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25 containing a cocktail of growh factors (perhaps in conbination with
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negative control cells, such as a fibroblast, or RPE (Retinal pignent
epithelial) cells - then evaluating the mcrographs in a blinded fashion,
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1997)s TABLE e elgirdsgion Glalsbueldpdclie ndrkera Ednyaldd @p @btectedhit the aiRWASEI by NogRet it
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- + dgectin bi ggik REn Hiso b characterized according to whether they display enzymatic activity that is
characteristic of cells of the hepatocyte lineage. For example, assays for glucose-6-phosphatase activity are
described by Bublitz (Mol Cell Biochem. 108:141, 1991); Yasmineh et al. (Clin. Biochem. 25:109, 1992); and
Ockerman (Clin. Chim. Acta 17:201, 1968). Assays for alkaline phosphatase (ALP) and 5-nucleotidase
(5-Nase) in liver cells are described by Shiojiri (J. Embryol. Exp. Morph.62:139, 1981). A number of

20 laboratories that serve the research and health care sectors provide assays for liver enzymes as a commercial

service.
Cytochrome p450 is a key catalytic component of the mono-oxygenase system. It constitutes a family
. of hemoproteins responsible for the oxidative metabolism of xenobiotics (administered drugs), and many
endogenous compounds. Different cytochromes present characteristic and overlapping substrate specificity.
25 Most of the biotransforming ability is attributable by the cytochromes designated 1A2, 2A6, 2B6, 3A4, 2C9-11,
2D8, and 2E1 (Gomes-Lechon et al., pp 129-153 in “In vitro Methods in Pharmaceutical Research,” Academic
Press, 1997).

A number of assays are known in the art for measuring cytochrome p450 enzyme activity. For

example, cells can be contacted with a non-fluorescent substrate that is convertible to a fluorescent product by
30 p450 activity, and then analyzed by fluorescence-activated cell counting (U.S. Patent 5,869,243). Specifically,

the cells are washed, and then incubated with a solution of 10 uM/L 5,6-methoxycarbonylfluorescein

(Molecular Probes, Eugene-OR) for 15 min. at 372C in the dark. The cells are then washed, trypsinized from

the culture plate, and analyzed for fluorescence emission at ~520-560 nm. A cell is said to have the enzyme

activity assayed for if the level of activity in a test cell is more than 2-fold, and preferably more than 10- or
35 100-fold above that of a control cell, such as a fibroblast.

The expression of cytochrome p450 can also be measured at the protein level, for example, using
specific antibody in Western blots, or at the mRNA level, using specific probes and primers in Northern blots or
RT-PCR. See Borlakoglu et al., Int. J. Biochem. 25:1659, 1993. Particular activities of the p450 system can
also be measured: 7-ethoxycoumarin O-de-ethylase activity, aloxyresorufin O-de-alkylase activity, coumarin

40 7-hydroxylase activity, p-nitrophenol hydroxylase activity, testosterone hydroxylation,
UDP-glucuronyltransferase activity, glutathione S-transferase activity, and others (reviewed in Gomes-Lechon
et al., pp 411-431 in “In vitro Methods in Pharmaceutical Research,” Academic Press, 1997). The activity level
can then be compared with the level in primary hepatocytes, as shown in Table 2.
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sites OV1 + - + blood group + - + antigens OV6 - - + It has been reported
that hepatocyte differentiation requires the transcription factor HNF-4a
(Li et alwodsmie® Dev;, 14:464, 2000). Markers independentpcafudiiNrsda
expression include al-antitrypsin, a-fetoprotein, apoE, gl ucokinase,
insulin growth factors 1 and 2, IGF 1 receptor |nsuI|n receptor, and
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Cells of the hepatocyte lineage can also be evaluated on their ability to store glycogen. A suitable
15 assay uses Periodic Acid Schiff (PAS) stain, which does not react with mono- and disaccharides, but stains
long-chain polymers such as glycogen and dextran. PAS reaction provides quantitative estimations of
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complex carbohydrates as well as soluble and membrane-bound carbohydrate compounds. Kirkeby et al.
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with precise complementary matches or with various degrees of homology, as appropriate. The array is then
washed, and bound nucleic acid is determined by measuring the presence or amount of label associated with
the solid phase. Different samples can be compared between arrays for relative levels of expression,

—23— .



Transfection with oncogenes or oncovirus products is |ess suitable when the
cells are to be used for therapeutic purposes. Telonerized cells are of
parti cul awg qiisgs®st in applications of this invention wherpetisod3471

advant ageous to have cells that can proliferate and maintain their

kar yot y pstionallyQ®kan@¥dtER Lifing deRosRRAEBROE Mbdt 63Nk of ifi&rE<8 BTN a rigY36hdl Br HoliR!kagpRigt | C

prot ocol &nX"gb‘?raS’ ?F!E%{aoﬁ? r?&ttbt%t;%g(n&%kﬁdé r&h‘é Qﬁm ni ﬁ&r%‘iu‘?eﬂ/ Eé?wg%rs‘ fﬂo{}l%é/ ﬂH@Je in

order to

i nvent i off" eﬁﬁﬂbw%escaa b?ré%“ﬁ%&’"ﬂ'ﬁf“%%?'%ﬂ‘ ey Wﬁ%éP@Pa&f"g 08 PPRiest Pofypgleotide
hepat ocyft dapthwagevigardiigent lipebduced. These cel | popul ations can be used for
a nurer of iApeepaty ncede ar @hducde viehgp temtic Mardyste?d atanaedioalang e pases.

Prepar at §98pioh RXfHeESS hRbakdyBIA bRsardNsy ﬁr@legrh;fhfyﬁ aBRA beeafenTshecodmg marker
|d: Lr_ S:: gn;[_ :g tn?eecsi, to eeI alne%{l%g mtary6%r éﬁg;\{vglgftorlm%{] T%a@\&-\ seool'flesdedgec%h{ orﬁ) gﬁéas l%es a& a
cells f r‘éfﬁ?“éﬁtﬂ%é}‘ghl ?Sne‘%&?%’ef #H? dRAvprEe M Rf%ﬂaraéw“arf'@m g °8'5| ‘ffé’E‘Ef%%t %’59‘
cent ri f ugeraiation intonda@edinto [Gur$-flbaledSDNA. rwhilegthelothen isreomRIGA intsCydriabplad eRNA: Toerivbhe
pel | et  bypnatprdpekaions ke Gliitikaasnufiasiary ede eicraalray, slidel Bricajien wakie@lto dligAgle HiEn-

transcri Q»'eé?f% bhnd & &rl%lﬁen ép@teonm{e% ol b19§ea%ﬁ5‘f tll}éecD'NHlBFordé’c‘Fst ﬁ‘B’ropc}MoR Pb dpldAnder oM

any or al

1 brobl & “&Qfavfceig S A A PR AR B HET T = LRt SRRt

epi t hel i fahgachof e Habelsciap Uiy ypgreenaeds augmtiier anthey resutp @reciBynaitesk s Biveing a
sel ect cibhibatidn dbtharelativerapliiderct pimgRNEXpreedsnadar pabdaxens t hat are representative
of mpure hep!@&n@@Mé @%ressn&oplla%@tfgc%'ben PRRLIFSR Sd BEctiPbilferentf& cells of this

di ffer eny i gl o6 aﬁalgz gl Sorb R él%?Rﬁi%arcﬁé 2% ﬁerggr%dpréoectm £RA S ype,
eigp

ant i bodi es at _ar enitor, ce
Tar kor s, SHEFRBPES b4 t@teg;e@eq A R R I s A
ant i genspf?Ch'ettm rragntiblecel: Wpe: e8grRetndoe retptivecexpregsion Tayel hete¢nsthe pwotdsi pasn(usiselyon

provi de sonmdlingarbg wedipralyt oofiNA @itteisagple, Stiia Rorayatisob o nthbepatisedutiteecad ® be
rel agj vedyregRl bCNaRlid Wel RASH &a'#lty%Es S&hlas bHIRR-KEHFRALRY M wamgPﬁ pfRbdis of
CUl tur esm’[él%st%asegO#BQ%O?H%XF&&IG%Q rgsggnelgvepade f rom l rver tissue yC| Onal

ant i bodi a vertebrate with cells of this

i nvention in %rﬁd“f"ﬁffﬂﬁfﬁ?ﬁé'%bﬁ 0 ”B‘I"r?ﬁt if Fﬁre‘bﬁ’%&‘teleé‘f‘iesélf’“ Rehis &1 'eAsabod At9'b dRielseri s
descr i betPOifeid gevetad & supdessdd)rie flitarentigfertspRdsceldanf thisvinventiom firecofmp@88) withitheS:oniRat ent
Nos. 4, 4fis £3isis dhndpudnif) Be aditbuted asdididd, &ﬁharka@dwel\&brbgsds 1dvel ifEgeey Bl 1gYA3B: 3

( 1985-9 |@€B§r{der{f§;@Qﬂérelmhe(ap&t@h Bf t%m&p%tlvé 6 eé’c’ﬂta @quy ac'gpr!dﬁgé"llvﬁsthe é)@l@géloﬂnl l y
in the for vari a ere nt act rary

of i rmun Ieve n ttui res?e,%llve cieh1 and t%a selec Fing a é?nf ntereﬂvgaﬁ\e/fﬁn aopsﬂgan nl'{eI g%g and
gr owi ng Uiﬁf"atﬁé’élt"ﬁel q}féef%?“’%'é |e§?t§@tseen ’&‘ﬂt"&?ﬁe e f'STe“ée" BBt R oqgtrol gpll can REWPEF’FQ“M °J2 Med.
335: 730, cobdastrumnfoe praaiblieoviate yeBvaeresAPp bquivalbnt expsesiid IM!Sl@&@dlpatéA@U@ﬁdr&ﬁ047
WO 90/ 02898ssiornask bIDGhHERES Supplessdll exprddBdir theBrdati® 6Mmetkst cathch/d YeleclddD@sed BY

pOSi &d Ve+r?/thes<%llogpewe£&t feg&%lelgg § oﬂé mglnér%fl t@?éﬁnér'bggéd oﬁ‘antt R&d Jrsvl%J)r@(seﬁtﬁlg%Ct Ing

usi ng ce 'y distributed antigens (suc

dlfferenQWﬂPb hﬁ ‘yonic cells) or adult-derived stenlcells the desired
specificity can be obtained. The antibodies in turn can be used - 22 WO
01/ 8154 9DiRaitiSOA7Skaus & dtug sérebeing i Ty or rescue hepatocyte precursor cells of
a desired phepgdstged sraRes intEivehthlcaPRPisb@lol 8Ren #opractorpgbmeav&man@s

cost gl ni MQec‘dfér(%nE}Q b%PWeQOg&{}QQeo%e% Hr?d' A Iﬁ«% S il HPnta‘? Zon |on35ls§;c(e}|| A d?theS”Ch

cells from
Differ en‘E"P%{‘t"éﬁ”ﬁlﬁﬁp‘&@'PT sthal gigecijpe qhﬁ[?g?r@@ts Oftd(’jfefeat@ltﬂjlo?"? Ofé RIS H”eﬁ%ﬁt erns of
transcri pts ahdonewbpjicationgneifessily @iferprtoted onundffrattiater)care heed dx sasgeh factors thagr
hepat ocyjremdé etuasarof el bisng tAbpamYyteaidcgs,tor bidmett pRMbratdg ahdiaintenance of such

di f f er enddiah iRgcRREMURY Fgrexsr@pfel belnki aetté ﬁggatb&keﬁa%a.bmcmmﬁ&mh G& Sre tested

Expr ?()S sig by ao@mg hemq pgg cell}e| in g‘l‘feren? lrsl %ttﬁen ge?ermmlng any phenotypic change that resuilts,
according to desirable criteria for further culture and use of the cells.

Particular screening applications of this invention relate to the testing of pharmaceutical compounds

in drug research. The reader is referred generally to the standard textbook “In vitro Methods in Pharmaceutical
Research”, Academic Press, 1997, and U.S. Patent 5,030,015). In this invention, pPS cells that have

— 24—



are obtained and conpared with control cell lines, such as undifferentiated
pPS cells, other types of commtted 10 precursor cells (such as pPS cells
di f f er ent wet @d1s@war ds ot her |ineages, hematopoietic st emptqi/ﬂ]gm/lwﬁcursor
cells for other nesodermderived tissue, precursor cells for endothelium or

bile d ugﬁer&ﬂétgdq@l thé" E‘apaJa&/Pe%Qéiﬁé tpf‘ay tt%t el 1o Fe'stl c%llsolglt ﬁén‘aﬁg df'urg %@?eé\-%l dnd ttdx@%/ues

or pPS cel

te |lin
ol Br o o B oS prPHRRES noe BT say hatiey PaioaiS A dnarserm
expr essPYHeatsp@eprbhe P%'V'lV@(/@Pd'ﬁi%*ﬁ:nhaw@C%“P@l GORRRMAEESEHFY WO'VG&SOmb'“'“Q the
I mrunohtigdraditendedd of yhit imehtion gliretbe chadidate pepewad| deeminiguany aizhge imtbe ogkoldgpr
CONPAT | RGKEXPERSES, R nddtabblid &cthvBY 6 th® Eelis tHaB RSEFiluRbIe Q8 tHe N bslRd (BBInPOSHS withf
differ emtlle%led SL'uss&'cQﬁé n%IneJﬂN% (rleh %aﬂjoufdz 84 thg'r coft Iaﬂngﬁ@%ﬁ&[ of%%oméo%no@% QG

1992), trix array expr essi o te C

2701 b7 PRS0 S G eI BBH IO AYT R BIoRRe AT A e G ol

Nat. Ge nlmmacglg_gmgh@qu:t of @3 cellg_ @99%03”3¢ﬁé’°'ﬂ@é”%¢es'ﬂ'i‘eé rokave Qﬁﬁcis r?lsavmleyﬁy I*?Q"eg ene

expr ess Li@rileridsd liepatic @Me elfebry. Fid dr motdrugé cebok exeein 2884irid:, (n2006ining @ the cells

m G Oa@lfh@%lnﬁllt%msg Jééﬁbﬁ’ﬁ@dn@% dete%os&@@rﬁ@dr@@ntera@@ﬁ 8ctE U?- l'i shing Oorrpatng/

croarray n

Pol | ack et a n som%a?ﬁ@%ng,\%ﬂlgou&is ariégﬁe’nedéeh %ﬁ)?pc{t%nyg hep%toiloxu? ﬁ?jCas%EBt a?n%

Sci. 2 43@606!0 in gtg gltro I\/@H@ lwhﬁ@at(w MSeq\rgwarq,cacgpgyo Presi_s §?ﬁ7 Cytotoxicity can be

www. Genést@inpsin deritst iBymcersherfiect on e gieritis sundel, merpﬁodmmmtjeam@rowzm into

anal ysi seaiilRreav@iuhaloe seaiaRndjisia ksl gndutiento aaspan we&nhes tbtpodtls Afebtyeamrtimction,

