGIesId thid Mven®X tALE BlougBge Mar dnSHIGIapuRGonScokkibigh OF
prodrug), e WNGHnf for Qﬂgyla%te%mélf]&mdqg 'a!;pﬁcat%%ﬁ‘o ARRE Bl RteP Mot QDL RY the
cells Wltm e t()ao;]‘es(ter;nage agent i's can be done by contacting the cells in
vitro with the “Rgent ¥| ssue culture, or admnistering the cells to the
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cell, or aendsfikeEed oG dBUbREHHAREO oG Bldleach BOkIWASMEIEHchiP BnghlR0anGsd b el |y, a |

stem cel | RAg.qAs. Ak b bl P& FofrB iR @edgafaquc P EBandi Sl W Bbnoffichfian one
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pr oot er %ﬁdic teli l%h%t t];\e eqemem ISR(IE d\Bd Qom a geflotyglca?y %s‘iutl?enht% fwat optE:\ Ilgg ofatﬁehe'ntlt)(f1

pol ynuct e onot e
transcri ﬁ‘f“ﬁ'b'h’s Pﬁ’”g g‘ﬁ“paﬁiﬁ °é?"F’%er ?/p'?"?°ﬁk‘é§e”§é’ﬁ‘é’”‘§’%¥9f§‘§'F W'"?fF'Hdﬁﬁ?ﬂq“ sI t is

r ecogni zdtp anreaimal v diiEpipst pesiet b eisto B a betpeolopqys pavaiElsetidn dAT “AdpaeRPUS” GiRetcans| at ed
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Techni ques For further el aboration of general techniques} dsMAvil 200 t he
practice of H&cﬁ](:ﬂ% 4gventl on, the practitioner can refer to standard
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concent r at egipdsb-GHie st&belisSand Bricds, S5ty rdbeAidibR B ha Y RANCHBY cLiBepGedy S 10
cul ture. The, gr Qp\gﬁd@d aq&qhu»amo%meu FitedhHERRG dRlhdR, transterfin, Ta, 20

Cul ; t t hout
and various n?cin canebe.rhaglceds i stenhce 5,0 g vg}ra‘ T%gcnﬁsh(gﬂgi?ﬂ af?i}g‘%enét \Ela.v: n >

mal i gnant transf i
speci al i zedf°E’3é‘I”‘I‘a§S ?Sr‘?’é'l ﬁamnﬁgﬂﬁ"w@}% ﬁ%[?eé’ﬁéw?eﬁfdl"%@@‘l g o PNFTEAN MERNYIs |

si nusoi ¢l  enddmbredt thartem adiel suigblegordiae b thispipverties ammmaarw”mte@@tepr(ec@meﬁf’or cells
(referred tderasfomiepabeid dst®itation sicead bleedylt, St Jetat di@hbryohiaissuetidken gapaci ty to

gl f}‘er en; l %%glgmaﬁbn D@h- it Gt s B8 PR CM8Sor EfaniBheki 1K 3 e ohib@dnl c@hs cells (L.E
ogl er m J.




Pat hol . 150: 591, 1997; M Alison, Current Opin. Cell Blol. 10:710, 1998;
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95: 13726, 109%avatime rEf Klis ipat Weiterptiapdiaig22. Briefly, genital ridges are rinsed
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is DVEM 450 'ﬂ gﬂ’ it & e “sg% Erg B8 0 B DL B ek BB e y"“gﬁag%"gs
qual i fi ed Ff'EVf“é offgr2yop Egﬁ‘ﬁr"ﬁ;eﬁﬁﬁl’_ °“p§ #F45t ami ne (BRL); 1 mM sodi um
pyruvate (BRL): MOOUSEETOPPSLRHE arplisharived srstspeiehem rimAne eTRESRTIHLIObRFISHYRUST y f act or
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approach, E@oéﬁ%ltel RRifféddCsaline (PBS). Embryos are harvested; placenta, membranes, and soft tissues are
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survival and limt differentiation. The passage of pPS cells in the absence
of feeders benefits frompreparing the pPS cells in snnl2 7cMﬂgt ﬂ@
Typically, enzymatic digestion is halted before cells beconme ¢ n@ tely
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production of dopa decarboxyl ase, dopami ne, or tyrosine hydroxylase.

Mar KeS  @fandchbisiki@ 8ol lERmentsiiof Blving Rdghife scREbAlde a-fet oprotein (liver
progeni tors); Tr@'cwmeugmnﬂé seéaéd'm%ﬁgm Bire el}fl&?r%s%:oﬁpamgﬁ)sscpmgLn%ggenrlaq gt ochrorme

p450 aCtIVJ rotein receptor cogen 40
st orage {f dﬂ%ﬁ'ﬁ'@ cgleynthepgpylationc1 g and y-gl utanyl t ransf erase (b| | e
epi theliun. ‘P?“e‘h%‘ %‘@h‘e reéb“ﬁ?“{“eltf“‘t"ﬁa‘la“ b FiptEdly Ve coPFiPe PRIfESAtE 318 requi res
t he tr angensérpion dransfaieot @ fungifl iga! i o differer teell, poBaires —Deng . reldiely48drhed20/00) .
Mar kexss  difele@padactein; theddtheHuEvdRen@etpd BSStiffeniae€ bdidl eSuadba MietHodisyop Sdmfarison

a- f et opr gLiedeRubtrARR Eybr.&lam SebiAB Brics | B rbatay 2By RRARLR! Bnck adtderng, | GF- 1
r ecept or is ldemﬁéﬁlvs,?ﬂn %ﬁeqe(%ures gat%fgge A)Qmotg%#ﬁag% cgﬁp gor]'gs%g"\%md)g{an Emzbe‘la

expressi on /44309 1 nc al bum n,
apoAl , ap® Nofcms (g8 0 1 Sﬁ'vlelseema? &Pt , al dol ase B, phenyl al ani ne hydr oxyI ase,
L-type fatty ’éé‘f”ﬁf"e 'B‘f’??d‘?yr?ga ¥oiF 5t°%fld\‘Fted {4504 Rceptis Viefosyestsi @) SeBTaRgieRit2 or ot ei n,
and eyt Kr FereBicT GeafrBPQficroaCieyk pre prongesd byiampliing €A fedmenipidp e caddk weldormadr i ved from
pPS cel | andcthen shdted dyetyganioZieh siidgs. Coano@@te@iFiNg piegarations Fr@inob ogipommathng, e mar ker s
they exppResationiOdon8ke inBlofd-1aldSEING whrmﬁafamem/ce.g@@b o CHEAEbRY EDNR. THe Bo

endot hel gy prsjafifthd 5 nEREAN-ORhALE! Che £ %J\}%' 2h v6ehdsnAdNGHhQNoR! ecul e)

Fl k-1, tie-1, tie-2, vascul ar en
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cadherin, MECA-32, and MEC-14.7. For snooth nuscle cells: specific nyosi n
heavy chain. For cardionyocytes: GATA-4, Nkx2.5, cardi ai ZW&I &

a-nyosin heavy chain, and ANF. For pancreatic cells, a0 i n
secretion. FSt"féat opoietic cells and their progeni tors PCRATPAHPY cpa4,
AC133, (3-mmjor globulin, and p-major globulin |like gene (3HL. 10 Certain

t i ssue- spe&ieficEingrgr R oiyen|spad P Ay wilhingseagl o56¢ GRAM PrEdUSIE inleeAian P APUEdeESe Bir t  can be
det ect ed bype transarini inatleogp coigihal mNAprepapies. The sideih tharsscérhalmt Wavgienpiacapirepddiedni st ry f or
cel | - surf ae®n braokBEIS and the RIRODINIAnELH RAN/SE Byerkifcal P@¥RANTY Ihe levedd efple¥@AoiCel |'s or

tissue sectp Qﬁb%t))r g{eﬁ’er will B BaGE! 414 8Tev @ o5 %Rl ond W haSRuERHKES Shs Sk efn bl ot
anal y5|§ odlﬁeren, H zﬂr extracts, and enzyne-1inked inmunoassay, for cellular

extracts. or secreted into the nedium The expressi on of

ti ssue- speci f| CFOQ@?\éePISPodd’hEf‘f'@"“’@'eﬁﬁ“b@(P’E"de‘Bea“cfé%”@@'tyé’a““alte’ef“ﬁ% SRS Pevel by
Nor t her n bledterasn aversi trenscrigdpte (BERIL  Sagubrce dite &itmap TERNgENy fricigding @pstrégy progvterr se

t ranscri pt aggenteis pioade@ del@O | TYiETREBS €alsoGh@kd1o VA RAdn0 OB £3T64 RCR:chUES 41 NGeron

sequence- se@rsamfnancarrarwesmao @ém%nﬁgrﬂteﬁmﬂlbicztlo&awwmm RAFS -t %eqamce dat a

for the, pa I ned from
publ | C at 'g 1po ra'ljon;f1 Wu({\%}’sasg %ﬁe gT F%f:tlem chaﬁ)i Qn%%ﬁ(a&% - elPel @gnf I’ ez) 20
Pr epari ng é’eﬁ‘ P B%qﬂ)ulsa"(”i”ﬁﬁgf 'E%?é‘ﬁfl T PP Vg Ut PR °i’"hf‘e"d Eﬁ‘?"l s In
accor dance Coibaration)- i lgmiida pleag ¢lanpdesipnaiodil @i comaining f~13R0P Pasesentiean fodh thedTERY ar e

depl et ed okncbdrlgadquaned iyavaildbielirdnf terAFot Lraéracteceh NG odB95. xpripeSSliufigietthggesng t hat | s

lethal to elksoPRThERAES SRS BEEUS I8P Bl Red@ssRn betbhal ef fect of an
ext er na" agent An'diﬂfggxemagrg%on%l ele%fent?s ;})Foﬂtggr%gdug%é lgn%‘amgr%ﬂﬁ {?qgns kﬁoﬁ%&gr 4t hat

causes the ene ated
cel I's. T2 BRI Lo D ke GoRp (O BT AP g her
bef ore or a1 88 pell sRge mdhwé%ogmw@uo £ tifiohly epresied A the eppeingRasioystiap ign the -
desired | i thealg@oténdeelistohter @pyy/indernTransangtign it dvat-repurted agthe rifriectialermgéderentigesi t abl e
for negat toemsebRain H8 os.s wayslpckifcatuant rbstitietho GRrdtisg, pribibral@ gere @AK.r Abh-10E81 a

tr anscrgopt |O@ﬂ@~i;en§9(9rted’sﬁllu is SRR IWllfrlﬂteFtQﬂbrﬁ%&bxﬁoﬁ\d and¥hBiXake Lk &l indDand is
Transcri pti,gna é;m&%é’d’\kheﬁ’ nﬁ@ c%flea’Pet ﬁduie‘ar%!}?#e're}(da{ég d\&e%ﬁ Va%d %ﬂaﬁ%qgmmg Cot“t ;0'

el enent is sel xpre rns of
undi f f er enfT8Y"&q " B'ﬁ‘ﬁdeﬁﬂnfe@f’“@i*ﬁ Paﬁ?‘@ﬂb“?&c’lﬁwg gﬂ‘?%tgﬁ% 'B'bsﬁlﬁﬂt %% on. Genes with
desi rabl e expr eSi8Y Gtapacenie! rriemenitncay e WEpadi FomegPney CRBWPUAP PR eXPrEssi on at
t he transcharaptris@n untifegenisied tellomthe ropulafian big tat gitrg ldifiérentiadd celin Rovwsandblef $SEA-@Nt  Ccel |
popul at 350NSsEA-QMR-1166 bridt Tiraed1YarcRardcRbelof Walibus typos 6liuhdirRicriakd Plrpdkent@iblysnic t he

ot her rel afseeméuy 0 eaz n@ersgpén%e H.rgwez,@& QBEAL mac;qta@%ls@m%ﬂ b&@d@!ﬂ&nem@mods of
corrpar I SOI’] rAesllra %%x Tess onrsr%glA OP{e rece%glxa%&é l(s)pn gromg%ﬁe)h l&ro?r : a%nm?acd

m croarray an
appropri at éegt%*??i??/zé‘g rig‘Efr?mtﬁ’i‘t‘?aéPﬁ"p’efsﬁ‘é'” prERBTa eﬁ]bry%snhgﬁﬁ‘%‘ise B‘FX ! pigoter has
cor r espondiPPRj Sepehe apianartRiiecivediarierplion mestshist ynditeraniisied GMOYORRSitTeeslat (Figss ol ect i on
vect or . 30A Suirehiedpl. &1:51%.e000ar ray anal ysis i s conducted using a Cenetic

M crosyst ens ar suapiig &N pdnadif lelem@3thaibe estlteAHP Andisei 6Pjexd MnSaARIPREsonMbICT 0ar r ays

are prepar %gamply b?m;!rrgyy énggslsc %ef Joﬁ&&%@&rﬁheh Be @stc.%@n @ffere?ﬁﬁéd mluhlﬁgrg'ﬁr%t and)
t hen spotteq's I ar atlgns from

two cell pSpY F [he gpr[i)roynag s%ecmcq¥ sxng 6{)tn:«m(c_stiga]r cir gn %noc%r ng Fnce from 1he ld%t/li%g Icell sper:l

while the GEReP Lo danseraep é’ga I"REE" €575 -SHH S| 9" ém%&% sec[?if)fklﬁ\'ka"“e

pr epar a$s ombeseriasenidhcirenidesedor Sigtlagiotidasre dlas plyerpitsr eneirupld oriesanrenaler edfde s and t hen
washed to akstmiediabeinBampled7 2 7 MAY 2005 WO 02/ 42445 PCTI US01/ 44309

specific binding. Any given spot on the array will bind each of the cDNA

product s |rkﬁmopmgstfgrm,,et,,,%A@@m@g&gﬁ of the transcript in the two original
TRNA prepar at! offud it ohifon) oG agpbo%nan ool WRYEL SOORNS RPROBE ate for

each of the |

Preferaffy regt°P1é9’ P &L 1 Wl P e TiBR o cal t RSt f EcPBPSHene™/ Frcthe’ Bt | east
5-fold or é‘%ﬁé?ﬁ'"@@C?'t?PfdeHﬁ‘P'@h@Tmthﬁ'S‘t'ﬁ@“ﬂﬁ@ﬁq”ﬁ@ﬂ@ﬁt| ated cells relative to the

