COMPOSITIONS AND METHODS FOR SELF-RENEWAL AND DIFFERENTIATION IN HUMAN
EMBRYONIC STEM CELLS 5 BACKGROUND OF THE INVENTION Field of the Invention 10011The

present inveglion gepgskally relates to compositions and methods for differgpiatigianesgayturing
pluripotent stem cells, the cells created by these methods and their uses thereof. 10 Background Art

[002iEmbryonic Stem ( M n Rgﬁ\'ﬁg db t [ﬁﬁﬁ@ nvestigation of
mechanisms underlyingE p unp%%é?&é%fi‘l’%g%gy an g #ﬁ%ﬁ%%%r? within ?Is%lﬁegeﬁh/ﬁembryo, as well as
providing opportunities TFFEHERN HATIIEHY HEMANIAYHIRH SHAE PdEidrfebimercial, medical
and agricultural applications. Furthermore, appropriate proliferation and differentiation of ES cells can
be used to generate an unlimited source of cells suited to transplantation for treatment of diseases that
result from cell damage or dysfunction. Other pluripotent cells and cell lines including early primitive
ectoderm-liké (EPATERBGYNBCHTEEEANEMEEENal Patent 20 Application WO 99/53021, in vivo or
in vitro derived |G\epilastaiRatya or in vitro derived primitive ectoderm, primordial germ cells (EG
cells), teratocarcjnoma cells (EC cells), and pluripote ceil derived by. dedifferentiation or by nuclear
transfer will shar@ (gglme or a||%ﬁﬁ*§§eé)ﬁp‘%’8%%ﬂ%é% Anc qé{prg %a%%r?gﬁﬁ%yg]‘ Sea%%xé}géhsos(%ﬁu?oigolation,
long-term clonal #iffirseiidingengd et bz ivrinsisu atfon aHe Jermlimecaatdmissisiretpiliripotent cells
has generally begp difficidt amd-the reasons for this are unknown. International Patent Application WO
97/32033 and U.S. Patent No. 5,453,357 describe pluripotent cells including cells from species other
than rodent&’ Human ES cells have been described in International Patent Application WO 00/27995,
and in U.S. PateRaN@ré28D806, and human EG cells have 30been described in International Patent
Application WO 9f43679. 1084} Theiability t@sighsly copésehdiffeseniiationder fosmmhamageneous
populations of partlgy%/gdlﬁereptlat dar termlgeadl dlff?rentlatede%e Is B}édlff%r%ri}lijatlon

mv ation ol mechamsms un ng plunpotent ¢ 10logy an erentiation

within the early embryo, as well as providing opportunities for genetic manipulation of

15 mammals and resultant commercial, medical and agricultural applications.
Furthermore, appropriate proliferation and differentiation of ES cells can be used to
generate an unlimited source of cells suited to transplantation for treatment of diseases
that result from cell damage or dysfunction. Other pluripotent cells and cell lines
including early primitive ectoderm-like (EPL) cells as described in International Patent

20  Application WO 99/53021, in vivo or in vitro derived ICM/epiblast, in vivo or in vitro
derived primitive ectoderm, primordial germ cells (EG cells), teratocarcinoma cells (EC
cells), and pluripotent cells derived by dedifferentiation or by nuclear fransfer will share
some or all of these properties and applications.

{003} The successful isolation, long-term clonal maintenance, genetic

25 manipulation and germ-line transmission of pluripotent cells has generally been
difficult and the reasons for this are unknown. International Patent Application WO
$7/32033 and U.S. Patent No. 5,453,357 descnbe plun'.potént cells including cells from
species other than rodents. Human ES cells have been described in International Patent
Application WO 00/27995, and in U.S, Patent No. 6200806, and human EG cells have

30  been described in International Patent Application WO 98/43679.

1004] The ability to tightly control differentiation or form homogeneous
populations of partially differentiated or terminally differentiated cells by differentiation
in vitro of pluripotent cells has proved problematic. Current approaches can involve the

formation of embryoid bodies from pluripotent cells in a manner that is not controlled



in vitro of pluripotent cells has proved problematic. Current approaches can involve the formation of
embryoid bodies from pluripotent cells in a manner that is not controlled and does not result in
homogeneous populations. Mixed cell populations such as those in embryoid bodies of this type are
generally unlikely to be suitable for therapeutic or commercial use. [005]The biochemical mechanisms

requlating ES cell pyipgieIley, 4105 STSLSNAIoN A1 Ve BRI UHEISIDA: Howser, the limied

empirical data available (and much anecdotal evidence) :_su%;gestst at the continued maintenance of
pluripotent ES cligmhiged editrEitiwe srumaralik tisehde it iBE th&pegaii%t eytokines and

growth factors preseqkdnithe extracellular serum milieu. A number of such factors such as insulin,

JOE(s) and FGF, ave been faung to activats intrace(lular 10 signalifg %p&%rh!a ugh the lipid
kinase phospha&% nositol 3- ?r?gzsog f@f?ﬁkiﬁ%&%@%m%@gr Cantley, T()?'lé) 6), Cu%?w Opin. Cell. Biol.,

8: 153-158)In rédfsomseiinn thes bR ofthessedrible Fotere dtspdttitdcemetfric®eceptors,
P13-kinase is regruitech todheninfiaseiidan memirane gutfacenhereitinitiatesaecaseaste of secondary

signaling events jaging tadhe tunclional iEURlIoN ALSENRIRIAONASI SR Il AGEliips fargets 15 that
influence diversé Bl(ﬁoglca processes. Amongst the downstrearn targets of PI3- Icinase is the protein

kinase called 'maviviatiatnd SreEbCI R BIFRINE TRy SHifh SFRBHISh TORYEEW Bfecedes and is
necessary for acgiivatimeftiliosomalip 10186 kidassr @ sevinerthfeaninekinasathaiipivotal to the

regulation of.the protein synthetic machinery huneg { Ih Qi ?40) Nature, 370541 72).20[0061There
is a need, t Bere opefﬁfggi(fe?l tﬁgy metho %ea%%dc%%%os?ﬁgﬁs%r%h% [ roductflon gf a popu?a)?tion of cells

enriched in a cellfhesgs fhfeudrriieo Spldien GahdPiaskinsE SigrakyatmivayF the
maintenance or sfabilizatinne and i ghifeationedithaest eeliscandphe WDducis-of theiikdrther

diferentiation. 25 JYMMAT .1 00T IRA0 SACEhaL s Rissel dsslosdle DAy eisame, or al least
alleviate, one or more o fhe cﬁ ICulties or deticiencies assoclated with the prior"art. One embodiment

of the present diswnsUrediedatre ecfmsvienal i g oL sesae SoVTBsipESroatritibH Brefstinitive
endoderm ¢ells ingulitiiausing-RLIFRRIERIIGRISesthe sapsnga IR s Eraticanthedarsis fus-efficient
production of englodermalderived lISSugs Stk 33.RARSIEASTINEE i %aSIOMAFN-ERINe and thyroid.

Stimulation of mTOR both precedes and is necessary for activation of ribosomal p70

S6 kinase, a serine/threonine kinase that is pivotal to the regulation of the protein

synthetic machinery (Chung et al,, (1994) Nature, 370: 71-75).

20 [006) There is a need, therefore, to identify methods and compositions for the
production of a population of cells enriched in a cell lineage through the manipulation
of the PI3-kinase signaling pathway, the maintenance or stabilization, and proliferation

of these cells, and the products of their further differentiation.

25 SUMMARY

[607] It is an object of the present disclosure to overcome, or at least
alleviate, one or more of the difficulties or deficiencies associated with the prior
art. One embodiment of the present disclosure relates to novel, defined processes
30 for the production of definitive endoderm cells in culture using pluripotent cells.

These processes provide the basis for efficient production of endodermal derived

tissues such as pancreas, liver, lung, stomach, intestine and

thyroid.



1007alln a first aspect, there is provided a method of differentiating a pluripotent human embryonic
stein cell comprising:-a) providing the pluripotent human embryonic stem cell, and 5 1)) contacting the
pluripotent human embryonic stem cell with an effective amount of an inhibitor of a P13-kinase
signaling pathway and a member of a TGFP family to at least partially differentiate the pluripotent
human embryonic stem cell to an endodemi cell, wherein the member of the TG93 family is selected
from the group 1Qconsisting of Nodal, Activin A, Activin . ,&I’GF-P, B F;Z&%MNP& and a mixture thereof
1007b]in a sedBhthspect, thefe '&Sbta&@f)&&dﬂéebeorlﬁdjdg?ﬁ i, 80%%h% §raGei it niedium, an
inhibitor of thepRik3-kinasenpathnmdyyatid eementbenofittiecT GFP family, wherein the member of the
TGFP family is selected from the group 15 consisting of Nodal, Activin A, Activin B, TGF-13, BMP2,
BMP4, and a mixture thereof, and the inhibitor is selected from the group consisting of LY 294002,
Rapamycin, lithium chlordlep#kidintgibitop ! kriktinhibiten tmkrikainnitivoedl, NKd71-101, and mixtures
thereof 10081The preseq disglosute cONtGMBIRIES %ﬁamp%ﬁh%s#mf;{méiﬁma widhpapulation of

isolated differentiated mammalian cells, wherein the cells are differentiated from a pluripotent cell in
vitro, and wherein greater tHARAPSraxipHaLSI) 2800k B thalceFlakisrsesigeskie Badd ot express

AFP. In one embodiment of the invepiien cgreaier thamapREoXMate 609y 6oferef%e: 75%, 80%,
85%,90%, 91%, 92%, 93%, 94%, 95%, 96%; 97%, 98%, or 99% of the cells express SOXI7 but do not

express AFP. 510091 The diSEI6SHBRGHBFEAREHPIIES A1e8nssbdtich E8ANsFgh§SRhomogenous
population of isolated definitiye.endoderamselis. \whereimthe.calls weterdifferentiateddp an in vitro
culture, and wherein greater than approximately 50% of the population are definitive endoderm cells.
In certairt @mbodiments, gre&tey tHah %dﬁ?@%n%?@?ﬂ%éﬂ/é‘é%, B o468 d3 4696 F8484: 9096, 91%,
92%, 93%, 94%, 95%, 10 96%8..94% %: 28%e:r&f99% of the population are definitive endoderm cells. In
one embodiment, the definitive endoderm cells express SOX17 but do not express AFT. 10101In an
additional embodimient of thi diselosuiresjibe, pbpdlatiprotidsd a composition, comprising a

cell culture medium, an inhibitor of the PI3-kinase pathway, and a member of the
TGFp family, wherein the member of the TGF family is selected from the group
15 consisting of Nodal, Activin A, Activin B, TGF-3, BMP2, BMP4, and a mixture
thereof, and the inhibitor is selected from the group consisting of LY 294002,
Rapamyecin, lithium chioride, Akt inhibitor I, Akt inhibitor II, Akt inhibitor HI, NL-
71-101, and mixtures thereof.
1008] The present disclosure contermplates a composition comprising a
20 population of isolated differentiated mammalian cells, wherein the cells are
differentiated from a pluripotent cell in vitro, and wherein greater than

approximately

2a



increased expression of HNF4alpha, GATA4, Mixl, and MsxI, and decreased expression of APP in
comparison to a population of spontaneously differentiating 15 pluripotent cells. In a further
embodiment, the population has increased expression of goosecoid, Brachyury, and Cerebrus, and
decreased expression of APP in comparison to a population of spontaneously differentiating

pluripotent cells.sfis also canterplated #hatdhie:pgpulation carhaye JActaasadk xpEeasion of MIXL,
goosecoid, and Cerebrus, and decreased_e%)ressi{pn of ARP in _(r/:?q/m%%gis %?tp 3 g}o%tflétion of 20
spontaneously difERSABaERE THBGERPEEIRHh R EMboditelt the 6’0% &1l doed'hot have
increased expressiorn ufSR% 195G a8 Ie IRy a poptiatich: ot SpomrasctuBly diffelentiating

pluripotent cells.@l{n another embodiment, the population does not have increased expression of SOX7

in comparison to g %Opu ation of spontaneously differentjating pluri otent égeé@nﬁgiggaptger

embodimens thd@8lls 25 didslalssimmiarlyUBiFesresA St thiombomodulin as seen in a population

of pluripotent cellsrasdriaratinasidonexample dfinfliow eytaimetrysik) ¥hihetdiscibsurecfurther

encompasses a method of differentatinga pluripoiaLmammAlAR G5l camarsing; @providing the

pluripotent mammailan e , and 633 contacting the &Jrlgﬁtent mammalian cell with an effective amount
y

of an 30 inhibitaeptitierP 13- |dpes sioiMdRrAT P ath FATHe BRSPS TEBFFRR to at least
partially differentigie the-Riyripotestueliteamsel, abthesaridoderm Inesnte, Mconetembddiment, the

member of fhe TGEPdapilys sclagled JIom (i, giaup SanaisiinaoLNRdalASin 4 Activin B, TGF-p,

BMP2, BMP4, and mixtures of the foregoing. In" certain embodiments, the member of the IGFp family

is Activin A. It is Corremplatbe defnitive shndoer SlirarreT e BE & 38ERBISR dded to the

pluripotent mamppgdian cell ip g.sidstrntialbnBussformomheansbr presan pausenrditinned medium, as

a substance produced by the feeder fgﬁ%ﬁ zé{#%Z]é@ggg eppedimgnithe differqntiated cell is isolated
t 5 ¥ > H

after step (b). 15451iEs €dn g’rir{l)gla?e at the pluripotent cells have been differentiated by contact

with a P13-kinagenrsiistior BAd B iciPBRE R © TR B I ePPa s anl B3R, the cells are
dissociatedtp anjesseptialbnsingle fether epuliuikeeptjaitpdpelngpaontaaten sadtdiressithibitor and the

member of the TGFf3 family. 10The ¢ can be isasgci%te%d ing. Q)rio;\e%@sgf but not limited
et e S SRR G RO gfyv@{%t%e P13-kina§s%&};r%ll’?%ﬂor and the

to, trypsin. 10155°MRGRE embodiment, the cells are contacted wit [
member of the TG Fp Faprikperterf batrpiamenedvioh BeavesnapproRitate 2 hodtsito4proximately 6
days, after being.gplaigsifen beinee R Rio oaielyd Znbeital texprproxioTately 4 §dostixgd or after being
plated for approximately. 24 hours, In certain 15 embadi S, ipote ated at a
concentration ofalrégszéﬁ%%ﬁu 5’pf)[?%>§?nc§etaes y 2804 c‘gﬁé%%qr%r% %%%Hé#?gé Ié];;')sgtsggé%i%ately 2.5X
104 cells/38Inmephishntrshe siiferppiasam ateripoanictiu oBafosiPRatEnF . Xieor EERERSS mm dish,
between approximately: SnsL0fhdRApprexpraately 2 xst0a calls@hpanmdish oblesitibancapproximately

4 X105 cells/35 mm dish, pr aka densiy Sl asaeTlhen bR g Rnent, e popuiation
does not have increased expression of SOX7 in comparison to a population of
spontaneously differentiating pluripotent cells.  In another embodiment, the cells

25  display similarly low expression of thrombomodulin as seen in a population of
pluripotent cells as determined, for example, by flow cytometry.
1611} The disclosure further encompasses a method of differentiating a )
pluripotent mammalian cell comprising: (a) providing the pluripotent mammalian cell,
and (b) contacting the pluripotent mammalian cell with an effective amount of an

30  inhibitor of the PI3-kinase signaling pathway and a member of the TGFB family to at
least partially differentiate the pluripotent cell to a cell of the endoderm lineage. In one
embodiment, the member of the TGFP family is selected from the group consisting of

Nodal, Activin A, Activin B, TGF-3, BMP2, BMP4, and mixtures of the foregoing. In



20 mm dish. 10161In one embodiment, the cells are contacted with the P13-kinase inhibitor and the
member of the TGFp family for greater than approximately 24 hours, for greater than approximately 48

hours, for grgater, than,approximately 72 hours, or for approximately 72 hoyyrg,gkigRrgiared that a
composition comprising the inhibitor of 25 the P13-Icinase pathway and the member of the TGFp

family is effective in causing_.differentiation, of Iur';aﬂ; { mamma ian cell towards an endodermal

. . 1

lineage after the €T AL BELH A rlPE TR eﬁ%%gr%pogl fon for rgr%geﬂgr%héﬁl%ﬁoﬁgg%%aately 24 hours. It
is also contempléteditbateancomptisilialF g omprisinegtheuiihisided of SrepPiBdimtsepathiway and the

member of the T@frdariyia.gllactie /aaLsingdfiersniation of axlaiuinglankiammalan cell

towards an endodermal lineage wheh the cell has been plated for greater than approximately 12 hours
before it is contat Bt PIFE EsHIp SGHeRTbIRen the cell has been plated for approximately 24
hours beforesit isjenntacted withvibersamipesitidn.did¢dibhel prbsentidisckdBureefuiither encompasses a

composition for Gyliying cells, comprising. 2 Gl GHtyhs masiLm: AR RNiblips k bgiRABHsinase

pathway, and a member of the TGFp family. Il certain embodiments of the foregoing, the inhibitor is

selected from theagitatipvibadiEtikipse inhibtorcwd artgshes phife JERMEMAIN, lithium Schloride, Alct
inhibitor 1, Akt inkiiier IL Alct inbiRitosdbkiibl drl &hsandimixtiies ofthe:{aiegaingeloene

embodiment, the inhibitor is Rapamycin. In certain empodiments, Rapamygcin is initially. present at a
concentration of GBS ATOARIT TS Wﬁ%%ﬁ‘ﬁ%%ﬁ%@t%% R&e %B%)El(r}n/fgfgll;#g %ﬁ%ﬁ’)
approximatély 250nd]lapproxiissichret. Gsmlylatoraippoxintatel yul 5Ot iMitst lappypximately: 1.5 nM to 10

approximately 3Q@l. In anothes,eohodiment she.ibibiterisl¥a224002 PR saitainameadiments, LY
294002 is initially present at a concentration of ag%joximately 1p.Mto approxima%%g/ 500 ti.M,

approximately 2.5° K33 SpBro ol PR G FN, AUispR5RBIRRT SpRETESPAFBEHIEERY 250 pivi,
approximately 1GhduidMotappppiaxateiaR0aitdvbemnaphredifaately 2 tipdtexiappripximatety 163 RM. In

another embodiment, 15 e biais Akl dn.cedan s hadinanis: Milis ifalby fresent at a
concentration of apgw‘_xmatef; 0.1 trMto approximately 500 MM, approximately 1 ;AM to
approximatéfy 250 F’ﬁﬁ‘ﬁm%?né’ﬂéﬂpgﬁﬁﬂwcfél%ﬁﬁ?o?{ﬁ%eﬂ? 70 pNEEABpIeKiRaLE 1895.M to
approximately 10@mdd-asapoximstel4Osphh kS dmadurthererithodinieht tontettiiy the
pluripotent cell Wsint'&tggh, between approximately 2.5 x 10° to approximately 2 x 10° cells/35 mm dish,
between approximately 5 x 10° to approximately 2 x 10° cells/35 mm dish, of less than
approximately 4 x 10° cells/25 mm dish, or at a density of greater than 4 x 10° cells/35
20 mm dish.
j0i6} In one embodiment, the celis are contacted with the PI3-kinase inhibitor
and the member of the TGFP family for greater than approximately 24 hours, for
greater than approximately 48 hours, for greater than approximately 72 hours, or for
approximately 72 hours. It is preferred that a composition comprising the inhibitor of
25  the PI3-kinase pathway and the member of the TGFp family is effective in causing
differentiation of a pluripotent mammalian cell towards an endodermal lineage after the
cell has been cultured with the composition for greater than approximately 24 hours. It
is also contemplated that a composition comprising the inhibitor of the PI3-kinase
pathway and the member of the TGF family is effective in causing differentiation of a
30 pluripotent mammalian cell towards an endodermal lineage when the cell has been
plated for greater than approximately 12 hours before it is contacted with the
composition, or when the ceil has been plated for approximately 24 hours before it is

contacted with the composition.



20inhibitor of the P13-kinase pathway activates GSK3. BRIEF DESCRIPTION OF THE DRAWINGS
10191Figures 1A-D are photomicrographs at 10X magnification, showing the morphology of the
human BGOL1 cell line. (A) shows untreated BGO1 cells, (B) shows 25BGO01 cells treated with 80 pltA
LY 294002, (C) shows BGOL1 cells treated with 30 nM rapamycin; and (D) shows the spontaneous

differentiation of @g/ﬁl Ce”sr&é)B%%magsaé-ﬁafa{@ BROIICEPYEARIS A1 20 Maghification, showing
the moipholou e human BGOL1 cell line. (A) shows untre%%d%%w 01 cell%‘gfg %Qng’S BGOL1 cells
n

treated with 80 SRH%: Y°09HSEE A €5 <HbWe BeSH e adWEARS 3dapamycin; and (D) shows
the spontaneoussgifferasttintionpf B&03. cellenAo2tbbigtres GALE Shouithehiowibytaretry analysis of

CD9 expression in human BGO1 cells, (A) shows the.secondary antibody alone. (B)shaws untreated
. cells, (C) showssglé;‘ﬁge %?é% ec}%v‘?/i%OéIB Bﬁgﬂsisénﬁgﬁ%%%e, (D sHowEsyacé)lls treated witfliﬁ 30 nM rapamycin,

and (E) shovs spderidnedudnisirerk Ataiabiitardl Agtirdbir [k Hold e prommaty &hdlysis of CD9
expression during.emhiyaig body differentiationn(Flishawsthe secondaryantivbdyatene, (G) shows

undifferentiated BGO1 cells, (H) shows.embryoid bodies at day 3 and (b shows embryqid bodies at
day 5. 510221Fi?dﬁ%8 AKS ’o%ﬁﬂﬁﬁﬂ’c‘ﬁz 13%5{95%!&5?%5‘%& é mgrkers in BGO1 cells 9éomparing

expression differéhcesapetovdantdly 381602 @O PINAHtlatreAtait %P%‘é‘ﬁ‘aﬁ‘f’éhe?égs%erentiation of
the cells. Figure AB-shewsiRT-H GRi adabspisahklineagesmankers ingddihaells, icbmparing expression

differences hetween LY2940 0 p.M) and rapamycin (30. reatments 40023 15igures 5A-G
demonstrate’ thaﬁ?}éoﬁﬁ%tﬁ]?o% c%lﬁﬁﬁ%eéﬁow%eﬁitﬁ%ri% ﬁ%g}e or%apamycinaquantitatively
induces the expressidimefigdrié%Bwehifyrassyaitesdwithovnsserion ofrrmewasish £y294002 or
Rapamycin treatment do.notinduee Wf?;&é@&%ﬁg@pﬁ@-mﬁlr%t snakaarkes S@XK1, or the

panExtraembryoﬂlca?ﬁarker, SOX7."NT” indicates untreated cells; "ETOH" indicates 15 vehicle
control; "Ly" indieermssitetsn® pMurisisocTimately 256 406 2rnoa bR icn dfbudd LpBBIEERth 30 nM

Rapamycin; "Speg Diff indigaias.shapangous diffesentiation of i S melisdeherigisianshow the
relative gene expression ( _axis%}gs a function of tr aélmenit amﬂ( &IH]E}SQ% %XEE . If:iegurea A}; shows relative
SOXI7 genEexpfes¥ibAiigtr I%holxﬂ/sc?gf‘é?iveé”lgﬁ PENe EpreSSibH Figire Bt &hdws relative
goosecoid (GSCncentration of approximately 0.1 pM to approximately 560 uM, approximately 1 uM

to approximately 250 1M, approximately 5 WM to approximately 20 uM, approximately

10 uM to approximately 100 uM or approximately 40 pM.

