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WO 2097/ 002568PCl YUS2006/ 024763 REPORTER HEPATOCYTES
AND OTHER CELLS FOR DRUG SCREENI NG AND TOXI CI TY

TESTI NG 5PREVI QUS APPLI CATI ONS Thi s application clains
the priority benefit of U S. Provisional Patent

AP RI0FBA2568n 60/ 693, 319 (Docket 140/001x), WedPCI(1$2008/234763
2005, and U.S. Provisional application 60/719, 843,
filed Septenber 22 2%)5 Docket 140/002x). 10
BACKGROUND A KBGPOIHEBHERAEACYTES ANR OFER GELLS

devel opment | FarebRadErrERbe A FoxERTEShlECt | ve and
predictive nodels for determning the netabolic and

t oxi col ogi cal properties of drug conpounds. Current
15in vitro nodels such as primry hepatocytes suffer
frominconsistent avaipmbbld Asyu@rgnsi gni ficant

phenotypic variability. In vivo animal nodels are

pr ohi].hlisi gi }Ieb"é ?%Fegsi ve, have | ow t h(pug;hput , and are

of ten not . prediadts Ve Py BatathefU.S. Provisional FatentApplsstioh 160/693,319
(Dpekeh 990 filgd vrae 2 8905 cand H. Provisicpallapgitatiar 60pm @iPRY fidd@Sptember 22,
2605¢Dagket ¢40/002x). st udi ed until late in preclinical

devel opnent, requiring pharnaceutical conpanies to

i nvest significant resourgces in a 20 conmpound's

devel opnent in the absendEROND or mati on about these

nmost critical traits. Unfortunately, the results

obt aA ggduﬁw Irggﬁin %migﬁ@raaevml is S&iitishy e\fauel@,fet E&t-éf@wve and
predictipd Bsakls for f¥tdpRihiRgBe Mbt i Y.t UMme
e ST S M e o

ol unteers in F aod TPREYET & >r trom inconsigtath Avaiabiflyyasei donificant
PREPAYIC VAIRity- f9y va apitpalgnopels @ probibitveip eB@Gvehausiew thraighput, and are
ofteA nej predigiippiortumanist y t o address this need.

;J;Egi :ifgeg::;td ’Zﬁ)ﬁdﬂm?‘fmomﬁdﬁﬁ toﬂa?de(dgfcgzlgﬁvkéergees:’?t%dﬁu KUt §fdied untit 1ate
in irical ifi : - .
T3 grgn‘t%s ﬁg%‘gw 'ﬁa@?’?ﬁé{’t é?(%l CCBHGR: ' AIVFS) signifiognt Jesources in a

r o‘guc? 'Or or & 1°07°:9" RTRRN fboddhese most critical traits.  Unfortunately,
th% Ieetit PRIFineA in lafe Begclisispl |animal Sidies dften fait loangaicknrobldmS subBeiu€ra seen in
cagy 180N W8S resWDgQiliigh Eii6 ratddEh Bk R20GRRTs iRBRbamRt al . |
RO i Sl Gho Al (C8, Mipbaloon, ST fs gy o
NI %'OFI C St em corrgHE (léi h8¥e-2 AU, lygenaiie pxplicative capacity in culture.

BB SRGIOARRaR; IRy enshist itherreenomishlly rvisble Ziodgation S0@EmeGer quantites of
”"‘g‘rﬁﬁ?‘%ﬁoﬁebﬂ S;;ag; praapie.ALE Pyters b,emgin Zlo;vm ggs?»e?ahrb%s/s@azd?ﬁos:er ot
al.clbavdlyh. 2004:200(2) 26624, X0l ah! Sterh BLIR 2665 238).88-28Tan@ L et al, “Expansion of
huR&H dnibRHicd : e “generating Nign. guartty

et e Sy S it e

exanpl e, ey 8on s PEMPSlY Shoms diow b oglieram batiect @it diffepdiiate into cells
of B RITiylerphenoiveadstmassea generating high @elity cellpeuidn@with rept6fddble standards.
FOEL@@mQ'e- va P?temdﬁgzamf%% V1465l BY BCELH i Splant
2003p2(19E£NCERIUS Mo G Serati cells ca
hEQ%@L%& Okietuge glggnre% eoﬂégetﬁgﬁleﬁ; (zée ‘Er?t%?tﬁ%sefcsear f;[ePféitltr;g%IPegata?yte lineage ce.!!s.
indg%;t! cular 1 nterest 10 T UG & pardtiangterepide e g soreening

‘hi s disclosure capitalizes on sone of the unique

pr omdzi?}cbslr@éapﬁﬂlﬁﬁsi@: lsdnge (ﬁﬂﬁlumg\dﬁi propev@dsl of AkS ¥AS and éheir derivatives,
projidiny/deakiticelly GEUHRY bdinhtrolBcib i LicRE LY ae &

rapi d readout of phaﬂrémalcol %%’i%c ogtﬁ’gghtg g&?"%’&cg‘éﬁg’(‘mggw sffects.

effects. WD 2007/002568It T/ US2006/ 024763 SUMVARY OF

THE | NVENTI ON Thi s di sclosure provides a new

system for drug and environnmental screening and

anal ysis, using cells that report changes in the

cul ture environnment - such as the presence of a drug

bei ng screened for 5 its effects on the sane tissue

type in vivo. One _aspect of the invention Is

undi fferenti ated human enbryoni c stem (hES) cells,

hepat ocyteli ke cells, or hES derived cell products

containing a pronoter-reporter system The cells have

been genetically altered so that a pronoter that

responds to a netabolic or toxicologic change in the

cell controls expression of a reporter gene. Suitable
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Anot her aspect of the invention is a nethod for
producing a differentiated cell population with a
pronoter-reporter system by genetically altering
swislzobf/@nsset i at ed hES cells so that a pronot epctfgionso24763
responds to a netabolic or toxicologic change in the
cell controls expression of a reporter gene. The

20cel |'s are then prol SUMMARYOSFHEIMANEON f erentiated into

a particular cell type of Interest to the user.

Anot ng¢ dikRRPErovites b Ry sy QMR driaind ShvbnEAIQ eetﬁ% ard LM sis, using
c&ll@ §1ta{ rg&rt cllxaﬂge\é'fﬂ{ tﬁ@cu&ﬂ? ?ng#olﬁltqe It S Sglg‘lrr;g %g%?eﬁt\?/r\fgetz ffﬁ\?l&lﬁ P?i creened for
,tgéfpgote -reporter cell "popul at [ (320
"af Gt HENUEEP I35 WP s whet her there is a change in

expr Brsispast effihetibugntior [saindifsrentiptad iumddr angygot@siend ES) cells, hepatocyte-
liteckets} brf hEsl damedsedl R dombinidgd brbfdterApYRdr QRIBRN THA cells have been
gbridhcet ditdad kP Ralle E@M&% e %p:ﬂ&’s /4 mét{lﬁﬁécc?r téaxfct Igg?clhgﬁgg% in the cell
Apuessed getaboli e eifec, Becaus® THey"HElD -

2 qest T abr PR FB i Wl rlaEses olgtronplaisAng denors weng.calong with

Srplee erch aregiyen inde seefiena fidide¥oed net abol i ¢ ef fect ~ of

anot mmplam difierentigtedeell c/uéstrerrrésm @8 edrdl, QBrdioiRIR RS, loPfepatocyte lineages,
h::\r‘)&% Fi&;ﬁd&;ﬁé&ﬂg B} erO 6F sU@\‘%Eillé;rqﬁe vhslgrl %J@ﬁ%@g’leg&?gﬂéﬂcﬁg%ﬁ %II %c?c’pulgtion is
d , .S .
Lep obr?thgr %'g,ﬁé&aﬁ@éé kh% AP %H?a%%’fasg Wiplgs ﬁ'ég:%"ﬁ’éﬂ'ﬁ ¢f gther cell types in
t Blp SPALRtign wi ﬁ%@u@ﬁé@g@e%w"@m&ob@@m appethar goumes. Differentiated
cqllsef lisirvgntionmesaisaisoritdinsmsecdnd briomotetrapgries systelao ekl 8 gir@diar cell type
withgi amgxeVPdpula®B@Anot her aspect of this invention is a kit

or CoERLNal £ rising.the pronoter-

iggreer Ser s ot e R s s
Proni TRt 5% S R 98B AREie g TeRafatekiES pripe et emmoter that
regRaRgse @ Metabris phiexisslegie ciiRS it die(cell ontmiscanpressiant Mgpdriaegene. The
celisarethgranmaifemied Rindiffershitaled thtoCaakticul Pl kygé bfMHiGesiBYhe @GRt @i N

cel | mhothehdipag oftndlinfehfh R meHo@ P3G tééiir’?qoq ChEl 8 Xr&# & Bmbined wi
s di iated inta another cefl Lype. o} cellg wiha
prﬁgd\t/%r ﬁepg{e];:lgeg :b?p{gnHlo? o\‘fz’;glrs ilné/%ri%ono?m‘i éhe(ﬂsﬂéletﬁxgpr@éphqg}er {H?raﬁ a change in
?x%?sgﬁ %f Iét\ﬁ rﬁ&ertgrn 9RPfre. Drugs /630 B é(fentgigrb @g suitgble tforj further development or
Inyepfigation Pesausk hendanptinduae & Bric oroiniidnin magbdle ifett, etdvé #Mé) help induce
a Hiesipdblet resthbblicSAblE, dr BeAGRA) Grd Bbtedivetddaidt AN LAkdnRE nR¥bolic effect of
anBfid} %&h&éﬂdloy etk Enlifle, ﬁgpol'teg %&esé&%ﬁ g{ mgalc%?rts& “?h% el pgpu$a|tﬂi]oen asa

ssue With a pronoter-reporter constru

Whtpo)llre’o%f' ErPefigyer r%'g E'g%ec'fj bYo? 6%"%‘??‘1?‘@' 9P aader gpntreld 5t isatespecific
Promotefplrug Bropts of engwies beliexeditd et igvolued iy metkliolismegfaiet drgrean Bhalidated
usingRKit er can encode a product secreted fromthe cell

and Apesss bdpodt oBHRNIRERB B ' bl DS tat us
Bt et T et

40These. and ot her- enpod - HEMELn $iih enger A aiier sghpogylglions derived
o dReFMBBTP ol iRarAad Shering thneame lenome.oTHeawetched Bl populations may contain
celiEhavneReiee8POTLESRBAE sPduiy 6Bs diRRAMEANGTo another cell thield Edls Having
an ialellic:.mﬁd‘n&ifeﬁrugtal%éiﬁr Ba@hetbtlizin : rﬂ% hepat ocylt e li nfeagﬁ

ce ifled in Exa e 1 of this
ol e s Ll

TSP BARRreton by geslicallealigins aleasigome of thecsalpin haissusrithh promoter-
repgiiss fRNBirueta d topremqtes miayieepnend to gridsiielsirdsa ot appptosEGFmay reflect cell viability
or fréfpajecion.t Bregepondr Rarf évedde fa,prottidhdecred B! 618 6ANI dnlt GO Hly excratable by

the(kARyAFBBIRFAARS hDB%A to b@faﬂ)wg]ig Be %ﬁt{)dlt 03 lr;rIMﬁ.é OVSVIN% A L?;

cul further ur ed. tur )

pr oli- u %Tg?}n\é%@gl eﬁéoﬁnée\? o ﬁg}"%‘fﬁ%ﬁ% %/’ B g7°eibed ip g sertiens thgt follow.
hepat ocytes (M ddl e Panel). The Bottom Panel shows
expression of various cell markers as detected by
RT-PCR (real -tine PCR anpl i tr’i cation of nRNA), through
the various stages of the dffferentiation protocol.
10Fi gure 2 maps the human cgetoprotein (APP) and
CYP3A4 pronoters used for nodel pronoter- reporter
constructs of this invention. Panel A APP
Transcription regul atory region (5.4 kb) contains EA
enhancer domain A, EB: enhancer domain B; Sd: distal
silencer; Sp: proximal silencer; pAFP: APP pronoter.
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cell s have inducible cytochrome P450 activity
characteristic of pharnmacol ogically active

hepat ocytes, and so have appropriate activity for use

in drug screening assays. Fi gure 8 shows
eXPrW3/892608 of the eGFP reporter driven by theCARB2006/024763
pronoter, as a result of culturing hepatocyte |ineage
cells in nmedia containing factors that influence cell
maturity. Figure 8(A), 5 DRMNGPanel: H & E staining;

Ri ght Panel: eGFP fluorescence. Figure 8(B) shows the

ki n etFigGl% 13 ust%g‘gg pto oddl fdr ﬁ\glg%%&alt: %{i&%ﬁ?\\%d%gzel l?r%% ge% g;tll g{%mplif‘ ied in

m cofponent
B L G U atase et vsp DHRAITop PareDegop eigbeses usig a
oPEbinagon ﬁfggrevlffbri@@r&)fepmwumvum faston €566 henatodgy g@wth factor, HGF), a
oikedcbrtitokd TdéNenhéthaizéhE| OBY),1ddd Oncostatin M {U8M). ITRY €dklre QVais further matured by

RkANg \ﬁ‘@nSHG'F &X&Euﬁ?&éﬁlé’ﬁavfnemogh%fcﬁ EhRRtok QJE)Blgéytes (Mlddli Panel). The

é%nom ga?ep grhog/s ex;fr?ssPné C?§ V?{'IOUS ﬁjl marlﬁaﬁse g?%?cge% Cbgnl#-?ﬁzﬁ geal -iime PCR
aﬂwﬁﬁﬁwﬁ MRYAbrforgh thaxadqup seges Pmdtﬁe@ﬂqa&wpsotoaol

t oxi Figueinapothe hopiaa bddtapeoted(AFR) @nd CYPEREpraradidrs ussdidhma@is! promoter-
r%ﬁer%sﬁ@ﬁ%ﬁlﬂls li?'Men@or{:i rF*égel RAREPD ﬂaﬁs@npﬁ&?\% ulaﬁryﬁég‘fo%?g‘i kd) Bontains Ey;

e&#a%ce? lilif)maubg Eeenhancfer donaai% é'(r]D dle{allsglen gr P Cqﬁx!:ﬂamm%nc%r pﬁFP AFP

PrERICE oPHBI R & F?%t RefatgRetegip Fqn@méfaf Bage; kasebigir-reRongive enhancer
niddele G@EM) anfl & 0.4 bPrse winsprodngihsondten (peA4). Trftal sizerieghouttt@kb. gene

t hat FguR\8I sHEws R st@Mhdpdterhs &inBd @frerdnliaibn Qfa‘[ESQ%lls"fQ ﬂéﬂaQEﬁéjlmeage
c@lﬁ g'{}hé Jbﬁér‘ééﬂ l EES(%f Ee%%ﬁ[?ﬁ%{ i%%grld\ﬂoney medlunf (?eft? %\en n rBMgP medium
f?'Js?aV%&eﬂ’f’%deWIke ﬁwfpéﬂfqvém'd?'%)xf"@l% '9 Repaircie HEvroTiaiR T for -2
weklifscfornming dagi of hepatoeyld lineage cells (HLCs, right). Rwh,hys trepp@se tentradt image; Row B
shdWsImhuMIRaMingTsr heRRcH@nbrEds @Burhif) SleSHAAICINA HNIEY),HRATC dh6iFs Wiake and
c‘@ngﬁc@ FIRYARL Grest &9 %gqlel'lo|.|r§ T+J‘L09/@rr BanG Shéls: ng?n of hepatocyte

oifepdy BN A 63 PESFris TS PP O SRR s cot . o
hergiacerutiapidenRstrsyi® ype - ensuring consi stency of
pr od Gigtie@rshawstexpregsion (il tHelrbmri@ CERPEIN IHYZ-ASERBYGFP clonal cell lines after

disieRBtdn Eﬁo@ﬂ | By re@%n Bhﬁ:PS@#’rh%ﬁsg@rllJ uQM@Ssp rRQ\DBI @Jlocglﬁﬁgﬁ bi&lFp-GFP

eltif\g):o en ?ghencius REP pro{elﬁ émld 3 é" ? ger :g'ﬁ%?xprgss in the primitive
?’F‘l%%‘lbfyﬁ'ﬁ b‘aﬂfé (e t'P'i‘%ef“@Qe"P%ﬁp‘}FP@aPPﬁ"!ﬂé (giddedci t y- such

as héigate SchitweSmmunbhiainiadobfl HLCy irt i1-IZEHAEP-BGIR tigialecell lines. The H1-LZ-
hmdéé#mbww&e tiferélifes® Wﬁc§§ld|swlnbd“ﬁtheaﬂﬁkh;§§ag£.h§ GFP (Left Column)

Ll {
e}égrlhgigﬁu 09 of A‘?—'QRJH’? an(P:eaneean?F t{:%y?ecméeﬂ(eﬁ éMlg%?{:Z%b albumin (Row
Aitearar ﬂ’&‘!@él dRowClernd | u-piftneein (RoydXi Ihq iages gy Rueglaid in the Right
Gobpwl ati on, if necessary. 30 The abili ty to direct hES

cel | $|gut@ti%hd§\}sfe§qﬁé§§i6$ ofCiRd GFP lePSRRORAMr 1RSpréritfer for the cytochrome

FE{@/ ggWAQEkagng g%? SIIJOLMF gﬁ)egg g‘{trasg 3’?0 %ow af}%P fluorescence
(BrYas fPwef I*FPG\?|°?'P6°"ta"r‘|'E§‘%%Yﬂ3§4-@'é°n°°B§mﬁfs%f QUEHJ"B? @éhe@bsence and

pefis¢nceof@ptamptharens antl de anptibptigifampicic affijuge 6(B)ehiws phdse cankrast @td eGFP
ekdssivroih iearlyip@d3Sgel Hapdtdtte liteady cofll dit@reAfRtca Rerh hE$ Bdls. STHeYd WBSuits show
! melaa% QXP I%Q@cumg%ncgg L! &W3ﬂ %&M&nﬁras?st% an rgé?mrnj to compounds