Suitable effector genes include those that encode a peptide toxin — such as ricin, abrin, diphtheria,

with an

gelonin , Pseudomonas exotoxin A, Crotalus durissus terrificus toxin, Crotalus adamenteus toxin, Naja naja

toxin, and Naja mocambique toxin. Hughes et al., Hum. Exp. Toxicol. 15:443, 1996; Rosenblum et al., Cancer
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5 differentiated cells. For the depletion of pluripotent ?ryor ngﬁmcel l's, an
exenpl ary control elenent is the pronoter for telonerase revers

transcrip TERT), Sequence of the human TERT gene (| udj ng upstream
pr onot er sefgzﬁ' 4r‘l'?fe) is provided below. The reader is afé@ﬁgrog% red to U K
Patent GB 2321642 B (Cech et al., Geron Corporation and U. Col orado),

| nt er nat "EHaY- PEPeb- 4B01) 1988 frYerer W"@@FWB%‘%’Q’UW Mpuceqt et g Cancesdieyn 10

Cor por at P&#9)1; 199 99/ 33998 (Hagen at al., Bayer Aktiengesellschaft), and
Hori kawa, |.,Aatsugble alGatRe @kt ifdee. o medls H2fgsis LO9B) as He prraaie oiodsidnae nouse
TERT gengrofessedhONd- Sy ofprodfek, 99 e2ikd dnd cAsMREs (Favidiet & Gene TR, s, 16BN R@NMHAt I on) . A

| ambd P pag,q:ro(r\‘ll. %E&% g@s%é,g@%tl\ﬁgon@%t)aﬁ! egﬁ.rttaﬁcl mic{ﬂgzs-,]tg@ 1?0 otl%ﬁ,? ?éﬁtiapaﬂét r efam from
the hTE encodl ng sequence 1I.S avalsl abl e from t?”l? ,& under “Accessi on No.
98505. EXAfpie" & ‘i‘p?ﬁ“&sat PR Kt} BROPIPIR el T YO FIRRATBPBIRIEr sequences
( SEQ | Difigtarse) et pin AQrelerp-dfed Eieh 1684 890)-S'ipet @ Asu- Bane ARt A7 @XEhIPEE§ cont r ol

el ement te®merasersAirtgene thazagyiesing éhe hEART Qerteanmeptertdiniad tortae 4peRiess oene Peiper8f act or 4
(CCT-4), (Rucaen®des: abficanire REBCk:sbaRdoy) repbricki raauag rabigdbuir@ bysteaCbed lirBuced¥ak - 4

transgri Rlotetdni i A HEARLRAECIMELRI NG 4 iRl of8ld apshiRE6, Ui Ihe

devel opi ng r‘eas@bohé’m%r rc?mqlan'\uéen'qisé hi ghly expressed in the expandi ng bl astocyst
and then A "the pq uripo ent” cel | s of the e cylinder. Transcription is
down- r egul at edLEMERR 25 PR PR POYUE PP g-?téytémcdew@gocyﬁsc?r F&A nesoder m
and by 8Jdgvediryisirjsiget Retre. @ rere-Srming PPN @rdeds igendiefediairt dvibyicmeleaviet idlihese ger m

cel | s. Hicgh(Brapveglet 20CIDCThAodr RPpeIBB729XPPE@SS @A ., Bs J.alase@r glEserseed dTs grbur i pot ent
enbr yi@ Cakpfekd O fainas it REDH Y iheCorsida@BNdifdl gradnkyRES whidkhvé four EiAWMsibegil at ed when
Ito ?gswgt g relsﬁegnéﬁﬁsgxacnm ug ?gchﬁTQBigbih)fésTe %a?lﬁf?}sé‘?% goro%).PltLig” comi%m%@ons afr;s#eﬁia i Cgt@icg - 4V\D
015400 (EGUFARLHAr SR Bl pinios Bofllf, BTl R B0 o' b

obt ai ned fr onPHEAEDEHRIST LB RPPRLET BHndrriveididardiseitind Sa el Py 898 of

undi f f er ¢hacdliaeneitiye oah ptheriisg nenieeic gemppuidat pithr blyurtabeliently fring e celiof fy eireeging i at ed

cel | 20 Farnoexampldey inG3Hsalirug. 28haBBSkArodsny Tithaan indi@reatia@d Wieeotye S oarue

char act efyhét the préthug (@ prbRMS Thi¥PES prdruglbadibd Edrbieait i iRt whid Pt KObeirgbr yoni ¢
stem cel lyfoonf 8 EPAYITE o RHRALSH BAE 1f Ay HeNERbion OF oSG ShakBhudkaV e

e
regul at ed™ 5" EMFiISHYEPeOP SETETeR AR O P SERPF RS W TP B TRS f'A ATSRETBN enbr yos.
The rBus &f AResY wihrapyngiffesentiated ghendyeedmvehown to act as an effective transcription
mar ker for unéhefifiaar «fediar ednesdvitie tris Imipeny encste gumidied Hingse((H), g asstay &b dgrived 3D . Cur r ent
Bi ol . 11:6 dnerpdO8Hplex WHub, britldbtdiyitayy eqfivalpd aibrisll T Hse liesomvBitsSheGRIhel@ic &84 Mt ed by
anal ys! S gQrIcicl&ﬁ:f‘ Q%V)ttg ?‘l@%%’dlﬂ\tthaﬁaﬁme@@ﬁh B8ha reéli%ion uﬁ?&ﬁf@ﬂhn@ celle m croarray

anal ysi s. Repgtt c an n be .tested in.differenti d and
undi ff erenti a@éﬁd}% t%'?ctg%‘?%(gﬁof%geg%mw%ﬁ? )I O;;L{%mees %%réo(‘fllra* Ik Co,ma'ﬂ'%gl i) Hg]\l}aﬁ%pr onot er or
enhaner EBMMEHLY Fiegrip FWé"WB’e‘HTWE?ﬁ%éifS dein aepetEls | ¢S Eé‘ﬁ‘é 519?3'8390?1’& ol
transcri FETGA4EH (Gireni pesipip &or rerfiesties:defetive HecambingPlaiiqvifis. (FEYIBS € pRi%e opkityEiei N,
sec? et ed dadcioaleinrpesicB 51 ph\o gqdaeet fas@pverprggEn e aindd se@powon i gatidwt dsndase. Use
of repor teeu15cONStePesEM Al nd EPS75RT O MDEIRMe S@AEd) Bdpbss rdtbviralvdclold Shcbdiged bel ow in
Exanpl e Qn erﬁfrﬁeesra@h% vEE RS REptidehEL YidhG NepRlbeY fenSifih-@ GhibRD oA db@Rscri pti onal
regul at ory, gwas%%&%nv‘éﬂgé n p?o%{ R.g%% A6 P RC! Lh&l LY hnEmIRE AldEbarhdnked to an
encodi ng 407 egi on r a oduct” that w [ rovuﬁ_e_ ellLmnation of cells in
whi oh 1t 1EaET wd Bogoitesd G Cogrpn freg e ol coPRRRRHS Hnes e
suscept i BIETPE™ee s¥t9reEwi se i nnocuous external agent. Suitable effector
genes i ncl udeThehowe HEh#benesrgwaie isaropdep belabdSHQD Yo NQS=2 85 @lengavéh Hustrations ofabr i n,
di pht her iitayse tog&bedtlisexpresRYTEED NMASe @0 @Xdwing Axpresiod bitheu@nddhitaig@ Sals at er ri f i cus
:ox! N4o Sc@ﬁ@ﬁb%%ro@@%ﬁ%@éﬁh&lo%@%ﬁ@% toh@brﬁirdﬂﬁiato eﬁegﬁépﬁéqgi\ﬁh 1Ntk imocemt)i qlue

oxi n. Hughes i . X . et al.,
Cancer 18 2 ir%%t it rg{\néaggzg?fztﬁ%' SGIS%F}'EJngﬁJﬂhSEQ %dﬁgﬁﬁggl’:)%not her
42: 115, 188 PRSI JUEZTE A" PO SRS JBY PRl SORAER B Pt al .
Cancer Régo_antigen, a xenoantigen, or an antigen from a non-mammaliian species for which specific antibody is readily

available. Expression of the gene leads to presentation of the antigen on undifferentiated celis, which then can
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56:4311; 1996. Al so suitable are genes that induce or nedi a e apoptosis -
such as the ICE-famly of cysteine proteases, the Bcl-2 flaki M&Y %rot ei ns,
Bax, bcl Xs and caspases (Favrot et al., Gene Ther. 5:728, 1998, MG Il 5 et
al., Front. Y@B&S 2. D353, 1997; McDonnel | at al., Semi FCTESNEEY B ol .

6: 53, 1995). Another potential anti tunor agent is apoptin, a protein that

i nduces apespisessip sffeetientetiontie p euitaipeinthuneledisy seraeion t-herhegs éununeinif il pan(ifd).et er sen
at al ., Adworesxijse-ada@d caBbaiting, odGhplehbBme2@A@3is. Koga of al. (Hu. Gene Ther.

11: 1397, 2000) meﬁ)mQ%Stﬁcmgtagénpmraseerosmegﬂe&argangemraxtgeerreamd ittSdpRgiiok e hTERT

gene pr OerIhgl;lr% %éeg%l 6e t(8?@@899&g&eh&nr@?n@lﬁde%%g?zg Egb a éZIre s E@e’ h t .al

(Cancer _Res I nar novi r al

Bax 10 &xpPRedrrswisgioq oy FI*T%X 1H‘?'E1QTC "BrBhBter ST RS FOUATE “P‘?'?é‘f"““’ °f E'F Fpéf'ftced
t unor - specPPmaieragyd pyeeddp Farsgyca,tefly B “&n@l‘fere@@b‘ﬂ)ﬁﬂsﬁ@e&iﬂ“@unw vippsviken ePAcalfude i ce.
Al so of i ntredifedly inangindiferytires cefdy pes@n tausing tiichigo uytdré. GSep itkaigel RafeattPutdsptct oxi ¢ T

| ynphocyt ewob/sdssdmeR bl 5, GedetdiméRion)i@ a tidd&pton biakidRESs thdPRpIER il Jdls erbreBiHge- f or ni ng
protein, apg Fas |i gand are maj or cytol yt| c m)l ecul es | n these cells

(2" 0 5 b R0 e SO Bl s Bl o o
termed gr aH&‘i)‘?@@cmc \WI"i'PQ?h H‘&\ﬂ%m?‘% Progip f“ﬁh‘i’ef RSPy in E“b?&’? £ReEPStN 88" Kam et

al ., Bi ochiypas oBelsgrhympre tyhistiiais Stiamigd B@Anott2ODEries. ol ingu atitivet earencat In thig sase fthe

st rept ol yshdligdd wabelforejg e tHeBpeyies fiam ivbidi el steditcslls g astaanadd Brisbeipandein the spept 0Si S

( Browne et s;ﬁ&tes:w:llh@lcross%kt wnlﬁltf@:l amlgg-r%oﬁlﬁ%ﬂ 1999) Q her suitable effectors

d I I I,
reg(r:]geres @O t ngpt Alllgrﬁeﬁlve ﬁ/at}(% Q@et g?(fléen c a ch surface carrp)&t (greté §r?é>§ copn o)rgénp d!\ Bis @asg e byUt

met abol i caf"f§TeaP PRy ‘H’é°d%@|*1“2ym6‘PV°B‘§F "é?i‘&gr‘?@f’yﬁ‘aes'szef Pzi""h‘ﬁ "“i"if&?r%g'yﬁ?séﬂdr ug info
a |ethal dregeraieephadmmalan onPMegEHS Wi fhaannitnied tFtemere iddrwirigheistype onl’y
occur s wheglotrtigen peroehtigeg, of Bvehdesrdnatis defbtiaits, by artiwdyp rEgaiplaginadathdyarkeca$bh-hed wi t h
the cells ‘M‘k/vluéh 1 ERctéH LqubRl Boded inb fcereeemanetfesk nm%&@s@dﬁ'edean@fs @m‘rﬁl&g%l ned in

vitro, to mn i f henotype
e Deaor Pt or =i PLEBMCH! Sndl pGot obiste ! A TSPk Bl ey Poe 0o o

patient beifi§s ?‘F@&W@W%ﬁ (Pﬂ SGThasd the PBQ histepleop S'iﬂupsii”i‘ﬁa'llstps?ﬁ@tﬂﬂsﬂW hyipep leells.h e
treat ment, fodhiat thaerBatldg SR is the Bespoiting INE@ trardsRrafd NScdic2Batkh@ceammgence 25

of progeny syisid s@isURi AFh i@ ntﬂ@bg&h Hegngd Xxﬂ? abtdImiMdnl Qure FPBLXRIBE ¥ ly?sfsf ect or
genes Wi t h mteﬂte% bﬁgngug&éstl%t n%t@%ggc%urtln stéeclglhg{go no& h:aél tﬁe Qg:e#r?n nts aglgpejfgrﬁl

derived froma ta ul vaPent varl ant s.
The HSVtk convePt¥ pf’fﬁelee?ﬁ%g * ¥RIFEL E’:as%Fg%‘h'f‘NA' ?:{TV?E?PCEI @A ‘ec?'&% PEY'E t oxi ¢
product t ha*fanqeﬁﬁfélﬁlweﬁ%cwwd@m ROBIRS o BaiYe 'oﬁ*l\'ﬁ iha §5H G¥eh perroaeirAgcERtabss. U, S.
Pat ent 5, 6387 RBENNBAy/Heaiestr@ed (Searpeet @f GiviedPayi 18839, 9% Mianeyst a.okeh @il Bidhl2:70.ect or s
cont ai ni ng 2e0). Ho\exdnipR, a A&mY eEheinY & prarhdier @latydrilels RIpREsiIdh @f AhaPlirOHBY (@ frarkdapt

EXpresses Tc&%s:&t:ﬂg Gra&fed reﬁéﬁls 1aRen feknhe cEcﬁ‘ngébgon o & geiulagég?me 8s@;ﬁ!\rateEE‘y Z Qr%@ fkeBL
( Chi r Ong %gqlixee}llcen tht‘.us dqeﬁe?a%n% Fnhe?c Hr\g\ oﬁa& ng afdo{;_ti%\?%)q\‘ﬁ re lon ha? Been used % indyc garr yl ng a

vect or const or converfl ng an

ot her wi se F‘ﬁ%er%“ E??Wﬁbbﬁﬂﬁ\‘&%“ FB ??fft‘-‘gf’%wfe‘“sfeb? mhat G %1%97% A, EP 657540 Al
and EP 657541 AP Cf'wFm%’ﬁefsmmwa\amhploﬁyonw gpressicnivingtiprseipioa In ay endifgendatesnc odi ng’
an enzymne seldd agsl exiResiigki ERT & oleoatyelp @qbed to as@cddidy seglekalfir nagpip VS phisdr@s e,

peni ci | i npMicaibi @as@nscrdi hh€ Mg Skrd @& cBéerhe BETbIIEHEL for EDKialiON BEBxaInFlY a Bl OdT U
into anssagermscﬂfuexbr@raﬁse.oefa&araqm de! d ribosol ﬂﬁﬁ@%un@Q%NAP@hwmyrﬁéﬂgla'lﬁ@rte' ons WO

98/ 14593
HSV t k ung‘ggstrw h%%ﬁm&tg@ le@? {hE}Qr(aar\/été%rp ege |§ %' &ﬁ%}%&gt nqk%nprl si ng

enc
eenco | St Bl R o AR A = ] R yeIene
its use to eﬁzéi'ﬁijé‘t/POI‘?é‘P‘FesU“e‘J{‘ﬁP'@%?f'P@V' ‘fE'F??TaseSS*"(FﬁJ + 0 dgmidneyinge (Fslhliedg
expr essi on Goffs thah@osgpen BGRAT anélgetrvivedl thg pregenced@ agmpniegn, tas tring apithe dredign such as
ganci cl ewi rsujpemacleth bypoxtiiti@e @Ry ihyridrdBRAT hevived.f eedidusl epdiichiald odiis taenet ar get s.