I NC.i5 S?sﬂ&fascblgcroﬁeog&ea%génggé c‘anJi rBfélsma el r@ﬁtﬁes%Pmth'EM%%GhHgﬂmety Suphyval e

A g
Syt oni Sy U £ il roe it DY P e P L =R g oy ™"
Sol i d- phipwisg éﬁproaweam@swamsa&?wrecfuwaaﬂtﬁ atsnitergt b weubsvoabéea&ﬁges%éwm?%

sites ebtiches mingh@yind flashaé agloacklie tprsaibipasatand duanthesiyuede posintiiasagan eiso iipy
presynt &3l Zome-itebon RE AD@And TEREREN Lacdd, fobd) Redfidealhibbsdytiortrieatuify §Rbied,

>'PBRI " writh $ABL Eled U ma re%e%ﬁg@ioo%@@gna% Red o5l o H@;}At&agthge%oqéogmg vari ous

pl asti cs, an gP 3

conposi ti on Q.Je‘s"“”%f“éﬁ?dsl{be" @atﬂh@a@*gﬁc'téﬂl”gl&qecﬁjgté 3 %@EW%W“&?FS' Y SRt

synt hesiok albynrin, vehpledierel. gfidakpgpratbipgl drapsport ef Fenivgitoc bilenpoida ad BN C AEAUSTRSET es
cont ai nicAgthdmp bAovelk eansaities; gipkabRabveRgelgso bid-glAgdhe SirhiefcrBe; s\erquemtancal |y
deggﬁ;?%&nﬁgrpg%(bﬁ! sH th}a IEJIQ'”Kqt quoce)gfga:q chncgpnscxhons aﬁ\@' rElQ&%Q &%Qéaeqnamxt ;hoténs
pre€ynt REISPLEER F%B@dg‘ ‘f°§5°”p°fsac3?ﬁt°(§'s Qﬂ%&gw w'&/%l”d%@ ens%‘ il onChror']g N &3 ol et
i nki ng, nu%aqdfrqgmaqu@rﬁt DN svatipsiEgsn be mepsiyAGasdsHitypidine ?fﬁ@ug@ﬂowafa%oapﬁf&ﬁtﬁ ofa 35
nodi f i edniyon DA syyithesis asttuciue cg i@uptemsned hy @sastripg PBA yinthesdear keoziy HI-tiavmidine or

al dehyd %rdUhMéd)FpQValldﬁle esp@@ﬂy iafl BhscheBEIQINRRE &1 Wk celMBkIB] 81 88 tRY letdn teqlired id? WBIS
thr oug h ée\g;’l'caﬁo]oh S consg{)é?] %ntlll % o@l} t %Qe%r{NQM% efP @tg %gr; al'épgvcl ée' lﬁIthéuag %593%@1&91’

5,514, 7 {gn]assa I'S I ca ?\: v %Iﬂ% !
arr &§ byhram?fwﬁfcaaqs&tdéﬁ ingf Py e i*Ag 507 TS o 'g‘@&d@r? ARGy
i Nt er esitre Meibeds §RhemisbaaticabTagearihd Agadpoie Plegh 1 99d) forderinerelabeidignt hen det er mi ni ng
any hybrid 40 formed. For exanple, nRNA or DNA in the sanple is anplified

in the p{e%,gmgf,p;,fd}%heotl des at t ached to a suitable | abel, such as the
f 1 uorescent l (\%mcga?so p{ohlg'é/ssfor the use of ffgl’PI%IaP 2 ?P§ c(zjehsutg %e% orea d8§re aéf l|¥$r functlorb

hybrldlzatlo us
degri@es &f S%ﬁﬁ?%gz Suca?e@aw%?ﬂpf aLtEéo a"m@e SPPRS of '%hef'tﬁfé'mpa'mg%wef ¥ bound
nucl ei ¢ aci d ToSletdwinertin suitadhility ! difeaitiatedy Stohls priespdie apnticationauhg cetif canditsel
associ ate sl il sulidd@ Blal HodBN A6 6he 14MkIf £y 8O hssERBPIEBICBIM RESUBREBET Bthidret ween

arrays ff% :[ §5§.&t%e iy ﬁvJ ed{ }e%tlaQJd P le %%' §erstereg‘?b tmmuAé@efgl\let%Jnﬁég (such as SCID

PCT/ USO t |
of || nterle: o SUERL 005 EERET o RBHLE LHBLRT GEAGTS GPoEe P aghr 11 on

of t48t aIObWWu%JP'B@ﬁ Wl%f therKidnpyecagstepinte. the/gpiegn AL \?évey ‘°b§%n’ﬁ?sé%s Gile 'ﬁﬁ‘?‘ieﬁ% or
nore diaftérerpeitid osolawcias tCcamerllavctie ot woke, shdredstsaeresus WyetherpPshrellssarst! mesealy, by

prepar i Rgis thoe¥Rdrintd BbrdRinY HeGLiBRLELE cells with a detectable label (such as green fluorescent

protein, or B-galactosidase); or by measuring a constitutive marker specific for the administered cells. Where
differentiated pPS cells are being tested in a rodent model, the presence and phenotype of the administered



fromeach source with a different label. 5 An exenplary nethod is conducted
using a CGenetic Mcrosystens array generator, and an Axon GenePi xTM

Scanner. Wocri@asgays are prepared by first anplifyi ng cDNAJTIGRTRN$
encodi ng marker sequences to be analyzed in a 96 or 384 well format. The

CDNA i s chiRefn $PAbde8dd B iffinbistAE st AEBISA | UsiHE Burddn-shecifitl @RBbdyY 0By Hi-EdR as

252000, B8k 3! Ll ool AL BN REERAG 1 LRIS oHERINIV, BELIeOle T et
conver t EAYRPYITSAIUIGTTe SHERLI DIRIKSTS TH 85SPHE9 DENCEIINGRSIBT &2 BtV ot §rokgevel are

hybr i di zedided inlidbleeth €dnshlydesogptivtrgfonriet muanortizs fats bf reeatocgiptiketcalsnn guieh mddefsds

el i msnatgbvid@in GRRRE kifdl. ¢sdi. Dickr D@, 1940 Yoog); F&ibrsSdh all, (H2Patblb 28:8840Y0on) hd dbbdhdl each
of .the ¢ RLORHE 6827 Qoog{pport ion to abundance of the transcript in the

two original NMRNA preparations. The slide is.then scanned at vel engt hs
bonr opr Late. A BIOEb EiEh GHTSENEET AER S Seeserisd i O RG Bor R bR
quant i f iagimal lagking uihlverfaneiin: Srayp e of- Qe Yeski6:829, 2P0 @utting @ Maseli'e i HuGH the

r el at i vealisadpaimdairecteanegeninfiNie HSK tiegeodr Rigm kistt. (Ryoc. Ntk Acadr Soj USAB2:hefie mopd)pndg
expr@ssii@hertt Qd #edcS NAQ cadS Ecil UsACHLEddE; 11695) Zitivg ndsls BF fveElibdage i dxpressRntor at ed
cel l's O, s thdNEDd Nl YRYLVER oRNBHaY BT 1 GieEXPTERES BlabO4F 1o B oA
protein, or othe gene product In_a first cell tg e, such as pPS cel |

di f f er erft'735¢ B8 BRgC Y HehStBey fare redte: 198Ha K%z"ie}‘?&pf%aem%%?bff’fé?éﬁdw | evel
of the sSateneny Brieidin miee by tergeied disrundien ¢f theyima gereo nihaanigls caneberrederad fipm the
expr essidefiehevigl proiingee supbl @f t ME-rerekaflubry-presyl-bérzyd)i 13edytighexanedida | (NTaEey] Hay
totads Prficihvd? sl whéh 1R 1§ 3RlGn. Abutd ReCRRRRIhS B0 mblcldd 1786k RESatcBERE
product (E%%Eea(s:ﬁi eetd l.:[é)cietrjlge 2%91%%08@5 gcguteglt\/er%issa{sg] ce!naéfso Lee r%gc{eleld% re%%nh a%?nlalls w?t%pes’
such as 'a ’6us.e-akeep| ng gene), and 1dentl ‘?yl ng products of 4 [?t erest based
on the AJRPAENMANISYL asRprdEanipn ks fhicagsiagisyc CaoRlG l[ver disgasresnct 3 BWOIFCap At er est
i f thei rmoddedyiteding rpraseiharsub-eihaldojesf abephietadt lorgtpoerah R-ifdotedibrodi®Ruddimdh, et or
100- f ol dhi.edcRMet282 14502000 PREESEHG Ehe abilty 6Hidiib@ftaidl tat Rdeddukaldr Bin@bn s

| nv%t | %min's{érir%égl?@ & QUdn \éqliﬁgs,tau%ethﬁ%gtternmm su% I&/eﬁé’]ﬂoﬁ%\}ék &aﬁ&j oQRUegfﬂﬁ’ré l'y be

conput er-assil s - mar he express|on vel 1n each cell t on an

35 ncloBHIRIPL "B PHErai [ eTe ohie SORTET ORGP FHEoH WoR At £ P BBRER axi s

is in acvdvalamaerker exressrd indivprtieys, agichrqme\pd$o qetivity, ed iood hidisptprisudiars plkalign d

t hen selpaedphargpe actipityoduutin cofjugatiiheane siothivadie dme) nant! k@viyaods theinost Aof imptogsmealrik .

Al t er natduMph Yaisehddrddteb i@l 6cftdnBnc %PHBERE ARk 8icwaRg ol B oflhdss britgiigkdiatadngl t he

contL0l Gehlonsall RERLER! SIENHED Ol or of Q0 SPECT UM (T exanpl e, wher e
ent's equl val ent ex S| an

yel ' ow represent qu ] pr es evel s, red indicates augnented
expressi on andSEIVERT By @ﬁ%@“@ﬁﬂgﬁ‘%@@ & BSpsted; YRg °fﬂ?€a'ﬁ?°€?g‘i¥grtdeme'

i nt er estVageus fanheei etrapsylatiencred sdybesian ‘CDENsRPsHIRfien Eeshiptogy & TBanstticsi gkuskgieessi on
of one raakeks., BfkhausteBB®h MAQToOD.aBifdlerfiftecboeladf thidlinverdibn €adlbe Escapsppiee s@ntinglg a

pl ural i ty o@f mBREd R Sse dthd: GREBLA @lced PPS cells for drug screening

Diff rentlateg ventj.on ca

factors (such céag ﬁcés'%lgéénlns? %r%ﬁnéctarr'gisfs are g%s'gﬂ%4 Toe i P%’paa ?”ﬁ‘”@?a?gﬁ‘éhgig‘ﬁé g@?’gﬂunfm?orn B

pol ynuc| WbRriagadar ghingrtpre thergay) orde bridee e GmaReyean aégﬁtﬂ'f"tt ineRféc URFNIEPaERI| t ur e
condi t i or®ngitutirem il krartsplem) Biotriitciabivéraletices e reviraedioyt Macdenaides algpp. 252-286 of

di f f er entchiptRebstigloh Teholbdanh epadpeyd od dif) @R0skemplifiedSio IVES. FpPhiiNoaL S, 0,884, PPS

ey CEISIEnLLRLa D S BBk, S i3 R Tt L
D ol T or PRI AHAP AP HE B e BT PRIRRR ™ & BIFLE SUReTPIS, 2 SLp it CIoRLPE fasy
exanpl e, costahithpairaselliepaitve yWiematuh Papeioeyies PCEdRSedAN agPis\atPPof Bk Refked Brde
t est ed 40ahyitigdeliianbed dreamitiochpiE! ek, sr dunowiifd lehanfbenwepilages. dheldelvibeims inlet

det er m nin GuiRTWroRihENHRh YHaI sGbjéRRNER i Fidbed! S Wbhdlimes A6pRalisBiht béhs AR SlghRRAY €
criteri ahufri%stfo#hretc gr culture and use of the cells. Particular screening
applications of this invention relate to the testi nq of pharnaceuti cal
conpBunds i riCPRIGroPEalR Y 81Fh MPRRPPAELIREFeS IruoNe SPRAIPERS TR HIIPRP OB o e

st andar destasusiprogin of| nercine therntdeiiesh bepsuserr! Pl pavei) eftAvRileble prirfass bures Hrepatotdesdeni ¢
Press, 189dgenddibsid Surcamied tegiiattld Qorddrby regdrdiing ilimSnagéhitdy bidogdssiPSoss@pders t hat

have - 24 transmission.




