METHODS FOR IDENTIFYING FACTORS FOR DIFFERENTIATING DEFINITIVE ENDODERM
Related Applications [0001]This application is a continuation-in-part of U.S. Patent Application Number
11/115,868, entitled PDX1 EXPRESSING ENDODERM, filed April 26, 2005, which claims priority
under 35 U.S.C. 119(e) as a nonprovisional application of U.S. Provisional Patent Application Number
60/566,293, entitled PDX1 EXPR_ESS1ING ENDODERM, filed April 27, 2004; U.S. Provisional Patent
Application Number 60/587,942, entitled CHIMOKINE CELL SURFACE RECEPTOR FOR THE
ISOLATION OF DEFINITIVE ENDODERM, filed July 14, 2004; and U.S. Provisional Patent
Application Number 60/586,566, qptitae Ss e TR mREACE RECEPTOR FOR THE
ISOLATION OF DEFINITIVE ENDODERM, filed July 9. 2004; thls application is also a
continuation-in-part of U.S. PAt&h R"Wﬁﬁﬁg DEFINITIVE ENDODERM,
filed December 23, 2004, which claims priority under 35 U.S.C. 119(e) as a nonprovisional application
to U.S. Provisional Patent Application Numleti#4/887:842sentitled CHEMOKINE CELL SURFACE

RECEPTOR FOR THfyfiOLAHON QEQEFINNE ENDARERN, fled bid4.2008,nd U.S.
rovisional Pa icatj
RECEPTOR Fglgz{f?lg %}%& g%%%ﬁ@%@%ﬁ&ﬁ?ﬁ?? W}ﬁgb%a‘g’ﬁd u.s.
Provisional Pat@f‘ﬁ‘ﬁ!(p‘ﬁﬂéhﬁéﬁjfﬁ&n%’r%@)/@%WOEﬁ%GMF}NHPNESEND@E}EﬁMﬂﬁIed December
23, 2003. Field abtheibrveniien §006:2]Therpires entin EXIES sRiatetoibERfinldeohmitdicine and cell
biology. In _partmmrut@%k%@@m bention;telaies.dheideniisationalietaindataresyseful for
dlfferentlatlng EEBE%K‘P‘E%E ?S?L&%(?ﬁ” %Bﬁm ﬁ.g_ﬁp%]lj man, pluripotent

m cel e S

stem cells, suc %IOI‘]IC ste s and em were ﬁrst isolated in

ryonic germ
aulture without HEH BIALLYEREROTA e ABSRECTN oo GRAYF AR FRE TR RO B (Hogan.
1997). Later, TRORIZGHE mm%mrmm|WWMrémfmman ES and

EG cells using mitigallyipastivatedamousedfeadardaysis (Reukineiiat alp,2Aa0: Shamplott et al.,
1998; Thomson gfale, 49 %%?ed Dzﬁﬁﬁ@ﬂ]f'%ﬁ%bﬁéﬁ%ﬁ%c%ﬁﬂ%Q%Ez%&s%v%f%ef A ﬁmo gpportunities for

human development as well as for thera eutic mterve nin several

investigating early stagés

disease states” ‘5% gé iad SIS ARATIP ST P RERLHBHS aciéeﬁs%mﬁ%}?nékg?ﬁb‘lé‘pﬂ]fé‘*ﬁ% of
insulin-producingy@:eelfS/terhidd frofiech ESENWSNRI 6%ek a EStAGTH rBYERRIRFoSIRcUYFENt cell therapy
procedures thatsiligece tsrimrRdnmoE panoessas fed the, treatmenhefukabateseddawener, presently it

reatments ?0?3%*%&%9 RS em“%ﬁﬁ%%ﬁ%ﬁ e by e

| itus, whi ilize | imi y
scarcity of high %@l‘ftﬁ ik tﬁg%ﬁégﬁdc%ﬁdtﬁ’él?’a m%ﬁe T ?Iﬁ?abetlc patient
requires a trandjsteit dFPaWF@Rm'F&‘E@RFTS L0158 W4 cratiire |SFEWh§HFP@%¥W 2668 Shapiro et
al., 2001a; Shapuemi=at3, 2031b). As such, at least two healthy donor organs are required to obtain

sufficient islet cells for a successful transplant. Human embryonic stem cells offer a source of starting

material from which to develop substantial o%.lqntlp s of high quality differentiated cells for human cell
therapies. [0005] Two properties that ma%e—%l‘:%&_ﬁ%q uely suited to cell therapy a{épllcatlons are

pluripotence and the #8fiR to M%iteFTHESEMIRER &G retsr P rofiTge aperoa8! Bluripotency is
defined by the alitityif e SBsa0 diffeientistedo deridatiesiol alf Iqommahytgeemieierdrendoderm,

mesoderm, ecteggrm) Wik dEitRm etk samatic gekyhdpes of the mature organism in addition to
extraembryonic tissues (e.g. placenta) and germ cells. Although pluripotency imparts extraordinary

utility upon hESCs, this property also poses unigue challenges for the study and manipulation of these
cells and their derivatives. Owing to the large vfgw%ll types that may arise in differentiating
hESC cultures, the vdé¢tHajoriBrofealtinotest afterp rsiu cichagsy emprivsnice fiie (e selikdedidionally,
success in evalsadiehpresuciee eflianygivies calkiype dependaiciticatysen delining agparopriate
markers. Achieying efficienfoglijecieselifferantiation-isofareadmparanss(of, Resangkis application of
hESCs Shamblott established continuous cultres of human ES and EG cells using mitotically inactivated
mouse feeder lavers (Reubinoff et al., 2000; Shamblott ot al., 1998; Thomson et al., 1998).
[00604) Hurnan ES and EG cells (hESCs) offer unique opportunities for investigating

early stages of human development as well as for therapeutic intervenfion in several disease



[0006]In order to use lIESCs as a starting material to generate cells that are useful in cell therapy
applications, it would be advantageous to overcome the foregoing problems. Additionally, it would be
beneficiakigddentify éaciebetwhiﬁmnﬁ@mﬁaemlﬁﬁﬁle@eaﬂaéhen of precursey; erdlsidedvegkfitgm hESCs to

cell types u?efulfogg Itheraﬂﬁs ma ‘ygglfdtg%lnventon EOOOG naflrst asp Eg{'ﬁ/ﬂthe resent

cr a vas QVETr
|nvent|on refe an in vitro ce cuI ure comprising human c P v{/rnereln aflfe aid human

cells are Befafive dhtdoddirn edls fvaiddgasnrenerrdedelomtbelietaiey ﬁfuﬁilﬁﬁtéht démseteat can
differentigi@saioycrlls abithedgut Ia@bret@rg@ﬁ%fbsdﬂeﬂﬂmﬁxlﬁ%@féﬁ@ﬁ BAQQ@@H MmBRcOAd agpect, the

present |nvent|on fers to an in vitr atlon omprising human ce erein at least 90% of
said humah ce‘ils %ﬁ?eﬁld3 fin tl\{%g%nﬁosderm cea%s Raid” ge mmjé@n lIazerm cells V\{t{}elgr% méﬂlpotent cells

that can d¥feresfgatarmisndssbyt firesgureiiibel dﬁ&i?g%%ﬁ%fﬂeﬁﬂeéeihef#@ffﬁé%.ﬁ{og@%ﬂlﬁma thirl aspect, the
present imyeeﬁwﬂrdiegegeaweamethoam%mogwmgragﬁm;i\aetmdg@errasre@kkﬁmﬁaieé}g»emdigbmprising
the steps of: obtaini in r man c Il sa| cell
populaﬂo% Wﬁﬁag e%%% one gr E‘;Lacg’ogfgo af%‘ﬁ% s%?gﬁgm% nr(a)tf? a?ﬁgé(p]ﬂguf icient to promote
dlfferentléflé‘??%ft%ldl?ﬂlﬁlﬁméféﬁf %&@Wfﬁﬁﬁvﬁeﬁﬁd‘éﬂeﬁﬁ@ﬁﬁ%aﬁéﬁ’de@lﬁltfvé enrdsdet cells being

multipotephcplisthaticandisfessriialeinto callsafdhe guftabsr Qfaﬁ[géiﬁﬁaﬁi@ﬁv&ﬂ)&h%féﬁ)% and
allowing %uff|$|ent tlmef r def |t|v ntiilode Jl éghge Q%rr in sald icient time for definitive

endoderm ¢els (0 %Fr%l eelﬁsd)e.'?nﬁn%uad ectlng t e preséjn%e o anve endoderm cells in
said cell populatﬁ@ﬂﬁsﬂOO%E}Yﬁ ﬁ%ﬁﬁ@é&ﬁ%@?ﬂ%@ﬁ%@mﬂﬁvﬁwﬂéﬁ %%h@@ﬁéﬁﬂmv@éhdoderm

cell prodtaeeq;mlﬁbememﬂ 1@t thpiprese nhinvientians[0006en aufifth aspeshidig-Aresaptsnvention
refers to glmet odcof fio % ceallkgggulfaﬂggc%nncéwﬁdrm d f|n|t| €. e vetsj%r alfﬁ”s said method

- comprising e’ steps'o |ng celgina popula ion o npoten Gman celld'so as to produce
definitive Wd@@%@@%@%ﬁ%%ﬁﬂ@ﬂe}m%lgwﬁg fﬁmtﬁibﬁeﬁ%eweltﬁm%a@f theferentiate

into cells @fdhe g{gﬁﬁw@eieraeﬂgﬁtﬂ&aeﬂv&dlﬂﬂﬁemeuww@iB&d@ﬁ@%@%&ﬁpmlmim@ﬁgﬁgem which
binds to a marker expres d.in sgld deflﬂl ive en ?m[h but which is not subsl;l%ltlalg/ expressed
1S

1 algo

in other eﬁffﬁpé:%"ﬁre aﬁtslﬁxgg? ﬁTyp%puValfPoonl separ%rt?ﬁg <aid detmitive end cells bound
to said ey fest %ﬂ@é@m%@ﬁl §ipbespredenninisiidesirpopuletioee thérelbygsraiating a cell
populatiogegngisgheddn ﬂe}fieﬁaee;erw@&eﬂm@agmﬂ@@%kﬂﬁﬁ gixthaasperkiineneesapsdnention refers
to an ennchgd Qé)gulatlon of qeflnltlve en ceIIs roduced bg/ the mgthod of the present
inventio T very low etficiencies. ly, stic ess in evaludting production of any' g

cell type depends critically on defining appropriate markers. Achieving efficient, directed

differentiation is of great importance for therapeutic application of hESCs.

[0006] In order to use hESCs as a starting material to generate cells that are useful in
cell therapy applications, it would be advantageous to overcome the foregoing problems.
Additionally, it would be beneficial to identify factors which promote the differentiation of

precursor cells derived from hESCs to cell types useful for cell therapies.

Summary of the Invention

[0606a] In a first aspect, the present invention refers io an in vitro cell culture
comprising human cells wherein at least 10% of said human cells are definitive endoderm cells,
said definite endoderm cells being multipotent cells that can differentiate into cells of the gut tube

or organs derived therefrom.



[0007]Further example described herein relate to methods of identifying one or more differentiation
factors that are useful for differentiating cells in a cell population comprising PDX1-positive

(PDX1-expressing)gepfodgrn celisiangéer a@&%s@egﬁmiemgeerm&p s \kgndedeispuealls which do
not S|gn|f|cantg)</ ress P[()i(l)% such a 3 def ve en derm cells, int Ffcells that%{e use uI for cell
therapy. FOF'B &H%ﬁ‘ém?&rﬁe e %‘ﬁﬁ%ﬁé% s 8@8%08 Sr?é? TR e of
|dent|fy|ngaﬁécieﬁmbapamﬂedvhpr@ﬁmhng&hwlﬁ@ﬁ&ceh@t@h@kdeﬁwﬁhw@id@dercmﬁeelfsthntgutelIs which

are precwwgrf&rgglgg@@é)@@jggﬁygans which include, but are not limited to, pancreas, liver, lungs,

stomach, |ntest| r0|d th haryn allbladder and urinary bladder In ome examples,
such precursor %x’)l”&&i é)@‘eecéygg)dgﬁﬁegtelgvﬁﬁué?ﬁ}e BB diMmERR ShaBrsSifsor cells

are endodeﬁmtwllsxtﬂraitfdo nelsignificesttlydexpressimDig . %@08}]n@tﬁmmgmmﬁle@mﬂme&methods
deSC“bedc!S}ﬁﬁ%'&ng% hﬁH&%@ﬁﬂaﬁ%&]&OB%ﬁﬂ@f@s%%ﬁ%B&ﬁa%m@ﬁfé@l@@é@%@ coRiagied or

otherW|se |g|1€ef%[¥\]nth aca dldate test) diff entlatlon factor. In.some exalg Ies the definitive

endodernﬂ’ ﬁﬁﬂ.% 3Géh %Slﬁt 9 rﬁ’%?éeo%%f‘eé%g%’ﬁl LRI Wefinitive
endodernsatielis deémivitipotedaroalidithsit ¢ deldiffesentodermteeitelisiaf thdtpateibelbrtrgans derived

therefromg;[R0Q9IAR. cthetexamplesRfiibe @%?Q%Sdgﬁ%i{ @e%ﬂe&e%&eﬁ&nﬁg Ig$rRineliRopulations of
PDX1-po |t|ve?§ndodermdcellsﬁ%e contacted or.othe wu%e Frovuded w§ A2 candldat dlffe ntiation -
& Eifs? AP

factor. In SYhSFBUAR SEOIEE BN BTV BRAAS LFPR PR SR B Py oderm
cells. In c@rfawémfmﬁeﬁemmmd@i@c@gﬁésiﬂ%@nﬁoﬂépﬁm@wgﬁadedﬁﬁixcbibosmw fetegut/midgut
endoderm&&fisidp, more other examples, the human PDX1- positive endoderm cells are PDX1-positive
foregut endoderm In oth r exam Iest the human PDX1-p smve e gmferm cells are
PDX1-positive eheg%g‘(ﬁrm I‘T’s BB hoPISFoRY ef’fﬁ’élfr& P i FareP SR4MBRCYhe human
PDX1- poBMbg&mmb@e@mlmmsmlmMOtent cells that can differentiate into cells, tissues or
organs derived frggnedje amemmp@g%&@ aftbeaut heHlR0tAlAS ¢ latethiothamethgds.described

