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5, 750, 397 fiylenppepgs d%{P’e"é{P’“ p'“"@&‘?@f‘@?ﬁe'l?)’s'"? %eﬁg'ryetlyexplresse Igiclyeg?{s and growth of
human 'henat opol etic stem ce '%\lcmR%D\Teg gpulméNs’H CD34+, and capabl e of

differentiation into | ynphotraterythrord —and 25 nyel ononocytic |ineages.
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Considerable interest has been generated by the development of embryomc 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 .mlce 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 undlﬁerentlated
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WO 02/ 42445 PCT/ USO /44309 Devel opnent of human pl uripotent stem cell

preparations is considerably |ess advanced than work w th nouse cells.

Thonmson et al, propagated. pluripotent stemcells frgn? I 009” mates (U.S.

Patent 5,843,780; Proc. Natl. Acad. Sci. USA 92: 7844, {@3’3 and then from
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lel ement that controls expression In 40 differentiated cells. Exenplary is
the rat osteocalcin pronoter. International Patent Publication WO 99/10535
(Liu at al., Yale U) proposes a process for studying changes in gene
lexpression in stemcells. A gene




expression profile of a stemcell population Is prepared, and then conpared
a gene expression profile of differentiated cells 2 -2 7 MAY 2005 WO

02/ 42445 PCT/ USOL/ 44309 International Patent Publi CatZ'P:MAW?@&: 19469
(Braetscher et al., Biotransplant) refers to a nethod™fo i
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cul tures rg Shdfaf t ed back

r
into mce we’E§pH‘§r | % ¢ d'g'eda ""atrgrsl r%‘[1 e%ragd },10,(6.",?%% gg g%{'egct abf’ e as long as 7
weeks af t &FerFsPaRfE H'Egia%‘"ee"fgﬂe PaT ner et \{K)F Acad. Sci. USA
97: 11367, 20005y esHe- Fropdetbipdid §SAF 18I ??P‘” §°°8 ﬁ“e?‘saéf%%“““&ﬁ”? he
di fF grent ioathe diferegiietiop el 4o puren daBeEN S‘@'mﬂ‘syéfﬁi %*'a@ﬁ éifpregiater LrougAPTORPY i i t i at i ng
di f f-eT ent ibadyita@mtidnhifeaelig hereeniordpothakreséneechy/bF S5 T@RRT| egivin-ALBYE-43HEF | ESF.\RGFFe cul t ur ed
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differ gptiation pat, XE@}& neP ool 6 gQIaratL F@ulﬂ&n?% ifbrentdafi@ tef sSitalHl 16 BGiae d

d|fferent|at|on exclusively to one cell type. 20 There Is a need for new
appr oached lf“B'S‘"éérr‘ierat e popul ations of differentiated cells suitable for
human adm ni stration. SUVWARY OF THE | NVENTI ON 25 Thi § i nvention provides
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te origin, such human
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aci d_sequewse Xidratclc seid sepngr thatigelg! el In ¥hih Gl PerpPss o of feera g p BERRAE o renders
a cell 3n whies suscepiitts to 8Bhabslipnt & o5 exttma) gerelee P I adrapserirtiong! goplebglemert Pact of an
ext er nal agest X toadgetdrniaty egretsecingdiferepiatednalial The eanterting ineh Brigticalesiaithecauses X to
be pref er eghbiabibnénEdbpRH&R thkddwhdtiact fof vy emidaestiednecedelcscid blraieconnect i ng | i ne
I'n P-X indicat gg rEIQ@& toTn%descﬂ@&h@‘faﬂ&lo@kﬁm&&seaxfe&:eOX)&h ercddy £byh, d raleed,  whet her
or not the% 1Ha &es% e%iglgs phbdib, Jr%nﬂr”&éu@‘la@lhﬁﬁélrg KiREed) BEtdbnbornts 2prddfig kRA &r red to in
the desgri pfio U ot g P B} o Bl il R Blers P BHERRRes o SRICPRE A 2 OXI I,
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S Qi
o s ﬁgﬁ5‘%§nggg?dfﬁgygrxggﬁm, QU8 LSRR el BNl P T) 10 3
are pr oVi dertesosptwes aerefipally altered with a vector comprising P-X. In other embod| ems tﬁe cell or its anceslors

was genetically altered with a vector to place X under contro! of an endogenous transcriptional controt element.
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this disclosure. In certain enbodinents, P-X is an introduced heterol ogous
nol ecul e, nmeaning that the cell or Its ancestors was genetically altered
with a vector conprising P-X. In other enbodi nents thezqul Y 9 gits
ancestors was genetically altered with a vector to place ﬁ urgi r control
of an endogewouwgssmssanscri ptional control element. 3 2 FETNAM/AZ005 WO
02/ 42445 PCT/ USOL/ 44309 Fol |l owi ng transfection, X can be either
transi ent | y Fewig @ssetbn| Xicatiteckitdef tafiseny éxprbsed ingediffe@ntibter cella @ tp opuidtiert ordrX or P- X
can be | nhekintbapheRatRizAd G¥EEQ huRfhererladd Bichi MbRRhingRkRPIedsrEgeiny the BoT® | | mi ti ng
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O 0%t S o SRR b s S LSl N o2t
Y, with the "& BHERPE YU PPl n any orientation in the sequence that |inks
the functions | nAnether enbagiprriel the iprdiantipestem fR BRApIRETeres s BHRCMHANTIGHY | s a stem
cel | geneti ol thystradue@rds grepdpgesdrirgd. chninitien 2iso pgddesholynuglestidd vecipfs ptipigdie :
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|

pop_ul ation OsIr ctur F’- ?srtrgart]é[dlt %tugtgat &J sLée‘und%?ererﬁﬁJdlcellpigmyéoﬁhéti&% QR Si ng Lo
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- agent, I, pl aced, Ypqgr t&ﬂ?&aﬁ, Bbn PitreRniiald RASHE LR bd RPabd sFRPbyMuringingBaRNt  t hat
causes the gene 10 De DR GLell 8hldeiCXRIGIAGHE defouktfbid & RiQRILALEH Cells.
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Figure 3 is a half-ton€ reproduction showing expression of
transduced with retrovirus and then differentiated. hES cells were transferred to suspension culture to form:
embryoid bodies, cultured for a further 4 days, replated onto gelatin-coated slides and cultured for a week, and
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Figure 12(A) and (B) comprises black-and-white reproductions of fluorescence micrographs of
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free of acﬁ°‘ﬁ6‘ﬁ%}?‘@%ﬁ' s PF“@?T”EQPP%Z "these cells rep ortedl can be expanded
and cult ured t @t StrUCEHBFABKSECPHEHY B AFEIMETEh &Y a‘E'EH éM%fﬁ‘b? * The
| nvent i on 1¢%\AoBIe10prFEE (Hydwel # YT TG e & mMokkiamge. gPEFa Ay Porepated Y HEQR"a¥peci es.
| ncl'dded acaning t @3vBasKE bdiiting tHe el heveapie) deg @ithiisin, kagping thn cabirusrecenliyerti et es,.
donmesti ¢ gtbdidhsisedbi cdiEiBfe0 s aramaliaed i @rdose0n it rpMersvamIvEbesnit %e%ngst t he
stem cel | Smp%hﬂnttfﬁbrls ﬁatt@ﬁonﬂé‘@:elk P4(b(h’bd§ gdmﬂn‘dﬁr&ﬁallcﬁﬁslﬁﬁeﬁcumﬁd piRé @ucPéstFaitopot ent st em
(PPS) 6gl 1,50 %'&Jm\é@@ ktcanm LisB8 W 1R I0BR e fcPhel GRBIRch Offted SMCIS@E a
bl ast OCyStIt’ dioled mE@s er wéﬂ Fee e ([.e){ B 'rs%retl),p! aﬁﬂgedtﬁKgQ d@péﬁertp'lam:g‘ T@u{eblﬁngls geSt ation.
Non-lim tlrs%gacedw“ VrFST' or established |ines of