- ena ng t he user
“H'g? g’f é?‘%&ggﬁé&‘f‘lr SPhat are vari ant - 35dependent .
The a-esremsmlws Oietabaliem ohtbmesmeasngs raidazélesh (TomPariebenddeibtamise (Botiom
Paiiet) by BB IckiLiderifedairdtiotsrepdrici hepatpdyREDIHRA afeteteésed b Bk ICYP3A4 and

cerfazéduoiyrﬁee YFobtirdhe PAB6! r&mhvatynmewem@ dér&ﬁgs{e tfaPHle HER derived
themfor a variety of purposés rel ated

phar maceuti cal devel opnent and testing, and i n human
clinical therapy. WO 2007I062568PCT1U820061024763
Definitions . Prototype "primate Pl uripotent
Stemcells" (pPS cells) are pluripotent cells derived
from pre-enbryoni c, enbryonic, or fetal tissue at any
time after fertilization, that have the characteristic

of bei ng capabl e under appropriate conditions of
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25cel I s. A "pronoter' is a DNA sequence

involved in initiating transcription of the encoding
region of a gene to which it is linked. It may cause
wobidopdss ve expression of the gene, it may Ber/us2006/024763
upregulated in a tissue-specific way, or it may be

upregul ated in response to a netabolic or toxicologic

céhb h6 induchlERednERe PA500ktivie/ dnBradtshR It praiabiidgltglly REREREpRbAytes, and

sA"iiiawﬁyg@ériagega%vW for?lrg ifs 'difui; Sdrete){m sSatyﬁqUi val ent nutatis

I natf ons er transcriptional
Cont F181re & SRS AHRESRER PP 7S "enae pra Y e AR ramalin iy ageult o
cudiyring ibratecde linedpetcellsgmmedid sontaining fokewitiat mildeyceafell maturity. Figure 8(A),
L riB @ra B Stailihy; Righti Fandl:S eGRPGBEscence. Figure AB) shoWaDthé Riietics of eGFP

AHAGncd BolRiiNg iﬂirb%hcﬁibr?of%‘é\i/ %e&&.‘{i 68 t]%ii Bgy 11"%%& 60-70% of the cells
CREPERP AT 2B SR Rl T ponorehs on Day 21

phosphorescent signal, a protein or enzyne activity

detectable in an assaygemtsoa]&smmiogen det ect abl e on or

In the cell by a specific stain, antibody or lectin.

ar ecﬁus mvent{ lj>rotw naTS sf?s[efn B%id ﬁetermiﬁa%%ot ?ik(a?mac?lﬁ;éc ei{égtg on target
t'?fb%iy%ﬁsé" Fel Papli'f‘ﬁ?ﬂsi é’F'tUéFEd’bi”fﬂ‘i nﬂ‘etcé"%%@?'? aé’f@ﬁ@@f"é&‘me’ construct that
refleptsct thxinalogidorprethit erangesin tp eeliagucivas may Ibe pdueell by @ daig candidate that is

pREHON itRCEuiRIedun. f The PRMBIEOERIKEN frdi b ¥&S KhdwAs 66 LPbJuRRd when a
pi mul‘éh&nc@l@%@@omg’ nﬁe%%bl@ Btfect Q@E Eac@?%’ihéjc%li algcohthisqwanggﬂhgl-g)f a reporter

ence
9‘?“8 t pjRviqeR A1 e’i’%fii‘bf'i”iﬁhtg‘i‘ C?’btied?ﬂnﬂﬂﬁeé'rﬁs 3" IngieHiBR pitPEIMRiggactil. This
system| engbies sapiddhigh-dhrawghpuipsieeninocé b Pgneldf testragents forgotential toxicity and other
metbdinSlasctant’'cehen a pol ynucl eoti de has been
40t r I@Wfa%ebt@ df R tRerdtBE cdpdide Wh@%cé ldiob@@s%f nﬁi@aﬂ%mgifwmc stem
ceQI In artC mani puI ation, or where the cel
5 of t he originally altered cell that has
i nh efiﬁst C@iif eheoyis aMiiyelly nfiesg surpin oifliffseepiated gelis bavingithgrsape genome
sai dard@ rédpendiciieadbbr@type - endlfihg consistency of production and reproducible screening
2007&9&@568PCT/U82006/024763 it is inheritable through
S‘:. elsgsﬁ StGhEé cgfsassqgeesougg al o%s iog‘ngtert rcl—zJ ro?t?r se/sﬁ tmesctg e.i,i%nh in?'o non-cancer—
geneqiegfe]d s &eey thatA?rF é)F-hSTNIISS et ﬁibenglﬂ% toe gqnpticgig(mf fition due to limited
(1 nsreplicatigecagdcintg—tsuchias bppatecytes. | nact i vati on of an

ERACBRNBIE 19MBIR) mikipR houikddibié 18 trahkfe céh 166 RRdbleS the development of
al t e£ Ehiétlgeﬁedl §?U§I§|Ia?ei %stgrﬁs \Li{e%gf' I SJPBIe n!\etabolic gie?ty tc%f? be followed

c eI I s'“‘“i*ﬁ“‘%“ﬁ"’n c P’Lﬂ]‘é*g'b‘f oA Prsisd ’“'i“’id&ﬂ%‘iaé‘ﬁ‘t ‘f '?fﬁesﬁii”{ h
Sad eTre\abilityo dirgtEScglis dnto differeptreltlipeages enables theflevelopment of matched cell

" EX PFREISIoRY Whei He@Rdctsl b compuntl dn@lffe@in eﬁe&tcaw% AHebsul ¥ vitro.
i n ki%:% ctefi-)s c%n E Lgetptg c:i][egt? HIRQ‘GH% @'ieé iﬂﬁt ﬁetigaﬂy i%engcal %xc%&?orr] ilanations

drives express

" pr oftdtROfEY A% F‘F%W""d’@rf‘é‘@i"l?&ts‘“"hi %S ?%6@ 8ritichiargpts such as G protein
pol yerupléde etepths(GRER) de emblinguine uste ta detening diug efibtc thataare variant-
pr onwpafdefits operatively linked to a reporter gene, A

Thdoéeg ofiland &8 jiésethat %ﬂb\.‘/ shobv%orﬁt—r gf%iliel poggﬂiﬂeét&gg behea;Mn%Ee? %porter

Yer sta or transie
o3 %ﬁiﬂ‘f aberp 3, o A e AP 0 GRS P releted o
P%?ét‘aicwﬁaédqvﬁ@"bﬁt@mﬂe@f'g eedljs buman piniea diegpy- of t he reporter
gene in the cell. A"cell Iine" Is a
popul ation of cells that can be propagated in culture
through at | east 10 passages w thout substantia
change in phenotype. The popul ati on can be
phenot ypi cal | y honogeneous, or the popul ati on can be a
m xture of neasurably differént phenotypes.

Characteristics of the cell line are 15those
characteristics of the population as a whole that are
essentially unaltered after 10 passages. Cel |

lines of this invention are typically
"non-cancer-derived". This neans that they have not
been derived froma cancer cell or transduced with an
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Edwards Eds., Kl uwer Acadenmi c Publishers, 2000; Stem
Cell and Liver Regeneration, Kiwamu Ckita, 7
Springer-Verl ag 2004; and The Reporter's Handbook, S.
VWinberg et al., St. Martin's Press 1995. References
S¥P Hgg‘i?reeni ng and assessnent include Handbdai8296/024763
Drug Screening, R Seethela & P.B. Fernandes Eds.,
I\/Iar__cel Dekker, 2001; Bi oassay Techni ques for Drug

pmrent, Afta-Ur-Rahman et al., Taylor & Francis,

2001 prortype @HHAS PLATTRNPHER cellSt (pPS talkare MafoRAY c'ém deARE from pre-

Ebrg%%rengﬂé% |¥ or %taﬁ&sal%étl é/otur Cag(gﬂ%rﬁézéﬁg (ﬂ'iatgv? e charactenstlc of being

P PR BREPBIP ERTONS! B1OREE SBReTH SPREP PG ooy gom ayers:
coder¢roumespdepp Snd Stadermbéscdeferiined Ya ptandend Ryf-acespiesciest, sodh asitre ability
to fove At teraBmAnEa Plitdiié PELt, EA itheSALRIY 16 Qiffbrediat Iive delif ISRIMAANr markers
%ﬁgiaﬂn@%sugw&rof W’thr@g{eﬁn Fa&e?s%h‘&ultfnr@ at a:neeet It he r egﬂ' [ E:‘jes
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Sources of Stem Cells

This invention can be practiced using stem cells of various types. Suitable for use in many aspects of
the invention are pluripotent stem cell derived from any human or other primate tissue that meet the
required definition. Non-limiting examples are primary cultures or established lines of human embryonic
stem (hES) cells.

Embryonic Stem Cells

The following references to obtaining human embryonic stem (hES) cells from human embryos are
examples for reference only and the present invention uses hES cells derived only by the alternative means
described.

Embryonic stem ceils can be isolated from blastocysts of primate species (U.S. Patent 5,843,780;
Thomson et al., Proc. Natl. Acad. Sci. USA 92:7844,1995). hES cells can be prepared from human
blastocysts using the techniques described by Thomson et al. (U.S. Patent 6,200,806; Science
282:1145,1998; Curr. Top. Dev. Biol. 38:133,1998); Reubinoff et ai, Nature Biotech. 18:399,2000; and
Genbacev et al., Fertil Steril. 2005;83(5):1517-29. Equivalent cell types to hES cells include their pluripotent
derivatives, such as primitive ectoderm-like (EPL) cells, outlined in WO 01/51610 (Bresagen).

Also equivalent are cells that have been reprogrammed into pluripotent stem cells by fusion with hES cells.

hES cells can be propagated using culture conditions that promote proliferation while inhibiting
differentiation. Traditionally, hES cells are cultured on a layer of feeder cells, typically fibroblasts derived
from embryonic or fetal tissue (Thomson et al., Science 282:1145, 1998).

hES cells can also be maintained in an undifferentiated state without feeder cells in a specially
designed culture environments Feeder-free cultures often includes an extracellular matrix, such as
Matrigel® or laminin. The cultures are supported by a nutrient medium containing factors that promote
proliferation of the cells in the undifferentiated form (WO 99/20741). Such factors may be introduced into
the medium by culturing the medium with cells secreting such factors, such as irradiated primary mouse
embryonic fibroblasts, telomerized mouse fibroblasts, or fibroblast-like cells derived from hES cells (U.S.
Patent 6,642,048; U.S. Patent 6,800,480; WO 01/51616; Xu et al., Nat. Biotechnol. 19:971, 2001).

Alternatively, fresh non-conditioned medium can be used, if supplemented with directly added’
factors (like a fibroblast growth factor or forskolin) that promote proliferation of the cells in an
undifferentiated form. Exemplary is a base medium like X-VIVOTM 10 (Biowhittaker) or QBSFTM-60
(Quality Biological Inc.), supplemented with bFGF at 40-80 ng/mL, and optionally containing stem cell
factor, Fit3 ligand, TGFB1, or TGFB2 These medium formulations have the advantage of supporting cell
growth at 2-3 times the rate in other culture systems (WO 03/020920; Li et al., Biotechnol. Bioeng. 91:688,
2005).

Under the microscope, ES cells appear with high nuclear/cytoplasmic ratios, prominent nucleoli, 40
and compact colony formation with poorly discernable cell junctions. Primate ES cells typically express the
stage-specific embryonic antigens (SSEA) 3 and 4, and markers detectable using antibodies
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designated Tra-1-60 and Tra-1-81. Undifferentiated hES cells also typically express the transcription
factor Oct-3/4, Cripto, and human telomerase reverse transcriptase {(hTERT), as detected by RT-PCR
(US 2003/0224411 A1).

Other Stem Cells

The illustrations provided in the Example section ensue from work done with hES cells.
However, except where otherwise required, the invention can be practiced using multipotent cells of any
vertebrate species, including pluripotent stem cells from humans, non-human primates, and other non-
human mammals.

By no means does the practice of this invention require that a human blastocyst be
disaggregated in order to produce the hES or embryonic stem cells for practice of this invention. hES
cells can be obtained from established lines obtainable from public depositories (for example, the WiCell
Research Institute, Madison WI U.S.A., or the American Type Culture Collection, Manassas VA, US.A).
Human Embryonic Germ (hEG) celis can be prepared from primordial germ cells as described in
Shamblott et al., Proc. Natl. Acad. Sci. U.S.A. 95:13726, 1998 and U.S. Patent 6,090,622. U.S. Patent
Publication 2003/0113910 A1 reports pluripotent stem cells derived without the use of embryos or fetal
tissue. It may also be possible to reprogram other progenitor cells into hES cells by using a factor that
induces the pluripotent pherotype (Chambers et al., Cell 113:643, 2003; Mitsui et al,, Cell 113:631,
2003). Under appropriate conditions, any cell with appropriate proliferative and differentiation capacities
can be used for the derivation of differentiated tissues for use according to this invention.

The Promoter-Reporter System

The cells of this invention are designed to have one or more reporter genes expressed under
control of a promoter or other transcription regulator sequence that responds to a drug or other aspect of
the culture environment that affects the gene expression pattern in the cell. In some instances, the cells
are engineered to have a second (issue-specific) promoter that allows the user to identify a cell of
interest to be identified amongst a mixed cell population.

Promoters that Respond to Metabolic or Toxicologic Changes

Any promoter or transcription control element controlling a gene that is up- or down-regulated in
response fo a change in culture conditions (particularly the presence of a class of test drugs) may be
suitable for use in this invention. Examples of promoters having suitable characteristics include the
following:

» Promoters for genes that respond to apopiosis, such as the PUMA gene. Drugs that trigger

apoptosis may trigger promoters in this category. Other candidates are Gadd34, PUMA,
GAHSP40, TRAIL-R2/DRS, c-fos, Gadd153, APAF-1, Gadd45, BTG2/PC3, Peg3/Pwi,
Siah1a, S29 ribosomal protein, FasL/CD95L, tissue transglutaminase, GRP78, Nur77/NGFI-
B, Cyclophilin D/CYPD, and P73.

» Promoters for genes that respond to DNA damage, such as the p21, p21/WAF1, or Pig3

gene. Mutagens or teratogens may trigger promoters in this category.
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» Promoters for genes that respond to hyperplasia, such as the Ki-67 or Aurora A gene. Drugs
that stimulate proliferation may trigger promoters in this category.

* Promoters for genes that respond to oxidative stress. Heme oxygenase 1 (Hmox1), and
superoxide dismutase (MnSOD) are upregulated with low oxygen levels: y-glutamyl cysteinyl
ligase (GCL), and Metallothionine I and Il are upregulated by depletion of glutathione, or the
presence of metal ions, respectively. Other candidates are IkB, ATF4, xanthine oxidase,
COX2, iNOS, Ets-2, Cyclophilin A/ICYPA, NQO1, and bNIP3.

¢ Promoters for transcription factors that reflect changes in gene expression profiles upon

- initiation of any of these events, such as the PXR, CAR, aryl hydrocarbon receptor (AhR), or
Nrf2 gene

» Promoters for other hepatocyte markers that are upregulated in liver toxicity, such as Lrg-21,
S0CS-2, SOCSs-3, PAIH, GBP28/adiponectin, a.1-acid glycoprotein, ATF3, and Igfop-3.

* Promoters for genes that are responsive to receptors that act in the nucleus, exemplified by
androgen, estrogen, and pPAG responsive gene. An example is the gene for prostate
specific antigen (PSA).

» Promoters for hepatocyte enzymes involved in drug metabolism that are aiso upregulated in
the presence of substrate. Exemplary are cytochrome P450 genes, such as CYP3A4 and
CYP1A1.

»  Promoter for drug transporter genes also upregulated by substrate, such as MDR1.

* Promoters for genes that affect the contraction rate or the QT interval of the heart, such as
calcium flux genes.

* Promoters for genes controlling a product that is deficient in certain clinical conditions, and
for which it may be useful to screen drugs that can regulate expression. Exemplary are
genes that control hormone expression (e.g., insulin, or cortisol), and genes that control
synthesis, release, metabolism, or reuptake of neurotransmitters (e.g., the serotonin
transporter and tyrosine hydroxylase).

These and other promoters referred to in this disclosure can be cloned by amplification from a suitable
genomic library using primers specific for the desired sequence, constructed using sequence data from
such sources as GenBank.

Tissue Specific Promoters

To provide a countermarker to identify cells of a particular phenotype in the population, the user
can select a second promoter that is constitutively expressed at some level, regardless of whether test
compounds are present in the culture medium.

Cell markers specific for liver progenitors, hepatocytes, and biliary epithelium, are shown in
Table 1.
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TABLE 1: Liver Cell Markers
early hepato- biliary early hepato- bifiary
progenitors cyles epithelium progenitors cytes epithelium
albumin + + - OC.1 - - +
ou-antitrypsin + + - CC.2 + - +
. fetal &
o-fetoprotein + postnatal 0C.3 + - +
CEA - - +(?) BD.1 + - +
y-glutamyl _
tranpeptidase * fetal * A * *
GST-P + fetal + HBD.1 + + +
glucose-6- _ _ _
phosphatase * ¥ H2 *
catalase - + - H4 - + -
M2-PK o fetal + H-4 ? + -
L-PK - + fetal H-6 - + -
P450 mono-
oxygenase * * = HESs - + -
p-glycoprotein ? canaliculi - RL16/79 - postnatal -
CK7 - - + RL23/36 - + -
CK8 + + + BPCs + - -
CKi14 + - - Vimentin - - fetal
CK18 + + + HepPart + + -
CK19 —(+) - + Cell-CAM 105 + + -
CkX + - + DPP IV + canaliculi +
BDS; + - + lectin binding sites + - +
blood group -
ov1 + - + aniigens + +
Ove - - +

Other hepatocyte markers are HNF-1 and transthyretin.