herein, the candidate diff ntl%}# to cause cell differentjation or one

actor gl%y be one that is know
that is noP RIS R0 CAGEESca ASTEVEME TSN LSt A B Ahe BRIt i HSniAtion factor
can be a gidlypepiide, seith iasamgrovwtivfacfoplinstmic exaampleds teeagrowthoctordidglides, but is not
limited t0 oFfakekR: E@SFﬂmE@é%%;t}o@ﬂ&%&b@énwmﬁbéﬁgme&%eﬂa Rlgs.he sangidatedifergntiation

factor can tH-:- maII molecule. In par, |cul%r Ies the small mole ﬁhﬁle |s?ret|n0|d compound,
S CSIIve {wigw] 1%

such as réfifoft S ARIH SR TnIgENse exampilesplfﬂ CRANSRE GFePSRHANSH FHER5FTS not a
retinoid, i%hiot difdregatraifferentiation factod defisinet endedenberidf thewh@GRFR sopabizimilyllin other
examples,hescanglidaiediftereptiation dactar E%Ianyemelﬁﬁwe&the{dtmﬁﬁﬁ ingid eemRaxnd, a
- foregut dlff tlatlo f CtOI;i or algpembergf the TGE}lS S erfamll g?“owt itors such as activins
A and B. ?n St Sthér Fexglrlnlplé)ss & Ste i ffie(lr)ene |a St8riss FASEor S tRﬁ%%lan}S?prewously
known to thelgbe mnei@ﬁferemléﬁmbﬁ@*eﬁmmheiende@ew @eﬂgderm cf)®11] Additional examples of the
methods descrit{@@lohﬁreinmehage;@p iesiinaeapdidate Aiferentiationdastersiala phyalit oL
concentrad'u?nst For Ie a &{%dl(%aget |ffer§1nt&at¥og factor [hay cause the differentiation of
definitive €ndoderii c?e s anélfo‘?r L SR N B AT EENS B )figf‘concentratlons above a certain
threshold. Additi®88y, a cﬁmﬁi@afe@m@rehﬁmi@d faetor lﬂﬁ@&h@@ﬁk@%&ﬁ]@%@ﬂf}t@mm@mme into a
first cell t)ﬂﬂﬁé’ﬁ'ﬁ@é}emwéﬁ%ﬁﬁﬁmwgﬁ:@Mﬂﬂ?@&ﬁ&&g@&ﬁqﬁﬁUeﬁ%@pﬁd@%[&m@@ﬁgﬁt a higher
concentrﬁ% In same ples the and te dlff entlaét)on ?ﬁc)%i{ rowde tone (gr more
concentrations FaRgiSy Fom aBRuT 0 g‘??n G'a ou o"Hig/m Hor to ?’Ebpcr Kimately the
same t|m@l@@é@ma@ﬂﬁﬁng!betﬁerlwts@gmﬁwmbg@me@eeIPEMh)reU@h @@Iﬂp‘éﬁptj@l@ﬁ@ﬂﬁﬁpnsﬂﬁg definitive
endodernygelisigncionPREdT pRstiVaaadodemiealipiwiibibe candidataditieisniiatiqedactor, at least
one marker is sel cted and evalu?t%d sg.as t(% determln% its ressmn ghlei % may be referred to
i1 le i

erein relate | cthod fOr8 _Cal TOMOLn
as the first marker valuation s ep rya]ﬁ%e s ep may e rererred to as aﬁnfe%}rﬁlnl _
express|dl¢@flawmmﬁe¢€anaﬂl%trﬁn@imﬁwﬁh@ mwken}@é"nrbesawan@kergﬂwawé@sefeﬂhﬂ?r monitoring
cell differgptiation: hawemer prrefer ad enankessdpehigehutiacemnebiimited o piexgetermining region
Y-box 17 (SO0X17), pancreatic-duodenal homeobox factor-1 (PDX1), albumin, hepatocyte specific
antigen (HAS), prospero-related homeobox 1 (PROX1), thyroid transcription factor 1 (TITF1), villin,
alpha fetoprotein (AFP), cytochrome P450 7A (C¥#7A), tyrosine aminotransferase (TAT), hepatocyte
nuclear factor 4a (HNF4a), CXC-type chemokine receptor 4 (CXCR4), von Willebrand factor (VWF),
vascular cell adhesion molecule-1 (VACM1), apolipoprotein Al (APOA1), glucose transporter-2
(GLUT2), alpha-1 -antitrypsin (AAT), glukokinase (GLUKO), and human hematopoietically expressed
homeobox (hHEX) and CDX2. [0013] After sufficient time has passed since contacting or
otherwise providing cell culture or cell population comprising definitive endoderm cells and/or
PDX1-positive endoderm cells with the candidate differentiation factor, the expression of the at least
one marker in the cell culture or cell population is again evaluated. This step may be referred to as the
second marker evaluation step. Alternatively, this step may be referred to as determining expression of

a marker at a second time point. In preferred examples, the marker evaluated at the first and second
ime nNnninte iec the ecame markar



[0014]In some examples of the methods described herein, it is further determined whether the
expression of the at least one marker at the second time point has increased or decreased as
compared to the expression of this marker at the first time point. An increase or decrease in the
expression of the at least one marker indicates that the candidate differentiation factor is capable of

promotin entlatlon ed nltlve endoderm ells and/or posltlve endoderm cells.
Eficten MBS ABBH LA LG o LRI G Hb  CET B R A2 BB comprising

definitiveeedmttmermld;ellmndim @sﬁb}e(d::p@sm\ae@npt@dm cells \amhethbctmndvdmeﬂmhffénemtatlon factor

and deteg;mﬂﬂggn%%g@pm;he at least one marker at the second time point can be as little as from

about 1 hour togﬁggi; aiasg%%t e1){0 da%§ Ip sQme e %Q‘Bg%éﬁ EXI%EESEE no the at. Iea t one
ultiple

marker is evalu times subsequent to contacting or ot erW|sé row e ce culture or

cell popPRRBHEEMpFi éﬁ%’j‘lﬂé‘i’lr’?ﬁﬂfékéﬁjd BErARcCRasiY O PBISTISt SRR e%ae@e%rﬁaeéweﬁmh the
candidatéestifféfentiationtfftor. I sertamexpnplbs dafarker endidssionlis ey diwste ddipi®4 CR. In

other em&m&m@m@mam%&ém@ﬁi%@mm@m@y haminecyieshemising. JROLelAdmHoNal
examples rel%le to aﬁé}@&%“ l d%%tmnl&gth% f gg&ag A O%torjﬁi 8argf_}e of promoting the

d|fferent|at|on afE’aB negative ve en erm ce osmve forequt endoderm cells. In

such methods, P8%4-neg \Péhﬂeﬁﬁﬁﬁ%leén%ﬁerl’i‘fe&}éﬁ’f?a‘?@sﬁ‘a?ﬁgc}%@ﬁ%tﬁe]é & afE @fferentiation
factor anpoitisdete udidEiidpetitereP@Xddexp redbiondnctimacei popolativnsafterodadastithith the

candidate-differentigtiendaciarhas. inﬁre@eﬁ&agﬁwa&aﬂm Fllcaxarmssiosin thewatkpopulation
before C%i% ith: the cany %%aé%fé'ﬁ% fﬂ 1%E fHa hﬂ%%ﬁ%‘%%fg?m éﬁ%‘@éﬁ&%ﬁ@ in the cell
pa

population indicates tha e candidate di erentlatl nf’actor IS ca promotlngt rentiation

of PDX1 %ag%émﬂ%’ﬁéar%%/aﬂsﬁﬁ RATETPE: - JB LTS RiPELBRRIGa ST Eee. 1R

examplepoRhX leadgsiassionlis de tBiNineosbiye densttatrd pbiymesiise étnaqﬂl%aemnlée? ﬁ@R) Some
examplesofiheforegoing seibar furtbrr sePprse theisiepafdeterarinitghexeressippafshe HOXAL3

and/or theHEX(:6 genan e cellpapyletion hefoie e Afekeontagt WINLING SaRCIdRte,

differentiation factor. In some exa the candidate dlfferentlatlon factor is a small molecule for
example "H VARG iR FPas 8 It %?ﬂg?ée 1 SEndidETBeaife Rt ST & a0 RsEstide, for
example pargeowiiibfagtbiulsuch as FGF-10. [0016]Still other examples relate to a method of identifying
a differentiation [tamqr capable:ofi@ramaiing e diftererntiad e B lcpokiive doregutiengdoderm

cells. In sych, methads: R RRRIIME E%@Qb@l?&lﬁ%%{ﬁhs%% Be canagiedwith @ Eﬂag@ﬂte
d|fferent|3t%§n factor and it is determln 3@ %Délgatg ? |on of a rker in tp o‘P atlo is increased
or decredSEd ZREP TbntActs m?f’?tﬁ’éa%lg i T B %c%rﬁ%%l S 18 BB PFession of
the sameStRaket i eHE JBparatibh e rEEBrtactifiFTANE: dargidarudite Ruh tiaBohliméist An increase
or decred&&rin (RGBApFEFIIoW ofi them¥arka. indichtesthabibe tandidate difféfrentiation factor is

capable gf prameting ﬁﬂﬁegﬁﬁf@rwmwef&%p%tmfmﬁwg@eﬂaﬁm@élﬁ PuR@me.gxamples,

marker e ression is. determin PCR In so andidate differentiation factor is
a small macs?lecmle forgxégr{np e %}3" ??f nouf Suchas EA% aﬁéler%dt?hcgfg‘ge% 8a?e g?ﬁterentla%lon factor is

a polypeﬁﬁé@*%ﬁéi?érﬁﬁq’ée%ng‘?ﬁﬁfﬁnfm f%‘iﬁ%h“ééslj@?aﬁembﬁ[@@%TﬁgﬁogﬁH@ﬁéS@ﬁhpfés relate to
cells differdatiatethbiethéehmetihddistd edfibaddrereifac®udch esjisindtade buliaréhmotdimitedio

pf?CUVSOB%zﬁf)&BﬁdP%nﬁ@@& Jﬁf%mmgsn%mw} intesting, ShwRiddh Pr@ﬁ{&r&!ﬂﬁfyr@f gallhladder and
urinary (%gdtder SIur(1:somemef}imb%dlmaegts t ells may be ! mlnaléy d{ ﬁmé ) her examples
or ce]Ir SF tions comprisi ) 1

OI‘ 18. %
describe ereln re o ce cultures an ns comprising ove escrl ed cells.

[0018]In é@fﬁ.ﬂ%ﬁéﬂf&f&ﬁ%ﬂﬂlﬂébémwafﬂ%% GereTiniared ?@&Hé?l?ﬁ%#ﬁ?ﬂ‘i’@sterm
-comprising." A4U#éH hereindithmabrenatopiaspribitiy’ mdtitetdddstoiveprageint 'tejsentolarsgisgge which

permits thgninghusianratanmtiasditiens flementsiWith dhisdumingk. ad@iimehgmmmgﬁ@a@edescribed
with fefercﬁ?g%?eﬁi’a@c‘?n%&’o t%g g%{&gﬁ?eo&?fg%l{f%clgoo]fgd muv%thﬁ’% & fy'”%‘ @H%{F”t'a“o”

factor capable of promotln erentiation of human definitive endoderm cells in a ce population
compnsn?@sﬁtﬁ‘fﬁa%‘%@nsﬁf'&l?n 0@ cOPRTISH T BB PO TR b ATl e Catdpispaiitich :
comprisirtgridifiriadidiefimitiaiioe ftdonn wsis tibaprovidimgdacaendidatatd iffErangBiore fabtor to said cell
population; (c) determining expression of a marker in said cell population at a first time point; (d)
determining expression of the same marker in said cell population at a second time point, wherein said
second time point is subsequent to said first time point and wherein said second time point is
subsequent to providing said cell population with said candidate differentiation factor; and (e)
determining if expression of the marker in said celf population at said second time point is increased or
decreased as compared to the expression of the marker in said cell population at said first time point,
wherein an increase or decrease in expression of said marker in said cell population indicates that said
candidate differentiation factor is capable of promoting the differentiation of said human definitive
endoderm cells. [0020]2.The method of paragraph 1, wherein said human definitive




endoderm cells comprise at least about 10% of the human cells in said cell population. [0021] 3.
The method of paragraph 1, wherein human feeder cells are present in said cell population and
wherein aileaktiabautd QUeahthtidiman celadtepiban saidfeader gellsigie defiiitvaiendoderm

cells. [00%21;&;{41&5%@@9%@aﬂm@e&ém\ﬁrr@rama%a%Bma*ae%earrryﬂyerega@@smﬁa!ﬁn%omprlse at
least about 90% of th%O e s |%sa| pu lation. [0023] 5. The method of paragraph 1,

wherein 3T REHEH 1 er c LIRS fnﬁ iid cell population and wherein at least about 90% of
the human cells Bﬁ%é} tharPearoltﬂeerae'rrt cEmsCEfadENnitiveSERe cH N cENStaRn2 496 . THherigthod of
paragrapbrdyidihe reércsihich humancdifiniiiveiendoderizingallsidifferentiaferinta:itelsd tis$Ies or organs

derived frﬁmdb@eaa&&a% darkespanse dnsaid-candidatadiffersntiatian dagtenm P23l tdhe.method of
paragraph a@gg% Jrsgard h uman 1%%fr |t|ver§ndod m cells diff ren te |nto Sptaln%{gﬁtrc Jprecursor cells
in response {0 said candidate dr Ffleren]traf‘X on tactor. IBJSf nf“?Ve metho para "7 Wherein said
marker iSSERRERILSIFBM HEIO Y chisiiTgaftsd fe- %%eﬁarﬁaﬁr@éwrf HRIPDX1),
homeobox A18:¢HOXA p8andlhensckox@6 bel @XCERHO022]9iT heafubtfiodnafyparagraph 1, wherein

said humainreefinitive ﬁma@rm&aﬁaddﬁiﬁram@a&atedé\é% ﬂf@%‘iﬁﬁ&@eﬂlﬁ kesROnseia,paid
candrdate,ddgf)ereet@@égltﬂct EBLQQ&%Q &1903_&%1 metho @g&%grfaqp %gln %ar ark I is selected

from the group consistin umin spero-re ate omeQ oxl OX1 and atocyte specific
antigen (g%c'& lc antigen (. %AS) prospero-re ated homeobox 1 (PROX1), thyrmd transcription £ gctor yie sp

(TITF1}, wvillin, alpha fetoprotein (AFP), cytochrome P450 7A (CYP7A), tyrosine
aminotransferase (TAT), hepatocyte nuclear factor 4a (HNF4a), CXC-type chemokine receptor 4
(CXCR4), von Willebrand factor (VWF), vascular cell adhesion molecule-1 (VACMI),
apolipoprotein Al (APOA1), glucose transporter-2 {(GLUT2), .alpha-l-antitrypsin (AAT),
glukokinase (GLUKOQO), and human hematopoietically expressed homeobox (hHEX) and CDX2.