WO 01/ 81549 PCT/ US01/ 13471 differentiated to the hepatocyte |ineage play
the role of test cells for standard drug screening and toxicity assays, as

have beenwyawiewsl y performed on hepatocyte cell |ines orpdanuswiys7t
hepatocytes in short-term culture. Assessnent of the activity of candi date

22?{ gag ]? uti cah, %%EQ URESiod %ﬂ%@é L ySyété}N %rVd%ﬁeerﬂﬁftb‘re'BertQ/e t Jﬁfihresdbff e bisat ed

n hange
in the leFerthbaIteg | rlpoioen},ﬁée&ceﬁls ?)rﬁ grﬁ?ﬁrv aécorda I}g%hlg‘f %gtﬂ?cp %ésgdtzed \?? [gr an %{e qgt(e:ée: Il's
that is ¢ @'? id?)’t‘f'F 8bPé”"ta@e PYPElrat AYB ah 8l m@@b?fﬁ@?'@ﬂ@ﬂﬁ thpgey n?‘leéﬁ'ﬁ@ﬂ oidte Je¥icdyr

cel | s t reembedssesstd byarompadgtthes campositiod of blegtdn tHeeafferem roh@inalt with ghat Inethebfeemt  of

t he gonpeitisl -Wid BrmstdiheRBaRE @EbveNRRORe aildiht 86V, @RNKNY FRiMedied ploRRs @i thder
because khe,gQmpound is designed to have a phar macol ogi cal effect on |iver

cells, or because ound desi gned Y ffe I ere my have
i it ended heAEe 06 GAN B PREL T Y ap o P Rah S URA TR A Bopsle e

conbi natWitbie cigrentiataheats ofdhisinention Hedegeonditions g p@‘mt H@rcelh’fP FRTIOYeRdT W Ei |2yoxgrin
sequent itisd 1wt , Theodattetiegitn PDISHIH endribtgedsltdghg Ntlestact igadef haetotite, drivtireome
appl iocatclor%b%nd ERHEPRHPE SncPs th&@rtﬁmelsiualnpbmea&ehxy fh@r.vep%@ntcbradourh@mh&tm' city

( Cast el Iare %%\ahm dtéd QOD blllf;%&nS bll%(])-aglgg 1'J're n }'%é#n% l%opro %ln éja%oh;%ra%sa¥r%ns%#1}ilt hgr%kexm

Resear ch,

first irse a%@fﬂ?"% Rmertep é‘t?t‘”%!H‘ g0 gucagpr BRq ¢ Yay'e‘V SR Taieeule 195 h SMoyce and
| eakage cof aleorheynasido emithpthe effeeenidiuidwitlr eynthesitpdiproteivorueh adatosinin eagute pledsy acganiss
conduct efld trbagket caiiisi preeinsh EhdRlicCANPOsitSe b s van@y of tebrotdians abpefdteh as

gl Ucﬁneqw&ﬁésﬁmnﬂs%&? ﬂ@p%&néﬁun&&% aQ'a?eSr{EEdeQr Qf b Borhi s *I‘ﬁe%pél)nc Wb R geve@UST NG

;[ g)éleﬁlz%’é c?sts b otog/)ﬂowgg rZotrn anxggen?lﬁ %%D%!b fallu OEH]S q}en %ﬁ g‘aochs Tefurneg %lflhe pa |e?1tg dnglpgf IeC
measur enent s ifferesiiatadupRe liper Wﬁt'@’ﬁ'ﬁ@“ et é‘?mﬂlﬁra?@eﬁ"aib‘ﬁd%ﬁ%”?‘o‘?ﬁ'ara?fé'ﬁﬁg’é of
enzymnmes angaciodels (sict @e ltead desalibed labdva)madyealoXeal witdet fart dirett radmsiaimatiora® chuaad

gl ut amat @ wiv h@irdd RESTiRAFer @%se@'oﬁﬂanﬁ&am#%@ells@&madnﬁﬁéfm @ hinyadite

( Anaéo n a?g%e%qéﬁ%ge% o] tgr«‘-l9 gl@%la’[gﬁ %ﬁ) c'alg%\ntﬁin mecagﬂ)m%w OrFo %é’[e’ﬂglc ang

gl ycoge ceu I cal
conpound&ogiraipa %[‘f’[&?E?/t'téS ‘i"’ﬁ’g‘%%’?%“& ?Jﬁ}ées‘ings o %ﬂeﬁé?es%ﬁrﬂ?e W{aryrﬂff %O r@lye %l uat e
hepat ot o%¥scra @dm'm%equaid@ardéq lwerre-pralp theryedment pechigin tivgedisegsal Aths etser tto it thof

al bum n, treathehtesiuiement hegnciaiureloip o redting; thd e sipdistered fintecibapapetitcieailatiinletheaci ds
and bi | 'tﬁr%hﬂwe ey BAGRACS fough @IXE%WeQrﬂ? iR ARPth o@éf?elnsl'n @Mn@&aﬁiel‘él tA @feter in

%:vll_il)t %{3 :"aTE rJaP\\//e(lenl cs: n geerln%rﬁ‘psu ategfslzathaglt %a%h&np grlnglgall{/ %‘os h%r g%gr{ TPP I\végl’ggre a gnd
nucl ear %P'P"’I“R” ffrbﬁ‘ﬂ“eﬂrhémg‘ﬁr BEh h@&ﬂ‘ﬁ@'leéﬂ%ﬁ‘@?d béﬂ‘ac"igr?d?f’&{sl"b‘ﬁ C?Wy WROPE osi s
(i ndi catterdetloygam éplcally drnandkixeigjent erorrierihwil kgep dfe bols omiged. Nn arpthgr meibes) Bapells

f r agnentaad ihjedida. diréAins undbb emthesiveranhdsiseiasur ed as [ 3H -t hyni di ne or BrdU

:jgtcgr porati Onl’he %Tfft,@ma@d qéus%f mfir.,wgmem cngr% L§¥J]irohfﬁ§rhp9y &%nﬁ&dbfé@ttwﬁ&éd %amav#a&
| S

i nco p O:}E{)at%Xunctlog CH ored crr su%{:tlen}/eﬂted hglamzfn %?n?mogs %hat mLy ?1 ap(,? oﬁlate #or Fucﬁrtherap;éb
the | evenciydefiiinag ePfﬁue faé@ﬁ fue tp apy Gagsgt Yrglepatits, @%@%fdelwﬁf IRigry: ﬁ"faosar'u‘zf“*é?f ect
Unwant echepdiit esidiiieearisuah sowisacs diskasa,) gltetiabyntdrahe $r @ faniiystinatefi@deyd. Hhematabiiarg

\efxgE2pgeoarcﬁle.%gramb.a%dnéqwerrwsb%eh@aeassamo@ﬁ@ne Jﬁaﬁ.cgﬁgg@rorbmmﬁ@wcﬁmog@ afd
|V'§ |
E%ther conibog%?at resulltsf in |m;|';1a|recp ? tﬁ) f(anc%on For {Fal‘ﬁgrgéyl 91% dfo% g%%lﬁeq’zﬁy

Academ c

f unc? orPetpsprsatiop&ranE dft %ﬁ”% Gn%WWI'H??yVGFrb?bmftﬁé‘ 1953@0‘ 8 1a| fq"émﬁm ajusiepips

cel | s t dortesbaly eveightce gjreesmbjedt, raiuxecand fsengdty ioDihe afBBtiob,cand tisukopliedive rapeddy RGthsuch

]E her apy, adﬁﬁhfst@%ﬁ%elguﬁet&mﬁ’ﬁ ré%ﬁéhfsiﬁ’hti/) %P(ﬁéib‘%lﬁi?g tgé rfnd?déhbﬁt?d-a{n%dt dgmgigﬁﬂi’l@rlzlite ﬁﬁcfse| iver
unctio e suitability o ifferentiated pPS cells for

therapelr}ltelsvcwa;grbgﬁl céﬁcgﬁ%’én the cells can first be tested in a suitable

animal nodel. At one level, cells are assessed for their ability to survive

and faintain their ’ﬂr?éﬂ/equ)@ames\nrqy@ed Bifpementmige deipiPes cel | s are

adm ni stered t o i munodef i coreaticuanemmbisertsaiel ingsnisCl D m ce, or aninmals

rendered i munodeficient chemcally or by irradiation) at a site anenable

for further 40 observation, such as under the kidney capsule, into the

spleen, or into a liver |obule. Tissues are harvested after a period of a

few days to several weeks or nore, and assessed as to whether pPS cells are

still present.

D7



This can be performed by providing the adm nistered cells with a detectable
| abel (such as green fluorescent protein, or (3-gal actosidase); or by
measur i ngwe @a@isdol tuti ve marker specific for the adm ni st giegdywehss: Were
differentiated pPS cells are being tested in a rodent nodel, the presence
and phenotype of the admi nistered -Z23,M0,01/81549 PCT/US01/13471 cells
can be assessed by i munohi stochem stry or ELISA using human-specific

anti body, or by RT-PCR analysis using primers and hybridization conditions
t hat cau=eerimaphlipfosedtdteson to be specific for human pol ynucl eoti de
sequences. Suintsabdtien fravdidée tiailf Gffsordsd @8 SdcRGHuegEing reaydtsasS&d i0 the EkanfplRebdidrNA Or
protegn level are provided in Table 3. Ceneral descriptions for
determd;”n,gent hcgoha%?gng,;‘? h% g}ocg/;e like cells in animal nodels is 5

provi ded 1 h & ONpPe. ti’y"}f) &Mt ver Dis. 19:7, 1999); Peeters et al.
(Hepat ol ogy 25598‘@115 WeI@Q‘?‘”‘P'“?fh‘H‘ REMAR fjousegmbyypnic f(ONQ‘FY’J?@SR}EG freg mediap Thzd?é@)) At
anot her delpvedrg segpddf asrsonatl icasterd op PSdigted insusarabaswdbsbidstd air abbit e, poca@ild ety to
rest or & Theseetuitlirtd) Gbre OfeiritéinedNin aamécnm cdndoiddng goul ko loMeRr (diseBChrdomvs, Berakin et

{d\latl%rpﬁc%q Gﬁmgﬁzgupp%g ?Qd \91 @ssgﬁgl%ml; oL lésO)f' rﬂM %d l 'Mﬁrﬁ

d| sease in mce ra eni c

Acad,  Sdrereapjesliagd. 98 479 m gy 3% %&PC&: , pR ot bbbl
USA 92: &2lpges. TT9i9ps ergemAliphed ﬁbtﬂ@r'@ theoponplyee pultere oS elopigs el eYBl entagghase

ur oki naster.5-ingmien ast7°@| The cillatesiwee Metgenil, strhBH to 28 khe@dits| Theclusiersreredbgigas e

i nduced diéoditdal DAY Iatel ad Sl eBtdrs ortditbiResicrRiiker Fas. Overturf et al. (Human
Gene,;Ther. 9:295, 1998) have devel oped a nodel for Hereditary Tyrosinem a
Type I in mce b tar%et ed disruption of the Fah gene. The aninals can be
rescued FPHAIP AEMPHEFTRTES by providing a supply of

2- ( 2- ni t r 0- 4-%dnflugrtonenelayey lcultyesm 2 OFS cells 3r eryatf fedvexeatie tire rervésTBC)nculiztitg it 5
devel op doilagetasdltcs @2 mm)aaloMNIBGhibts thad ceilkddré \strapeAGidnethd iRl  THe SRS Ber€ &fan be

model ed @éo&a@e@.ﬁ@mte%%emed hiebarasiicer@hie mates%as%n% r%&j?urn]tgﬁ osed?QQQ’)o

Acut e | ase

nopatiot o3 RS 253 Cerd 30 SpefeatiiasIREERRS el bRyl ediosrtia pirg oy

di seasesacpdrinfagutanipg, Rdgpi b mﬁaﬂwthafﬁﬁbd@? eglls B espasiad at g 2 alforint Bl Wedikn eer

sub- | et hedil (@lesi®laef. EhelBBp ab@tta@devsty bibdt@ayeiyohegdaddiian of 2 ehu oemédidar @swal. (Redok ph et

al., Sci \%ﬁ!ﬁ)@ O%Jﬁu%?eﬁgbedgoozprqmwellptﬁ@ @MMCO‘IJ&%d @R—l rleéJsb(en@efd iflhdsh &leth] Adepglscel |'s

to reco c?a 8 L{s ensnon EfB%IxDvgrtel Igtgd (Ian@c}/aC)su Qrate ar(‘:)d aqloweft éilfegenllategfﬁﬁh? cell's to such
ani mal s, 4h hen determ n| survivar e 10 ériod or nore,

whi | nonitoring the ani nal s for progress of the condition. Effects on
hepat i ¢ HairgeiEl contecbatiurpeubeleateer m ned by eval uating markers expressed in
| iver tissue,weptwehtarm i MirRebiadddidhg taMEnidbcanedls idnettishat mristy, sithehregdar

al kal i neMatnﬁb}é@J%PE‘r@\Lt to%é}dcéfd tikrigel® (EAbboRhif é?&%&bdd&@hh&ﬂawe@@% @FoPét'UaQ%tﬂ'
¢

br 051 es oI Wa?éwa% ﬁf?“ﬁ%@{ééﬁsnp b AT el sBRASRY® Py, O s e

critehi acopled piatesend giretpdiped. foe ¢ - gidririgs! seiftiop Was 3daeskta pgeh wath BERN- T‘??e?éﬁ"et"ﬁs
further ioqbated & adomotampeFturs far pvenbt ant°¢ nelnigte anddihérf easbet orat eth okl KEDVBERML ar e
encapsul @kethddifg cepar t of a bi oarti ficial liver device. Various forns of
encapsul at i on are described in "Cell Encapsul ation Technol ogy and

Ther apeut| cs", Kuhtreiber et al. eds., Birkhauser, Boston MA, 1999.

Di f f er enf"4P%BYH°LETFE of this invention can be encapsul ated according to
such3fet hods ¢ gragieg @ ahipratrer ligeswererfisedd 3.5% parpforenaldgudeBpidanin pifroani tahpesmiyans

for cli ninaaten & Lo mineteclia siethasdtlatt-20°6. UTHaGKdd cal viered tinsedl wial PBA tivide riaibicieg tbr i ver

functi onngy, .@hddglgcrat Rfunfin PBS. tThQJ wér@ﬂgw 1F1d%Be{ﬁdtnh)§rrnﬁR/3éntlb95y di@edh 1649 oat Lfunt d én@e
Cr anopl 21 P baPRerT g i e ey b e %&Zaﬁ%ws'mieﬁé'gﬁ%weﬁce&mc

pp. 252-wBsdigfed at A0} cyieraliy's &l '8tane no Tewhih dNesgprkerpld Vimprdin APrkpk ang SVMA %gmiu t.
and exenpdré filvied ati 1re0R. Sells Ravkaheh whided 3 Sm&3ah 688l and ifeuiERsd, IB£H0ondary 83Bod? 3vhjch

5, 853, 7lyas AItcoruSdaR, a%ﬁmusSuw@mdq%b !RﬁH&écﬁb@HﬁBé%@Kﬁmé ) lalV @680 GPER gbat €
cell's 35 emp%eéeaqd d BuoBleB16: 1. Y 3 oot wdll FLOTREARARR DS thethcilibd RP! ©

bstrat
o et | F"\?%Wabﬂeﬁf%ﬁgﬁ%w%? SO AT % A O AP oC SUBPRE M

packed pepifluorescence and a spot CCD camera.



inamltiplate flat bed, on a m crochannel screen, or surrounding hol |l ow
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carci noma, autoi nmmune |iver disease (such as autoi mune chronic hepatitis
or primary biliary cirrhosis), and any other condition that results in

i mpai red WepAlsissof unction. For human t herapy, the dose is pgangoghsdr 35
between about 109 and 1012 cells, and typically between about 5 x 109 and 5
x 1010 .