Cell markers specific for cardiomyocytes and their precursors include Cardiac troponin | (c¢Tnl),
Cardiac troponin T (cTnT), Nkx2.5, Atrial natriuretic factor (ANF), myosin heavy chain (MHC, particularly
the B chain which is cardiac specific), Titin, tropomyosin, a-sarcomeric actinin, desmin, GATA-4, MEF-2A,
MEF-2B, MEF-2C, MEF-2D, N-cadherin, Connexin 43, B1-adrenoceptor (81-AR), creatine kinase MB
(CK-MBY), myoglobin, a-cardiac actin, atrial myosin light chain, ventricular myosin light chain, myocardin,
myosin light chain 2v, and atrial natriuretic peptide.

— 10—
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Cell markers specific for neural lineage cells include A2BS5 (a glycolipid) and polysialylated
Neural Cell Adhesion Molecule (abbreviated NCAM), which can sometimes be displayed on other cell
types, such as liver or muscle cells. Markers for neuronal cells include B-tubulin 1il, microtubule-
associated protein 2 (MAP-2), and Nestin, characteristic of neural precursors and other cells. MAP-2is a
more stringent marker for fully differentiated neurons of various types. Other markers for neuronal cells
include neurofilament heavy chain, neurofilament heavy chain, dopamine receptor d1, serotonin receptor
2a, serotonin receptor 5a, and dopa decarboxylase. Markers for oligodendracyte cells present depending
on the maturity of the cell Population include NG2, galactocerebroside (GalC), myelin basic protein
(MBP), PDGFRaq, a membrane receptor for PDGF, and TRa1.

Constitutive markers for other cell types can be chosen from the literature based on the known
phenotype of the cells. Tissue specific promoters for use in this invention can be cloned directly from the
corresponding gene, if the marker is a protein; or from an enzyme that catalyses synthesis of he marker,
if the marker is a carbohydrate.

Reporter genes

To detect potential up- or down-regulation by a promoter in response to metabolic or toxicolagic
change in the culture environment, it is operatively linked to a reporter gene that generates a detectable
signal.

The reporter gene can encode a protein that produces a fluorescent or phosphorescent signal
when expressed in the hepatocyte. In this way, behavior of the promoter sequence can be measured
insitu.  Autofluorescent proteins can be selected from humanized renilla green fluorescent protein
{(hrGFP), enhanced green fluorescent protein (eGFP), enhanced biue fluorescent protein (eBFP),
enhanced cyan fluorescent protein (eCFP), enhanced yellow fluorescent protein (eYFP), or red
fluorescent protein (RFP or DsRed). Bioluminescent proteins include firefly luciferase and Renilla
luciferase. Enzymes that can be used to convert chemoluminescent substrates include alkaline
phosphatase, peroxidase, chloramphenicol acetyl transferase, and B-galactosidase.,

Also contemplated (for example, for use with automated systems) are reporters that generate a
signal detectable by other means. Exemplary are genes which when expressed cause release of a
biomolecule into the medium, or cause catalysis of a substrate in the medium into a detectable product,
Regulation of the promoter can then be followed by assaying the biomolecule or the catalyzed product in
the culture supemnatant, for example, by immunoassay.

Producing the genetically altered cells

Once a promoter-reporter system has been selected, the cells are genetically altered by standard
recombinant techniques to place the reporter gene under control of the promoter. This can be done by
transfecting the cells with a vector wherein the promoter and reporter are both heterologous to the cell,
and already linked as an expression cassette. The cassette can then be placed into the genome in a
random fashion, Alternatively, the user can place a heterologous reporter under control of an
endogenous reporter by homologous recombination, This has the advantage of placing the promoter into
a location in the genome known to be permissive for transcription under appropriate circumstances.

— 1]
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In principle, the genetic alteration can be done before or after the hES cells are differentiated —
as long as there is sufficient replicative capacity in the transfected population to enable selection of the
transfected cells. One of the advantages of working with hES cells is the ability to bulk up the population
by any extent desired before differentiation. For this reason, the reader may prefer to undertake the
genetic alteration while the hES cells are still in the undifferentiated state. In this way, they can
subsequently generate an ongoing supply of undifferentiated and differentiated cells for further use.
However, transfection and selection must be done under conditions selected to avoid premature
differentiation of the cells.

Methods for genetically aitering undifferentiated hES cells are described extensively in
US 2002/0168766 A1. Plasmid vector systems such as Lipofectamine 2000™ (Gibco Life Technologies)
or FUGENE™ (Roche Diagnostic Corporation), and viral vector systems based on retrovirus or lentivirus
are all suitable. Selection of transfected hES cells can be done on antibiotic resistant feeder cells, orin a
feeder-free culture environment (US 2002/0168766 A1 )-

As already indicated, there may be mulliple promoter-reporter systems in the same cell line: for
example, a first promoter that responds to a metabolic or toxicologic change in the culture environment
linked to a first reporter, plus a second promoter that is tissue specific, linked to a second reporter.
Alternatively or in addition, there may be one or more additional promoters that respond to the culture
environment in a different fashion, representing another potential response to metabolic or toxicologic
change. Again, the additional promoters are each linked to reporters that are distinguishable from the
other reporters. For example, for use In fluorescent assays, transcription of each reporter will generate a
gene or enzyme product that emits fluorescence at a different wavelength. Using this strategy, a cell
population can report on different potential metabolic assauits at the same time.

Allelic variants

Another benefit of using hES cells is the ability to make cells that are identical in all respects,
except that they have a particular variation in the gene encoding a drug metabolizing enzyme or drug
target of particular interest. This is relevant in the context of drug screening, because there are some
naturally occurring allelic variants that affect an individual's ability to respond to or metabolize drugs of a
particular class. Because the cells are otherwise the same, the user can determine the effect of the
compound being screened in an allotype specific manner. See published U.S. patent application
2003/0003573 A1, paragraphs [0128] to [0134] (Geron Corp.).

Examples of drug metabolizing enzymes having known allelic variants of consequence are
described by Wolf et al., Br. Med. J. 320:087, 2000; Woif et al., Br. Med. Bull. 55:366, 1999; and W.
Webber, Pharmacogenstics. Oxford Univ. Press, 1997.
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TABLE 2: Naturally Occurring Allotype Variants of Drug Metabolizing Enzymes

Total No.

Enzyme Variant phenotype Frequency of Drugs Exemplary Substrates
ultra-rapid metabolizer Emi%”;:;m:rfﬂfz %
CYP2C9 reduced activty >60 ‘fmfo";fjnd‘fjgggf
CYP2C19 poor metaboi;zer Oriental 23%; White 4% > 50 megrgzr:}:g:f gg;:g::zmo le
N-acetyl transferase poor metabolizer Amer‘igl:g%%oo%gc;?zo%; >15 sgf:;;ﬁg;ig ;‘;ﬁ%‘;ﬁﬁ; s
ggg;(ti'tlri::sfer ase poor metabolizer low in alf populations <10 Gmigér::;?:ggggﬁgbﬁne

Another enzyme with known variants is CYP3A4, which plays a role in deactivating testosterone, and
which is implicated in susceptibility to prostate cancer (Paris et al., Cancer Epidemiol. Biomarkers Prev.
8:901, 1999).

To put into effect this embodiment of the invention, hES cells are divided into two or more
separate cell populations. One or more of the cell population is genetically altered to introduce a variant
of the gene for the drug metabolizing enzyme or drug target (before or after instruction of the promoter-
reporter construct). The gene can be introduced by random transduction, but more typically the variant is
substituted for the native gene by homologous recombination. This both silences the endogenous gene,
and places the variant under control of endogenous transcription control elements, Alternatively, if a
naturally occurring variant is known to differ from the usual gene by a point mutation, the endogenous
gene can be mutated so as to confer the same phenotype. The user has the option of altering the
opposite allele to express the same variant, or inactivating it, for example, by homologous recombination.

The cells are then differentiated and used for drug screening as described in the sections that
follow.

Differentiating Cells to a Desired Tissue Type

Once the hES celis have been genetically altered with the promoter-reporter system(s) designed
for expression in the test cell population, the population can be bulked up to any extent required, and then
differentiated at will into the desired tissue type.

—13—




10

15

20

25

30

35

40

Cell markers specific for cardionyocytes and their
precursors include Cardiac troponin | (cTnl), Cardiac

(cTnT), Nkx2.5, Atrial natriureti tor
%(K@%(anl%y n heavy chain (MHC, particularl y%tch‘gl%gogmzwss

chain which is cardiac specific), Titin, troponyosin,
%F@rcorrerl c actinin, desm n, GATA-4, I\/EF- 2A, 5MNEF- 2B,

5 MEF- 2D, N-cadherl n, Connexi n 43,
131- &eratasyiescqah be d{f@EntiatR) fronc hESadelinesinl iam antibitolV/BY Histdie MREstylase, as
deYARHIORI 0.5, Pt ©48€55C biid" PORL fubithtioRY WBIoMs1 548 hdeem 8bdihoration).

%ﬁﬁ%{éﬂn&g& ﬁ’és @9 gtje r&al ul'eghrg thF IB%' %\be g?y%n Ir%nb%r oif hln%ne dewﬁtylase In an

%8’?5@‘??%@20%6‘5‘3@"’24"?’6 ’8/’ DMSO, then W@é? '“N’é’f e figione deacetylase
Wé@l nfHuiyrafep r Tha erglisbtainpch eangie reatirddsbyi quitiriogl¢ dABBS a(hapatocyte culture

@iy @britgniird) n-iyehte) DMFS| pls Yototvtnarsbioodutrnds BSH, hepAEYRSréh factor, and
wdelecul e (abbreV| at ed NCAI\/D whi ch can sonetimes be

di spl.ayed on e h.as |liver or rnuscle

OSB! 3B B s PSR et o B
US2005/0¢3 14 A LiSeTon a8 o c Felle e ciurse eviﬂhsezere! IobirEfions afdifferentiation and
maesAtibm ageots dir aejuence,Sdabingothe NBSIkcélls D IFErEItS fifst @t ey RABdoderm or
hegtdoyte prddiRor, ah$théh to ﬁtamrhgpaﬁaﬁﬁé-lmggéﬂ mar ker f Or fully

?'o]; f E’[effgr?%dn Bq o F?Jé&e?m ]Slfe cglis can b%gr?hfafeéﬁ%lm enﬁgr raéeh gwﬁo or fetal
bﬁwrssliupl %{’H@ﬁ'fy 'h%%’ﬂ?a‘t?lﬁ Eﬂ“'hf brq?@ﬁgmuﬁnéaqtogc éyfefﬂnthypn can then continue
usleg @ caymiersialiycayeilable hepatacyteswitund wevium, ingadigtiatorssach @ihepatbopagrowth
fAb®E AP ¥hibcanl groMh FIcRF EGEY bndlr b&e %Fbﬂ&déﬁw bt @d.4.BMP-2, 4, or 7) In
vhHoEsS %&Lblrgﬁ"oggnq*u{ég mgmraqn&e QJIiB% remaXceg bryo d)?eg%néa agenis such as

R Rk e
aPFé'E‘éE?t‘b? repester o519} thispipvention Jopevideidthelow e Examplect: sin a refined

hemtocydd ditgrentatibl prbtycpe siff@entiatior isaitake Dsifgraimdtdidi@itl AciviT bvity, §pically
iAS &gseﬁ& d BiesekRAimy \ﬁmQﬁ]‘QF %H&s ﬁkfe bhtprgte %ﬁ&/ér%MSB (ﬁ?a\‘h%lg 6). The cells

| [
ac‘rf)tﬁ&l m%tu%d %r%'\)%gﬁ, g’smr%(?-{Gﬁé 2 o?nrdéag %l% i aphﬁ: gé%tge pre?encieﬁ)gagents such
aﬁﬁ‘?"ﬁ'@‘?‘ha?‘g’e?"?.‘ffeﬁf’\é?’??°5‘?5'f‘ M rom an enzynme that catal yses
synt Meestera “befpatheytelyon "kepptocyief lingdge ca¥basksed in shisdisclosure means a cell that
hasa i by diiréd, @and eefdr@pOfiveedr BERES HO TSHRC thaRelkMdst alxrantltrypsm

aHﬂogl}@c;prd#éﬂ'}MbTyEo%grP .Lﬂ@;a%aé) Q:ytgéf\ oﬁ‘h Pﬁzﬁ&%ﬁ&e errésgﬁlp Sél%gse-a-phosphatase

Ic Oor,. tox
oL i lovl S eBSBBE, S R popre e o7 Jorasr fpbadl ool
peRshi with sanaliguiarcsnages detweardham t Qtherfegtirgmefl matufh kepateqyiss isglated from
hgreandive anrey 6 Oeskdt, But[HrObop requitel & quBIMDEHKE &ShePatbdyld® WRHCIRIB efinition.

ASday PBR&R RS fd@x%i@ﬁng tceﬁsrhéﬁ@@l are a%%né/m? 0. Selxarl)é'n GS&% @aé rl\ 'i'taa%tocyte of this

inggﬁﬂtrﬁagybte%m is %ot nece%sgr\ﬁ’a Aelb lneg §¥ {f enﬂ%m t())l.mau Spgrgcg\grﬁem cells, unless
"]tf’r’%?"@'lcﬁ%’e&‘%(FF be sel ected from hunani zed renilla green

f | uolndkecentext pf drtige sareefihg, @leRiser naag Ao visil togtes @@ activity of particular drug
mielabilfiRSBBMHes, BlicA b bytbckietd PA50 e&ﬁh@nﬁ%&v&%édﬁmgy bﬁ@ﬁ@yﬁﬁ%tactwdy of

Cﬁgcgl]blgi rb4§ FP) CO gﬂg %fécg q? %@% laslég{ee%F gl?bt a? 4 Ot e as nbcljazolam

Iuoresce
PO S ?fé‘ﬁﬂo'ﬁ e (Fetpigiast BY CYRARgHphengsety &m’w sasuturaol
(QPeP@i rigtivityreeh belauanftated dsybelng gholied- hid eor A dmERethat|of @ reference cell line,

sitblasitiep@T eie. ABRNpITER waj) aft mEhdting tetdbihds bLOAICBE RET in the cassette
suﬁlhﬁﬁ&béﬂnl@%‘&% Sll’fbggsﬁawee%te' o U% ble¥Ald U c?mpounds such as

oBURRRDEL 32l S8 v SISl s i e rggome Peso
SPFESTONSK 354 b thercgls. use wi th aut omat ed systems) are
reporters that generate a signal detectable by other
nmeans. Exenplary are genes_mFLgh when expressed cause
rel ease of a bi onol ecul e into the medium or
cause catalysis of a substrate in the nediuminto a
det ect abl e product. 30Regul ation of the pronoter can
then be foll owed by assaying the bionol ecule or the
catal yzed product in the culture supematant, for
exanpl e, by i mmnoassay. Producing the genetically
altered cells Once a pronoter-reporter system has been




10

15

20

25

30

35

40

Met hods for genetically altering undifferentiated hES

I descri bed extensively in 10 US 2002/ 0168766
&’I%.J(’%I@é%?d vector systens such as Lipofecta y HES2006/024763
2000n, (G bco Life Technol ogi es) or FUGENETTM (Roche
Di agnostic Corporation), and viral vector systens
based on retrovirus or lentivirus are all suitable.
Negpefiti on of transfected hES cells can be done on

anti Rétﬂ’atl k&is Eﬁe%@r@% ffn%rﬁ %}ﬁ% éﬁgL gggt{)t e?ﬁeﬁoﬁe@gbgd it\ H%ePatent

SR ol TS ELBEETES, o i b ot
Usgiisrasfiated; HES: grls gaqmi?ry@é |bpdy| deligcare pdipred 52 mrdiymp Fantaining one or more
neuretephinsaoh@ieer mérh atogeresqrodiating b celidogitidOich sdkast ~60% of the cells

ckppesh ROB50 BdiyRiaiBRN BEAN, br RiEkEn Sdlviniéh & B5hMk PR MERR 0 fdeElfr@;g in culture.
E&é?néa?a IJn [o gns ra%p&:l:Ft ?gsic P?;J.FUED@F J: I%Eq FIg(emgparyt neuro&p%ms are NT-3 and

BRNE- eTfﬁétf Qfé'ﬁffﬁ évpeﬁ?r""aaef?@f"efﬁ or 7 Ff@rb@atwayf %MP G'Pfjeaséqu"fﬁﬂdeca" be
uggddiot ineserad ther papsrtion oof triaerenal egligchal are peditiee dunl trogie  hydroxylase, a
cRAfsterisBi BRddpantintrgh Mdlrbise MR prolffergifg E4Ns can @Rk 86 BAkddnNg undergo terminal

dm%%r\ R w.@'ne&rﬁggﬁmﬁhé Shedfcl &bn%deﬁ or tOXI col ogi c

chan gral g Bé)l‘ onoters are ea

1 i P GGTPulb PP SRS PR UL UPAHAN] BT o sk preoees
syagerdedia @ negiym conigining Fpilogenatishpase’GFf @nd ofigpdenpiiqeyte differentiation factors
shich ao trivs@i@rvhing Sslenjisn, aid rétGIC kdid) t The Bell® bre a6 Blatt®€fIBY 4 Sllid surface, the

rébhdid acQQspﬁﬁh@faﬁn,%ncgﬁQ Sopgfatloﬁ @&H&d&{ %Hﬁﬁal aanha%gﬂ 53% be effected by
allnpgﬁ gd? = -Igs(fn% a%?i Iremovm e]ll ow{p\tfacyc\z@s %opuggcinf ca(s#s al%lg?egljrbvﬁvch over 80%

| on Ccan re
ohie &rlts; %‘f Pepfveafeb o '%deagfgw pagkesy NEh @roteagiisan: AR5, angl PESFRa, and
nggafivie fert the pymeltriverer Neuhef $de RET pubiicaipn WES04a07698 ang Keilseead et al.,
JalBirbsicil 3006;05(1Hxkad4.063. | Seritaliet of Al bighdht egiRbiial icBils &bd also been reported