[0013] After sufficient time has passed since contacting or otherwise providing cell
culture or cell population comprising definitive endoderm cells and/or PDX1-positive endoderm
cells with the candidate differentiation factor, the expression of the at least one marker in the cell
culture or cell population is again evaluated. This step may be referred to as the second marker
evaluation step. Alternatively, this step may be referred to as determining expression of a marker
at a second time point. In preferred examples, the marker evaluated at the first and second time
points is the same marker. _

[0614] In some examples of the methods described herein, it is further determined
whether the expression of the at least one marker at the second time point has increased or
decreased as compared to the expression of this marker at the first time point. Ap increase or
decrease in the expression of the at least one marker indjcates that the candidate differentiation
factor is capable of promoting the differentiation of the definitive endoderm cells and/or the
PDX]1-positive endoderm cells. Sufficient time between contacting or otherwise providing a cell
culture or cell population comprising definitive endoderm cells and/or PDX1-positive endoderm
cells with the candidate differentiation factor and determining expression of the at least one
marker at the second time point can be as little as from about 1 bour to as much as about 10 days.
In some examples, the expression of the at least one marker is evaluated multiple times
subsequent to contacting or otherwise providing the cell culture or cell population comprising

definitive endoderm cells and/or PDX1-positive endoderm cells with the candidate



10029111.The method of paragraph 1, wherein said human definitive endoderm cells differentiate into
lung precursor cells in response to said candidate differentiation factor. 10030112.The method of
paragraphiftdreieheairsaid markeriiSeiyrpic transeriptioassiacior dvilubiel) bjO0FL]R 3. Fhetmethod of

paragrap%Owg%ﬁénm@%gﬂ%Wﬁﬁ&pgdﬂmg differgptiate into intestinal precursor cells

in response to s ndid iffe entlatl ctor. 003 4O}h thod raph.13, wherein
said marker is squec gd froﬁé‘afgona[oel}am ﬁssféate 0 vrrthn an c(a%unéi1 lflygpa orﬁee% téx}'*t%nscnptlon

factor 2 (€Y oOr3sILE T Hs ¢ ?}Hlﬁffﬁla?éé’ H‘legWH@réﬁﬁ%léFéFfﬁWﬁﬁ@ et Edlto providing
said candidatydiffegentiafiaik:factdlstolsaidicelbpopu BN 160341 T hitiva etidodkof peiiagraph 1,
wherein said.firss timeRaink is@tanppximatelythensamedimeas Pidding paid saadidate,
differenti%hion ctor tp tsoald %ell oIRulgtlaqﬂ [8103521][117 T%e J@%@gtclia IP%%%I’G.PQS l}hwhaergln said first
time point'is su e uent to row&n said candidate differentiation factor to said ¢ Iif uafsatlon

[0036]18 er*ﬁ@%rétﬁadi’&?%bra@aeﬁw Whéhair Lhgreuiibnro s niarist .mcr@as@aldldafe

differentiation factor. An increase in the PDX1 expression in the cell population indicates that
the candidate differentiation factor is capable of promoting the differentiation of PDX1-negative
definitive endoderm cells to PDXI -positive foregut endoderm cells. In some examples, PDX1
expression is determined by quantitative polymerase chain reaction {Q-PCR). Some examples of
the foregoing method further comprise the step of determining expression of the HOXA13 and/or
the HOXC6 gene in the cell population before and after contact with the candidate differentiation
factor. In some examples, the candidate differentiation factor is a small molecule, for example, a
retinoid, such as RA. In others, the candidate differentiation factor is a polypeptide, for example,
a growth factor, such as FGF-10.

[0616] Still other examples relate to a method of identifying a differentiation factor
capable of promoting the differentiation of PDX1-positive foregut endoderm cells. In such
methods, PDX1-positive foregut endoderm cells are contacted with a candidate differentiation
factor and it is determined whether expression of a marker in the population is increased or
decreased after contact with the candidate differentiation factor as compared to the expression of
the same marker in the population before contact with the candidate differentiation factor. An
increase or decrease in the expression of the marker indicates that the candidate differentiation
factor is capable of promoting the differentiation of PDX1-positive foregut endoderm cells. In
some examples, marker expression 1s determined by Q-PCR. In some examples, the candidate
differentiation factor is a small molecule, for example, a retinoid, such as RA. In others, the
candidate differentiation factor is a polypeptide, for example, a growth factor, such as FGF-10.

[0017] Yet other examples relate to cells differentiated by the methods described
herein. Such cells include but are not limitedrto precursors of the pancreas, liver, lungs, stomach,
intestine, thyroid, thymus, pharynx, gallbladder and urinary bladder. In some embodiments, the
cells may be terminally differentiated. Other examples described herein relate to cell cultures
and/or cell populations cmﬁprising the above-described cells. |

[0018] In certain jurisdictions, there may not be any generaﬁy accepted definition of

the term “comprising.” As used herein, the term “comprising™ is intended to represent “open”



[0037]19.The method of paragraph 1, wherein expression of said marker is decreased. [0038]20.The
method of paragraph 1, wherein expression of said marker is determined by quantitative polymerase
chain reaﬁ&i@ﬁa@@ﬁﬁﬁb&@ﬁ&&}%ﬁ;ﬁﬁimﬁb@dﬁd@a@gﬂ@%nwhGwailli\ BXPEesSHAN AtisRIghmarker is
determined % mmuno ¢ c‘}pﬁ] f¥ ‘gOQ 9}1322 The ethod o %%%raph 1, wherein said marker is
selected from the roup conS|st|ng o} pancreat| ugluogerﬁ)aﬁ%or% ox factor-1 (PDX1), homeobox A13
(HOXA13) and H%ﬁ?ﬁ%lobox CEI(HOX A6 A1 113 1976 rinen g b pramiai ap haE Qi Hershles afd mthker is
selected framdie: ghodiffennsistingOhalbunnidfinfiios pelaicatatetshomeabmeli{iRR Cétdgrand hepatocyte

specific aqigen (SAL 04724 The methad etRarpqraRh dther el spif marker jaslgeted from

the group consisting. of villin and cau agt)%( pe homeobox transcription factor 2 E‘iSfDXZ) 00 3]25 The

method of BEPAGIABI LS KSR ETt eI prdid Tdretriptiohemeim ftre1 10150 ed4) 26. The
method ofpatagraph) Hewhendip sgiddiffe@ntiatidafactod cell population at a first time point; (d)

determining expression of the same marker in said cell population at a second time point, wherein
said second time poinf is subsequent to said first time point and wherein said second time point is
subsequent to providing said cell population with said candidate differentiation factor; and (e)
determining if expression of the marker in said cell population at said second time point is
increased or decreé,sed as compared to the expression of the marker in said cell population at said
first time point, wherein an increase or decrease in expression of said marker in said cell
population indicates that said candidate differentiation factor is capable of promoting the
differentiation of said human definitive endoderm cells.

[6020] . 2. The method of paragraph 1, wherein said human definitive
endoderm cells comprise at least about 10% of the human cells in said cell population.

o021} 3 The method of paragraph 1, wherein human feeder cells are
present in said cell population and wherein at least about 10% of the human cells other than said
feeder cells are definitive endoderm cells.

f0022] 4, The method of paragraph I, wherein said human definitive
endoderm cells coimprise at least about 90% of the human cells in said cell population.

[0023] 3. -The method of paragraph I, wherein said human feeder cells are -
present m said cell population and wherein at least about 90% of the human cells other than said
feeder cells are definitive endoderm: cells,

j0024) 6. The method of paragraph i, wherein said human definitive
endoderm cells differentiate into cells, tissues or organs derived from the gut tube in response to
said candidate differentiation factor.

[0625] 7. The method of paragraph 1, wherein said human definitive
endoderm cells differentiate into pancreatic precursor cells in response to said candidate
differentiation factor.

{0026} 8. The method of paragraph 7, wherein said marker is selected from
the group consisting of pancreatic-duodenal homeobox factor-1 (PDXI), homeobox AI3

(HOXA13) and homeobox C6 {HOXC6).



comprises a foregut differentiation factor. [0045]27. comprises a small molecule. [0046]28.
comprises a retinoid. [0047129. comprises retinoic acid. [0048]30. comprises a polypeptide.
[0049]31. comprises a growth factor. The method of paragraph 1, wherein said differentiation factor
The method of paragraph 1, wherein said differentiation factor The method of paragraph 1, wherein
said differentiation factor The method of paragraph 1, wherein said differentiation factor The method of
paragraph 1, wherein said differentiation factor [0050] comprises FGF-10.

0027 g, The method of paragraph 1, wherein said human definitive
endoderm cells differentiate inte Iiver precursor cells in response to said candidate differentiation
factor,

[0628] i0. The method of paragraph 9, wherein said marker is selected from
the group consisting of albumin, prospero-related homeobox 1 (PROX1} and hepatocyte specific
antigen (HSA).

[6629 11. The method of paragraph 1, wherein said human definitive
endoderm cells differentiate into lung precursor celis in response io said candidate differentiation
facior.

8030} 12 The method of paragraph 11, wherein said marker is thyroid
transeription factor 1 (TTIF1).

[6631)] 13, The method of paragraph 1, wherein said human definitive
endoderm cells differentiate into intestinal precursor cells in response fo said candidate
differentiation factor.

[0032] 14, The method of paragraph 13, wherein said marker is selected
from the group consisting of viliin and caudal type homeobox franscription factor 2 (CDX2). '

{0033] 15. The method of paragraph 1, wherein said first time point is prior
to providing said candidate differentiation factor to said cell population.

[6034] 16. The method of paragraph 1, wherein said first time point is at
approximately the same time as providing said candidate differentiation factor to said cell
population.

{0035] 17. The method of paragraph 1, wherein said first time point is
subsequent to providing said candidate differentiation factor to said cell population.

[0036] 18. The method of paragraph 1, wherein expression of said marker is
increased.

[0037] 19. The method of paragraph 1, wherein expression of said marker is
decreasged.

[0038] 20. The method of paragraph 1, wherein expression of said marker is

determined by guantitative polymerase chain reaction (Q-PCR).

[0839] 21, The method of paragraph 1, wherein expression of said marker is
determined by immunocytochemistry.

[0040] 22, The method of paragraph 1, wherein said marker is selected from
the group conmsisting of panocreatic-duodenal homeobox factor-1 (PDX1), homeobox Al3
(HOXA13) and homeobox C6 (HOXC6).

{0041] 23, The method of paragraph 1, wherein said marker is selected from
the group consisting of albumin, prospero-related homeobox 1 (PROX1) and hepatooyte specific
antigen (FISA).



[09511 comprises FGF-2. [00521 comprises Wnt3B. 32. The method of paragraph 1, wherein
said di 'erentiation factor 33. The method of paragraph 1, wherein said differentia on factor 34. The
method of paragraph 1, wherein said differentiation factor [0053]35.The method of paragraph 1,
wherein said differentiation factor is not a foregut differentiation factor. [0054136.The method of
paragraph 1, wherein said differentiation factor is not a retinoid. [0055]37.The method of paragraph 1,
wherein said differentiation factor is not retinoic acid. [0056]38.The method of paragraph 1, wherein
said differentiation fagie42is provided to Seichabdf pbpautation lavberstyres meakia i efltséthviegh about 0.1
ng,/m1 to aboufyd OrRgMmRListng 0QRAL3A EheiheéherstRaragramintudierernsaid differentiation factor

IS

[0643] 25. The mefhod of paragraph 1, wherein said marker is thyroid
transcription factor 1 (TITF1).

[0044] 26. The method of paragraph 1, wherein said differentiation factor
comprises a foregut differentiation factor. |

[0045) 27. The method of paragraph 1, wherein said differentiation factor
comprises a small molecule.

[0046] 28, The method of paragraph 1, wherein said differentiation factor
comprises a retinoid.

[0047] 29, The method of paragraph 1, wherein said differentiation factor
comprises retinoic acid,

[0048] 30. The method of paragraph 1, wherein said differentiation factor
comprises a polypeptide, '

{0049] 3L The method of paragraph 1, wherein said differentiation factor
comprises a growth factor,

[0056] 32. The method of paragraph i, wherein said differentiation factor
comprises FGF-10.

j0051} 33, The method of paragraph 1, wherein said differentiation factor
comprises FGE-2.

16052} 34, The method of paragraph 1, wherein said differentiation factor
comprises Wni3B.

j6053] 35, The method of paragraph 1, wherein said differentiation factor is
not a foregut differentiation factor.