RES nfh
mb TO2 02 42 Medi d
: Ie: e e&g:‘)nlogl | s I\/é &tgnsfsf%lgultgn%?theisleﬁ cells are known an can be oﬁ |m$zetgagg_réph$g Jcc%%ﬁ@tﬁave alns‘ g‘?

several di'fFet ¥Rt Ve e ‘“5’%"”‘?%6‘1‘15"‘"5‘@” °eﬁ)ﬁ’geséeéﬁ" 3 '”B'leﬁlreﬁ%'as mé‘t’{'/é t he desired
. char act2éri@t"iid‘iﬁ'@,‘heé?ﬁtfnce%ﬁ’ie"be propagated further. Suitable sources are as
foll ows: Dul becco's nodified Eagles nmedium (DMEM), G bco # 11965-092; .

- Knockout Dedbhewsemgelsrodi fied 5 Eagl es nedi um (KO DMEM), G bco # 10829-018;
200 MM L- gl ut aminimesic demizels cat b iSBEHR Bidstocyyis H-resizent theakimateamécitd(TeeePad sol uti on,
A bco 11140+10565 Ndd-AdRI SeApsaeeidaanmdb), Hiblag)erryshicMED BES) chisieum be gr@@aifonnant basi c
fibroblgst hugﬁ%taysi eid Ring b &S aues dedchd6loyHhohdoa20a1QE.9. PatbrX 6,893]780f Yoience

serum cont %&FM&P%E&%@'MI& S8 15841 Qog¥iab fheutRENA SN didiabh 0588, 2050. KO DVEM) ,  20%
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et al., GCekinof GiePplg domplerem @ivtapaaimnRat(@ntotdreal, Poaivatormad/ @i 984 2674.1) . 15
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(G bco # 11965 Q,%Zr)le plpLQ aﬁc§§ iEnrdateh MRF #eddQerdl - 03) , and 2 nM gl utami ne.
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inportant factors that support hES cells (-4000 rads gamma Irradiation).
Six-well culture plates (such as Fal con 20 # 304) are coated by incubation
at 37Cwith 1 nL 0.5%gelatin per well overnight, and plfzeﬂd\jb 375, 000
irradi ated nEFs per well. Feeder cell |ayers are typical eg hto 4
days after pweabisgs The nediumis replaced wth fresh HEESSHBdioum | ust i
before seeding pPS cells. Conditions for culturing other stemcells are
known, and orRdicdaa caPiré RHZRGn APPEQE Ndyard eheyh EBGRMIN Eri@bdeded idr ko@nyd@hdtiont ype.

Medi a and C%ngn‘ég Qemtn@%%‘ Lﬂ&*@ﬁnti;tw mm&ctgj/ gt n@fiau@ielelectd V) Bfcrobigthie meddglicd 1 n t he
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Cells Enbryonic stem e i sol ated

|'s _can I . Ny C ] ers of
the pri mat e “PpEW & \(c%hsot?’r%‘(gﬁasfmerqtm 2p Promnst B’ g eﬁm% %f:%egs aYeéﬂ(i:eﬁ fogi\uel Zf mZJ: 7844,
1995) . HImafve@ABPEREHY BTeb PR gipERos el PR P pY ST & AT ed P om ™ a0 human
bl ast ocyst @& EIApopse oriiee MVerellgenage 630 HES GorD &Y 5o SREBIT TS E Y (U, S.
Pat ent 5, 843icwBte. Sunesireec! BLS0MNWGeels29OFmel.Curr. Top. Dev. Blot. 38:133 ff.,
1998) and Reubinoff et al, Nature Biotech. 18:399,2000. Briefly, human
bl ast ocyst s eabgonobdratared from hunman in vivo preinplantation enbryos.
Al ternatigyel y, i QmaVidohybhicfit htd) 8@ekak be\bar Mo pRGriE 36m B presetlip horan one cel |
human emnbr yg%al (r:n%g'l I Q(eneﬁg\ﬁrg-ql‘pgee Qand AR AR Yerdo. SSuRBIE prefaR@RGeEaehe al ., Hum i

R d 4. 706, 1989). t t st |
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toa 1:5  di Lusfdi QR ekbmhid radt GiFCRRIS TR Rgmi hmak feombihAf badk iBotikighsin ( See

Solter et al, C~. Nat| . i ; orridRe 38R, - tee two
further washas" Fﬁ&DﬁﬁKy/Pe)l ang'glg@? ka%ﬁ‘ (S U B AR droned ;p%&i{eéﬁffzg Qm t he

ect od cells are r
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Dul becco's PBS (wi thout cal ciumor magnesiumand with 2 nM EDTA), exposure
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col oni es by m crppigiedeh B prdphgbtbdoBind @ in@liurg Daigta coibintton &Q@ure edndiignsghele
optimal . Ebryan wrGbWikedploseiddikbhims. Enbryoni c Germ (hEG cells can be
prepared from pr ifmi{‘ioqgllﬁlpnge\’lsrgré:ﬁlkuteg oPf ﬁ)@ecmteecjerrbeln,umally fibrédlad lypdT@iseateral  t aken

about B-11 weeks af L&l L& idaPilue TRRISH iHR are RRE B8 Dear RtieB utal ir2@Rdad | ON
net hods are d?fgesér?r? fi O‘Jjgf Yanbl - % at!:r.eQ_Pr oc?arl\latl. chd. Scl. USA

05: 13726, 1988 RAEITIE a“?rzl*ae?g%?wlé“%‘ﬁté "B ef |y, genital tidgas are
rinsed with i sot oRPEISIRIFLRS cPsrshielyatagd yuppe %.gﬁ‘.%dﬁq_r’gb@ ) r@g@)l{bﬁ, lgfp'm [0.53 M
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fetal calf serum (BRL); 2 nMglutamne (BRL); 1 nmM sodium pyruvate (BRL);
1000- 2000 U nL human reconbi nant | eukem a i nhi bi tory fact or (UF, Genzyne);
1-2 ng/mM human reconbi nant basic fibroblast growth y)m&b@ﬁ

Genzyne); and 10 Mforskolin (in 10% DVBSO). In an alter roach, EG
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confl uence #‘ Fay !] 41"; bifh Ll@%e%ga lt/)o CIURF Lof e{thOda rcglls larte Qfe@ﬁlétéarhrec@nﬂo tleen used to

t pP&PE e fdrst d d
Z ﬁgng ﬁ%gﬁ“@&m Wh? u'ﬁ{"ﬁr g;spersal rl\llemnlxvely p lé(% tP %LIIL QJrl B §ag«gﬁetle!w§enaf-.r Gor-fid e|§ ::“SC erive
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ti Ssuews ar & e enmestiraeant the birsteoalf toersls 18 diemeresd A3 PHEENONFOPES spgngieels They ar e

t hen tr ansénedme endl Qusteis.cBécelAre den phac4t eensitiad of S0RPOAABAD0 esiipfsm =P RIPTRYG SPVVAH_

t rypsi n/ EDLfimiasksterfidabhe e pransyped s Afistpassagbdtg thls settinig iSsimiiar o véret is375@yvedt he t rypsi n

is 12 2 7 MAYL Q0B Q24 Aééthoibifed bigdSiol. / 4 4adhEr opion a@tckiid adnevel haniestds 5 L. DVEM

contai ni ng, 4 O% ngypn\ﬂ %re§1§EIMaQrFﬁg)ﬂuenénﬁ'ﬂet:&h?arm%ﬁaléﬁQ‘nianini50&“:851@15 med to a 15

m. - conj Cag 1tA i%ne 21 as%giqgrln %te% re Q@ f b tﬂer$ plgw Im{\@qw; QupLlibdueruder 2 mn, -
P4 maid' ?lna vo ume of 10 nL, and plated onto a