Anot her tyR&no@d 1 hesobMiiontbl) Alubdi&NESHAr hedGm. Cﬁénkcney&@e%éx Qénes & 2RcEdther wi se
non-toxic ag n@‘}k &d gqn%e'?a‘? EQ%%.%Q d&ﬁe'#g@&s B SREOT &L 190, of rex HFI Qﬂse%@e“ gen on

t he cell rane. Esen fance may be an
xenoantigen, or an antigen froma non-nmanmmalian speC|es for mhlch speC|f|c
antibody is readily available. Expression of the gene | eads to presentation
of the antigen on undifferentiated cells, which then can
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19 2 7 MAY 2005 RHO 02/ 42445 PCT/ USQ /44309 be used to efi ct depl etion by
a suitabl e i munol ogi cal separation - such as i mmuncaffi ni ? M g?%ﬂﬁ

panni ng),  fluorescence-activated cell sorting, or conpl enent-nedi ated
lysis. WP 2Hé“fransducing agent is a viral vector, tHe/B{4t0%r can be a
viral gene required for replication of the virus. Essential genes for

repl i cat i Rebugotidgel albraxpiep.Lps efcadiourdauencprelopipmingry gegativp Bnalogmn iat Bk p dgpligngs .

Essent i al catalticgeaies for replication of HSV-1 include 1CP6 and | CP4. These
genes are pl agrdimtROesionGedatil Bd vedtbrs biivd iSRG i e JOFBIRE 64 as 1@RdurdBRay t 0

transduc eco&%’leh §y al ngble&ﬂrsmqé:hf fF&goﬁmeim@én% li&aﬁé-éindﬂg %ﬂﬂlalﬁgfl r(.Q:thorsT rlas%ll i irnlblyc%@ss t hen

replicate specificall any undi fferenti |1s present,  causing them
oD g i Brcichof B BV B8 o B e s S g SR OB T (o
Ger on Cor'ByF-5pdng Aymaip.of fusion giaieip fsicpetiugipf cipPripiRpraiseitcl @eleedp Gnding damaip e33p59%¢%t e i n

cel | s expnefwiongmanT BRIch ak@y e dintiesrof & Ygpre! (9fh asfafseelt orecdeipaten dceheindiodes a

menbr ane qmat eimaské braktiveenthaéiagortdbaine pHut=dlp Bgah EEQIGH dahths cddybetidken Bpeci fi C

ant i body. recLhi6 (1B HRIABEN RLQoB ofanMRY¥odP ETra eRESHaB M BR85S 8 pbiBind f&as ame

SPecl & qgtec? ﬁwrg gr'[e lethSIYQQﬁescePfsucﬁ gi le?ﬂde QJ%S %gngcleg%p t %ﬁalnlcﬁzaslé suglgzgsar-lsgaﬁ—q oI rom

anot her S@ecl es, or I1s an art !? cl al’ "sequence. TRt IS_case, the antigen
will be fHPEIZEHeES Chlendpsdesriaon PIEgHTSAITFIc N MEHEC St arrpiesds (8 ‘AP vyl ed, and
ant i bodi ebe giedpegengis afrecerialifess thedieant B gresgnt Mhigrytvidesrapdier svaiere whefgi tereliesioher

ant i gens mme krligs betell susdbiiblaltd tevcretitcis\wednyexterbadhapert éin tyie basa e liged) voaincabee a

cel | - sur f acRisteras DANY Ebhiat 1Re dafletbrd PirdirGHRa BN tinerintuiiosn éase, the effector
sequepce W | | tRNCRNQN RSN EETBNL PRV ETadoRorBR I BRIk S¥RbIHeRkSsucld aPar ti cul ar

hat oy nt AL HBRE ne s g ARG ERARR R o IO el 180 IRITRL & ort o1
xenoant | GEHEEE HEUQOTHEL-df 9 RES tet BEISBIBEI) MPhEBAYe eSS | nol ude
t he mar ketrugSSiEapcy gene firg expyghied Hndetrentielfof e T Poagiaie Tbeinend dehegnet gy site

Cor r es ponthiERgeduercosiydstboia ms fiegemsad thé e géaa ltaebe Lpd8) it3aderiptisrallcargrd of RONTPRIESENt  ON
endot pel i @dmolel. ApbtQraRiatidhBISIbaviiR RTEBIuSH a8 X8 RkncEsQieiifd IR Eendtiheh. 6ol 1WWarchidl monkeys,

formed_ Dyt 4! SG6ARY LSARTH 688 fiod il ANG NG ARG © I 0od
group ant) gens, Bresent o Iost AN, Gel LSyl in 0 L he encading sequence
is the coffespanding” A 4 AREFSF e Meueatipel s> Al CLeLT GAREE ' 571333,
J05175, afdeARdgAmeos uginge dg) e e g5neande e o RS iR B oita AtCaUsa e IH] |

suscept i bestans opng il got bprexifegped i difgyendatadichlodThisssheuiiaroidaatunyaaled nmyeoogieal | n

subj eei s edratse gtne hotagdramie seleerodeterandrasitcals.as a sel f-anti gen. 25 Anot her
possi bl e ef fector sequence is based on RNA-interference (RNA ) technol ogy.
DOUb: le'(Séeﬁeﬁfﬂﬁ’%@mﬂesB@an?irme@nﬁélf%m{éz@&éeﬁ‘sspondl Eg EO a |toort| Ont of mat Urte ”RNS\ In
a ce such gs ,a _gene transcript) caus : rge 0 be destroye
(sharp st at. el SMEaehSe by SEURRIS SR SF bl Rafindl o] 557
2000) . FofPexaifiteandiereniptedofisd cont ai ning a promoter that drives expression
of a B&irpin RNpea( ke acomplisiied inpeverakv@rs inné erepodifient, g eaptiatich s egpetisalisaleraken from

t he codi nging 2git@m with saratsedpliond! agntrqy@drent oSieza@tiatpiyicipis Shratitely linkekethe 30
sequence, effbdidgend) Rt ANGJatitn H3g1db RedlidnCiroRNAE QR @dnbdAgirds Db &misdtianded

regi on) has RPN MSEH drihihQARGR ol AREE 1ANE LRBEF: g@nQJaﬁg Mokl &Fts in C

erbod perEE G i beise bt Beont o THRGIe gfgeo dne st et a0 B! o (1 an
undi f Por eRffTeATEY xample. usipgd Ui veger BaNIngigh e ETateg STERSPEPE PO Al vel y

| i nked t oniigl deiedadl nigys Seyiirelp co ofnerrting difereptalgd FIAPPUEEYPAT thetaflidetesangngsiag t i cul ar
gene t r an®gechivp tunctioh bethdy atjedte iggirer in gvocth g@ite ing uliierggaitt degilferdntated cadd |

vi abi | i t yimatkéinBx@paeti®, a basic 35 transcription or translation factor, a
tRNA gene, a hbasaBbrelN\E A b used foulahé\ive NG sBA! ¥ITRIAFE steh Ben@ne

il USt4¢5 at Iltggd acgoth% Ey-l; i veQIFoQIJ%t b%rpregegrédvuglﬁg L,RoNAlerc' IIE%\;ail:Jan\‘/?Jschrﬂ;[or?e%ts.a Vga(?n.e in the
purine salvage pathway. 1n the esence of . dr gs such as.am nopterin, do
hovo synt FEQT CTBPMdiRidh aus ¥° Brable Arate Bt ablearHa=geet LIF PP the  enzymes
hypoxant hiVis@2ilYaYsis: @la3sHis SHHG rBEEs intrcells Y plestrepsiation. IGHIRY VPPN ©FYHEHi ne ki nase
(TK) is isuwh bi thesel.descriBed nsU.8.hetenp Bsss 8876, 4HGPRY 18 oF, 7TH308,UF, 14H.935; BA76t5Pe presence
of am nopgenpid, and 03120 BEmidNSis IR dbrduationSLipEctSriHe [Po@ne Ri-ed1e Wokh Ieidyrex ant hi ne
and thym di ne (HAT nmedium. Residual undifferentiated cells can be
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removed fromthe popul ati on by incubationwi th HAT nedium Transcripts of
essential genes such as HGPRT and TK can al so be targeted_ using other types
of effector sequences - for exanple, antisense 20 2 7 I\/AYZZZMW/42445
"PCT/ US011448092/4p@d ynucl eoti des, ribozynes, or encodi ng mEyisenae® f or '
dom nant negative anal ogs that lack a functional catalytic domain. The

ef fect or reginasyieds atbteNexthfn 8GOk FuSNEIMN BankiBYGMHbRR, £ BihaREIpROASE: UCt ed so

. as to be f i || : i i.pns between the
7 gand- bi rii g Ay e FABARY B ol By TR e RGO GiBIIE, € 1
normal functi on" PN IFECHEEME %‘?"8’{ &R PR HIPIFPTEPT PHePIR KD CRREE Sf t he

hor mone r e®BEHleMee 5 asie "TERGAH:THi RiRTIoKly TH® PrAIPH efered 9sePplephYIPBYIqgeF s

const r uet edecommpon S$inIge Zecwiponpriaingrihk edasior eroeding isengendeo rieriked @oenplsdel by the an

ef fect or deR®Ripienall ddntBLUOEMeR aABLYhdr NFtreddil dapbintCbe@bncd dnd @K op SHéCdhedSdeay SR |

mol ecul e haRhGh deforicRBqublcai tRGarged0 g8k Ny MRS Kiss. Blics @6ty 268 $s3labenpeh f ect or
dormai n. Sutliogtgebse%ctiol Qr%;e]gqf R'wﬂ.%jn' t\[v]cg eqd%péa é pos C%Ds tb&et ahlé%rr] I f{agkng &)sitiv’é%%%l%% or (such
t he estrogen recep'} or)-or. an alﬁj lboﬁy. m‘l"fglge,eig _eg% or Gorgi n can be any of the
protei ns alt'@€ady’ Aeroristeleor RUEr 'artectepionta & tegrinakeh the stopnd 'aRfbhegY™ pEbt i de

t 0Xi ns,10 enatantPTBBS eepor€ the grrihenaoaere secahivdiortergetingSetors far megifyindegrealrdencedl ver si ons
of st andard mo@s bhbr@bit Sem eid @hacii@asiesy inte@st fotholadoay rBcombinaddd G4ide 0@ icsh.be The

| et hal f ungind P Pkatents BBsskd, €84 014, BeHRop /. qui escent, unless the ligand is

present. This proviges ARUDE ¥t mism%f;o%m&mﬁﬂhé %E.&En wlBNGolENGer s the

cell susceptible to toXic effects of "an _extern ent (in thisS case the

T gand) . wAPEHer Bl CBe oo cHiTRY LB Ao OSSP RS PRSI BN of

undi f f &¢ en'fanssintiep o8¢ gege- HowevRrglthe afectorgepq ip Bot giiectly IBthalibytdenderstherggisusrertipigtp

const r uct sth§ lgthal gffsds ¢f an 4xiging agephvieen tiépistipn @l be Ebioedyohtbaéxiemal agroisd Ardviged. 5@l ect i ;0’h>
mar ker, Suedmms wigie thegebd ik Abdng cdn@sting Enayie Bthel) @Ep@tiontidebcteld Spol bisddg tha deg incont r ol

of the spegdlibnnehi@EmRiIfE the FRAIPWAYihd genls QRO taRRY hdhiefidi6h is G @Hr at i on
hT.ERT pr Onﬁgcx%%’ the ceslskin gne{r\%roﬁmeht%ini_n %@éﬂ‘k ar;(ipddi ILsscorqge%egn?l% %\s?ronh'\lgrﬂtcanggg h the
suicide eftfector and  drug resi st_%l ce gene are e Dr essed under control of
Che TERT pPBHDEEP: N HIS SHIe P LB SORLO dRETYe S = {1 Rpsese eleliaite al | ows
“bot h the i ktegjeigly %R dddlipnederlelsn Gebrrefemad @ viyh Beadmipipteliig ¢ fepropddiento #wbitck ol  of t he
hTERT 20 pandsintiereousioppesientitlly ebmpistaring bredkentdingakeagyeresant e, such as 2A sequences
(Felipe et al.,cefGapaatidtdatwhichhelBority AR bre GilldlentidR@ cah® Penbt@ally mbBditk@dccorfinf ect .