[6054] 36. The method of paragraph 1, wherein said differentiation factor is
not a retinoid. '

[0035] 37. The method of paragraph 1, wherein said differentiation factor is

not retinoic acid.
[0056] 38. The method of paragraph 1, wherein said differentiation factor is
provided to said cell population at a concentration of between about 0.1 ng/ml to about 10 mg/ml.
[6057] 36, The method of paragraph 1, wherein said differentiation factor is
provided to said cell population at 2 conceniration of between about 1 ng/ml to about 1 mg/ml
[0058] 40. The method of paragraph 1, wherein said differentiation factor is
provided to said cell population at a concentration of between about 10 ng/mi to about 100 pg/ml.
[0059] 41. The method of paragraph 1, wherein said differentiation facior is
provided to said cell population at a concentration of between about 100 ng/mi to about 10 pg/ml.



provided to said cell population at a concentration of between about 1 ng/ml to about 1 mg/ml
[0058]40.The method of paragraph 1, wherein said differentiation factor is provided to said cell

p?pulation aht a qggaﬁr)tratiqg ﬁbetwg@(h@hffau@%mof%ﬁq ,gxbﬁé%éi%g@iéﬁ”ﬁlﬂﬂrenltiatigﬁ?%ﬂi;he method
of paragraph. erejn said differentiation factor is provided tg said cell population at a concentration
o1 botwod A G5 T AL 0 QAT FOURO P Hbthot of paragraph 1. sinerein sai
differentiation fatt®#lik providetd to saldiccafithshefl atiararta learheantratie fiokmpbuion dyterlis

[0061]43 grheieetbes Dfpasagiants b wheteitrsaid ditfesentiatisghactor is provided to said cell
population at a ‘iﬂb‘&@”trath?%i %Q% tl%%f“@’ e $R09SHIAY 'Qn%ec%%g@%&%?%é&%%*&ea%%ho.ds and
compositions described above relate to cells cultured in vitro. However, the above-described in vitro
differentidf&dccl eBH OEHIBRS I De QKBTS itGivEABifeatbis o] Althtraratcdxsitiples may
also be fauvnghdsitidnited SiatesdPiovisionapPataiinApplication No. 60/532,004, entitled DEFINITIVE

ENDODERM, filg@ RecemRay;Z3, 400315 nfaioxisiyaat Baten tARRH aation SRR EP/REE.293,
entitled PDX1 EXPRESSING ENDODERM, filed April 27, 2004; U.S. Provisjonal Patent Application

Number E57BES BN et CH eI RINAETEIR T RE B TSR PSR TR SBLATION OF
DEFINITRBVENDODERM, fittebUediicd, 200mber. S SPEshisRinal Petkrdt ABPNEatiBN ’RIFRBRIG0/587,942,

E rll\}i[t)leo dDE%@@r@TBM’ Gled k«é‘g &EA@&B@@E@I@@%%@&%{EA@@JT&JA QinsBEr Q@EéN,BDEW IIEN TIVE
ENDOD&%?%E%‘%%%%E@E ﬁ#&%&ggﬁn%ﬁ?p#ﬁé%%ﬂﬁon @j%b%%fﬁfﬁggﬁs&gmmed
PDX1 EXPREISING ENPODRNMIkeduypl 2602005 BriofDusthstioh OprHeaDraWiwgs0064]Figure
| is a schemsticoab acpippesathiikfa et k] FatiRvay FORHTEPTOR FOR THE ISCLATION OF

DEFINITIVE ENDODERM, filed July 14, 2004; U.S. Patent Application Number 11/021,618,

entitled DEFINITIVE ENDODERM, filed December 23, 2004, and U.S. Patent Application

Number 11/115,868, entitled PDX1 EXPRESSING ‘ENDODERM, filed April 26, 2005,

Brief Description of the Drawings

10064] Figure 1 is a schematic of a proposed differentiation pathway for the
production of beta-cells from hESCs. The first step in the pathway commits the ES cell to the
definitive endoderm lineage and also represents the first step prior to further differentiation events
to pancreatic endoderm, endocrine endoderm, or islet/beta-cells. The second step in the pathway
shows the conversion of SOX17-positive/PDX1-negative definitive endoderm to PDX1-positive
foregut endoderm. Some factors useful for mediating these transitions are italicized. Relevant
markers for defining the target cells are underlined.

[0065] Figure 2 is a diagram of the human SOX17 ¢DNA which displays the
positions of conserved motifs and highlights the region used for the immunization procedure by
GENOVAC.

[0¢66] Figure 3 is a relational dendrogram illustrating that SOX17 is most closely
related to SOX7 and somewhat less to SOX18. The SOX17 proteins are more closely related
among species homologs than to other members of the SOX group F subfamily within the same
species. [(H167] Figure 4 is a Western blot probed with the rat anti-SOX17 antibody. This

blot demonstrates the specificity of this antibody for human SOX17 protein over-expressed in



production of beta-cells from hESCs The first step in the pathway commits the ES cell to the definitive
endoderm lineage and also represents the first step prior to further differentiation events to pancreatic
endoderm, endocrine endoderm, or islet/beta-cells. The second step in the pathway shows the
conversion of SOX17-positive/PDX1-negative definitive endoderm to PDX1-positive foregut endoderm.
Some factors useful for mediating these transitions are italicized. Relevant markers for defining the
target cells are underlined. [0065]Figure 2 is a diagram of the human SOX17 cDNA which displays the
positions of cofsetued amtﬁpaamgwﬂgbﬂigﬁi&mecfﬁgjoﬁmMMraﬁhe) e theEadisehprtaedure by
GENOVAC. 1% | dendrogram illustrating that SOX17 is most closely related
to SOX7 and somewh ss to 50X1 e SOXl otelns a e mo relat among species
homologs than to otH&t é%emb%%“%sﬁ‘gg gﬁ%mr%ﬁ)p 5 i c Vwith %%%g%%gha%gl ties.[0067] Figure
4isa WesternWWWW%F‘HHW%%&%&M%&V Wﬁ@?ﬂéf%ﬁﬁbﬁéﬁﬁfe@?ﬁgspeuﬁuty of
this antibody ferkum@EnSexidd-proteiTBvelsexpitessed] in fibroblasts (lane 1) and a lack of

immunoreactivity Wlth)&g]T (lagigus) Qatheraskeiasaly wiateg §Qg&1fgmﬂyeﬁgem@@9§1@x7 (lane 3).
[0068]Figures 5A-B are micrographs showing a cluster of SOX that ay a significant
“Co- %Beled‘%&%‘g F %n e e it W %ﬁiloﬂl $oa 319

number of AF In striking contrast to o usters (B) where little
or o APP+ ceffll sreetianed! fB@S’G?}}Fiﬁﬂﬁ%@i@@%‘é@ﬁ%ﬁ?%ﬁ?ﬁfmﬁ@ibﬁ?ﬁfbpéﬁdoderm and
S0X17. Panel Asshiews:fimd shooytoéhieistepded for i an IHORIBOM st inti{dMsproteittiocated on the
cell surface of pagetabendadesnaelisinr iardemniy.difetentiatadicuiuresiol At palissiBanel B is the
identical field sho ES?)#%PHF labeled for TM and SOX17. Panel C is the phase contrast image of
the same field W|t nucle| Note the complete correlation of DAPI labeled nuclei and
SOX17 labeling. [0078GureS FEeR AR BFEAEHS LRERET SERTS GRIE B REBRTY quantitative
PCR (Q-PCR) BRI (GHtCBID Ayse¥sitilé pesityhiels OxAQ=d pepsfitiarmibesty. Taeghdl RSHioWSs that activin A
increases 803 (A gIEAGnENRKE ST WhIle-ratRRICvasic¢RA) SHO MY Stpgresses:dd S(IT BXpression

relative to the undiferenligied sonlalmediaRa0 Bae! @shovahaidential palien as el as a
similar magnltu & of these changes is reflected. in SOX17 cell 'Hécte%er %@t%f;?tm thatq(? PCR

measurement SF&B 21 ¥ Yetfe* SXBIESEREA TER S FEN SRS OF SRERGR S at the single cell level.
[0071]Figure 8AdisainzahatKaPCRITetssPoRmsOfiE%d Tatsredrdifeie i RE SELMERE presence of
activin A maintaingrgibaanhevel of APP gene expression while cells allowed to randomly differentiate in

10% fetal bovine Se”fBHﬁTBS)IQ é@k%%tﬁm&w}%yL@H{-’?Btﬁitéléﬁmmecﬁhﬁ@ﬁﬁﬂﬁ@ HESpression

fjggfégsﬁgﬁfgfﬁm%t& [ hotold, 1007 g1 Igures 88 GaIs MAres LM miceraRhsshoyyng that the

randomly differentiate in 10% fetal bovine serum (FBS) exhibit a strong upregulation of AFP.

The difference in expression levels is approximately 7-fold.

[0072] Figures 8B-C are images of two micrographs showing that the suppression of
AFP expression by activin A is also evident at the single cell leve! as indicated by the very rare
and small clusters of AFP" cells observed in activin A treatment conditions (bottom) relative to
10% FBS alone (iop).

f0073] Figures 9A-B are comparative images showing the quantitation of the AFP*
cell number using flow cytometry. This figure demonstrates that the magnitude of change in AFP
gene expression (Figure 8A) in the presence (right panel) and absence (left panel} of activin A
exactly corresponds fo the number of AF P* cells, further supporting the utility of Q-PCR analyses
to indicate changes occurring at the individual cell level.

[6674] Figures 10A-F are micrographs which show that exposure of hESCs to nodal,
activin A and activin B (NAA) yields a striking increase in the number of SOX17" cells over the
period of 5 days (A-C). By comparing to the relative abundance of SOX17" cells to the total
number of celis present in each field, as indicated by DAPI stained nuclei (D-F), it can be seen
that approximately 30-50% of all cells are immunoreactive for SOX17 afier five days freatment
with NAA.

-10-



APP expression by activin A is also evident at the single cell level as indicated by the very rare and
small clusters of AFP+ cells observed in activin A treatment conditions (bottom) relative to 10% FBS
alone (top). [0073]Figures 9A-B are comparative images showing the quantitation of the APP+ cell
number using flow cytometry. This figure demonstrates that the magnitude of change in APP gene
expression (Figure 8A) in the presence (right panel) and absence (left panel) of activin A exactly
corresponds to the number of APP cells, further supporting the utility of Q-PCR analyses to indicate
changes occurring guéhg indivightalicell dewvelndd 0FdiHguesrd8A:E ampamiciag®phsvibich show that

exposure of hE5G f&&mﬁa&%%ré&@cﬁﬁ%&&%&nyﬁ@ﬁ&&&%@gﬁme%%&&he number of

SOX17 cells over the period.o omparing to the relative ab S0X174 cells
to the total nufiB&F 6T && At rgeac%%eﬂ% ASndicated. ?y%&’fﬁs S glnegn a{fﬁ %F) it can be

seen that approskipagss|y %@%@%%P’é%ﬁ@ﬂ%“afé“ﬁ‘?ﬁﬁﬂﬁ%lreactlve for SOX17 after five days treatment
with NAA. [0075]Figaess)L] iskiehas Chadt avtighiceswdnstiatessinat thotite & (@ivik0h 80tsr 100 ng/m1)
dose-dependegily InGrQRIRKSO%:hA ggn@wwmjmfm@m@m b Ssvineremsed expression is

already robust after 3 da ays of treatment on ? enttgultur a&dd&%rgréue%&gg ugﬂ)&qbsequent 1,3
and 5 days of seﬂ’spenslonﬂ”%:Se tﬁlreeaéf’g wel. 6 7 Is ureeéni A-C are bar charts Fv[vgﬁlch demonstrate the

effect of activilFATé %%@s%w Efl’lﬁi%ﬁﬁﬂ PSS AUTTRAS B ENE BNEID (panel C).
Activin A dosestipelsdetikincbasebsredisrs08sbrmdzip tiraaothie peibrikeissoitfEtative endoderm;

MIXL1, GATA43nskbNFD. Fhemagailudes:qbicrsased SERIeSSInT/NTemIMESI0 activin dose are

strikingly similar to t obs%rved forQOXL L strenahuindicating. at activin.Avs Speeilying a
population of cells that E’&H four enes (SOX17I J:p/l gL14 GATA4I and IINF3b4)
[0077] Flgurese’fgﬁséné’ﬁeﬁ‘@é i R %ﬁ?ﬂg}f BHfe St of BEHA B e BXpression of

APP (panel A) S0 (vemetR) carctSPAR G pissred! G)dotraransein’detiMrket céerdieifendent
decrease in exprrssianaithe wacerakendsidens MEeker) Al atkersmbpriaditire sehitioderm (S0X7)
and parietal endoderm, (SPARG)Lefain ﬁ&@zﬁﬁé’ﬁxﬁb@é&gﬁdAO&o‘égdﬂ@'Bé%@%ﬁ@c%@'%s@te%%e time points
indicating that aétivin A does not act to sg@crgr&hese extr%b}%p%%c en irm cell | types. This
further suppor @R THATTR S Th SR Ased e Xp e LIRSy CLT " EATRY: and HNF3b are due
to an increase P& W@Wrmé@ﬁ%%rﬁ%glﬁmﬁé@%%%ﬁ% e[%‘ﬁ‘?@]ﬂgures 14A-B
are bar charts shouwiagdinaateeheafiaetivin A on ZIC1 (panel A) and Brachyury expression (panel B)
Consistent expressi 9% the r}g—:érﬁ@g mgrﬁqge%{@%tg@&@ﬁgtthr%ﬂ&ﬂaﬁ@d@gmd@ﬂmdent effect of

activin A on neural g fer ntiation. Ther e.su crgpressron 0 frglgsgggrrgwggmelﬁepatlon
mediated by 109 W@flvaﬂ’,& trea entﬂzfs indicated Dy the decreased ex expression of brachyury.

e
This is likely thé@%ﬂi‘ﬁ%ﬁ theé %?%%H%B@Eﬁf@ﬁ?f’éﬁtﬁffﬁfé gfﬁ?é’%nﬁ%é? FiREa8sendoderm
precursors. LoWﬂrdes/et@t@ﬁlasnmns&cﬁr@ém@mr(rl@Lﬁﬂ@@@mgﬁmﬁtﬂéﬁniﬁf’nﬂﬁﬁé ekpnigaitn of brachyury

at later time pojtsRhdiffareptiationxelativedoniiaaled womioy. CulisrsidiORolkguse s SA-B are

micrographs showrn decreased n SpRnse tefreatment with
activins. Reglons oal‘s%il\%ﬂ pgar?etai’? é%‘ %e%m%gr%%%%ﬁgﬁgr%%g%ﬂ?%{%ﬁure &Aﬁ M dlfferentlated in

serum alone, Ml@&ﬂf@l’éﬁ%ﬁ?&nﬁ%%ﬁmg’%ﬁrﬁ?wg OB SHOTRE TS ThaltidBs 18 and overall
intensity of TM efriiffradrsamtildtiyd ol ovrere[0080IFIIMSs 16A-D are mlcrographs which show marker
expression in responggis Figures 15A-B are micrographs showing decreased parietal endoderm

differentiation in response to treaiment with activins. Regions of TM parietal endoderm are
found through the cuiture (A) when differentiated in serum alone, while differentiation to ™
celis is scarce when activins are included (B) and overall intensity of TM immmunoreactivity is
lower.