IRSREGE Sral., &aamga{emb@.@tszw%u have a particul ar

variation in the gene enco I'ng a drug netaboli zing
enzyme or drug target of particular Interest. This is
He#{eelrant In the context of drug screening, because

t her @ar&l&n@oé‘a&gﬁr Qb ¥re9.ﬁéél=éréh BQgeﬁérlat&l fhdm Hé%rcblﬁ'%c%rdmg to the
mtemg'J a{dec? %twdﬁ‘&/dogéjsp‘”rﬁuc% s, are cuPureJ in %[us%ensxorgvlg %eaq 8alp Sﬁrum or serum

lze

'eel@fﬁ"@"fa?f@ °8‘i°ﬁ@'mcgfé'°mg ?afﬁfethat@ﬁ%fs@@rm%ﬁﬂoae%@ A azecytidine.
Attdrtivelyf @eiomydeyte Ielest@ e caompmentktdsidiyregiudr et substate with Activin A,
falldwe® by QRuUBP R £ bobie MBBHGENIC phRsh (G BIPS BIRChpldnshy b ke Eulturing with

a@QQJIM ﬁ@t»’o@iﬂ fa%Bplﬁ)ié QQOIB %Zigslré& sp&%é(e%%aﬁﬁhﬁacw éﬁ%g lantth%n be separated

Lr'%?geéléef" 5%]? @%Mdeﬁﬁw‘feﬁﬁmﬁw allelic variants of

cons@fiRs ,ﬁ:@éesa ISEPSIRES dNCudre’ytUipg Y (celis s agio, formBjusterytiplown s cardiac
bBRO™OBMoviridBOGIe cid) dnd &en akpersinBrand MbdningBhH iardsa’ﬁ Dods®, in successive

it AR ﬂiﬁﬁiat}&‘ns M@thgiﬁed \ﬂmaer %lfll ;%snm' #¥r cTnl cTnT,
%&lgz %cnf’ %% ?sm h&v& chain. (&QQ)A?r\ga;%ﬁ‘: ? %?eﬁ\éo-g gso Xu

et CiIp Bes: quﬁ. 1(@@&7‘?@%" Qﬁl‘??é ?@ﬁ‘t"” EPTEQﬁ%f'P'g)pe
Frequency Total No. of Drugs Exenplary Substrates
ofp¥Rtegdespoor et aholizer ultra-rapid netabollzer Wite

0 0 0 %
g@anff f e% an&e tqcrwgv?zdg?ﬁon?h%%ggﬂg (W]O 6?3/0%09490 pGet%ﬂ Czo(r)pg by initiating

dlfferentlatlon of hES cells by culturing in a medium containing a combination of several factors selected
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a

Hematopoietic cells can be made by coculturing hES cells with murine bone marrow cells or yolk
sac endothelial cells was used to generate cells with hematopoietic markers (U.S. Patent 6,280,741 8).
Hematopoietic cells can also be made by culturing hES cells with hematogenic cytokines and a bone
morphogenic protein, as described in US 2003/0153082 A1 and WO 03/050251 (Robarts Institute).

Mesenchymal progenitors and fibroblasts can be generated from hES cells according to the
method described in WO 03/004605. hES-derived mesenchymal cells can then be further differentiated
into osteoblast lineage cells in a medium containing an osteogenic factor, such as bone morphogenic
protein (particularly BMP-4), a ligand for a human TGF-B receptor, or a ligand for a human vitamin D
receptor (WO 03/004605; Sotile et al., Cloning Stem Cells 2003;5(2):149-55). US 2004/0009589 A1
(iskovitz-Elder et al.) and US 2003/0166273 A1 (Kaufman et al., Wisconsin) report endothelial cells
derived from human embryonic stem cells. Chondrocytes or their progenitors can be generated by
culturing hES cells in microaggregates with effective combinations of differentiation factors listed in
WO 03/050250 (Geron Corp.).

Other differentiation methods known in the art or subsequently developed can be used in
conjunction with this invention to create promoter-reporter cells representative of other tissues.

Use of reporter cells for drug screening

Celis of this invention containing a promoter-reporter system can be used to screen for factors
(such as solvents, small molecule drugs, peptides, and polynucieotides) or environmental conditions
(such as culture conditions or manipulation) that affect metaboliic properties or gene expression profiles.
This can be done to study drug metabolism and drug safety, to identify factors that affect the regulation of
drug metabolism, or to evaluate and validate a pharmacological effect. OFf particular interest is the use of

‘ these cells in the screening of small molecule drugs, and other agents capable of entering the cell and/or

altering cell metabolism in vivo, as part of pharmaceutical development.

Toxicity testing

Use of the promoter-reporter cells of this invention in toxicity testing involves combining the cell
population with the agent to be screened (typically by adding it to the medium). The effect of the agent
on the promoter-reporter system is followed typically by comparing the signal from the reporter gene in
the presence and absence of the agent, using a detection system appropriate for the reporter chosen.

By way of illustration, hES cells are genetically modified and differentiated to create a population
of hepatocytes containing a promoter for heme oxygenase 1, linked to a green fluorescent protein
reporter gene. The cells are combined with the test agent in the same medium, and fluorescence is
measured in comparison with fluorescence in the absence of the test agent. Increase in fluorescence
level indicates that the heme oxygenase 1 gene is up-regulated, apparently in response to oxidative
stress induced by the test agent. Different agents and agent combinations can be screened in a rapid
throughput process, for example, by establishing the cells in the wells of a microtiter plate. Agents tested
according to this system can be identified and selected for further development, testing, or use because
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or sg@glwt h ractors.” DT _ GYFCCAACTIarescionrxémmlpeto tebbdrugs
iy ngestinsaediacisghemiz. iniaridem ithescleopratoddrydseor Sastivd Mifests, matched
medi um i ncluding factors such as hepatocyte growh
factor (HGF), epidernal g_r%wt_h factor (EGF), and/or
bone norphogenic protein (e.g., BW-2, 4, or 7) In
vari ous conbi nations. Final nmaturation nay be enhanced
by the presence of agents such as dexanet hazone or
Oncostatin M An illustration of the 'DVMBO Protocol"

from US 2005/ 0037493 Al, as applied to the reporter
hepat ocytes of this invention, is provided belowin
Exanple 3. In a refined 20 hepatocyte differentiation
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WO 2007/ 002568PCT/ US2006/ 024763 Nerve cells

Neural cells can be generated from hES cells according
tyo béhedBishod described In U S Patent 6,833, ﬁ'ﬁ%’
Carpenter et al., Exp Neurol. 2001;172(2):38 82006/824763
WO 03/ 000868 (Geron Corporation). 5 Undifferentiated

Eb%@atﬁﬁsj J)f%e&é'tocﬁm&fr@r QeIlQQerbé: géeli %o Qt{reeen Q«H'l t&)&&lggcalical Q‘feas of the same

cmoumr]n contal ning one or nore neurotrophins and on

AoT e mtogens generating a cell population in whi ch
at least -60%of the cells express A235,
m‘dgﬂendklrygatqetslarfMMmembohN@énmeand whi ch i s capabl e of

gﬁ e| (é%ﬁ}g% cogrgélg &Q&%B& %mccapg[ %9 ,%(a%%ﬁgéreﬁn g}tﬂ?eq.nser may wish to

YRiRte e R5SHMSrdarat of aNreiaiah iyo. BEMPEN Vs deligiss taffe invelpmdf its metabolism.
Bigpe@n bardere by Apitingg rfiesdre, wih ipromoteomriirtardelistin the foresdboraabgbnee of a
ABKEHCH thét tfidr detivaidd br ibitslfinstBgidn bOrandisios ke @r&beta?c;et or metabolizing

(Wz%o rﬂ-ué ﬂﬂ'nogér-ré’ﬂ&fg Qdﬂﬂuctciseihkscén ttcbr@ltlec ege Qc%? ity gowngtream from thg activity

n
bl el e el iyt s '§38‘§?re‘t°ﬁ By PRSESom e dehoger gene
1D K @regRpCY & idpg Witlgrivtoutthe RMAL a9 an Ingication of whethegthviirindoes influence
thedrogttrga phanganeiinquédien. absence of ml | ogen.

ai g@@ﬁ‘dﬂﬂﬁr@ﬁ:ﬁ%@ gag Géyléllnbﬁs gﬁ@@trﬁé QQA fn{ogmlég éf tl'?é %le or double
scf\rgnl&{ey Hne Javing d g uence o en 33 Clﬂacg\éa és%al?igrhla a gene specxﬂc manner.

BF.SW&% 6’?"0‘59 P%R f“P'é?”!?ﬁ tardafth% iphibiigsy, gftable fargise indthis gastext are well
desdribegidothédrart: Sae, fre pxapple.duanuetal., Satber Res| 64@2%t, 2004; GhanBha., Drug Discov.

Toahy 30:667€ 20683 MPIMahddEraRNE@r. 2088 Chend Ué;Bla%ﬁ:ﬂo t Bi4: WO 04/094595;
\ﬁlsibb 5‘13'7%) a_CPﬂQer s&ta}% g@tﬁ%t@é\@ng % 1t3 ?ncmgep umaz?l ?@eculfz dn; aug% known to

eren I on

jg iR SSHmBRHRY e ook o aErRaReieh (EmaRel ofghokoRl Soi. 1082610,
88t ors. Popul ati ons can be obtained in which over 80%

of t ieoveekgsargetsanduas G iow-chiipled Gdcbidas @PURE CativateNBY KM like TNF;

;M@%sdﬁ{ecﬂ'rdﬁﬁghéﬁca@ﬁ'\‘lateﬁ%ge:ptorsa@gAfs%Bﬁ’bm Huleat 'a%%:ﬂxepgompounds

Bg%neu e| r Set gﬁg N&’P'c are a%g %?‘g@bﬁg n%% Rifampicin, or

woqnglyneﬂ@g—g{arbpogﬂe, e pqc{eartrf:t'@pfor(gARr whighaeg ac%@ﬁthenobarbntal and other
bapbiturdiest iPhdsedeérizaneh dlike adiysayibemafermas avhice Cordckdsi panoisdaat& biphenyl
®inpadhds; arfdl HEbdABSL AN rdobbidrs whick bifid BEHIArk1pyrdre Bhd BQEAhlh&lavone and

CRdoeld r@@‘@&}ﬂ}hﬁzﬁ bnﬁ%ess‘t}@d'eﬁ lr,,g[ggg,g;(g mptlé e C ursors can

generate to the 25 rreth d

0 o T PR aISE Nt P e ST [ fomstano f
ab RTINS Poghy! laniask cang przyreds fnveled inpoaivgaticrotivie adds laadaeecvmpounds.
and optiuasaialthy asped aF the Oivemipl) i deugf rdidbailsmt il &e Iﬁérfceﬁ B& studied using

h% ﬁ?st hl\é{m"?bt & ‘Brbmotﬁ%&rta'ssyger@@%? Yésbcﬂhg‘% X@Lttvgr AeJSrXQ that is

oo TRi b gl PR BT e o Pl o gty wa e cols

"&elﬁ"tSE’PCF ARy akpanpe o ROOREeqfie fop Pastirular R450) prryragsiike WPQA‘BNPHere is higher

repoder egivilyaniaded py iy diug inttiecpresende totithe RAiVhén thearduction in CYP3A4 activity

chigSdlby the RiLAS & reduRNYg iR inbras@ btrekd K—Qmﬂl@ff‘n% cypdas H8Rd h&Sbolic pathway of

%%?Bt aneously contracting cells can then be separated ,
rom ot her cells in the popul ation, by density

cent M FUYaL iy role of the es‘f—‘l??'t Resplopin fle@bamagewisa agliyly of a drug can be

evgiugled deinacglisthaingragpranivter erdriessysiem that réflect$ tansarigtion sttagyes: up-regulated

bl BrOGenAB therd isddwRErefuneh a@ﬁﬂ?ﬁducé’d&ﬁﬂ% R inthe bHséncE SIRNR spél:ﬂig for the

ebth5eh rEllStBreheH tRksRdyEn fe@Jpg {]&t&dgga %egflo%e cpu%% ggs t\é\étldn

successive iterations opul ati ons are obta n

hi gh proportion of cells staining positive for crnl,

cTnT, cardi ac-specific nyosin heavy chain (MVHC), and

the transcription factor NLog2.5. See WO 03/006950, Xu

35et al., Grc Res. 2002;91(6):501-8; and US

200510214939 Al (Ceron Corporation). Oher cell types

Islet cells can be differentiated fromPIES cells (WO

03/ 050249, Geron Corp.) by initiating

differentiation of hES cells by culturing In a nedium

contai ning a conbi nati on of several factors selected

40from Activin A, a histone deacetyl ase inhibitor
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WD 03/ 050250 (CGeron Corp.). O her
differentiation nethods known in the art or

subsequent |y devel oped can be used in conjunction with

W0 207/60288t i ON t 0 create pronoter-reporter cett/®s2006/024763
representative of other tissues. 20Use of reporter

E38dt bsanbiRYardiin screening Cells of this

i nvention containing a pronoter-reporter system can be

us ed PlBotederede chlismaia (ot sABLIBEE &% liSbur SRtfrSere®BBbilain different

variahte ©tih @rug imdBBoliziReéHynttesan b8 RGdRY lc%ﬁb‘éfelt & ijogegsfl]r??l %9 Iregtﬁzg of a drug

R0 PR FREBbHLedGY T |ernj:yg,g_s (such as culture co
h&ling TRLRY B! ;}i hhs a E &ct Rt Bigprves spspL e b sagpe hES col
efle_expressi on -p 8¥e. °rRibg comparedeniticiepatcptes bavidy the variant

:%F%'" &tk 158 Peruiaton rbld RLfgr teradfiettyf a drog ke @BNrbrhathoFoR&H, Wifsrences in
6 avetalfifreatibuable to e udriatioh G afidct the Sgridl J&HerES AR ia?rﬂamo%r.re rt
thOre it Wbh&aditObr YokchiGlit hal.nacol ogi cal effect. porier
oo KRB b (AR e ) HelTP 31 s rumrasior 1 4 g rocuc
"T‘B a Tnel oll%m of(:f‘he ds ug.

screening o snal ol ecul e dr ugs, and ot her agents
capaPPEIf Bhior rArengter-fseorietedells engiddensd talctntdin dittpredEakiants of a drug

taW.E'tCébé? {issdrioi qqmpqrg/ﬁj_e eftest qb akiug ol thp Rirjel RGBS iF‘Blatl;xample, neuronal cells
hadfipy edriatipnean &n endynelivbiled if Bakd B9 nd S Rmid: L Ei Gompared f%ritrtefffect of

a BLO RRWE for I CE .Of IS 1 nvention 1
at{riﬁgatbieq (gtE:i erI’]lg‘:gla(;tlg'\Sltgekg (%%H%U}O%?l?]ng] P%%rer}fgﬁ ik thepqgfm‘?%top'@"l effgict 4 the drug
the agent ‘1 orop&M aisehibm siegnal gepgseteciiioyghtnypronetii-regortet thateesponds to
PresRere RER eHprangriteref f ect of the agent on the
pr orfisbagate nﬂp@pmlaibnssmm@rarffj;rsntfvg{ah@v@q,etm Fé%'eﬂ % (i;% metabolizin
enB)BETRA tebtek i B reporter gene in the o
haRhERRASGeRRY &%égﬁrfgtpa%@{rﬁ@a%"yé N
inS)st em appropri-at €1 Of elsﬂ‘t?“P"ég’d’P'[“@'Fe thntys es¥ pormiations, endiheasure
?%@ﬁg{{'}‘e 98R dotihyedanisdpgetserar e genetical |y nodified and
differentiated to create a population 35 of

Us e Br BONad RinsdhnRd Bs@ot er for hens oxygenase

1, IAiinOrt}qued tg a green fluorescent protein reporter
gene. h#e OLs Romgtesrepgyienpelieed this inviantiomis tq regitor g ofiaflissue graft

(SUEh @S a9 afiegrafikicinspiantechint afHumar I5j8c NExpreksSon B2 848 WpSrébr kdA be used as an
- dl - H ") i -
indigatorpeir siresaNapobibsies, fol MABIRS 6ERE %aﬂsﬂarﬁé?ietlsg]téz %@1%? Ib(%falils% 2)? inadequate

eng{rﬁfgfentﬁﬁ Sbuse bIAGHEARR abults c}cj_lchl'rlcgw??znsu’rﬁ@g &%9?‘)@; ul at ed,

E M‘%r e@grﬁe, Oxl\éﬁenasg i ggg ( i
a _a¥ i Ht 3 mie, g promater chosenin fisicaniaxt qpald e onedhat respdngs édnetapolic or
.toxlt;cﬁ%mtcgwesargt@ﬁfell,[gpqzhfaé Bgpne thagespoadsanakidaye BresS 6 EPdpat | ARporter
is chesan tat encodesarpedkin that & s_éét&édi)y‘l@to@ﬁ, QMQ_D&H LecREQGE ?rﬁ)thenJC p?ortein from
the @XIR PRniding 6 cRSck @Mekn%ﬂitcﬂ&i Jy@?m&igé biSod! rbrtf%%h%ﬂﬁnle re?ﬁorgefr encodes
oy B S s, 45 I s o s ren e rerr o
pro d’év‘%? SHAERE0E Prough thagidneys squtbet apfivityanti the proiBePRD Bé RER5EBHGugh
the Wr@igg 3098575 _gx&eg’;ax. fld cSurmlte cér?ﬁd!St@s &bl Bian Rhdrisric doRSHRBAhCE),
majorTurigent ot iefdvstath, §-RodiBMR and bink RSN B o bRbuded of refa
b L is any effect attrp 53 [elatively
ol ity L G T e
Chrasho pg%{ ‘H%\ ctepnbe avarantopirrgment pighenatyieabrobvbéntide, so as to be devoid
of HRQTEH BiPIRgicabastivith eThe iplofeteraerivitartsystm dar B ©B8SucedGRd the cell po ulation
as ajepriAnbgendlin sltection (5.8., LsHOE plabiAl orHdEhoRfus LB so2R Ve i i
becdbies HEX6r fPBREPH BRAM Sl thmet‘t)lﬂlg aﬂ"e% lerllgragfégr% : 01@51 sﬁ?—%}/ﬂé‘% {Is'éue ey