(018} In a further embodiment, contacting the pluripotent cell with the

20 inhibitor of the PI3-kinase pathway activates GSK3.

BRIEF DESCRIPTION OF THE DRAWINGS

[029] Figures 1A-D are photomicrographs at 10X magnification, showing the

morphology of the human BGO1 cell line. (A) shows untreated BGO1 cells, (B) shows
25  BGO! cells treated with 80 uM LY 294002, (C) shows BGO1 cells treated with 30 nM

rapamycin; and (D) shows the spontaneous differentiation of BGO1 cells.

1628} Figures 2A-D are photomicrographs at 20X magnification, showing the

morphology of the human BGO1 cell line. (A) shows untreated BGO1 cells, (B} shows

BGO! cells treated with 80 pM LY 294002, (C) shows BGO1 cells treated with 30 nM
30  rapamycin; and (D) shows the spontaneous differentiation of BGO1 cells.

{0211 Fipures 3A-E show the flow cytometry analysis of CD9 expression in

human BGO1 cells. (A) shows the secondary antibody alone, (B) shows untreated cells,

(C) shows cells treated with 80 pM LY 294002, (D) shows cells treated with 30 nM



20 gene expression; Figure 5D shows relative GATA4 expression; Figure 5E shows relative Cerebrus
expression; Figure 5F shows relative nodal gene expression; Figure 5A shows relative Brachyury gene

expression; Rigyikg.pkhsfigws relative SOX7 gene expression; and Figure %]s@%%mgfgﬁ&%e SOX |
gene expression. 10241Figure 6 shows flow cytometry analysis of thrombomodulin expression 25in

human SG0L cellsThS S RSB shas uuisafar eelis- s e flack tisiagra shows cells

treated with 801.1M LY 294002, igures 7A-T demonstrate that treatment o cell lines BO02
and HI with LY 28485 Rdnebsispd eldregsmstiurdene suhonipebi-dmatanian Mgidoderm. NT"
indicates untreateb:celtenday" indiedie sitieat(inhwith SiFddila¥d 38ZA4040R8, Bxpression levels

were examined sz&f%%%@&&ra@Bng%ﬁgﬁ%ﬁ%&%%‘%%!& %%H%é%%t"&ktps#\( 294002. Figures 7A and K

show relative AFP expression; Figures nd L show relative Bry expression; Figures 7C and M show

relative FoxA2 exiifésion; Figifws #6 shvNSHShamtlveses dissgsassisr midits 7sand 0 show

relative Moxl expegsgiandiguresidr ame:BhahowtalativeyMiskdoexXmession;Fighue S @nd Q show
relative Soxl expression; Figures 7H and R show relative %%x 17 e jon; Figures 71 and S show
relative THBD exf)%lgg%ﬁ?sgé}{ %ﬁ?ggr’?ﬁ'tg%aevﬁﬁ'shé Tela i\s'/}éo‘flq’ g)?%%eaggllgsn. %?s%éeﬁéewere
performed in triplivatecand Bfedshelloncamzring Bivic[Si26 LHigume 8 Asvewm s HZRMNE F8CMMYr Activ
n/Nodal are necegganyfan Y, 294007 dspgngdent hESC-DE formation. (A) shows Soxl 7 niRNA levels
(fold-increase over untreated) as evaluated by Q-PCR under various conditions for 4 days; LY 294002

y !
(60 p.M), Actiin K100 ng/mf 53210 ERMIARTRG ER U RESHER o b o5 dthie BEBLIrE™EB shows LY
294002, MEF-CMittepéiiderdSoxd Hapxpressiomissiplyressed [y inhibiters ef Acthdnsignaling but not

suppressed by inhifiters OB B Qe g RalRG. SO 4 SPIERIONWAS Gualkalied Ly R-PCR under

culture conditions competent to support hNESC-DE formation_in the presence or absence of Chordin
(500 ng/ml), Folli$t4H (SEEHEHTL) of effE ARBOUHGHLT RR) g JHTSB0 Fierh), BB HB188715(10 p.M),
or SU-5402 (5 ti. MytadebiirsticoleariaroS B ure ‘88 sholistantreateddcedlds;, “ETOH” indicates

15 vehicle control; “Ly” indicates treatment with 80 uM LY 294002; “RAPA” indicates
treatment with 30 nM Rapamycin; “Spon Diff” indicates spontaneous differentiation of
hES cells. The figures show the relative gene expression (Y axis) as a fanction of
treatment and time (X axis). Figure 5A shows relative SOX17 gene expression; Figure
5B shows relative Mix1 gene expression; Figure 5C shows relative goosecoid (GSC)

20 gene expression; Figure 5D shows relative GATA4 expression, Figure 5E shows
relative Cerebrus expression; Figure 5F shows relative nodal gene expression; Figure
SA shows relative Brachyury gene expression; Figure 5H shows relative SOX7 gene
expression; and Figure 51 shows relative SOX1 gene expression.

{024) Figure 6 shows flow cytometry analysis of thrombomodulin expression

25 in human BGO1 cells. The gray histogram shows unireated cells, while the black
histogram shows cells treated with 8¢ pbM LY 294002,

[025] Figures 7A-T demonsirate that freatment of hES cell lines BG02 and Bl
with LY 294002 induces the expression of genes strongly associated with
mesendoderm. NT” indicates untreated cells; “LY™ indicates treatment with 80 pM LY

30 294002. Expression levels were examined by Q-PCR after approximately 72 hours in
culture with LY 294002. Figures 7A and K show relative AFP expression; Figures 78
and L show relative Bry expression; Figures 7C and M show relative FoxAZ

expression; Figures 7D and N show relative GSC expression; Figures 7E and O show



Assays were performed in triplicate and are shown as +/- SEM. 10271Figure 9 shows Q-PCR results
indicating that addition of approximately 40 p.M of the Ala inhibitor AKT1-11 can reproduce the effects

of LY 29400245 premaling DE formation. 2010281Figure 10 shows that agiivatignefidesis is required
for LY 294002 to promote DE. Addition of the GSK3 inhibitor, BIO, but not MeBio, blocks. LY 294002

induced DE formation. Risformatian.is ingicated byaQ-BeR anasiant thaselisoshowing Sox17
MRNA levels as a fold-increase over untreated cells. Assa%g ivgﬂr%;gj{rf%réned in,triplicate7and are
0 0)

shown as +/- SENF 381 (2 ARIGIHELF IRCEh G BERER hig! SRS EYDrEYSioh with two
specific RNAI moleouisispbbtgnotsa unth it RiNAtelbloc KEHRE abilitpafi. ¥rdF@0estd proindte DE

formation. Cells were ASSAYSA®Y GrlSaNdSeslidmparBamiqshenisiey.ak the dmes dgdicated.
1030]Figure 12A shows a control kidney that does not contain an implant 30(left) and a kidney that

contains an i%pla‘ﬁ't%q“lﬁESCs treated for 4 days with 60 H.M LY 294002 (right). The implant was
grown under the {izgiiiey capstleuaf Bansbelsolthmidild SEILD -baige/hidel for Genmeks. fdhiYLY 294002

treated HESCs fogned alarge masscopshs-Kidnay (rigures 52Brashowiphatemiciegraghs of
immunostainings of LY 294002 treated ag rreg%ates after culture ynder a kldnesy capsu%e for

4
approximately 6 RsERET Lsgredafed WISrESE e VaB A RBSPES™ I Y SghE i (B3, HSA (F)
and LFABP (G), idigatingithiatthe 6284008 Meatbd ceslsniffcrentate tateivatiiisoaéendoderm.

Figures 124 nd 23 demanstgle O:PCR ol ahowing 2400040l fpisase &) EABPLIRNA and a

4500-fold increase In albumin m in LY29 reated HESCs relative to LY 294002 treated cells

that were not implaireereA Bedyaikiiare PetrdimeEninpheate aiansreshbnrtager SENDETAILED
DESCRIPTION QFFUHE¢NYERN ERN7IQ[0StiApplicanihhas de arstratied thateuwbatingpluripotent

mammalian Ce”Scompetent to support hESC-DE formation in the presence or absence of Chordin (500
ng/ml), Follistatin (500 ng/ml), Lefty-A (500 ng/ml), Noggin (500 ng/ml), SB-43152
15 (10 uM), or SU-5402 (5 uM). The first column of Figure 8B shows untreated celils.
Assays were performed in triplicate and are shown as +/- SEM.
027 Figure 9 shows Q-PCR results indicating that addition of approximately
40 uM of the AKT inhibitor AKTI-Il can reproduce the effects of LY 294002 in
promoting DE formation.

20 j028) Figure 10 shows that activation of GSK3 is required for LY 294002 to
promote DE. Addition of the GSK3 inhibitor, BIO, but not MeBio, blocks LY 294002
induced DE formation. DE formation is indicated by Q-PCR analysis of the cells,
showing Sox17 mRNA levels as a fold-increase over untreated cells. Assays were
performed in triplicate and are shown as +/~ SEM.

25 [929] Figures 11A and B show that knockdown of GSK3 expression with two
specific RNAI molecules, but not a2 mutant RNAI, biocks the ability of LY 294002 to
promote DE formation. Cells were assayed by GSK3 and Sox17 immunocytochemistry
at the times indicated. ,
[030] Figure 12A shows a control kidney that does not contain an implant

30 (left) and a kidney that contains an implant of hESCs treated for 4 days with 60 pM LY
294002 (right). The implant was grown ander the kidney capsule of 5-week-old male
SCID-beige mice for 6 weeks. The LY 294002 treated HESCs formed a large mass on
the kidney. Figures 12B-G show photomicrographs of immunostainings of LY 294002



with an inhibitor of P13-kinase and a member of the TGFj3 family generates differentiated cells
wherein the cells have greater homogeneity than spontaneously differentiated cells. [32] The present

invention corigmplaipsascomposition comprising a 15population of isolatgg-giffesariiatgshmammalian
cells, wherein the cells are differentiated from a pluripotent ceII in vitro, and wherein greater than

approximately 5Qq6 0f e colls ORISR QRS Quﬁqure%& RmilegneGmRodiaent of the
invention, greater than apprommatplelg/ 60%, 65%, 70%, 7 80%, 85%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97% EESEAGF BOUEST b LMY ke SR %@P%’h@zé@%@ﬁ“ﬂ%@ 3] The
invention further gontemipiates acompdsiticvaBmprising adie mofenouszpopulaticn ek isdlated
definitive endodelip Gells, W%%E%miﬁ%&&'ﬁz‘ﬁ&%ﬂﬁ&%@?ﬁé&@%{a AU Qe LA Wherein

greater than approximately 50% of the pogu lation are definitive endoderm cells. In certain

embodiments, grédiéBHaAmBYAgBokifTatei 6 o¥icE8IE HBuni 5ok Eod, 59 G858 % %, 929, 93%,
94%, 95%, 96% 197965 98%iyeorn®d% 084he poprddtichsatetdetirdtivg éndiodiedn éelisslwvone
embodiment, the definifive endodern, £ells.exmnress SERid 7 but do not express APP. 1034] In an
additional embociJment of the invention, the population has increased expression of HNF4alpha,
GATA4, Mix 1 , and MsxI, and decreased 30 expression of AFP in comparison to a population of
spontaneously diffematiztin g pRCRGEHOaIF THE INRN BIODodiment, the population has increased
expression pf Gogsecoid, Braghylity, and f6Eerks, and %Hﬁﬁg?%&&&%&%ﬁl%rﬁiéﬁ’em comparison

to a population o spontaneously differentiating pluripotent cells. It is also contemplated that the

population can h#& iferéesbidoexphS8dibinseMndL 2Goeekeoitt H5d CaerRlafeBtidased
expression of AFﬁff&&@m&ﬁ@S@Q inapomiation ahspgniancaushpeitierentiatipgmplwdpatent cells. In
one embodlment eegggu n does not have increased expression of SOX' in comparison to a
population of spon aneously erentlatlng pluripotent cells. In another embodiment, the population
does not have 5lffféleased eSEb?ebeEWIPﬁn COVPRIASN fo BOPBRtIfEToIFURRPBPEaReOUSly

differentiating plysipetanicelfs. 1&Bl§cea>th§rf@8ﬁti§tédnﬁﬁ§nm@1ﬁel|&Qb§p¥ﬁueﬁdmllﬂﬁal lavsexpression of

thrombomodulin seen |n opulamgno% Eﬁgtﬁ%CEAE as de determépeeqhggraexamxgle?ﬁ?g?g\r/lt

cytometry. 1035 femiated |on“furtﬂer compasses & method of dnferentiating

mammalian cell 8fpidheceell) provielFerthe Pludpses sirremiddliafncel antrdbradwiabing the

pluripotent mamm@u'msegrmﬂa &ﬁ@ﬁﬁﬁﬁﬁrﬁfﬂ?%ﬁ/@f@%irﬂd%t%@i the/h §3%kiness sighaling

pathway and a ber of 9 rti dlf rentlate luripotent cell to a cell
%P ‘5 /ne erﬁbod"men‘f ?é" 59‘9 9&1}/ expre %glgg Pc? i

of the endoderm Tieage. 1n on difrerentiated ceTI iShisolated after step b). 15[036]It
is contemplafed mwmrlpotent cells have been differentiated by contact with a composition

comprising a P13gkimase inhilyiger angn@@emh@grot&@&@ﬁ& fa{nﬂyﬂﬁbﬁﬂ@]emim@tathe cells are
dissociated to an essentlalsy smlgl% cnegic tlu[e ({eg be| ontac vg]eth trllagicorﬂgosmon The cells

ve E.‘. €Iin
can be dlssomatec? usﬁ1 ease, such ut Rot Imite fo try Sin. Th %Kinase inhibitor and
the d:fferentlatcd it an in vitro culture and wherein greater than approximately 50% of the

population are definitive endoderm cells. In certain embodiments, greater than
25  approximately 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% of the population are definitive endoderm cells. In one
embodiment, the definitive endoderm cells express SOX17 but do not express AFP.
[634] In an additional embodiment of the invention, the population hag
increased expression of HNF4alpha, GATA4, Mix], and Msxl, and decreased
30  expression of AFP in comparison to a population of spontaneously differentiating
pluripotent cells. In a further embodiment, the population has increased expression of
Goosecoid, Brachyury, and Cerebrus, and decreased expression of AFP in comparison
to a population of spontaneously differentiating pluripotent cells. It is also

contemplated that the population can have increased expression of MIX1, Goosecoid,



20 member of the TGFP family do not need to be added simultaneously to the cell or cell culture,
however, it is contemplated that during a point in culture, both the P13-kinase inhibitor and the

member of the LR family will both be present in the composition. [0371 }p-pRe-gRakgdipent, the
cells are contacted with the composition after being plated for between approximately 12 hours to

approximately 6 days, aficr.being 25 plaled.fr ReWeeR APRICKIMAIRN A 2. OWrs [ aRpigximately 48

hours, or after being plated for approximately 24 hours. In one embodiment, the cells are contacted
with the compositSFforerdutiferatains Rninaieh Il n e sargrinter tharcapiBRsRifcately 48 hours,
for greater than apptaximateltcdZ2hotssoobfGOapiproximaiedyn/2 hoogsiatids @faferreddnagg the
composition is effegtive.in. ing diff tiafio ' [ [t rds an
endodermal Iinegg)g% ?élr&fﬁgl%%ﬁ Oa?snﬁégéﬁk'%itﬁ}%%v?t%ﬁ@g&%%ﬁ gcl?sr;% n fo(r?%j?(i,\ojglgt;e%r(J ﬁ%’ﬁ@
approximately 24 KSR TP BB ofteMPldtad FATRRE b i dsitithriatiehettivEIH 504 Ry
differentiation of aifftusipiatentonapusalienicelh owiedsmb eingadennaikniags whaakpweell has been
platted for greate, (R ApREPYiMalelibEARULS BEIR'R LIS ERNALIeA WL NG GRIRARINGD. of when the

cell has been plated for approximately 24 hours before it is contacte composition. [0381 In
certain embodim&FEEMiREpfe HEtare CBII Sy SYPRER at a concentration of less than approximately 2.5
x 104 cells/35 mryssish, of at lerstiy-apoXimnate\:2-aipkedk cellsidhommididifhatimeen approximately
2.5 x 104 to,approximately 2 > cells/ n. dish, petween roximately 5 x 104 to approximately
>3 105 collth s A ARARUY S I N R SRR e QR
greater than 4 x #0% Q3117385508 disrPunsdrt Heapradst isteritts miurfifstishdsripasdeda
composition for culiimiig dQselis: canprisingiaLeliswmivieinesidiran thhibitep efie RL3-kinase
pathway, and a r’rﬂeelénber.t?'])]fl tigieﬁ]é :GE:PtLa ,?:#“It igtgc%nt?m&llagelg t tth% member of tt}e TGF13 can be
cxogenously adde Eg%ﬁme ﬁllu Ipo ent marmmmalan ceirin a substantia Fy %L?Pen owleor ¢an be present in
a conditioned medibatimeny Bgisitarsaisies deibédslrnieafeeder (Byer. [0401In certain embodiments of

the inventions theygabjbitor is selgciadefpmidbithed QURiFARSISUNG 10f-k ¥e2R 4082 Mapamycin,
wmtinannin, lithium chloride, Akt inhibitor I, Alct inhibi lll( Akt in%igjtor 11, NL-71-101, and mixtures of

the foregoing. In %Gr?éacetmvgod?mcé’m??ﬁ’g%h“:l%zf%gfmlénﬁgp rﬁfgﬁ??lw M %dm%g&rﬂ%’gﬁfg, e331pamycin IS
initially present atl'&ko froeititr atiomoéapptoximatel ydislarMitecajpprbii matelyn b0 nivklapgroximately

0.5 nM to approximately, 2500 M APRERSmAS b0, AP PERKIMAIE 1 B0 M, Bfi@PProximately
1.5 nM to approximately 30 nM. In_another embodiment, the inhibitor is LY 294002. In certain

embodiments, LY*$%2862 1€t BrédlmeaHRitshite isivn Bragprortdaiion it
approximately 508y appeoXERatelynyaib. v hecd pp teXdadadelindGinpobiapphexinatalyib MM to
approximately 250 pV| roximately 10 p.M t proximately 200 pM or.a Ximpately 20 MM to 25
approximately 16%1%1_-“%’. %ﬁ%ﬁ’%ﬁﬁfﬁ se%%tgﬁﬁnﬁ%er%% egf%ﬁ%ﬁ&oé%ﬁtf% Fﬁ.hbé'%?tggfn em‘bl%%lements,
Akt1-1.1 is initialipikiss prchithy Bembentfdioh Ffhfiprdxirihheil bepssntie: disroxmsdtety 500 MM,
approx!mate:y i Ml\mo approxsim&é%%%%@@@%&@@%&@é%% w&%&t@rx}/ &Q:zpl-ll\/l, |
approximately IM to approximately r approximately 4 . e cell culture
Composition can PSR E G CENar LB BHE o e ST (T P o RS GEE iy
present at a2éoncétndfionberueparrivrtedely. 1 hymid tosaproRistrely hoongificappieximately 0.5

ng/ml to approxirpately:SHOAgHxkn AR OXilbate MnlongdmbiaiRRRIAX I W LRI, with the
composition for greater than approximately 24 hours, for greater than approximately 48

hours, for greater than approximately 72 hours, or for approximately 72 hours. It is

preferred that the composition is effective in causing differentiation of a pluripoteﬂt

30  mammalian cell towards an endodermal lineage afier the cell has been cultured with the

composition for greater than approximately 24 hours. It is also contemplated that the

compositicn is effective in causing differentiation of a pluripotent mammaklian cell

towards an endodermal lineage when the cell has been plated for greater than



approximately 1 ng/ml to approximately 12 ng/ml, or is initially present at a concentration of
approximately 8 ng/ml. [42] In a further embodiment, the cell culture medium is a conditioned medium.