Gener at i o ande 518te8ifds! 19efitle MERrchiaRE Seil. NAkerDAME Shdlksd dopliefdl AlRMeFUCh a
con;t r lég t hn%iﬁergn%(;(!dlc%ll% c?a%% epé(ica ym\%dif’laegrac!cél Jing ¥o tﬁ)efsegr gdugg, lﬂ% tﬁeﬁ%ikéetn%%&eln ggne in the
undi fferent| ated cells. I'S S an advant age over co-transfection nethods
usi ng a ar BTFECF SPaiFere ol S it o PO i HITPRSERY 5 BRBTRE M pecause
the drug fEEPEEesHERsgRRaiofe ea fiiset oframenrisma aseridin iopp iystrioprupdierediptetrPEel | s.

Thi s shoul etlay@indn @ivraarasated Wiiaurioliog vestal in wi2d tregspenbmidpy kitdsegdnost agai nst
t he gene pimaghucrirolionthé NEARS Plomskdr.e TheaRlslafk. opiedie stetti@ntor RShE réhs@&iot, @ithkl iy m nat e
Undi f f @f enfiopbafhy C8bidcBind Rarkke Rhe béhsiHivil & 8Y Bk iRt &ges@@r! ot 1R BekRLd BRSadf

undi f fer e“{)rblé?eﬁa%g inccﬁu}u}e.s ’Whg h%ﬁéu&?&&@ NG, IS p3 6L r?%'ta)(e%'n}’mu #%8{&%&%&9 in the
undi fferentiated cells. 30 I's can aE)e acéon‘fﬁ Ished 1n se\gera ways. | n one
~ enbodi ment PPEHE 6 FEMRE 'DAE JRFEHELY BHIOD PRSP ErE HeOlRSY ARd VR n whi ch’a
“transcri pt P¥uneepsrediigns thal ReFRl preresn ¢ Hie tagsp B8 PeRDeE OkgaREioYt city i S
operatively | i need iugyatioh@herefNAeis tthereffggoneequeridachEg eplie tarecstally transiadtaddag.nwy be
transi eat (pbledtior xEngdossirudt Sondisthg @2 GE@IESV brie ISWHILR Bk @GK prof@& [tvagthé lahycint he | evel
of expr esspREphéhfticRESHRAS (rdSting N GesBilch & 16Hc bdHfein ahhlbgs sich a$ Linbidk)! Be SRF in
generat | ngWQéhftiteet{T%W ﬁr@ﬁoﬁ?j dr&%l aL enc?%%g@ﬁ 'fopﬁ@ai_ hg%gméll“sldLubQ%ﬁr{nEeer@%thxs from -

het er ol ogo e the tinme o er apy. e genetic a ation may al so
b 35 per AR [ SPELQAiEAcsr™ fE FoRST AR P PBRTEFS ORI L haat ¢ he
al t er at i on™P'EPIONHE {4 S OLYCRHF SGERY BIF: th® medMPtGoRRNRG Refht WPYEN é®I ¥, This is
sui t abl4@ f ormegernariditei(tn geladi ifrfTe nagaiitd cglise dhitereakively, iepastttionsrsid bdete with jubt tleave - an
0Ngoi NG  CAaKrA BCh iwkie chdgReieicd i odigedtirbre e pedai Aefiglaionionhe\sLitiiq cofies,ithesafihas0, t O
elimnate a@¥dldaidl difeRhRR1d 1R 18 dhdlkBLes RiH RN RAmGRk 2Ry reddi@btenfdelsSe 1 N the

popul ation. An y?eﬁ pépBIQBL a§%§e°be§i§e%iu8ﬂb u\éFeCnéc%quSSG&E‘at g el of Rkl ARL& LT al
vector systens O E)I‘ OCfUC I’lg stemcells ) .
. which indicates ahy significant retuction in the proportion of undifferentiated cells present. After the procedure
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40 altered according to this invention can be prepared using comercially
avail abl e virus conponents. Viral vectors conprising ef} es are
general ly bed in the publications referenced in W 9g@gtl on.

Al ternati \‘}sz FEJ\‘/‘ect or plasmids can be i nt roduced into %élﬁpg()?@

el ectroporatl on, oOr usin i pi d/ DNA conpl exes, such as those described in
U.S. Pat &rffleckiibe prapororngf E{%ﬁem eSS P d%fe%%byé%‘” enpih BREUineEn g 567,

6, 020, 2029t Kignept VG pifegtorachosely érmsly e yostitle tp eviefeatifigtghtiated et PEﬁUb@ﬂsebftt a8 ne 2030TM
avai | abl esdentaimiréa’ faafitelettieted Bls. 2hisfimdiidYha2:Hopuldion 824 Wi 4ontalRCE¢s WSO % 44309
Technol Ogén?ﬁnh AN RHiaBX RN, Yob RAGEHha® 1[dsHERNTZRV0 50 bansfBetd @n Reagent ,

a bl end 0 0% et hanol ,
obt ai Eab?g‘ n# unghed?ha&eﬁ ccﬂ Qe erlaangg%/OrF@J &nge(?rgcm F@rq:)gs Qerfllp%{e pﬁa@cﬂﬁe A#quﬁepennqte% n(; t he

ef f ect or ‘G Lie ¢ 1%{‘8% %Q@? Ceg%ﬁ’fpref)sl’”g%%&aJ A W&og@ﬁlﬁ's % l?yacﬁ”scrg e i onal
control ¥P€ﬁ%ﬁFEHT§UQQT4£§f'%°W§eWTER’Fh¥PF'd'7@B’T 4 pronoter. This can be effected,
for exanple, by honol ogous 5 reconbination, using a vector conprising the
ef f ect or venepithien@ies eqpience, fl anked on one si de by the transcriptional
control elenent and other upstream genom c sequence, and fl anked on the

ot her'%si de byCelyepiist Ia?é‘fa’ﬁ'i‘%;gﬁﬁ?ﬂ”@”@éﬁﬂ‘eﬁ‘id@‘*dﬂﬁra YaRely PaogBeERly JEpET U, S.

Pat ent Nosearch, dd@Wstiy 64 trerapeuly, P88kes1 53 descri be a doubl e-sel ection strategy,
in which two BReabeRceSyohHTE GgaLis/erttich detepida biindifereg@ted Edig mky can pasddt | ve

sel ecti ony réms K RodiesRELDRA REGE Y Se SHEIERLheQRerbdtdcGhenbifpedblRGRRL iR t he 3’
term nal u9ed u$ Q@m %Lﬁ ﬂ Flr’%jl %Nn@gmﬁ%% %nd thérl’ \§e |nllgmg)n%%s§ £ ar%dl% I%DI%?E?OHI’ eports t he

use of ho on tar e cell

s " PR e b e ol e ron o Rl R TBY PR Post f or
ho |ogod§m4"e@bﬁ%'|9ﬁ‘eﬁ F'e?ﬁsﬁé'?dd\ﬁ’i"ﬁ’fg’f @awowa’/’f’%'ﬁd“qswe@esa' PatETPdm™5 589, 369,
5, 776 77 ACH geregsBmEIRO Gab&| tedhtiquedievolesid ingpebapationcpemigNAcind A lirarpaars esscricsgl | | ysi s or
apopt 0si Sy ANAWRhodoldGes PO PiBbratbr Qilde\ibr lisdolao ard Epdr2le2etion R E. Bardi, itasnaiirésat ed cel | s
upon cul tu; DAl fin/oRbdeSts ARRT: KOt | RS HASY) Sanks ok CE RGBT 1 S
expec% ed L‘tvoseycéa}jusz o 19 transcrl ption of the gene However, if the effector
gene ot ??y lethal , but renders the cell suscepti ble to the |ethal
effects of an eé%(‘te@rhﬁ’&?ge'ﬁ&@ncf" PPHARS RspPea ey aBh sfFd o BE ’?)8@? 6‘6‘?‘?8‘?}9 ftil the
ext er nal "gHesHic aprdcai9povi ded. For -1 exanpl e, where the gene is a prodrug
converting enzyne, then depletion is effected upon placing the cells in an
envi r onmanly see@ntai ni ng the prodrug. Wiere the gene is an anti body target,
then ghepl et i Oprdreptia@b hrarde@thr B entioR ek NEhd loredn 8dr aRiols Mbudhbs B8NS, QRATENT

cont ai ni %le&B%Bésf deﬁld n&o Rxggb{des Q{jn]oql% IIE Z&QAV%%&HCWJ?E%%Q%‘ dié%ﬂlﬁ?&ﬁ%l r@n be a 2D

culture ves n | ust to the culture
medi um at™ 'P%‘é”‘ﬁi'%‘ tﬂ?t f@ E'BW&%'ﬁttc? 29 Fgeﬁ"ate%ffe? Sernatively or in addition,

depl eti on can"Bemp@picyipietiferepialpd s arpysed dniciprseees gt Rremeleceuraifiopul ation to

a subj ectpomotg prolifegitiomahd reaméeoansd of swolr cetissin)or@rdrh editiryy  Fod eramilles tapdiafegnaiubaionagent , i f

not abor eastyrspr @@@ndctors Gl tésted OYAdtiay thedits prsIteldth dditrert els Mg BEd deymdifng 69l | s are

di -1 er enthabiRg oA raGea8Bloldrdh b thdid BRF AN, of i bese procedures to

depf ot e dndi oG b Dol ot e Hioh Al Kl Ve R SRHERBL oM B | 01 Of

rel ativel 2 ‘E E ge %/ accordi ng
to these 6eéeédur %"ea Hy oA e e Pe Tt &dhook 1 virpidnods ip (%Megc + i s nore
typi cal tR5s@s® Ageeds FEts H197.gathE St falght 5@%&5)11@?39?\&!’?']“ of fie el [o5condifeiedi at el y
upon &xprrégmicepical dompounds gendelygnvelvee cemebining the difrsmiipted 3klle of thistitventignetithdle ef f ect  of
SOMe ext eamidite @gtd, determirdigeny dhdngsit tha inbiprdlogylidbiel fhefiogpd, bahedolip Rty ael | s gr own
in cul tung @isenat & @ﬁ&ﬁhﬂﬁ ethWbdrBould [e&phrBV it Were MECIRY or Icéls Wthed Mhitt LiEndRer pes

thym di n%o%do%)sﬁd g&regrrelatﬁlrg khgeffeHlatqr% orﬁp%& \MR[I gr]cser&Ja%han;eERT pr OITDt er The cells

?rngofgf)lr g??lnl ¥h screeinm% fn aﬁ’b’fe cgoneD ?or( exami)le e]%hﬁrabecaaﬁ the comPound is dBSI ned s} gﬂ/e .a

expr e8%i d‘ﬁa"B?"“tgl‘i@ ef{eea?ngeamvét&w@e ePecaiid compPYe i’eF é’?eéf"é‘a"e eﬁec G‘F"LWG‘?“‘emaVV\hen

di f f er enthiegtuaitiengss|sidgefigpie Tee 81 fogschrugs ¢re biiegind linespingtiandbytearrdnng v teargle a

di f f er entaditi@t sirmnaneqosor eduantally),ftodeteetpasapb eyg-dng inftedki®n ipat beyrbecappitatisneur on

Pr ecur sorg@mpods 66 S&dehdaaitiaBabrl poieidl -toxl@¥as@I & of, BN375a1 i Uik @l MBRRE incondi ti ons
that permit expression of the tk gene in the presence of ganciclcvir. As an
illustration where RNAI is the effector sequence, hES cells are stably
transfected (e.g., by 35 |lipofecti o with a construct consisting of 2
cassettes: one in which the P& pro er drives the neonycin




phosphot ransferase gene (resulting in resistance to toxic neorryci n anal ogs
such as geneticin); the other in which the hTERT pronot ‘}/ ﬁ]n

encodi ng reﬁ; 0026%8[ RNAI that contains doubl e-stranded r%l{‘%@éﬂ g HGPRT
or TK. Stably tied clones are isolated in a medi um ¢d Hi48 bot h
geneticin and azaguani ne or 6- norcaptopurine (to select for HGPRT negative
cel I's), or "PHeREEFITRCEEh S HEesh TR GeriRtherPedrtmeedn yFbhuaedyér i di ne
(to sel ect effedron TRl vizbifjiut sunvies!, eotphalppy, ] exeressiant prvielesse of prdain markess ecsertasnorcoul d be
done Wit h gragies.t iects dRBlAiug doi chromdssmalbNACHN iBaiSiem &g triegsuimg DBA ghthdstsedrefar.om t he
medi um  Af Pigihynidil oA Bid0 hedHforalidd CesSedibily 1aV inB@edibPMRS in 16 @ydle] a%soveareeevémdu;ed to
differ egt I @Plﬁreotfgr Cgllh!%, c?\%ﬁ ||sré§'lg|ftgn?\!w!h ath gfed atﬂgan%)é t?l? talg)or UIHFSQAI H{%]cgto ki ll

any residual stemc I ons ese
{echni ques-THETTRErglh Lt d?efaa%aﬁ%@r s e pE bt ese
any si gni f Pcae MelbersétPrasmaceuticat Regeaih dprdeis Rges APO7LIeT dirther egoemionat ed cells
present. After the procedure 22 2 7 NMAY 2005 WD 02/ 42445 PCT/ US01/ 44309 i s
ef fected, thepqiapertion of undifferentiated cells nay be decreased by 50%

or evengy90% Deiﬁl%@?ﬁla@@ce@é‘ofﬁrﬂqnverﬁ&%ﬁ 2o b%|u§‘e€?d?‘hss§e“r@coﬁ$ﬂfuﬁ>ﬁBPrEgeﬁé?é?&ﬁﬁ‘a it may

bgsggrs]ts: g: ff‘uma? Paq (e:nt;] llneqr\égj lﬁie daorf he ce li are Féjm d‘ns%reii rnpolgaluﬂertthap %mxtg Qiexﬂ tot gr%hto the

ffere e popul ation
as a whol €' %’E?ﬁ? igpyg gie Ia@é‘é“'ls‘ﬁ‘éen“ PER ‘fﬁte thefwicforaly,gefiqpniiaea undl fferenti at ed
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on nEF few@eieWeiniel di gl Nidire Gerlelics 17aP4, ¢497)6 A1 tkaopiures bortiitreslepwe pestivecelbrterse showed a
normal  kanyahy feiaystX BRI, 1duini bRt YidbiGgd Bl iKRErScomfiodiSedmel | s in feeder-free
culture Undifferentiated hES cells express SSEA-4, Tra-1-60, Tra-1-81,