WG, gl opul.ations are-relatively pure, or
. ooty ﬁﬂgassg%e‘%:ftt%é[’[‘)’g]"%ﬁ & plincthepyiamptesreporipecellyare dpmbiowsivith the
'SSUF%Se gensplaisdr Slhers e

1 graft censists OvPB//ut hBB ciMee bells fb.g., hepatocytes,
cardigmynsytese grtnes celig) i thef H@wtebropdtel B3 da®bd mREARS th Popkifon a any
target cell can be neasured sinply by follow ng signa

fromthe reporter gene in_ jhe cell population as a
whol e. However, when the cell popul ations are nore
het er ogeneous, and the pronoter can be induced 10 in
nore than one of the cell types present, then it my
be preferable to follow the effect on a cell-by-cel
basis. A cell that contains both a

nmet abol i c-responsi ve pronoter-reporter system and a
ti ssue-specific pronoter-reporter systemis equi pped
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40hence a protective effect. This can be used with hES

derived cardi onyocytes, for exanple, to test drugs for

suitability in treating cardiac ischema. In tandem

%h screeni ng of drugs for positive effects, matched
2N DB2568PCT/ US2006/ 024763 popul ati ons JICT/US2006/024763

hepat ocyte reporter cells can be used to screen for

treoeforltagbemitior§ WeGE §ie Qb qunds
NalHublaH doR Al lr . La Bge't gﬁgﬁ%ﬁﬁﬁ{l éﬂ%‘iefgﬁa’ FY Gmhigher sources, such
@7 yes BOUri nd the ¢ OUlMSE Belne'cp &i& pmryfashian. a (for solid tissue grafts)

T OXT COl OY1 CaloISER" PrHApIARIRddTR e erbft atfrfuldie sitet. HEne B8edT thEBM can then
b meritoted imgy 4t visipus intdnelsafte senspisht, b b Bfing®loodorRMelal SiptRliate.

drug, or an enzyne believed to be involved inits
CdRnaeiflemBdimedidi S Can be done by conbining the drug

with pronoter-reporter cells in the presence or

abs efit & Fmegeiabentemrion the ubdnaty pbiideatie REENVAHARBAS this invention as a
Sprvi¢si thiother ehitiandeBiihgdb ke thebrrebtloPRS) &Fnb&)ﬂdsocfrtaé&?s. %té'lt%ﬁve}y the user

-feporter’

mlap prgide cells, é‘Bﬁﬁ)iﬁﬁ%s‘ gfidqgaggrﬂ% %/f %’% in\égtﬁg Qoratgl?q? @?t'{tiiﬁrfor their internal use in

Fedelalsy C s chosen to reflecC
pdom?%#e%rr%éwnﬁb'm the activity 10 being tested. The
_user "l i &¥scpventive sranhe supelied irhibe erh Sf & cli dules SNREpehsbN in an
isgiRni xeieinber cofuretrivdiun 2N 8RR faciliBte R pdHaBR O GGad! ¢ e

dr ugrhisi infengdh Wid m%stgﬁ?,fg\lékd ki%ts Hs%ﬂ.la Ifor}dth%: adtle ; gttqan o}:)roduction, or
R ot ADBo et by BrRmbil e piad repeim T Jom g rers oy plural
coﬁ@g%ggdl n %Lrjest ron. S yStel | Tae ferh | sytand rafers topa plurality of

use 1 n ?SHP _ U Yt e oniuaglien witkieachpihercaldrestor (dallAeatty obeother, or under
°o8%h g aesingle eefibias partnershim ryetemsvat trisaibvgntion Atinily SmBREYRNHE sloments
explivily regui@ll| 286 maj bé predenitdr ot Eintd l_@rgé‘ls@’!t.l ) glj %?cgﬁ%%}gened for cell

us

pr&da&ieh b dru he. synthesis an RN
anBRbSGH) %fdﬁﬁgﬁgf he % %I”ﬁﬂ(ﬁb?% "or'g 28 h’ﬁ"&ﬁ EPgenty Sistribyted or sold to
“this cont ext are Rertordgess with fisinyentionh Ortienally, Sewstent @rkit of this
T ER R IRECONER) PP o imoes reagertawreiol forfetscting th 4B 4su0EM leh @Rtbody, or
;"é@“eeﬂg;ﬁa@r ghg miw?voﬁgﬁg?5wkngﬁﬁ to i&ﬂ@% or %ﬂg»tz %@%&Wﬂw (and
dzabpnekdddstion &g )| one ©r , , ; )
oHRRAQIALE o o nZe,ﬁetg,.u aaLe R;?'fg jici °5%§Di'a%ée’ MBI SPGmbi o
nibdhSlude, smal | morecure grERR TR '8 Rfpted gonuistian. endior written
downT 24T 3e & thafallsgadethes compprents pitiesiitiidr piup sameehiey @ halidation.
(Canpbell et a)., J. Cell Sci. 109:2619, 201996).

Prddnassomphising muigdiedRl fopiigtohd/de G pr ot ei n- coupl ed receptors
[ | igands |i ke TNF; peroxi somne

( CPEER oot d AL, DYl - | SOTE.
F{%{?O Terat ons ACHTY BYe0TPn CreREfR tp & nforerifResht celhrpwitiolss nrathtined
se ' Feggl-ﬁh? s9lanoryiaiensordyehe refered del ALl Baving YHeCaie @EMME4 FRls means that
genetgrAlyarephisms (RRiePs RKBNP8)Mrie6durea o s@ﬁ&al@’l@&hﬁﬂue@%m consistent with them
beitheie et RIMHBE QAR celffhd ﬁﬂf@él& buar 95%ride%cg§ nenal one
u

16ap LELl ] et nucl ear receptor CAR, which are
hicGL) t?egs{u&ﬁ%?g&ﬁéng 5 oabsé{?qﬁT Prafit 190 Repdysing glifferentigter aromptenreratie sells of
- Phas 8"’1;?;; 9 e genefiqely rondifiechdifjerentiatati s s, hESIel fhe having the
M$ragease and ebspib ithe samerancbtddidpbrenyonsiE OHROMAES ; i ;
cellfgsdteanzr bon ( Ah) receptors, which gt?‘ﬁd ﬂﬂ%zmgfe; %f/?'geﬁeenhated
an Tl gilel e. .and estrogen receptors, which
ceu?éthﬁf %?t ro engﬁ'h%ly B Fogfening, having a Riyeglin of different
dr ug grreetsﬁ‘é‘g PFYTR @"dégﬁzﬁfwegmmﬁfen-rweertsmem pictiersotared RdS@ierent
cell JgepemicEarhepsocdes msneiber ntpmptoyad o neukdTcdds). Mhi@ GELibment is
particylary 9éebil s estingithel eflaZof BRaGs HoMMEH pMEladofdgiGd Bife L on
e ik o bl RREh QYR FOBRGIN IS %gfgm ﬁiﬁgﬁg{%&ﬁﬁe £
asg\ggl;,erglﬁch%mgo lLavention, " drug ieta QYT rAtercef feesy i ver
samc?% & Studi e S hy SEB At dsrme seepinadadng a plurality of cells of the
B PETFETRP] ¢ e skaring; e sasme gehrate, hue by differt@ pRIDEIEHIOHS systems
stress. A drug that is netabolized through the
cytochrome P450 system (e-gp--. phenobarbital) can be
conmbined with the cells in the presence and absence of
RNA1 specific for particular P450 enzynmes |i ke CYP3A4.
If there is higher reporter activity Induced by the
drug in the presence of the RNA', then the reduction
in CYP3A4 activity 35caused by the RNAI is resulting
In increased stress - inplicating CYP3A4 in the
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a drug known to affect uptake (e.g., bupropion).

Di fferences in the pharmacol ogi cal effect of the drug
attributable to the variation will affect the signal
geneomioessst hr ough a pronoter-reporter that resposmes/ 20763

15presence of the neurotransmtter. Separ at e
& bt irldQ I.ons,_having different variants of the drug
° : @%eﬁaﬁ»{»}@ RTSRYf %E?eﬂbe“%eﬁwﬁ%%?&ﬂwa%cqn@sgwnw setentially.

alr ge
A{tﬂ%ag\beiyﬁ in ﬂ:‘ﬁi‘r different _cellquqlqﬁpm| ih $he kit aan by gérietaty iﬁe'ziﬁbab&cept for
mﬁpdaxqud/aqiant.s intcaetd! ppEpLF AteiestNsucha\4lIg)g véliaiht 6L MocHrRY Fdnzyme.
Amfl:é;igz@ szrBs%?;r Qﬁicltyhf lédﬂ?ogt(e) tﬁeef%fa@g gp%r?eg?n% ge;enca{re\rllj\gengﬁxl each of the
ST e Pk el

bot h t}4636}_rc|0antsg toget,

_oni TOF i n"ém?r?'%ﬁgpgfaﬂﬂlsé‘ﬂ' "e3dihsepgne to the mind oAthe tskied rerge, @ can be

implemenigdayiiih e sgopgef the gleimedintegtioof thi's invention is to
nonitor the fate of a tissue graft (such as an

al I ograft)mb foRdharg le@amp/égprgl%teg %sﬁfu lélrr%ao rllér%}/‘lngjgll%%l%ﬁons

Expression of the reporter e used

i ndi cat or of st r &L GProgEerts of e inyengipyi | ity of t he

transpl anted tissue, either because of inadequate

25engi al i nent, or becausegelrgbsbsequent acute or

chronic i nmmune rejection. By way of exanple, a
BRI s SRS E o ek b, §ONL EXT coul d be one that

responds ol ogi ¢ changes in the

cel IhES s:!is benae diergeaes ‘ﬁthﬁgp_at5@@§h’%g'§ing{ s xidal %ﬁ\éﬁn R,

or &PSRtiIRSIa .epor, LS sen that encogdes a
ank? éf% ej,n th atﬁ‘:hj eﬁbe@@%? éﬁegg?E@E{ ﬁegs WP plated, pt Tog19s galls per 10 cm well,

s@cretion PSSt IREEm SPiAiniierd roimbraddadedFEE For 5 dpysr etiaiding R@dium
SVEhENef Flags ! avap sondpeiidt by ewiurby teaded in"KD-b1E Gontaining 20% Serum
Repipasfient ABlbyo, # 11 1828-028) QI i 1L JRIBEHEE Sontbssentthl BMNELcRL ‘&5&%{‘ 0.1 mM
B-nircaptoditand) {oluk % DRBD, TIRMneiSm Wi «.I.E]alpgleﬂvér?/ ayg L une o

r esgg%s,@.wag ﬁjlgr?ll:tja% b %enﬁeport er gene 6? adef’ysf s al so
= bl'e thr oucggﬁ’f B9 dfiraledivardo HEM coniaininavid ng/mb EGF bias 2.5
9Dr ot EF MEdHT wes peypreehvididdavgh the urine (WO

2%)3?909@53'256 Bg);(Rreelafaq .u;izg Bupsih ablcBlagerbdd! Wb SscAbifg. "ERBhase
passéubgivas eftcig®Baeinéving BipgemaiieGh r rofein,
1 RN B e A O QT ﬁdgﬁ%ﬁ RPenfbr et S
min 'i‘cg%t'@"e} & C@ﬁqu?se Wwas,removed, and the cells

I n peptides of re
“,,e &/8%%6 8@1 'Qé;sld mediym was ORIRIRGEAY the wyeli. an the ¢etls were then pipetted
:'g SUElY 8330 en o iPH9OpiRettek Hatieequitdacongons Wwatdeilsittol détach easily
PEIEDTARpsIUE@Iinseadlidaliagenadd. DR waished blidBkre Rerkd AHTEN 1 &f ver wer
(Gitich & 26500 0642 oIS RIE Rleh (i TR, B ihoeld F5HE 'Fﬁg‘% LS et
dispBREIEY reftbR) glgéﬁ%a'l angg‘t | Vi rtn%/ he pro dr - éﬁdﬂ"}
FB%9¥st Em can be transdtée™? g ? Yiee echedydhan aguabrlums ot 0%
NS AYPsdthibtiqr Lasgerclumps Wesmlelt behind, theUrsilsngsreawdshaiSaRd BelRied at
1209, peries P mins Theeseltsawele, thes sushdnaid ii gy rﬁd'dﬁrﬁ,tha? Ja\latte& SRS 4 Well plate.

becraseds wére tedfepigenNgtiosal § @'céugreergv £ 8hd Gonn s b B
f { ment _ O USe 't ﬁ P Supgder15 gavs pryati the
:Ve"iél%%'ég t@@%{"?n""?’ﬁ%‘g &P iMEAium eyane?-$ peyio ey WeesTarturest bycehubing in the
! an?.% AT 1M dexamribazan; Plysseiibert10 niyel HGES 1 raMLEEEF, changing
the npgeimeevern -3 gaval Theguiduiei paibes of FRjun  ehek tHaBSis AL Lyﬁfeﬂyf ?&goﬁstraﬁng
s),

morghelogy.chariBifstic 0¥pRytesC ar di omyocytes, or nerve ce
t haRe 16 ter-reporter cells can be mxed Into the

dete&&’a?@,' raatl-.#i O%r:g{rg? ﬁﬂg‘a 1\[%8’?0?5‘7'7 o 225%‘8’ﬁ/ﬁsf0§2 (ersogye fipages markers,
{1 e Detor et PEOpTzsH i the)lavel expressed bheamglesibfthubanagiilsivar. As

:’;r?ﬁ?sri'l"wgb fhematiestien sthes. ithedayelfol DRNAN RICUBALIBCHBohreéd5 RS zhes
PAMRYP3ABNeDd thetFa80reluitor PRR lrise ©a@Ne ' t N
the same fashion, or (for soli d"tglﬁgﬂs)ﬁg?re{??'%ﬂ?ﬁéA&vw of
pronoter-reporter cells capy be inplanted into the
graft at nultiple sites. e fate of the graft can
then be nonitored in situ at various intervals after
transpl ant, by assaying blood or urine as appropriate.
Commer ci al enbodi nent s As a commerci al
enterprise, the user may provide the screeni ng net hods
of this invention as a service to other entities
desiring to test the effect of their conpounds or
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15conmponent s designed for use In conjunction with each
ot her, stored or used nearby one another, or under
control of a single entity or partnership. Systens of
this invention mnimally conprise only the el enents
SXPPIOEPLSSF required, and may be present or ofETAISRAPE/024763
in a larger structure or process designed for cell

GYPeAIRESGrBd (hrancﬁ'n%esa%ga?%k g&i’vat ch@ l&n%rélplm? agt{ﬂnmgu{eefg %y ketoconozole,

vibich ls Woidhi of I Str)

alr?otshwgr e n‘%ﬁflptg'g“1 %gvri ‘l’f%sgrr'}t"brlfﬁt??gf’s ipqipted drem fivgatreee- wi t h
th|S|nvent|on Optionally, a systemor kit of this
gnole; ian ofhE =u-m:;;- or nore reagents useful

for uch as a lectin, antibody,

oL Bﬁjﬁet l@&\%rl@%t‘s tf'n?g am%e and |g Eéagnpﬁﬁ Pieh a9t Waapm@gﬁwxﬂﬂg Cui, Debiao

E avar%/ Ig%r ﬁqfﬁ@n%ﬁoaﬁmﬁﬁﬁ iPeph 1ob Fentediuneiion B\DebgloprantdRoslin Institute,
ﬁyoﬂgjgpﬁo@@w e ogfiers dii the claiped iv@hton weing eﬁb’resg%ﬁgr%b

nDI esud msdeDior 6¢ REdHeCHRPRAYIBSIS ﬂjiléqimentlon nh%)rkuiinan a—feg?? ; V\gnﬁ glbumm

{
v Sl oo WK Sl Sl o P vk pente e e

use of the cells and other conponents of the kit for
drug screening or validation. Products conprising
mul tiple cell populations Some systems or kits of this
I MVENTT o conprise—two—or—rere—ai-Herent cel |

popul at i onABLES:'rieRa6H ﬁnﬁ;ﬁ@ﬁfiﬁl@da%cyte %cuﬁc%ramotgrane
Popti-ati-ens—nay—

be_referred as_having t

J&MARBgmeii S NMEANS t netic pol ynor phi sne
(RFLPs Wy SNPs) rrea';s']ﬁ%ésaquﬁ eLp %ﬁdard tecq%sﬁaes“ﬁ?sém No.

consi stent with thq‘:m,,,’a’ygkegéd}g, f\T VEO fronTthe—sane
Ce&%‘ | %gd(tymm/\b enmc%%mﬁm ?Q@ ) - s NTOQB286
such & iment is it for padbci ng

di fferenti at EIE@W@%&%Z%% Cﬁé TIAE‘. of thi 3(330690-336082)
I nventr1 on, corrprls %‘2 ul.ba..y red-fied

d| ffer enti at ed geddy gl 1ine havingrodddfs

nEeW¥hone (and p SSI bl € Same pronotgkpreporter
construct) fﬂ( ﬁr@é@ Me differenti aﬁﬁﬁe&eﬂﬁﬁeg)
as Tegurretd—35Mether a ﬁ "HECi s a syStem or

kit for drug screening, having a plurality of
different cells sharing the sane genone and the sane

pr oﬁl@ﬁl@\hvirplgpmmqu feg yraytstection biie hesES ﬁsemoblﬁédelgrslbﬁ]ﬁf%e pLenﬁ6N5-
D-T@iPDPeveetot (Irvidbden) | HRAGRS kﬁnotgr fragmgr‘? %9 oSy %R&j aql{!kef‘ Sequence

i @Q% My hi s arrangene
;Z@%r%émpv Bﬁ%é;g{g ﬁgqﬁgﬁedt es? ireﬁ 'fghpéasg'fdfcé‘ﬁemﬁfw?ﬂ? glggd into the
eﬁ A ?6e fviruses were agkaoed rpogerdinartg dite protsmUmovided by
'""'F@e@a"d t'f“ﬁ%’ ‘ﬁ'@%l"'fw@ifcel!she central nervous system), and
f or Thedidélity affall éhe tDNAGIRqUch®@s |wb§/ EdnfirAkd S\} &%ﬁen&ﬁd éndtrgsf?r%gpn enzymes

digebtuhn athé eérre&%o%m‘?%m? @b s&s&b@{l& Prreg rrg? ve[cﬁéggﬁgﬁé (Inv%rogen)

{
“”S§%f°z oD Tl R e B §Féﬁoﬂtﬁ'&"s teensendemejen i med Edwd both
Profii]) PGSt Sienssre oupr2Mot er - reporter systens WO
200"he 0@2@6@@@:1@%0%/@%&%3 HS Qad Elﬁﬁrecdhfﬂaﬁiﬁgﬁ toated plates using

mouse eakrdnic GibiRblast @%Hlﬁ&ls@ glle(ﬁ W? &R (t)
- "F'i ef al n%g]r Caqnfll{?@q cells
& QHilP qléngﬁ F?‘?‘@n é\s%r@ é‘: > Bekors ranch cmtrérﬁ;guopw t Ale ke;lll-g were

transc}ectedﬁxérn%‘a gﬂiquea:’awe}“d;éﬁqur@gw veth@é_apﬁarﬂfEQ plasmid #sO0dbueiBsll previously
Xu \?5?’1 Arekor ipgubated Wil 10*prunie lentviddsed Iﬁlt@ﬂ%%talnuﬁju%Fa@ ng/mL) and
A

polybreied(b ing/mupdveraightS s@kctch wabtapSibY Wpﬂ'@? sf%n A
IR 48 ess or to &7 RORaRpdyegon, using
G41t%e sa%f%? %%eglgvr'lvt'"grcg%eﬁt‘”éﬁepﬁ@ﬁé“‘i‘%’f"%‘ﬁ% of the

Svariants, so as to study the effect of conpounds

bei ng screened as it relatgs to enzyme variants.