10 cm ti ssﬁ‘éPe’c':*lJI ture Iate or sk is undi st ur bed
for 24 h, aft&FSenne d‘t‘ﬁ‘éabffécﬁl‘"d’ﬁﬁh'e§ ?°§'F eﬁg'é'c?mba{ﬁ ST " Qﬁ"wpn%&ggonfl uent

!
(-2-3 d), feenpdiap Wi ggperly contaiming ysyalroRAgEntp fopaleace caf sestiyal, H?‘ig‘sgc 's°‘°"' EEfer on have .

di scover ed egskréitl minS:, endlelthsr seum OSeseH FeRIECAT IR SITR Kiath CRdPTeF SPURFRPed st at o
even  Wst huiarell Bed®Bing Talalespimaryacuss myinou fhnelists fotanotfepwitpllp cofl preRaratel)jatayr es

i ncl udes  a gsetiytoAlE 68 16'Ltine Wil Lsefild et maie sucpas KO OMEN sUpylemepier Wik 2P%ae=8m ul ar

matri x, SU(FJBla&‘u%enURM RFnLIRE vk Jiovd M BAF ST cll@értpeataent B hartehaltaarety f or m par t
of adheS| 0;3 cul e receptor-ligand couplings. A suitable preparation is
avai | abl e fTom Pe%&grnaw%&p*agpwsr%nse B chAE, c8Rod M 18I e 161 BT

extracel | ul ar n®tr] 1.HPtesze Q’i"ﬁa‘ﬁ@ Cfng” onent pm X1 F@h Al&andiichaAp!l € as an.

't er nat vemnee tEe
ol ude | are e EBH%’H‘@@P s st i 5 bt bl b sl ate, and

the |ike, abimaés dpretigidpBf sebsudh BORAPREY SRYes o "I.%’PP'Fﬁ‘%?%F% faf” ensEorrponent S
of all basabiured mrioreaats Indifejestiatopirdiarn esing nopedherert qefuisregtates d >t 'R o !S(P Byt
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The pluripotent stemcells are plated onto the substrate in a suitable
distribution and in the presence of 15 a nediumthat pronotes cell
survival, propagation, and retention of the desirable cga.ém tics.
has been found that plating densities of at |east -15 I cm?2
(typically 9@p@@&4esm 2 to 170,000 cm 2) pronote survi \Pa:Ir/(Jamd43m m t
differentiation. The passage of pPS cells in the absence of feeders
benefits frenupoeras inthg mixédpepupfoSaieeh 1 dysi Afestmecdlagedasesteandt, thelfppblasekd v,

~enzynmati ¢ dicdesh betBiedted uktdd ot idhsddgf QEsByed B ESmdIRE QRPest:a PphétaBilyMo costitaper sed
(say, -5 m ggWidh coll agenase IV). Cunps of -10-2000 cells are then plated
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Academi c_Pr&sE 1998 cDNA Li brar dﬁ% th ‘\(gon ihioe assessad il amma?ds

Humana PPess); ait®F é’f FeRACY R NEFAT §°°° Y sey. —eds 000).
Rel ativel y AB{SHEREEFEOHEr Ych e %f?fﬂﬁée EPEeuRy AP ipEe P ?ﬂﬁ“f s?htls?“%‘ﬂm?”br use in
drug screenifpeeiridet at o BipresutrocoAploPoe 8 8 dls ADrnerer- Bt EERY 1y g o

Di f f er ent i atled RS Gdblag. Bfo. 1141715 199P)y Svreasdvhtreataent MeredeTtP 8/ o5 &A™ or

factors (suedar &pansad) ane Mp®ye hedietinktion wolelerminddeby dysigsdiasigliepini devejoped pressure.

pol ynucl g0t ical@s, inj@ehn talb@bd de@dd Wik BNeribsiMAREIL iR lthe GiBRICIotn0N She(IgiUaiaricas cul ture
I condi tions QEendiRRkdRM AR Bl Chiatanspibrh. @ @ds, To4d§ aRAgaBCH RbtinGt ¢ab Be Diuated

- differenti aﬁ)? qsto% )l ;n bachlac uRdidre C@rmSMybcg@Erbrg%ns dhhdehaidiheligitas 8 dssu ir € used

to screen f ?hc ]@py to reﬁeneratf Fartpaf mu?cle l’gﬁ} llftL,Iétai s'ulﬁ%:lglin cgrglac 19rr t%n% & PHEnPls b19%l{98atnb on and

mai nt enance 0 ong-termcu

WO 90703055 ture.  For exanpl e, candi date
mat ur at i on )
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different wells, and then determ ning any phenotypic change that results,
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animal nodels for ability to repair liver damage. One such exanple is
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al., Am J. Pathol. 143:1606, 1993). Efficacy of treatnent _.can be 30

det ermi ned by i nmunohi stocheni cal staining for liver cell? daMR¥r2805

m croscopi ¢ ¢ enpinati on of whether canalicul ar struckQWusSl/#£#8Pm i n
growing tissue, and the ability of the treatnment to restore synthesis of

| i ver-specific peot@s B sekdny ave widlel sadamrmbemessevdtivenn  Tha enliaey wemy spiliby ect

adni ni st r at i ating witrd SniP-avotumL fofgdais® A8 Sdusdn il ey DREM tohad mihutespr Gl icle®et enpor ar'y
liver functigRgdik bofich B8 aSHidia 8CHL 18s hbdiBiwad 4188 HE wEICHE REREBLEIS wird @@peh
followng f L”or aﬂ‘gn@ﬁ wﬂpgglﬁatné Grnd &) LUWeﬁslon wéﬁrarl@r%d faf 1 %@Q&ﬁlca‘pfubec%u%twgcyt €s

d dels f |
E;?g?;g C? ;gOHTGiJOII mL, V{Hf;en!h%nurap X to gssgg&} e]pe ?IQO srr]al§$ﬁ§r§c§ QO&J CQIP Tﬂ?‘éellsv@g els ftor

%I‘ tissue to
or 1:

ventr) cu

becone scar P‘i”§%ﬁéde‘?/\,f’”t ¥ryiaz® °°f“?de%afeﬁﬁh?““ (RO Gl e ART eJ acf’ Ror’at. u'r g.