The conditiowﬁ%%;ab%glgcan be obtained from a feeder layer. Itis 5 contemplated thatihe feeder
ibrobla

layer comprises sts, and in one embodiment, comprises embryonic fibroblasts. In a further

embodiment, the condition(?d f‘gg}diumbg%ng%isses DM[E - %1£5g%/1§935f389f92—(i&]1%};eb{32&% KSR,

) [F=1
approximately o.ipﬁ‘{ﬂﬁ‘f{i‘é'ix : apﬁ%s)'(lmafel 2 r%?\ﬂtf-glﬁglr]nme, approximately 50 U/m1 penicillin,

approximately 5Cwist Baepfonsyeinsiamer i AedReat it macrE S ih theReiaposB8mbodiments,
the concentration@KSR canbeadikisteghRusamBe sbstikiipstanithesrrunie g embediment, KSR
is present in the conditg)@.ed n#epiung?at a C%QQF”J{&"@‘SOL afbmr(c)é'ig,?gtel 2% h[A@ Il;ci%gsgntemplated
that the methodscgiﬁ%f%o&rﬁ%nosﬁi ions of thé Thvention %or‘nprlse a frember of the TGFi family. In certain
embodiments, thepmeriheielyf e x150T GeP/ Faniy sk duiedsrommtasigistp condistihg®f Nodal,
Activin A, Activin By hGhak3iyBMR2,: BME4sandmaixtgikas eéihafompgringataigestain emhediments, the
member of the TGF-13 family.is Activi r Nodal. It is, contemplated that Activin A is, initially present
ata concentratioﬁpgwécf)%?%??fr/ﬁqaﬁgg 1#5%% %ma%lpslpé)?lirslh%stse% rfgi) m ,Ilgl%%ﬁ%}%r)ﬁa{?el)?e%%r%g/ml to
approximately 500 dishi oapisrdsasatel gesvdmi 45 B0 wPprowmmedel: 250 ng/ml, approximately 50
ng/ml to approxingaigly 200 ngiplpetappiaxiaatalyto Crogiphsia: athenprabedireniruipdal is initially
present at a concentration of, approximately 10,ng/ml to roximat 50 ug/ml, approximately 50
ng/ml to apalprgoxirﬁsa %I&omlﬁ%f%sp%%%%% ce% (00} ﬁné%r%? %Og’ﬂlmerg%rﬁé 2 f/%%ilj%a /’rﬁn%gabproximately
500 ng/ml to apprexibratefyt@STaEMimitprdkimaeyroiBadghriliztms approkiheatélliibepgn 1 or
approximately 1 Q%%dui@@dﬁé@ﬂﬁﬁ%ﬂg%m&ﬁ%ﬁﬁﬁﬁm%fh% RlusiRetanticellwilheinhibitor of

the P13-kinase pathway activates GSK3. [045jUnless otgerwise ngted the t%rf@ Lﬁed herein are to be
understood accofath 1 EEMVBAFSALT TESB B RCES SHSHARERS KA DY SRR S, 1n 30
addition to the defiitjons of ténmsrpio\eidbetivetots ofl gfimitiomsiof, chmmindntte inscirctbleaular biology

may also bezfsounﬂégg{%i%g%n%%g %ﬂmwﬁa%g@g%[%&ﬁm@@ acheiackiar. Ath Ed., Berlin:
din r

Springer-Verlag; an urrent Protocols in Molecula iologé F.M. Ausubel et al., Eds., Current
Protocols, a joint VBRE: btk e etk Bl Redd te 809 RUXHEF SEHIS if&y& Sons, Inc.,
(1998 Supplemeiit)oitisntbodenan drstagtithat spasedim thespacHidationamd Rapdheyckaims, "a" or

"an" can mean on o e ISPSTIRGHRREH DR SORISHIONICIE i ysedTous, 59 sxemple.
C

reference to "a cell" can mean that at least one cell can be utilized. 5 10461 Theﬁpresent invention

may be understoBtPHSTEAHEEAR by YefdPe ARB IS UL Grind Yot ARBEPHEEL KLY ofthe Breferred
embodimeng$ of tipprierientidn idadiheExampliesirigluded/ hergniddowsielbdfbréntheresent

compositions and. MeiNeds: 2ig.diRsinsadiand/desaine s ibisie heubaersiaod thabiiis invention is not

limited to specific nucleic acids, specific polypeptides, specific cell types, specific host cells, 10
specific condition®iI G FEsHEt fHetspenrion otz tadr Lol WP indde Mutérous
modifications and,ygeriiona,therein wildpe-eppamenmiosspakiliestdy hevatb apgvdxshardard
techniques for clgning, DNA isqlation, am%fication andt&gr%%at'o , for enz) maﬁi}gzrg%%i%ns involving

DNA ligase, DN AzsgwMe?gglg’mmateiy 10 uM to approxima 4r approximate
25  approximately 163 pM. In another embodiment, the inhibitor is AktI-Il. In cerfain

embodiments, AkiI-II is initiaily present at a concentration of approximately 0.1 uM to
approximately 500 uM, approximately 1 pM to approximately 250 uM, approximately
5 puM to approximately 20 uM, approximately 10 pM to approximately 100 pM, or
approximately 40 uM.

30 {041] The cell culture composition can further comprise an FGE. In one
embodiment, the FGF is bFGF. bFGF is initially present at a concentration of
approximately 0.1 ng/ml to approximately 100 ng/ml, approximately 0.5 ng/ml to
approximately 50 ng/ml, approximately 1 ng/ml to approximately 25 ng/mi,

10



15 restriction endonucleases and the like, and various separation techniques are those known and
commonly employed by those skilled in the art. A number of standard techniques are described in

Sambrook etah 338 Melecular Cloning, Second Edition, Cold Spring Hagbqikahsraiesy, Plainview,
New York; Maniatis et al., 1982 Molecular Cloning, Cold Spring Harbor Laboratory, Plainview, New

York; Wu (Ed.) 1955 Mefiig0 ERRUmOl, SAB-RAb e ELLIOT0 Meih EreypokpsWo et l,
(Eds.) 1983 Meth. Enzymol. 100 and 101; Grossman and Moldave (Eds.) 1980 Meth. Enzymol. 65;
Miller (ed.) 1972 EXB& AR TSRS & 8R&les, cold Spring Harbor Laboratory, Cold Spring
Harbor, New York#€lid and Prmroseihtd&inRriiciple sief Géne:Manipedations UniveSityred California

Press, Berkeley; Sehlgif andn\Wensinle,dP82%Riactical Methosdsq2kdm MoleculagBiplogy Glover (Ed.)
1985 DNA Cloning Vol. 1 and 11, IRL Press, Oxford, UK; Hames and Higgins (Eds.) 1985 Nucleic Acid

Hybridization? 1 REoPYEgR2 skl Taceary S0 RPIRG Lo MREMR1 679 BemstiSBRGimeEring:
Principles and MethoglsieY etsbilodicPibribbasirebsy Mewel onkbédiorayidttonsiditicnd medictature, where
employed, are degestandaisio the dplh g sommeanty sRcdSierafessianabiwnalnosuch as

those cited herein. [48] Human pluripotent cells offer unique opportunities for investigating early
stages of human &l pPRERE R As TOf retpemiteinERKITAEN s diaPyisswst Lates, such as
diabetes mellitus gndoRiarkirisdit spgiseasepfoornexampiestheisetd idsufitprddiicing pHeells derived

from hESCs;yyould,pffer.aMaskimprRvement oY SisRUIER:oallherany Brosedyeas faatutiize cells

from donor pancreases. Currently cell therapy treatments for diabetes mellitus, which utilize cells from
donor pancreaseSTHR limfet By THECSEAF It oFhidh BEERY b eeradigatsl wditahsplant. Cell
therapy for a singtentyypeficalf epiopatietatyr2uires a transplant of approximately 8 x 108 pancreatic 5

stet cells (Shapirqgial.. 2000, N Engl-tMed 43i78%:aa8i,Shanin&kalon2Q94. BesiRract Res din

Endocrinol Metab 15:241-264; Shapiro et al., 2001b, Bmj 322:861). As such, at least two healthy
donor organs are&ERIFEd FTPBIRhHestfididhtidiet Baifsthdt erdudbradty fianephaneHESCs offer a

source of stagingTuaeriahitom whishitadsvrlopsubstantial duantitias atiigh Aualitydiferentiated
cells for human cell 10thera8ies. [0491As used herein, the terms "biologically active component” or
"bioactive componenteand Hiodiive ARt EP<RuRs 26 LRy EEMPSuna ST HBISER IS hdikces a
pluripotent cell topeasitalyohicrorraibadifferanptiaie Adieredal saids diffeseptiationds Liseiatdeast in part
to inhibition of S|gnallnt% rou Qﬂ{hﬁgﬁli%-lééggggo ac'gp\éva (.)%/.E\)/hallglt m1 Ik})ﬁo%ctlve com gn%nt may be as

described below, the term is not limited thereto. The term "bioactive mpon%)ﬁf'mgén USEd herein

includes within its$EBheRPTRAIRIF B Sy e Fec et THdRetulesrwhieHibitegBiilar biological
activity. [05Q% As appeskienein, 25e gk, "inpibiaiefiiheoRikAdrinage-pathwaly’ referg/terany molecule or
compound that d% reases the activity gf P13-kinase or at least gne 20 malecule downstream of
P13-kinase in a ceﬁ?é%{ﬁ?fé?gd ?/é/ﬁhn I_g(al'nh%L it((g)%r.eﬁ'ﬁén w?f%rrll %?i ;ﬁrﬁjcgglrznlfja%}ééag& e?é???ggf-tk?nase
antagonists, antagKsEasPhel PHBoRITKEYsIgn2g ks dorsimetebc dde rebmpurmisnastbdecrease the

synthesis or expregsig,ofe gﬁgﬁ@ﬁ%lﬂgﬁﬁga@m%@slmgﬁg@%&@m&qﬁg@ndogenous
P13-kinase, and compounds that inhibit activators of P13-kinase activity. In certain embodiments of
ug/ml, approximately 500 ng/ml to approximately 25 pg/ml, approximately 0.5 ug/ml
Z3  to approximately 5 pg/mi or approximately I ug/mi. |
[644] In one embodiment, contacting the pluripotent cell with the inhibitor of
the PI3-kinase pathway activates GSK3,
[045] Unless otherwise noted, the terms used herein are to be understood
according to conventional usage by those of ordinary skill in the relevant art. In
30  addition to the definitions of terms provided below, definitions of common terms in
molecular biclogy may also be found in Rieger er al, 1991 Glossary of genetics:

classical and molecular, 5th Ed., Berlin: Springer-Verlag; and in Current Protocols in

Molecular Biology, F.M. Ausubel er al., Eds., Current Protocols, a joint venture

1}



25 the foregoing, the inhibitor is selected from the group consisting of Rapamycin, LY 294002,
wottinannin, lithium chloride, Akt inhibitor I, Akt inhibitor Il (SH-5), Akt inhibitor 11l (51-1-6), NL-71-101,

and mixturesypfthe feregeing. Akt inhibitor I, 11, Akt 111, and NL-71-101 are gommescially ayailable from

Calbiochem. In other embodiments, the inhibitor is selected from the group consisting of Rapamycin

and LY 30 2940024 fHHhG %ﬂ?&ﬂiﬁﬁ%‘?ﬁ&é&%@,hkﬁﬁoﬁwmﬂsﬁvﬁﬂtzg £94002.4|p apaier

embodiment, the inhibitor comprises Akt1-11. In other embodiments, the inhibitor is'a molecule that

inhibits an upstre ZHPRGFEOhehisorthe PIssiapb e g rEnthl SAbeal fi Pttt itdh e ABdiments of the
foregoing, the inhibiter ig@hdnhibiter efcan EdrepiftGire opptothd trisrerterstbid that egrhbinations of

inhibitors may be #geddg glicihibedesiiedeiech 19p 1R aRe.eRedinent. e Rlifpotent cells are

contacted with an effective amount of the inhibitor of the P13-kinase pathway. As used herein, the
term "effectivé 5 Effunt” refere8 gt dBYRERT AP B ARG thatsdedinchlerasease the
activity of P13-kinasddivaileaktdine taglsaile divnstedarnmdoiitbdikinase itha cetmpatasted with the

inhibitor and a member, of the; TGHE: tamily 9sffest q@&%e&g@9@&%@3&%@9&&%&5%@“S

mesendoderm, and preferably towards endoderm. Alternatively, It refers to that concentration of
activator that is sAFRAERCHEIIRFASE RGO BARMAG BEP Tt &hdy Y 1BER S hlEIeEaI® downstream
of P13-kinase in ameelficonteletedonith dheifictiaipepdds? iiksifisedihenein) whemidaferringlio a cell, cell

ane: cel cultiie oL popiatian,phecliwfaaderusgloted feTas, B AFROARsIANlipgsparated from

the natural source of the cells such that the cell, cell lin€, cell culturé, or populatiori of cells 15 are
capable of being EBTGFRY Mt iaadatisiantdRsTo s a1ty nead (o8 veteitdeth Py sical

selection of one asrtnore cells out of a group of two or more cells, wherein the cells are selected based

on cell morphologg gdor thegaipreasian Bhyaralis KA IR AT e AR CIR ™ "express”

refers to the transcription of a_20 polynucleotide or translation of a p yptzgg\17 e In a cell, such that
levels of the moleRiIERHO T REUFEBIFHIGNERTHR T MBI EX SIS déttiie nOIécutelRsR they are in a
cell that doesnot expikeiss theltnatkasde aMietho dkdo smbasticesthepexpraseidmigha melaate are well

known to those of gy ik e afand Es Wihars miajen, Nagher, Platig, RT-PCT, i

situ hybridization, Western blotting, and 2 |mmunosta|n|n§. 1054JAs used herein, the term
"contacting” (i.e., @m%ﬁﬁax‘%%ﬂr@@_ 13 Sambrook ef al., 1989 Molecular Cloning, Second Edition,
Cold Spring Harbor Laboratory, Plainview, New York; Maniatis et al., 1982 Molecular

Cloning, Cold Spring Harbor Laboratory, Plainview, New York; Wu (Ed.) 1993 Meth.
20 Enzymol. 218, Part I: Wu (Bd.) 1979 Meth. Enzymol. 68; Wu et al., (Eds.) 1983 Meth.
Enzymol. 100 and 101; Grossman and Moldave (Eds.) 1980 Meth. Enzymol. 65; Miller
(ed.} 1972 Experiments in Molecular Genetics, Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York; Old and Primrose, 1981 Principles of Gene Manipulation,
University of Califorma Press, Berkeley; Schleif and Wensink, 1982 Practical Methods
25  1n Molecular Biology; Glover (Ed.) 1985 DNA Cloning Vol. I and I, IRL Press,
Oxford, UK; Hames and Higgins (Eds.) 1985 Nucleic Acid Hybridization, IRL Press,
Oxford, UK; and Setlow and Hollaender 1979 Genetic Engineering: Principles and
Methods, Vols. 1-4, Plenum Press, New York. Abbreviations and nomenclature, where
employed, are deemed standard in the field and commonly used in professional journals
30 such as those cited herein. '
[048] Human pluripotent cells offer unique opportunities for investigating
early stages of human development as well as for therapeufic intervention in several
disease states, such as diabetes mellitus and Parkinson’s disease. For example, the use

of insulin-producing B-cells derived from hESCs would offer a vast improvement over
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pluripotent cell, with an compound) is intended to include incubating the compound and the cell
together in vitro (e.g., adding the compound to cells in culture). The term "contacting” is not intended to

include the irw%\//t EXpesyre of cells to an inhibitor of the 30 P13-kinase pathyay.and,thg,member of

the TGFP fami at may occur naturally in a subject (i.e., exposure that may occur as a result of a

natural physiologigh AaGasel-TS Nep LA RRIADE sehbhiepJnhlaiar ofdhe RAdinase

pathway and the member of the E3 family can be conducted_in any suitable manner. For example,

the cells may be tH5t8Y Faarsdht daheirs rie O eh LigiTE ORl SO (L BARASERYS 1A% the cells
contacted with théiminibibertiaf ttecR{ 8fkinh st e ycdinddizdiembespbiith IGRABpfafmily may be

further treated with @ihercell diierentation %ﬂ}ﬁ{%&ﬁ&%&@&&fﬂ% aripiffgrentiate the

cells further. 10551In one ‘embodiment of the invention, the cells comprise an isolated 5 nucleic acid

molecule whode eX5teELidRMRIRIAtEsAthAliRgeof HedP L3 kiNASE 8y’ fir-08taSfite with the
present invention PaatitteiClacitdnoleciilécan ha4irdnsfGimedintolanisimbBonietédipopslation of the

present invention o inhikit, gr. ACHV G PARIS WAL AERER QRGRNS: RIQHHEISy BEPX B et aging

differentiation of the cells. In one embodiment of the foregoing, the cell is an embryonic stem cell that

comprises an 10 fsSHStETRUERIPLE bRt &R Gl otkivins: REgath BB ndithilRely active
form of a protein thatispparbahtliel Ril3skirasef sijgiaknglipathiffay:nifd6 Icthe Gonipositiond and
methods desgfibegl herein have several useful features. For example, the compositions and methods
described herein are useful for modeling the early stages of human development. Furthermore, the

compositions and ¥’ hethods tie&EABEF RefEiiteah RISHHEME 16 thEPERETRY ifte VaMIBHA in disease
states, such as diahefesdue litds biarexafapde; sificecdafinitveendodenaicselydntasditesource for

only a limited numbgr of 15SUAS, LEARRELIEh IR e ARYEIRRM D ALRWRLISFHAALCEH types.

due at least in part to inhibition of signaling through the PI3-kinase pathway. While the

15  bicactive component may be as described below, the term is not limited thereto. The

term "bioactive component" as used herein includes within its scope a natural or
synthetic molecule or molecules which exhibit(s) similar biological activity.

H056] As used herein, the term “inhibitor of the PI3-kinase pathway” refers to

~ any molecule or compound that decreases the activity of PI3-kinase or at least one

20  molecule downstream of PI3-kinase im 2 cell contacted with the mhibitor. The

invention encompasses, e.g., PI3-kinase antagonisis, antagonists of the PI3-kinase

signal transduction cascade, compounds that decrease the synthesis or expression of

endogenous PI3-kinase, compounds that decrease release of endogenous PI3-kinase,

and compounds that inhibit activators of PI3-kinase activity. In certain embodiments of

25  the foregoing, the inhibitor is selected from the group consisting of Rapamycin, LY

294002, wortmannin, lithiuvm chloride, Akt inhibitor I, Akt inhibitor II (§H-5), Akt

inhibitor Il (SH-6), NL-71-101, and mixtures of the foregoing. Akt inhibitor [, TI, Akt

I, and WNL-71-101 are commercially available from Calbiochem. In other

embodiments, the inhibitor is selected from the group consisting of Rapamycin and LY

30 294002. In a further embodiment, the inhibitor comprises 1Y 294002, In another

embodiment, the inhibi;or comprises Akti-II. In other embodiments, the inhibitor is a

molecuie that inhibits an upstream component of the PI3-kinase signaling pathway. In

particular embodiments of the foregoing, the inhibitor is an inhibitor of an IGF or FGF
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10571A crucial stage in early human development termed gastrulation occurs 20 2-3 weeks after
fertilization. Gastrulation is extremely significant because it is at this time that the three primary germ

layers are firgt spegifigsh and organized (Lu et al., 2001 Curr Opin Genet D@fﬁ%%@o@ﬁ%i@choenwolf
& Smith, 2000 Methods Mol Biol 135;113-125). The ectoderm is responsible for the eventual formation

of the outer coverjnga,of e Ragy anddhe.enis, ARNOHSMSIRMUDGIRABNGAGarlybloggd. bone, 25
skeletal muscle and other connective tissues are derived from the mesoderm. Definitive endoderm is
defined as the geﬁ%‘ﬁ?éff?ﬁht is responsible for formation of the entire gut tube which includes the
esophagus, stomassi and smaih and dangaiintestine shancidheconganscotichdettiadromdhe gut tube
such as the lungs, liver, t us, -parathyrai d thyroid glands, gall.bladder and pancreas

(Grapin Boton & M Doy RESRAR £ TR AT B AR R RARRERETE  opin
Genet Dev 10°350m%86¢ Treikib| 4y Braropoiteybpivbiier Srcs7ouew0t Weirrgameiien, 1999
Annu Rev Cell Dexdig) 15883446 Wellsi&dekomo20Q Revaiapment 2RZILRE8-157 1A very
important distinctigﬂr}1 t%ht%gl\g.?eﬂm?%qbb&tygg n thgn ggh_fior}j%/e ger ?ndﬂthte {{;&mé)ltetﬂ% separate
lineage of cells termed primﬁ ive endoderm. Enprlmltlve endodefiis ﬁrFm%%llylrggﬁdﬁél le for
formation of extracénsbrjemmettisisel, mamiy thiessadiatatransendiserefekblyd behends pordoiesof the

placenltal yolk sacmehshee]gmfa@@wtermgiawefcaﬂ?a@e@bpﬁd%em mﬁmﬁiﬁ F2R81Dm¢ing
gastrulation, the process initive endoderm formation ins_5 wit ular migratipn event in
vnich meseroddii EEIR (LTS EBm et Pt T TS et Br SAot phy AT Iidlgh a
structure called theepitividivetstheak! édinitive endoderm is derived from cells, which migrate through
the anterior portiog#fjthe streals apehthiguahihe.nede{a:srecialized.sirugitreat the.gptgrior-most
region of the streak). ,}As, migératiﬁn ccturs,‘getlg\it'y,e ndociljaslln ézﬁulate lfirst the mqst anterior 1.0gut
tube and culminafS&WHHITTHE FSHMATDROT the B5StefbT e SRR R TIDE. TEEE{TH Ub Bhalyses of
the formation of definitheendotiémeliuaiiahthésteldiedlilZetyibfishmmdr Xepdgim: (€orilon et al.,
1994 Developmentd 20219 ba38 Faldman ahal. 11 2% NAEa 3954 8ikrhas: Zhew St ak: 1993
Nature 361:543-547, Aecgl)_?\i et %I., iogz D%v Biol 241:273ﬂ288; Dougan et%l., 2003 Deve%agment
130:1837-1851; 15 FFePABIKS SE5F U000 BEVBISHHTHYT 2513078 Z680 2V iNCert B °I03 Genes
Dev 17:1646-1662harrahelaebs als 36900 dwns@iain 28 348pB6pzA lendierd dre&e Strhsienr, AD99 Curr
Biol 9:1147-1157; 4ikushistaal., 2001 Genes Dev 15:1493-1505; Hudson et al., 1997 Cell
91:397-405)and i?{) use (Kanai-Az{grﬂa et al,, 2002 Qevelogp,me t 129:82‘367-237% lay a foundation
for how one might'Sttempt to ABpFEREN R OB o IR0 K bty HATAPSPReH fpe in the
culture dish @8ingrieinmeieetinb pydrisisteom dellsoThmtalare twal aspbdietdssdeidttd witlkdweitro ESC
culture that pose maiREAksAgIEZ I the.alempt RfeeRpialedavelapmen) Rthe.culiurgdish. First,
organized germ I%/eg or .organ stguctures(fre othproduced. Th%ma orl'%. ofgfrm l?%glj and organ

specific genetic markera Wil be etx?)Fé%lg%“ n ahe g%‘éénr%%uﬁg ashHIBH TR 25 the Sr?ﬁ%ting hESC
culture system. Thiestbfksrewin igedHfisaltodo edilanitekbrmmationant awpdudisitissiteonr Selltyoe, due to this

lack of organ spegifigikevndasigs: Alpsicall genes:axpigsaaadfsane weldvpe wilkiga pagicular germ
layer or tissuze type are expressed in other cells of different germ layer or tissue types as well. Without

e Limmilnostaminge, . . . .
specific bounaarles ere’ls cc§13|derably less means to assign gene expression specificity with a 30

small sample of 185§Enes. Thatefioré bereimube dxaminentonisitefishlyconorigenesslsemeaof which
should be present;asiwelhasBomethat:shpuld.nok basxpiessedindhe-particiiar cellfypgsof the organ

or tissue of interest.dSecori}(}E thehtiming, of gﬁen%ggglg:é?on atterns is _crucial to mgyement down a
specific developmBAtAI TAthWES > WB 260 61d2 ﬁ?i&’@ﬁ%f@fggﬁgl [0t HaRAEPcomplicate
matters, it should lsemesteg thrnastetanded to include the in vivo exposure of cells to an inhibitor of the
30 Pl3-kinasc pathway and the member of the TGFp family that may occur naturally in a
subject (i.e., exposure that may occur as a result of a natural physiological process).
The step of contacting the cell with an inhibitor of the PI3-kinase pathway and the
member of the TGFB family can be conducted in any suitable manner. For example,

the cells may be freated in adherent culture, or in suspension culture. It is understood
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differentiation in vitro is rather asynchronous, likely considerably more so than in vivo. As such, one
group of cells may be expressing genes associated with gastrulation, while another group maybe