[0080] Figures 16A-D are micrographs which show marker expression in response to
freatment with activin A and activin B. hESCs were treated for four consecutive days with activin
A and activin B and triple iabeled with SOX17, AFP and TM antibodies. Panel A - SOXI17;
Panel B - AFP; Panel C - TM; and Panel D - Phase/DAPL Notice the numerous SOX17 posttive
cells (A) associated with the complete absence of AFP (B) and TM (C) immunoreactivity.



treatment with activin A and activin B. hESCs were treated for four consecutive days with activin A and
activin B and triple labeled with SOX17, AFP and TM antibodies. Panel A - SOX17; Panel B - APP;
Panel C - TM; and Panel D - Phase/DAPI. Notice the numerous SOX17 positive cells (A) associated
with the complete absence of APP (B) and TM (C) immunoreactivity. [0081]Figure 17 is a micrograph
showing the appearance of definitive endoderm and visceral endoderm in vitro from hESCs. The
regions of visceral endoderm are identified by AFP1"/S0X17 while definitive endoderm displays the
complete opposite prefig, SOX Lt ttAFPhikioghs dietduy s selectivelyiokasitnedudoerthe proximity of
these two regigns to each gher Howeyer fhere aie RumswIndimesihen SOXidddArPwW" regions
are observed in absolute,isolation Hﬁom any rec%i ns o&AﬁPh ells sugegees(t)in S%Qe separate origination
of the definitiveﬁ‘g%é%?fgr?n &0 CBrdfendodernt calls. 100 _‘ﬁﬂglgure IS alglagr’am depicting
the TGFE famiBP8i TIHATRYS. aFrds st pyes s eritets raosenidsin SPARCSRLY S5t BYR SHIRIE are useful in
the production afilefinitierensofesnéromdouminee wisn SOK. FteTPLe heise ereloBelt®R iy siol
187:265-76). [QQRRIE QMR Sis- AR EhAL shoMwiNg: 1h espLlyeion Ol HK 1of: @AreSSaR: over time as a
result of treatment with individugl and ngnrkgf'gg&g%ns of TGFB factors. [0084]Figure 20 is a bar chart
showing the in&FAEEEAEHRE 7 CEIPhumber with ime as a result of treatment with combinations of
TGFP factors. [0085]B#§dre 2 Fimrg bais eriseansmmigentndion Sraos ErasrdssiiSer time as a
result of treatmepiwitkicombinatians aid EERikiaciers«<f0086lFiguhetR? « Eivdtivehadedhowing that

activin A induceg, adose-depsndent ingrease jesOddriwelbngnber [0087]Figure 23 is a bar chart
showing that addition of Wnt3§.to a Biv.in A. and %t(i)vir]]_l B&éqgg&%o%u&uggﬂg%;I%%g&%@(l?
d eeg %AF nd activin B alone.

. . bar £ 5
expression above thd &0L1s indtic blf/’ Activin A a

time as a result of treatment with individual and combinations of TGFB factors,
{0084} Figure 20 is a bar chart showing the increase in SOX17" cell number with
time as a result of treatment with combinations of TGF factors.

[0085] Figure 21 is & bar chart showing induction of SOX17 expression over time as
a result of treatment with combinations of TGFS faciors.

f0086] Figure 22 is @ bar chart showing that activin A induces a dose-dependent
increase i SOX17" cell number.

(o871 Figure 23 is a bar chart showing that addition of Wnt3a to activin A and
activin B treated cultures increases SOX17 expression above the levels induced by activin A and
activin B alone.

[0088] Figures 24A-C are bar charts showing differentiation to definitive endoderm
is erhanced in low FBS conditions. Treatment of hESCs with activins A and B in media
containing 2% FBS (2AA) yields a 2-3 times greater level of SOX17 expression as compared to
the satne treatment in 10% FBS media (10AA) (panel A). Induction of the definitive endoderm
marker MIXL1 (panel B) is also affected in the same way and the suppression of AFP (visceral
endoderm) (panel C) is greater in 2% FBS than in 10% FBS conditions.

{0089 Figures 25A-D are micrographs which show SOX17" cells are dividing in
culture. SOX17 immmunoreactive cells are present at the differentiating edge of an hESC colony
(C, D) and are Iabeled with proliferating cell nuclear antigen (PCNA) (penel B) yet are not co-
labeled with OCT4 (panel C). In addition, clear mitotic figures can be seen by DAPT labeling of
muclei in both SOX 17 cells (arrows) as well 2s OCT4", undifferentiated hESCs (arrowheads) (D).

[0090] Figure 26 is a bar chart showing the relative expression level of CXCR4 in

differentiating hESCs under various media conditions.



[0088]Figures 24A-C are bar charts showing differentiation to definitive endoderm is enhanced in low
FBS conditions. Treatment of hESCs with activins A and B in media containing 2% FBS (2AA) yields a
2-3 times greater level of SOX17 expression as compared to the same treatment in 10% ./1:33 media
(IOAA) (panel A). Induction of the definitive endoderm marker MIXLI (panel B) is also affected in the
same way and the suppression of APP (visceral endoderm) (panel C) is greater in 2% FBS than in
10% FBS conditions. [0089]Figures 25A-D are micrographs which show SOX171. cells are dividing in
culture. SOX17 immuBiBactivizeel 2 are presenbatsthe: differentiating edgesehianhESGcolony (C, D)

and are labelecuipaaliorsiicselk Wsle?b AUURRAPE NAMBIDEL BN Vel A% el sodabeled wit

On.
OCT4 (panel C), In addition (Er.le .mitqtic figures can be seen by DAPI labeling o nucfél in both
SOX177 cells (a?rows aég wjécl Ié%[%%ﬁ%g? undifferentiated hESCs (arrowheads) (D). [0090]Figure

26 is a bar chart shoWlfiifithe B Rl BpFe oMo FRITSF ST PviffedrsatmgtiES©@n under various
media conditiofBRACBY Vg dieE 0.7 #idleame( $RK GHAAL theit wlhew! baenpanekef definitive endoderm
markers share awg&mﬂmﬂﬁﬁﬁ)@@m@fe%msgggsg%%%ﬁg@§£j%mgg}g%g—:- ntiation

treatments displayed jpdzjgur , 1992_%1Fi ures 28A-E are bar charts wing how markers for
mesoderm (BRACH UR,¢, MOX1), ectoderm %’8%8‘}%{5‘1’)%%“& v?s%gle%ngéna%?Té M (503(7) exhibit an

inverse relationSRIF 5Tt E KA A% SrebEepf e raxil gradimid miasadhisiteunspidfed in Figure 26.
[0093]Figures 29A-F @fé4micrdtgaphi theieshiw tiremetatize WitfiehentetnsBOXh7 irampnareactive cells

across three ofaticrneckn nonditions displayediciges26te8. A P EIgHes304:C are flow
cytometry dot plags, that demonstrate the increase in CXCR4+ cell number with increasing

concentration of activ'ﬁbé add%d to tr31 differentiation media. [0095 Fi%ures 31A-D are bar charts that
show the CXCR44 cellS folate i (e AifREEeE bt teAF Btk Fpmr@eeven further

enriched for defiERtisReiftBn et ricATRIRKS BR&RC th arp aren fiptutationd At @Bfnitive endoderm
markers than the parent population (A100).

[0096] Figure 32 is 2 bar chart showing gene expression from CXCR4" and CXCR4
cells isolated using fluorescence-activated cell sorting (FACS) as well as gene expression in the
parent populations. This demonstrates that the CXCR4™ cells contain essentially all the CXCR4
gene expression present in each parent population and the CXCR4™ populations contain very litile
or no CXCR4 gene expression.

0097 Figures 33A-D are bar charts that demonstrate the depletion of mesoderm
(BRACHYURY, MOX1), ectoderm (ZIC1) and visceral endoden:n (SOX7) gene expression in
the CXCRA4+ cells isolated from the high dose activin A freatment which is already suppressed in
expression of these non-definitive endoderm markers.

[0098] Figures 34A-M are bar charts showing the expression patterns of marker
genes that can be used to identify definitive endoderm cells. The expression analysis of definitive
endoderm markers, FGF17, VWF, CALCR, FOXQ1, CMKOR! and CRIP] is shown in panels G-
L, respectively. The expression analysis of previously described lineage marking genes, 50X17,
S0X7, SOX17/80X7, T™M, ZIC1, and MOX1 is shown in panels A-F, respectively, Panel M
shows the expression analysis of CXCR4. With respect to each of panels A-M, the column
labeled hESC indicates gene expression from purified human embryonic stem cells; ZNF indicates
cells treated with 2% FBS, no activin addition; 0.1A100 indicates cells treated with 0.1% FBS,
100 ng/ml activin 4; 1A100 indicates cells treated with 1% FBS, 100 ng/ml activin A: and
2A100 indicates cells treated with 2% FBS, 100 ng/ml activin A.

{0099] Figure 35 is a chart which shows the relative expression of the PDX1 gene in
a culture of hESCs after 4 days and 6 days with and withowt activin in the presence of yetinoic
acid (RA) and fibroblast growth factor-10 (FGF-10) added on day 4.
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[0096]Figure 32 is a bar chart showing gene expression from CXCR4+ and CXCRQ cells isolated
using fluorescence-activated cell sorting (PACS) as well as gene expression in the parent populations.
This demonstrates that the CXCR4+ cells contain essentially all the CXCR4 gene expression present
in each parent population and the CXCR4- populations contain very little or no CXCR4 gene
expression. [0097]Figures 33A-D are bar charts that demonstrate the depletion of mesoderm
(BRACHYURY, MOX1), ectodenn (ZIC1) and visceral endoderm (503(7) gene expression in the
CXCR4+ cells isolategifrgm thﬁéﬁigmd@mgﬁmﬁﬁ}emlwkﬁehe@@g@ady@g@@@g&ed in

expression of ese o0 SRAUI(E.endad s Matkars.loQRBIEIGMBe o A Moare acghans shoving

the expressmn patterns of marker genes t at can be used to identi tive en erm cells. The

expression andi&i&6t PEHUEEHOBESHPM AR BeSEL PN, Cares SR THEMKOR1 and
CRIP1 is showkrifispdrimsssion ¢bibp&ddvédy mitker axsreS5iSRBNTANRIBGp Evidtis Pke8iibed lineage
marking genes{iSax 1 and@3FmB0X17/S0X7, TM, ZIC1, and MOX1 is shown in panels A-F,

respectively. Panel Mgpgws tfﬁ%&épﬁ&%q& anAlERPEGX ERA-MI 18SRRG 0. 8RC R0l panels A-M,
the column Iabeled h SC L%/&la% ne eé r ssm&fro%nfled human embryoni stem cells; 2NF

indicates cells theafaB Y S S RS S Ao A Dt g RS SR ERECPE AR ith 0.1%
PBS, 100 ng/m?%amﬁ%&?@ﬂemauéa%%usﬁww gt S8, FO8-HY/mal biebireA; and 2A100
indicates cells eatadndild ZBFEBSAA00 ng/miBetpeRiAh SO0 w & 3% IF agbaldnuhioh shows the

relative expres%gwgtggrfcpg)ggeg%@ﬁka %Igggn;om@%ﬁfter 4 days and 6 days with and without
activin in the presenc etlnglc ac% ‘gFiﬁAgra brot}laﬁzt v%%vl\‘/g; factor-10 F ].m) added on day 4.