62: 654, 1996PrrsiFieial 20O 11170.000 Frfigrm . TRl altfhe valyedy eah weldoqmL. sy wasshipes? et at .
J. Thorac. Qaiychnotecsls werSuit g\d padsh@d 7o at 13 ODYYoain Hilfdades igfialdeedng.eat ment wi | |
reduce the area oh ddy heafiie®di seedig/Tells wers bavested wpiavelbiatestior swiere mbrkgpexpresionyar t
function4as dRteluERseRE cOeyidiE] @lnd Bheletl brftbi@| sheaific i@ nE sdﬁ(\é&iamﬁ)ﬁ‘d’opthfemur e. 40
Cardi ac i nj k) nﬁiﬁignealn e ab@«ﬁcer&ng@rﬁghléﬁ$brﬁgag@@xp@iﬁ@@éﬂﬂﬂi 1-@Rr GRiI-d1. Thasetshe di st al
port ion of trp § Ie % oeJn uﬂf eren%%%qlEQgell@Baq 18 )ﬁau(ta%é ﬁn@h@s (ﬂ-fom@h etal,, Cel |
Transpl ant. § ln b | on fe ss 3 Ittle expr &R ¥ S A- 1 a %'%Klprmﬂ¥ 18 Ebwpfg?ed(gf e%fégéh g'd by

hi st ol ogy an ?n{ ffa

b dedin this
i nvention caR B‘@'S)Lf’géﬁ'"‘?“?‘?"a'e? Fﬁa?”%f "i"'(’)°h'?'% eé"? re"alugwn J?@%ﬁ g 1'360 arrlea4n t r eat
i nsuf fi cilentindcatesthanbe pprpreien oHHese EP”S’S iPapelees o e ‘§'°’He&9‘°‘é'f‘?cf""e'?/@f5‘“§'§f"6§973) 24
2 7 NMAY 2005rewern@Rroppigsd5 PCT/ US01/ 44309 The exanples that follow are :‘“')'
provi ded by way atitufesior birseells hdvé beet aran iinoire, absave of daeder Fristior eert®e dypafipripiily  any—
limtation iddedtyalt hoGpga@nt tHage @ liraiplamchtilersspgdty or QiRnotypdd HidGANPcEiSaitarahl e 1:
Feeder - free Pass@aeeetondieod A&luh Savk B ddublhgtin@ X6dui 31BNkours, Witk ofre pemdrdiat ed hES
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T150 fl asks Q%e%ﬁﬂﬂdr%réﬁﬁeupsddm&eﬁﬂdn&h InGaerAd\sess ivkieter tidB&s adinthinedibredderdesbat i ng i n
1.5-2 L t ry&)ﬁé)xlﬂ‘sEQJﬁ%d thebﬁﬂérs B wah Qivatdd W |Hmunﬁatnﬁ§ vt tahdripakd et s
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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 size of the purified native

95  humancardiac Tnl. cTnl was detected in differentiated human ES cells containing contracting cells but not in
undifferentiated ES cells or differentiated cultures with no evidence of contracting cells, suggesting the specific

detection of cardiomyocytes. As a control, the blot was reprobed with f-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. RNA was prepared from the differentiated human ES celis and semiguantitative RT-PCR

was performed to detect the relative expression of the endoderm-specific products oy-anti-rypsin, AFP, and

albumin. Low levels of oq-anti-trypsin and AFP were detected in the undifferentiated cultures; little or no

albumin was detected in the same cultures. All 3 markers were detected at significantly higher levels after
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The vector 20 AJS5CW5-GFP (referred to here as AA5GFP) contains the green
fl uorescent protein encoding region under control of &%Y 5prom)ter, and
was purchased from Quantum Bi ot echnol ogi es, cat # AD‘z X venty- two
hours bef om® temasssducti on, hES cells were seeded ont oPGIASNEHIO pl at es t hat
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cel l's were pleitwed expddticd usihd o.5v8M EDTpInala@e ciitdresamifeh pregated wiing Follaggnagg. 6 wel | pl at e
split intg 24 WeldsScomfexgindf, tiHsline[l AL v} agali? ditidlly dagsbusing GDMBERTA| dngtheper e

re- ]f eg Wit E Rl edMls SO, @ Bla18 FebidiR co- A Geciod\oiBRfbs Gﬁre &kﬁghrngmas?ld#vs]c Weﬁe\
re-fed wt um su L B dcQkentiflEcidneam ioR@@fayof  t he
experi ment. Hz%'mﬂf_?cg?rpv@" %gﬁ s%t“g@”%!@ %"La%ﬁﬁ:% i Qx@%eﬂsinﬂ\@% el InloSargder €

| nf ect ed wi t AC\CEAREPE%T F&HMWWHP gff.'een.mg'lf%fjr_ hiatter addit] of o8l e viral
vect or, medi eHiisRa gl atgetie Fesrerd fRRPe e et R e pF L RA" G ‘”Ifﬂdéb Whete

appr opr i atse) 57) eofireed ge GL6 septivesionee EBPRREYH GBI UM suppl emented with 20 .tM
ganci cl ovi r ( GCV)The @lstrsitive gopprdom ekt @ hESERrresmens werg sibiag 'ofiitbeh seife itf"&ont ai ni ng
| GCV dai |y f owith3e4akaySdete@me thaiy stabiiaf Cletes tidgignatec HE-378r-1 ormd ¢if-3763F7 shoged\I{¥® 2005 WD
02/ 42445 PCThsibe/ thhald Qot stiBBV Clokee dsigread Ho-3naael,S1ovWesmes, na Hyplitnedd! wareB4fhal yzed
by flow cytopgiify to assess changes in total cell nunber. Additional wells
were used,in an gffant adpPsnbidlstnshiv ok staBiB Yead IRBERD Geindk@pvitiBOV)f E@h edtileated st em

i cel l S the msexplosléI oé%creasing amount of GCV to determine lowest concentration of GCV required to-produce complete .
kiling of undifferentiated ES cells with the least amount of toxicity. Concentrations as low as 0.5 uM were

determined to kil undifferentiated ES cells similar to 30 uM, but with a significantly lower toxicity.



these wells was changed to nEF-CM (w thout RA, DVMBO, or GCV). Cells were
refed wwth nEF-CM every day for 7 days, then harvested for isolation of
RNA. These sanples were anal yzed by quantitative RT- PCI? ﬁytf@g 5
expression of hTERT and OCT-4. Figure 9 shows that the cell nunbe

decr eased WPWY#4FPAC treatment. After 7 days of drug PCpHERAEE ment fol | owed
by TPAC plus GCV, all wells contained simlar cell nunbers. During the
attenpt to cul tigee 11 ohbtoslurshany i Rpiigt eoh el Fac  Inkre toveh | dffelsmc amdaconf | uent

Wi t h hi ghlis}-sghidohun@yd-dealy@ianePYDB AT AtHagyh @ @hliBant de0easdionctelfl do@rs end dbatverd hES cel | s
were obVi Qisal BV dofcet@BbsAdsidh, BE cef Rinh RasthBi@bualatseRee Ahddu@el of i preknti t h RA wer e
di sti nct Je%nbtmlg@ug&%&m%vm O Ll 15 5 1hdl oftheloBRlconRsi e~ t reat ed wi th

dul t t I
EI Eg\l\g r sg;?]‘e | I Ovenla E)ngetssm of@l |§ gtaln III};FKE lﬁ,mgs BT %Q‘ms %a@@orﬁ\r}?nés IC Z s
e