OCT-4, and WTERT. The expression 25 of these markers decreases upon

di f f er ent assess whether the cells maintained in

f eedens free (I)ﬂlﬂddxﬁdnmm dif@énadiishaeingtshese maBddk efaggregete loh@tionekeecoppadduwat ed by

i mmunost ad.d'}.écn(ﬂfereﬁtﬁ)éﬁfe&ﬁiqaer anscriptase PCR anplification, and assay for

tel omerase aCHJr\{He a regﬁgﬁlﬁ%% éﬁécﬁquymg l%r %We@ %Frﬁes@scatnb M%#Qs ﬁ;h% \L\/eréor ti ng
( FACS) th ha ESP Idz'l?y lgbcub:img gy&qlafa'gseﬁ\?ﬁ%rl g 2%:11 ﬁ' qg%thﬁ ceds ere sc%apeQIoA lahe Hate ﬂ]h& ceﬂ% % BSA i n

r esuspende Ueltreon
eREEbat ed in

PBS. For “es0"adary2idfg” sustiaee a??ﬁ[?‘l&%?ﬂ‘ Y PEEST BFP-copainagnefir-
the pHP mavee Eased Bodi BE, inqubrdr.Lrdd MepomeyGtangast § preket wamt yserl to(fapiigte jniagpfainiagst ) , | gM

i sotype caobtgans in(dpchOn, ABSHEA-dhys (nlsusbsion, Siptedatelbodits BOpd didavek-pBGd fritla 40) and
Tra- 1- 81 ¢ubskatdO diiow @i thritr@Ferénfatibnine di l uent at 4C for 30 mn. After washing
with the diluent, cells were incubated with rat anti- nouse kappa chain
ant i bodi es conjugated with PE (Becton Di cki nson, San Jose, CA) at 4C for 30
mn. Cells
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were washed and anal yzed on FACScal i bur TM Fl ow Cyt oneter (Becton Di cki nson,
San Jose, CA) using 35 CellouestTM software. Sim |l ar t cells on

f eeders, u 89 Matrl gel (r), lamnin, fibronectin or f’%ﬁg@a V expressed
SSEA- 4, Tra- PRB3*4Ad Tra-1-81. There was very little expr SSi SSEA- 1, a
glycolipid that is not expressed by undifferentiated hES cells. For

anal ysis by i rmﬁ‘?i&'é?'fe&f’ﬁ@?ﬁ‘ adipry ephnique, isysaentien? ef Hesye 219 AR ERPYIRYSH AroRera)n @

ant i bodi es similqékhirdi g cBSWe then digcigted:bg GipratioGSEstets of -B02W)cells,Endplaled@@e glaks 40) and
Tra-1-81 ( tovBRps trehited witie Golykomitika0 Tk etlls EEMIddineBiR Cerlird conBBingrimadium, Gedefirgd wer e

t hen mashedne%,g}grm@gpsgmé:%g Is. DIVEM and fixed in 2% par af or nal dehyde for 15
mn. Af tSer was Eolellggon%otth preipar%ons we g fIBed anJ teeste!d rl])gﬁtr)n%%o%gctlv\fﬁgotr Plﬁ%)&gﬁii &nd l\?A%r umin PBS

at roomtenp for conj ugat ed
goat anti - %ﬁ%‘éc'ﬁﬁf‘?“btﬁﬂflr@‘§°"€ pd gy i a(ySi’"bWé’)e'”é@FAP WA &g ?f"‘f'ﬁ"?f 26 2 7
MAY 2005 WBeO@y aod® irP@T¢ USOL/ 44309 Cells were washed, stained with DAPI
and nounted. The staini ng was typically perfor med -2 days after passaging.
Cel | s wer e—atsoexam ned—for expression of —akati e phosphatase,—a mar ker
for undifferentiated ESTAREH 1:sCompaisonghsPSfdifereptiatien Bshedsi turing the cells on
chanmber slides, TixXing W th 4 % paganablaaediyde Tor 15 mn, and then
washing with PBS.esGetls were then | n}:ﬁhaése%% th al kal Pf?émﬁf'ﬁ’(ﬁ'gﬁﬂrét ase
substrat e ( VectsdfoSiferaiigiiomt or i es,, | ne. BLLH i ngarne, LQA)O rogm tenperature

Neuron

in the dark for 1 h. Slides were finged for 25 min In rls100%e’L\‘t51f1 nol _before
nmounting. Thegfggul ts gshowed that $SEA-4, Tra-1-60, Tra-1-81, and al kaline
phosphat ase were expressed by the hES colonies on Matrigel (r) or |amnin,
as seen for theseells @rsikpeders - ibut not hy the differentiatedicells in
bet ween the colonies. 10 Figure 1 shows OCT-4 and hTERT expression of HL )
cells on feedens and dftesubtreders, as detected by reverse-transctiptase PCR
anplification. For radi oactive reI ative quantification of individual gene
products, Quah? unRNATHAMAN inglr nat el BS | nt er nat St andar df pri ners (#Anbi on,
Austin TX, USAQ wer e | o d ac ordlg '5) #)he manuf acturer's instructions.
Briefly, the I'*lear rang&° ?tPf"l?tiorﬁ% "4 particular primef pair was
determ ned, then coarr%gmfebf ) WI t h the appr op_l;i ate m xture of al ternat el 8S
primers:co nges.
Bef ore addition of Anpli TagTM (Roche) to PCR reactions, the enzyne was
pre-i ncifbat ed wiRthagust 4ne hifizeg &6 dinep TiAreatated drdgells(bPericdViagyke)s feroeepidiandyastresytes,

manuf act ur asingeithan Bé sdg@gatedndrect diffadiadmadchnisee. RGO @@ eblives) sertvettg otdagtbgpeed on 5%
non- denat UrihangnipRddYasdhy laryad e 4@#4033% dh ineflmamineh <R RRS @d pirentaRRSphRIsRgE

screens ( Nbéoﬁ&hﬂg%ur&?é’ Bﬁdlh f?@? GOAQJ 8 1/ fb%.gﬁe |ab§ﬁ§1f§reék%A‘éﬁJ B FARRGE, }4\4 Eguba

Mol ecul ar ties were dguant ém ng

mageQuant TPERPT Geliec B HPFs U, 'ah*bé%wwg@am tec P I D ey e
r adi oacty vi%igpdenedepyeraidediicd it CEATeMATERTCYY b Pald IBaHE  reasiviyntsredivded to t he
r adi oact i viThyrefpradigrhpomane desus B} @listHae teBwmpao tdformPfi thrﬁem@waw(ﬂ plempbesfin vat i on
condi ti ons deaialnpadut dyeerh.ar markers are as follows. OCT-4: Sense (SEQ ID .

NO: 4) S - CTTGCT%M@V%%ﬁ%&w&H &vﬁ?f%fa‘m@ﬁ& eerQnME%)cells were ()

g 0 SC-eI_(C:;CAGT rentl%rgw vﬁhiolla sso%? gnd r9s %%6“? oi%thl <,=.d | es G(A\Eg;I:G
TCTGGAGEAA- %‘”SArs{'Eﬁ “gls g P ‘S% V‘ ¢ *50% B9 CTQ‘E gﬁa‘*&“m was

al t er nat el 8"”6‘8??6@‘[“F'\%@F‘E“"la“‘i'zplacﬂ”"ﬁwg’é"é h'('@ﬂbFGﬁ@“dé@@mWB‘O@mB‘@‘"%@iéed #er30 sec).
hTERT and QG&Touts, 85ghmessineyed garghegiedivm. | Thesglclituredweeredied avery etheg dayd iThey oers @ cept

Mat ri gel (r)afeivdaysod dif@éntiatisheolll iinunokitificd he Ay, Thahinder @ %poGE wes Qbiueelbls to
‘retinoic acdog']tn(g%)s &Eltl\glfmtljmin SthrQXﬁ]%m(zmg presfeﬁe@to@r@ nE;H@-tbraianemt e cell

differ eQ% I atehr&%ghac fac?or fﬁf{%}qgrr%éuoﬂ r8< aEaly %%A@re ne{.:ronslshan t% cor%rof’ @res CtJl?ureF Fi gur e 2

shows t et oner as

Sci ence 2 66”162’6?fid in neurotrophx
ln a subsequent experiment, suspensions of human ES cells were prepared from parental line H9 and

31 ng?mLS] ormed apgroxxmately 2-fold more neurons than control cultures.

two subcloned lines. The cells were harvested using collagenase 1V, and then replated onto poly-ornithine
coated glass slides in medium containing 20% FBS. The cultures were then fed every other day for 7-10 days,

30  then fixed for immunostaining. From each of these lines, a number of differentiated cells stained positively for
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1997; Weinrich el al., Nature Genetics 17:498, 1997). Al the cultures
condi tions showed positive telonerase ,| activity after %)st%z @@5
Matrigel (r), lamnin, fibronectin or collagen IV in nEF co n medi um

Exanpl e 3wolbfifsey entiation of hES cells 35 In this expafiw®RNisze
differentiation using standard net hods of aggr egate formation was conpared

with a thfclggﬁemﬁyaf:tfnqgn%{l))f%ﬁ-lID% %u?@ pﬁeﬂéﬁ% for ég)r iac tngonﬁgg%@ega@h%hg'of (feﬁjsr entiation

t echni que, nonol ayer cultures o esus an uman ines were harvested
by i ncub&fFegosT ey %f’é?‘feé?@’gﬁ&g’é'ca\t"\?”FB’FSQBCE S HFHT °4hd the cells were scraped
fromthe plate. The cel I S _were then d| SSOCI at ed and plated in non-adherent
cel | cul Exmele g 3G bt B remclin e prvpl aties 40 were placed into
a 379C i ncubator and in some |nstances a rocker was used to facilitate

mai nt &i ni ng Ef’gl'@“f“‘egdé{‘f%%"efeﬁ“a‘é"ﬂ§‘ﬂ‘&fﬁ‘§i“‘6‘ﬁd hERoplg prerg) hegvegtad ad rgpiae Si5EH 4%n

aggr egat éifigwstttiesscofidiipnse dorgiderabieeceledeph Aeseatpannt Wyomplatisgs le tepit aglistaghezer Iaﬁﬂ/v for

furt her dégaf erpiitia@atandm diffi@ehti@e. 7in MikYre OREMABR] 0&igd2ddScofPEing Us0Hidnd 48309 For the
direct didifies Bithiedtol pRiterkte §1aMdablbEooniiSdASRAS - WNBysOfat thib Bselise ARt Baarms ES cel | s

were prepay eéégeh&, sapopésngn Jhgrd.sg%ah@sw d.ﬁ%f %L?msrﬁlo 3§eswermﬁqﬁ$oaﬁo@heﬁusxﬁﬁeegx@dt ed by

triturati on US ers ass coverslips

treat ¥d fR ﬁ”“p%?sg’/dem HE £RPIFE" ineppts ugng) aI’“%”‘WéF%a'”Wl“ﬁﬁQl” geelp ﬁoegfgraﬁﬁlaﬁont ai ni ng
medi um  offetagefeinnegectivelyd iThamofitye stFnirpQordi gisthdse fa typesaanadated inspatcies Mef Wese f r om bot h
pr epar at is@ismaeagtie ddnsexBéef@sicvas asdurid adoyfatélyGORhaQ the peedehtaet of edcindell igpet Ubul in 111 and

VAP- 2, whi ¢ hln'o@er@@ﬁér@?ettﬁ‘erdel%enkage @Eeuﬂﬁ‘suth?ﬂ%:cell@@gfe ghie@dntofpbiRbrhihiheddoseaCi di €
protein (3%: éﬁ%gfw inuled Jncogfglgoarﬁetd élﬁﬁ ﬁh?sfe d@3 nﬁ:@a?%zﬂf\ﬁsls hﬁeﬁ%esgfenﬂwr e shown in

Tabl e 1. erentiation

i g RIS PRETELT BT SLPoFCoBEE R oLt BB o5 use f or
di f-ferenti at i BAvaeiPBriEsonsEs Sisyee ddyger ip gifpeeniatetby gegrpiing emisig 8odies (FRAesus | i ne)
+ + + + IREEE8exEerihRitreBLs!Is|wena 8jrvestedandireplated R4&BenbiBralBies. Athqug)initially-s marked HO  ( Human
i ne) + -“mdunttof cklOdekth(Wab omevaaf a3 (MO the ROMARNG MO torhdangyregatest EBdOwez ( Cl one of
HO) + + fratian ((RAESHPasABEhy NNERR: shfvehd sNEBbislind fofe8 Rk Bihed AL QUSRLS beari ng
mar ke£ f ?i{i ”L‘%%éﬁ S agg %uﬁlgrgEBégftefl %Neh%ystﬁ mlolr%houg/ aﬁ& gon!glrmeg e r%gtg[naeaﬂ\ %gﬁ' or direct

di fferen ion t ta aggr egat es

that contai neff ?‘?%easr‘i?ﬁg’ﬂ’f"%d%rﬂa“f"}' B%Wﬁﬁ@a'lsf(%”e@é‘%e'a'l’"rf"i‘t é”a}‘?ﬁ?fﬁ?f‘ FALE exam ned,

t he per céffr &gevsdf thagipeatratcaires cBRERS pliephgd 1rdhfr wrrse eiten eredinsr PrefitreB0 %% o 80%

Doubl e | alfebnting iftodiffe@\@desahad!isp Stoutyedusincontracking extlebret dheetvedin saidys regiopual at i on of

t he neur aesulRX Al E&REtlalde ddyBhihdhd Qmer @tHIRL rEgRSAGrdat RuntCABAdayl 10. mdekd | ON,