O her commercial applications will readily conme to the
m nd of the skilled reader, and can be inpl enented
wWithin the scope of the clainmed invention. The
foll owi ng exanpl es provided as further non-limting
illustrations of particular enbodi nents of the

i nvention. EXANPLES Exanple 1: DVSO pr ot ocol for

P — p—
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In one illustrative experinent, the human ES cells

were plated at 1 x 106 cells per 10 cmwell, and grown

WO #WEH002Edi t i oned medi um cont ai ni ng 8 ng/ N PaHYE06/024763

bFGF for 5 days, changi ng nmedi um every day. Stage

[1/111 was conducted by culturing the cells in KO DVEM

cont dl hm@lﬁ@P—g@% and phB-eGFP werﬁt@@pig@é ﬁ@ﬁfﬁc’({d@ﬂt@ papatgearcinoma cell lines

(diEp82 BnDRPPB) a2 wlMhslundjifasndaiddrhESCH) Ohe GER exptas@dn vaagiviaible in transfected
GQ%nc( NEAB) aellD bk AIMn2HS HEBES HAARS RN Bbth pFHrﬂdf%rslv/ére specific for
/B e_}%eceqe i um was changed every day for 7 days.

rg? cgsl wWas then started b chang_l the medi um t

HCM éﬂﬂl”‘éi VRPIPTg cal’@)'"%ﬁt}‘?fﬂ“ﬁ’cﬁs\': ploU\LE-eSF i eppsptte wRrgrused- Fi’é" ansduce H1

hES8ds. UAflenisciph aitiy Blabtiddire nige ahalyfouftern clbnebanese, established for PhahAFP-eGFP

€ bllzshAne e erFH, RRpectivep! tafiderdSritddehtidr HAD Béan cBHfimeR bl RORRABIMcation of

tMA H&ﬂbﬂt cé)QJ r@qhygomo@lahég@ﬁﬁgﬁt rgg?jc?ﬁs al'g%l QQ bY@\gd %ns%%{cggll ITes are

P g T oAt L per v

n"RFMREM pre-warmed to
37C. After a 5 mn incubation, the coll agenase was
Reevedvedd, and the cells were vvashed wth PBS. 1 nL of

rredi um was then added to the well, and the ceIIs wer e
ed vidoro s 0 tJ s us
pl pe nabDe"i{JE:atg rA ch: ullrJ B 1387%%&[3 pecsﬁc en ancer acg\gtr |naf%!* uas(?rﬁ%n% region of

d e@‘&@ﬁm%hﬁ?mpﬁeg? S%']eni’ @Wﬂe%@sﬁ%sé’dsﬁzﬁst ead of

col | agenase. The washed cells were layered with 0.5 to
il lﬂayashiper cvil §, Ndehdagaeni#d,5 BEAndRAT, DBanofi0T.! YiIRsd) Ndericlidn and
e

hehP A U Sno ipd fe Vl clidgtes
enzyme reaction was quenched with an equal vol une of

31 0% FBBlgimadd Gl Bepham dy Gdai.i KihguoR - @nld J.D.afajrentet Mifp $2001) Feeder-
Welfree grafth oflnadifferedlijated heman@mbigonivatea caRs Na Bjotcamvdl 19d7i-at ed

at 1200 rpmfor 10 m n. The cells were then suspended

n | a

hé’% Ty Mmer & ?{g ﬁp rag at egbto 8? %tag%\{\@"ste?)tgél%maiﬁg’ bryaryq gem cell
peCloggg erPress RET 8T 9resh ﬂ”f@“iﬁé‘ﬂ?‘%‘ra”ﬁ fgiptpin peifgengupl gad P’“”P°tency
| oSkeaCelt0RF: 124633t . , changi ng the nedi um every 2-3 days.
They were natur ed by culturing in the 35sane nedi um

&@l@é rHiﬁ%Qen&a}i&Mr@%@t%@% ex :essnm o e .eF fils 10 ng/
ng angi ng the medl um every 2-3

day s UndifacentigteticHESCH aqnizining the Fengtar gorbirush eeis culthyed inghBFSCM containing
8ad/ine IbFGHL bntifl apfoximBtEIIIONS cbrfilidnt) JTHITEMPREY @Y replaced with SRIDMSO media
(Rv?) gﬁil\&m §$nlt mezobe n‘? %&fr%ment 2 mM lGluTan\‘ﬁ\fel Q\Qﬁgn-eggé?ﬁzil amino

gure OV\B ana SI S expression o e at ocy
eith é?ag'é"' Prﬁ'F'le@F%et“a'd’éf'Q t/°e‘al"'fi'8) aF‘é%ha"Qef’ Aaly eR daysn J he cells were then
medreviaising bebatocytet dyliurd wedilm @CMIfenadibey) ssmpiepeeel wh hepatagyte growth
faitbd (HGF) .8 @§/mL At EEICRhd/BL RASSthérRvRYBH HoRBvaEBhdd§ealdaBiTor the first 4

I 0

%‘&%ﬁ%@ SR T ot Rt SAIE yoHl s it BERSIR 100
Fise to alevel that is cI oser to intact |iver.

Act i Figtwe 3ohows\ii> 26017,/ OGP BESPCatiBR 068 P RighEddodgiFednorphology

A RfdWing Cirthé? c@lreGNHOMBuURRRHENcdWRS HGE add\z@tﬁ RepBicyte lineage cells (HLCs)

fﬁhﬁé‘!@ cﬂh%} %@%gk%né{ lé” slth%:% (Hyurgg B v¥§g si%?ar tosthat of primary

ﬁ”é% atealgeviero e iHrEs °?"i‘a§‘§?1é‘9 ‘Ex‘%&%ﬁ’l 'E—!’ 2' W'@e*?‘i%‘i"%ﬂ“? Biglegfp and were
SHFER®led b strucigres thatressmBigh bile|carplionth r khey expressed Slepafoqyip nerkesh guch as
HNF4, e besHepparfiFigaredsf was conducted by Wi Cul,

Debi ao Zhao, David Hay, and Arlene Ross, at the Dept.

of Gene Function & Devel opnent, Roslin Institute,

M dl ot hi an Scotl and, for which the owners of the

clainmed invention wish to ex% Y ess their gratitude. As

a nodel for the reporter hepatocytes of this

I nvention, the human i x-fetoprotein and al bunin

pronoters were anplified from human genom ¢ DNA

(Pronmega G3041) with specific priners listed in

10Tabl e 2. TABLE 3: Priners for Anplifying Hepatocyte
Specific Pronoters DNA fragnentPriner sequences

(5 -3 )DNA SI ze Accession No. a-feto protein Forward:

R —

Ly p— g~ L —
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Reverse: (SEQ 1D NO:2)
TTGGATCCGCCACCCACTTCATGGTITGCTAG 5.4 kb 5.4 NT006216

(330690- 336082) NT006216 (2769969-2777069) al bum n
Forward: (SEQ 1D NO 3) GACCCI GITI TGACTAGIGGCTAG

RQMOYR2SVSEQ | D NO. 4) PCT/US2006/024763
TAGGATCCATGGTITACCCACTI CATTGTGCC 7.1 kb 15The

| ent irv istthe Mioh&r of W &Ml L Rricirs ARS ek L. Oficfhe hESCs -~
Reich (DG o gexzs&fsz&gﬁgf@%,eepﬁgﬁﬁ' NG B PRy e he antibioi
ir}éeq%&nor. [ rivi T ogen)” GITOt BV &jpfien waselsp assessed by
Fenpvel mRb indocyanirr errenyISQl ionétemic ond thentuingng iy HCiBLERlemented with
HSF e B@f> grine whietscldarmser df &3 wak lidniford Bbulny. Nhe RLIR S4Bk Up and cleared the
GG saiefh i @BarabiSic of &Bﬁ&yl’eg‘&%uie%) m?ﬂb; éoﬁldrisgg !ﬂ’} Iov%)r"? t, e total cell
YRR RS- 1005 EREI LTSRS, et & Backilied adtBrptip el o
aQnk-he prfgt ocol “ provi aed by 'i"ﬂ‘(?f F"r. dtere ah different stegasefimaturity, as
e ReE PiT £0% dmewestaningy 0 RIFBCR i sthdles tusingnfoci adpkcific FRNADMAWed that cells
SXPESERE B Eange qidhepatooyte markeesiFiliyke SBBUENCI Ng and restricti on

enzy 1j I The correct pronoter fragnments were
Su gﬁﬂgﬁsﬂ%? ’3’&% | e%ﬁ% 8!°’iaﬁ?‘%s ir’)%%%’ aﬁp%wwn Q¥ring fater siapemyf hepatocyte
'u% L %ﬁfgafe 4AkIbe GFR, expEEYengpReatet eclusiglyin MUGTodi WithSdt R8st 5-15 % of
the éih%wmm@cle qui_aexoressind @fFal IS c%rr@!ﬂﬂt fé chp qet@é?édh/vaﬁ associated with
ertiogNoUSTAFP 84pbseléns ih8 keli§ b8 RERIR g th:r‘_‘%ﬂlrﬁpzaﬁ%ﬁg ?rgiaodfégasﬂowing co-
lo&HRAHAPARP b ﬁ-rg'g:ﬁr?%sﬁp s(tati]niuzsg%i b g, ML was Ul turet
Mat ri g;l coa pratee g w9 nouse enbryonic
fi brdb CIRETInG dhelher iNARR-ECHTe it dlve ©MERseCN) hESRderiadddcens representing
prigytive endaderm)the EbkA-HAFRRGFIHEelS lleStifdRARed B folm lml?fy&ﬂiy bodies (EB) in
supebsidv| EHthAvetd tﬁa’i:tpl%tout%cdlur@.els&xﬁl@ staining with anti-GFP an i-AF
thit TR ShEdH tion.. The ceﬁ 'S0 Wer et P AsentpiRyshowed
o 4 S Ly A S o
near i 2680 BRUS Aoy B hecastkaape BARGY wetieam séoylatviy redionabe cloned is
sPeqie fop elingommiied fodtedrdpaldicytdicel BRagd. TU/ L | ent i vi ruses in
CM ¢tiohEZ-ahFR-¢GFPhiefved HBCWrMinéa%h @J—%Fw anll gnt&a@bu%%/am odies and

exiBd MbteBdencoat |sBfnl  pplded 48 h
(: S5 -atér:rgrgénsfoggt i%g’tr?b ?’ gﬁe\gﬁf - ?rg &Bm§§ Gibpmig {Figyre b Rows Al gsome cells

%ﬁas%l %P R P AgeY oS PNl BARPSCFPouprg$sed, miyistin bberi cells (wssildly later stage
hepsiosKese) PARRICER prshvifeitiin werDiBO BF4BH2468 BT AIbSRORS 246 30ouble

stalfine sholv@dRat 6ABFFGRRW:s pdubtalize Wi HepBA- £ awaﬁﬁﬁéﬁ'géga%séﬁgo% B) yhist

hAFR-@FS i€ fdt Sitbw! A} G- | hong_cel |
aph! ep3B) as Wvvefl 'gfpﬁﬁ?ﬁi@ﬁ E*Qeﬁr{&?gt’%ﬂ‘eﬁégc‘@“wﬂ?émw (Rows C
Xpression was visible in transfected Hep& and Hep3B
cells but not in the hESCs, Indicating that both
-;!m;m:;é:-.\ thé OYP3AE B ag,yLeS-l i ke cells.
SLentiyiral. vectors carrying elther hAFP-eG-P or
h hALEﬁge%}—rﬁgec'gl‘?E%?sﬁ’gp%\“? N3geaP € reposteraiiven &y provotérieBsnts for the
RN PSR Aoy tasireme SRS Theaéaiiatory seduaeddbbtalh QU dighRHRts: the 0.8
L kB B ot AR e LB
) ! .
" ont men ool AR by PER usiv e priges shown

TabREEH, | roed by P | on o
er osgﬁﬁégt{yﬁequﬁ?cgﬁﬁf“ggeﬂﬁ@dé‘@hﬁrf’:&“fﬂzﬁ%egi on. The
establ i shed transgenic cell fines are naned
Hl- 1. 2- hAFP- eGFP and H1-LZ- hALB- eGFP respecti vely.

Ref er ences:

— 24—
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1. Watanabe K, Saito A Tanmeoki T., (1987)

Cel |l -specific enhancer activity in a far upstream

regi on of The human ai pha-fetoprotein gene. J Biol
@emwo7/0988 262: 48124. 15 2. Hayashi Y, Chan 3¢CT/us2006/024763

Nakabayashi H, Hashinmoto T, Tammoki T., (1992)
v cterization of two enhancers

oL e PP VB BBt A S B 5
Cobeh e ot per cepld B 280 FeeteT Bz vromine

of wundi ffer enti ated human enb

Bi ot 19: 97 ar dPHOB) Zhao DB, d ark,
and X%Jl W(2005) éétc%rl %&ﬁ@&é}“@@ human, ggbr yon'ﬁla“:c}:smg‘1

st efi"E¥* ¢l ones @%(SEEMN@ eci fic green
£l uorescent prot Gﬁﬁm%ﬁﬁ?ré% @A) f - r enewal ar%ﬁ33'3425)

T OoOuUTtooSTHt

% ency. Stem ROetalds(SEQ.ID 4@A- 33. 25 Exanple
I ?at i on iINATAMENEETVEEESTNd expr essi on A5F955891

rep@?’?ﬁé\ﬂ genes Reversel{8eld fih @o:gnt i at ed hE
cont aji ni ng_t he r eFITEEICTEMNTCBACTIATWer e cul t ur ed1§181-10521)

nEF- CM cont ai ni ng 8ng/ nL bFG- untTT appr oxi matety—769%
confluent. The CM was then repl aced with SR/ DVSO msdi a

K Repl t,
Lléofe%:ﬁi gﬁqtmgﬁ?&@é& g Qﬁ%ﬁacg s‘%’g n% °§e i o 150 Hgg'ﬁggg} Wsl cﬁ“ﬂ sing
Ing; ‘ta(?e {OH a%oé'FS werei T@ﬁe utharﬁ @Iowaly@setuat tlawi doryecf integration of
agipggenem@ a-Ropifive coptiolethe ﬁél?ﬁAﬂﬁaGEFrm alss trargfetteab @6 Yilifan hepatoma
ling (repGRr ATOS EBHGS5). HTVkek l@fﬁbrﬁﬁméééi‘éﬂ‘)mesééﬁptomgg &\gﬂvctenh cells were
tran@gnay %Mé@edgﬁwmggné‘@b QF Eff(eﬁg:e}"' % &?}? nt.%an 81?2{}?5%)8&&?8}0[ gxpression

veg:tg‘ag{d Itnen %Lﬁwrec?in ?Pte 8resence %ﬁexgr{}eét}aﬁong éladdﬁfamqlcm the | ast 10

d ay ;rgueéiﬁ) §h%r@a§erﬁﬂl}ﬁl§ﬁ5ﬂ@| o] aref @QFP fluoneskibrice (Bottbrh IRow) of cells
afteRgyingsn thabience36Fprgsene o80.5 P2 eBdekdntHagnsl hidSs pMAgfh%mplcm for 72
hoDR/SAL bERFAEIREIon Waslsbeh IS 1D 'um»fie%gtlaﬁg q?? ‘é&@ l]'hls Ygiqates the CYP3A4-

GEP,

it ;E’%‘i““”%‘é‘j‘%d‘” 1 o Lol ) v g sgoqtots g epatosts
Cel ac'g—ﬁ_ '3'°’?eop4|5f%§YSt5'§ f oci that were pol ygonal in