fromthe ”H@Jﬁewdoﬁe"slﬂ%d? ?715@81"3876%8? ¥"§ "Hﬁ "989\§ﬁt"es ‘F'"%I*é Z4 “expr essi on,
whi | e 2 oueeciffprimersRAS pxpressipwasdelseed 4PrPEE and Hp-JEE AT BEP'S) 81 REFRCKAST- 4 PCR
product s. s3itplesat ighgordetraions altiNG winORTH xpreesier Wag Batagtetied!|samrgyyr vi ve TPAC t r eat ment
foll owed by subsequent culture of 15 wells grown in nEF-CM or nEF-CM pl us
DVSO. RA ph@mk hLaln@dtpetiviatsuntivredadieat i on of |ow | evels of OCT-4 in the
surviving cel |l f gdetmide ST prérlodpecdie b Bl inet Sdos RS dod&! sc\pengiigtvence of

undi ffere%xbrﬁ%&i@ﬁé&r@mtﬁﬁk&%:;meccl&@hlﬁthh%knQJconnalréQrteher cell type that
EXpresses OCT- dlﬁ?renpate céﬁs \3@29 see%gd%pgljo@th %at:t&rrgd&gd &atr’gél@&ﬁe%ﬂg @‘h Rb BQENt he TPAC

nP |1
;F?Zf, I'egC\tM pﬂuﬁ 20{?}'3‘“??‘"%'&0“‘ bﬁ%l—célﬁe[e{mﬁtlon coaJltlons) E‘Zgl‘u%s eQJ Jnalrltglngllq? du@%ﬂnﬁkrﬁa gﬁ’l dy

PGRN378° ( ERifsr & 79’73’3'\R/&S§39FP(5’6‘§ Haped g g %ﬂeﬁ@f“é‘? @n%ns?a ' ad?“"’f'anfotays l(':OEO(\')\"\'/' tklsus sequence.
The ' Pl asrtietmanasiute guspedilisprn el il (Risteser &Y pogreiegRed By Bt i ng and
re-ligati oty widreden @ fmaiiferengted@icedfer4 degnt ai ned the hTERT pronoter/thym di ne

Ki nase const 1 Utdere wiy @ G@siRal 1OFCohenet hangeiiatep tutoes obkimd kimiy Tseqdiénte to

prevent  piGREALe, Rb7éx-c2l HoGRna s, 8HEERS B1; 6 florle ipfsREB cEiiro Sre G eRSThUsSt r eam from

the i ”E@grt??et i pﬁ:'thE‘r i tFe. hebYRred BROEhes T \Bpropaae 3B loPdniMEs Tk wadr desi gnat ed
pCRN376nod EC;R%I%& ecfm,ag&;%&ow ral TPAC vector pTERT SV40 Ad5 TRM 216 bp HSV

TK pol yA AC plasm d vector pTERT SV40 TAM 216 by HSV TK '

pol yA 30 é).xl cel LrpAI:!:eW were split 1:4 using PBS
cont-ai nin

i o [ | nd, .8l %gqyldg fwgrgder free
culture in 6- wEPEsSHT %{Fég‘afke‘f\x}éﬁ% 8 oL AT Was?‘?é'm'"e Py {41 gd'3 I°

cot r angf echtapepted fgm W"‘Ee"b@‘"‘ﬁ%l@"ﬂé’r?ﬂﬂ' %Tﬁgnddnc%ba' ‘"“('3fm°"°°l ']a‘ m'b°d(§s agﬁ"ns

neonyci n phospBFrrafEidr Agd-60. J5iy PBCENEST VS 2B3PaS ‘é@?ﬁ?"]eﬁ‘é‘ﬂge‘ﬁﬁove Medi um
~ cont ai ni ngseR0@ry pgtbeies. g bevetd epmrssiiawes deleraickd 48nahFAZEFav ™t r ARSTER ISPBR to sel ect

i out transhesés@ebawedohsls anBlistaily asfessinent ekpruseditogetermingthd leyd! plrenspreiiibingiitg medi um 103
i ndi vidual colonies were picked fromthe wells and individually plated in

- 24-wel | pl atess—which—were themexpanded by curtuaring 1or -/ days. Ninety

i ndi vi dual cl ones wer eatff B&KeGn Paxtahesi@iidand $tebjfe TPas Linkre  pr o- dr ug ganci cl ovi r

. at a toncentration of 30 M_Ten 39 2 7 NMAY. 2005 \WD. 02/ 42445 RCF/ US01/ 44309

- clones were i demybié i ed i p whi edereessent Hal | y HadGknet hehagitei f f98mRi at ed cel | s
“died wWithin 1-8aays of il tur®®¥i th ancl cP#Fr, 1P84Vi ng P8ht'y r emrmant
~cell's that hatggidf,f erentg.at ed oishsi de the nai B7 coI onyi | n arst her
experinment, t 1 line qf hES cgells (passage p9) wasysplit §:6 Into

- Matrl gel e- coal ed 24 wel | plates In standard hES cel | nedi una(day 0; 1
“m/well, MEF é8n89ti oned®%redi unPi th 4%hg/ nL BEcF). The 0

Tra-1-81 + 96 99 82 88 77 97
CD8 + 88 95 81 o8 91 . 98
AC133 + 20 81 72 78 68 70

*% of live cells expressing markers.

30



5 medi um was exchanged with new standard nediumon the foll ow ng day. On
day 3, the nediumwas renoved and replaced with either 200 Unel | standard
medi um (nock transfection), or pGRN376 virus at MJ 100,2 Yq‘”dd Qm in 200
Unel | standard hES nedium After 4 h, the nediumwas renoved fromall wells
and repl acedWOW42¢51 ng/ nlL standard hES medi um with or RGIUBBE%30 M
ganciclovir. The wells were exchanged with fresh nedium (wth or wthout
30 M ganci cl ovi rt-3pam-celpcbmesk ardinie-p@iene-1 tehine davelegressionofall fested R@ariqip 8 '8¢ g

ni crogr aph efestchipagditd tesomuntayecd Hdemi el | s transduced with control vector
(Panel A), hES colonies formed colonies with normal characteristics. In
wel | s trans@umeelievidif o Rekak ARRmkogat ed W th ganciclovir

(Panel B), mDSt 79% St £ ma@ne%nqergmtae whdlaRent i at ed

i¥az
cell's remain. The 1P 8 t han t he
control wel lgenerati Belltt;?m%rele embiyérl:lc %:.rmv)ﬁsh%as %%go@boglequBBS)ah e% egab xsﬁ\@g%ﬁ% Jel? T oAC
Enbr yoni ¢ Stefpesatured Elsﬁ%s'ﬁl!")ﬂd‘osqwgwla%d R %Ihege sy £° a‘mgﬁ\i‘éya““'wg? s were |
co- t r ansf ectrhlethengflaip@rId3REPRHea Y 25 Ea- gt AYHSHA B dpvht Qe sfEdiotel | i ne
HO grown i n teileseae nideatiigoeleahd strgh @r theiptekende it uiil: GFP. apsclgreresiie betif aaetariec r educed
Mat ri gel {o) v6at @6kivepdiat es. I n one experinment, the HO line (p 80) was

passaged 6 ti ”esFléb&'@gw\Qs rére%t@t&es%née%’cm&rﬁbhidf RGhb&GEkAy. Redlls wéregg Of
PGRN376m pl gagi.d and 0.5 g of pGK-neo plasmd were used for transfection of

each well of ‘a 6 %ﬁk{{ Bgéoewa?f %S%e(r:]eratet largeﬁﬁﬁryo%% cﬁés? i eErﬁe‘nS OBeQJ1 J:eldgeneTM (a

| i pi d-based trans pahe sce £ e nmnsfect ed
24 hours after se(é°d?sf‘f§‘ W'anf"’@ﬂ’f@"eé'%efi ct o Ra® R ti a §°

post -t r atisf ect i one-elgp@En +Efidulin &k SUEGCPORR|*oni es were pi cked u5| ng

col | agenase. Chk 0oniegs37dm:70 ne £l obrerated qaln sfiak entbereld hogids Y epetiipnth BRbeqling argha Wese | soI a)t ed
as controls for cesdvedmsskiesdeindActn 25fetbitkinvp-thual- (noe laniegsaviereodpanded USi ng