7
[0100]Figures 36A- F hartslg\%l show the re‘?’a Ve exp FE5Si0n OF marker enes%n a culture of

hESCs after 4 dai/ﬁ"éfﬁfd @&%Wtﬁ%ﬁ%ﬁﬂdd?ﬁﬁ%%t%%@ﬁgé% H4RidERA) and
fibroblast growthtfacteM] 0 kXS br 10} aldethonaciayrh) hiredoanizisis Towpihesrdlatite iawbls of

expression of theJolowing mATkenORREsEANSR 5l (B) ST KCHALR; (B)R&%L: @) ZIC1; and
(F) NFM. [010 R li S 7 - é%(}a{ts W@?WOW the relative expression of marker genes in a
ays

culture of hESCs at ays a without activin in the presence or absence of
combinations of retiné‘?&“ﬁbld ( Iﬁ%ﬁ‘)f"’ﬁ %?6@&5% GrEIRFE CROT Ty (R P $07e57RP AbPEBIIERFowth factor-4
(FGF-4) addedion deiy#. cEHEENs shdws thel relatyveviéveld eftexpressiomahthecteliawihg marker

genes: (A) PDXLintBhie%oF; @bitCol Fivh 0400 wresis Gt arqreharts mhighestap\ﬂﬁethe relative

expression of ker enes in.a cultu ur S%é Iam)lve endod ell 60N cted glml FGF-10
in comblnatlonn\}/ve}l{% either 1 l\ﬁep acfmen 1 694 AR Tetinoic. gc 5:RA ad t?d ik t&e panels show

the relative Ievé@%‘?é%ﬁ?@%&%ﬁ%ﬁﬁ@f%ﬁéwmﬁnﬁfﬁ?ﬂﬁf %’é?feé""}(ﬁly £ %is?éf’l—ﬁ%%&% &) Hoxcs: (D)
HOXA13; (E) CBX1af&FSRL.; and (G) NFM. [0103]Figures 39A-E are charts which show the relative
expression of marker[@R@es  Figures 40A-B are charts which show the relative expression of marker genes

for pancreas (PDX1, HNF6) and liver (HNF6)} in a culture of hESCs after 6 days {(just prior to
addition of RA) and at 9 days (three days afier exposure to RA). Various conditions were
inciuded to compare the addition of activin B at doses of 10 ng/ml (a10), 25 ng/ml (a25) or 50
ng/ml (a50) in the presence of either 25 ng/ml (A25) or 50 ng/ml (ASO)'acﬁvin A. The condition

without any activin A or activin B (NF) serves as the negative control for definitive endoderm and

PDX 1-positive endoderin production. The panels show the relative levels of expression of the
following marker genes: {A) PDXland (B) HNF6.

[0105] Figures 41 A-C are charts which show the relative expression of marker genes
in a culture of hESCs with 100 ng/ml (A100), 50 ng/mi (AS50) or without (NF) activin A at 5 days
(just prior to retinoic acid addition) and at 2, 4, and 6 days after RA exposure (day 7, 9, and 11,
respectively). The percentage label directly under each bar indicates the FBS dose during days 3-
5 of differentiation. Starting at day 7, cells treated with RA (R) were grown in RPMI medium
comprising 0.5% FBS. The RA concentration was 2 pM on day 7,1 uM on day 9 and 0.2 pM on
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in a culture of hESCs after 4 days and 8 days with and without activin in the presence of combinations
of retinoic acid (RA), fibroblast growth factor-10 (FOP-10) and one of the following: serum replacement
(SR), fetal bovine serum (PBS) or B27. The panels show the relative levels of expression of the
following marker genes: (A) PDX1; (B) SOX7; (C) APP; (D) ZIC1; and (B) NFM. [0104]Figures 40A-B
are charts which show the relative expression of marker genes for pancreas (PDX1, INFO) and liver
(HNF®6) in a culture of hESCs after 6 days (just prior to addition of RA) and at 9 days (three days after

exposure to RA). Various conditions were included to compare.the addition of activin B at doses of 10
ng/ml (al10), 25%3( }%Ig;%gggrsgboﬁ af ggﬁkfﬁ’efﬁé’%& §ggﬁ%%ogfgéﬁt§§?%gﬁﬁwﬁwf E&¥5) Y50 ng/ml
(A50) activin ATPPRS oW Ut any activin A or activin B (NF) serves as the negative control for
definitive endodelui atfdiBiD X 1Fimwsitidd ek el drm winod shotioths Ehévp anetssshoimtbiergdative levels of
e;:presrs]ion (|)f _th@af&llk&i{‘éi@&E&?@aﬁ@Ei%‘ﬁM&%&i@ﬁ(&%ﬂ%&@fﬂg%ﬁé@ﬂ%&%&l&%ﬁﬁa%%;&ggmc? I
show the relativ, SSi I enes._in a culture Wit m , 50 ng/m
(A50) or Withou%% (Eﬁ%ﬁgﬁmﬁ ,% %S?g‘g%s? ﬁglFm rior to re |r12§i(]§1 gté?dag%l‘a?ti%n grgdg acfrz’s,aﬂ?uasnd 6 days
after RA exposPBiias 7tia e e %ﬂé)&% EVEttantde taburen B vmteTach bar
indicates the FESidove dirirg dayssBS widifferamiationmyStadiTy Sirddy Theelslreatediwith RA (R)
were grown in RIEME RaciEERpeRniRusinglisie BB Thr.R A roneentiptionwas 2 uNl on day 7,1 pM

on day 9 and 0.2 pM ay 11 WA ye: es%{ogx i9n of hg following
marker genes: g%%%%,@f%}ﬁ B) ZlglléLI p??ﬁ%&%%ﬁ%%%%%ﬁ%&i%f& §are C%Paf,r?t:’?wﬁﬁ:%u}éﬁow the relative
rke

1 \-
expression of markary&h LAt R e L SRR aeRr Sefmiy 2 BtipirR mISNEED Yo induce
definitive endod&#h ady SyaficitheriyitfredrRPBRYiRER covprsngeSmghRlAastivin A and RA
or various conditinixedehedia MR REM-E Mz, Chkidoning &M iapduRA@agduce PDX1-expressing

endoderm. Marl= expigigion WaRIIPETINAR.0n d8Y85 e Ek ABLS TheHARE AW the relaive
vt roresagn i plong e peres A B OO s

chart which shows tche. elative expression o Tinac
low FBS to ind &€& fiiitide endoderm and followed by fresh media comprising activin A and retinoic
acid (A25R) or varyinf§esiountgofeRds iin conditianecham atkipigiligtett intalfseghanieehiacehatal volume of

media is 5 ml inal£35638. sort (GO FHGMIGALIS AMASIBIMDIOShoWiRG.RD X L ludnoprecipitated
from RA-treate%%l‘?jinitivgr en od%j&ra gﬁﬂsr%g?gﬁ, rg%tS and 4 days (d9) after the addition of RA and 50
ar

ng/ml activin A. 0¢ 'grlt ure 4518 a sumemary isplaying the results of a fluorescence- activated

cell sort (FACs) of PDX4 hositRi&6f8g it BB deiiPeatidizehietit smyesggédrrraziazEp reporter
under control okekeskRbixg soroniotertd) boBIFigur of 46 scdiscliant)s AGHHmgereiativis PDY¥1sXpression
levels normalizedite-heiisekaeping:genes for sorted populations of live cells (Live), EGFP-negative

cells (Neg) and EGFRgpgsitivecells (SEP ) JALAHE GRS ADR A.ghart showing relative PDX1
expression Ieveklguls’]eﬁgggggzg%geg%or sorted populations of live cells (Live), EGFP-negati 11
N gative cells (Neg), the
haif of the EGFP-positive cell population that has the iowest EGFP signal intensity (Lo) and the
half of the EGFP-positive cell population that has the highest EGFP signal intensity (Hi).
[0112] Figures 48A-E are a charts showing the relative expression levels normalized
to housekeeping genes of five pancreatic endoderm markers in sorted populations of live cells
(Live), EGFP-negative cells (Neg) and EGFP-positive cells (GFP+), Panels: A -~ NKX2.2: B -
GLUT2; C -HNF33; D~KRT19 and E - HNF4da.,
{0113] Figure 49 are a charts showing the relative expression levels normalized to
housekeeping genes of two non-pancreatic endoderm markers in sorted populations of live cells
{Live), EGFP-negative cells (Neg) and EGFP-positive cells (GFP+). Panels: A — ZIC] apd B -
GFAP,
[0114] Figures 50A-D show the in vivo differentiztion of definitive endoderm cells
that are fransplanted under the kidney capsule of immunocompromised mice. Panels: A —

betatoxylin-eosin staining showing gui-tube-like structures; B — antibody immunoreactivity
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housekeeping genes for sorted populations of live cells (Live), EGFP-negative cells (Neg), the half of
the EGFP-positive cell population that has the lowest EGFP signal intensity (Lo) and the half of the
EGFP-positive cell population that has the highest EGET signal intensity (Hi). [0112] Figures
48A-E are a charts showing the relative expression levels normalized to housekeeping genes of five
pancreatic endoderm markers in sorted populations of live cells (Live), EGFP-negative cells (Neg) and
EGFP-positive cells (GFP+). Panels: A - NKX2.2; B - GLUTZ2; C -1INF3E; D - KRT19 and E - HNF4oc.
[0113]Figure 4%@;&@&9@5@@!’@%@ tﬁlﬁggggletgy&eéor_e%{% dgg\éels uglgrrerg\ﬁ%ﬁzg% tomhou, Eepkeeping genes
of two non-pan%%asggﬁ ‘rggﬁggr%ggers in sorted populations of live ce sw&lvés, e -negative cells
(Neg) and EGFP-positive cells (GEP+]- PAREIET A A Grtr 8¥erap. [0114]Figures 50A-D show
the in vivo differentiati®H3f defiiftive Bddodwrrhetetizeting Bratraniplintetundesdhe Ikdsey capsule of
itomunocomprovhsedernibe HFaralsiin-ahe ROXYNn:EAsH STHITINGishaWiNgBUHdeedikestructures; B -
antibody immurmieaGlivitysagaioss bepalesyiecpesifin aptiasn &%%f)m%gar@%ég%%@r' i unoreactivity
against villin (infesfine); %g%]sl;)&uaa%ibod%im #(!Plﬂ)reg%ti_v%lggainst CDX2 (intestine). YLlS]Figures

ing the normalized refat

51A-C are charts showi en & vé a’enxpressmn‘levels of markers for liver (albumin and
PROX1) and lung (111293 tissEEw ¥k e6ihattalonms (rmapaieaoqngim kxmndsan3endyml or FGF2 at
100 ng/ml on d&f/5Bkee e EveefAERoAMSTihHIRE, entiadenro Panals/ i Majbumine: BywRRQXI, and C -
IFI. [01161Figares)5iéek araie whs-saonming-ihe aoimlized rekaive %B&ﬁ%’?@@ﬂ.’é’%ﬂ%@f markers for

liver (APP, AAT R L \Land vV al d lung (VWF and 011124) tissues in cells
contacted with \Wnt 1:0\ %E%Hgélng%%%%% agtaggf%;/ng% or%&‘gféﬁ’ﬁ‘ﬁﬂﬁlﬁ?ﬁﬁ' d"8%y/4 5-10 and

n
BMIP4 on days 9 and 10 DE 7éf HeTiW%%ﬁ%é&eFm.%%@:—WsGm, G - GLIJKO, D -
hlEX, E - TAT FOhh1FXEANL E Y P, anL UTRCR4. APOAL | - VCAMI, K - VWF, and L - CXCRA4.
Detailed Description [0117]A crucial stage in early human development termed gastrulation occurs 2-3

weeks after fertilization. Gastrulation is extrm%i&j%%gt because it is at this time that the three

primary germ layers z?gﬁ irst saecifiegl and organized (LU et al., 2001; Schoenwolf and Smith, 2000).
The ectoderm is resporisible foF & BVERTR ST AEIBr Bl RrGr e @srRieT e ady and the

entire nervous ERteifeniaratomaeaittipidoetbose sekifietilnrasele anditthareopanective tissues
are derived frotirtherimesagernnybetinitive endecdeim sdatined astthe seimsaysrihatis responsible

for formation ofthe, enties aut whewhichingludes1he esarhagus. siomach and small and large
intestines, and th Qraan which derive fr(%m the %ut tupe such asatfhne%%ag? |vfe(’rTBttﬁnﬁ§1?rJ%s, parathyroid

and thyroid glandz’fj all% adder and Paftread (Grapis EEnsREntritek ez o0ee Riffitian and Griffin,
2000; Tremblay 851 IEtss Frefiemidinme fsinctolyoe \Redintan axitdtonis 20009, 24 tre geamportant
distinction sholrb&shidesbetibeefrttiemetinitiv éeptive enmaadthe campletely.semagate lineage of
ooy O e es A h the pa e S TS B 1ot al yolk sac
_ \ ; " R y et al., 2000; Wells and Melion, 1999;
Wells and Melton, 2000). A very important distinction should be made between the definitive
endoderm and the completely separate lineage of cells termed primitive endoderm. The prinmtive
endoderm is primarily responsible for formation of extra-embryonic tissues, mainly the parietal
and visceral endoderm partions of the placental yolk sac and the extracellular matrix material of
Reichert’s membrane,
[6118] During gastrulation, the process of definitive endoderm formation beging
with a celiular migration event in which mesendoderm cellg (cells competent to form mesoderm
or endoderm) migrate through a structure called the primitive streak. Definitive endoderm is
derived from cells, which migrate through the anterior portion of the streak and threugh the node
(a specialized structure at the anterior-rost region of the sireak). As migration occurs, definitive
endoderm populates first the most anterior gt tube and culminates with the formetion of the
posterior end of the gut tube.
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[0118]During gastrulation, the process of definitive endoderm formation begins with a cellular migration
event in which mesendoderm cells (cells competent to form mesoderm or endoderm) migrate through
a structure called the primitive streak. Definitive endoderm is derived from cells, which migrate through
the anterior portion of the streak and through the node (a specialized structure at the anterior-most
region of the streak). As migration occurs, definitive endoderm populates first the most anterior gut
tube and culminates with the formation of the posterior end of the gut tube. [0119]Definitive endoderm

and endodemi cells dgrived thgg@iﬁg{?@ reRkesentin pafkasi-mulipotentstatioghpokats:fat: the derivation
of cells which make e Up tel te |naII erentlflteigrtjcﬁcsm(y%%g g(frlv gfro tge]geflnltlve

endoderm Ilneage SUC)FIl celﬁ’s tlssuesgapnal or oﬁgans are extremely usetul In Celi | thera es As such,

the methods d&SEREEAMHENT AR M AL P ETRE FEorti S5 S FaitHs SRS B a ¥ g e
differentiation ofsslefinitiie egeuderrertatidamdidrP BX therpressitgushdbd enade lissoisther cells types
derived from the-defigitive.epdederr-peldingage ammeseiicialdatherachmncemeanafeell therapy.