~ starting final differeptiation. Furthermore, manipulation of hESC 5 monolaygks b 50yl bodies
(EBs) with or without exogenous factor application may result in profound differences with respect to

overall gene expressign pattern and.siaie of Hiffereptirtirb ERriResedeasans bs.anplication of

exogenous factors must be timed according to gene expression patterns within a heterogeneous cell
mixture in order toteAEERRRiy R futiretdawh B dariecdifEfuRnbarT Faxiorse 509061 hi one
embodiment, the galigitreatedwyith theimhibitar-0tdhenPi3skdnase pathway are mesendoderm cells,
which can be furtk@g%fferenti?ted into r@eﬁgldetrmf%ee%%%ggrm %eellsé sscused., heereirgg 'igtle endoderm
cells" are defined by the expregs%“r? otone or more genes SUC as, %ult no‘ﬁlﬁnnﬁecﬂo, Brac yury,
goosecoid, twist, [itpi<ic s @XTAS Wivbiieh+ares expraxiidaicp yigtitiod eftiald ese detinigrecursors,
however the 15 cpllgcggnatexpieas SR%n Inlihanthansmpasinenicihecse s kaatedaith the
inhibitor of the P13-kinase 2&)athvv.ayc?f{e further diffgg}gtiate% ipto engod rm ,ﬁﬁi‘,l% \Q/hich can be

partially or terminé‘fﬁ(/) difrefentated enltjgagurﬁr%ngléllcs’. In oﬁgsenmb%larﬁ%eoﬁgt,%ﬂwé cells tred tew ff)?/ith the

inhibitor of the P18aKifege gsatwagerergrtmay difefonnatating GEireiare ddtihtisdlientibderm
lineage. 2010621 Agcusgshiiaiainefiae tRrspcepdnd el dneluseschid ienaklimitedtopmdefinifive
endoderm; payietal qndoderm, visseral.endoderm, and mesendoderm. el Asysed betein, the teini
"definitive endoderm™ refers to early en 6derm cé’l%st at have the capacity to fferentiate into any or
many of the endo@épresintsels sarcatbedamkimenfeppinghB2Bridgderm lineages in the embryo (i.e.
pancreas, liver, lupgeR5 stomagh, dsigstinranshthyaidlsDefiditve endrdeste cellgAargseultipotent.

Therefore, the use of the term "definitive endoderm” in the con e>ét of | h% resent inveigl}i n means that
. calures,. For 6)&&]‘1}%28, the cogg)osmons and metno F escr;[ & threm fre:.use OF
the cell is at least more differentiated towards an endoderm cell type e pluripotent cell from

which it is derivedmafisng grasedviiéreth op Fvrisi dgvalensirabd Epstherliosh dbrrjsassesione asfbduction of a

cell culture that is geichedetorvadesamselise 302063 hasyesadiherelniodeliridvaLagdederm” cells
are characterized ?l%gge gxgressgﬂitc&g specmc rréﬁrker tr &?CI‘I ts sbjc as SOX17..with the

. 1abetes . Lor gXa sIme Ve en Tin Serve the source
concomitant absence 0? mar"?(er ﬁanscrlpts or ancft rombomo uﬁn. In aasd?ﬁon, such cells can

express MIX1, GATRerly-iNFailphaumber PINESSs. Addhibheiid invho dagiap meaitph @pterdsukin the loss of
a subset of cell swaagesD markers initially expressed by undifferentiated hES cells, including, but not
limited to, CD9, 270 , 46, 58 and 8_’LI IQ some elm?odim ntgl of thet[%rese tinv ntioné definitive
endoderm cells e>2pre s the SOXTFhar er'&eeﬁ%ya Aleve |§ﬁré1re AR TRacaTs '38?, & marker gene
characteristi@f viséerarksrftsd derrilizdditiofasiulniortairiembp digntivant dgpresssion ¢ftthe SOX17 5
marl;]er genS iz higﬁ%ﬁ%@ﬁléhﬁr@%%@%zﬁf mgr@é;emrmé@eﬁ@%a,o\egaiﬁkbiﬁ(ma{ag,tqdmic of hEkSCs.
In other embodiments of the present invenio initive rmc ress t 7 marker
gene at a level hig \er than t 3‘?801&%51\€F§%ég%2§6h8? grlgm dg%%%u%&amjgrﬁgsr@ggﬁ. In certain
embodiments of tHéteddAfinvErtigpiodsardtirtrrasdiieldercin eutiiytotmrarppiieentsttiods
described 10 hergifémpot enpress, RRXhd RRXd leegativedicln anetherrmbedinesd, thagells display
similarly low g(presls{gignicgél}shigrg ol olgulin as.seenin agagula%i%%moftﬁ)el%[ggég% (ﬁlﬁ% a}lsvgletermined,

S Conneclive sugs K I‘lVF . % ..
for example, By flow cytometry. h certain embodiments of the present invention, the definitive

endoderm cell cultgdedprpisuiedaadririee aathdirsrdbaidrimspehebidicaresitystopfiithilpriveest cells 15
expressing the OGH#A, 3% indkRs SRARGhEM, &iabar BRAGH BAreEOenasnts, Qifiehe

embodiments, theodeafiilnig\é% §rd19r9v%eém c%l c;l;u%es F@%ﬁg@% t:&e m(a]thods dgsgil:{)ne(g Qgrein are
substantially free ofgte_ﬁs expressing the . . ARC, ,‘ffC or BRAEH Marker genes.
With respect to cellyipicelnstiligredladdenranhragisstdtizliy-FesopBmedios. tHiOthergsdesied cell type is
present in ansamoiyit Bf- 1888 Kimelman & Griffin, 2000, Curr Opin Genet Dev 10:350-356; Tremblay

et al., 2000 Development 127:3079-3090; Wells & Melton, 1999 Annu Rev Cell Dev

Biol 15:393-410; Wells & Melton, 2000 Development 127:1563-1572). A very

imporiant distinction should be made between the definitive endoderm and the

completely separate lineage of cells termed promitive endoderm. The primitive
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20than about 5% of the total number of cells present in the cell culture. [0651As used herein, the term
"differentiate” refers to the production of a cell type that is more differentiated than the cell type from

which it is degingsheEgstgsm therefore encompasses cell types that are paxfiaily,and-igrppipally
differentiated. 10661In certain embodiments of the present invention, the term "enriched" 25refers to a

cell culture that @RS AE-HHAM AREEBUBRIENY BA%N G5%  EA%rBAYNi7 A%el5 %A%, 85%, 90%,
or 95% of the desired CT” Iiéwea e. [ &Q]ESThe cell types that differentiate from embryonic stem cells after

067 t
contact with inhibit8FS8t #8 B F&%ﬁﬁé%“ﬁ‘ﬁirﬁﬁﬁgﬁ’%ﬁfﬁ% HSHIRL Yo e TRk sl several
uses in various fieterof reseaict Beicheesetopiremt. including but not limited to 30 drug discovery, drug

development and fgsiing, toxicglegy, RLdURHRNRSFEUSSOF IeraRR A REERASES.AS el AS basic

science research. These cell types express molecules that are of interest in a wide range of research

fields. These ihcludE A BRI CHIEERHbRT T b & MEG UM Ime rrtedertin g BIRHEt 2638 cell types
as described in stardaicireferendedtexis ifipese tnolgbutestincludesdiiut ate netdimiteditesk cytokines,

growth factors, cyiokingVecRRsaES SXRGRIM AL MAlX HRRSSHRR RGN S SRELRISd Ralypeptides and

other molecules, a:ﬁl%igrowth factor recetﬁtors. [068]In one embodiment, the pluripotent cell is a human

cell. As used hereth “thETAH FRSSHEAE ARdh Ahseetelsd shsaee ek sErP et ressBtained from
human 5 embryo$sfetiesks 65 adgititissossrdndefigtpretedredrenpbpdinee fisthies phstipeterisshuman cell

is & human pluripQignberBRIYaRiE-Ie &5thd % ARAIBEL ATRMImENL a6 AkuriRelan human cellis a

human pluripotent feé&lal stem cell, such as a primordial germ cell. In another embodiment the

bl is a hurfak GFpBIEhCAd A STar eR P AS B HorSH T he tekns Bifiripotent”

pluripotent human &
refers to a cell capbidiesofatdeastideve|FpingintCdblbonre 4f, aStodbevdpenasotErmiabandsnesodermal

cells. As sed hereituihs @1, PRYIRQIRNNJRIRS fescolls,Matarpiatioalans AndMultipRigat As used

herein, the term "toga?otent cell" refers to a cell capable of developing into all lineages of cells. The
term "multipotent *feteré XY £EL PRI hot t8finttugottfrate Af%tdiralormeatUSd Frdfit lihe term
"multipotent"lfeferErtmblgelitthiat 20fithDetaamipul atioANi%30905 vikclkeaktransfetnGeaadifferentiation

inducement), is incapakde o oumRg, differentiniss! sell tﬁf&ﬁsz’i’?ﬂ!(?-‘%Jﬁ?@x&!&ﬁ%ﬁ%%ﬁ%&é@yers
|

(mesoderm, ectoderm @nd e,ndo_derrnzji or in other words, is a cell that is partia entiated. The
pluripotent humart ¢ell <47 B8'sEldétatt b ivirehy roaly cBNSIEtmss BralnudshishbRskire stem (ES)
cell; a human innet.céBinaSsl(ICMyepitslast cellpesanitmarimaitive ectodemnicelkvsuohas an early

129:2367-2379) lay a foundation for how one might attempt to approach the
20 development of a specific germ layer cell type in the culture dish using human
embryonic stem cells. There are two aspects associated with in vitto ESC cuiture that
pose major obstacles in the attempt {o recapitulate development in the culture dish.
¥irst, organized germ layer or organ structures are not produced. The majority of germ
layer and organ specific genetic markers will be expressed in a heterogeneous fashion in
25 the differentiating hESC culture system, Therefore it is difficult to evaluate formation
of a specific tissue or cell type due to this lack of organ specific boundaries. Almost all
genes expressed in one cell type within a particular germ layer or tissue type are
expressed in other cells of different germ layer or tissue types as well. Without specific
boundaries there is considerably less means to assign gene expression specificity with a
30 small sample of 1-3 genes. Therefore one must examine considerably more genes,
some of which should be present as well as some that should not be expressed in the
particular cell type of the organ or tissue of interest. Second, the timing of gene

expression patterns is crucial to movement down a specific developmental pathway.
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20 primitive ectoderm cell (EPL); a human primordial germ (EG) cell; and a human teratocarcinoma
(EC) cell. The human pluripotent cells of the present invention can be derived using any method

known to thoga,ohskilkigthe art. For example, the human pluripotent cells gaphe praaysad using
de-differentiation and nuclear transfer methods. Additionally, the human ICM/epiblast cell or the

primitive ectoder d@l;l used inqtgefﬁeprg&ggﬁgg%eg{g%gaﬂ %&@Ji\@d AR AVeLQF i Vitra.EPL cells

may be generated in adherent culture or as cell aggregates in suspension culture, as described in WO
99/53021. FurtherfSHEHRE W4 DIt PSRRI RETE M BEshasstfe ing g HetHoE nown to
tho;e of skill in .thekalm;dmodudmgmmﬂnda} m@sbaqip@mm@d@ amﬂbibtﬂtl.(m&smiuﬂgtmmm& such as
antibody selection, gl pIgisse.passacDs AR LRI MR AHIal ABhRAINERNE BMRrYeRe stem cel

of the invention has a normal karyotype, while in other embodiments, the embryonic stem cell has an

abnormal karybtyFeTIHAE O EBRRAKNEOLiTH ARy GRS SREKRTESERONS IR AIGEAH Rbnormal
karyotype. It is coniemptatet thafcqgréatdfethan50%, 1B5%0; 60860::aB Yend @%prcéa%, 8%y 8590, 90% or

greater than 95% gL gtaphasss. examiparlildispiax. an,AlRRIMALKANGNPE /N cRTAIN.

embodiments, the abnormal karyotype is evident after the cells have been cultured for greater than 5,
6,7,8,9,10, 11, imefceording (5 25, SHLEFINC TS SiBmesosRR AneinBIRES dype
comprises a trisomydeftatiSashtp eautdsaniake Hvomo spridc Wikreirdiven austosgmal chromosome is

selected frong> egfoud cONGIWAYALHAMORATR declol otk Al br MASIOELEMbOMIment,

the abnormal karyotype comprises a trisomy of more than one autosomal chromosome, wherein at

least one of the mBtE A6 ReIEEIAERr SRHBR GRS R LRTE SERTrOATth B §rB6IP E8HsRting of
chromosomes 1, Zp8odedn béllandshédhherenermibeditnénty thélLule semalthramesgemeads shromosome

L2 or 17 In another egphadiment, he,alnaimal ileanobmsaamprisesay addionel sex

chromosome. In one embodiment, the karyotype comprises two romosomes and one
chromosome. It is&fstAcortBiffpAifetr st tabs ERdedsrs Sremenisa8rRBS el obetiF dndsuch
translocationssareseliccinpassegrwsthioiherterin 'abiermaltvaiyetyped Combiaatibrgthfihe foregoing

chromosomal abnaiaiee At AlSS RITAMARSSRGRAING RIGRIRD dBIORAS (aRiied gbove, the

invention encompasses a method of differentiating a pluripotent mammalian cell comprising: (a)
providing the plurifBteRt R Qs Sfmydsirhemrsicae mltipStemerahntianah &8 with an
effective amount aktntishiiteitbtibémBiokifabe Myhalingopaihyyayahdiheiiffembarofiihe TGF11

family to at least pagtiallydifferantiate, ths. fiilpe(%%nt cell to a cell of the endoderm lineage. In one 20
embodiment, stepé&%comprises the use of a cell"differentiation environment. In another embodiment,

the cells candde cdPfakted with*s &if diffsHentatisTe riAfesFRnindisiestdpt (5 nebFmitad sed herein,
the term "cell diffedefitiisitio re:eiadismnnpentise ek torm Cell et uigicunditian whessds dbe: pliripotent cells
are induced to diffgrentiate, or afe Jao ﬁgé% me ahuman ell culture enriched in
differentiated cells. Prefera Iy,’thetdl erent%ated ée%ﬁﬁlg:]eaéeé:ﬁ ﬁgé’ig‘/ﬁf} t%eemﬁcf\?vtlgl%gg%ﬁvill be

homogeneous in EtURPAFHE R FHEMONG e ouY, oransty telaisoprsediom it eamtaii #ére than
approximately 50%:rB6Réd 85, 80(n858mBaRa82Yin 86 90% p9ea9 2Mhed 3z 94%, 95%,

9% 97%, 9896, QL34 oL e slios sl nsase AOATAAIN e SMBgEErY. the plyiporent cells

are induced to differentiate into ce Ineage selecte roup consisting of mesendoderm,

endoderm and me&oHErAf Hfeagesdefis ve R ambauasAriaebils st BEmigraPRISced to
differentiate into ceds oktheldefinitivatanceddrrdinaadecRreiembbndlienl wipoigat mallsiare induced

to differentiate 'nt%ﬂrﬂ)%&%a&ﬂ%mgm&@&gﬂg&thﬁ&), as used hereir, producing an endoderm
cell encompasses the production of a cell culture that is enriched for endoderm cells.

30 {863 As used herein, “definitive endoderm” ceils are characterized by the
expression of specific marker transcripts such as SOX17, with the concomitant absence
of marker transcripts for AFP and thrombomodulin. In addition, such cells can express
MIX1, GATA4, HNFalpha, and HNF3b. Additionally, LY 294002 treatment results in

the loss of a subset of cell surface CD markers initially expressed by undifferentiated

17



approximately 50% definitive endoderm cells. In other embodiments, the population comprises greater
than approximately 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, op39%e i thgdefinitive endoderm lineage 519731A differentiafipg, meaivmanenvironment
may be utilized to partially, terminally, or reversibly differentiate the pluripotent cells of the present
invention, either prior to, during, gr after contacting the pluripotent cells with an inhibitor of PI13- kinase
and the member &l:tﬁecﬁlé’l:ﬁ“fqé‘r‘}m%’. MG EebIdaR Vlitﬁla?e ivelttiott the bt oPuieeRIl
differentiation envinehpdemnmayf dentadrest vewietipof compenendsdefrnelidingrdortbxa0KE, KODMEM
medium (Knockou, Dulbecco'sMogified Saglers MegiumbPMEMyHam s EL2mediumERS (fetal

bovine serum), FGF2 (fibroblast growth factor 2), KSR, ser or lILIF (human leukemia inhibitory

. ) ,
factor). The cell diffsF&At ARG ERVirSHITIBA N ‘EI5?)“6‘&1?5]%{’3%?515h%ﬁf%sglﬁﬁhogglﬁ-%ga&ymine, NEAA
(non-essentiallaminaiacigshe PAStighnicilkin/ske promssoin) 0N 2hand Bt rrersap toeth anbk L 5413-ME). It
is contemplated that, additional fagters may he-addeddndhe celkdifferentiation.&nyvitgament, including,

but not limited to, fibronectin, laminin, heparin, heparin sulfate, retinqic acid, members of the epidermal

growth factor famiﬁ?‘%%%@sf?llr!ﬁé’ﬁ%ﬁsﬂ?ﬁ %Qgﬁ%f‘ﬂffﬁtgﬁ?&ﬁtﬁ EorArRiEIFeES) ik iiting FGF2
and/or FOES, mersbers ofitliBpratetat ddiiv€hjrovathaagtoedaniilyc(RBG Fslcditegenistshef the 20

transforming growil-facior (1G5) AieneMernageRsHs RIRieR ARMPY arevibaid difgientiation factor

(GDF) factor families including but not limited to noggin, follistatin, chordin, gremlin, cerberus/DAN

family proteind, vetfrgpif° High g8EEa&Ri, gp&%m?ﬁﬁth‘i@ss.%éﬁ%ﬂﬁf@ﬁﬁ@‘ﬁ?ﬁhgﬁgﬁi;ﬁ@%ould also
be added in the fodfepbly TGRIBM PUSDE peseptosFchehirnerasni®ther fastons thabméyidre alided

include 25 moleculgs that,camacivaie Arinacl valeSigne g e Notch receptor family, including
but not limited to proteins of the Delta-like and Jagged families as well as inhibjtors of Notch

ell
processing or clea¥4dk. Other §/SHAH ERRSALHRLY Th e B I B EILo5s TrlfiBive IRREYFBMth factor
family (IGF), insulicslithelwisgiess:redabe dHy/VidThpfactorfivmilemindath edbedgedibgifectdr dedinily.

Additional fagtors mayh6 added 93 Bromeie ReasRdadg S eI RROGeR HRINEP AR,

stem/progenitor, mesoderm stem/progenitor, or definitive endoderm stem/progenitor proliferation and

survival as well asCS R ditre il AEEUH 6 TRAPCETR SR L PGS BRIERT SRS Yo 2R Sther
embodiments, thedsiFitliffcheriiaticnseardiniheitcofmplisesplatmg the Bl iMER, ivek€ht culture.