nature and severity ORBIEE Raictidni0RkditoR, for@Rtleskibreantigg iy @aPCRe capaci ty of the
adm nistered cells. The ultimate responsibility for determ ning the node of
treat nenty,, and the aixpecdr i MdCe doswaling i &SR LD t he managi ng clinician. 40
The foll ovﬁq exanpi®@s pr dPMied ¥ furt her J'rc\on limting illustrations of
par ti cul afghhgdi Mepys of {jie i Byenti oNescddsMBo&kdoBAEABC Risd) WSD1/ 13471
EXAMPLES Experinmental procedures This section provides details of sonme of
t he techribgnies and #@agents’ used”Fn the(9‘E9§9r‘fﬁ°e5§°Oo9@ISﬁN72°C§0?9@|Xﬁ§enance of
human enby yoni ¢ st cel I s;; hES el I's weg.g 84 M BE d BBy nouse
enbryoni c %8@3@%& a?tpg in serum ?Dge meV\E 36}%@ ? ?{]s vveagg seeded as
smal | cl ygrey s on iqfspadi atggl noyse enbr BRI Bmii K Kﬂ4§st3§ e 8H6ut0 465 000
cel s cm2. These cultures were maintaimet $H*E> cﬁl?r??rééﬂrposed of 80% KO
DVEM (G Yy and 20§44, Serum 40 R %acene(ﬁ@"C Ib)ce ;ﬁpem,nb‘@@ o ke 1%
non-esseﬁﬁ%a am no acids, 1 nmM gl ut am'f'f-'eC ﬁ;ﬂf? O &dpt oet hanol and 4
ng/ nL hu FGF (Gco) I'ls re exqsanderdmby1s@4fcal30psmsag‘£3ng) ckc;t he ES
col oni esrm[rzh%)s M/asqggcorrpl}cghed \lg\? t r eatd QPP epe SHORST Byen X¢ul ture of ES

col oni es gh 1 ng/% col I1azgena%8 for ®4203mhnutiegosat 3876&c; Btre sulstair es
were therf ntIy sctaped to rendve the &G Based)THE (EIUEENS Twer e gently

di ssoci atgda, and repjated smgbloog! USl@bSo ontRe 550%5 <beeder cells. 15
Production of Enbryoid Bod?%s (EB) : ? % | uent nonol a ée’r cul tures of hES

cel s on @epref f feeger cells werseooharvegéﬁgg ‘g ggdﬁ 54 61 Cofd £Fenase
for 15-20 mn, follow ng which the cell &(PE the pl ate. The
cells vver(gz;EéprBen di ggoci at g€l i ntggeccl ust €€ anig ;’5I1at(%d3 |3ﬁ PRENSHEhEY et cel |
culture plates (Costar) in a medium confrostfeRSEAGOH MO MVEM (G heo) and
20% non- k@&gn(bm)tlgg@t ed F@él—bg@]apoe),a@uﬁglamnt ed with 1 % non-essenti al
am no aekds—i—M-ghutam-re,—0—trAMA(3—rereapteethanel—The—cetts—were
seeded at a 1:2 ratio in 2 nL nediumper well (6 well plate). The EBs were
fed every ot her day by the addltl on of 2 mL of nmedium per well. Wen the
vol ume ofxamgleli: « ichud ellEBng whutgrateol | ect ed and resuspended

l nbf [ esr medi Elmryofaf E&;res 45% w&@x@par@ §5U§e@@rﬂb8d @Nihe tphRedri3SsetiRh.e ARkt @eysORt 0 a
substra
cul tu5: e S u%ﬂgonaclulltuqmg\éfv‘?r érvefrstgg %{g§|a%ggn EHP{%%&N 51 Jtﬂlgg@cgétgd pq\a%@taﬁcﬂn

accordi ng to
manuf act GFEver 8lide (Nnct- |%}’?§“h%ff"i]°§’f"9 ree GPIli Wla%‘éjsﬁ? PRt ri gel (r)gor growt h

factor reduced Medipingeriigining 20%@ddtd bdyoe sarimvvéEBBi osci ences) was thawed at 4C for
at least 3 h., |%ed%%odi’éﬂlﬁgt2@¢ Fis 4R 50hM dod2M buirae @ighdsO DVEM for hES cel |

cul tures or 1 3% f.or nﬁg% O%ﬁ/t 9850%5%%5 A{{ﬂ) ”ﬂpnﬁ’%%‘xarz%h&&%' @@'ﬁ%ﬁoﬁﬁmﬁnd

plpettetlps t'ion to ea (9.6
cn2) 10 The pl at e RS 1%9%59%@80 9"1‘°8Q5’ﬁ1§5€?ﬁ5erature for one h or at 4C

over ni ghin eacirrdse; the mediars eglexorroged\aivarhday cind cROWBIRERAC f45 épranacyisehgmisty eeday 4.
after plating.
One day after plating, the EBs plated in 20% FBS alone looked healthy,‘almost all of them adhered to

the plate and appeared to be proliferating. After several days, the cells in FBS alone survived well, and

15 differentiated to form a very heterogeneous population. In contrast, 1 day after plating the cultures containing
sodium butyrate had a large proportion of apparently dead cells, and only some patches comprising a fairly
homogenous population of cells survived. The morphology of these cells was similar to that of primary
hepatocytes, in that the cells were large and became multinucleated after a few days. These cultures were
compared with cultures of primary human hepatocytes (obtained from Dr. Stephen Strom, University of

20 Pittsburgh), and with HepG2 cells (a permanent human hepatocyte cell line derived from a hepatoblastoma,
similar to what is reported in U.S. Patent 5,290,684). In the condition with 0.5% DMSO and growth factors (no.
3), the cells looked healthy and the cultures contained a remarkably heterogeneous population of cells.
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| mmunocyt ochem stry: 35 Cells growing on chanber slides were fixed in 3.5%
par af or mal dehyde for 5 mn at roomtenperature, and then for 20 mnutes in
net hanol o nR996. The fixed cells were rinsed with PBS tw@eysandsfh ocked
for I  hour in 10% goat serumin PBS. They were then incubated in primary

anti bOdy di | LHI&IQE" ghow?v@t?{% ﬂgtﬁﬁolgc%ggf‘é%@ﬁ@bod?&ﬁs Ieﬂétet?aria-cultﬁ@tj ifd?QﬂMhér@dé’ylsW n,
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FJ'( T%‘Siggﬁdé_Q@Jm@od}ellaelﬁliturem%@mlcg@ilgr\g| rhgdféﬁl\-alo;xé.lﬁ@ eARoid iR Hﬁiersbﬂ‘@&%?de_(aﬂag ma)
at 1: e staine

cel s nanbioptetBieons ST Doy @9 ropbRfel oy b B, 2) BT
(Vector Labs) Ul g Righe celgieeing on S rties % &0y mmGeRER ™% ph5e T™
equi ppednijioties ageipst tifferent évscwaefis markgdrsa RexuistarGhpyeia et Cuirges\ieated yith B5djgn
PCT/ USO il Aid nol@xyre @GER, Lt @bbul Bovg of thaeis@hresséiantboBeduidetable legdisadf Albyrf?AS) was
obt ajgned from Anmerican Master Tech Scientific Inc. Cells were grown on
chanber i i i : : +A— The

fixed cells were rinsed ifagpat %umﬁ%egigg}ygwe@éngi stilled water. The
cells were then incubated in 0.5%periodic acid solution for 4 mn at room

t enperature, ¢ Bﬁjﬂt}y(}:nsed Wi t he@lbridhic blep@EeWaligfed 4 WRYET € then inayhated with
Schiff's sopidaly@Rivbgr 10— T &f - TO0nT Leper at ure a 91 LI nsecthepdidofted ap Wat er
several times.The cells wef&{Hen incd i Easﬁ—&‘—een—-sl—al—n—-f—e;- 2

m nutes, rinsetrti ce with 100% al cohol , ~and nounted i n DPX nounti ng nedi a.
| mages wer eot-apeificlgbt 1 OX and 40X usi ng-Ni kon Labophot TM equi pped with

epi fl uorescencg-@and a spot CCD canera. 10 BrdU staiping: Cells were grown
on chanber slides in the indicated growth nedium and |abeled with 10 pM
BrdU for 24 WPUPR||s were PHeM'fi xed wi h 3:1 nethanol : acet?®%8id for 30
m nut es, andwahtitygini ed overmw®dyhte i n the dark. The fixed cel +80%were ri nsed
once in PBS, apghgdenatured 4gop,Qe07 N NaCy for 2 m n,foll owed by, Qui ck
rinses in 15 PBS pH 8.5 and1 $°H7.4 several tinmes. They were tq ), bl ocked

usi ng 1. 5% goat %erum(Vect(g °f"§bs) for I5 nin, and incubatéd Wth anti
BrdU anti body €Si°gma) di | ut'éefe1we500 in 1+5% goat setum and 0.'¥5¢FweenTM 20
for 2 h. The seephes were washed thrice% RePBS, asd+tdhen incuhated with
secondary anti ¥, Wwhich iotinylated goat anfi-nouse i gl obul in
(Vect or Labs),\/m‘gﬁxlo, ug/ nLV\ﬁl&f’a\'?ed in 1,5% horse soe%um for 3666%%% The
sanpl e was _wasi¥fl again thriEaten PRS, 2%Ad'e hen i ACd¥fat ed wit Aﬁ-‘hp stai ni ng
conj ugat e, Texas Retres@@art gvbrer terch ovbreegipe el wllsdhoning(Psestegnno Labs) at 30, ug/ nL
diluted in 10 mM HERESotfeifriesd in pejee@ret 5M NaCl pH 8.5, for 20 min in the
dar k. Hoechst H033258 stain (bisbenzimde, Sigma Cat. No. B2883) was m xed
into the streptavidin solution at 2. 5uMfinal concentration to stain all

the nucl gimpd Bevsitadd H6dsc8b) Fredhl-awashed again 3X in PBS and mounted in
Vect ashi el dTMLVerTor 4’ %r& %ﬂidf t{o%&g\?vgre \ﬁgr(/egstetg‘ﬂégeer% &%O%Qsé&%g%eﬁs%%g a"gﬁ %E%d lgh kon

hES cell derive Sr
Labophot TM equipp ERth e uor escenc | Spot’ anera. . ,
Reve %e—"t"ﬁ“"&‘?%)c@?tbq Gyl matsR (YA Piracian) e charTeepeifesionimrupesyiesheiiit BESHBR at
t he tr an®okrinpy PONFBSandIs e dign ndhuigrbie d Tresnedmwvanshan@@ldailvaseverg gtheralet. eiddertr om
t he cel | Basa3dt BGcRMNABRR Yayli iblIEMAbiAcaORM featSon iRlsut¥Bdudhiagisur er ' s i nstructi ons.

The final pro i i, L L Lt if n$aoLanspat i ng
o 2 B CEHE S ST P oD Sl s 6001
different fields are shown from the same culture (10X in the top row, 20X in the other rows). The cells are

20 remarkably uniform, showing a large polygonal surface and binucleated center characteristic of mature
hepatocytes.

On the sixth day after plating in the differentiation agent, the cells were analyzed for expression of
markers by RT-PCR and immunocytochemistry, following the procedures outlined earlier. Glycogen content in
these cells was determined using periodic acid Schiff stain. The number of cells in S phase of cell cycle was

25 determined by incubating the cells with 10 M BrdU on day 5 after plating, and subsequently staining with anti-
BrdU antibody 24 hours later.



30 guard (Pharmacia Upjohn) and DNAse | (Pharmacia Upjohn) in buffer
containing 10 M Tris pH 7.5, 10 MM MO 2, and 5 nM DDT at 379C for 30-45
m nut es. Wo ¢i@ixwe protein fromthe sanple, phenol chl orofprmusogxigract i on
was performed and the RNA precipitated with 3 M sodium acetate and 100%
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802C f orPraggniigy qslls. Sarrpl es were then stored at -209C till they were processed
for PCR anal Figirs4 sistwatteiasydogen ktyiniey gestern ohelifcuttead 6 dan in PRyatsvesX prex 408). med
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Condi t i agsirdfjor Expression Anal ysis by RT-PCR Marker Expected MCCl 2

é\g geal i ng PCRA %aﬁy of ﬁ]'e %ﬁengtWanEIWs @roch%E prframe @' ﬂlbl}nﬁz eé:reZ§on51%g:fo(Jﬁd4 ngbs eiec ,

53¢ o o8 AR5 AFP R bl ghsdinr Chpdpn FE batindiof st e R o Biel s (BB 55
30 s ec) “gelipelepi B ixgioatingih A G PSR Af the Cals werg Biciilegefing aiche tgp el Mehdiec:

72C 30 sec) x 35; (72C 10 min) x 1 HNF30 170 1.5 62C (94C 3nin) x 1: (94C
30 sec; 62C 30 sec;— 72C 30 5eC) X 357 (7/2C 10 mMn) X I HNF4a 497 1.5 61 C

(94C 3min) x 1; (94C 30 g@BLE % PhétoBi® obRitigrentiaf@Ce0 sec) x 35; (72C 10 m n) X
1 ASGR 226 1.5 60C(94C 3min) x 1; (94C 30 sec; B0C 30 -sec; 72C 30 sec) X

35; (72C 10 min) x dm%'ﬁ%o@%ec]m% 62- YOCoA,(pgtheé’éz)s sec; 70C 30 sec) x 35
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x 35; (72C 10 nmin) x 1 CU@EBA(3 213 1.5 61 C (9%4C 3min) x 1; (94C 30 sec; 61
C 30 sec; 72C 30 secC)noks@biiclg@@2C 10 min) x 1 8-actin (control) 285 1.5-2.5
55-61 C any cycle above le 1: Differentigtion of human enbryonic stem
cells using n-butyrate %nbrym d bodies (EB) were prepared as described in

t he precedi ng section. APPEP 5 days in 5 sus?)se/ﬁm on culture, they were
harvest ed and pl at ed onw@nitwtsin Fact or Reducedodvat ri gel (r) coated pl ates and
in chanber slides (Nunc)egkfgne of the foll owgget hree conditions was used

in parallel: nmediumcontajping 20% fet al bow{g serum (FBS); nedium
cont ai ning 20% FBS and 5 sodi um butyrate (§ g
CK19 100 %
Desmin ‘ 0
Glycogen staining 60 %
BrdU staining 16 %

RT-PCR analysis was also performed after six days of culture with n-butyrate to look at the
20 expression pattern of various genes notmally expressed in hepatocytes. These data were compared with the
expression pattern of the same genes in adult hepatocytes, fetal hepatocytes, HepG2 cells (a
hepatocarcinoma line) and a non hepatocyte RPE (Retinal pigment epithelial) cell line. Results are shown in