[0120] In particylag, somg emhodinens alihe @5@&&%%@9%@@&@ Meihadsekidgntifying one or

more differentiation factoys that are useful for differentiating cells in a ﬁlfgefﬁ}gpulation comprising
t

PDX1-positive S5 FR{SETTE SR GRSHE BTG Eh Sh B AN EaR TR &2 are capable of promoting
the differentiation of d&¥fltive &nsirelm sealismirdiEens o Hierraree preetirsslassrmeedssiand/or organs
which include, kﬂdﬁtﬁ}’;&@@xﬁdiBﬂitﬁdetaiﬂa&ﬁﬁmﬁﬁsfaMrﬂiurmummacﬁﬁhﬁﬁﬁiﬂgpﬁwmidpeﬂhymus

pharynx, gallbladder %/ﬁﬁq detQ12dlAdditianal asneatswhich delateito.gempositions of
definitive endo erm ceII QX osm doderm as, v%mjnas ethods fa\nq H’]p%SIHOﬂS useful for
0 o .0 el 0 e

erentl
producing such Belis gu% el hereln 8 |n|t|ons T erfain terms and pﬁrrases as used

throughout thlsPa?fﬁquﬁtfeh“%afﬁé’rrﬁ@aﬁlﬁ@%%%%&%gTd%@%‘%ﬂBWﬁséﬁ%% "embryonic"
refers to a rangscabdeirsigpmentsii stages ghaneginhdin belginmmndeditr.a single zygote and ending
with a multicellular stiggtyre thahheanasi-comerisas: RludRgientarfolpatentarlisather than

developed gamﬁ 1cell§1 In tlons%)eﬁmb%g%sdegvg??g%ﬁgﬂsee 1%?'0&1152% ter elgrargpryonic“ refers

to embryos derive somatlc cellnuclear transfer s used herein ultlpotent" or "multipotent
cell" refers to a%@lﬁ%@ﬁ‘iﬁ’("é’én give rise to a limited number of other particular cell types. [0125]As
used herein, "expression" refers to the production of a material or

Definitions

[0122] Certzin terms and phrases as used throughowt this application have the
meanings provided as follows:

{0123} As used herein, “embryonic” refers to a range of developmental stages of an
organism beginning with a single zygote and ending with 2 multicelinlar structure that no longer
comprises pluripotent or totipotent cells other than developed gametic cells. In addition to
embryos derived by gamete fusion, the term “embryonic” refers to embryos derived by somatic
cell nuelear iransfer.

{b124] As used herein, “multipotent” or “multipotent cell” refers to a cell type that
can give rise to 2 limited mmmber of other parficular cell types.

[0125] As used herein, “expression” refers to the production of & material or
substance as well as the level or amount of production of a material or substance. Thus,
determining the expression of a specific marker refers to detecting either the relative or absolute
amount of the marker that is expressed or simply detecting the presence or absence of the marker.

[0126] As ussd herein, “marker” refers to any molecule that can be observed or
detected. For example, & marker can include, but is not limited to, a nucleic acid, such as 2
transcript of a specific gene, a polypeptide product of a gene, a non-gene product polypeptide, a
glycoprotein, a carbohydrate, a glycolipd, a lipid, a lipoprotein or a small molecule (for example,

motlecules having a molecuiar weight of less than 10,000 amu)



substance as well as the level or amount of production of a material or substance. Thus, determining
the expression of a specific marker refers to detecting either the relative or absolute amount of the
marker that is expressed or simply detecting the presence or absence of the marker. [0126] As
used herein, "marker" refers to any molecule that can be observed or detected. For example, a marker
can include, but is not limited to, a nucleic acid, such as a transcript of a specific gene, a polypeptide
product of a gene, a non-gene product polypeptide, a glycoprotein, a carbohydrate, a glycolipd, a lipid,

a lipoprotein or a smajmgleculg (for example. molagiles hawind.amAsGHRLSIDaLoLIess than

10,000 amu) [0127]When used in connection with T%elllggltureshand/ot cell po ulatiogs, the term
"portion” means PR OREPEFEAPABERE BRIHY EeSErarES: Te DB WhiERESATESE from a single
cell to the entiretyebsfafigochd|cotitetirof G edlisisapenaglsmort8IWith respect to cells in cell cultures or in
cell populations, the pbizge "substantiaty (irediofihmaaasithat thenspicHitedfelsytpe aahich the cell
culture or ceII. PopKlatanSHIeQ riSREGS ANt 'Qq%&lﬁ%@élpfy&%séft%i}@ﬁﬁ%ﬁ%;ﬂféh@r tqi@al number of
cells present in the cell Qulitrure,or celltpopulatlont. LQ}ZSQ@% gbso%g gg/elgil(@ "r n0|d';r%ffecr§ ;[0 retinol,
retinal or retinoi%o%%?af’ﬁslsweeﬁ’é%p&%sr?\l/alﬁ\?’%%?ugny of these compounds. ﬁ%’éﬁﬁzﬁﬁ'conc}ltioned
medium" is mea¥fEeat miditrhciiarie steraE®ompared to a base medium. [0131]As used herein,
"foregut/midgut” refergtoogells at thel aeteritegpoitiories thestut tutsabs wilbasgéds wiithe middle
portion of the gyt tihg.daeluding.cellsahthe foregut/midgut junction. Definitive Endoderm Cells and
Processes Related ng%rﬁﬁ) [O%32lEr£|Qodli]ments gjescrib§d he&ein &e{ate 1o Qovel defigl d processes

. ] onditioned medmm” 1s meaht, a im that 15 aliered as colnpare
for the production of definitive endederm cells in culture y d?feferentlatlng pluripotent cells, such as
stem cells into rbAFFBTERPdefinitive endoderm cells. As described above, definitive endoderm cells do
not differentiate into ti§88Hs produsethfreim Eotguianmenl’ migsoderhs obthe rattrisr, ndifferehthate into the gut
tube as well as grgams thakaresdesined:figmihagubibe.drueegainmelenasernbodimants, the
definitiye endodt%gn 9%@ are | ggori\_/ed‘from .hESCs. Such processes can provide the basis.for efficient
production of human endodermal derived tissues such as pancreas, liver, lung, stomach, intestine,
thyroid and thymus. For example, production of definitive endoderm may be the first step in
differentiation oPafistévakndidamnGellsetibhrmbissstRelatahtherdieg (3-cell. To obtain useful quantities of
insulin-producing p-celissd)igh effisieneokiciffesenitadioriadesikable dameaehatdherdifferentiation
steps that occur prior {0 reaching. (hs.pancisalicinlel Frasll e Ripke Aiferentiation af.stem cells to
definitive endoderm cells represents perh the %arllgst sterBt ards. t etprodlalc ion o{ functional

§ s desc ert?v%f) o i

pancreatic islet/F e B EREN THEGUFE N Righ etficiency of diffar F

driE ve rm cells. .
eréntiation at this step is particularly
desirable. do not differentiate into tissues produced from ectoderm or mesoderm, but rather, differentiate

mto the gut tube as well as organs that are derived from the gut twbe. In certain preferred
embodirments, the definitive endoderm cells are derived from hESCs. Such processes can provide
the basts for efficient production of human endodermal derived tissues such as pancreas, liver,
lung, stormach, intestine, thyroid and thymms. For example, production of definitive endoderm
may be the first step in differentiation of a stem cell to a functional insulin-producing f-cell. To
obtain useful quantities of insulin-producing B-cells, high efficiency of differentiation is desirable
for each of the differentiation steps that occur prior to reaching the pancreatic islet/B-cell fate.
Since differentiation of stem cells to definitive endoderm cells represents perhaps the earliest step
towards the production of functional pancreatic istet/B-cells (as shown i Figure ' 1}, high
efficiency of differentiation at this step is particulariy desirabie. ‘
j0133] In view of the desirability of efficient differentiation of pluripotent cells to
definitive endoderm cells, some aspects of the differentiation processes described herein relate o
in vifro methodology that results in approximately 50-80% conversion of pluripotent cells to
definitive endoderm cells. Typically, such methods encompass the application of cultre and
growth factor conditions in & defined and temporally specified fashion. Further enrichment of the

cell popuiation for definitive endoderm celis can be achieved by isclation and/or purification of
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[0133]In view of the desirability of efficient differentiation of pluripotent cells to definitive endoderm
cells, some aspects of the differentiation processes described herein relate to in vitro methodology that
results in approximately 50-80% conversion of pluripotent cells to definitive endoderm cells. Typically,
such methods encompass the application of culture and growth factor conditions in a defined and
temporally specified fashion. Further enrichment of the cell population for definitive endoderm cells can
be achieved by isolation and/or purification of the definitive endoderm cells from other cells in the
population by Uﬁmfﬁi@a&ﬂk}&é@@&ﬁ@%ﬁi%H%Qi@ﬂ&h@p&ﬁﬁﬂﬁ&%%ﬂ@?ﬁﬁ@én@@ﬂ&ﬁ%ﬁfﬁw’ some
embodiments d%§ rilkaeqq: r@énﬂg&ﬁl@te t%e%efigiti\égcgnq}%gecrr%o%eléllgn%s Wellba&gne.t ont f(gr producing
and isolating and/or purifying suc cells, [0134]in order fo ﬁetermlne%ﬁgna?noﬁrﬁfno}fec?eqﬁnﬁltive

endoderm cells* e FEOGTR BT FiFb pUTERRRGS Pramfisio i dninrsre mwiieen ®ide from the

other cells in theelsulture or in the population is desirable. Accordingly, certain embodiments described
herein relate to cell natkars Wiose-presencs. 8Rsebee andfarelaiive-expmessionieveals.are specific

for definitive engggl%g%u@&gnm%i&gg&g%%%gﬁg&%@g%ggg&p{ggogpﬁ? c%ﬁg)regsiccwf such markers.
RGP

[0135] In some embodiments described herein, the presénce, absence and/or leve %?r&pression of a
marker is deterMiFEBEYGUa AR PR iEspc Rt A TSR BiAfalRstipt produced
by certain genetiesheia ks, HasheasBere] Rd@XERAe GO TFHoARPelT e SRAR GorSERTVMDCLI,
GATA4, HNF3kplo&t mbretifodyibidstials G dbiedds M ORE oEdd Inaag:other markers described

herein is determined Ry {gyantifative. Q-P&:R IR alhesmbediments. mmunohistochamisiry is used to
detect the proteins eﬁrefssed tyighd%tabovg-mentioned g,reglggs. In.still other embodiments, Q-PCR and
i I

S AR BB D S TS AR ART dtef RFRTRE S5 BUNL relative

immunohistoch&Mica
proportions of StAEFFFREPKEISSd bY [Er1i36] BYFUrs iR sl s SehlAsAREBE @¥SEived.dBdve, to
determine the eSHARGSIOX D M Or EAGre:, FOFEDIGSE, FETKe eWE £ aDSRIHeXQidentifyprefinitive
endoderm cellscpg ialh asdeterninadbspiopaition shdafipitive sndadarmeets inga gell culture or cell
population. For exar IE)elgt,s iqmsrgm(%i%rréggngg egtgsgéggﬁsgnt irrgv%r;tion, th %efmiti\zbe endoderm cells
or cell populations that are produced express the aha/Br the CXERY gene at™3 Tevel of about 2
orders of magngeER§festes thaHotaemiriEeRdsdefnirdemmy e toral BostirEsRI S N other
embodiments, tiwh defindtiventtih dotiGirmdeliseemeali poguiationscthatafeugiadtiesd express the SOX17

and/or the CXCR4 gepes gt a layelphmerenthansgpraenssd magnitudg.greatesthaninondefinitive
endoderm cell types.r 68l PeRuIAians In st elher smagdiments. e defipiive gndogerm cels or cell
populations that are_produced ex ress one or more of'the markers selected from the group consisting
of SOX17, CXCRIE SCUEEEE 756 WiHE CERL ¢ REFHQ SRR GRY Bngy ks & 169k of about 2
or more than 2 priéatrof Ferargaitidargreztemibrianens nf defimtsrs evdddetim dséilifypesisieel| populations.
In some embodienesntsetespiihedshere paafiriiverendaderi tellsHanoksubstantiadlyaxpress PDX1.
[01371Embodirgepis.descriigd hergin:AlRo felaredg defniiNg K RA0HRIM.COMRASLigpSfror example,

gve endoderm, whereas others relate to cell

some embodiments relate_to cell cultyres comprising defini [
populations enfeREH TR dRiritve Bl 8%5‘ i %fé%%%%ﬁ‘@%? T B Th B RIRERSFelieB cell cultures

which compris@@é%ﬁiﬁ@@ﬁﬁ@de?%&%I%WWHE?@K@H%P abéuesd-gonsroite Tetfisth dulture are
defmitive endodegnieelseAan aspaciathfinretesediembadippents etiitesstituiels Gultitegsheomprising

human cells, whgrgi-ideast RRaHlaRE% Afnlhe L mBRcols 4R Gl ia.Ate Aslnitive gndoderm

cells. Because the efficiency of the differentiation procedur. [Us ing certain
parameters, whlllg:eﬁﬁi(r}11;f:tﬁue e lﬁsg?lgcﬁfét i eecﬁ‘gpc% 8%%%%?%}&};@%‘2%%%% g(f: C%centrations
and the timing SF&GRFPERh EMEERIFafSHTRL BT BFEcidhTRs JeaeryBd Rerdm ¥arresidiR in about 5%,
about 10%, abamtafkd%biraboud:285;: alndule25%6] ajyotto30eh, mbderidasYolnaivot 406 radacut 45%, about
50%, about 55%xsahRet S0 Ak Sabt-Akaulaf A8 sahaubilpAabopk80%, about 85%, about 90%,
about 95%, or greatergd.‘{}a,p ab%%tpgg%% rﬁgngf_%g{)%@ of epeljigrig%toengeg%lstgo geel{linrgge\:/e eggcgdoderm. In other

preferred embodiments, conversion of a pluripotent cell population, such as a stem ceﬁ%opulation, to

substantially putEBEFtRe TR FEHSN K8IF FEB0ITIEH SRnteripiiyes compriss) A ®Smpositions
and methods déexéadbed Fisrednoiutireity eredlipspisifoamriekedp deivdfrptedadrarceltc itures and cell
~ populations corppfistigdefaive ebtodesmeasnaethas thermetharaifo exraeuciag sveheell cultures

and cell populatiansarg.tariolfor deodeling.ihe sauy:HAgesEIiANRAD devslopment-Lusthermore, the
compositions a[‘;dbrrg{ethodsl acfescrlb%dcgerem can als?1 serve flor tgerapeL[ltlc n{)tervs%_ tion in disease

states, such as Giabetes meff J%.cfilor e%%ﬁ?rél?g?ﬁlée TEnifve ERE8aET S8 BS S ource for
only a limited number of tissues, it can be used in the development of pure tissue or cell types.
Production of Definitive Endoderm from Pluripotenti@ells [0139]Processes for differentiating
pluripotent cells to produce cell cultures and enriched cell populations comprising definitive endoderm
is described below and in US Patent No. 11/021,618, entitled DEFINITIVE ENDODERM, filed
December 23, 2004. In some of these processes, the pluripotent cells used as starting material are
stem cells. In certain processes, definitive endoderm cell cultures and enriched cell populations

comprising definitive endoderm cells are produced from embryonic stem cells. A preferred method for
AdAeriviina definitinie endoderm calle 1itilizee hitman emhrvvonie ctem cealle ac thea etartina material for