As used herein, theyierie; Blatath @i thaRIAtiNged Sie P APKRRGRES hakRllwsa call tahe grown in
adherent culture. As used herein, the term "adherent culture " refers to a cell culture system whereby

cells are cultured o @BHASUFEES, MRTER HRL FPRGH TFLCE0 SYBE SIS Sha s UBRIRAE A%t may in
turn be coatetbwitthandthersétribe ioGhhohbesubstilatessuch ds thisellisted 5 below, or any other

chemical or biologjgakmaterial thatallguis ihe cells tQiRelifaraie e Stabilizgd.incuftirg The cells

may or may not tightly adhere to the solid surface or to the substrate. In gne emhodiment, the cells are

plated on matrigel '8 1818 FHE SRS Hetdbume LRt fEME AU 87 E8Hipride 55 one or
combination of polyersitkiresdenpisies, @blipiysihe, apupHicdigehd gemigdiatirifeexttiacedliular matrix, 10

fibronectin, tenascigggfitronectip, eniagtin,hepadnsuiale Jaréagﬁp%ym, RedYgcalytiggeid (PGA),
poly lactic acid (PLA), poly lactic-glycolic acid (PLGA) and feeder Iagrs such as, but not limited to,

primary fibroBfastd B fidPob el QifEE SRR PARGT i BPETBLARY 6P the At 8PSht Efture may
comprise the extrag@Lilavoridtrixazit tumiBss tdatleddasedroal itasdegdown by the pluripotent human

cell or cell 15cultugge-20751Theypethods.oliheRiGsriwsntionseniemplaeihaisells mpy be
cultured with a feeder cell or feeder layer. As used herein, a "feedér cell" is a cell that
with inhibitors of the PI3-kinase pathway and the member of the TGFB family have -

several uses in various fields of research and development incinding but not limited to
30 dmug discovery, drug development and testing, toxicology, production of cells for
therapeutic purposes as well as basic science research. These cell types express
molecules that are of interest in a wide range of research fields. These include the
molecules known to be required for the functioning of the various cell types as

described in standard reference texts. These molecules include, but are not Iimited io,
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is co-cultured with a target cell and stabilizes the target cell in its current state of' differentiation. A
feeder layer comprises more than one feeder cell in culture. In one 20 embodiment of the above
method, congditiongglynggdium is obtained from a feeder cell that stabilizes e fasgaisealds its current
state of differentiation. Any and all factors produced by a feeder cell that allow a target cell to be

stabilized in its cugﬁﬁ%@%%gigg@g’ti@ﬁ&gngq&pﬁoﬁpﬁ%%g%%@gt%&%ﬂ%mg&&gpods routine
art.

to those of skill in the ese factors may be used in lieu of a feeder layer, or may be used to

25supplement a fESHRFIR)EPIRI ST AR e MOlETH e AL 52 &5FBIR to the differentiation state
of a cell. When a ¢&gbr cell péputatiorististainilibeghitipaiteontins e tomprolitdrate ovdrinreitiple

passages n cultif. A AFRISEARlY EBALEYRGHIE: HUAG0AINEaRNERY b sl i

preferably of the same differentiation state, and when the cells 30 divide, typically yield cells of the
same cell type or §TEIE SelE e Luldsurerdhtansr SEre PhRarrmy Bf SEBRPEY BERST cell
population does natifisrthesdiffekehiiate ontgxliffetentidie Ihthebellotitdiasotiditbnparatinot altered,

and the cells contipie, {0.0e;paszaus! ﬂﬂ%&éﬁzG&EP&%&Q&%%B@H%%H&P%@&E‘%&S sipbilized is

capable of proliferation in the stable state indefinitely, or for at least more than uﬁg)assages.
Preferably, it is stABETHFRRSETRERS BRERFES bbbl 2 6p4aiyRRo b rdth ™ sPassages,
more than 20 passages] meie, tham2b pasiages, efemost priferadly, df is istabdevidsingnetthan 30

passages. In;gne sihadiment, the cellis stapls for.greaier hami vear gfLoqlinous passaging.

5[0771In one embodiment, stem cells are maintained in culture in a pluripotent state by routine

passage until it is dE&REFAharfsEy B difdrdntad R RAte b ah TS BREEdefrh Mk esttefiBlated that a
member of the TG fasrytentachiiiinistesed toctiie-plefip atedtedibingcomjuiictiomeitvelinhibitor of the

P13-kinase pathway, (s secisreins e leq. mamberohihe. TGRS fmibkiseiersdo gigwth factors

that are 10 generally characterized by one of skill in the art as belonging to the TGFE-13 family, either
due to homology Wit BiGin He e r SRR EF5 ity o iithte YEI S TRARP HHAOR 6N with known
members of tite Teakleh3 thamity cindediffarenemibo ditweatsnth asmempbide of thenhi@Bif&daunityl is selected

fom the group copsisyg AENaK AL AR Bl GF, BUIRR BUPAAREL A o the

foregoing. In one embodiment, 15 the membér of the TGF-(3 family is Activin A. Additionally, the
growth factor Wnt3&5s YR&tuisra caldlist dtpretgivat tHemnitis e tds Ao LetIunCstHiffe Mbodiments of
the present inventiaiagted fnbindti @nsip tanys oighé dibover mention e dignaivth fettoksucan ibesused. It is

not necessary thaééﬁ‘%&‘s&?f@i?%%ﬁ}ﬁs@%ﬂd?%&&H%ﬁﬁllﬁ@ reciangaeuSy- L0 SLWith.sgspect to

some of the embodiments of differentiation methods 20 described herein, the above-mentioned growth

factors are pfOvidBH RS H5ecE@fesy Tﬁ]ét(%ljrévﬁﬁﬂtﬁ?%‘@%@@nﬁmh@%ﬁ?ﬂ'é’s WBhcentrations

some embodimenjs, of NS REESELIMGNEOSINE ABQVEr MantiPRRd.Qrawtnfasiars Arspigsent in the

cell culture at a concentration of at least about 10 ng/ml, at least about 25 ng/ml,
pluripotent cells can be produced using de-differentiation and nuclear transfer methods.

Additionally, the human ICM/epiblast cell or the primitive ectoderm cell used in the

25  present invention can be derived in vivo or in vitro. EPL cells may be generated in
adherent culture or as cell aggregates in suspension culture, as described in WO
99/53021. Furthermore, the human pluripotent cells can be passaged using any method
known to those of skill in the art, including, manual passaging methods, and bulk
passaging methods such as antibody selection and protease passaging.

36 1069] In certain embodiment, the embryonic stem cell of the invention has a
normal karyotype, while in other embodiments, the embryonic stem cell has an
abnormal karyotype. In one embodiment, a majority of the embryonic stem cells have
an abnormal karyotype. It is contemplated that greater than 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90% or greater than 95% of metaphases examined will display
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25 at least about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least about 200 ng/ml,
at least about 300 ng/ml, at least about 400 ng/ml, at least about 500 ng/ml, or at least about 1000

ng/ml. 1079p.ssstaimempodiments of the present invention, the above-mgpiigreghgropthy factors are
removed from the cell culture subsequent to their addition, For 30 example, the growth factors can be

removed within alhg e, 4o ABOHL R daan AMILIEGS. CavSuABeNA ks digussbaubve days.

about six days, about seven days, about eight days, about nine days or about ten days after their

addition. In a preféfadhe sl datepretrd gran frr St Fdmbved-dBolt-ibtirdal Afé¥ their
addition. WO 2008/@28232P Gd A4S 260856402882 8: 83016l [ uresmiedefimitives endsdeymicells can be

grown in medium contAIRING JEHIF AR SEEURHO R E HD . M CEHAIB MBI RIS AL INgresent

invention, serum concentrations can range from about 0.1% to about 20% (v/v). In some
embodiments® defPfitRe B FABHEIRS EER OO with: Seruifr ASSIALe NP HT S BREr&Hbodiments,
definitive endoderi ecétisrare grguippindheppresenéennl 82 hdr Suclvenbodimentsctheseoncentration of

827 supplement cap.[ange (1AM, ADOHHE0,2% 9. ADANL20% (YIRS AEEALRE Ik abRuLAPYe (V).

Alternatively, the concentration of the added B27 supplement can be measured in terms of multiples of

the strength of a dBAMEPEITHPaREiEIE e el obk s Stutiont F AP m M 2R diaiib % rom 10
Invitrogen (Carlsbadedoh)iatrarbi3¥nstackhsniutions AtlditiGn bf gt eremidanmey ticofiiigrsiock solution

to a sufficient yolume of growth mediumaroduces A medium sypplemanied.with the.degired amount of

827. For example, the addition of 10 ml of 50X 827 stock solution to 90 ml of growth medium would

produce a growth THEHTER BlHHSHERSTHHRIFECBD Y. PRRnesHEantatidird resy@lnsteifnt in the
medium can 15 besatict#iOnt X% f ahouwtB2aes abnub 3 Xamb euhOxdxs] @b ooHsOsEXerabauiB:6 X, about

0.7X, about 0.8X, ghayt). 9XnARRULIXBR0MTLd X, A0RHL:EK SORHT A3y APOHLhetgmapout 1.5X,

about 1.6X, about 1.7X, about 1.8X, about 1.9X, about 2X, about 2.5X, about 3X, about 3.5X, about
4X, about 4.5X, aBERASKILEH SLR B30, A6NPAseI It BXEMBut 9X, about 10X, about | IX, about 12X,
about 13X, about M} about 2@s I&Xedbenvt: 16X jralottidnlahdoapoutslBxXctalbof difkteadiomni 20X and

greater than about 20, (081 LHhe,RiRgrespianaLiie hESG vt ndafiniive cadadamcan be

monitored by quantitati fg expression of marker genes characteristic of definitive endoderm as well as
the lack of expres&in®f fhaAeaigine R e RERIERTREPplgcehyih an effective amount of an

inhibitor of the PI3-kinase signaling pathway and the member of the TGFp family to at
least partially differeniiate the pluripotent cell to a cell of the endoderm lineage. In one

20 embodiment, step (b) comprises the use of a cell differentiation environment. In
another embodiment, the cells can be contacted with a cell differentiation environment
after step (b).

[6718] As used herein, the term “cell differentiation environment” refers to a
cell culture condition wherein the pluripotent cells are induced to differentiate, or are

25  induced to become a human cell culture enniched in differentiated cells, Preferably, the
differentiated cell lineage induced by the growth factor will be homogeneous in nature.
The term “homogeneous,” refers to 3 population that contains more than approximately
50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% of the desired cell lineage.

30 {972 In one embodiment, the pluripotent cells are induced to differentiate into
cells of a lineage selected from the group consisting of mesendoderm, endoderm and
mesoderm bneages.. In a further embodiment, the pluripotent cells are mduced o
differentiate into cells of the definitive endoderm lineage. Preferably, the pluripotent

cells are induced to differentiate into 2 population comprising greater than
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25 other cell types. One method of quantitating gene expression of such marker genes is through the
use of quantitative PCR (Q-PCR). Methods of performing Q-PCR are well known in the art. Other

methods thatare knawe,in the art can also be used to quantitate marker ggng@xpEeasign, Marker
gene expression can be detected by using antibodies specific for the marker gene of interest.

30[0821Using theagb?&kmaseq?egmb@gﬁ%ienmﬂpatianwmrﬁngdﬁsémgm eRggeesm cells
substantially free of other cell types can be produced. Alternatiyely, co sifiQns. comprising mixtures
of hESCs and defFﬁWBSS%aﬁﬁaémm|T§P68%EB%*%%%’%:§§’ ./i‘—’c%rge/gjr%"l’g %%y,%é_%iﬁ%ﬁ@ %%%’iprising at
least 5 definitive etidad®ith G8s, ¥%yE)5 ST cablbeoprittacddhmdstheiensbdntienents,
compositions compyisipg at least 95 definitive endoderm cells for every 5 hESCs can be produced.
Additionally, compagsitions comprising other ratiqos of definitive endoderEP ce{get&) hESCasﬁare

contemplated?’ 108%1th some EntbaHEHTEP L Bras &R TRUE o R *definitvE enadd8in ells 5 can
be isolated by usitigrainadiffinty tagrtfiy idipesificfdrespohrsts. Ghe ekthn piesofitaireirity tag specific
for definitive endoglgmp,eelisisanantibody thatisispeciitigadnacker Palvreptidadhat pspresent on

the cell surface of definitive endoderm cells but which s not substantially present on other cell types

that would be fourfifica28eIFfeutsrRbBt SiURe d BY inE ik th Sud e & W iBm B84 TR is
contemplated thatsibé&plusiHoie pdiCalS-candedsstotates mancessentatyisingiesetloosltare prior to

being contacted with Jfie inbibitor, 8t the Bkinase sianaling RAMAY.AS Uspr gieingen “essentally
single cell culture" is a cell culture wherein drﬁggﬁg?ﬁ?ﬁmg, the cells desired to be grown

vner > are
dissociated from detiFRer e i iamat the? gl Luass Il &t D FRTE @SS that
remain 15 associated-{ddsoiets). EiRferally, qreaie (tinam 408k 0% a0y 7868 0%¢ 96%0, 95%,

96%, 97%, 98%, 4986 S IRHE-AL N FES AESUSLIRHE RS 205 Sclels ARkl The torm

encompasses the use of any method known now or later developed that is capable of producing an

essentially single EEIresHbfE! RIBIEG TGS BRalmplsdisrduptomemodidser fantiernesms! cell

dispersal buffer, aggifis, Usg of PEgiRARE s SH (R0 20HbYRSIRCRRIaEBNARE oHitRage thiPkdn, and
accutase. These praoteases.and combinations of certain of the roct]ggses are_commercially available.

The invention confSHSFRALth SR P N HE 8 R B B LTI SRR L 1S RR°HRS BRI SR cell culture

at any point durindgiqrassaglifigg. asthitiisanidt necdssary tivatrtiderdidsooiatiohcoedamdy ifglttie passage

immediatel}{ égg)lr thl?]eﬁ@:@%?%mgmﬁ}%bh@&i %@f}mTﬂ@t{%im@?ﬁmwﬂlmyg @@?@%xﬁﬂ@r %@@fsmcire f
assages. e cells produced using.the me of the pre ention have a variety o

Eses. ?n particular%gggllé)t{:gﬁ B’Iemﬁ?éad%&v Ss%lﬁ?étg ?Cﬁ?fc?ggg{%'z\?g#gs\éoraﬁtﬁ%?gngtr{é?néFer )

techniques a2l useatoproguge bl BctissEEF T vonpondrigsuitorgame fdBivaNS ghanth Fod example, if

a definitive endodgrR.erif-ifoRr eRuse dsib LA DB UsasiE 3R humanellHhe iapyorhumgagene therapy

to treat diseases such as type | (giabetesl, iver ?éses%% ?Qrglfem ro‘t:tt]lgg d\i}sﬁgagelg thlathaf"{es%t the
esophagus, stom Sﬁfs%%ll‘ig?é fine€ Talye i e§?me§§ungs,¥k§/r‘r’1us, paFRISId"$hd #%oid glands,
gall bladder and paatiisas:d rromiendssi oBHHERUBIARE foregoing, cthiddddfinihadéaddndesitemell is used to
treat diabetes.  of TGF/BMP/GDF receptor-Fc chimeras. Other factors that may be added include
25  molecules that can activate or inactivate signaling through Notch receptor family,
inchiding but not limited to proteins of the Delta-like and Jagged families as well as
inhibitors of Notch processing or cleavage. Other growth factors may include members
of the insulin like growth factor family (}GF), insulin, the wingless related (WNT)
factor family, and the hedgehog factor family. Additional factors may be added to
30 promote mesendoderm stem/progenitor, endoderm stem/progenitor, mesoderm
stem/progenitor, or definitive endoderm stem/progenitor proliferation and survival as
well as survival and differentiation of derivatives of these progenitors.
074} In other embodiments, the cell differentiation environment comprises

plating the cells in an adherent culture. As used herein, the terms “plated” and
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WO 2006/020919PCT/US2005/028829 [0861Throughout this application, various publications are
referenced. The disclosures of all of these publications and those references cited Within those
publications ig.gheir entirelies are hereby incorporated by reference into thl@ H% order to
more fully describe the state of the art to which this invention pertains. 5 EX PLE Example 1

e o ormer RS ORa RS KRR ok qul's (Ahe e PRRGEnG St oo

line BGO1 (BresaGen, Inc., Athens,"GA) was used in this work. 13G01 cells were grown in h
Medium, consstmb‘%f bsstisnine fe-tepsefBe PP e RES IRt 2B0F BRI SRR e ptHEer (KSR;
Invitrogen), 0.1 intdviibidMDsressaatial @A) rthabide MEAA bhsdtieg enth 2 46 kubiGG itamine

(nvitrogen). 50 Uiy} perig. 50 gy U SRIRYSHLUVKI Q9 AGUTLBEGFSIOmA) and 0. 1m

P-mercaptoethanol (Sigma). The cells were grown on mouse primary embr onic Sroblast feeder
layers that were nﬁ%?‘ﬁa?@aﬁidﬁh%%%h isleRjeshrestiotiabiial o e s satrlfersmeros cells per
35 mm dish. The BS@isiiels wenerpassaged!ysing aWﬁ@ﬁ@taﬁﬁ&tﬂtﬂi@Md&ﬂ@t& dgnedium was

removed 20 from ttgqhg %stlra@wl ?‘t gIQe eﬁ%@ﬁ gAiag]%r}%sea ?ﬁ A gGlbcoBgfL)) Egdeﬁt and the cells

were incubated at 37C 1-2 minutes. C enase was remove 0 trypsm/O 53mM
EDTA (GIBCO) wa&sifiefPr Clits WaFEMcH NS HEB 7RSS0 g@(:ofmfs ahcf@ﬁ@iﬂ%vaghea from the
feeder layer, and theviypsineyasitactivated imd) MEWﬁ-kZa}wg‘&h,lQ&fafﬁtabﬂ@émm&erﬁﬁME BS;

Hyclone). Cellp waiitJRRIMCARARICARHANET 8hARR, 088 A000RAL PR RELFRLMyGIph and were

passaged every 3
glycolym acid (PGA), poly lactic acid (PLA), poly lactic-glycolic acid (PLGA) and

feeder layers such as, but pot limited to, primary fibroblasts or fibroblast cells lines.
Furﬂ*aeﬁnore, the substrate for the adherent culture may comprise the exiracellular
matrix laid down by a feeder layer, or laid down by the pluripotent human cell or celi
15 culture.
{075] The methods of the present invention contemplate that cells may be
cultured with a feeder cell or feeder layer. As used herein, a “feeder cell” is a cell that
is co-cultured with a target cell and siabilizes the target cell in its current state of
differentiation. A feeder layer comprises more than one feeder cell in culture. In one
20  embodiment of the above method, conditioned medium is obtained from a feeder cell
that stabilizes the target cell in its current state of differentiation. Any and all factors
produced by a feeder cell that allow a target cell to be stabilized in its current state of
differentiation can be isolated and characterized using methods routine to those of skill
in the art. These factors may be used in lieu of a feeder layer, or may be used to
25  supplement a feeder layer.
[076] As used herein, the term "stabilize" refers to the differentiation state of a
cell. When a cell or cell population is stabilized, it will continue to proliferate over
multiple passages in culture, and preferably indefinitely in culture; additionally, each
cell in the culture is preferably of the same differentiation state, and when the cells
30 divide, typically yield cells of the same cell type or yield cells of the same
differentiation state. Preferably, a stabilized cell or cell population does not farther
differentiate or de-differentiate if the cell culture conditions are not altered, and the
cells continue to be passaged and are not overgrown. Preferably the cell that is

stabilized is capable of proliferation in the stable state indefinitely, or for at least more
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Growth of BGOL1 cells in feeder free conditions [0881hES medium (25mls) was conditioned overnight
on mitomycin treated MEFs plated in 75cm2 flasks at 56,000 cells/cm2. The MEFs were used for up to

1 30 week withcapditigangd medium (CM) collection every 24 hours. CM wasrsuppemaied with an
additional 8 ngiml of hbFGF before use. Matrigel coated dishes were prepared by diluting Growth

Factor Reduced BRmatrigelmatrix{RBRUBIOSCIENeAR Rradinal ence pisiion, ahda3thin cald
DMEM/F-12. 1m1/35mm dish was used to coat disht%sf r.1-2 hours at ro rg %rnagra%usr%or at least
overnight at 4C. BRATREH ST OFIEHRE MRS R AT, KAk EoTtion wad Tertoved immediately

before use. Embrywiet Bothyablyr i atignbb1 08 91ThdB G0 basedisswdnectisaginénansdlissial) the

Collagenase/trypsinynetho desgibedaboventnRravimalahs 10,000 cells were suspended in 50 al of
EB medium (DMEM (Cellgro) supplemented with 100/‘} FBS (Atlanta Biol M NEAA, 2 mM

s), 0.1
L-Glutamine, 50 U penicillift A4S SUHRT s FEPS7IS TR P 4REHRE & P %g)ee]& %ﬁ%ngof% mm Petri
dish lid with a p20@apigettetimeApprescimnaitly 50ddsoph teo fverdpllifewpatdidiThdditiies placed

onto the dish and 30, ml.of RBS Washiacerdn. Dadish: FRsweiswashed femnihedd gt and S days,

incubated with trypsin for 5 minutes at room tem&eratu,re and disaggregated with a drawn out glass
pipette. Cells wer@WHERSHEY BHcl FrRPBE g iRe P9 PHATIYISHErSE45F 0 minttes at room
temperature. Cellgangse thepmwasheatvice P BSremdasidyeddfd %B pAB Sdaadmiotes antibody

staining. Exaygele 2, Tigpiment of HES selle WAL by 91D 33ddas ) spdlg garggyiadon of the

either due to homology with known members of the TGF- family, or due to similarity

in function with known members of the TGE-§ family. In certain embodiments, the
'member of the TGF-B family is selected from the group consisting of Nodal, Activin A,
Activin B, TGF-B, BMP2, BMP4, and mixtures of the foregoing. In one embodiment,

15 the member of the TGF-3 family is Activin A. Additionally, the growth factor Wnt3a
is useful for the production of definitive endoderm cells. In certain embodiments of the
present invention, combinations of any of the above-mentioned growth factors can be

used. It is not necéssa'{y that these components be added o the celis simultanecusly.

j078] With respect to some of the embodiments of differentiation methods

20  described herein, the above-mentioned growth factors are provided to the cells so that
the growth factors are present in the cultures at concentrations sufficient o promote
differentiagion of at least a portion of the stem cells to definitive endoderm. In some
embodiments of the present invention, the above-mentioned growth factors are present

in the cell culture at a concentration of at least about 10 ng/ml, at least about 25 ng/ml,

25  at least about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least about
200 ng/ml, at least about 300 ng/ml, at least about 400 ng/ml, at least about 500 ng/ml,

or at least about 1000 ng/ml. |

[079] In certain embodiments of the present invention, the above-mentioned
growth factors are removed from the cell culture subsequent to their addition. For

30  example, the growth factors can be removed within about one day, about two days,
“about three days, about four days, about five days, about six days, about seven days,
about eight days, about nine days or about ten days after their addition. In a preferred

embodiment, the growth factors are removed about four days after their addition.
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20Inhibitor Studies 1090]BGO1 cells were passaged from feeders using the collagenase/trypsin
method and were plated on matrigel-coated dishes at 1x105 cells/35 mm dish in conditioned medium
(CM; MEF cepgditigpgshsnedium plus 8 ng/ml bFGF). After approximately 2d-howssdhe:gaedia was
replaced with fresh CM, CM with inhibitor 25(resuspended in EtOH), CM with EtOH, or with
Spontaneous Diffgyggtiation magita (BE Idmedismenaisiesnh Rl . {89 Iskingadiernativedmethods, the
BGO1 cells were platted.at diﬁcfre t concentrations riorﬁg contact r\{lyf)t‘pdcl\ellﬁ C ith inhsibitor and CM
with EtOH Cells W‘é%aﬁ?érf%ot Eiaist fsoeﬁ%r\?vir‘?lé 2oncen r‘ationsc:eaplf)lroemma{jenly Exﬁ gﬁ%gﬂ%ﬁé’é mm dish,
30approximately inxettdsncetini8seneantistienapprosaraatpaRob0 s 61§38 mMnTHiskv/dppieximately 4 x
(13_5 Ce|||)8/35 mm %iﬁﬁ'eaﬁﬁ%o%%&& RGN &é@&ﬁeIb%ﬁ’sSafler@égiﬁgg(@%zﬁﬁga%mei&ﬁtLMMOOZ
iomol) was used at the cancentrafign.range roximate -1 M and the inhihjtor Rapamycin
(Calbiochem)%vasoﬁgﬁanéqgt Ig%%sﬁc%%t?gat Yg% rr*é‘a%aggém af)%)%f%)%fr% &fy* f%q%opﬁﬁ??? Qf%%%iozfﬂﬁhigits t);le
P13-kinase pathwey byriridiinetoitheonEPrdbokivigESitc i Raparey Eerirbinitd d°sdpset of the

P13-kinase pathwayhyiphibitling pdLRRH{masmaieniargehsitaRxny eibhRSie@lisorare grown in

these conditions fggdgg %%@gﬁ%g& anu[)sc VA’!&QSQM in terms of multiples of the strength of a

commercially available B27 stock solution. For example, B27 is available from

10 Invitrogen (Carlsbad, CA) as a 50X stock solution. Addition of a sufficient amount of
this stock solution to a sufficient volume of growth medium produces a medium
supplemented with the desired amount of B27. For example, the addition of 10 ml of
50X B27 stock solution to 90 ml of growth medium would produce a growth medium
supplemented with 5X B27. The concentration of B27 supplement in the medium can

15 be about 0.1X, about 0.2X, about 0.3X, about 0.4%, about §.5%, about 0.6X, about
0.7X, about 0.8X, about 0.9X, about 1X, about 1.1X, about 1.2X, about 1.3X, about
1.4X, about 1.5X, about 1.6X, about 1.7X, about 1.8X, about 1.9X, about 2X, about
2.5%, about 3X, about 3.5X, about 4X, about 4.5X, about 5X, about 6X, about 7X,
about 8X, about 9X, about 10X, about 11X, about 12X, about 13X, sbout 14X, about

20 15X, about 16X, about 17X, about 18X, about 19X, aboui 20X and greater than about
20X,

{081} The progression of the hESC culture to definitive endoderm: can be
monitored by quantitating expression of marker genes characteristic of definitive
endoderm as well as the lack of expression of marker genes characteristic of hESCs and

25  other cell types. Cne method of quantitating gene expression of such marker genes is
through the use of quantitative PCR (Q-PCR). Methods of performing Q-PCR are well
known in the art, Other rmethods that are known in the art can also be used to quantitate
marker gene expression. Marker gene expression can be detected by using antibodies
specific for the marker gene of inferest.