Table 6.
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medi um cont ai ni ng 20% FBS, 0.5%MSO (ATCC), 4 pM dexanet hazone (Sigma), 150
ng/m 10 insulin, 10 ng/mM EG-, 600 nM glucagon (Sigma). In each case, the
medi um wayoa@ianged every day, and cells were fixed for pcr/Uuso1/13471

i mmunocytochem stry on day 4 after plating. One day after plating, the EBs
pl at ed iImM209%FBS—alone—tooked—theatthy,—anost—=att—of—themadihrered—to the
pl ate and appeared to be pneilEd a&rPER Hgysish Gae Espasasral days, the cells in
FBS alone survived well, and 15 differentiated to forma very

het er ogeneous popul gltoN. oy CORLEASt, 1 dayggdoser eRbflal ngmikié cul t ures
cont ai ni ng sodi um blﬁ%ayblf at peami%éd g{.feﬂalgr gl%sper"sopeasa?{e@n efﬁdyrgpparé ly Qﬁélg, cells,
and only sone pat cheefﬁ%go Pi‘gsi ngErEfal 1| heuRGEnoMGePOpUl at i oncedinecel | s
survived. The norphd ogy of t hesg_'cel t’%ﬂ{; @s gBai | awithb¥sQ ha‘wai‘fﬁ? Abd R Y
hepatocytes, in thaf'%’gjt'r?c‘)’lze pesfifes @ﬁ%ﬁ | ar ge ar}gm‘befcaﬁg%’jﬂtisamm eatsd)af ter a
few days. These cultures were  Compared with cul tures of pPWEEry human
hepat ocyt esp-4coabt ai ned from4Dr. Stiephen Strom +University of +20 Pi t# sburgh),
and with Fk el I's (a permanent, human, hepatqcyte cell line derived froma
hepat obl agl?eg()%fe% simlar to what is repBrted ian u. S. E;rPat ent §5, 290,684). In
the conditi®H™ith 0.¥5% DVBO and yrowt b factor's (no. * 3), tHe cells | ooked
heal t hy anghntithgsicul t ures cont ai ned a rerar kabl+vy het erogeneouws poput ati on of
cells. -30 \WR:Q1/81549 PCT/US01/ 13471 Figure, 1l shows the marphol agy of
enbryoi d bolgl cells replated and cultured for a further 2 days (4X, 10X
20X). The I’I%:HP si de *shows *cel I's Hifferentiat éd by cdlturing 2 days in the
hepat ocyt e dNf#aer ent i+ati on fagent +n-butyrate. -A round col ony forns at the
site wher gs@pcpbr yoisd body. is plated; the whiste patgh in the nmiddle is a
smal | regi Tg_f4 dead +cel I S., The ot her cells i n the fiel d show renmarkably
honogenous norphol ogy. The left 5 side shows cells cultured in

serum cont #FRP¥g neditum al one. The enbryoi d bddy di speerses dver a Wi de
area, and d/ksrps het ar ogeneous patches of cel l+s that sshow t ke nor phol ogy of
many di fferent —celt—tTypes. Four days after ptating, cells grow ng on
chanber slid f I ] - LG k: L

agai nat i {1 oreareeorsbdiRtbul e @Mb%%é?@?‘?%&%ﬁ‘"%%‘ oS o

Cul t ur ess"f“laé%{f’t.é‘i?"\/ﬁ“’tbﬁ’mgaﬂ‘#???ﬁ{ereo%?@é'f RO ?p?'@s%enA?Pg?e BOPPSHEEE 30%
of the cwihlcgllaganpseds Seaicelinwérd iy culfwpdiptiigtirasence gqagh epmpaing faviofays1 GesiBRE 4:

| mureocysdreehiemisdry of Cultured Cells specificity of Enbryonic Stem Cells
cultured 4 days with primary human primary anti body Na butyrate FBS al one
FBS + DMSO hepat ocytes (none) - - - non-specific IgG - - - - AFP - + + -
Al bum n 30% +ve* 100% +ve a,-antitrypsin > 60% +ve + + > 80% +ve CK18 100%
+ve + + 100% +ve CK8 100% +ve + + 100% +ve CK19 100% +ve + + 100% +ve
Desmn - 5% +ve 5% +ve (n.d.) Vinentin 100% +ve + + 100% +ve SMA < 1% +ve
20% +ve 5% +ve (n.d.) * - results are given in terns of percentage of
cells showi ng positive staining :

Q
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(n.d.) = not determined in this experinent Exanple 2: Markers expressed by
differentiated cells hES cell derived enbryoid bodi es were harvested after

4 or 5 daw®) dusisspension, and plated on 15 Matrigel (r) aeatedesael |
pl ates (for RNA extracti on) and chanber slides (for inmmunocytochem stry) in

medi um cont ai ni ng—20%FBSanmd—5 Msodium=butyrate The medi um was
changed daily or every ot hensday HegdrRt€DifarSation Agakis Of cel | death on day 1
followed by less cell death on the subsequent days. Figure 2 shows the

nmor phol ogy of the differentiated cells after @Gdaa@yrsof Bdpatcdytet ure with
n-butyrate. Six different fields are shown fromghawiyganme culture (10X in
the top row, 20X in the otherygpws). The cells are _20 renarkably uniform
showi ng a | arge pol ygonal surface and bi nucl eated center characteristic of
mature hepatocytes. On t h&B&WieHdday after plating*in the differentiation
agent, the cells were anabysech- a‘u@rateexpr ession of markers by RT-PCR and

i munocytochem stry, fol IG(%V\Ar%g[}UF ncamgr ocedures outlined earlier. dycogen
content in these cells grmcned usi ng periodic acid Schiff stain.
The nunber of cells in Sﬁpm@uwrﬁca@éll cycle was 25-determ ned by
incubating the cells with 3Q,4MRBrdU on day 5 after ,plating, and
subsequently staining with antl - BrdU antibody 24 hours later. -31 WD

01/ 81549 PCT/ US01/ 13471 Fi Y@ shows the resul ts-of inmunohi stocheni cal
staining for certain cell &B@féhcfdc@ markers. Figure 3A (40X) shows the
results for primary adult c%Jmam héapat ocytes obtained fromthe University of
Pittsburgh - antibody stainiRg 8% the right side, Hoechst HH33258

bi sbenzi mi de stai ni ng of th@t@mndfl eld for cell nugddei on the left side.
Figure 3B (20X) shows the Kfg \wnAf or hES cells cultured 6 days with

n- butyrate. Both sets—ef5-—celHs——shoewstalnihrg—+n ahi gh—p+reportion of
cells for al bum n, +aduseahdphitcpty igtentiatoasmnd sdEBilSglimitdisnetotwmslk@ess characteri stic
of cells of the hepsdianyitefdedi Nneage, and negative for a-fetoprotein which is
a marker for earl y:wvipnogeakete@rmagabl gowtho giivof dhestOwes t he gl ycogen st ai ni ng
pattern of cells vm'tured—ﬁ—days—rn—n“bum—are—(—rom The cells
were stained with Periodic Acid Schiff's stain for gl ycogen (pi nk, dark
color) and with Fast Green 10 stain to outline the cel | asm

(backgr otiftgograten of § eyt eryide he ae pTegi0vR D PR EC AR ﬁ?dmeby Ma@d%eéeoﬁ%aév/ I's
show evi effetivee—dfdicging thelgleadiftsteptiatienes (ot eipply diur)ig a eharge dviencbopdentrati®o Fn¢ madepwit|
hepatsoc ydpp@cidterinatchugria £, anp @Sdilinh] \betyrate @Rt dofllgatedsitls v thd sl sybstaageandt Bretultién hunan
fi brobl ags blﬁf@rlnb chdaBf ofiaﬁarg RRbig daBdrahip irRRAAS greGrl@énhgﬁyaam&wthmg@&urymess
control). | ﬂ i Jé{he et e phenotype analysis is provided in Table 5.

Al bumi n” 8¥5H ’é@% BhWRY% ound in 55% 15 of the cells. AFP was co Ietel y
absent. 4 ycf@éﬁ%&?&@“‘{ﬁe‘i“ﬁ@s% dralglyioh stgetuabanalogseoyfyfater wese teglpq &t 5 MBosT8¢ t he
cel | s | advelbgschropiobitadBf, Bbalerimabicc artdiisogutyrib atid wers éfigetivé incausing pepatotytardifiefentiatien, cel | s
wer e1gor adut fidé @Jein@@le@tpréfé}@olé bnd®r titke eR@Hions bezause EMBhrenbror d@hlﬂﬁ@ﬁnmﬂﬁ hefatocyte

Dffer e”&hien?o'iyﬁgwa@%sﬁbb % i mary Anti body SpeC| ficity %positive cells (none)

- 0 0
&120203&&:' TI‘IChOStg'[In A, Whlgh Fs‘eartlo(t) e'n: l(rjx;[ngtlorn for histone Qeacetﬂase was/ founa(! to%n¥oxw {o cglfslmntheg 0 %

range of 2.5-100 yM, and ineffective at 10-50 nM. At 75-100 nM, Trichostatin A appeared to both induce
hepatocyte differentiation and select against survival of other cell types. The phenotype of hepatocyte lineage

15 cells made using 5 mM sodium n-butyrate and 100 nM Trichostatin A is shown in Table 8.
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CK8 100% CK19 100% Desmn O dycogen staining 60 % BrdU staining 16%
RT- PCR anal ysis was al so perfornmed after six days of culture with

n- butyratedg@/gieek at the 20 expression pattern of vari oygTgeesssaor mally
expressed in hepatocytes. These data were conpared with the expression
pattern of are—genes—tn—ac OCY —fetat—*h y — Hep&2
cell's (a hepatocarcinoma |4ABes s:amehogpdWDirbteatocyt e RPE (Retinal pi gnent
epithelial)_cell line. Results are shown in Table 6. -32 WO 01/81549

PCT/ US01/ 13471 TABLE 6: RTPCesaaml ysis of gesneisExpressi on Hep& primary
primary Enbr yB'?”g”VEﬂi‘i!ﬂo%i d Eifyeyigiedlusing e p atiderertigiedeusing et al PW“&‘@W | s Body
cel I's Body RPE “H{¥ hepat ogodhpnatfre ES coblosamal | s epi fHREPPEP cel | 1ine
cytes cyte ] = N T W th
DVBO enti ated) wi'e® (negative Ypositive (positive (positiVe® (cell and
growt h cont r ohop-spitidlg@ ) contral®d m xture) factors sodi um @shtrol)
n-butyrate (3-ag¢tip,+ + + + +55+ + a-fetoprotein + + + +44 + + - albumn
+ 4+ + - + + + y%g%pb%ﬁqtitrypsino+/+ + - +++ + H\NF1L a + + 49/- + + -, - HNF3b
+ 4+ + - + + - - NEBa + + + - F2% . . ASG reédBptor + + + ->¥% + GATA-4 + +
+ + + + + C/ EBRaudpsh + - + + bo% C/ EBP(3 + #1% - + + + Theweffect of

sodi um butyrate conpared wW ot her potentjal hepatocyte,
differentiation g%isnts in a sf&r(r)itll ar prot ocoﬁn}.MEnbryoi d boiP:Bé’s wer e
cultured in suspl#i on for 4 d&p% and then ¥¥ ated on pl #O¥s coated with
col l agenase I. The cells were then cultured in the presence of each
conpound for @YHERPSENBRsylts at®% 5 shown i mF%ble 7. -33 XB™01/ 81549

PCT/ US01/ 13471 TABLE 77 Hepatocyte Differentiati on Agents _ Tnduction of
hepat ocyt e

Example 3: Augmentation of the differentiating effect of n-butyrate with hepatocyte maturation factors

The effect of various possible hepatocyte maturation factors was tested in cells differentiated using n-
5 butyrate. hES were cultured for 4 days in 5 mM sodium n-butyrate, and then switched to a different medium.
The following alternatives were tested:
1. “HCM’ medium from Clonetics
2. 10% fetal bovine serum (FBS) supplemented with insulin, epidermal growth factor (EGF),
dexamethazone, and glucagon;
10 3. 10% calf serum (CS) supplemented with insulin, EGF, dexamethazone, and glucagon;
4. 20% FBS supplemented with insulin, EGF, dexamethazone, and glucagon
The cells were maintained under these conditions for 4 days. Cells survived under all conditions, but
appeared best in 10% FBS with growth factors (Groups 2 and 4). These cells were trypsinized and replated in
fresh Matrigel® coated plates. Other growth factors are tested in a similar protocol, or in combination, to
15 determine their effects on hepatocyte maturation and cell phenotype.

Example 4: Telomerization of hES-derived hepatocytes

Several days after differentiation of hES with sodium butyrate, cells are transduced with a retrovirus
encoding the human homolog of telomerase reverse transcriptase (WTERT). The vector comprises an hTERT
20 encoding sequence from a plasmid designated pGRN145, into the EcoR1 site of the commercially available
pBABE puromycin construct. The hTERT encoding sequence is placed under control of the retrovirus LTR
promoter. Control and hTERT pBABE retroviral supernatants are prepared using the PA317 packaging cell
line, and combined with 4 ug/mL polybrene.
Cultures of differentiated hES cells are prepared, and the medium is replaced with a medium
25 containing retrovirus supernatant for 8-16 hours. The medium is replaced again with normal growth medium,
and the cells are allowed to recover for 1-2 days. Cells are then selected using 0.5-2.5 yg/mL puromycin. The
cells are evaluated morphologically, for growth rate, and for expression patterns using immunocytochemistry
and RT-PCR. Telomerase activity is evaluated using the TRAP assay.
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phenotype NaC - n-Butyric Acid + Sodiumn-butyrate + a-hydroxybutyric
acid R-hydroxybutyric acid - Propionic acid Valerie acid - Isovaleric

aci d Capipajis1e@i d - 1sobutyric acid Trichostatin A + GAKYEE3471
hepatocyte differentiation and selective elimnation of other cell types -
N’?hl ndUCFTtx:aM;tﬁe &frﬁﬁAA»miatM &f%m%%tvw&tﬁéeﬁ&ﬁieeamy%e%lkwhgrowé h grdsurw ;/?ﬂ ?f
ot her ce y [ centration of - sodi.u oride ha ef fect,
i e butyr] ridierguaiea WES GORNDIE Paisage?és?\qﬁtéf’a%é|'1?§e’e§eé-¥f?ee8%n?“v'°e"s s 0laieat i ng
that t he®'{ies wreieubaed Brl modninwtacetaspioyabayié mintes abtah geicsfis wgg then harvested
concent riatstreping thheslly gtttiesurfagel dnd diSsogigipg them drtieesntati alumiu tCGefld werasplittht and of $6di uni
but yrsat eai@ €55000csligai 817 00 RBiseh) ! e SiaRtes PSing eRnitN& tundfictendidddels dolie

buf feri : Lty Of: ' r.dj 1 he
Nt er Ch;%;ggg?:%htﬁl%d.t %mgﬁé"l:éily (neoemégh fle c@%\eg V\glerlﬁ‘ieYentlatt%a. dv@rr tﬂ@ n&d fw days, the

) IS disclosure unless. explicit required ot herw se.
For compARlrraehipaeasen b Rallrinye B s B iraiees sl edeet TEAGPIES wer o
t est ed a5 paireeTRE colgiinglalsg 8eopmepPre aereragic ITep, cellshsgamespifigen aled 4-7 4 of being
I sobut yrfecdaticwith coveltieneg infedie.thee thie nells seaghiet contrepat beymeee Witohemert | ati on, 10
but were deengflinls@ssmdl, 8k eHABS By EELE) WAIeHeinG AL tde@RfeARR@MIEHLLRN dagBENE
for cel {P%SQS&W% td!?fgrerﬁlﬁlga%t Qe ]E;r%fﬁeBL}%[EQtCMB@eW ;rltT%e% o ARHFH ang b %aﬁhoﬁ%@“ n
A, which1s”a ot er rnhibrtor for histone eace?.y ase, Wwas ?ound to be
toxi c t PR¥foned mefliymy@s desgrbgd elgghoredn hislisgRgureanty Neves fifsgnigfian.afhe pencseneipm At
75- 100 nm4diuTyvag Frplateitwith SAmagipe auteadt supnidwenial bFGELpoetainingeal eedjumedutyrate.
di fferenti atigmr aediag @l ©&k cagaibids smah wadhod af cdld catdh@rse@ethit Hay p@spatodfieiike

223”% %Hﬁor _Iglrolﬁ';g NRLRRYE, & b RABE of dels GE] dns aFRERA ¥SeRBhersdTMne BSoHITD: e Bl YT at e

ost at AlSs 0 I le 8. -34 01/81549 . .
et/ Usoh P TRFerd e ST v Bt it ot & gt g
cel | s PrYiedfiprepnherpivipgied]iiee OPERET- afRRY! &% PR afiF firaimett hacdyreusat Al FrYYeer v
human  Spediem butgait yorteded Memyraies oBwdatenyteBiet opiisathub a Ewvicells @@l eibér moRhgloumaeyre 0% 0%
non- speciidntifed! Gty 8% Qs s@r {oréraPioakeedish. %6 Bt ion rebedio il Pae>apBidded very
al-apfi tJif}'epe%{ial?ed,g\g%a%?v%sﬂ/%yghenotypes.