?Z ; (rzggsvt §§se§n,9re thah 73k ogectem?@ﬁym& rez[wng eBe!atmE%gé v&ere%mmﬁgiaauﬁﬁﬁa 1 ammt ﬁe hurran
1 VI ve u

and r hesuE\éls %gqq g?{;e mﬂg%m n{y%cggs qrg ddi&l ythe exggeglon Efl tﬁ\eI cafdjac ‘sépepf% m%rkgr cgrtilm

phenot y el 3 8xam'8"edrﬂ ‘P%Tem'ﬁ‘@? ‘?Fgu%“s@ @'ﬂ"éﬁ‘iymelhﬁ@'“%{f F“g'ﬁciua'ﬁ?”"aé’{é’\? &4 Mrenber s of
t he neur SHPBRFATUETS WER PopeeRIEd 1 Z6A3rd Ye Goakecliox aies PRI thh e ws| fisedydiee
di f f er entciimteads hen ehduaipebit dandige ol teipressivh braigrettiaes &g thedrigisab grotadraphgtp deemrdine eseedi ng
ont o pol VheQleiRériahd & RorfraadyQEbaN Qre podihve $dr LB stainldde A€ @lcbrFol WaIk RdjRbatark | Nt O
DVEM F12 nibeinghoclik¥d B ekaRMeid? Lt amingl HEthds OLulnPdM 15683, HBY conkddffg SELWBMAS
) positive immunoreactivity, while minimal immunoreactivity was observed in the non-beating cells. '
Cultures of differentiated EBs were subjected to Western blot analysis using monoclonal antibody
against cTnl. This assay gave a strong 31 kDa protein signal, corresponding to the slze of the purified native
35  human cardiac Tn . c¢Tnl was detected in differentiated human ES celis containing contracting cells but not in
undifferentiated ES cells or differentiated cuitures with no evidence of contracting cells, suggesting the specific
detection of cardiomyocytes. ‘As a control, the blot was reprobed with B-actin specific antibody, confirming the
presence of similar amounts of proteins in all samples.
In other experiments, EBs were cultured for 8 or 16 days and maintained as adherent cultures for an
40  additional 10 days. BNA was prepared from the differentiated human ES celis and semiquantitative RT-PCR.
was performed to detect the relative expression of the endoderm-specific products a;-anti-trypsin, AFP, and
albumin. Low levels of oy-anti-trypsin and AFP were detected in the undifferentiated cultures; liltle or no

albumin was detected in the same cultures. All 3 markers were detected at significantly higher levels after



renmoved from the nmedi um and replaced with 10 ng/ L human_bFG- and the growth
factor being tested. After 24 hours, bFGF was renoved & f oMY 80hedi um
These cultures were fed every other day They were fixe er 7 days of
differenti ;\;§§H42§ﬁd i mrunost ai ned for analysis. The nun‘gpeCrT/lLSP”‘Hé%’r ons was
eval uated b counting cells positive for j3-tubulin. Cultures maintained in
t he pr esenééerﬁ‘f'm'i@ Biggspien ¥ eh? prdesiT asgrs28s h@'ﬁfr'bt’l{“@itﬁ*ﬁe&"eﬁ et HE2y(eBPNE) f or ned
appr oxi mat ébdies Barf 10 Hay emoyod bopsr ons t han the control cultures. Cul tures

mai nt ai ned in neurotrophin-3 (1 ng/ rrL) formed approximately 2-fold nore
neurons t h@;‘(lamglgQ’tfré?mLfec{?dwl.laFd'{lraﬁsﬁuchohlaf hBs G n?&ﬁ‘n HERh prﬁégﬁﬁﬂ: (B4 laveéuspenSI ons of
human ES celTs were prepared from parental Tine HO and two subcloned |ines.
The cel bs wer e tEsroviest ede nsintargd 06l dat)enrdgeccdnsedan dot Ke mMvER phiab)edd 29t 0

pol y- or ni t Bk RefeddteR dGigHoPsasplembited @8h 19N ndBAbHMaGANLRE, N g g1 ke FBSam The

cultures V\@{egapqolglﬁﬁolfar%qngl}ﬁgﬁ G,Q H&@J) day for 7-10 days, 30 then fixed for
i mmuncst ai t| at ed cells

e
st ai ned pog ia{e?‘(“/eé? ?at‘fdd"r‘th a ?Q""? °f‘? SK/I&?F"? 6’@@"" \?@7 ?"ﬂgfﬁ%”eﬁﬁff‘{ygb
nmuscl e- spediEfs weragturad N darddrbBEy BN D)2 ViU d%f"é“h@@ﬁ‘iﬁ/é“‘?‘?@}"“e&tar di ac
troponin | culeyd mafs woatdetrbs volf trypel, tesuspesdediin nedl paiing any ergiatddeith psuh@diiepr ot ei n,
i ndi cati ng dbdads RECSENES wif a BREGASIIR.GEdeheFator. EXRIATRY SlidhwerdRMBRA L 480N @fs di r ect

differenti rl a(RQ e!ﬂs;%epdeg !ﬂf1f2§é?(? %éu?ﬁér ﬁu[‘ in sBrEFQrH %EF %Eq?s.{mv %dgxdpa?ﬂéllg <§ a% wlgzla&en g uce

direct different rvest

re-plated dFP&EFFYM ﬁf%x TPl Qe § %“‘H”ﬂ' RN 8fna524‘”@6ﬁ'§‘f NS GIN Wlfﬁ‘el | death
was appar erfB:09qjBeiigdImEts Rsgel-but many cel I s adhered and began to proliferate
and/ or i f f er enTeateaion Was perolnted re®kllogs. f fESrcaibirtad 0@ veb plaigs 8T wmvedivmdieni Nng

condi t i 0onS fectidd Qayer G SoliblgBBseCOND LLIAG ot O RS 0ho fRr &g Biifliet BRGNS detseh Niel uence )

wi thin 5- 1%0%&){%9 frd?htelact.hmeﬁwés agﬁﬁal%ii P re&aldédtv}r{ﬁ E §1L ﬁglPlliogxld rﬂ@éjgr Wih Q&L%QQ?&EOUS

popul ati on erent nor tochem stry
reveal ed 1(555%833 DU '%’W‘%‘/?g’% SFRPTIM R A S e A Y YE')fhﬁé @Qetagff i?@T’g}]eé[f‘ldtt?ﬁ‘ls)d?rtes

agai nst p- topna|ba Apqitional kg Jroma medstap pedecde # fina! valrer of R PletToppebeusiepsion was

Ir espectioveltjuratéfhie-1pives withva 10stlapinel. By ah edditierial 8 rgf of tstaesg hE@ [glowth ypdisn a@gpdear ed i n
pat ches t hatreRI @ the S0 BIRbeh4idR Sverd bddbdo 6HeNVEE of 6tWAIRNRE BEtevelclprewadedditdf et dhdt  t O
accuratel y n@#maér faYerstad QesBBELBH ‘?fge$w9lfof £a6h pﬁ@IvJas meesht tol eaea%rvdﬁsrof L Qi NCrease
t he percentg AQe of neurons, the hES cells were pl ated onto po y ornit hine
coated gl ass coversl |Sp and cuI tures in defined nedia gh t hese data
i ndi cate that cEffIFy ocr‘illséf'l‘”:‘rl‘B teBIRT iR 2 B RRCf d'ﬁeﬁem I?S‘Sflacé{?fbﬁyﬁenl?é elﬁré“” &heheed

Wi t hout 2% heoepstieieien % HESORISEBY, be ediievs Wit edtaginiereniaion olvstprepdesied PFger "By way of
conpar i son,folh#ES: Perirakzn WensectomGuCeEP4 ol REAE feagealt Statagenbyat ¢ @prassaienig-Lenbr yoi d
bodi es (EBsy).rusw (Fandehp sa ©Xjrepd etlyisene ESgreag | Hog-LWR e (higuiay.esbarebandadepl ated in
suspen5| ON eibthehdt @%gen)o\l_uﬁd'la@ﬂf\g'mlfb 'ﬁécﬁdol@d e's)YLn;QfeHleK%#fers@fsmHb’l;fecl@&me(}ﬁéolméa?eat h was
observed, %%Eh%‘&%%s 3oty ¢ (Lig T%f%l‘}%g.es}ﬁ ’b%afet U{L% e%( 0 esagg%rfeecﬁﬁmeeﬁoo were

mai nt ai ned e and Viabl & and
formed tany' e‘g‘f‘?%?t‘f?dl’de%ec‘é{’f"fr?é‘?"%‘ CglieP™ 26°pl ating. Later stage human EBs.

of ten showed a &§dsthecopdiiopetdognplesiamine SBATE(Pibre & fegtepraciegies gat i 3 16BBH PARYt EBs. | To
assess car diesinglomy FEEENET rteetiénari, of ESent wer.ex frapdatesf and edipto ageltat jompooomt ed

pl ates or Ghambarios RidkeSiagnafid ®fpodioflay 51 b1 4id) oS ERAME{o0Maidchol é@Sncy The EBs
attached topt la@meﬁ?rvia@%ﬁe@p b&l it AR HhNAs Wi Ahbbanal RadtEs JisLief aRthat ed into
differept ty YRGS, © Spont aneously contracting cells were observed in
vari ous regl ons _of the culture at differentiation day 8 and t he nunber of
beati ng regi ons 'PHEFEREYE MR SEBUT VL deREe o W"@’&n@eﬁs"&%g% 548k t han
75% of t herEEBSChalehTedhnatr# et heps divgd io water teBefindl vahupe c'elof o lmbf@xnmep‘héltcogl cally
simlar to smpusiipotcmeebdos e @b/ el Ieastdl 3) Gere alindd 0 WpIMEYTMEGIbcdl dat adldb-bdipn, t he
expr essi on gt fidalBurkedf @b AC TR shiitin WEBIhKEkides 86l 1@%e LigofeQRAMRIOM sdRsh ofXaM ned

at diffeg emegtg% L b Slaled FEANREKSAENSE S vl YL INA SR T a0t 0

foci in the ) ei tures werev‘g %aﬁrm recor

cont r act | ng®8F ST A HE LR * Rad' Pr @ddo &l Pypaed RSt Héh

eval uat ed fb¢DNAdipiginigere @W’ﬂ“ By fifes & b pes Heldhemia e e XRetmantseat i hegomelsx was

phot ogr aphsreihn@ediebre makdimonI4 lremirenei@si ageivafin crentufiebtinEg-cabidas nthat  wer e
positive for cTnl staining. As a control, cells adjacent to the contracting
foci were also examned for cTnl staining. In these cultures 100% of the
contracting areas showed 30



positive immnoreactivity, while mnimal inmmnoreactivity was observed in
the non-beating cells. Cultures of differentiated EBs were} Jufih ? 51 to
Western bl ot anal yS| s using nonoclonal antibody againgt clnl. Thi's"assay
gave a st PShY“3 1 kDa protein signal, corresponding to PHEUVLVIED the
purified native 35 human cardi ac Tn 1. cTnl was detected in differentiated
human ES "éeiora te bnel Kiee) B e Hymeer e mxite wivlet prihasaliicrerishlert i at ed ES
cel | s or oierfefr@rireatsitiat A/ igdiinikiure @ss adfadho mals eopiaidienséiciet mefontdtiensd medprcel | s,
suggest i rehthaeheSipL®iuht as 30l Rfdthe@Blis Qfre BAbAHIAMVORYMIreSsemide @ control, the bl ot
was reprobed yWhlRobs @9% maﬁ@emscb,ﬁu@e@u ng\QSYEac(F\QIQIfWaE MinBebli b 10y BEeNce of

simil ar %?lrg%qéﬁ\lﬂﬁlgocg l?:lasgﬂosstlcgs 80 iat Fraf’icm% ? éuGEllllQ"‘ reagee% D?\l%\ %e ge'sc?@eggy the EBs were

cul tured al ned” as an 40
addi t i ondPEslgykect PR B Aot I B?ﬁ“feﬁé‘ ”&ﬁ”ﬁ'?S@F“éﬁt I”éﬂe e pfﬂ?ﬁ"én ES cells
and ser ni‘daganthe egditipne thRTUGEERY-Dieompler -pmheidtapderddES grevth mdsism e addddie
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i ncl udi ng approxi mately 13,500 bases upstream fromthe h y Y|
sequence. AwiNall24is agment contai ni ng the hTERT pronot er maggenas® Was
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of 4 RA-pre-treated sanples presented very weak OCT-4 fﬁa‘édzﬁﬁﬂs Thus,
no det ect ghl differentiated cells survive TPAC tre | owed by
subsequen 034?4B?e of 15 wells grown in nEF-CM or WEEII@EEV{J‘QAQDI\/BO RA
pre-treatnent |eads to detection of low levels of OCT-4 in the surviving
cells. It is Rete clledpotofetshies teitidlyr &F | oot ©Apeley sif eAc @it uridiUpf er ent i at ed
st em cel |(8-5¢2-brompdudtdemxyufine (BYRYE. hidthoughed $igniiisapiaiedrépad oneoep raassess o@ETed4. Exanpl e
12: St ablwen stevov e@tdntrdtibrd @Sted; @8 tal kilrig RGs ddn&udiPAkseRQIN Thd hidiber of281s p@sehtaci | i t at e
creation eQJn aﬁ'ﬁgﬁpdn@‘entpa%ng olel\/lﬂﬁ§nogr§d‘l}&E jo@RheleY ore bigtk@GhuM t h t he hTERT