0.5 nM EDTA f oy pliddgies p 88, SRGQNHRIZY, p @M & 66 AR \Bre cad2bld dBuhdfatisg@hIEEN Wi t h

30 M w/ (V\Beks 15 () (o} re er enl%@%écre] é:C\| lgctQQﬁ% e@ gelrzp
parti al l %‘h GCV- ser@??ﬁb&db%%gm bga\rggc%% gﬁ{ screen s\g\n { h Mf GEC}:V (weeks 3
fi

and 4) cBhfirnmed & tK‘é’fﬁ\"/card"""”r?ptc’?ve cl ones, includin those desi gnat ed
HO- 376m 18, HO*378TerT P 2t 1ot BrBRATE2S SrePivHY 2 ct STAER "-‘bﬁ%’yg'creem ng,
celI's were expand@desusVity “6ig ¥t EOTAPTRE D Flaf g tul ‘t"‘ﬁ?ee?e"éh&d'f‘h

passaged usi ng cot-eagpEnas éub@0-+Hncadiaciorsgnt- experi nent, the HO line (p 24)
was agai n i niti.al hypcpamset449sd 2ag100n B+13ld dxfininis)aved ablhemenetaue &nskreovied as
before. SExty twopdg] Beafifd S Walibsda it £ AN § B6diRshs COLIIM 185 catiaé @pgaih Cked usi ng

col | agenase on da sc|95peJiDU\cﬁﬁ+M SGbReA.M th 30 M GCV. (days 20, 22, and 26)
identified one -sensitlve clone and four partially GCV-sensitive

: clones. Follow n 0.5 MM
EDTA into |arger gheétﬁlrllfﬂpégp eéllls 16 ér}oggﬂ 5{?«1%5‘( three%f Ihe stem elﬁines ch ?‘ nl% t%?;&%lgagenase

' passagi ng. BBy heRPRIEe ginE fe %“Efb'ﬁ/f'%’f" H’& oo °@%’ S Hed” on

| GCV- sensidpi viifegehtigiet sely e ithgisalinesdoopien 37 drAcEy ’ s“’l’ﬁ@ E%‘O"‘s’%‘ﬁ%ai’ ! \fé’“e(’:ql'"&nes from
: each of thesedisepierd risnt Ganghleyieat SLAgjcensaton e 'F"U?St%féi"" s |viedh FrevshrmedtfPt urel )
i Wi th 418, todtkeheedEsnes tiei4dast ability. C ones designated H9- 376m 18 and

i H9-376m 77 showed (418 resistance that was not stable. C ones designated
HO9- 376m 62, H9-376m 6, and H9- pGK-neo-1 were (A18 resistant. 40 Figure 11

. (top) shows sensitivity of the stable TPAC lines to ganciclovir (GCV). Each

cell line was exposed to decreasing anount of GCV to determ ne | owest
concentration of GCV required to produce conplete killing of

undi fferentiated ES cells with the | east anbunt of toxicity. Concentrations
as low as 0.5 Mwere determned to kill undifferentiated ES cells simlar

to 30 M but with a significantly lower toxicity. 40 2 7 MAY 2005 WO

02/ 42445 PCT/ US01/ 44309 Figure 11 (bottonm) shows sensitivity of the TPAC
' lines to a different prodrug, (E)-5-(2-bronovinyl)-2"'-deoxyuridine (BVDU).
Al t hough a significant decrease on cell counts was observed




with all BVDU concentrations tested, ES cell killing was not actually
observed. The nunber of cells present even at hi gh concentrations of BVDU
is not reduced to the level of the blank control. 2%35/%]‘ yuﬂgxpresm on of
HSV-TK in stable TPAC ES cell lines, RT PCR was erfo

undi f f er enMO/&dé5cel | s from HO-376m 6, HI-376m 62 and TSP eo- 1 cul tures
usi ng. HSV-TK or OCT-4 specific primers. TK expression was detected in

H9- 376m 6 and HI- 376m 62 sanpl esSERHECHRNTA | n HI- pGK-neo sanpl es at high
concentrations of. RNA, while OCT-4 expression was detected in all sanples.
10 Exanpl € I Promnoter Tcity for..un |tterent|ated cel'Ts To determ ne
hTERT rpr}’:)orrni er specifi Frwgﬁhrsfwe?%%ﬁsgﬁd:! D‘FH el ones, GO\ sensitivity
was det er riEnaminaf t er di ffeersiematwratl on of each TPAG:fetrome and the pCK-neo
control .- cron onqitf n errswe Wh Tactor reduced
Vet i el () coat ed B tﬁgsﬂ%ﬁ%%g ONEM D Ly ek s FBS i t hout  bFGH
(differentiation cQditiRashomdddl tuheS Wele owEest ai ned in differentiation
15 conditions for ﬁse(mmﬁg@ﬁfmadad placed In the differentiation

condi tions for addl(tetlde%aﬁﬁlﬁ)d@m'al'%w ng this treat nent cultures

cont ai ned < dce y ogy). At
this point, MHBWWHS’W&W%‘W@% he ?“éﬁ:ﬁﬁgj“d‘tzéﬁfi Gul tures for 4
days. There vvas no19§ BEfvVity to GOV obs 3‘: % Frefentiated cul tures
obtai ned fromthe TPAC cell lines H9- 376ma@¢re pa ameaa,swszmm 18, or

Ho9-376m 77; or fromthe transtection cont F&P4(1¥¥é HO- pGKneo. Thus, 20 the

"hTERT pr om)t e in tmeesblmtlagmaw;@dtmmt ructsudeas t he appropriate specificity

for turning on the 4T #f P _
Exarrp] S—ES—WWWWWWW i nes
Expréssi on_of* S ndlREFYTEIF st abl e TPAC ES"EE|F*MF1°Hes was det erni ned by

flow cytonetry. Cells were 25 harvested from confluent cultures using 0.5
nmv EDTA and i ncubated with nonocl onal anti bodi es agai nst human SSEA- 4,
SSEA-1, Tra-1-60, Tra-1-81, CD9, AC133, and appropriate

f | uor ochr onme- conjt v teeadnizedstaat bmadanositiozsiand Pyerdires grovide@iy ¢ degstiplienk pr essi on was

det er mmed usi ng FA&SEadedtitwirmddild bApse efiedirditearn vitat dpprging fmmt ched negati ve
control s and vi abi | i ty tassiessamnationseiededigiedainohaetoer m ne t he | evel of
non-specific binding. | Table 2: Markers on Parental hES cells and Stable
TPAc Lines 1 Phenotypic H9 H9.376m 62 H9 H9pGKneo H9-376m 6 HI-376m 62

mar ker p35 P80+15 p25 p 24+16 p 24+19 p 80+27 SSEA4 + 92* 100 64 37 91 98
SSEA1 + 1 00 0 0 0O Tra-1-60+ 98 99 89 89 86 90 Tra-1-81 + 96 99 82 88 77
97 CD9 + 88 95 81 98 91 99 ACl133 + 90 81 72 78 68 70 "% of live cells
expressing markers. 30 41 2 7 MAY 2005 WO 02/ 42445 PCT/ US01/ 44309

for gene only in undifferentiated cells.