In subsequent experiments, hES cells maintained in feeder-free conditions are exposed to sodium butyrate at

the time of passaging. The hES cell line designated H9 and maintained for 48 days (8 passages) on Matrigel®

is harvested at confluence using collagenase, and reseeded on Matrigel®. The cells are passaged into SR

media containing 5 mM sodium butyrate, and assessed for hepatocyte-like morphology and gene expression
25 at various times of culture, in comparison with cells cultured without butyrate.

Example 6: Effect of butyrate in combinationvwith DMSO

in this experiment, the effect of the hepatocyte differentiation agent butyrate was
determined in the presence of hepatocyte maturation factor DMSO.
30 Human ES cell derived embryoid bodies were harvested after 4 days in suspension
and plated in the following four conditions.
e Gelatin coated plates in the presence of 5mM Na butyrate
e Gelatin coated plates in the presence of 5mM Na butyrate and 1%DMSO
e Matrigel® coated plates in the presence of 5mM Na butyrate.
35 e Malrigel® coated plates in the presence of 5mM Na butyrate and 1%DMSO
Media were changed every other day and cells were analyzed on day 7 for immunocytochemistry
and RT-PCR. Cells in all these conditions looked morphologically alike, comprising colonies of
cells with uniform morphology. There were fewer colonies of cells in the set where butyrate and
DMSO were both present, compared with the ones cultured in butyrate alone. The two sets that
40 were plated on gelatin had even less cells.
Immunostaining showed a similar marker phenotype in ali the conditions. Percentage
of cells in the culture staining for each of the markers tested is shown in Table 9.
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CK18 100% > 70% 100% CK19 100% > 90% 100% G ycogen staining > 60% > 50% >
80% Exanple 3: Augnentation of the differentiating effect of n-butyrate
wi t h hepatvexoyiisgsgsat urati on factors The effect of various m@hmnl

hepat ocyte maturation factors was tested in cells differentiated using n- 5
but yr at e. “hES—were Tultured for—4 days Tm 5 mvtsodrumn=butyrate;—and t hen
swn tched to a different nediABre9: AlamnbebiDotetigieatdier nati ves were tested: 1.
"HOM' nediumfrom Clonetics 2 10%fetal hovine serum (FBS) suppl enent ed
with insulin, epidermal growshuffactor (&&pa dexagrtd@zone, apg gl ucagon;
10 3. 10% calf serum ( CS)—supplenentedw-thinsulin_EG=—dexanmet-hazone,
and gl ucagon; 4. 20% FBS sufskénent ed ®PER i nsul iNROBRE, dexéatige®azone,
and gl ucagon The cells were payraé ai nadyardemvsbhesepwddi t | @agrafeamMéodays.

Cells sur‘ml Y&, To condi S, bu ppear e W th
growth factors r%l %ﬁﬁgyz and 4). These ce?l S were trypsinized and repl ated
in fresh I\/atrl @'(r) coated pYates. Othe? growh fattors are t®sted in a

simlar protoegéeprain i n conbi nation, to 45 determne their effects on
hepat ocyt e mat u@kion and cel gecphenotypem ofExanpl e 4ggofel omeri zgts on of

hES- deri ved hepat ocytes Several days after differentjation of hES with

sodi um but yr afE®" B8 s are trah&duced with”®a retrovtls encod®§ the human
honol og of tel ofEt&ase reverselOfanscri ptl@&® ( hTERT)100 ®he vect df0%onpri ses
an hTERT 20 eneagy ng sequenc1eo$4,r om a pliasai d desi ge@%ed pGRNL4®y, i nto the
EcoR site of tthogorrrrer ci al I%Oeval I abI ea(pgABE puro g;l n const blg;t The
hTERT enceding gquenc s ar "G

pronoter. Control and hTERT pBABE retrOV| raI supernat ants are prepared
usi ng the PA317 packag| ng cell I|ne and corrbl ned wlth 4 pg/rrL pol ybrene.
Cul t ur esExainpldj7 f Dien i RISS 10 & it ] g8l Budic

repl aced withmp Mﬁuréhweda&se@mv@kermangalrreeﬁrrf@éae.rfkés c&wma{sr{&t mﬁget@qns VBE-ER).

hours; The P%&{XB io?mtfa%l%' @o%ﬁ%gf@#%%ﬁbﬁw bdds Ekp{qgﬁ thgﬁ%%%e%ﬁréﬂm factQE'SMEBe

ceIIs are a I ng
0.5-2. 5 fgfe s GiA) Eiamdborten R IR TR LR X

gr owt h r gddiion g Netbftgpte.ex pr essi on patterns usi ng i munocyt ochenistry and
RT- PCR  Tel onetea®s calktviewd myintaiseday aldifere@ieledi suling cbrivgionERAR-agyayfter sBind/ Nt

01/ 81549thP<§FEé U@&Jné?oérz ]50 66X 8t and e o ERt le@dhafdBu ifh hEdRRor8IBR YWRAILE Stem
cel | ?0 I r]cofn al%lnP 1%, [M‘sg) c tclLJJ u?es%? Fed %glg%tf‘l g‘['-'( r%dﬂr%%orczp l@&?'aﬁé then eghé%gesos ﬁtged
cont i nuously er- ncubat ed
in 1 ng/ PH9°QE’8PFI98&@H&%’@"T‘{9P“'3%%@% §a RYYYRIS: e‘éheaPP"%efd!ereﬁﬁ‘ed%éWl‘*’s‘h'&é}e@”’f‘ FPéﬁ

har vest edpys;lay wiigy i ang hethed teeduliusesofefe qvhigatesiryfimmenosutrghadiisdg.o Elicadttien balitdhitsn i nt o
snmal | cl cunss wérehdnfosta@ it t§¥in dnd adplatdd ditd cdliiged, tfubhek fibinéle enrflmddO0r Hapdtdegie N
(17,000 &e%]de%énf;n%)munzﬂgecrg%wgs%ng SBleRl bigle foﬁb%n@@é;ﬁs of undifferentiated

cel coul e ies were
di ffir enti at egg w&’ -ﬁ%’e Lbe}lf CF'eSV\‘?'héfh gde"'{eﬁeéhe d'ﬁ%l ref‘%?a%f’%n? a%fgg gefr aﬁoumm re
seen to PPEPIiMetaittec BRI RBIsoN Pl fﬁié@mtok%ﬁ*'géx%ﬁﬁﬁmﬁbﬁm@@?"s nv'ﬁep'ated

di f f er entheat@ddanodtihgioi the detitiswddved faenreblobthe Bpatatysaikbe@tane nore conpact. The
cells becane. confluent after 4-7 days of being fed daily with conditioned
medi a. When the cells reached confluence, they were split once nore. 10 For
this exanple, the HO hES cells (p30+5) were maintained in feeder-free
conditions for 30 days (5 passages) before differentiation. The

undi fferentiated cells were maintained on lamnin and fed with MeEF-
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condi tioned nedium as described el sewhere in this disclosure. To induce
differentiation, the conditioned nediumwas replaced with SR nedi um

(wi thout wwpnlseswent al bFGF) containing 5 mM sodi um but yr atpgT/éNol85479Nne day
in these conditions, snall patches of cells could be seen that had a

hepat ocyt e- | ike—I5 morphotogy—tmnmadditiom,—a targe nunber—of——cel | s di ed
and appeared to be adhered TtABLEtimermyp@mmfferewh&dd:bI&h In the control

cul tures that_LeceuLed_SR_mem_uLLhnm_buLyLaie_cgng_demm_e_dLverm ty of
differentiation E"’E %% th di f f eNempsinigphol ogi es) Twagnizateer ved. About
six days after t BIMERETCY he cul turgpbdi@s had recei veghos@rdi um butyrate

cont ai ned nany—p{arches—qF—rgepatvm-e—h—ke—cekkv—bnt—a—f-ew—ceH—s—w th ot her
mor phol ogi es wer'® PIIEEATPYY)ed. Many dedd cells still adh®red to the dish.

Cul tures that did (g6t caneddei ve butyrateOappeared very 200differentiated,
with a diversity of apienotypes. |In subseguent experinmentsyg hES cells

mai ntai ned in feeder-#f %ﬁ condi tions are, exposed to sodighm butyrate at the
time of passagi ng. ‘?Fle RES cell line deS| ghated H9 and ‘mai nt ai ned for 48
days (8 passages) @ffoNBiERi gel (r) is hd&rvested at confl ugnce using

col | agenase, and r@seesiad on Matrigel{8)» The cells arespassaged into SR
nedi a containing %, gMs00% um butyrat e, gand assessed for SQ?pat ocyt e li ke
nor phol ogy and gené expression 25 at various tines of culture,
conparison with c&y‘f’%”gﬁ 1% ured without Or/&tyr ate. Exarrpl & Effect of
butyrate in conbi naghcegenwi th DVMSO In t i s experinent, the%effect of the
hepat ocyte differentiation agent butyrate was determned in the presence
of hepatocyte maturation factor DMSO. 30 Human ES cell derived enbryoid

podh es. VeLEDA' (bt 8oikfentl B0l Lo S0 BRI Ain 3B S hed TN L he

fol |l ow ng 8"5 e’ tes 1n thne P! esence of_ 5nmM Na
butyrate Gel 25" CcEITeE E‘f"é'f'%ssc '%'“fer?gerﬁ?eegcgﬂ?f’és of 185 APRA" BisesrRig: el 1
ODVBQA WAt Plitgein @P% FBD mpdiein pippieaentqdpyite b eMovacsibyrateeor GimMbNavhusatdandyifRNSO. 35
Mat r i gel (e EBsoat gatlepdnatetslioing inktacepr esence of 5nM Na butyrate and 1 %OMSO
Medi a were ch1aQg@gere\((e@aymgg%m&gtegi@‘bém@%§7e(I;I S were anal yzed on day 7 for

i nmmunocyt oche, PCR I ondi tions | ooked
mor phol ogi cal wtl'yfﬁctor re%u Matn?e1® gqg,lcoated%rq h, at room%emé)?WI th uniform

nor phol ogy. T%ére@"’\/ﬁef’é”l‘e@\f\?e? h@xi’dnli es of cells in the set where butyrate
and 1DVStene rdeysbotNa-bpiyrets diret el werp @vaidtegi nidphplhgicatinesl winb tromendcyiophdpistry faat e
al one. Thatbope B@kess. t Mkl cdHitiveS Ronitlg@rletid G bRhdpBiot)adike\baR Wehs Shse@bd. S.

| munost ﬁam;am ghesﬂmerc!;f @eu%\ue%,ls %s BRL SLauddl %ﬂé ?Oﬁreé w.thadelat.rt &%tmg %&q;%(tréd%ﬁ

Percent a e I '\/{'%b' ulture stainin r each ers tested
i's shown |eﬁ°°F8‘B?“é és S °§% 81/ deptsepse LU VT, ‘*P’Rﬁﬁ’“ga“d BHENOPYPe of
Di f f er enfmarasekciTin] was sigilasinpall corgtionspGigco@neinra8 way alggsimfar Gl canditiansGdhese idpia

Mat r i5gel igdigatelbet Bli g€ bubEt)ates Bisteyl painete Beayotyid @ffeteniiObButayina® endidlageal ®atihg DMSO

No Pri mag ypdiRbliPebteOndd Blafh. 19G1 0 0 0 O a-fetoprotein 0 0 0 O Al bumin 56
% 75 % 50 %63 % ai-antitrypsin >90 % >90 % >90 % >90 %

O




CK18 100% 100% 100% 100% CK19 100% 100% 100% 100% A ycogen >60 % >60 % >60
% >60 % Exanple 7: Direct Differentiation of hES to hepatocyte-like cells
wi t hout fwiggigsdenbryoi d Bodi es The undifferentiated hES qglissonves€l

mai ntai ned in feeder-free conditions (on Matrigel(r) in MEF-CM. 5 The
strat egy wasto i nitTate a gtobat—dirfferenttatiomprocess—by—adding—the
hepat ocyte maturati on fact ansBLEIVSEhen@iype bidifRraiiatd@elisd (RA) to a subconfl uent
culture. The cells are then induced to formhepatocyte-like cells by the
addition of Na-butyrate. Thawgss cells wereggminnt ai ned in ggdidsfierenti at ed
culture conditions for—2-3 days-aftersplitting—Atthis tinme, the cells
wer e 50- 60UheBIrPaichHt aPiiratthe RalRlam waiesec haRdgedew t PulirRiondPetgped SR
medi um 10 cont aining 1% DVEQ PAEOcul tures wer BMPRd dai | y Wit hDMwmadi um
for 4 days damprimlrgn exchahged i nt® uncondi ti oned GR nedi uin contaihing 2. 5%
Na- but yr at eggchhenepl t urespwere feg daily gvth thig mediumgfor 6 gays; at
which tine one hQ?I, of t cul tures were 0eval uated by i nmnocyt occpen‘i stry.
The other h&TTP5F*"the cultures were harvested with trypsin and repl ated
onto col | agergbupis f urt heP® r onot &5 enri chA®%ht for Shépat ocy?® |inédGe cells.
| munocyt ochesmighdiy wassbhen pecsbownmed eposhe fobbaw ng-day. 15s8s%shown in
Tabl e 10, t&ﬁok&rﬁt]n'@ whi c{a onderv%gl;/q t he 1foBL2,a| re1-09L/°ati ngmggod ~5-1f S)Lod hi gher
al bumin expression, sim Par ai-antitrypsin expression and 2-fol 8 I/ess

cyt oker at i n"C¥¥pR®d8i on tWAK t he V8 s nd®Fe- pl aPB®. ThHE0Lecond@ ¥ pl ating
for the cell siycgebel i evedotwo encbeth for >6he hepabowyt e- bok® cel b§0%- 37 WO
01/ 81549 "PCT/US0OI7/ 13471 TABLE 10: Phenotype of Differentiated CelTls

Ant i body Specificity No trypsinization Trypsinization % positive %
positive o.pLi . ' o) N control) 0 0O albumn 11 %63 %
al-ant i tExa{nr\e : IE i i S lC‘) sforll.'gn.'egggffer nt Eon. tok_er at i_n 3 >8.0% 45 %

Cyt okeratin 1FS@teysewe thedyifegkidifestnizion grolocd legied rogligy {faltfetie @didsimgntsolp
Exand e @iturCoerpitions shewnoih TBblé f1@r élapatdeiie iCulues Mediym Hapacthaey frem Didnétigs; dybinat i on
f r om hESuédinl i§ pré3sede ldBscBR0 @Y Rih gLkt b, BBtHeRSEiEM4. Red. BohR(] 845:376, 869C aRsldIi Ons.