30 {082 Using the methods described herein, compositions comprising definitive
endoderm cells substantially free of other cell types can be produced. Alternatively,
compositions comprising mixtures of hESCs and definitive endoderm cells can be
produced. For example, compositions comprising at least 5 definitive endoderm cells

for every 95 hESCs can be produced. In other embodiments, compositions comprising
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medium change every 24 hours. Cells were harvested using the collagenase/trypsin 5method for flow
cytometry and RT-PCR analysis and were scraped for biochemical analysis. [094)By observing the

cells using stpgdasddnisroscopy, it was noted that BGO1 cells undergo maspheiogigal geange when
cultured in the presence of either LY 294002 or rapamycin. This morphological change is notably

different from the ghanges &0rimeRllssnleraingrsParanemsTdiiaraniiation(FigasamdD and 2A-D).
In undifferentiated cultures, individual cell%were.not ?aascl discern i g/srgall, irregular

Co v, ather ratios THaye enfl%gle bglﬂg %gl%%\{i% a
and without clearl{°ABREVSRP i EPREATTRCIENS at higher denaity. RHer freatmEnt Wit 1Y 294002,
however, the cellsericeplverdt marked spreading and adopted obvious epithelioid cuboidal

morphologies. Indjyidyal cells werealsounoirkoreadibdiscemablendbdiighes denaiiassince discrete
intercellular adherin unctél%ng were ewdggé hetween nﬂl%%‘ énf%rcs%gﬁ'c[g%g_g’](f‘dd'“0”%%'%{{'” this

Example, in the prélefid& 8 Eonatisiet Maaitntess h &t Concentrations 16werthan

approximately 2 x=h0Sfoétistg5spaniidish diSpidyednéndargessils menpnbhogy tich werificted with LY
294002 or rapamygim & a5 peRtintated Atransitiesef apnraxinalehdntldomastisaamenatish or higher

did not demonstrate the.same morphalogical changes u contact with 294002 or rapamycin.
Example 3 25Chat’z é‘f%r]gtf’é% 5@5&1 %%%a?ée ev?ﬁtﬂ“ir%%ﬁ%t%?%ﬁ%%r@é‘é&&%ﬁ &'iihibitor studies

were performed asullescpibéebad Bx@nmphéhadHlow Byddmmeitry
10 {084} It is contemplated that the pluripotent cells can be dissociated fo an

essentially single cell culture prior to being contacted with the inhibitor of the PI3-
kinase signaling pathway. As used herein, an “essentially single cell culture” is a cell
culture wherein during passaging, the cells desired to be grown are dissociated from one
another, such that the majority of the cells are single cells, or two cells that remain
I5  associated {doublets). Preferably, greater than 40%, 50%, 60%, 70%, 80%, 90%, 95%,
G6%, 97%, 98%, 99% or more of the cells desired to be cultured are singlets or
doublets. The term encompasses the use of any method known now or later developed
that is capable of producing an essentially single cell culture. Non-limiting examples of
such methods include the use of a cell dispersal buffer, and the use of proteases such as
20  trypsin, collagenase, dispase, tnipLE, and accutase. These proteases and combinations
of certain of the proteases are commercially available. The invention contemplates that
the cell culture can be dissociated to an essentially single cell culiure at any point
during passaging, and it is not necessary that the dissociation occur during the passage
immediately prior to contact with the inhibitor. The dissociation can occur during one
25 or more passages.
085] The cells produced using the methods of the present invention have a
variety of uses. In particular, the cells can be used as a source of nuclear material for
nuclear transfer techniques and used to produce cells, tissues or components of organs
for transplant. For example, if a definitive endoderm. cell is produced, it can be used in
30 human cell therapy or human gene therapy fo treat diseases such as type 1 diabetes,
liver diseases, and any other diseases that affect the csophagus, stomach, small
intestines, large intestines, lungs, thymus, parathyroid and thyroid glands, gall bladder
and pancreas. In one embodiment of the forsgoing, the definitive endoderm cell is used

to treat diabetes.
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[097]For flow cytometry, the BGO1 cells were washed with 1XxPBS and fixed in 2% paraformaldehyde/I
xPBS for 10 minutes at room temperature. The cells were 30 then washed in 1XxPBS and

approximately2xddr&ells were incubated with primary antibody diluted ingl%BSAdRES The primary
antibodies used were anti-CD9 and anti-thrombomodulin (Cymbus Biotechnology), FITC conjugated

mouse monoclonaggyjtibodies g3k diliitignGelis, wers ingbateshal 4€ forRq.inutgs and then
washed twice in 1XPBS. Where appro%gtziﬁlls were resyspended in a secgndary tibody,

anti-mouse Alexa 288 Wiie®uidt Plo LRUPPROBY i (ERERTPES, HEIbEEt at B for 30
minutes, and thernpudishgehtviicbein dxRBS. Geligaerecrgsuspd dedire kb BSHI xRBSENd surface
expression was analyzeddising S1BEKRB0UIEr REER0: SRMARAIMLGRARIRTPCR Analysis
[98] Total RNA was isolated using TRIzol Reagent (GibcoBRL). RNA was run on a 1% agarose gel
containing ethidium bromide and visualized using the AlphalmagerTM 2200 Documentation and
Analysis System to ensure RNA integrity. 10 mg@&fRMNALY

RNALESES treated with DNase (Ambion), which was
removed with DNase 10 Inactivation Reagent (Ambion). cDNA was prepared with 500 ng of total RNA
using the Superscript 11 Reverse transcriptase Kit (Invitrogen) using oligo(dT) primers. PCR reactions
were carried out on 1 pl of cDNA. PCR products ERifon a 2% agarose gel containing ethidium
bromide and visudliZéaausifgthe AfpadimagerTM 2200 Documentation and Analysis System. PCR
primer sets uged Wehe LA A4 Mixdi laMsx |, AFP, HNF4alpha, eHAND, Nanog, AFP and GAPDH.
Biochemical Analysis . [99] Activity of the P13-kinase signaling pathway was assesse(%b Western blot
analysis. Briefly, datargent extra&tS L BrEPSPSH Fon eSS S Ah S e o &ff c it ?%Ss separated
by SDS-PAGE anfiblottedutedhitrdizelfufoke. FEPresdioreof active i2(hIsiMsdfthed@di8ikinase
intracellular targets RKB/AIG $HAiASERMhSEB RN %35 thendstermingd oy RIbRg he
nitrocellulose with_appropriate antibodies to phospharylated forms of each of these prqteins. Generally,
30 lig of total protd WSy ailAted ?%algﬂﬁéegﬁﬁﬁ?gi AR hWEPES Zr?’é’% Fat a 1:1000
dilution of antibodstetemiibintiviitieeeaict ¢ dsenivasrddiactél ly/sthnteptECH Hawetbeeathédology. 25

'Q-PCR Gene Expﬁgﬁm@@fﬁﬁ%}% B.%h@%%@g@%ufﬁmaqsﬁm.e%e%ﬂgw@gmr&ana'yzed for

multiple marker genes at mu time points by Q-PCR. Marker genes characteristic of the desired as
well as undesired BeHsfPEERTE VAR R dr s BieEt YATBFERAMNRGHOF IsoEAY ®namics of
the cellular populatiohaydhe stieadgth eilQ-RE Rianalsix 10° cells per 35 mm dish. The BGO1

cells were passaged using a collagenase/trypsin method. Brefly, medium was removed

20 from the dish, 1 ml of 200 U/mi Collagenase type TV {GibcoBRL) was added, and the

celis were incubated at 37°C for 1-2 minutes. Collagenase was removed and 1 mi of

0.05% trypsin/0.53mM EDTA (GIBCO) was applied. Cells were incubated at 37°C for

30 seconds and then washed from the feeder layer, and the trypsin was inactivated in

DMEM/F-12 with 10% fetal bovine serum {(FBS; Hyclone). Cells were replated on
25  feeder layers at 100,000 ~ 300,000 cells per 35 mm dish and were passaged every 3

days.

Growth of BGOI cells in feeder free conditions

1088] hES medium (25mls) was conditioned overnight on mitomycin treated
MEFs plated in 75cm” flasks at 56,000 cells/em®. The MEFs were used for up to 1
30 week with conditioned medium (CM) collection every 24 hours. CM was
supplemented with an additional 8 ng/mi of hbFGF before use. Matrigel coated dishes
were prepared by diluting Growth Factor Reduced BD matrigel matrix (BD
Biosciences) o a final concentration of 1:30 in cold DMEM/F-12. 1ml/35mm dish was

used to coat dishes for 1-2 hours at room temperature or at least overnight at 4°C.
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30 includes its extreme sensitivity and relative ease of developing the necessary markers, as the
genome sequence is readily available. Furthermore, the extremely high sensitivity of Q-PCR permits

detection of geneaxpigssion from a relatively small number of cells withingg.palchJargen,population. In
addition, the ability to detect very low levels of gene expression may provide indications for

"differentiation biagi,nithig.he-RORMIBLAR wERe Pias awards apartic Wy difsrentiation.aaghway, prior
to the overt differeptiation of those cellular phenotypes, would likely be unrecognizable using
immunocytochemi®4P&&Khiques. For this reason, Q-PCR provides a method of analysis that is
complementary to immunocytochemical techniques for screening the 5 success of differentiation
treatments. This tqglprRvidesiernss,of evaluating our differentiation protocol successes in a
guantitative format at semi-high throughput scales of analysis. [0101]The general ap}oroa_ch was to
perform relative qu&ititation usify 8YBR GleelEhetitgsFatcthe o e &rilassssiaitifent
(Corbett Researchhehatiaiterotstepra ¢: R FsR R farehat 0 Pitneis were sdgsighddriddigiafeiexon-exon
boundaries or spap dafEenaakalieash AP BB hRRROSSRIeASHS Nas heeneapincaliygetermined

to eliminate amplification from contamlnatln%genomic DNA. When marker genes were employed that

do not contain introng*6r By puSERET e it S—ABY PRA 2R P 4T EBRBKA L RS was
performed. The mérkersirsiavahéfonthBesadyiphdses ob HESQ s diffetentiadionsidcifigally

ectoderm, megodeyn, gafiDitie BNdederm ARG SXtEAAM Y 2RIcARd9darR)aad ir whighvalidated

primer sets exist are provided below in Table 1. The human specificity of these primer sets has also

been demonstratede THi& i&ah WiSorETATFAASiiediths RS REr oG o Spm &tist feeder
layers. Most typicatlinutriphitatens samplesivrered die pefegagdchitondition anidzincampendenithlanalyzed 20

101071 Total RNA fiss pmien o Ko (o At o e Molecul
ota was isolated ysin eas iagen) and guantitated using RiboGreen (Molecular
Probes). Reverse E?%%ﬁﬁﬁbr&#&ﬁ%&%g ﬁ%wé?%&%% BNR 5Qfﬁ$d“o\%§ﬁ{sqﬁé€i§¥ript reverse
transcriptase Ikt (BioRetdpdybkichiogntains a 25 mix of oligo-dT and random primers. Each 20 pl.
reaction was subsequently diluted up to 100 kit total volume and 3 pL was used in each 10 pL Q-PCR
reaction containing 400 nM forward and reverse primers and 5 pl.. 2X SYBR Green master mix
(Qiagen). Two step cycling parameters were use g a 5 second denature at 85-94C
(specifically selectégamentdidf-toctie widl i temp/Ot e rmmapghobrd oifeaahipiimef8efJ30 followed by
a 45 second anneglygxtend at 60C. Fluorescence data was collected during the last 15 seconds of
each extensi% phase. Ar ree oint, 10-fold dilution series was used to generate the standard curve
for each run and Eéglg%ﬂrgtslhtﬁés (Ct's) were converted to quantitative values based on this standard
curve. The quantitf@l valuesB&i0éarhsmnpleasseged norm dlizkastoshautekedbivgagemeperformance
and then average Reglsiandarddeyiations, Wele salsatediaedriplicats’ samples.At the, sanclusion of

PCR cycling, a meclgr%gtr.vge nal%/d'%is w _eﬁéggned (0] agﬁerta'n the spegciglilg)ty (g)%t@ie:}reaction. A single
specific product waSMATEs e T By F sitdfe Paak SPSHA nﬁéﬁfﬁrﬁ%‘éste SRR afpfiton. In
addition, reactions2pesefoitmatedy \Withioters, the media was replaced with fresh CM, CM with inhibitor
25 ({resuspended in EtOH), CM with FtOH, or with Spontaneous Differentiation medium
(RES medium minus bFGF).
[691} In alternative methods, the BGO1 cells were plated at different
concentrations prior to contact with CM, CM with inhibitor and CM with EtOH Cells

were plated at the following concentrations: approximately 5 x 10% cells/35 mm dish,
30 approximately 1 x 10° cells/35 mm dish, approximately 2 x 10° celis/35 mm dish,
approximately 4 x 10° cells/35 mm dish and, approximately 6 x 10° cells/35 mm dish.
[09Z] The inhibitor LY 294002 (Biomol) was used at the concentration range
approximately 20-163 uM and the inhibitor Rapamycin (Calbiochem) was used at the
concentration range approximately 1.5-30 nM. LY 294002 inhibits the PI3-kinase
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reverse transcriptase served as the negative control and do not amplify. [0103]Both Cyclophilin G and
GUS were used to calculate a normalization factor for all samples. The use of multiple HGs
simultaneousfyyegikas.tae variability inherent to the normalization processanskigisages the
reliability of the relative gene 10 expression values (Vandesompele, et al., 2002, Genome Biol.,

3:RESEARCHO03@[0100IQ:RGR was Usas do.datetmine he reafivs asnaspressipn syels of many

marker genes across samples receiving different ex&enmental treatments. The marker genes
employed have be®fi %ﬁé@’éﬁ%@ﬁ’ﬂ@’e@ﬁf&?@?ﬁmg R marantliandpreeint BBRMIA NS representative of
the early germ layé#%3and in pattitulesrhaxefocused: omdiisetdohgendsitivdt atcrdifferamtially

expressed in de_finmy(ﬁu%ngﬁggﬁmgdm{mm@é{fgf@&@nﬁ?@e@i&- &Q@%@%@@@%&/&%ﬁﬁhe" relative
enrichment profiles are hl?hh ted in Table 1. TABLE | 20 Germ Layer Gene Expression Domains
Endoderm SO§(17meth0d or flow cytometry and RT-PCR analysis and were scraped for biochemical

analysis.
[694] By observing the cells using standard microscopy, it was noted that
BGO1 cells undergo morphological change when cultured in the presence of either LY
294002 or rapamycin. This morphological change is notably different from the change
10 in cells undergoing spontanecus differentiation (Figures 1A-D and 2A-D). I
undifferentiated cultures, individual cells were not easily discernable, being relatively
small, irregular and without clearly apparent intercellular junctions at higher density.
After treatment with LY 294002, however, the cells underwent marked spreading and
adopted obvious epithelioid cuboidal morphologies. Individual cells were also more
15 readily discernable at higher densities since discrete intercellular adhering junctions
were evident between neighboring cells.
[095] Additionally, in this Example, in the presencé of conditioned medium,
cells plated at concentrations lower than approximately 2 % 10° cells/35 mm dish
displayed changes in morphology when contacted with LY 294002 or rapamycin. Cells
20  plated at densities of approximately 4 x 10° cells/35 mm dish or higher did not
demonstrate the same morphological changes upon contact with LY 294002 or

rapamycin.

Example 3
25 Characteristics of cells treated with inhibitors of PI3-kinase
(096} The mhibitor studies were performed as described in Example 2.
Flow Cytometry
1097] For flow cytometry, the BGO1 ¢ells were washed with 1xPBS and fixed
in 2% paraformaldehyde/1xPBS for 10 minutes at room temperature. The cells were
30  then washed in 1xPBS and approximately 2x10° cells were incubated with primary
antibody diluted in 1%BSA/1xPBS. The primary antibodies used were anti-CD9 and
anti-thrombomodulin (Cymbus Biotechnology), FITC conjugated mouse monoclonal
antibodies at a 1:10 dilution. Cells were incubated at 4°C for 30 minutes and then

washed twice in 1xPBS. Where appropriate, cells were resuspended in a secondary
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definitive, visceral and parietal endoderm MIXLI endoderm and mesoderm GATA4 definitive and
primitive endoderm HNF3b definitive endoderm and primitive endoderm, mesoderm, neural plate
GSC mesendgqgesnaaae;definitive endoderm Cerebrus primitive and definitive gnfedessm
Extra-embryonic

antibody, anti-mouse Alexa-488 (Molecular Probes) diluted 1:1000 in 1%BSA/PBS,
incubated at 4°C for 30 minutes, and then washed twice in IxPBS. Cells were
resuspended in 19% BSA/IxPBS and surface expression was analyzed using a Beckiman
Coulter FC500.

5 RENA Isolation and RT-PCR Analvsis
098] Total RNA was isclated uwsing TRIzol Reagent (GibcoBRL). RINA was

run on a 1% agarose gel containing ethidium bromide and visualized using the

AlphalmagerTM 2200 Documentation and Analysis System to ensure RNA integrity.

10 pg of RNA was treated with DNase (Ambion}, which was removed with DNase
10 Inmactivabion Reagent {Ambion). ¢DNA was prepared with 500 ng of total RNA using

the Superscript II Reverse transcriptase Kit (Invitrogen} using oligo(dT) primers. PCR

reactions were carried out on 1 ul of cDNA. PCR products were run on a 2% agarose

gel containing ethidium bromide and visualized using the AlphalmagerTM 2200

Documentation and Analysis System. PCR primer seis used were GATA4, Mixl,
15 Msxi, AFP, HNF4alpha, eHAND, Nanog, AFP and GAPDH.

Biochemical Analysis

(099} Activity of the PI3-kinase signaling pathway was assessed by Westem
blot analysis. Briefly, detergent extracts were prepared from untreated and treated cell
cultures, separated by SDS-PAGE and blotted to nitrocellulose. Expression of active
20 forms of the PI3-kinase intraceliular targets PKB/Akt, 86 kinase and S6 protein was
then determined by probing the nitrocellulose with appropriate antibodies to
phosphorylated forms of each of these proteins. Generally, 30 pg of total protein was
evaluated for each sample, primary incubations were carried out at a 1:1000 dilution of
antibody, and binding in each case was detected by standard ECL based methodology.
25 Q-PCR Gene Expression Assay

{061060] Real-time measurements of gene expression were analyzed for multiple
marker genes at multiple time points by Q-PCR. Marker genes characteristic of the
desired as well as undesired cell types were evaluated to gain a better understanding of
the overall dynamics of the celiular populations. The strength of Q-PCR analysis
30 includes its extreme sensitivity and relative ease of developing the necessary markers,
as the genome Sequence is readily available. Furthermore, the extremely high
sensitivity of Q-PCR permits detection of pene expression from a relatively small
number of cells within a much larger population. In addition, the ability to detect very

low levels of gene expression may provide indications for “differentiation bias™ within
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SOX?7 visceral endoderm AFP visceral endoderm, liver SPARC parietal endoderm TM parietal
endodermitrophectoderm NODAL Epiblast and anterior visceralendoderm Ectoderm ZIC | neural tube,

neural progepioiRs/ez0919 PCT/US2005/028529

the population. The bias towards a particular differentiation pathway, prior to the overt

differentiation of those celiular phenotypes, would likely be unrecognizable using

immunocytochemical techniques. For this reason, Q-PCR provides a method of

analysis that is complementary to immunocytochemical techniques for screening the

5 success of differentiation treatments. This tool provides a means of evaluating our

differentiation protocol successes in a quantifative format at semi-high throughput

scales of analysis. '

{9101} The general approach was to perform relative quantitation using SYBR

Green chemistry on the Rotor Gene 3000 instrument (Corbett Research) and a two-step

10 RT-BCR format. Primers were designed to lie over exon-exon boundaries or span

introns of at least 800 bp when possible, as this has been empirically determined to

eliminate amplification from contaminating genomic DNA. When marker genes were

employed that do not contain infrons or they possess pseudogenes, DNase 1 freatment of

RNA samples was performed. The markers relevant for the early phases of hESC

15  differentiation (specifically ectoderm, mesoderm, definitive endoderm and extra-

embryonic endoderm) and for which validated primer sots exist are provided below in

Table 1. The human specificity of these primer sets has also been demonstrated. This

is an important fact since the hESCs were often grown on mouse feeder layers. Most

typicalty, triplicate samples were taken for each condition and independently analyzed

20 in duplicate to assess the biological variability associated with each quantitative
determination.