; ;;1?%%9 4 %61‘:5"3)&)3&;8% were rmnnpdtfte;_egwed\rﬂs HepaiicltetlindaGe toidtas in

X@Npigd; landa rejestadi @ Nndu@ipiRy 6CH n

phébiygght | Y bi gger nuc 'g}f Wi tﬁ@gﬁeomﬁﬁeg‘ht&%%&% éeg% na%dthe f §Ppropriate

wer nde uct ures that resenbl ed b| I e
, cang ?rg ﬁ{B?s %'ﬂ &8 SLaNPREHA R JevsleyehRReaxpression whs detected

n RHMNRSssady | (‘b\{fﬁﬁﬁecﬁ?d hmp@éﬂ fincfgel gelis.eaf®B)cultuiMOwith Rifampicin and
deRPe7z00 IG5 GRRET/ LB RR6HE 247 6id not respond in thsdhB Sy, [ R, early pagsage
restiBSRONER uder E1ﬂii:?opHtté:érctin‘:’sta'h&?éa :{@YPSE\ 'BdFP fapon B%’vst% ig hESC derived

he e L
%gxmae%%&ggﬁgo? DCW?S tg pre é"°35§?é"d“‘ﬁé§5é‘b‘<9}ltf%ss'P'Mnctl on
was al so assessed by incubating in 1 ng/nL indocyanine

Refgiercen (1CG) for 45 min, and then culturing I n HCM
suppl enented with HG- and EGF, during whi ch cl earance

I eIIs t ook up and
1. &gfg %&gs&ﬂ:f‘ Iﬁﬁ‘%&’z’gﬁ; ?H)E&)X'he % gr{taétrpfegﬁnex @Feptor mediates the
pat OC o %"3" % gluPEPd)by Rijampicip dhrpioh e distalosrhancg0Omeeuf Mol

tPH%m?CB't %6)6@9139 popul ation (average -10% . Wthin HLC
foci, individual HLCs were at different stages of
maturity, as determ ned by APP i munostai ni ng. RT-PCR
studi es using foci specific RNA showed that cells
expressed a range of hepatocyte markers (Figure 3D)
Ei ght H1-LZ4l AFP-eGFP cl onal |ines showed eGFP
expression during |ater stages of hepatocyte 10
differentiation (Figure 4A). The G-P expression
appeared exclusively in FILC foci with at least 5-15 %
of the HLCs within each foci expressing GFP. To
confirmthat the GFP detected was associated wth
endogenous AFP expression, the cells were costained
with both AFP and GFP anti bodi es, show ng
co-localization of APP staining with G-P st ai ni ng
(Figure 4B). To deterntne mhether hAFP-eGFP i s al so

——




WO 2007/ 002568PCT/ U52006/ 024763 TABLE 4: Prinmers for
Anpl i fyi ng Hepatocyte Specific Pronoters DNA fragnent
R uences (5'-3") DNA size Accession
ALO ISESEY T D No 5)"  XREM of Renusaonsinzires
GCTCTAGAGAGATGGTITCATTCC  AF195589. 1 CYP3A4 Rever se:

0

37 Eorary. ) P—NC v o not er
of The lab work for this example was conducted by Cliff Elcombe and his team at CXR Biosciences,
for which the owners of the claimed invention wish to express their gratitude.
To test enzyme activity in reporter hepatocytes engineered as described in Example 3, cells were
5  contacted with a combination of P450 substrates, and monitored for drug metabolism by LC-MS/MS.
hESC derived hepatocytes containing the CYP3A4 promoter GFP reporter construct were
compared with the HepG2 cell line (human hepatocyte carcinoma cells; ECACC No. 85011430) plated
onto Matrigel®. The hES derived cells were maintained in Hepatocyte Basal Medium (Clonetics CC-
3199) with the addition of HCM SingleQuots™ supplement (Clonetics CC-4182) omitting the EGF and
10 Gentamycin. Penicillin and sfreptomycin were added to give final concentrations of 100 U/mL and
100 pg/ml. respectively. The HepG2 cells were maintained in Dulbecco's Minimum Essential Medium
with 10% Fetal Bovine Serum, 2 mM L-glutamine, 1% non-essential amino acids, 100 U/mL penicillin and
100 pg/mL streptomycin.
The cells were activated with 40 uM Rifampicin with or without 1 uM dexamethazone, or with
16 solvent control (DMSO) for 6 days. They were then combined with the following substrates:
To induce CYP3A4 (and possibly CYP2C9 & CYP2D6), the cells were treated with 40uM
Rifampicin with or without 1 M dexamethazone, or with solvent control (DMSO) for 6 days, or left
untreated. The celis were then incubated with the following substrates in the absence of DMSO,
Rifampicin or dexamethazone for 24 h:

TABLE 5. Substrates for testing P450 Activity in hESC Derived Hepatocytes

Substrate
P450 isozyme Metabolite produced
(final concentration)

50 uM phenacetin CYP1A2 acetaminophen
500 uM tolbutamide CYP2Cg 4'-hydroxytolbutamide
50 uM bufuralol CypP2D6 1'-hydroxybufuralol
50 uM midazolam CYP3A4 1-hydroxymidazolam
50 uM omeprazole CYP2C19 5'hydroxyomeprazole

20

Metabolism of midazolam and tolbutamide by the HepG2 control cell line, and by the promoter-
reporter HLCs is shown in Figure7. The data are adjusted for proportion of cells having the
morphoiogical characteristics of hepatocytes.

25 These results demonstrate that the hESC derived cells have inducible cytochrome P450 activity
characteristic of pharmacologically active hepatocytes.

— 26—
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AGGTAAAGATCTGTAGGTGTG  AF195589. 1 CYP3A4 Reverse: (SEQ
ID NO 8) 0.4 kb  TGTTGCTCTTTGCTGGGCTAT

MOX8143%821) The CYP3A4- eGFP const r BET/U§#086/024763
transfect ed into the HL line of hES cells using

L| pof ect am ner”, and four clones were identified by
xamplaGs ‘Repgtiers 0‘s=xr-f-\* hiinpacp sells aenerptadusina AEtVigr at | on of

gY}D 2%4 'Hélﬂi gmeeepﬁsm@ oPRsd Eéué.’?&&%l&é Qlere ERM8nded in mEF conditioned

rP]ednum sy ? esl'rtﬁ ewu’a'eg @“q( Q\F[.F%?? I—% r§6l6" ogted?-glat?s Encgqhey reached 90-95%
%@a’tﬁﬁéhwvfe%ege fo# andruttysed fpreone eaya(d@srpﬂs%ewav AIHitB &PMI 1640 pagtaining

BRZ rsepptemen svitisrat Vitamin AXGHEERLEelitrdgears #N2F8F0PE Nemib 'sodium butyrate (Sigma
dzh e Hs847% TN 100h§/RL Actii KRR IPERANSS 838X 00262 Bd@en for another two days
i %ﬁg éagiesnl\e%ﬂw e?c%htq{avnr}??%m? g%m%ﬂ{x&{ér(ggge !)n T"\pg &Qs s%g's?arrllga? P)II death,

"%‘fﬁ Breemaingg eeis Py el"lﬁ?)’”ﬂcﬂ%j mopglo@egns S?m%fafmg &Efites
( Bot StEnReVaydf the edls werg B failg Wittt iriotkautiDMEM (RibedBRL/nkbameT#10829-
ag)d cita@mg N2 Gdnodlodd FMnOfRePiacemBm! (ERESBRE/IMVEoeh #1082d-028), 2 mM

L%)Jté?r%' qlxrhof]é%gen?ag e’ﬂ%racc;ds ’\@1 ﬁ@:(? m&lz% Srﬁédoro% 4% (Stage .

he bm%&g.,% SRS : vye?‘et eq cgﬁ'owﬁh @f? I@t (¥a| e etlcs/ Swhittaker
:?18®t upplgmgnigspith A ng/ il s HIGF. 4B a@/ink husan EGF. |and 1 M dexamethazone
(Blagecll)o Statties ohBayi2n gheceliedré fee orcaitmath Hays@itPAGN BailgsHite sipplemented

with €0 Kt HharFdE, Mg eungn MEH, Sndtb ﬁé?mﬁlhufnfaﬁ b%ststmtm@taww
he patE?p?%‘.El?h &f h&%%%ﬁ rgg'Hre}S wa%%}elas{&he% gﬁ?\(eamnﬂi’Nﬁ Ievel at e?cgl Stage téy RT-PCR.

retes reporter

B e CRL SI20 e DIRESTIIRS B o UehomsH ers SYppRssion of -antiymsin gof GYPIAL
By (1) end lab¥agetlihexpreesianl of g-aifryrain apd PASP iiseenayme QYRAA4 ipbreased, AFP and
AxBWreleayitbsséd-Fhdaheby V@S Sletl bxpvassionl oY P3ATd BY the 8RIJf Staf2Af, SRgRsion of

bg\ﬁ%%%m ealﬁ: BYRJ;W %%Q%E € Bly 'ﬂ%ee@lg or §t§de l\? Cﬁ&é@&as%a&l)r Hp%gsed, and

n and dexamet hazone for ays

expr§s§'3'§%f EFTdCJea'F"Ee ot respond in the same way. The
ear | {iopgS$e boveo HéH pipiging; [eplly Ranelt andh Busreseepesr Glight Kensl) from the
AFPeCERTBANSREISS the @ells YR DAy 182 (Hidurd SHRIGhHvB! thesKiseticndf eGFFMinSEscence as

og%\)ey %nJ‘tﬁ@&LQQ Xfttﬁe%uw id @@Q&@% tﬁ&n&gm%m&tstrmﬁbucéu dén Day 11,
abou?%W?Ot’/oofImrédclélfsebegan ex;')Ar‘esss(re\g);( Bél%s gela%ng byFE?ay % orrb% Following the change of

medium components on Day 21, eGFP expression gradually disappeared.

This confirms the effectiveness of the AFP promoter driving the eGFP reporter as a system that
responds to compounds that induce a metabolic change. AFP is a marker for primitive hepatocyte
lineage cells but not mature cells. Appropriately, the reporter was expressed in the presénce of the early
expression factor dexamethazone, and decreased in the presence of the late differentiation factor
Oncostatin M.
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251. Goodwi n B, Hodgson E, and Liddle C, (1999) The
Or phan human pregnane x receptor nedi ates the
transcriptional activation of CYP3A4 by Rifanpicin
t hrough a di stal enhanc?g nodul e. Mol Phar nacol .
56(6):1329-39. WO 2007/002568PCT/ US2006/ 024763
Exanpl e 5: Cvtochronme P450 enzyne activity in hESC
Otheﬂe” vgd reﬁorter hepat ocvt es The |l ab work for
was conducted by diff Elcornbe and his
team at CXR Bi osci ences, for which the owners of the

c| Basieslthe Iwmbkmd\bﬂ&hrefeﬁerﬁéspﬂiSWSn theelistlogliré ttthd Skiled rek@er
may wiststb cemsuif the fallbtving ipkitgnt discloeyes:t er hepat ocyt es

A B S BN T L o G N

noni & orHegatbeytestlu 1SgPareit @G 589y 01/8%548/ 1852003/0003573 AESC
deri vegﬁhggoat 0(:7yt es containing the CYP3A4 pronoter GFP
report 993732t Aher e conpared with the Hep& cell

| i nes ( NsORNCANSRAS Faydnes, Q@Jé@gn\%ﬂ)sﬁﬁbé@ welehido 768
85011430) plated onto Matrigel (r). The hES derived

cel | 5 \WardomigryiesaMeep/00§9%% PET 6I520@5/189881  Medi um

(d opetid & SealsSndlsy ot h the addition of HCM

Singl e égit%grri suppﬁk%%unt (Conetics CC-4182) omtting

t he €CGPtzndifferbbtia@eirmetariNd 03/00R608; VO D3/060260] WO 03/050251; US

strept fi.nal concentrations
of 100%W@Qd63%@r‘%06“£‘g§ﬁ‘ﬁ°% Ogé%?géﬁWel y. The HepG&

cel | & WeD 2005HI28657i deetibbslar ¥McREDROE SOt YsiEIsERSB ddtdttion
Medi um with 10% Fetal Bovine Serum 2 mM L-glutam ne,
1% non°b9%Eesiedicsl changsso acids, 100 W nl penicillin and
100 PYAe 26d5i2BSABLSIBes HDRodb: canam%ﬁ%faa%wéﬁ&%%&n hES
40 pM R fanpicin with or w thout exairet hazone,

or Wit §elB5sol vent control (DVSO) fore days. They were
then conmbined with the foll owi ng substrates: To
i nduce CYP3A4 (and possibly CYP2C9 & CYP206), the
cells were treated with 40pM R fanmpicin with or

W t hout 1 pM dexanet hazone, or with sol vent control
(DVMSO for 6 days, or left untreated. The cells were
then incubated with the foll ow ng substrates in the
absence of DVMBSO, Rifanpicin or dexanmethazone for 24 h:
TABLE 5: Substrates for testing P450 Activity in hESC
Deri ved Hepat ocytes Substrate P450 i sozynmeMetabolite
produced (final concentration) 50 pM

phenacet i nCYP1A2acet am nophen 500 pM

t ol but am deCYP2C94' 4ydr oxyt ol but am de 50 pM

buf ur al oi CYP2061- hydr oxybuf ural ol 50 pM

m dazol anCYP3A4t - hydr oxym dazol am 50 pM

omepr azol eCYP2C1951hydr oxyonepr azol e 20

Met abol i sm of m dazol am and tol butam de by the Hep&
control cell line, and by the pronoter-reporter HLCs
is shown in Figure 7. The data are adjusted for
proportion of cells having the norphol ogi cal
characteristics of hepatocytes. 25These results
denonstrate that the hESC derived cells have inducible
cytochrome P450 activity characteristic of

phar macol ogi cal ly active hepatocytes. WO

2007/ 002568PCT/ US2006/ 024763 Exanpl e 6: Reporter
signaling in heoatocvle lineage cells generated using
Activin
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The Hl-LZ- hAFP-eGFP |ine of hES cells (Exanple 2) were
expanded in nEF conditioned nedi um suppl enented with 8
ng/ mL bFGF on Matrigerm coat29d pl ates. Once they
reached 90-95% confl uence, the cells were fed and
cultured for one day (designated Day 1) with RPM 1640
containing 5 B27 supplenent without vitamn A
CLAIMS|,coBRL/ | nvi t rogen # 12587-010), 1 mM sodi um
butyrate (Sigma Cat. no. 85887), and 100 ng/nL Activin
1. A ( R§DpSatiareofsundiffd@Btidted BA%an eabd/ohicesterh HESruatld) ar at pupulation
of é@%’ YifleRentifted FXErITE %Hﬁﬂlﬁ?‘& g8k th%\éﬂagﬁtblggr;{’ Qﬂ%hlﬁ&% é‘h@Led prior to

rate St ag
AMGRYRIER o Ak PrPﬂ)gteéé*rﬁtg eWENININA FgtavalericiRyirelpuie shange in the
cellneanprbls | expgressiam df 8 oeporieo genen gnd odetdire the HESa célisraye @prideayfrom in
V,t,gste%,,qgég s were fed daily with Knockout DVEM

bcoBRUI nvitrogen # 10829- 10 018) cont ai ni ng 20%

Kno e (; c Inv 0, en

2. 82@&9 gglsrfo%ﬁ%%nﬁfp&gﬁ\ f%vﬁicrr]\ erga )%E‘none fl :9 mllgwﬂrgerentrated
E‘FHS 0.1 nM 13- nrer capt oet hanol , and 1% DMBO ( St age
II) Starting on Day 11, the cells were fed daily with

3. HCMI'my kel popdilatiog @hietsire xi, @hisheis iac pdrBiationiof naal, cardiomyocyte, or

he,g@;@tgsp,ﬁéagesdéppl emented with 10 ng/ nL human HGF, 10
ng/ L human EG-, and 1 uM dexanet hazone (Stage I1I1).

St apt
4. day é dwpglﬁw %%ncér&%{n?éﬂ Iluﬁn%msl:ir%) Eo%gt g Sco%érg@gageﬁ? H\Et have
eﬁﬁ*uﬁ%ﬂ?“% a'?oedngﬂmt%erﬁfﬁwnmm hihap s rwgtmﬁ_emmﬁarresponds to a
mefabolizdr adxicololylc(cBarggan kthé) cell controls explaspioR 964 fapoRér gene.
hepat ocyte nmarkers was neasured at the nRNA | evel at

5. eacthehéasfode ;B'EUBQR ofEUauhhﬁ‘ oBfhed by Jif@8ntiatind RES cells, wherein

ferentiatin wed weak expression of
the(ij‘lE%ncte %?’?S&f‘\ﬁr’dg??&‘ '&V@QRF'“ %‘!f)ﬂl"ﬁg end of Stage II,
expression of a- sin and P450 i soenzyne CYP3A4
6. i ncFesgoryipion w{r@%?é5ewb?re@§%pramtqrﬁ%ﬁpen%rg apoptosis.
weak expression of CYP3A7. By the end of Stage 111
7. exphhesesd|pardationenhsiaim &) wherkin therRioratedag promoterfoeel PUBA gene.
the end of Stage IV, CYP2CO was weakly expressed, and
8. ex pﬂ@gelbnomrlatiélxmf lanyl ofl clinesa 4l wherein the pBmgter gesphioA)s to DNA
da ws H & E staining (Left Panel) and fl uorescence
(R ght Panel) fromthe AFP-eGFP construct in the cells
on : C
0. 77 HHB ol portelith o Yt 5108 8% BloREher™S o broRidL for o e or
P21MYAFLg@e- | n response to the rredl um conponent s
i ntroduced on Day 11, 25about 60-70% of the cells
10.pegHe erbrropulatian eGrmy pfealkimsg 1y \Waeyreif Other p@oter responds to
hypERllds@M ng the change of nedi um conponents on Day 21,

eGP expression gradual |y di sappear ed. This
1. C 0 n’f‘HJ &5 pbPfatfohlof Sibiny ﬁf] %ﬁlﬁre‘i)rf the Epom%%r iP5 Eg{)mo%r 60 d Kilé?%ene.
e eGP reporter as stemt esponds to

2SO A BT R et B e

Stfeﬁ&t ur e cells. Appropri at ely, the reporter was

expressed in the presence of the early 30expression
13.f acTther cellepenuitiba 06 cljm di2d wilermire tieegromnter hiee appremetee dorod heme
oxy%&f‘ase At Supdidklde dRMukAk \PBquaﬂélls %te%ﬂ?%&@tdr H‘bel}éllﬁth?oﬁmg gene.