After 4 o i in 20% FBS nmedi um
suppl erre%?bg%‘obm%b%*ﬁg@ﬁgﬂgéﬁg%g%duéwgt ea,(tjorC @@%ﬁﬁ%\q %tntg 3?2@ e and 1% DVBO. The
1

EBs were plated on the followi ng nmatrices: collagen I (0.03 nmo/nl coated
overnight at 37C) 2. growth factor reduced _Matrigell(r) (1:10, coated for 1
h at roomtenp) 3. gelatin (ALBL%%O%'F@B'WF’S'F"“@”B“" f°°37C) 10 After 6 days in

Na- but yra , A -
. ndiiferentiafed cglls Pre-differentiation epatocyte induction uriher diiferentiation
I rmmunocyt ochem Stry Tor

(until confluent) (4 days) (6 days) (Groups 1-3 only;

4 days)
Feeder-free conditions 20% SR medium + 20% SR medium + HCM + 30 ng/mL hEGF +
1% DMSQO 1% DMSO + 10 ng/mL TGF-o +
2.5 mM butyrate 30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + 20% SR medium + 20% SR medium +
1% DMSO 1% DMSO + 30 ng/mL hEGF +
2.5 mM butyrate 10 ng/mL TGF-a +
30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + 20% SR medium + Strom’s medium +
1% DMSO 1% DMSO + 30 ng/mL hEGF +
2.5 mM butyrate 10 ng/mL TGF-o +
30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + HCM + 30 ng/mL hEGF +
1% DMSO 10 ng/mL TGF-o +
30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate

-—39 —



hepat ocyte markers. In all conditions, honogeneous patches of

hepat ocyte-li ke cells were observed. However, the nunber of cell clusters
was greatwo qigdswed in the cultures with gelatin coating qg@mpasoedssmt h

ot her conditions. As shown in Table 11, the percentage of cells with

al bumi n, r ) ) . . D el -
all conditions: dycogen st orAsge12nvdgedabisoersation bretcoisn al | condi tions. These
data 15 indicate that all the substrates tested pronnte hepatocyte

di f f er ent i &ndifpreptiddcelbVat r i §etdfferpntiativd col | ldepareyie indadien ng Fathppideentgionvi val
better than gelatin. -38 WO 01/81549 PCT/ USOl/ 13471 TABLEzdubs 1-Bb@pot ype of
Differenti at‘g'a' ' EBIPY Mt r i gel ¢FPScel atin Col (&EEH | Anti E%%I%d@p)e@?fi ZPty
But yr at e BRI Aoty YT 236, SHALE T BUbdEatRafpIyrare ¥ DVEODVED DNVEO
(no prinmary (1 gobveontrol ) OsolgRLRECFO a-fetoprotein 0 0 0 O
0 0 al bumn 56 %75 %50 % 63 % 79 % 75 %i10agmardd-¢+ypsin > 90 % > 90 % >

90 %> 90 %> 90 % > 90 % Cytokeratin 18 dQRA-{1§6% 100% 100% 100% 100%
Cytokeratin 19 100% 100% 100% 100% 100% 1095/ Iggen >60% >60% >60% >60%
>60% >60% Exanple 9: Further optim zation o Itions for Direct

Di f f er ent i BRefGHeTRSIER | s %Pr{?%?'g@“t“ﬁe Di reggf’m/E)[‘ 2 Entiation protocol
detailed earlier, making the 8.8] ust ment s t1g:g/$|_ &yre conditions shown in
Tabl e 12. Hepat ocyt e Culture Mediumis purehasmedideom Cl onetics; Stroms
Mediumis prepared as described in Runge et 1aDMSOBi ochem Bi ophys Res.
Commun. 265:376, 1999. The cell popul ati oA& MWhLdieed are assessed by

I mMrunocyt oedeadired dopditand E0M yIBengAtlt HEGEFty . HCNABIolmg/ik? hE@i + ect Di fferentiati on
Protocol s Undifferenti at ed1Q:r@¥rriLsTGP|ﬂe di f f eepitnl-a€-en Hepat ocyt e i nduction

Further differentiation @anl uent) E’mﬁﬁ (6 days) (G oups 1-3

only; 4 days) Feeder- free céﬁ rons 20% + 20% SR nedi um + HCM +

30 ng/nL hEGF + 1% DMSO 1 9% DMSO + 10n/rrk -a+ 2.5 mM butyrate 30
ng/ nL HGF +eei%fﬁﬁﬁ§®ld't'°26 5 n@/piﬁ[pj " Fee I ondi tions 20% SR nedi um
+ 20% SR nedi um + 20% SR rr%i,ﬂ,lmm,: %DI\/SOﬂ;ng/,qn ;,Ir 30 ng/nmL hEGF + 2.5

mMV butyrate 10 ng/ nL TG a3®ng/30HGIgl-m_ HGF3omghiMBO+ 2.5 mM butyrate
Feeder-free conditi ons 20% SRe&Pum + 20% SRDOVEi+um + Strom s nedi um +

2.5 mM butyrate
Feeder-free conditions Strom’s medium + Strom’s medium +
30 ng/mL hEGF + 30 ng/mL hEGF +
10 ng/mL TGF-o + 10 ng/mL TGF-o +
30 ng/mL HGF + 30 ng/mL HGF +
1% DMSO 1% DMSO +
2.5 mM butyrate

Other additives tested in the subsequent (4-day) maturation step include factors such as FGF-4, and
oncostatin M in the presence of dexamethazone.
Figure 5 shows the effect of HCM on maturation of hES-derived cells. Left column: 10X
5 magnification; Right column: 40 X magnification. By 4 days in the presence of butyrate, maore than 80% of
cells in the culture are large in diameter, containing large nuclei and granular cytoplasm (Row A). After 5 days
in SR medium, the cells were switched to HCM. Two days later, many cells are multinucleated, and have a
large polygonal shape (Row B). By 4 days in HCM, multinucleated polygonal cells are common, and have a
darker cytosol (Row C), by which ctriteria they resemble freshly isolated human adult hepatocytes (Row D) or
10  fetal hepatocytes (Row E).

Example 10: Metabolic enzyme activity
hES-derived hepatocyte lineage cells generated by the direct differentiation protocol were tested for

cytochrome P450 activity.

15 After completion of the differentiation protocol, cells were cultured for 24-48 hours with or without
5 uM methyichloranthrene, an inducer for the cytochrome P-450 en’zymes 1A1 and 1A2 (CYP1A1/2). Enzyme
activity was measured as the rate of de-ethylation of ethoxyresorufin (EROD). The substrate was added to the
medium at a concentration of 5 pM, and fluorescence of the culture supernatant was measured after 2 hours in
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19OMB0 19DMSO+ 30ng/ nLhEGF+ 2.5 nM butyrate 10 ng/nL TG--a + 30 ng/ nmL HGF
+ 1% DMSO + 2.5 nmM butyrate Feeder-free conditions 20% SR nedi um + HCM +
30 ng/ mL Wig@F1/sts4d % DMSO 10 ng/ nLk TGF-a + 30 ng/ nL HG- + pcidbB@72. 5 nM
butyrate -39 WO 01/81549 PCT/US01/ 13471 TABLE 12: Direct Differentiation

Er OE ﬁ00| anluM’tﬁ’étrfcfrﬁ&r&mté @Bciﬁ(?: ateh hi e%t?Fﬁhﬁdfﬁi !%ﬂ%iai@élérg ﬁhﬁ@@%@&)(ﬁ@ruﬂﬂ@%& i gn
ur er n

only; 4 %%E%g?é’ rn %eéj%tg}r? I (r)erqéoqglg } dé%%ru r@%ﬁﬁx&r@sjg@é%}go %ﬁ rg%?uﬂf]rl %
DVSO 30 ﬂf@“F o f¥EEe’ MO e g/ L TGF-a + 30 ng/mL HGF + 1% DVBO + 2.5 niv
butyrate Feefdaure ¢ shows the rﬁdullsq BYRI A2 %8R wae dhtagier in tStthremtegatpayidilivaguercel YeDVSO
30 ng MiedddCEtwo db@veﬂﬂérﬂthe%&elﬁme 3Ad B dativelifdm the HYBYBEMine. 2112 14V obAtkiv at e

_'I:_ge:dgr f\ﬁag(?ndﬁgﬁéjb} %hl’c_)%rﬁnes C %@Lxc&'?rg: the le servg’(plnw ma}) M oi‘"fré]sQI ng/ m‘

O 1 %
25 i e e b %f*@?wﬁy}ea@p*@oﬂﬁ.'%vre ShE0 9 A 25 68 SR e
ng/ mL hEGPareguyongfitigblagmetling) was oedligiple. TGF-a + 10 ng/ k. TGF-a + 30 ng/rrL
HGF + 30 ng/nL HGF + 1 % DVMSO 1 % DVMSO + 2.5 nM butyrate Feeder-free
condijgions Stroms nmedium+ Strom s medium+ 30 ng/ L hEGF + 30 ng/nlL hEGF
+

it will be recognized that the compositions and procedures described in this disclosure can
effectively be modified by those skilled in the art without departing from the spirit of the
invention embodied in the claims that follow.
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10 ng/mL TGF-a + 10 ng/nL TG-a + 30 ng/nmL HGF + 30 ng/nL HGF + 1 % DVSO 1
% DVMSO + 2.5 nMbutyrate Qther additives tested in the subsequent (4-day)
mat ur at i owgosgi®@sdoncl ude factors such as FGF-4, and oncostmdnwsoMis4i1t he
presence of dexanet hazone. Figure 5 shows the effect of HCM on maturation
of hES-derived cells. Left colum: 1@ Xys5 magnification; Right colum: 40
X magni fication. By 4 days in the présence of butyrate, nore than 80% of
cells in the culture are large in dianmeter, containing |arge nuclei and

gr anul arWesyiselpimad aa tiRoventRp st After 5 days in SR medium the cells were
switched to HCM Two days later, many cells are nmultinucl eated, and have a

| ar ge pol Mgomlfer&hﬁ&eceﬁ B{SBMaﬁ)n thaByanﬂoe@amsedumw urmbts.héuwldﬁakmnr@cﬂnmgnal

cells are co W

¢ hey rese rrb IurchQént atFm (] glcellts ev(vjweﬁm a? easq uf 8(#106 %)fa eo%e)% fé\ sthez/ ;ﬁ%ﬂ!ﬂ%&' the a'E %gel;t f et al
hepat ocyt es tt“%%”E)fO"mE&ga‘i'?ﬁ'laféerTWS th abol ic enzyne activity hES- der| ved
hepat ocyt e | i neageant®idy-detqpble pateasionoy atandrypsim (@8T); di f ferenti ati on protocol

were tested for, c%;&g\pgéggggblg’%%sgmdfyibwn 15 After conpletion of the
dlfferentlatlon Jpr t ocol ﬁ’ 4-48 hours with or

without 5 pM méth Is%“ﬁ‘f oty f"?’(rdétﬁégb'e eﬁpresr?ﬁug ad‘etf)pmte'f‘ 'he cytochrone P-450
enzynmes 1Al ande1/8" %@(@1&)‘&@@?XpreE?@)Pﬁ%S'a'oamopl\?ieweoaﬁ@ M ured as the rate
of de-ethyl ati orn odvidedcborgucesnbititbgdd (EROD). The substrate was added to the
medi um at a congen ' fluorescence of the culture

super nat ant msqmégﬁégg&ygghrén%o%pgyl n -40 WO 01/81549 PCT/ USO1/ 13471 a
fluorimetric m &r o978 o eReo-PhpsPRAase AT AP t ati on and 581 nm emi ssi on.

The amount of r esohahpmhdogicariediurepaidieghtdcdesn ned usi ng a standard curve
measured for purified resorufin, and expressed as piconoles resorufin
formed per, M RGkm dpéil%gpﬁﬂaﬂon olf_' &IQHHe\Nh@reﬁﬁrépl\Q%t 536 665 Dkhhi Selis faVEarAskbidive of
activity was ijecte hree hepatocyte l'ineage cell lines 5 tested
- two deri velYrETRES H1 ES ceII line, and one derived fromthe H9 ES cell
line. The level of activity was inducible by nethylchloranthrene (M), and
exceeded theTheelfferkntiates edllweliation of Wempr @painat kahaboafeotrebhtyls havs allesiedvehuman
adul t hepat og¥hi@shakabllsicsThe | evel of activity in undifferentiated Hl and H9
cells (and in the BJ human enbryonic fibrobl ast cel I I i ne) was negligible.
10 It will be recogni zed that he conposi tjons ﬁ cedur es %CI‘I bed in
this di sclbslirdy ‘ategfef"é’ff‘f‘i'a\)@ 3 Ayl W'P)Eye"i %%e %I?‘r'tfxi PRt R ar t

Wi t hout depatAliIAgadtivigim at lsest apighias ingfimernumap aduE heraisavienbodi ed in the cl ai s
that follow -41 WO 01/81549 PCT/US01/13471 CLAIMS What is claimed as the
i nventi on 4 SihelsiteRnhichfcal Sdahlhti%h %ﬁarﬁ}%ielsedﬂ@me\lnabvhé?éln B gbs Car 1@ vhidh thdlceid i N

vitro cul tur feve B en?fererﬁlate%argb n%agdynoryon tslei%grésﬁ E:J@t e pluripotent stem (pPS)

cells, wher e H° & S 1 n the popul ati on have at

| east three of the follow ng characteristics:
8 The differentiated cell population of any preceding claim, which has been genetically altered to express

telomerase at an elevated level.