H9- 376m 6, HO9-376m 62 and HO- pGK-neo-1 cell |ines have expression of all
tested ES narkers at the |evels conparable to those of untransfected H9
cell line. Exanple 16: Ability of TPAC cell lines to undergo appropriate

differentiation 5 H-376m 6, H9-376m 62, HO-376m 77, H9-376m 18 and _
H9- pGK-neo-1 were tested for their ablllty to generate cells fromthree
enbryonic germ i neages ~Enbryoi d bodi es (EBs) were established from each
cell :



| ine and cultured in suspension with KO DMVEM and 20 % Hycl one FBS.

Foll ow ng 4 day culture, EBs were plated on gelatin-coated chanber slides
and allowed to grow for additional 8-10 days. Cultures \(/}»67&4 cg ed for the
presence of beating cells and stained for the presence df AYu8efldi n, AFP,
muscl e-specific actin and cardiac 10 troponin | positive cells. Figure 12
shows representative fluorescence m crographs of inmunocytochem stry.
Results were as follows. H9-376m 18cpuMD+20 was able to generate |arge
enbryoi d bodies (1 experinent). Beating areas (consistent with

cardi onyocyte-lineage cells) were observed. Miscle-Specific Actin +++; 15
a-fetoprotein +++; (i-tubulin +++; cardiac troponin | +. H9-376m 77 p
80+16 generqat ; 04 i W' i1g ar eas
wer e obserﬁeﬁg"_‘ﬁ?@é%??@ﬁ%éﬂ |crm,%t('?t ifrﬁﬁ?;r@’-%#e(e%{g r ot é:sﬁﬁg%b? L%ﬂlls?ﬁlﬁ{rédgnone
det ect ed) ; ca®xMivewhich pave bpen processed tadenigte snditfesentiated ¢8lI80+20, p 80+21, p
80+24 (4 experinents) were capable of generating only snmall enbryoid

bodi es. No beating areas were observed, scl e- Specific tin ++: .

a- f et opr ot é-n"he, dlgqgnqa_tqduqﬂhppﬁulartgonég,cgm% W?%ﬁ'Bi’F%“f"s-C?nécﬂ@ 3“?&% ¥4 24+12,
p 24+13, p 24maécdiScEnphgnenitaictunePeX alfleesin:o generate | arge enbryoid

bodi es. - Many beatin reas, were obser I I i ; :

Muscl e- Speci fic XPi%&f%;'c acéq e ?)Creoetng?alﬁﬁqdﬁ?%ﬁ%td%%ﬁ%{hf%g; C%E:Iér}\ﬁ?'g%
troponin | +.itisk3pe@édnereidgrs a4eBin whichtis @xprpssed-suscepible ipe lethabeffes) wer e

able to genergte | ryqid 25 bodies. Beating areas were observed In
2 out of 3 ex(gear ierrx%ﬁ%zfa&%téégul in +++;, cardiac troponin |

+; .
Muscl e- Speci fi c Ati$ r transcriptiongb coprabtalgment shatTpauses | to sbeoPrefsrgniies 13- 16

show that at Leasked Arpaifefentidtéd &igm cell Iines containing the tel onerase
pronoter driven thym di ne ki nase gene are capable of differentiating into

cells of each of the three germlayers. 30 Differentiated cells fromthese
l'ines cont a. nAgunbiffe@AtAEd phinae- afpotdRistest (SRS chilladontainimge anmictpiangcid

undi fferentiated cells. Gancicloyir ncentration as low as 2.5 pM
kills virtual Mg @?C%Eﬁ'wgﬁ???%ﬁ”eﬁg%ﬂﬁ?eﬁ%nti ated ES cells within -4
days. 42 2 7 NAY 2@05nuiidatid RdenRCThatSBithal 488 Tell BEQUEINTIS EXRTERSTHRLE 3:

Sequences |is 115 WlichCL RSalbfosSEd SuscEbtiie 1ol8 R atb @ Bafaxteprae 1
Lanbda cl one %gg?ré%a%égdﬁ@@ IlG%ntnI? Accuesgi) on KF121948 (ATCC Accessi on

No. 98505) | néganti@flonal Patent Publication Contains human Tel onerase

Reverse WO 00/ 463p5s I tRsdrptitHah <0ntd) TéERgnt OBa0 Bawsek N% etot be (preferedtiatip
44-15375). The ATG trans|atign .injtiation site begins at residue 13545. 2
Her pes si npl eﬁxm$a%'wWE%T"§%‘§ﬁP§|sne GenBank Accession J02224 ki nase and
3KBL See al so McKnight et al., Nucleic Acids gene sequence Res. 8:59.49

,&é?gg)s; sy\ang{]'gih?%‘?”% ol g@%%ti?wglawéyég\ﬁrﬁgi xdncodes a t63n 14 lorétéReHa 3

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.



ki nase and 3KBL ami no acid sequence ' 4-7 Probes and Priners (Artificial
Sequences) It will be recogni zed that the conpositions and procedures
provided In the description 5 can be effectively nodi flezﬁ? m éﬁi@se skilled
in the art without departing fromthe spirit of the inv i odied in
the clains that follow 43 2 7 MAY 2005 CLAIMS 1. A popul ation of cells
differentiated fromprimate pluripotent stem (pPS) cells cultured ex vivo,
whi ch have gbeme wmmq@pmatid\e@ﬂ emmsum,i Whaeiark iaeOCRY | pomaer, Thea
dlfferentlatedc uat on elnthe cells contain a
nucl ei ¢ acid r%? ?Irgq @Srr?ﬁ?lresvf”(r%’etr%ﬂ&"g?ta tur«): P-X, wherein: Xis a
nucl ei ¢ aci d sequence encodi ng a product that is lethal to a cell in which
It 1S expr@ssgfl, il or &dsdpRiatiof @F lanj rbré?!@&nﬁ@ ddim] FhEXRr ﬁ%sﬁgnsdéﬁ@,r@?é ble to
a lethal effect of an external agent; and is a transcriptional control
el ement t hat r@ﬁ@@@g‘bwot”@%“ﬂt@‘)é?@ntl ally expr essed in undifferentiated
cells. 3. An undifferentiated primate pluripotent stem (pPS) cell

contalnlnganuclelc acid no C risipg t structure P-X, wherein:
X is a nuclleitmgtpd okrgausng? P‘PPé‘rat‘P%mO‘gf%%ﬂ%"'. 5 Cﬁl?%é??mplsﬁn%l chit is
expressed, or r @mdqufcsncmg:el telli poputatiod compiisinge xipdifferesithtadi steapicells that o a

| et hal effect 0 .ane I G r ol

el enent that CAFYER" %a%gm&ee Igp:éﬁ\ Pé?rﬁjq tPe S%&Jrre 'ﬁg((sﬂg{h%'%d a%rér enti at ed
cel I's. 4. Theacitesdquencecarichding p preducidthatds leéhaaicmi zelbnn VQ"CW%t@rEE‘PWS%deﬁbodes a

toxin, or a %Rcﬁe‘? g (Itea wEchqueéi REseiedisBdRiBleaB WPlethal Sffec? of Iﬁ‘%xtéﬁtal or

cel l popul ation o im erein X encodes an enzg(;(preée converts

a prodrug to asesb@pdihig a Hanscrirtiongl geatrolsieraent dhat capsesnY i ¥ ssed.
6. The cell qfp pég_géd ,g@ggh@,{ehﬁmedaéeuglamm 5, wherein X encodes a thym d| ne

ki nase. 7. The ceI or, ce ul at ns ,2-6
i ntroduced het er &) dgysiRg a%aie&p%un%f?e qrﬁ@tegézphs g e %‘?ﬁuwﬁ%’bﬁ er% |aof cI ai s
2-6, wherein P is an endogenous transcriptional control elenment. 44 2 7