Pat ent Di scl osur es es’t t'ext

14, ot h‘ﬁ{e Eeﬁl;apeorpﬁﬂﬁ(ﬁéi)g 4 chfgcl t e vﬁ’f fe%(l) \%IIS gﬂ;rgg\g{egﬁe gkplromcﬁer for a

tranarwpwﬁrowat refiects a g)atabelic erdﬁecolqa'cathapa@ iarthe eelB00, 480;

WO 01/51616; WO 03/020920 Hepatocytes: U. S. Patent
15.6, 4B8®, %@opwomﬁ glatha 94, wierdlo 0%/ HODaET B adpromo@r for a PXR, CAR,
aryl ) RcABe A3apt! (AR 6F ﬁHzgSﬁé.Si U.S. Patent 6,833, 269;

03/ 000868: WO 04/ 007696 Cardi onyocytes: WO

03/ 006950; PCT/ US2005/ 009081 Islet cells: WO

03/050249 O her differentiated cells: W 03/004605;

WO 03/ 050250; WD 03/ 050251; US 2004/0009589 Al ; and US

2003/ 0166273 Al. WD 2005/ 028657 descri bes an
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CLAIM5 1. A population of undifferentiated human
enbryonic stem (hES) cells, g9r a popul ation of cells
differentiated therefrom conprising cells that have
been genetically altered prior to 5 differentiation so
that a pronoter that responds to a netabolic or
16.1 oxTheotlgropulatiamefeanyf claimg ¢15 wheisiny the Pramaeierds & rrameter for an
andodef PéBtrogén, € PRAG asdpondiar gn. t he hES cel | s are deri ved
fromin vitro stemcell lines. 2. The cell popul ation
17.0f meabgn oputdlibs Q)f icfird 180 WhbARAA B2 T@%matébs; ansrbAbleY for prostate
? Jer?a§Aated ES cell's. 103. The cel | popul ation
SPegific gptge Ywhich is a popul ation of neural,
cardlonyocyte or hepatocyte | ineage cells. 4. A
popTﬂea?‘?”o‘?PPH\ah?fbﬁf U HAIRE & Rl PrepQies s & gsomoter for a
cytavhropid B450¢neghé.s t hat have been genetically altered
prior to differentiation so that a pronoter that
19.7 eSTHYESH FoRuRtisrebfdiimi 18, Whetexing Prétbdter i€ RARBMoteN fdreYP3A4 or
CYﬁFki controls expression of a reporter gene. 155.The
hep tocyte popul ation of claim4, obtained by

20, or TR FGHENT OF S7YGP <HE e IWTTefbdhe promotsr i 3-pgote for 3

drug&bmsppnqmgeam on of any of clainms 1-51 wherein the
pronoter responds to apoptosis. 7. The cell popul ation

21.0f THeadeMpOpulsidvdrot tifin 26 wheirthe gensis MORNMOt er for a
PUVA gene. 8. The cell popul ation of any of

22.Cl arHB el populthéd 6f éhyt &%IQI’?\QW Q/\thgeﬂﬁ F@%%glbfé\;m @e\lﬁ epl?cgnoter for a
geneﬁ%"qgﬁ%%?’smwéac Sh b Grtte B tenios et | Wars

he cel | ulation of any of clainms, 1-5,

23. vvheT’Lﬁ ‘P?"tpﬁeu'ﬁtf"&rﬁﬁp@lm ?gé’ﬁlﬁ’u‘ﬁ% tfled’r‘i’mi@"r g [EREPraotenipy 3 caigigm flux

gereel | popul ation of claim 10, wherein the pronoter is a
pronoter for a Ki-67 gene. 12. The cell popul ation of

24.anyTHY céll @émat.an of amh Qfe@édﬂné b%lrﬁ) rmmé.ﬁ lthd esHoRB§erteOencodes a
pro% tﬁgtt ! rogxcﬁ ?ﬁuc’orescent C{l" ghosephgreescerg %@lﬁ I%’l]eg gxﬁ'fe%s%ldal m

oxy ena i de di snut ase, )

5. Oy 4 g PaFlzh of SRt RSB, BT e SCsTyisgfEn of areen
ﬂuooasbentpupejhati on of any of clains 1-5, wherein the

pronoter is a pronoter for a transcription factor that
26.r ef Trecdell papurtionlayd biyCof@lairh® %26 Ohingéin thehmogeter énd the reporter gene

are‘%_gthlhe\tl%ég ou%@c% U&Su é(?éouiatlgrqpm ation of any of claims

e pr er Is a prormter for an

an estr og nsi ve gene.
7. col [ AR g A Sh e Rimecl-> S AbR RS PR iiisis feHorpLoage hes
beepmiared gndergpntral ofanegndodenoes pfomoteint i gen (PSA).  18.

The cell population of any of clains 1-5, wherein the
28.pr ofhat el populatir m‘myemeo‘edmga:lalmi witith basealby b6ere penatieally altered
o e TEehgBE Y] 88,0l Sk SOBERLT o B3gpon oo
geN€el | popul ation of any of clains 1-5, wherein the

pronoter is a pronoter for a drug transporter gene.
29. The cell population of claim 28, wherein the second promoter is a promoter for a

hepatocyte specific marker selected from albumin, a1-antitrypsin, a-fetoprotein, y-glutamyl
tranpeptidase, glucose-6-phosphatase, catalase, and monooxygenase.
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21. The cell population of claim 20, wherein the gene
is MDRL. 22. The cell population of any of clains
1-5, wherein the pronoter i$1a pronoter for a gene
that affects the contraction rate or the QI interval
of the heart. 1523 The cel | population of claim 22,

mhe t he ' r a cal.ciumfl
L Sy o B ords oo BBV g st e Frevores
a 9%?@*\@9%%‘@"?@,96?& %\dowuﬁ ¥Hg isFrst orangiakslidngerzirae.
produces a fluorescent or phosphorescent signal when
31. ex pFhes seligpropulation gihelaimedd, whersin thei variardfis @h adllefic2variant of CYP3A4,
CYRiDE, €livyR2CH) €YPO 09, NedceRtRslefasé or thidplitiemathyiteinsRmise.
20f | uorescent protein. 26. The cell population of any

32.0f TheadePopkiation oVdifh 80 Br 3NM v &'Hﬁfeﬂarnt é’eﬂg hévaSebf B&teti@ily altered
to 88 ficher A of REBHB00S ks b Pan R SBGL ., o

a h tel art ene h s, _been pl aced un
33 cont% eﬂ&p &’g%'me‘ r?dg %[Jg’g‘fi{?'b’r?S?e'?av'"ﬁgf'%'e?h\éa”@'étP IOFthe drug target
or dgignetakaligng efzymen ?'%P@k‘%ﬁ? prgmetealinked tard differénd sepattermebmen
genetically altered so that a second pronoter that is
34.1 | sBheecelf persiaftipr of pom ot aidims &x Bi2é s 81028-3F whersio@bladst 20% of the cells
havé €eG6lloRing@RArEcterdlcsIdh theGRbatody@iinkadet on of cl ai m 28,
wherein the second pronoter is a pronoter for a

hepadrasody ReRB@6Ik bifred¥Bh 664 -Silnfishegaf)r om al bumi n,
al-antitrypsin, a-fetoprotein, y-glutanyl

30t J SRS nggégegg;%%B§$L%5@ﬂﬁgﬂgatase cat al ase, and

nonooxygenase popul ati on of any

precKiieR & @E&&-Syﬁagﬁal}@a&@@q genetically altered to

express a g varrant of an endogenous

5 0 A P BT i 1

‘Pm & line ofahESh pells gFhereirPirahES; cafisams detvepm inCwifRe Gteon cel lines,
amﬁhaqgtyl transferase, or thiopurine nethyltransferase
32. The cell population of claim30 or 31, in which
di fd)gesdicallyealtéringlaisarohasn el hrfea{hbbéb?brtoﬁtﬁcﬁ@ rtss cells in which a

prorﬁ&t@nr tﬁétsregdg%se{oe‘{%et\é%hk %mo§|c§§gl£ ?ﬁan@geﬁtﬂwg rcéé'lgc nﬁr prg?smn of a

I Zing enz popul a |on
rePQeRIFe32, wher ei n ceIIs having different variants of
t he drug target or drug netabolizing enzyne al so
corR Areffesatipe g%sg}eﬂ%"h RERred HES cglisf Pdprehe geaglispltyesitered hES cell
popygietiod; arddBeh The cel | popul ati on of any of clains 1,
3-21 , and 23-33, wherein at |east 20% of the cell s
have diffenfiatihg heigateticaln biereERE St @Bpuitioh o 51 BébulaB6rY bfQenetically

altefebi "ARRARtiatePHis hdae&rgr%t@bth% r%%;%o%%? LA Rolic or Ltoxicologic change
. ara£t|§h¥p5|n y abl e expressi
'"ﬂﬁfe FIDLRF FXPresSIPn oL {eARIRE W gl ucose- 6- phosphatase
act|V|ty 1535. A net hod for producing a differentiated
- cel ThegRitndaf cigim 38 whrr@ini) C?raprgﬂi/d'ﬁwe'%qasmwﬁe PES sl mppulgtion into
a pofpulemrtapf heurd, cdidriyBcyte |dr bepatreyteiimeagbeclBES cel |l s are
derived fromin vitro stemcell |ines, conprising:
37. a) Thenmadthaiadf| clainm I36,eutiendn e)e&dnsariéésormnﬁraj 8 pbfuiatioe of eddoB&m cells,

and tERFG g m&&uﬁi.r@qhﬁﬁo&e%'caué inmwg+ P,%s pronoter that

responds to a neta IC or toxico ‘change in the
38. CelA 393&“(9' Rit %Wr&%&h& Tor ortnaiﬁai%%& ep[?gr%tgrr-rego%? ‘cells, comprising a
differentiated cell population according to any of claims 1 and 3-34, along with undifferentiated
hES cells from the same line used to derive said promoter-reporter cell population, for producing
more of said promoter-reporter cells, wherein the hES cells are derived from in vitro stem cell

lines.
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b) proliferating the genetically altered hES cells to
forma genetically altered BxS cell population; and

t hen c) differentiating the genetically
altered hES cell popul ation |nto a popul ati on of

39. gen@t&&%d 36f %r&ge rtéasqn% &:rr@fn%m Gorom E{ ! l ﬁru W%I CQ3|F‘ 8opulatlon

pronoter that
accerding de any Pirlaime 10’2‘1 pn¢ gefeminiag é’i&ﬁﬁhé"s%’ipfﬁﬁs'ﬁﬂ Ofathleéﬁféﬁr{eé gene in
the g€lRes affedted tHdrebyret hod of cl ai m 35, wherein c)
conprises differentiating the hES cell population into
40.a pﬂ{éuhﬁiHoﬂrbeélalﬂlegg 2lvher6BY EHeOBMQCK! RilecRid R REHIRE Yde®elopment
claim 35, wherein c)

e ce
vechlshPRBs 58 itae aibbentiSaEl R0 SinSliabhr e e and
then further dlfferentlatln t he endodermcells int
. hepHieotpined ofsglaim ASsyherely Be g if Gelesieddioe WH‘eérde"e'Opme”t
becawdenit araventy qoriomrs expresgiar dletheaepdrier genenpr thei cells @aused by the

preéia]lnt:é sraeggaaﬁéa@%ré‘se'.Adueﬂg%rﬁbalﬁ,e o@%&ﬁéjbd?ﬂltlbﬁ any of

alms 1 a g WMt erentlated hES

CelA%ngtﬁc%“oF Hﬁigsf%%g:, cgr%grlilsﬁr?gtcsr%blﬂ% txg o%u W|th gceII |population

noter-re on
am@rﬂmgé@ lajmm 38‘!9( glainy %?)(‘ﬁnﬂéile egrining, W"Wﬁ@" éhqfle tsi‘%cmgg depApsession

of i festdedriee derdd i Brlisiexplebsify the@Btsilrbpdriengsne. 35 32 39. A
met hod of drug testing, conprising conblining a drug

43, W' t/h nﬁ’etﬁ&J bf B%Uiegﬁrig()%oﬁﬁﬁs%dj cB8bihRg ARy &k %tﬁ“dﬂﬂéell population
her e %r essi

accpigiRg e BPY GhAIENTLI- Pl hE Pesonce o BRRIEa P! AR ENAL ST a drug target or
drug rhetabblizingstnzyde aind cetermin®9 whather thiese it aaifidrange irsexpression of the

repSrir §6AEH tﬁé’ﬁreééﬁc&Bﬁﬁme@ﬁ)@%fh@ﬁﬂhoﬁmﬁ it does not
cause substantial upregul ation of the reporter gene.

41 T [
44, %t%ﬁ? Fg@fjf]pﬁértuﬁ lt&'tugﬁeg%ordf%e(%?ﬁ%rg%tggg g{ (%I'figm 40 or 41 comprlsmg
acqurpopwmnsaceszrsmeég?wf@{alm% feporter gene in the ceI |'s
caused by the presence of a separate stress-inducing
45. confheusustenr o it tafi rakaing cid ifurthen cormpdsingAa mentpodnc knewrugp change

expke%&bhagheeéyméﬂgsénegqm@@msm ng the drug with a cell
popul ati on according to claim28 or claim?29, and

46. detﬁe@ﬁfe%o%?&%lmt@e5r%lélﬁ zﬁ %Brﬂﬂr%‘?nd g pﬁmﬁﬁgfsdeﬁgboﬂtgatlons

i r'st orter gene in expressing t
shap%@pt%me@@ﬁgm rﬁtlﬁg{y@garegfsua? hh@t glg%rgptrﬂjomoters that respond
to a orgtabiolic 09 t@dnmimgm d@ngémonlmlgexmetshora of @l teppitgrugemiei ianeach cell
pop g%&g{dl ng to any of clainms 1-34 in the presence or

sence of an RNAi for a drug target or 15drug

| é NS |SP S dBims QHQGdg ] nglgl\'é? W I?cal R%oula%o?%ghanng

oI
475" d FArence expressi oh TP
the m@%@ﬁm%bmﬂrf&r@wg@dm pellsrof differeptiissugre RNAI . 44. A
systemor kit for drug testing according to the nethod
48. of TleasystedOonkit #i deteoniping dinen gffert o€ Hiugp op diffatenbyariants of a drug

targ@PSP&r% rh%t&t%hﬁﬁ@{ eﬁiyrr?elh bMBrishig34- plulf]évr_ﬂl of |0 p%36§l'éﬁ6ﬂs°£ccordmg to
a5 e 0 SRR e BogP 1 PRy B SR aREAT oL R Crug terget

or dogd hetabolizing emhynesyst em or kit of claim44 or clai m45,
conprising a plurality of cell populations sharing the
49. samhe0SBRAEor KLIbf gaimeds, avhklain Blet\eiigtts S Blldlib @briants of CYP3A4,

CY&Z‘[H %"YF’QE:Q pé%1%r R atcgkplttr ngfzpa%gdorttlg’oﬁm“?%?nyet}ag\sfgrase

t oxr 0gr'c changé con expression o

gene in each ceII popul ati on. 2547. The systemor Kit
of clains 44-46, conprising a plurality of cel
popul ati ons sharing the sanme genone, but
differentiated into cells of different tissues. 48.
The systemor kit for determning the effect of drugs
of different variants of a drug target or drug

met abol i zi ng enzynme, conprising a plurality of cel
popul ations according to any of clains 1-30 sharing

t he sane genone, but having different variants of said
drug target 30or drug netabolizing enzynme. 49. The
system or ki t of cla|n148 wherein the variants are
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33 50. A systemor kit for validating a drug target

according to the nethod of claim43, conprising a cell

popul ati on according to any38f clains 1-34, and an

RNAi for a gene encoding a drug target or netabolizing

en 551.]solated tissue prepared for
50.¢ a%ﬁ?!?‘&ﬁ\ at ki fprataiidating 3 dygfiaigehasrording tgtharmethod of claim 43,
congprigingf 4 mﬂrtpoprulhﬁonaacmb:]rr@:to, anybf algrrhhsng -3daehhs dn?Reragfoa a gene

tf ccording to any of clains

em%@% %%ﬁ%%é@ tg{;&eg% eeaof clai m 51, wherein the

4rep ene in th ort el | ul at

encfc%altag SR PEP] e ﬁ%ﬂ?@P{a§€%§£ TRAARIEY) {Jeﬁo"'tor'"g after
engrafeent lrttﬁ a ghikieeh ®ptainigegeds havingea proototaragnaster egnstrug@ceading to
any$f@RImE NG oni ¢ gonadotropin (hCG. 54. A nethod for

evaluating a tissue allograft containing a

52. pr o %Bl'afe%pt%%ﬁf bf G5 SPleél 'tr%nre%.@é} og%'nggn E)r% &g%o%ﬁ’ -reporter

cl ai ns - ovvrn ment "1 nt a su

Ce"c"r?ﬁ‘ﬂ?'i'%*ﬁ@ W%‘Ffer?é’eerﬁﬁg’é'gm on of said reporter gene

in the graft. 15
53. The isolated tissue of claim 52, wherein the excretable reporter is human chorionic

gonadotropin (hCG).

54. A method for evaluating a tissue allograft containing a promoter-reporter cell
population according to any of claims 51-53 following engraftment into a subject, comprising
monitoring expression of said reporter gene in the graft.