7. The differentiated cell population of any preceding claim, obtained by culturing the pPS cells in a growth
environment that comprises a hepatocyte differentiating agent.

8. The differentiated cell population of claim 7, wherein the hepatocyte differentiating agent is n-butyrate.

9. The differentiated cell population of any preceding claim, obtained by culturing the pPS cells in a growth

environment that comprises an extracellular matrix.

10. The differentiated cell population of any preceding claim, obtained by culturing the pPS cells in a growth
environment that comprises one or more hepatocyte maturation factors.
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anti body-det ect abl e expression of al-antitrypsin (AAT);

anti body- det ect abl e expressi on of al bum n; absence of anti body-detectable
expr essi owoafi/sasdoet oprot ei n;  RT- PCR det ect abl e expressi orpa@fiusor/13471

asi al ogl ycoprotein receptor (ASKR); evi dence of gl ycogen storage;

evi dence Of GY¥UREHKREE cAMPoRA&H df YhiYio, wiedin@EB&Lorfor B HEBRBEnAhaBPRabAS e
activity; an of he nor phol ogi cal feat ures of hepat ocytes. 2. The
differentiat ed ceII popul ation of claim1l, wherein at | east about 60% of
the cells have a® ’I‘”eél@f‘”“f iSg¥enbeletadi E""&:H*é?r é%tCQP%'%J'Eq @k dimgthybrplioxide  (DMSO),

di f f er ent i atdudetyikétarpigg@MAL hexmetbfieng bigacatarbide, ahdetier pohemethlylepdtisagstrmifes;:80% of
the cells have aj) d gfskine €W&MoneOfcletad ot Miar @elpedohSdiihg 8f gldkocofii@ds, epidermal

differenti ag £ Bl @%Pwn@&l.y%@ot TBRY, fﬂ)?o@ﬁﬁ%‘rzﬂﬂ\ ﬁét@r'd%F V\ka%srm Bhat faGardcgrye!  of

cytochronme p450 e IVIt east as high as in primry
human adul t %%Vﬁléf?ﬁ%ylf'%@ 1L, LGy quFf' %\595’[ 'ed cell popul ation of any
preceding claim wherein the pPS cells fromwhich the cells have been

di. f f er ent i2at e diffaeraiathdl balrpogumditry amabréing toany pradeSihg clainl is a cempblaiBonCksidhiaiie iéd @t ed
cel | popul atiQRr Qfis, M¥celMif Gk RepafobRd MferdMMicagBRs aRERPatgS R alufAdd ot t er ed
to express telonerase at an elevated level. 7. The differentiated cell
popul ati on of any preceding claim obtained by culturing the pPS cells in a
growt h efvit Sirenietet 9at "aBR I ieggisihrge ﬁEBﬁtCB?f??eé'StHFf?t%dr Brtqmats H’E)‘C'hﬁe‘ﬂf'er 8.
The di f f er enftanastedironethd diffsegptidtesitcplonepwidtion dcgdrdindrto clpimels esiithe tregeneghaiich e galle
differentiating agent is n-butyrate. 9. The differentiated cell popul ation

of any pr e&eﬁlﬁfareﬁtla@h el cbbédaae@eoq &wv.oﬁa,glé Hamﬁgplarm@tem%ﬁn«:wsﬁ cbl@ .ﬁ No[ a4y
envi ronnent rentl at ed

;
cel | popul at ?"5'r°”3?r9r£§ enisaﬁ)éé ?(eeéelr i @”n? oIhF?é cejguln[ ﬁr"fedmm qﬁ)ﬁa VPS%cel I's
in a growh he@ﬁ%VPd’ﬁfﬁ@ﬁttat"t“r?&F“t(‘:‘Eﬁ‘?b?ci“§'é°§s Wﬁ‘é’r‘lﬁ’i“cer?o‘?e p%b@&wﬁ@ fﬁ‘a‘ie[)ﬁr"éitf‘l on
factors. -42chi@ri@bligE84d8s FCRIBNdY ABUshlisedubntlyTHaeesling & eslldratingthesd feailds from

popul ati on ofe elrigeBcdiQopidaet.€i N at | east one of the hepatocyte maturation
factors is either: a) an organic solvent selected fromthe list consisting
of dineth sul f oxi met h

bi sacet anilsdeA meigd 8?1‘%‘ '“%W”{?H@{“H@ﬂ%hﬁg’%ﬂ@%&g&ﬂ% %bgaé” d%‘?’erﬂfteé;e@ ¥h8ik?aﬂé)eor

hor none sel evdtee i FisercerrEsiB oup consi sting of gl ucocorticoids, epidernal
growt h factor (E&ipjoyvidingis et of hlichn @yripdi€arst&n cdils;br obl ast growt h factor (FGF),

heparin, and hep@thlWﬁgethe garIIQWt Qst@FéteQﬁ a Gl medilh cdntaid; 49' a6hep:!\t@§te laitferbdroh 1,

and HBGF 1. a:ll'en unc'f‘érgon]:jltlc)er\lé A | a%tto ennc% ent OHRC-Ipilijijfere%ﬂl(lé?& c%ffcor ding to any
precedi ng cl am a $i't

I'on essen feeder cells,

extracel | ul ar rrat r| X, hepat ocyt e differentiation agents, and hepatocyte

mat ur at i off. f Hetroatiwd of ¢@M 1R, dhdréie therstliues EdPE eblls i arpfiused byt culteriag thetdabseusdesf t he
charact eri st ¢oBsitidns Sih&tbyl ¢ntBoRli UUids fovdi pding e @imbi@d bbuds dSanekirdceiniy triatix;

glu](c:];]e;e(r:]te: Iat %lng%le lhepgggﬁé é’rﬁéré?\patléﬁ ﬁt% tﬂ@médﬂmglrﬁlltgﬂelrusly% sdb§eqt)«§\ﬁy 9 fhggf'am_/; of

pl uri pot ent %f t%enerr? g)boglgT Iané lhﬁn g‘ rlngvaehrﬁ)ated ceﬁ:s Mcl)l%]rrpéen epatoc e ({}% |at|onf ?ggrét

f eeder cel | sundeneprdiiensibat treEnitiepighg Pféheldf‘ferémﬁﬁﬂf’ﬂﬁﬂ containing a hepat ocyt e
differentiation agent under conditions that produce a cell popul ation
enriched f0rtHeahdid ¥ &idim 15-16, wherein the hepatocyte differentiation agent is added to a culture of hPS

cells comprising an extracellular matrix but essentially free of feeder cells; and then culturing the hPS
cells with the hepatocyte differentiation agent under conditions that permit enrichment of the
differentiated cells. '

18. The method of claim 17, wherein the extracellular matrix comprises laminin, collagen, or matrix from
Engelbreth-Holm-Swarm cells.

19. The method of claim 15-18, wherein the hepatocyte differentiation agent is n-butyrate.

20. The method of claim 15, further comprising culturing the celis with one or mbre hepatocyte maturation
factors, simultaneously or sequentially to the culturing with the hepatocyte differentiation agent.
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characteristic features of hepatocytes; and subsequently harvesting a cell
havi ng these features from the enriched cell population. 15. A nethod of
treati ng Wommipouri potent stem (hPS) cells to obtain diffeeremnoiated cells
that can be cultured in vitro, conprising: a) providing a culture of hunman
pluripotent stemcells; b) culturing the cells on a substrate in a culture

medi um cont a} ni ' i r i.atl . ditions that
lead to eht | o ad s PEREDNER sl e S by Rlte BRRA, REL iGECL ! P05 TG
wherein the cul tUrd 8PM1Peohas] paeqed Wb disc by Bt oLAMREY': FEoXde| P¥SOhder
condi ti ons virestiiagetaita (PYAK hdyoethene bieaceipmige, and oitpr pdhenetiiipre\pispettaisds: €5 on an
extracel | ul ar nag)rd iokin@delhdigortehsichiepasm gt goudi dohsstiaNbfi dicb@nicaBe Bfidetrmal t he
medi um si mul & e RS ol m§M;p,s1%%§%Lx, foRpE GBI F G nebdlR, SHHEYRCHe

bodi es; and en culturing th d s with the hepatocyte
differentiat§gH" fﬁﬁ%rﬁlf'&)d'rig’élr'b"i%':g'd'i%%i?'o‘?ﬁ‘g%ﬁ%ﬁ' permt enrichment of the
differentiated cells. 17. The nethod of claim 15-16, wherein the hepatocyte
di f f er ent 22at A eath@ge piodictg apoecidn? eells bevingl tygocrbmi RS0 actityl teat proligate &icoigrean
extracel | ul agomPRingiintreBdtly t@SRBRE bhlily¥h frir8@ pRfipctRERRH cefiletors or @it aitidiSating

culturing t P lls with the h tocyte differentiation agent under
condi tions 'Pt%ni' 'ntgé“‘?lﬁg?wngﬁ%c% O%H%Ogﬁgﬁhe differentiated cells. 18. The

met hod of claim 17, wherein the extracellular matrix conprises |amnin,

col | agen, 2%r Thewmtethos offclatyng2, Frerir] tblpregrise o lvit iSinereasecie tHesells b9 gerglivally piiarihg e of

cl ai m 15- 18, cewebmpidss felomehapalkRe yirecrigiadd er enti ati on agent is n-butyrate.

20. The nmethod of claim 15, further conprising culturing the cells with one
or nore hgpa t turation factors imulta sly or seguentially to
Che cutt urt i Te TR rEi e 8547 P e Bhl SRR Mee oo TR0 510
PCT/ US01/ 13471 21. The method of claim 20, wherein at |east one of the
hepat ocyt 25. nRtediffarbitietad £l ot arirg 24, Bavinp BHest thrag of & fajewjavheradoiticent sel ect ed
fromthe |ist cqQnsimgitdipgei@ian@iexrdsbid of snfitR¥didl@atyPVMSO),  di met hyl acet am de
(DVR) ; hexmet hyl ene .g)i s_gcieg %{n' e .and ot her pol ymet hyl ene bi sacet am des; or
b) a cytokine of hBFRBHETTLHPESTLT I DATI™ME group consi sting of

gl ucocorti coi ds, e@isense pegntibogyrdsiretabIg aereesion O ProeiRisul i n, TGF-a, TGF- (3,
fibrobl ast growsh RBEC®EctdcREE pxprdd@@ait hablogtgroteepadkmeyAssR)gr om h fact or
(HGF), I1L-1, I'L-6, o hdFse ot gilciden gtgmg@nd HBGF- 1. 22. A nethod of producing a
popul ation of cells having cytochrone p450 activity that proliferate in

cul ture, conpri’si ﬁvéje?%8ch§§'¥?iTQe ¥l She¥ase activity in primate pluripotent
stem cel | s bef ore etdegdetobglucdiefefnspsphatasaétivty andhem i nt o cel I s havi ng
cytochrone p450 .achb Mblbbblogd feallRe ofRpdRAeNf cl aim 22, wherein tel onerase
activity is increased in the cells by genetically altering the cells to
express tel onerase reverse transcriptase. 24. A differentiated cell

pr oduced %%cﬁml%ﬂ‘gdt%reﬂ‘l@ an“é’t"ﬁ%‘ﬁgéq" RHAIQP A oAy C?)'Fp”ts'ﬂ%ygﬁgﬁfﬁ%ﬁem?ﬁgh a
cell. 25. Terd agfiofding teelaimdtidr 8429 withfthecqompernd.and Heteming 9 ahethes g tcopppurbis of

t he fol |l ow ngxicharaedt eri stics: antibody-detectabl e expression of

ai -antitrypsin (AAT); anti body- det ect abl e expressi on of al bum n; absence
of anti bogy- det ress| p i n: - e

expressi of of Berh oersaieabRb Bt b Bl Ner Sl B SEhBRLE

st or age; combining a diffefentiated cell according to claim 1-14 or 24- 5 with the compound, deterngmi g an

phenotypic or metabolic changes in the cell that result from contact with the compound, and correlating
the change with an ability to modulate hepatocellular function.

28. The screening method of claims 26-27, wherein the differentiated cell has been genetically altered to

express telomerase reverse transcriptase.
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evi dence of cytochrome p450 activity; evidence of glucose-6-phosphatase
activity; and t he norphol ogi cal features of hepatocytes. 26. A nethod of

screeni ngwd A@ipeund for hepatocel lular toxicity, conprisiptg/geiksfyng a
differentiated cell according to claim1-14 or 24-25 with the conpound,

and det er g9, nA RN BBKENE 1ED TRRIRRY bcdtactn® % IdfielbRialel BellCRédrdingdd claift 1RO Of
Scr ee.m .ng a &%ﬂ#t’ﬂg fIJi(P Jn elzrt Snd%c?r!s'tk!a¥ err;[l'ﬂhen%ﬁ{‘élrg‘r%o%e Q en%%y% gxll lirwhgﬁ i .unCt Lon,
conprising ‘comnblning a g PP PR ey Tl ATt ingto cl'ai'mA-14 or
24-25 with the conpound, determ ning any phenotypic or netabolic changes
in the cetd AKeat supegudavicd. irpwhichomn tiitheoentiated ¢ell tabrording i deimd! - 14201 @4-€D fsr ihiadgdi tag

t he change wddrifymodinkilid foying RormPEHEbA R thed Padirsed thel paient bk BingaiBioxifd by thBe
screeni ng nehd of claims 26-27, wherein the differentiated cell has been
genetically altered to express telonerase reverse transcriptase. -44 WO
01/81549 PCT/ USO01/ 13471 29. A method of detoxifying a fluid, conprising
cont act i ny- a* dietPe Ok MCPEEE9 B ISHPPEEEBInG inARFtoce uig] gﬂf“?ﬁ?‘lmla“ &eividugl, 23Mpising ¢ he
fluid under mipfrdhieinging thehationpet cavity df fre igidldbal alurairot dffepamtiatsichielsyaceordixtp n 1 N
the fluid. 3uimAikbngrpssupport device, in which a differentiated cel
according to claim1-14 or 24-25 is situated to detoxify blood that is

flowing from aeﬁggi gnt and t hen retur_necgl to th[e ati ent aft,e,(rjgagei ng_ ,
det oxi fi etf by ™ OQ &RFPIRYIInG r SERREPHEY NEtaPREBh LPTIPUT At MEVEh pBMEERL i ng
hepat ocel | ul @nnecingded beividual tarihe liveri sPred alevicecd wiein &1 inguchadl mpmiesharipairgpldodt o

t he abdom nadirc@aasithryugbind inéestdxineli byittdualicea plurality of differentiated cells
according to claim1-14 or 24-25. 32. A nethod of reconstituting or

suppl ementi ng hepat ocel l ul ar function in an individual, conprising
connecting the individual to the liver support device of claim31 in such a
manner that their blood circulates through and is detoxified by the
device. -45
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