Y iogfogj& % Gt E) ot 12 PRAHEALRSRE ShBRIE e Sen BOSIIAR vilh!the a0

se revérse transcriptase (TERT).
10. The cell @dteroalaberptopul ation of any preceding claim wherein the stem
cell(s) are human enbryonic stem (hES) cells. 11. A nethod of produci ng a

popul ation of differentiated cells, co rj SICﬂfgq %‘ F A vi di nﬂ SI
popul at i on1%ofrgPetRechel derieting & eslt P%PP@H phHYqiEretia er‘?a“[‘ eM % ?aﬁ°ﬁ‘pé Rficl ei c
aci d nol ecul eg&RARHIY Sitéthglungifélentiédistemels in tecpopilation scsthat theycéaptain a

nucleic acid molecule comprising the structure P-X, wherein X is a nucleic acid

(D

sequence encoding a product that is lethal to a cell in which it is expressed, 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.



aci d sequence encoding a product that is lethal to a cell in whichit is
expressed, or renders a cell in which it is expressed susceptible to a
lethal effect of an external agent, and Pis a transcripji ﬂaYéﬁontrol

el enent that causes X to be preferentially expressed in AdMAY 08t i at ed
cells; and b) causing at |east sonme undifferentiated cells in the

popul ation to differentiate. 12. The nethod of claim 11, further

conpri sing combi ni ng the ceII population with the external agent. 13. A

met hod of gdepletin p on of d|f re e I

conpri si ng‘Hs g eTF®8$I° 'éat\"t 2? ﬁjq .“f“re et"}afqt {7&3 é}t e ceI ést %9{?{1 o

popul ati on soprodrag tctdnmrnmmdala’hlsaetham@aeﬂbmatthlob Xnislesprabsedconpri si ng t he
structure P-X, wherein X is a nucleic acid sequence encoding a product
that is lethal to a cell in which it is expressed, and Pis a

transcri pt1%nHe methed of claimdSewberein X encadpsesthynidipesinage ef er ent i al | y
expressed in undifferentiated cells. 14. The rret hod of cl al ms 11-13,
wherein X encodes a toxin, protein that es_or tes

apopt osi s. 18 5T hexnetBpdgiFiaim 1§é’[5I15t"?"'f’?tje"éq@eﬂ er%ﬁ?ﬁ tsi%[?c'Slf’v'[lndl fferentiated
stemcells, conprising: a) genetically altering undifferentiated stemcells
in the pop lon S0 that. t cont.aisn, a nu npri sing
et 1, DOPH 3R Bl A5 AR E B B P el
susceptible to a lethal effect of an external agent, and P is a

transcri pt n o) tygal r I

expressed ?cﬁ nﬁ"%p}oér(gn A"%EE@ 1(:8éP‘f%reﬁgﬁigan&dgg?%ﬁuﬁé%ﬁgﬁpégﬁghwoét ed
cells fromthelepepul ati on by conbining the cells wth the external agent.
45 2 7 MAY 2005 16. The nmet hod of claim 11, 12 or 15, mherein X encodes an
enzynme that converts a Prodru to a conpo that IS '& ﬁll in
whi ch X i s2bxphemsgd of glaims, b1-38Wheeeip fhecse |pHP‘16t'°"Wﬁ(9F% s Eegdsé’§

thym di ne Ki n@ggex isltfansiEhy éXptdaset iafungiffeentiatéd alls ihihe pbmﬂailon t he ext er nal
agent is ganciclovir. 19. The nethod of clains 11-18, wherein P-X is an

i ntroduced heterol ogous nol ecule. 20. The nethod of clainms 11-18, wherein
P is an engngEneustiodasfsdainptiietalwheint PeX is aheriteditby mragenyiné oglg Ioliie of
clainms 11-20, hgal 'y altered such that
Xis tranS|enP g§%?§%§§@5?kbﬁ§%9?§@?ﬁﬁ??ﬁﬁﬁg%ﬂ@F|g in the popul ation. 22.
The met hod of clalms 11- 20, wherein P-X is inherited by progeny of cells in
the popul 35i §Re NRBFRNGINGaiRS PI1ESS Qheleih RNigliahf @CBAt prametdr,poroayeromote3f The
met hod of clains 11-22, wherein P i o OCT-4 pronoter, or a pronoter of

t el omer ase rewaﬁerréﬁ%’éﬂrﬂ?s&g@as(eréﬁ% ) 24. The method of claims 11-23,

i Wherein the nucleic acid nolecule contains the structure P-X-Y, wherein Y

ol I's ar e bl RBFYArPame iz iR el G Baddcodang hespuctrehe Stem

di f f er enti at e®-XeY,|veheodin Miimadrugdesistanoegen® t he net hod of any of clains

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.



11-25. 27. The cell or cell population according to any of clains 1-10 or
claim26, which is a population of neuronal cells, astrocytes,

ol i godendr ocytes, hepatocytes, cardionmyocytes, osteoblasts, or their
commtted precursor cells. 46 2 7 MAY 2005 28. A pharna?quw% a#
preparation for human or animal surgery or therapy, conpfisi Z Eﬂ@ cell or
cell population according to any of clains 1-10 or 26-27. 29. Use of a

prodr ug i regt heptrepedutital @repafation foe Hiurmamemdnirhal suden! e thergpy  cathdrismgeing | at ed
stemcells in human ar..ani mal.. bod [ ei h ifferentiated stem
cells conpri scgﬁf’ﬁ%erﬁasptop@@f%nraézcﬁdga???A%'yr(ﬁ{&%%’sl g’@ﬁ%@?ﬂi c acid sequence
encodi ng a product that converts the prodrug to a conpound that is |ethal

to the undidf fierent.i G ™ r ispt i, QB ol
o eront o 15 Sl BigBfbash AR GiEpuiorhéiCy [Retitafiel B a4HM ARG O o
cel Is. 30. Th¥emselsdeadrapngr admalbgdyn 29, wherein the prodrug is

ganciclovir. 31. yheRGPiNeRhbifiBreRfiateLREhiceR dompabd Beattuatted Bxdiwhéer ent i at ed
fromprinmte plurlpotent stem (gPS) ceJé,rlys cul t‘g\.re(il ex Vi ﬁ}o?tas her ei nbef ore
described with refE3dHEIEIcasIa Jpaueeg eRGeding a U that GeRvEHS Mg Preqrigo 3 ps)
cel | or diff egopipound Bet is @thal @xhaundilereftatedistarcelspaad ning a nucleic acid
nol ecul e conpri si the structure P- s _her.gj.n ri 150
reference to the %rﬁ)ﬁ@gﬁcr'ggnagcﬂ%foﬁfge%ﬁn?6$%d§a§{s§%%éq§o%%u?)%?%8wag¥

di f f er ent i at eekpesbédinapdifferceiiatééalse described with reference to the

Exanpl es. 34. A nethod of depleting a cell population of undifferentiated

stemcells ex vivo as hereinbefore described with reference to the
Exanpl es. 307 The use according to claim 28, 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.