[6102] Total RNA was isolated using RNeasy (Qiagen) and quantitated using

RiboGreen (Molecular Probes). Reverse transcription from 350-500 ng of total RNA

was carried out using the iScript reverse transcriptase kit (BioRad), which contains a

25  mix of oligo-dT and random primers. Each 20 pl. reaction was subsequently diluted up

to 100 pL total volume and 3 pL was used in each 10 pL Q-PCR reaction containing

400 nM forward and reverse primers and 5 pL 2X SYBR Green master mix {Qiagen).

Two step cycling parameters were used employing a 5 second denature at 85-94°C

(specifically selected according to the melting temp of the amplicon for each primer set)

30 followed by a 45 second anneal/extend at 60°C. Fluorescence data was collected

during the last 15 seconds of each extension phase. A three peint, 10-fold dilution

series was used to generate the standard curve for each run and cycle thresholds (Ct's)

were converted to quantitative values based on this standard curve. The quantitated
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SOXI neural progenitors Mesoderm BRACH nascent mesoderm Immunohistochemistry SOX17
Antibody 101051S0OX17 is expressed throughout the definitive endoderm as it forms 5 during

gastrulation g, i g¥gression is maintained in the gut tube (although leveisraiexprassien vary along
the A-P axis) until around the onset of organogenesis. SOX17 is also expressed in a subset of

extra-embryonic epdpdesm.calls.Na.cxpiessinaetinis Rraaishas barnaasamed Rdesoderm or
ectoderm. As such, SOXI7 is an a%pro riate marker fo[th%e%efggtjtit\élef g{érel]godem}llinea e tyé/hen used in

conjunction with rA%HE&Fs 184 B8REHY & BB mBR o TC ieaged [ A SR y

“antibody was
generated as describdesivn S PRRtentlitpplicatbrrRublicatisis Nes 200570e$ g853cEHiRIdE Definitive

Endoderm," herelydngerpefied-bydeferanss:in dsemntigetv. Brialynainedion ofiihe uman SOX17
cDNA corresponding to amino acids 172-414 in the carqr%x &grrninal etnd of th SO(f( I(Z“prtotein 15
was used for prodliEtion BPEBRE AntiBb by by JRirEH: i rf%/u PRtOR TR TAtS At TR ant

IZation'inra e antﬁ)ogy production
company, GENOV&Es(FreiseiglaSemmehid tzcegrdirertotprioeddires Bapkivped there. Procedures for

genetic immunizajigigan be feupd iddlsHRatentNog B 83Q8IR S SLAERH 6 46mAR1i6:261,281 and

International Publication Nao, W099/139 i [ [ . [
reference in their factor for all samples. Th]éSdsghoef g}‘t?%}%%%&% (s)i];nvlmgl%go%ggﬁ Irré gggsotiiaetggngggﬁ}lln by

inherent to the normalization process and increases the reliability of the relative gene

10 expression values (Vandesompele, et al., 2002, Genome Biol,, 3:RESEARCH0034).
j0104] Q-PCR. was used to determine the relative gene expression levels of
many marker genes across samples receiving different experimental treatments. The
marker genes employed have been chosen because they exhibit enrichment in specific
populations representative of the early germ layers and in particular have focused on

15  sets of genes that are differentially expressed in definitive endoderm and extra-
embryonic endoderm. These genes as well as their relative ennichment profiles are
highlighted in Table 1.

TABLE ]
20
Germ Layer Gene Expression Domains
Endoderm SOX17 definitive, visceral and parietal endoderm
MIXL1 endoderm and mesoderm
GATA4 definitive and primitive endoderm ,
HNF3b definitive endoderm and primitive endoderm, mesoderm,
neural plate
GsC mesendoderm and definitive endoderm

Cerebrus | primitive and definitive endoderm

Extra-embryonic SOX7 visceral endoderm
AFP visceral endoderm, liver
SPARC parietal endoderm
™ parietal endoderm/irophectoderm
NODAL | Epiblast and anterior visceralendoderm
Ectoderm ZICt neural tube, neural progenitors
S5OX1 neural progenitors
Mesoderm BRACH | nascent mesoderm
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20entireties. The antibody was determined to be specific for SOX17 by both Western blot and ICC on
hS0X17 cDNA transfected cell lines. 101071Cells to be immunostained were grown on chamber
slides, and wigke #ipsesapce with 1XPBS and fixed for 10 minutes in 4% BRA/4%sKee5e88 in PBS pH
7.4 at room temperature. They were then rinsed 3X in 1XPBS and blocked in 3% goat 25 serum with
0.1% Triton-X100 in PBS for 1 hour at room temperature. Primary antibodies were diluted in 3% goat
serum in PBS and was applied overnight at 4C. The primary antibodies used were rabbit
anti-human AFP (Z¥ ¥ :50 dilution, and rat anti- human SOX17 (obtained from Cythera,
Inc.), used at 1:1080.% iells were washed for] hour with 3 changes of 1XPBS. Secondary 30

antibodies were appliggl for 2 hauis At{oamdemPeiatYre. SeeondR-ANtkRdies used were goat
anti-rabbit Alexa Fluor 488 and_ goat anti-rat Alexa Fluor 594 (Molecular Probes), both at a 1:1000
dilution in 3% Sgoaf‘%%?a&‘ﬁﬁ'&%tﬁgwdc@@*%&ﬁw&sﬁaﬁw Holip Rt S eahgee 4 ERPBS. The
chambers were retrorestoandrslities, Wers-houstediinvectaShiete nfcnngrt_imgemeisljlﬁmmmiDAPl
(Vector). Results aimgﬁa;égézgiﬂqmag@r@@é%aiiem?&m%mgsw& RRfeetgased more

i i Fsjgontaneous differentiation in adherent

rapidly in LY 294002 or rapamycin treated BGO1 cells than in
culture, or in embWS?&‘%Bﬁigge%/ﬁBﬁ%%dé?\l’ﬁfpﬁ?%iﬁ‘&ﬂ‘,iegg& SSENSEPEDE A& BRBH S eviously

observed by othersadinfivrethe ddelitprotifidpdtion linatiitytendiadhe sioiu[GLRBY RIARER analysis, it
was noted thag a numherofmarkershipdicative of early differentiation were detected in cells treated

' cin (Figures 4A and 13). Notably, the markers detected when P13-kinase
\;\:SQI;._IIYH 92 3V4a0802 a?(?ﬁ&%ijamy A( S%Xl‘? antibody w)as genere%t(ed as described in U.S. Patent

Application Publication No. 2005/0158853, entitled “Definitive Endoderm,” hereby

incorporated by reference in ifs entirety. Briefly, a portion of the human SOX17 ¢cDNA
corresponding to amino acids 172-414 in the carboxyterminal end of the SOX17 protein
15 was used for production of SOX17 antibody by genetic immunization in rats at the
antibody production company, GENOVAC (Freiberg, Germany), according to
procedures developed there. Procedures for genetic immunization can be found in US
Patent Nos. 5,830,876, 5,817,637, 6,165,993, 6,261,281 and International Publication
No. W(59/13915, the disclosures of which are incorporated herein by reference in their
20 entireties. The antibody was determined to be specific for SOX17 by both Western blot
and ICC on hSOX17 cDNA transfected cell lines.
[0107] Cells to be immunostained were grown on chamber slides, and were
rinsed once with 1XPBS and fixed for 10 minutes in 4% PFA/4% sucrose in PBS pH
7.4 at room temperature. They were then rinsed 3X in 1XPBS and blocked in 3% goat
25  serum with 0.1% Triton-X100 in PBS for 1 hour at room temperature. Primary
antibodies were diluted in 3% goat serum in PBS and this solution was applied
overnight at 4°C. The primary antibodies used were rabbit anti-human AFP (Zymed),
used at a 1:50 dilution, and rat anti- human SOX17 (obtained from Cythera, Inc.), used
at 1:1600 dilution. Cells were washed for 1 hour with 3 changes of 1 XPBS. Secondary
30 antibodies were applied for 2 hours at room temperature. Secondary antibodies used
were goat anti-rabbit Alexa Fluor 488 and goat anti-rat Alexa Fluor 594 (Molecular
Probes), both at a 1:1000 dilution in 3% goat serum in 1XPBS. Cells were washed for
1 hour with 3 changes of 1XPBS., The chambers were removed and slides were

mounted in VectaShield mounting medium with DAPI (Vector).
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10 blocked differed from those detected in spontaneously differentiating adherent cultures of BGO1
cells (Figures 4A and 413). For example, blocking P13-kinase resulted in an increase in levels of

HNF4alpha, GATAd«Mixb and Msxl, and a decrease in levels of AFP in cqippaidsais i9:sppntaneously
differentiating cultures. [0110]JAdditionally, the differences in cell morphology that were noted with 15

varying densities gf plucipotent cells were supported by PCR data. The effect of treatment with LY
294002 or Rapamycin may in some circumstances be dependent on cell density. [0111]Figures 5A-G

demonstrate that ent of HERS M stt: fbr esdefs) IRitArammiErt v JPDewBAREpamycin
quantitatively induses:theidkpiessionef@0 genessirnnglytas Sotintedwithimasepaeden (i.e.,

goosecoid/Brachy : , r iiti ) .
(SOX17/M 1x1/900&5%%%&/%%%?&#5%7%%%@ %r’\ Ifo}ﬁtgg%?y §é é‘gﬁéﬁ%ﬁ%ﬁ%g ored 5B 9294002 or

Rapamycin do’ notiaieEexirdsiomdt tPrep e EUrSCoRsHEAl HrarkBpedx indiate cel!
pan-extraembryonietifaten, SNy 2a]0dH2in. addition, SOX17 and AFP immunofluoreseence

saining of the 800 gl Ine rggted it b 294902 (804 M) 9TyRRAYSIL (0, 3 tos gerfommed

(data not shown). The double-stainings demonstrated that there Is no 33 icant expression of AFP in
the treated cells. CEHafifrataagrmeceaifestise Bidlxpreiedarp h¥ détdfhiret BYBYGHRting 500
cells, 296 cells, or{BR¥eofthest Bpopidalion thamuas:30teatadwiith PY-204002expgesaed SOX17.

[01.13IFaure & shawadiewaytoreiiy,anaiisis:ahirgmhamadys eueiession AUMaR L3001 cells

Cells treated with 80 uM of LY 294002 demonstrate decreased levels of thfombomodu nﬁ, WO

2(106/020919PCTHULSYosAR 83255014 411 Heiitioh SEese B -canekipsddadsiapsa ey ahdPHn cells
(WiCell) were alsaiteatedniilal6of [HNF 4201204002 dsMie scrtiesiin Exanpleadipiessian of AR', Bry,

FoxA_2, GSC, MoxhMiXLL, S0xle B X HER éﬁ%%l%a%ﬂ%ecﬁx%&éém‘“ed by Q- PCR after

approximately 72 hours in culture with LY 294002. As shownh in Figures _
{6116} Additionally, the differences in cell morphology that were noted with

15  varying densities of plurpotent cells were supported by PCR data. The effect of
treatment with LY 294002 or Rapamycin may in some circumstances be dependent on
cell density.

0111] Figures 5A-G demonstrate that treatment of hES cell line BGO! for 1-3
days with either LY 294002 or Rapamycin quantitatively induces the expression of

20 genes strongly associated with mesendoderm (i.e., goosecoid/Brachyury/Cerebrus), the
precursor to the definitive endoderm (SOX17/MIX1/goosecoid/Cerebrus) lineage. In
contrast, as depicted in Figures 5H-5I, LY 294002 or Rapamycin do not induce
expression of the pan-neurectodermal marker SOXI1, or the pan-extraembryonic
marker, SGX7.

25 [0112] In addition, SOX17 and AFP immunofluorescence staining of the BG01
cell hine treated with LY 294002 (80 uM) or rapamycin (30 nM) was performed (data
not shown}. The double-stainings demonstrated that there is no significant expression
of AFP in the treated cells. Certain fields of the cell culture did express AFP. As
determined by counting 500 cells, 296 cells, or 60% of the cell population that was

30 treated with LY 294002, expressed SOX17.

[6113] Figure 6 shows flow cytometry analysis of thrombomodulin expression
in human BGO1 cells. Cells treated with 80 pM of LY 294002 demonstrate decreased

levels of thrombomodulin,
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5 7A-T, treatment of either line with LY 294002 results in increased levels of Sox17, MixL1, Br)',
FoxA2, and GSC, while AFP, MoxI, Soxl, THBD, and ZIC | were either not substantially increased, or

showed reduggfaudsassion. These results demonstrate the repeatability githe saaiheds.of the
invention using other hES cell lines. Assays were performed in triplicate and are shown as +/- SEM.

10[0115]By biochgypigal analygigaiwasHieddhabiag asivity phAl S6kinaseANdaENas inhibited
in cells maintained in the presence of LY 294002. ngllarI# the act|V|tﬁ/éof S6kinase and 56 was

abolished in cells FraftaHR §ritd-sréd&iicerd rap il B otais| & ofsRtRFERRE &0 0¥ vations
indicate that P13-kixase ShaliagitorMinl MEOR, isctownTeglaied TIEBGHdcellsindhepesence of

hese inniorory diigR kheBaleivalio S a dintah Blast ip s P98I0 PRI Was dimmished in

BGO1 cells undergomg spontaneous differentiation in adherent culture, but was abolis in inhibitor
treated cells. 20Exam plEcatresEd sifsinbet SFalinstitdtd (o esmbitibneasresdidiieio o PIBER1 cells were
passaged from fepriers, usiy)Fihe xalages@ sedity psin, mei10d and wse, plededdinywaatsigel coated

dishes at 1x105 celisiapmim.fishindneapdiianad Dia medium 0 CM).Allenaspioximately 24 hours,
the media was 25 replaced with fresh hES medium or M.EF?C_M, alon%éwt LY 294002, Activin A, or
Nodal as shown iff-EigaraapAitYy vf2bmosdadscol Sudimteationnesnsratish Biappldrnaté i p.M; Activin
A was used at a coneenifatiand of Eppraxisnatelysidthngimlsaml Nodal was used at a concentration of

approximately 1 pig/gh Cels were lisalech ar.Ampradmateli ey, 108 shagos pedium every

24 hours. Cells were 30harvested using the collagenase/trypsin method for Q-PCR analysis. Sox-17

Q-PCR was perfoiifietf 3etusdtitse dninesariplemsd s priseie SAprAHE Q¥pdiRbedifts, showing
Sox17 levels as thesfitgd-dn@eiasaowed Botreaiedrlisd Sigoificantibankd expressiasnaasobserved in
hES cells treatedrggi‘,;g[)@i}l'CM and LY 294001, (2) UCM, LY 294002, and Activin A, and (3) UCM, LY
294002 and Nodal, but not in the absence of CM, Activin or Nodal (Figure 8A). The results indicate

that MEF-CM or ABih/Nodalitstivels s robiev annp opdisin dhtie APHEDE: DEMSMEa%0n. Assays
were performed innTphcate-andea@a&dGWB@®! cells in the presence of these inhibitory drugs. The

activity of 86 (a distal target in this signaling pathway) was diminished in BG01 cells
undergoing spontaneous differentiation in adherent culture, but was abolished in

inhibitor treated cells.

20 Exampie 4
TGF S members substitute for conditioned medinm
i6L17] BGOL cells were passaged from feeders using the collagenase/trypsin
method and were plated on matrigel coated dishes at 1x10° cells/35 mm dish in
unconditioned hES medium (UCM). Afier approximately 24 hours, the media was
25  replaced with fresh hES medium or MEF-CM, along with LY 294002, Activin A, or
Nodal as shown in Figure 8A. LY 294002 was used at a concentration of
approximately 60 pM; Activin A was used at a conceniration of approximately 100
ng/mi; and Nodal was used at a concentration of approximately 1 yug/ml Celis were
treated for approximately 4 days, with a change in medium every 24 hours, Cells were
30 Tharvested using the collagenase/trypsin method for Q-PCR analysis. Sox-17 Q-PCR
was performed as described in Example 3.
[0118] Figure 8A provides Q-PCR results, showing Sox17 levels as the fold-

increase over untreated cells, Significant Sox17 expression was observed in hES cells
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5+/- SEM. [0119]Sox 17 expression was evaluated by Q-PCR under culture conditions competent to
support hESC-DE formation (MEF-CM and LY 294002) in the presence or absence of Chordin

(approximately;>Q6kRednb, Follistatin (approximately 500 ng/ml), Lefty-A (approxigaaiesss00 ng/ml),
Noggin (approximately 500 ng/m1), SB- 10 43152 (approximately 10 p,M), and SU-5402

(erl]pproximatehl/ 5 %M}cf\h&ff@’f‘i)’@@ RRrormeghin ,trdﬁdig@ml,lan@ aLRENOwHA a&frﬁnsgl\émﬁ%we 8B )
shows Sox17 levels as the fold-increase r untreat ells in the varjous.tre ts,.indicating that
T 554003, MEF- G o R a3 R WS LRGN o T PG ALIRNS aignaling
(Follistatin and SB84315%) tsetitrontiyat i ftbiEFot BIMPATHaYtiedalde 1B M owairiyr NS dar0efty-A) or
FGF (SU-5402) sigpalingExammie sAkitohl indusesdersation-of.definitive sRdeders.1Q120/BGO1

cells were passage frgm feeders using the collagenase/trypsin 20 method and were plated on
matrigel coatet dished4f1x105 cells/35 mm dish in conditioned medium (CM; MEF conditioned
medium plus 8 ng/iBIFGF). Afler approxissately @4 tursdthy hedia weisreplacedonditidnesh CM, CM

with inhibitor (resuspRpded 9 e @iseM Wit FEIRS: RLRIThSnbiso sl Galbigehem) was
dissolved in ethanol and was 25used at the concentration range approximately 10-40 Pd. Aktl-II
inhibits the PI3- kifasatfivry By dife SRPIRRIBRIRY ARY ﬁ%r%z eﬁu‘mr@%vfgwwemégg conditions

for approximately 7@g/hdulis:fiith dappmetiarrichshge/ eiely@dihdearsodeikayerethayvastédusing the
collagenaseftypsigmeinatbior QiR R 5 e scrpad ey afianie A MNRBO AL exPRssion as a
fold- 30increase relative to untreated hES célls. _

performed in triplicate and are shown as +/- SEM. Figure 88 shows Sox17 levels as

the fold-increase over unireated cells in the varicus treatments, indicating that LY

294002, MEF-CM dependent Sox17 expression was suppressed by inhibitors of Activin

signaling (Follistatin and SB-43152} but not by inhibitors of BMF (Chordin and

15  Noggin), Nodal (Lefty-A) or FGF (SU-5402) signaling.

Example §

Ake1-11 induces formation of definitive endoderm

[B1204 BGO] cells were passaged from feeders using the collagenase/trypsin
20  method and were plated on matrigel coated dishes at 1x10° cells/35 mm dish in

conditioned mediom (CM; MEF conditioned medium plus 8 ng/ml bFGF). After

approximately 24 hours, the media was replaced with fresh CM, CM with inhibitor

fresuspended in EtOH), or CM with EtOH,

[0121] The mhibitor Aktl-fI {Calbiochem) was dissolved in ethanol and was
25 used at the concentration range approximately 10-40 uM. A1 inhibits the PI3-

kinase pathway by directly inhibiting Akt L

[0122] Cells were grown in these conditions for approximately 72 hours with a

medium change every 24 hours. Cells were harvested using the collagenase/trypsin

methed for Q-PCR as described above. Figure 9 shows Sox17 expression as a fold-
30 increase relative to untreated LES cells,

[e123] By Q-PCR, it was ascertained that the addition of approximately 40 pM

of the Akt inhibitor AKTI-II reproduces the effects of LY 294002 in promoting DE

formation (Figure 9),
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[0123]By Q-PCR, it was ascertained that the addition of approximately 40 pM of the Akt inhibitor
AKTI-LI reproduces the effects of LY 294002 in promoting DE formation (Figure 9). Example 6 GSK3
activation is ¢aguie@ienbY 294002 induced definitive endoderm formatiopdfiR4iLSneeAla
phosphorylates and inhibits GSK3 activation, and since 5blocking Akt promotes DE formation, we
investigated whether GSK3 activation is necessary for DE formation. 101.251BGO01 cells were
passaged on matrigel using the collagenase/trypsj metih%d as described above and were plated on
matrigel-coated chamber slides in CM. After appr %arﬁnéltéely 24 hours, the medium was changed, and
the cells were treaE& nith v GO sTradviAeN /20410024003 10 lurrdBDnisr DR s fapstéimately 3-4

days. The inhibito&;]égﬁ (Dr. Adi,Buvaplopyas dilkdedin DMBQR angiwagcHsadat amgongentration of
approximately 0.1-5 MM. MeB10 (Dr. Ali Brivanlou) was also_diluéed in DM(g?%?ndﬁusgd ata
concentration‘bf apBrEEmALEPPECR KSR sl SEHBYREE R tridiiAfe AR afs SABWn'as +/- SEM.
15101261Cells wexegtawhirDih ésenadnditions for approximately 3-4 days with a medium change
every 24 hours. Cg ﬁg}lere ha%’@ﬁﬁege}i?'%r@“ agg{j%gge&aﬁg@égsgg]s;gheglﬂgggggé%&g%&s@escnbed
above 101271Addition of the GSK3 inhibitor, BIO, but not meBio, blocked LY 294002 induced DE
formation as deterRfiiad By &6 e ARpve Lo TiIGHEL16) G #1208 BHHtoH KA St kddwn of GSK3
expression with twafispagifiex Risialyrié lecuteticbutdnot svenutangdRINAd, thtoeks treediviitsd ofittY 294002 to
promote DE fofmafioi3 30l WessAptecaea lon'(eednia Halighe aleoenasaitagen method
gel coated ¢ .C

and were plated on matri amber slides in .. . After approximately 24 hours, the

medium was chanigét Bhd thSeamalove ruag Siasted ied B 80 arBL RN S EGIERERL ™ e cells were

transfected with 100:piVi:afihe RNA Buplexes with Lipaiaciamine.2006:(vikogeDMES K3 wild-type
1 and 2 were purchased from Invitrogen (GSKSbetia VaIidﬁ;ed RNAI DuoP&ck; # 45-14882 as was the
control mutant RN%F%ﬁ“/ﬁﬁ?@éﬁ?@&%gﬁéﬂifommate y 1-5 uM. Assays were performed in triplicate

and are shown as +/- SEM.