/th 9
ﬁ;gr?;[ g{j :oyde(f IV?FI@ ?Tj:))rgﬁa‘s%nefof PW&] S%Elé TQ/!C Eéﬂcgﬂ IR%RN% I%qﬁ( %ganpc!rrﬁed c}n V\B‘S

di gest ed "W ER"SEU AR NoT7oTS: '1‘%?%%%@&“ B%/P%r"ﬁ?ﬂ F‘fqijfesa?ﬂfi‘g |H§V T'? &fa‘?qTé’n The
remai ni ngregéotines. & mrredssadas th@edmﬂmnwraoweéﬁm@mmwwm HP&€neonst r uct ,
pr eceded shyplet brgigh doadagi@tidndl R wiik OCTI eRgess@quaedeieted ivallpampieent  pronoti on of
t kgene expression by pronot er sequences upstreamfromthe integration site

in thg ge@;&(ﬁ 4 bof h8deMESI A Was desi gnat ed pGRN376rmd pCRN376 -
adenovira VeCl 0

pGRN376nod- TPACH PR 'S{?ﬁ(?‘ag‘ 4“’”#%‘{‘/&%%}51 s?i%"ybvaspol yA 30
Cul t ur es SEpminpreatiqngiiaientationsf gach TeapgloRgapdghe Bi-neo captrd opei ng PBS cont ai ni ng 0.5 M
EDTA, as descVidfferentiatecelsiwere seedetidn qriwtitfastdr leducefddiaties@ goptedtrlates WINOOMEM 6- wel |

pl at es. PwepyHkiewFBE WihoatfhF@T (difreditaion ggndided)] Sultwes eercodimanasih eitdraathionn t h 2 pg
GRN37 1D Gorahishs 1oz daysDiBhsafied @ndplagéd Nind ci ARGt BGiROBM-AkRnPNOED RatwigRsf er ase,

usi N9 FUGENEED 5 30RghefiRR §L DM ARAY S NeALUM, SO AGiA00 RATL

geneticin was a r transtection to sel'ect out 'tran

cel I's, Af%Ma 29 ol erPiieees i iR ont ai ni ng medi um 103 i ndi vi dual

col oni es wer e Theiecher P SepsBiy (oY obgeted & difprentipterciuipred adined ram e T@ef hing4- wel |

pl at es, Wi3tdm-8nEe-376rb-bRe HO-&7Rip-ad) ofélek37ory-7T trlfrbra thi tnegsiotian cenrol dlayis-pGHINBan &tiuy,

i ndi vigduade HTERMRS0MER e Stfe@ekrdcOis e RBlopriad ispeyifidtOrot tirBingh @re Gk W@atganci cl ovi r
at a congghihah hrﬁﬂer&f.ate%QeuM Ten 39 27 MAY, 2105 WO 02/ 42445 PCT/ Us0O' 1/ 44309
clones were identif in which essentially all the undifferentiated cells
died within 1- 3 da s of cuI ture vv|th anC| clovir, leaving only remant
cel | s t hat@Red> e e oL e el inesi n col ony. In anot her

experi nent, t ﬁ’@’eF%P" PfEﬁé"aHfFfs WEB"‘%WCI%C{”%% Yefgietemypd Rydaw wjgnety. Gellsgrefent o

Mat ri gel (heryssied ddmechbnfRiédnt cvlierled uspph &6 e HOMA stdaindizated WilESor@gbrial amiboiiesmpsfrdlay 0; 1
m/wel |, WM ssEnd] ssonedrdredd] wan i, tdbe 4Adigs, Ndad bdpfabphiate TikochrnetBriligakn wWas
eXChangecleé%otallQ B Wiest an@@@&dexﬁ&@dn% QQer&h@ Jsﬂ lF%C@Iﬂurd‘ayAppwlatga%tyé t he

medi um Wan?atcﬂe)% neg\ét% CO%&%?}%& Vltl%i’ agsessm%n Wi%j (5&{9‘8 Q,]Q H\M?of nors ié)ea‘pcd“ mel mi‘dl um ( nmock

transfection standard
hES medi um After 4 h, the nediumwas renoved from aII wells and repl aced
with 1 ng/nL standard hES nediumw th _or w thout_ 30 pM ganciclovir. The
wel ls were exchanged "d#'tHh "’kaéréf’f‘Paﬁ@ﬂlhﬁ?ﬁe{W"PﬁtaB'FTWl"H‘ﬁut 30 pM ganci cl ovir)
on each of—Hﬁe—nexh—HweeﬂS}ays.——ie—Frgm*e——}e—rs—aﬁﬂ—efegfap%heHhe cells on
n welhPRoveis ansdué‘%d wi PEEEBNnt r ot vect*B”F”GKg%‘F’ane“l9 HEFSm ol oni es

| cHAY i'$tic HPel | 824" ansAIEd wi t h
PGRN376 Vi r ussemad then breat ed 1ooM t h genci cI ovarr (Panei B), nast or all ES
cell col oni egg@afie gone and only,differgntiated,cells rgmin. The TPAC

Tra-1-60 + 98 99 89 89 - 86 90
Tra-1-81 + 96 99 82 88 77 97
CD9 + 88 95 81 o8 91 99
AC133 + 90 81 72 78 68 4 70

*% of live cells expressing markers.
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treated wells contained 8-fold fewer cells than the control_wells. 15
Exanpl e 13: Further Characterization of Stable TPAC Enbrydri ¥A%t Zi§cCel |

Li nes TPAC }4944C| ones were derived by co-transfecti onp%_m% R/ 6mod and
p&K-neo plasm s“I'fto the --~ hES cell IlneH99rown|n condi tioned
media with basic FG-F on growth factor reduced Matrigel (r coated plates. In
one experi nent, H?‘W@”‘P@QP?SH“ 2 e HB BT 0Red c’f:ﬁ'éi’é‘*é%?d%"dp%ss‘f”i ‘i‘r@ges dFhgerires! ”l‘ﬁ\/l EDTA
prior to tredssdoerarabipie thoseuntansiested 19 geERN376m pl asmid and 0.5 pg of pGK-neo
plasmd were used for transfection of each well of a 6 well plate of ES
cell's, uSi ghnRle3é: 20liddtir@c 6 inEdhg BREJMofrébrikid dtiedmib@sed transfection

faC|I|t tor) toy, I f, Ste B &di ng, and
418 sel%ectl on \@%?%’Pﬁ}{a%ésﬁ‘%g B, ‘/%[757‘ '?3'-’76?1% %%Qx%&ﬂ%% & %4&}%[ bﬁfs§|?°st ant

ol oni 65 v BHSI R LG LS AR S JBheaSe EPTIAE oy Babeaue o0 y
Wit h pGK- nde aae peured it wprepson WK oM s 80 T dlvclopnRSr i tiract dap 2 589 Wit vi dual
col oni es welked gxplaindettd cemiregslies SndradwEDd ghod foradddivianteato wayantlitg@aern earyioGCV

SCr €eni Ng. telpfebdiBi oy befifh§ B8 bnWiditdd RO sEAed/or b WBRK AFF, mBRE-sbifid RRkd hrbigd 10

GCV- sengj tltrgpg) lg“gﬁ nd 20 partl ally GCV-sensi t|ve cl ones. Secondary
screen with 30 i ) é ] fand 4 confir R{TE G§,\/ stené ve cl ones,

i ncl udi ng t hose d&&] gsﬂ‘ﬁvts ea'eﬁ&}a Mo RSP ECC TRigjools '7'7“”0% ‘Y378 gﬁ’e ®Fol | owi ng
secondary @8sscreening, cells were expanded using 0.5 nmM EDTA into 1 arger
cul tures and ®heHs-Pas-sages2onss Age to odnkralg @ryaselryo8 Oodien (TaexsBoondBexperksent , t he
HO line (p 24) wasisi@g@ivihi ddidbih@bkelindagss Sa6) usé NBseded MisEBEAcicandn then

transfegted as bgfpf&en =i %%mﬁqm %I%gtm&%%l,§t ant co-transfected col onies were
pi cked using col %enase screen Wt days 20)

h
D nd 26) Ui Sent'F T B o ECOMEL FET AT P VBD: AT Ty
GOV-sensi tive cl grened. useld- odifin fetim:-friaprgteiaBNLbdip r (eenn Heiggted) cedipairopgein b expanded
using 0.5 mM EDTAe- 37aheed®n1ge:r80+zom doup §S306M (h egifeBrabnR) Veye ca@biel biyedratng ot andar d
col | agenase pass g BbryoiP8&RE) AR h¥atiGle8mtreWhdeRed MuddMs (It ABHAY.; o-rdsproRif )k;
confi rm{Od one GCB/m uer{1+s!’atrdla¥90p8]llnqnes (desi gnated H9-376m 6) . The GCV-sensitive
clones fromeach o experinments were subject to further selection in
culture wth G4T%376’P8 pcf'é”t%rprﬁ’*ﬁ@ P REFT (ssaf"ﬁbrl‘elnﬁs’l[‘vre BIeoR ALeFE Y P AP
HO- 376m 18 and HOdBs 6iap7besting \ieeds @ad Sbsepvess in Al rpedmanisat MyselsSnaelic Astinaty] e.
Cl ones desi gnat edeld@et37-60-112ijn +HY-; Grdi@émdpgninand HI- pGK- neo-1 were (418

resistant. 40 .Fi gard-ndol1 gbm))p ShaWs245/NS dper%bﬁsy wgé b §4ealfgh§geu%égmd ines to
ganCl cl 95\“ r (chllod{es %ea%n ar asw Ire obsew\ela\?‘w?xfpi expenmens qu)ull;ne-pa car ??pqlnq+ of GV

to determ ne | owest conc PequrTed™ 1o product eonplete

killing of undi ff”éﬁc'eﬁ&eF'%?tAé‘tﬂﬁ‘:‘S ofRpProinigt h the | east anount of toxicity.
Concentrations as low as 0.5 pMwere determned to kill undifferentiated ES
cells simlar t ohe3€uip MExddiples Mi16 khodtha lagdabthtiree amelsigm cOiRE cdn@dihgxhd tylomed® 2 7 MAY

2005 WO OZ/Mé@nPwnl.éﬁQkAa@é@Q&m JabBI biifrdrdntidityQtid @Yot @aeocwfne BROGHH bysist y of the
TPAC 1 5beS f@reaﬁtgd éll?rﬂ%rgtthegg Q%uc%mam (ah:')lm rla(n? t{&f &gb L]F'é{ rzmdgal OEQ&%XF% di ne

BV th.
gi| I I:)E)VDU co“ﬁ%leé%f’ IPise Ce"%s Gp "C'CI?"éd’ ! aég’c?f’gf"f’" ﬁ oy |aﬁ65\KM;L q’ﬁd‘f’mﬁysf”usém S?Od s e\ered )

The number BfifeeaipledESsplsalip-4 9y en at hi gh concentrations of BVDU is not
reduced to the level of the blank control. 5 To verify expression of HSV-TK
in stable TPAC ES cell lines, RT PCR was perforned on undifferentiated
cells fromH9.376m 6, HO.376m 62 and H9- pGK-neo-1 cul tures using. HSV-TK or
OCT-4 specific primers. TK expression was detected in H9-376m 6 and

H9. 376m 62 sanples and not in H9-pCK-neo sanples at high concentrations of
RNA, while OCT-4 expression was detected in all sanples. 10 Exanple 14:
Pronoter specificity for undifferentiated cells To determ ne hTERT pronoter
specificity on in the stable TPAC clones, GCV sensitivity was




determ ned after differentiation of each TPAC clone and the pGK-neo control
clone. Undifferentiated cells were seeded in growth fac @rpMpediged
Mat ri gel ( d plates with KO DVEM pl us 20% Hycl Mid hout bFGF
(differ enwoa‘fz%g%%@condi tions). Cultures were maintained i ﬁllf%?#\f%e% entiation
15 conditions for 7 days, passag%d and placed in the differentiation
conditions for additional 4 days: = o g this treatnent, cultures
contained few if any undifferentiated cells (assessed by norphol ogy). At
this point, 30 M GV Wesy added to The diflenentlaled cultures for 4 days.
There V\B.&—DG——&%D&L—Q—LMLW—-(—Q—GE&-&E&&LV—@—L—Q—BJ—EJ TRVE ] Perentiatedcultures obtai ned
fromthe THRAGpoe! | |ines B@igdafiom 6, HI- 376m 62, HRedéhr 18, or HI9-376m 77,
or from the t1r anst a?n%cliagzlnnecgs?%gteodllG | ne FJ-p en H%QACCGISI;'(%.%\F 21&1(52 the hiERI
pronoter in the ingﬁ&m e@&%né\;@.@%g)JCt has tResRpairaeh bat@ispeci ficity for
turning on the TK ggnl‘a%gguggﬂe eQa%eRQL i n undpddegsent i ated cel |l s. Exanple 15:
ES mar ker expressi %s&igas@@ggfﬁg&g et ed TPAC cel |l |ines Expression of ES

hd ATaessistias det erm ned by flow cytonetry. Cells

Ut

mar kers on st abl e {42h@s ESs5e8)
wer e 25 _har vest edinfigtigstedegifspiuesivte 1886t ures using 0.5 mM EDTA and i ncubat ed
wi th nmonocl onal anhiénkesh®s viRggien SymidhUman &Hkfx AecesSiialbeeds Tra- 1- 60,
Tra-1-81, CD9, AClB®seaat@kBappropriate fl uoPeeebnifeghcedd) NgRk éddis secondary
antibodi es. Level BF°¥RF8ssion was det er nf @ isipy Fﬁg%g%l.ilpy);TM

. . . . agner et al., Proe..Nat}. - Sci. U.S.A.
Appropriate isotype matched negative contfaqqﬂ'@“@gﬁql Vi a |<f|ty assessnment were
used to deterjr ne hp%slsieYe%thf g&n;ﬂ@peeci fil;f“ pa5 nding. Table 2: Markers on
Parental hES cell Skiép%nﬁ@pieypf " nes ﬁé’notypi c H9 H9-376m 52 H9
HI--pGK- neo HI- 376mefinokeidRequdntém 62 narker p 35 p 80+15-p 25 p 24+16 p 24+19
p 80+27 SSEM, + 92 I00pkA37 91 98 SS Neled 0 0 1-60 + 98 99
89 89 86 -90 3 3 06-99 82 88 C 819 )9 ACl133 +
90 81 72 78 68 70 of live cells expressing markers. 30 41 2 7 MAY 2005 WO
02/ 42445 PCT/ USOL/ 44309 H9-376m 6, HI9-376m 62 and HI9- pGK-neo-1 cell |ines
have expression of all tested ES markers at the |evels conparable to those
of untransfect ed woe ereynized thapbe copmogiipt a8 AreedumpprPYdes/in te deTPpe cel | lines to
under go appr opr i at endh diffctveir mbdifiad by thaseSkillldin 3¢ StwitGout defiBaBm 62, HO- 376m 77,
HO- 376m 18 and H9- pCK- Aepiitr ivekfventbresbdd h ok chifahdt foi | ity to generate cells
fromthree enbryonic germlineages. Enbryoid bodies (EBs) were established
fromeach cell line and cultured in suspension with KO DVEM and 20 %
Hycl one FBS. Following 4 day culture, EBs were plated on gel atin-coated
chanmber slides and allowed to grow for additional 8-10 days. Cultures were
scored for the presence of beating cells and stained for the presence of
p-tubulin, AFP, nuscle-specific actin and cardiac 10 troponin | positive
cells. Figure 12 shows representative fluorescence m crographs of
i mmunocytochem stry. Results were as follows. H9-376m 18 p 80+20 was abl e
to generate | arge enbryoid bodies (1 experinent). Beating areas (consistent
wi t-h cardionmyocyte-lineage cells) were observed. Miscle-Specific Actin+++;