15 [0126] Celis were grown in these conditions for approximately 3-4 days with a
medium change every 24 hours. Cells were harvested using the collagenase/trypsin
method for Q-PCR as described above

[0E271 Addition of the GSK3 inhibitor, BIO, but not meBio, blocked LY
294002 induced DE formation as determined by Sox17 expression (Figure 10}).
20 10128] in addition, knockdown of GSK3 expression with two specific RNAI

molecules, but not a mutant RNAI, blocks the ability of LY 294002 to promote DE
formation. BGO1 cells were passaged from feeders using the collagenase/trypsin
method and were plated on matrigel coated chamber slides in ...CM. After
approximately 24 hours, the medium was changed, and the cells were transfected with
25 various RNAi sequences. The cells were transfected with 100 nM of the RNAI
duplexes with Lipofectamine 2000 (Invitrogen), GSK3B wild-type 1 and 2 were
purchased from Invitrogen (GSK3beta Validated RNAi DuoPack; # 45-1488) as.was
the control mutant RNAi (Invitrogen, #46-2001).
[012%} 12 hours after transfection, LY 294002 was added to all wells. The
30  medium was changed daily. Cells were grown in these conditions for approximately 1-
4 days, and the cells were subsequently fixed and immunostained at days 1, 2, 3, and 4

as indicated in Figures 11A and B.
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(0129112 hours after transfection, LY 294002 was added to all wells. The 30 medium was changed
daily. Cells were grown in these conditions for approximately 1- 4 days, and the cells were

subsequentlyfixegafgddpmunostained at days 1, 2, 3, and 4 as indicated gp-Figumgsbidand B. WO
2006/020919PCT/US2005/028829 [0130]Cells to be immunostained were rinsed once with IXPBS and

fixed for 10 minuteg{Rxf% PFAMYE SUGIQSGHINRBRAR &4 AlQURLaRRarRIEE - [NaY Wese then
rinsed 3X in 1XPBS and blocked in 3% goat serum with 0.1% Triton-X100 in PBS for 1 hour at room

temperature. Primafy 4Rt dtet veF & dit Barsessh gouPBefdhi s M PBEPET this SEHNSH was
applied overnight #te4Ginbde 35imnariiziEtibodigsdksé dnviéieeparnsa K WBIDBastiincés 0Cat. #610202),

used at a 1:1000 ciion #ichiak A0V WARR ROX I AARARGIART LXBRRSG) UsRdAL: 1000

dilution. Cells were washed for 1 hour with 3 changes of 1XPBS. Secondary antibodies were applied
for 2 hours at rooritERpardtire. sStiendasy aMitoteTiEake idre JbarHRaraBhiRoMiexs1d Fluor 488
and goat anti-rat N@ga;ﬁtugsﬁ%ml\mmm&mb@sezmm atsal ki 10000di Whiedn aadorgoatiserum in

1>CPBS. Cells w ere wa Qur th 3 n f 1XPB mbers re removed and
i lgh 1?p med r%thf? :gel% fhufjeﬁ ? n)%é: %al ﬁ

slides were mountedmn mountin ector reater an 200 cells per
sample were scoré%ﬁsh‘?ﬂjf%fséﬁyéfwgi@p“é‘ﬁ‘@ﬁ?ﬁéﬁ1@%@8@@5&%@?#?@@@3&&}1}@&%43 show the
percentage of GSlkauanek: mﬂmﬁéﬁu&we&sgm&@wﬁ%b&wm&a@t@wwﬂhmldiﬁmnt RNAI

molecules, Trgamenwih e GSI3, spesifia NG sequences degrepsed expipssion o orh GSK3

and Sox17, while treatment With the contro i sequenc ecregée expression of either
GSK3 or Sox17. TH&essrs 6 1reehtsivaisn 1 Recdsdbny 61 Hemdteidnsrpi byroees094002.
[0132]These resulmatqmbaéﬁﬁﬁbeﬁd@gﬁnmaﬁlwﬁﬁ ofiiRds3 Winaseoanddaimemhenaiidhe TGF13

family may be necessa for the Iur nES eII that pharmacological inhibition of
P13-kinase act|V|ty In s{e ren%\‘fvxl’gr)lg p%pglgté}omg trsezfrﬁﬁfa‘E %glca bmmi ET(gnt to r%u tilineage

differentiation in vifftsl SFFresavergeeriormed in duplicate.
15 10131) Figures 11A and B show the percentage of GSK3 and Sox17 positive

cells, respectively, upon treatment with the different RNAI1 molecules. Treatment with
the GSK3 specific RNAI sequences decreased expression of both GSK3 and Sox17,
while treatment with the control RNAI sequence did not decrease expression of either
GSK3 or Sox17. Therefore, GSK3 activation is necessary for the induction of DE by
20 LY 294002.
[0132] These results indicate that the endogenous activity of PI3-kinase and a
member of the TGFB family may be necessary for the pluripotency of human ES cells,
and that pharmacological inhibition of PI3-kinase activity in self-renewing populations
results in a biclogical commitment to multilineage differentiation in vitro. These data
25  indicate that commitment to differentiation to definitive endoderm in human ES cells
may be controlled by the level of endogenous PI3-kinase, and that this pivotal signaling
axis must be silenced for the onset of differentiation to definitive endoderm to occur in
vitro. Suppression of this kinase activity has been achieved wiih highly specific, potent
and well documented pharmacelogical inhibitors, LY 284002 in the case of PI3-kinase
30 (Pullen & Thomas, (1997) FEBS Lett,, 410: 78-82), rapamycin in the case of mTOR
(Han et al,, (1995) J. Biol. Chem., 21396-21403), and Ak{-T in the case of Akt 1. The
optimal effective concentrations for initiating human ES cell differentiation in vitro by
each of these inhibitors has been established. Ongoing studies are aimed at defining the

subset of serum factors other than TGFB family members that are essential for
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25 indicate that commitment to differentiation to definitive endoderm in human ES cells may be
controlled by the level of endogenous P13-Icinase, and that this pivotal signaling axis must be silenced
for the onsetypfdiffgrapsiation to definitive endoderm to occur in vitro. SuppressighRfitaiskinase
activity has been achieved with highly specific, potent and well documented pharmacological
inhibitors, LY 29491%@&%%%%:9{0@9{%@%@&%@& CPYlen B3 Themas.d 199 B ERS: g tineA 10: 78-82),
rapamycin in the case of mMTOR (Han et al., (1995) J. Biol. Chem., 21396-21403), and Akt1-11 in the
case of Akt I. The BBt CBREENIETIBHEHSY initiating human ES cell differentiation in vitro by
each of these inhibitors has been established. Ongoing studies are aimed at defining the subset of
serum factors other than TGFO family members tlggta@rﬁﬁeeﬁsential for maintaining the endogenous
activation of both P13-kinase and p70 56 kinase in the context of human ES in vitro pluripotentcy.
Example 7 5 Kidn&/Eap s 44598 8f L 1S80b034 e el 4B e €rtedarm cells 101331Untreated
hESCs or hESCs traated for 4 dayssdt RIS p M HERCO40021 viere doftagehasqdveatedieigenerate cell
aggregates (- 50 cells /aggregate), washed in war. edia, then genily resu ded in. 2.mi
OMEMIFL2, 1006 FEE bt e AetlEE R e uh I a%%?ac%ﬁg%ﬁfsfﬁﬁﬁfﬁﬁis ey
Approximately 2.5%Togedinsiaresndy iguensatats thalddHEY s o Siadle b ry prambt
SCED-beige miceafiweecksoafter, trtansilianidtinmn: migemese. sagpieadaeind the kitlaayssaere removed
and fixed in 4% parafarmaldehyde. Following fixation, kidne bedded i in.wax,
cectioned ani ol o B I e T g,
slides underwent d@pHIaRHISBLTH crakTdFatitiTandrddht iRAtREVES épTtoe f’é‘f’ri@%?f With*Trilogy (Cell
Marque, CMX-833arHigasidveiacstamen usin Jilhadcalkalinephesphalasadde clagiaiTiABraystem
(Vector Labs, AK-5002) and Vector, Red substrate, (Vector Labs, $K-5100). The following antibodies
were used for immsﬁ%g)c)lﬁ%o% e%?gﬁtﬁ éigtﬁrﬁk?lﬁss( {l%féﬁam R%%%)EORE% %e%l Elz\n/lcfaﬁmﬁneu,n SI\\{/I?\i';f?ﬁO), Gastrin
(CMC106), HSF (Gélevasyiienss Moy IndemRB PigrrrdErariithd dsihestpo Mmarhatiomdresd
RDI-FABP-L2E3), chitbpl réteriMarguer 163V @21 2 Milkn ¢ Oetl dday g prids MESdahdiakilidarescence

Immu ”OcytOChemi%éﬁi%@%ﬁ%ggh"%%g& SReandary aptlofie i\%%( & i%%’%%ﬂé | “%6%*?89 faj anti-mouse
A

IgG (Molecular Probes, A11001), Alexa Fluor 594 goat anti-rabbit IgG (Molecular Probes, A11012).
10134]Figure 12ASREHE tHYEer 204002 Yreat 80 FIESE s folavsaca tafedisasyosorstde Kitney (right

panel), which is stiikifgiayeemgaiisen dbankic eishat did 350 cortayTean mplas) (@i@mogl).
[0135]Figures 125(-3%“31?!110%%@@@%@%&% RIAQ&Q,”@:?E@?‘%T,Q?;}Q&Q (Fitzgerald Industries
20 International, RDI-FABP-L2E3), TTF-1 (Cell Marque, CMC572), Villin (Cell Marque,
CMC833). For fluorescence immunocytochemistry the following secondary antibodies
were used; Alexa Fluor 488 goat anti-mouse IgG (Molecular Probes, A11001), Alexa
Fluor 594 goat anti-rabbit IgG (Molecular Probes, A11012).
{6134 Figure 12A shows that LY 294002 treated HESCs formed a large mass
25  on the kidney (right panel), which is striking in comparison to a kidney that did not
contain an implant (left panel).
(0135} Figures 12B-G show photomicrographs of immunostainings of LY
294002 treated aggregates after culture under a kidney capsule for approximately 6
weeks. The aggrepates express TTF-1 (B), AFP (C), villin (D}, gastrin (E}, HSA (F)
30 and LFABP (G), indicating that the LY 294002 treated cells differentiate to derivatives
of endoderm. The expression of LFABP and albumin were largely co-localized (data
not shown). Additionally, Figures 12H and 121 show Q-PCR results, showing a 1000~
fold increase in FARBP] mRNA and a 4500-fold increase in albumin mRNA in
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294002 treated aggregates after culture under a kidney capsule for approximately 6 weeks. The
aggregates express T f (B), AFP (C), villin (D), gastrin (E), HSA (F) 30 and LFABP (G), indicating that
the LY 2940Q24rqatpdssells differentiate to derivatives of endoderm. The exprassinrofkRABP and
albumin were largely co-localized (data not shown). Additionally, Figures 12H and 121 show Q-PCR
results, showing a 00y fold increasedpF ABRIMRNA ad @ A200Haldinereasgnaloumin mMRNA in
LY294002 treated HESCs relative to LY 294002 treated HESCs that were not implanted. Assays were
performed in triplicR 3 afS@HOWRTEROFIaNR SEsliniRAsd9ie BPRMNE 51 SE¥hethod of differentiating
a pluripotent human embryonic stem cell comprising: (a) providing the pluripotent human embryonic
stem cell, and (b) contacting the pluripotent human embryonic stem cell with an effective amount of an
inhibitor of a P13-kinase signaling pathway and a member of a TGFP family to at least partially
differentiate the pluripotent human embryonic stein cell to an 10 endoderm cell, wherein the member
of the TGFP family is selected from the group consisting of Nodal, Activin A, Activin B, TGF-13, BMP2,
BMP4, and a mixture thereof. 2. The method of Claim 1, wherein the pluripotent human embryonic
stem cell is contacted 15with the inhibitor and the member of the TGFp family for greater than
approximately 24 hours. 3. The method of Claim 1, wherein 0S1C3 is activated. 904. The method of
Claim 1, wherein the inhibitor is selected from the group consisting of LY
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294002, Rapamycin, wortmannin, lithium chloride, Akt inhibitor I, Akt inhibitor II, Akt inhibitor III,
NL-71-101, and mixtures of the foregoing. 5. The method of Claim 1, wherein the inhibitor is LY
294002. 25 6. The method of Claim 5, wherein LY 294002 is initially present at a concentration of
approximately 1 p.M to approximately 500 p.M. 7. The method of Claim 5, wherein LY 294002 is
initially present at a concentration of 30approximately?¥#M to approximately 163 pM. 8. The method
of Claim 1 herein the inhibitor is Rapamycin. 9. The method of Claim 8, wherein Rapamycin is
initially prese 8gL‘%Egjl:entration of 35approximately 0.1 nM to approximately 500 nM. 10. The
method of Claim ein Rapamycin is initially present at a concentration of approximately 1.5 nM
to approximately 30 nM. 4011. The method of Claim 1, wherein the inhibitor is Akt inhibitor IL 12. The

method of Claim hlnwheteinaAtd-dnhipiar. bis-piialbhpresentat o consanrtiation pfapproximately tO
p.M to apprOX|mater 0 TIM 13. The metpod of Claim 1, whereﬂ‘n step (b) occurs in the presence
e

Of bEGF.  14. The fHetiSdURE SR RO RE AR %"fﬁl?ﬁ]@cﬁ &8%t at a concentration of
Sapproximately | ng/iffitompptmdtham@yipoteg/minan ehdridvicrethod lof i@laine Teaversinutheinember

of the TGFLS family is AGliifor or 4 1TREMSAEAL IR NSRRI PETORS g [OFF3

family is present in a 10conditioned medium.
at least partially differentiate the pluripotent human embryonic stem cell to an

10 endoderm cell, wherein the member of the TGFP family is selected from the group
consisting of Nodal, Activin A, Activin B, TGF-3, BMPZ, BMP4, and a mixture
thereof.

2. The method of Claim 1, wherein the pluripotent human embryonic stem cell is contacted
15 with the inhibitor and the member of the TGF[3 family for greater than approximately 24

hours.
3. The method of Clatm 1, wherein GSK3 is activated.

20 4. The method of Claim 1, wherein the inhibitor is selected from the group consisting of LY
294402, Rapamycin, wortmannin, Hthium chloride, Akt inhibitor I, Akt inhibitor 11, Akt
inhibitor 111, NL-71-101, and mixtures of the foregoing.

5. The method of Claim 1, wherein the inhibitor is LY 294002,

25

6. The method of Claim 5, wherein LY 2984002 is initially present at a concentration of

approximately | pM to approximately 500 puM,

7. The method of Claim 35, wherein LY 294002 is initially present at a concentration of
30 approximately 20 uM to approximately 163 pM.

8. The method of Claim 1, wherein the inhibitor is Rapamycin.

S, The method of Claim 8, wherein Rapamycin is initially present at a concentration of
35 approximately 0.1 nM to approximately 500 nM.

10. The method of Claim 8, wherein Rapamycin is initially present at a concentration of

appraximately 1.5 nM to approximately 30 nM.
40 11. The method of Claim 1, wherein the inhibiter is Akt inhibitor I

12. The method of Claim 11, wherein Akt inhibitor Il is initially present at a concentration of

approximately 10 uM to approximately 50 pM.
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17. The method of Claim 16, wherein the conditioned medium is obtained:from a feeder layer of
embryonic fibroblasts. 15 18. The method of Claim 1, wherein the pluripotent human embryonic stem
cell is dissociated to an essentially single cell culture prior to contacting the pluripotent human
embryonic stein cell with the inhibitor. 2019. The method of Claim 18, wherein the cell is dissociated

using a protease. %thﬂ"gf@ﬁﬂﬁo of Glaim 19, wherein the protease sin. 21. The method
of Claim I, wherein the pluripotent uman embry oﬁll\é:vos?félfrsl getl 5 ]roﬁg;tnec (|5J[rslt(’)krr to contact with the

P13-kinase inhipitprand e merpher,of the LGEN3 damily, 28:fhe method of Glaim, 1, wherein.the
differentiated endod%rm cell is a definitivé enzjodlerm ceII.IS 23. f@gkp%gtign, aéocr%nﬁﬁﬁ%ﬁ%%lc% | culture

medium, an inhibABPFTHE Y 3 1afiade FarwRAted AniBthber of the TGFp family, wherein the

member of the TGFP family is 5selected from the group consisting of Nodal, Activin A, Activin B,

TGF-p, BMP2 4. and ixture thereof, gand _the inhibitqr js selected from the group consisting
of LY 294002, 'ﬁ%@%ﬁﬁﬁﬁ%‘“&%‘%é?‘ et ?,&%t%ﬁgsi%ﬁ‘ X ST tor 1l NL.71-10L
and mixtures 10thereof. 24. The composition of Claim 23, wherein the inhibitor is Rapamycin. 25.

The compositipy ofelaig 24 wbersin Rapamysin.is initially pregs) %ﬂ&%ﬁ%@&@ﬁi&g 150f

approximately 0.1 nM to apé)roxi_mately 500 nM. 26. The composition of Claim 25, wherein Rapamyc n
is initiallgl resent SPH EERELAFAIYN of approximately 1.5 nM to approximately 30 nM. 2027. The
composition of Clai'm 23, wherein the inhibitor is LY 294002. 28. The composition of Claim 27, wherein

LY 294002 is ritiall§ PRASHE AT 4 BbHeitraaiB s graar s/ maANP R A BRI R B 0ty ¢M.

of embryonic fibroblasts.

15

18. The method of Claim 1, wherein the pluripotent human embryonic stem cell is dissociated
to an essentially single cell culture prior to contacting the pluripotent human embryonic stem

cell with the inhibitor.
20 19. The methed of Claim 18, wherein the cell is dissociated using a protease.
20. The method of Claim 19, wherein the protease is trypsin.

21. The method of Claim 1, wherein the pluripotent human embryonic stem cell is plated prior

25 to contact with the PI3-kinase inhibitor and the member of the TGFB family.

22.The method of Claim 1, wherein the differentiated endoderm cell is a definitive endoderm

cell.
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2529. The composition of Claim 28, wherein LY 294002 is initially present at a concentration of
approximately 20 utM to approximately 163 RM. 30. The composition of Claim 23, wherein the inhibitor
is Akt inhibitor 11. 30 35 40 31. The composition of Claim 30, wherein Akt inhibitor Il is initially present
at a concentration of approximately 101.0\4 to approximately 50 uM. 532. The composition of Claim

23, wherein the member of the TGFp family is Activi A. 33. The compagsijtion of m 23, wherein the
member of the%ﬁpﬂﬁﬂﬂfﬁtgﬂ&e%@ﬂmwagcan%ﬁoﬁwfﬁeﬁﬁiﬂwma& Tw“leaﬂﬁp%s%% i e 23,

further comprisigRkGhnd a BembhetampPSPmLafil]aim-3dn whereim i GF de imtallyfprgsent at a
concentration of approximately 1 ng/mi to approxmatel%?lz ng/ml. 36, The composit on of CIalm 23,

wherein the ceft&ntetd HBAIGTTRVE caRdition el Nedalunttivin 47 ARy igdinp ot

wherein the copglitioned medisaisaabtained from a 20feeder layer of embryonic flbroblasts. 38. The
composition of Claim 23, wherein contact with the composition is effective in causing differentiation of

a pluripotent mammalisndeell towares &varﬁrtd@%%mﬁbunﬁagﬁga&ema@ﬂlbnaaaﬁasysm,tur@%with the
composmon for]%rea er t an, %EIBI'OXI

or1 Al i itor maﬁ{y mhibitor 1I, Akt inhibitor I, NL-71-101, and mixtures
16 thereof.

24. The composition of Claim 23, wherein the inhibitor is Rapamyein.

25. The composition of Claim 24 wherein Rapamycin is initially present at a concentration

[5  of approximately 0.1 nM to approximately 500 nM.

26. The composition of Claim 25, wherein Rapamycin is initially present at a concentration

of approximately 1.5 nM to approximately 30 nM.
20 27.The composition of Claim 23, wherein the inhibitor is LY 294002,

28. The composition of Claim 27, wherein LY 294002 is initially present at a concentration

of approximately ! uM to approximately 500 uM.

25 29. The composition of Claim 28, wherein LY 294002 is initially present at a concentration
of approximately 20 uM to approximately 163 pM.
30. The composition of Claim 23, wherein the inhibitor is Akt inhibitor I1.

30

35

40
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25hours.

10

15

20

31. The composition of Claim 30, wherein Akt inhibitor II is initially present at a

concentration of approximately 10 pM to approximately 50 uM.

32. The composition of Claim 23, wherein the member of the TGFP family is Activin

A,

33. The composition of Claim 23, wherein the member of the TGFp family is present in

a conditioned medium.
34. The composition of Claim 23, further comprising bFGF.

35. The composition of Claim 34, wherein bFGF is init:ally present at a concentration

of approximately [ ng/ml to approximately 12 ng/ml.

36. The composition of Claim 23, wherein the cell culture medium 1s a conditioned

medium.

37. The composition of Claim 36, wherein the conditioned medium is obtained from a

feeder layer of embryonic fibroblasts.

38. The composition of Claim 23, wherein contact with the composition is effective in
causing differentiation of a pluripotent mammalian cell towards an endodermal lineage
after the cell has been cultured with the composition for greater than approximately 24

hours.