15 a-fetoprotein +++ 9-tubulin+++; cardiac troponin | +.  HI-376m 77 p

80+16 generated only small enbryoid bodies (1 experi rrent) ng areas
were -') observed. Miscl e-Specific Actin +; a-fetoprotei n +p- féi n - (none
detected); cardiac troponin |l -. H9-376m 62 p 80+16, p 80+20, p 80+21 p

80+24 (4 experinments) were capable of generating only small enbryoid

bodi es. No beating areas were observ&dAMSlscl e- Specific Actin ++;
a-fetoprotein +;, 20 f5-tubulin +; cardiac troponin | -. H9- 376m 6 p 24+12,
p 24+13, p 24+21 (3 experinents) were able to generate |arge enbryoid

bodi es. Many beating areas were observed in all experinments. Miscle-Specific

Actin ++ 4 cafy %gﬁﬂ@f &F&"d&llsL iirffefe%‘cléfé@q}dnﬁ‘ gﬂ' A6 pl G ARGt ?;FF‘B)'déllé cifitured

HO- pCK- neo- 1 experiments) were l e to generate
| arge enbr yo?’dV’V%PW%'d”'Qé@ beB@MQ’Q?gS%iif@ﬁplﬁé&@n%flﬁ%”@ﬁW@ﬁ P¢i'32 out of 3
experinments. fi-tubulin +++; cardiac troponin | +; Miscle-Specific Actin
++++; a-fetoprotein ++. The results of Exanples 13-16 show that at [east

three of thelke diferealiatericelpopdaticn ofi syt hevhessin ke sells coptabmaineEleigraditen
t hym di ne ki Hﬁ@l‘%@ulg%ﬁmpﬁélﬁ%ﬂ?&frm&né’b ¢ ffsepptiating into cells of each of

the three germlayers ferentiated cells fromthese lines contain an
i mport ant st op- g&pF agaflpistacidsgagante encodisgmerrgfugy thatds fethal éh@ paH Bgvhie | s.

Ganci cl ovi r ﬁlfsf%eFé%@,&@rHrrgﬁdEegé‘cel 23| IWhiBS it % & %ﬂs@blsh&é%ﬁlteq lé,(th |éffe§PCh

nodi fi ed d rentiate SWIthIn-
02/ 42445 me@@stemal(mensgwENCE DATA TABLE 3: Sequences Ilsted |n thl S

D scl osure SEO f L l.an AGS

t t
GenBank Accession X’\%ﬂ% I&%&B&ﬁegéﬁgﬁﬁl\%t %gg)kltﬁtgrﬁﬁtl onalgﬁ)lgatent
Publ i cati on expseasaf irsundifferanted¢detlisase Rever se WO 00/ 46355. Transcri pt ase
(hTERT) genom c insert (residues 44-15375). The ATG translation initiation

site begins at residue 13545. 2 Herpes sinplex virus type 1 thym dine
GenBank AckeAriuwdifi@osrgiatedkprimate plndp@KBLSISBe(pEISS ccelbdantaiting @ nadleic aditt| ei ¢

Aci ds gene E@%B@Eﬁm?ﬁggg@né&ﬁé}&&%@Wh%{}gg]ner at al., Proc. Natl. Acad.

Sci. US A pés sinplex virus type 1 thym dine (supra)
ki nase and 3KBL X8 a@uablcolacmbquee har isPethtabto andl Prwhieh & i§ Axpresdedi at

Sequences) | fonbikla B8 [GRAATEZRbybALed B EBIHASHY R geg%ﬁgctgéﬁﬁgﬂéﬁ%

provided in t escrip Tt Von |ver no ose skllled
in the art vwgdmtthanddepartlng fromthe spirit of the invention enbodied in

the clainms that Igogl Q“franséﬁpt?on;l MNirdt O%8ment 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.



CLAIMS 1. A population of cells differentiated fromprimate pluripotent stem
(pPS) cells cultured ex vivo, which have been processed §q §&gl g

undi fferentiated cells. 2. The differentiated cell population of claim 1,
wherein the cells contain a nucleic acid nolecule conprising the structure
P-X, wherein: X is a nucleic acid sequence encodi ng a product that is |ethal

to a cell S nThenhrethor cell pgpidatinnegk elaimso2-6: evieeris R ic @nl OCh-Anpiosmpter oF @
expressed SusiRldr Bt Ridlerisd RiBA tRIbGtaseAfreRT ext ernal agent; and P is a
transcriptional control elenment that causes X to be preferentially

expressed in undifferentiated cells. 3. An undifferentiated primte

pluri pot emt FieeBai( BPLI Cp%'phlaﬁ&rﬁ‘b@'a’ihy"&eéed}@bﬁlrﬁ ARb&in TR s BaRORI Si NG
the structure P-X, wherein: is a nucleic acid sequence that is lethal to a
cell in whi dhman GP"Qbré‘S%fﬁPé@Téﬂ“E%rce"sr enders a cell in which it is expressed
susceptible to a lethal effect of an external agent; and Pis a

transcriptional control elenment that causes X to be preferentially
expr essed 1i nA Medhadia peervicingedpeiation of diffgreatiated Icels, ce@prisipdpul ati on of claim

2 or 3, wherein X enecodry & be&ulﬁlbn%o?ﬁé?kﬁfg uﬁdﬂﬁérenhélga’cfﬁ OfelIgBRELEAL €S

apoptosis. 5. The cell orf cell population laim 2 3, erel n X encodes
an enzyne tr@mta"&@m@hetcsa%d W@@ﬂb@oﬂwr@m@@?ﬁ)mfﬂ%‘% V@er@fﬂ Xdf atmwiclgiccel | in

whi ch X'is SsiRAce @nc@@&%‘rcﬁ}du@f th%Fls' IetIHQPt'd| AE&IPR \mlcrﬂt% ?&p’?fss‘éfﬂeére' n X

encodes a thym d| ne ki na or cell population o ains 2-
wher ei n P- X e8defA a eelr nawlkied 'tHéteépEﬂsé‘gfbﬁﬁsceﬁﬁhléé@Iaeletf!?.l' effert e eernakel |

popul ation ofqd fm "%lng‘?P?s 8. tré@%%rﬁfoﬂalpcdn%oﬁ&eﬁ@ﬁp%f‘Qﬁ%etsr% ‘B[e'p%ﬁe(F)BTNﬂéll Vi e

control el enen he ce popul ation
2- 6, wher ei reXPressedin woifferepfiatatotalle; ansk a  pronoter of tel onerase reverse

transcriptase ( tﬁwgusm#?at hﬁéf ?ﬁé Lindifr r‘éﬁﬁdted’ﬁ%fé“ﬁfﬂ gdbga atﬁ?ﬁé@ﬁf@r‘éﬁ té‘g

claim wherein the ste are uman enbryoni
nmet hod of producing a population of differentiated cells, conprising a)

provi di r‘912"" ﬁﬁehe&% aéléuﬁgﬂmfﬁﬁﬁérséd?r%r}él?\ {c{]n%sﬁﬂ IRl ed) ﬁéﬁgl(%tfo%' Wit tHaat

contain IC aC| cul e conpri'sin e structure wherein Xis a
nucl ei c aC|Qj<t@re€ilﬁ®ﬁo’e encoding a product 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

el enent t13atA ceribed okdepleting presilepaputatian lof undiffprentisted stemucedls,f Eamprisiricat ed
cells; and b i e ul ation
to different ee'?t% g&ﬁlﬂ/%g ﬁrﬁlgnur?o?f?e%rﬁﬁt%[ﬂ@df é{grﬁaéerlr?@%nék 8‘%@%&1 e t‘ﬁa{rt:ﬂse}t/ Bgntgﬂ i ni ng
the cell popuickeid enidwinplectlecompiis@gnthe ﬁg&emre PEX, vmenremw&dsm‘ nul@@beaqdwg a

cel | popul atée(a[]el%e é‘r{b% nE;eé’ &%b&ttﬁé{ i$ e?r{gl ?o% e8Il inGAHIEN ft% %ressed and P is

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

14. The method of claims 11-13, wherein X encodes a toxin, or a protein that induces or

mediates apoptosis.

15. A method of depleting a cell population of undifferentiated stem cells, comprising:
a) genetically altering undifferentiated stem cells in the population so that they
contain a nucleic acid molecule comprising the structure P—X, wherein X 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; and
b) depleting undifferentiated cells from the population by combining the cells

with the external agent.



genetically altering undifferentiated stemcells in the population so that
they contain a nucleic acid nolecule conprising the struct uﬁgﬁ@ ?Q@Nﬂer ein
X is a nucleic acid sequence encoding a product that is |é&t cell in
which it is expressed, and P is a transcriptional control elenment that
causes X to be preferentially expressed in wundifferentiated cells. 14. The
nmet hod of clains 11-13, wherein X encodes a toxin, or a protein that induces
or nedi afeeSTRP Ttlﬂb?lI SF cl%Fh 1’9‘ @BP‘PS‘ WherdRAPk %%b&ﬂasaa Fhiyn@%lt bhRAs
undlfferentlate stem ce npri si ng: a) y altering

undi f f er ent i RrEéWade @rfoswoLad Ih@ttSH@thﬁthtﬂ %ﬂ'l'fbwhtﬁbx{lﬁ&@@l‘ﬁﬁ%ﬂ contain a

nucl ei ¢ acid nol ecule conprising the structure P-X, wherein X renders a
cell inwhich it is expressed susceptible to a |ethal effect of an external
agent, antf-PThe methodohglain i1 Bt Wiasiain Xcemmodes adhymiging kingge. causes X to be
preferentially expressed in wundifferentiated cells; and b) depleting
undifferentiated cells fromthe popul ation by conbining the cells wth the
ext er nal Hyehite mgthod of ciginy 18@047, ilgeremiiee exdemebiagemt isl gaingiclovir. 12 or 15,
wherein X encodes an enzyne that converts a prodrug to a conpound that is
lethal to a cell in which X is expressed. 17. The nethod of claim 16,

wher ei n X %enthri@sthediaigleinas he-1Ri wlerein PreX is Bhdntrasiuped heteratogoummateasie. 17,
wherein the external agent is ganciclovir. 19. The nmethod of clains 11-18,
wherein P-X is an introduced heterol ogous nol ecule. 20. The net hod of

cl ai ms 11201 8Thevmatiachobclagnan 1dddogersinud isr amsodegrroyadranseiintioodl castiehent .
21. The et hgd, %;‘1 clainms 11-20, wherein the cell population is genetically
al tered such at X is transiently expressed in undifferentiated cells in
t he popul ation. 22. The nethod of clains 11-20, wherein P-X is inherited by

pr ogeny C t : I : 1 i i ated
D ogeny. T el Ot A o35 B RIRER S SLhd Rl e bosnt o
a prom)ter oﬂhatl(@l foansiendy expreesesbin undiffstentiaied sells(iMERTpopWationThe et hod of
clains 11-23, wherein the nucleic acid nolecule contains the structure

P-X-Y, wherein Y is a drug resistance gene. 25. The nmethod of clains 11-24,
wher ei n t2ie Bhemetdd of arimshdtR, ahbrejroR-X istieraritéch BB)progenysof @&fis imthe

popul ati on of o g b e SbMEL ks Pl HAIEAGE edbii to the method of any

of clains or ce population cording to any of clains
1-10 or claim 26, which is a population of neuronal cells, astrocytes,
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for human ortelmierade svergetpnscriptdser@BRT).conpri sing the cell or cell
popul ati on according to any of clains 1-10 or 26-27.

24. The method of claims 11-23, wherein the nucleic acid molecule contains the structure
P-X-Y, wherein Y is a drug resistance gene.

25. The method of claims 11-24, wherein the stem cells are human embryonic stem
(hES) cells.

26. A population of differentiated cells obtained according to the method of any of claims
11-25.

27. The cell or cell population according to any of claims 1-10 or claim 26, which is a
population of neuronal cells, astrocytes, oligodendrocytes, hepatocytes,
cardiomyocytes, osteoblasts, or their committed precursor cells.



29. Use of a prodrug in the preparation of a nedi canent for depleting
undifferentiated stemcells in a human or ani nmal body, wherein the
undi fferentiated stemcells conprise the structure P-X wfefeiqAX 785 a
nucl ei c acid sequence encoding a product that converts the prodrug to a
compound that is lethal to the undifferentiated stemcells; and Pis a
t ranscri RS ohaharowmeeviital prepatation fardumeaes ésimeal swgbey qutmrepsempmrlslyg the

expressed | odfdf b B8 SMHARE RS andl odiH URGoASEE7I Ng to cl aim 29,

wherein the prodrug I's ganci T ovir popul ati on of genetically altered
cells differentiated fromprimate pluripotent stem (pPS) cells cultured ex
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cont ai ni ng astemelleina kwnan abdniwal kodyonpri sing the structure P-X as

herei nbefore de ﬁérQﬁ%%ﬁcﬂﬁﬁeﬁﬁﬁé Bfefh &dhs Pﬁgﬁ%@fﬁ@'s‘ﬁ%muﬁé%ﬁe god of

producing a pop atron er en rate as herern escrl bed
with reference tX¥is&houcsiamgidesqueace emcnémg@cpr@q!qumt@om\regtsah@etddrtmotplﬂ ation

of undiffere M@hﬁgtﬁt% L{?Sthgﬁnéﬁi‘f&%nﬁéted BRheLdRELY € described with

reference to t
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.

31. A population of genetically altered cells differentiated from primate pluripotent stem
(pPS) cells cultured ex vivo as hereinbefore described with reference to the
Examples.

32. A pluripotent stem (pPS) cell or differentiated cell obtained therefrom containing a
nucleic acid molecule comprising the structure P-X as hereinbefore described with
reference to the Examples.

33. A method of producing a population of differentiated cells as hereinbefore described
with reference to the Examples.

34. A method of depleting a cell population of undifferentiated stem cells ex vivo as
hereinbefore described with reference to the Examples.