[0140]In some processes for producing definitive endoderm cells, hESCs are maintained on a feeder
layer. In such processes, any feeder layer which allows hESCs to be maintained in a pluripotent state
can be used. One commonly used feeder layer for the cultivation of human embryonic stem cells is a
layer of mouse fibroblasts. More recently, human fibroblast feeder layers have been developed for use
in the cultivation of hESCs (see US Patent Application No. 2002/0072117). Alternative processes for
producing definitive endoderm permit the maintenance of pluripotent bESC without the use of a feeder

ayer. Methods of malBiaing, PeROIEn'.Ok.86s uRder{eed-ies.candiianaiayeagn described in

US Patent Appli tlon 0. 2003/0175956, [0 #] human embryonic stem cell sed herein can be
maintainedin c{ljcﬁaure el ??é’rr%? WS et S Jsstéari’ nfsmﬁ]céiréa%kg?f/a(%ﬁtgr%temrgé% ma'#h féfance

procedures, sefdhidpideerribatastysepiifrrstrrrsh Jarontred FiRtT se & igingsoistitiras those
described in UStRaténtifpphicaibo prblec280840d4180 hdBinare usddi@dut? [StesmreclBamomaintained in

culture in a plurippteni.state MeEoMIneRASeALMlikiiSHasike tmua@%,%@fmayaaed into
definitive e”do‘%‘?&r Nt 3000 ﬂf’u?%?é ug%@/ %‘r}gﬁ“ﬁﬂ}n}%o& five.en ‘%99“{;“ 5?@?“'%"‘?0' by providing

to the stem cell ufture a grow factor. o the T superfamily Ih an amount sutlicient to promote
differentiation t6° e ihBRAESFRIGRETHT> & RINEFiae gf‘s‘lﬁ?"(ﬁ’ét BT SHpEIarRIHRICR SR useful for the
production of defifitise @rddderm arevseiocted érohritheoN odhlhiwtisinmorshiA Rsabgroupsd. In some
preferred differgptiation prosessesy e gt tastarls selpgiedifromdhe.giaup consisting of Nodal,

activin A, activin B ang, P4, I%QQA%?Q&H%JQ% %E%‘é’&?dfe%%%d\ﬁ@é%%a%”ge Ihel REamily members

are useful for the productlon of definitive endoderm cells. In certain differentiation processes
combinations oF%ﬁW‘ﬂ’n8’%?5’8\781%’5‘@5@5?8ﬁ@b@?%&&‘f@@&éﬂe@@ﬂgéﬁdﬁﬁ%ﬂ\Wfiﬁﬁé@pect to some
of the processegcfapdttfer drfidenisnsbscdipltrmscrérebramvietns srdefivitoemeddvddmeaklls, the
above-mentioneg:gy oMithria atoskmrenprovitiechée: the eellssivthatdhetrothiaeliams-arepresent in the

cultures at CO”%Q@&@P&?&&%Q&GE‘%@&W&ﬂiﬁ@é%&%‘a&l% %l%%ﬁ&l%@?& ofihg.stem cells to

definitive endoderm cells rocesses, the ove rowth factors are present in the
cell culture at a*85h%: ?Xﬁmg §?¥gf S RIS PR SRS T mf?%%u PO EFBRE About 25
ng/ml, at least &b@ﬁﬁ@é%@ﬁﬁl?fméaﬁuaﬂwﬁ?E%g/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, at least about 1000

ng/ird, at least ahQt2000HBeM. a;dg@s&@tggwﬁgg%géml at least about 4000 ng/ml at least about
5000 ng,/m1 or more IEH?E? ab It 5000 In g‘f%%'l I% 1%%%% processe: Jger é[c Iuﬁrentdatlon of

pluripotent stem ceIIs f|n ive endoderm ¢ ve-mentioned growth ‘factors are removed

from the cell cuffifEE HS BeREHFED ‘i:?fé‘i’F%iEl%lﬁ?@ﬁ‘“ﬁo@é%&m’pﬁd@cﬁé‘tﬁ?&ﬁ)ﬂWﬁ&o‘fs}éa‘ﬁtﬁé removed
within about onBedal/)ZiIs6t etide i BFENEBD BReDFRYS, fadsirctobrdy ) Ebbubfiveidays, about six

days, about seyenaysnabeubeightdays.ahou-ninensays ot ahautdan daysatiarihaikaddition. In a
preferred proce&ﬁ@ﬁwl %dgagmef@&}msa&% &mgyaegeﬁ%%at%g days; 54&%993%&%

[0145]Cultures of definitive endoderm cells can be grown in med ium con aining reduced serum or no

serum. Under cEhafie IR SRBiFBHE 2 G cBtite i ATRAE S AT PAA J& P 85559 viv to
about 20% v/v. Férdeamiy estiizeo nowdiffararititi clp rede sselbs tietieraricieh e rirbeigre of the
medium can beslasgdanoakaud. 0.88% fitetessdiarabeuwel: k4 orgnate from the morule,

embryonic inner cell mass or those obtained from embryonic gonadal ridges. Human embryonic

stem cells can be maintained mm culture in & pluripotent state without substantial differentiation
using methods that are known in the art. Such methods are described, for example, in US Patent
Nos. 5,453,357, 5,670,372, 5,690,926 5,843,780, 6,200,806 and 6,251,671.

j0140] In some processes for producing definitive endoderm cells, hESCs are
maintained on & feeder layer. In such processes, any feeder layer which aliows hESCs to be
maintained in a pluripotent state can be used. One commonly used feeder layer for the cultivation
of human embryonic stem cells is & layer of mouse fibroblasts. More recently, human fbroblast
feeder layers have been developed for use in the cuitivation of hESCs (see 1S Patent Application
No. 2002/0072117). Alternafive processes for producing definitive endoderm permit the
maintenance of pluripotent hESC without the use of a feeder layer. Methods of maintaining
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(v/v), less than about 0.2% (v/v), less than about 0.3% (v/v), less than about 0.4% (v/v), less than
about 0.5% (v/v), less than about 0.6% (v/v), less than about 0.7% (v/v), less than about 0.8% (v/v),
less than about 0.9% (v/v), less than about 1% (v/v), less than about 2% (v/v), less than about 3%
(v/v), less than about 4% (v/v), less than about 5% (v/v), less than about 6% (v/v), less than about 7%
(v/v), less than about 8% (v/v), less than about 9% (v/v), less than about 10% (v/v), less than about
15% (v/v) or less than about 20% (v/v). In some processes, definitive endoderm cells are grown

without serum phuiitie:S @RI RGBS dnstilather REACRSSES: definiivg: apdoderm cells are grown
in the presencemkR{7s9k3 such processes, the concentration of 827 supplemeﬁjt can range from about
0.1% v/v to about 20%_ vly, Manitoring the Differentiation ofeo De tive Endodfinierm 10146]The
progression of the h @lél\tuItl?@eta"ﬁléﬁﬁm%°8ﬁo%eﬁéFﬁqsd§FFB’éfﬁﬁ’oﬁﬁ&%WéeﬁémﬂdMQ the
expression of (EReTii Praratestistaf defiertveméndodetms., defl SonineprRE@s&RGrHIesardgaression of
certain markersercraterntined bxdetesfing.th e-presence ahiaksenoe AfHhe matkes Altggnatively, the

expression of Gerain MarkerseanRs etesmined by measuring the level at which the marker is
opulation. In such processes, the measurement of

present in the cells o;ﬂq]g cell %‘Lultur(?1 or celfiﬁ ) ] .

marker expression can be qualliate Gr JUARTTEIVE SEHTe i Boacsmstan M-ong resespression of
markers that aP8pridtcetrsly hrates riyetifeatiand ingh ditve ofigantitativeR GRE@PCR). Methods
of performing GRGRiie welitivvwndndtne i byneiiods whichal emawn.in fhg.art can also be

used to quantisieruaskerans,expiession. EaLerampls (s expicssion.ofa mafier gene product

(4]

can be detected by eg%in%rant%)dies specific for the marker gene pro Het 6f e é&if ertain
processes, the expression of %CFWéroépéWeg%F%%ﬁcvﬁfééﬁﬁi?ﬁ?@}ef‘?dé’féterwﬁa@iwedf as the lack of

significant expfe&siiis eidadearrere gelrrs dhen dotdiistahbES GRRRbHhey aelidyperisdetermined.
[0147]As descdmhgrmctm, Ex@mm&mmws@tee&@QJ%@ggﬁg@éoﬂ&gﬁg%m&gﬁ%g%ﬁé“his the
SOXI7 gene. As , SheOefipiives: r odu the processes described herein
express the S %(%Séﬂ?%r{% erge,%%?g’r%%%ﬁ%%géﬁ%%e%tlegfaroréﬁafllbf’ﬁﬂé‘?bf’ﬁgarkers of
definitive endoderm are” %ﬁf “ERT ?ME%?@%F%W?W@@WE@RHE@W% CMKOR1 and
CRIPL Since J&RRIRAYS SEaeffecbieaxpions!thiorSOxXDE rrerkergene at a level higher than that of
the SOX7 marker gelié4dvhictvishoharactedstie af iy igutieand Miseecalandaderiseg.Table 1), in

some pr_Ocessast@%M@ﬁﬁimohgﬁ? c@ﬁ%ﬁx@ Q&Q&Q@él&% EF:%QE‘%{%%S lar}eOth%r E ?g ﬁgses, .
expression of the ngaggg SO I; n%arker gene and the Oct 4 marker gene, \R/rﬁlc% Is characteristic of
[

hESCs, is monjiored. Addifionally, becauge dafinitlyE et R B B EsE o IWRE 7 marker gene
at a level high8F TR T Brahk A prosiene e vhreliordetitin Eidjsmarkis genesxthe expression
of these genegreenseisbebbomonitired. Bl Slinoikermarkenofdelinitive cndederm isithe CXCR4

gene. The CX&R&geoe engadesiacelbsifasaehemokingraceniornhasg lig-and is the

. : il , 8t
chemoattractapt SPE:1Ls The pringipdl rales of th CR4 receptar-bearing cells i the adult are
believed to beE ?eeasgniu ra%ti %ﬁjcl)'f hem%ggo%@cngaﬁsa%?ﬂtgﬁﬁgn%} m %\7\‘} lfﬂfﬁﬁ‘ﬂﬁtciﬂ%”(?é‘?hcldng and the
differentiation 0f VAro0S B CaH End IFEphal o sblod katt mrnliee mimk, CleastraioBraiheyer, H. |.
Leukocyte Biotgd, #155H@99io¥0omeeE XORE: rooe 0 alsolfunetinns.assaockeeeptaiior the entry of

HIV-1 into T-céls fheangfolYngetial. Science, 272, 872-877 (1996)]. In an extensive series of studies

carried out by [McGrgihyK.E.;£ ' 3, A42-456 (1999)1 the expression of the
chemolcine re %%t%r[ Céggi():dleu a%@:‘ﬁ? %&%ée%l?gqgﬁ “SBE ?rcr’wrg gpgﬁjgoéernct)rﬁ%ﬁ%/éﬂlﬁ?l. Leukocyte
Biol. 65, 6-15 {1 )], Were aelineated dtrmg earFuetchsmiarramer otnmite istivelmouse. The
CXCR4/SDFISiRtesetib i dédidtep Frastasada e apphenitvie vitrwasdemsnatatesdhat if either
gene was disriptethin transgeriounive:[agasawaet alsNadu ay382:638:638 §4298).Ma, Q., et al
Immunity, 10,:4G3-#fd 0D dbrasuitad in.! ic lethality. McGrath. et al. demonstrated that
CXCR4 is the most egtwcngdrgvgggatg%%r;grlgne re%%igigggme%%%g a%rg}l%r\l%ﬁéggﬁ%ﬁd %ljl rfﬁ%ggégly gasirulating
embryos (E7.E) using.a combination of BNaSe |81r10 B Bﬂiﬁ”s"rﬁ?ﬁﬂ%ridization methodologies. In
the gastrulating embBly&! Cx CRIFETE F&ifiva merdppesis wnbe el imediveddamsintgcing migration
of primitive-stieikeg ermtagercetisrandnsesprés sdte rodéfinitiverandosermime sedern and
extraembryonfemasedensypiesenbat s Me HrkladaleSMeMs MRS, FX&R4 and
alpha-fetoprotgif.a V. lusive indicati lack of sion in visceral endoderm [McGrath,
K.E. et al. Dev. Biol%@%ﬁ%ﬁi—ﬁ 4“5%&4&%59 ]g.e[ge%ﬁagﬁi%%én?é%r{{% Ve e o BB ACERIE Sroduced by
differentiating pluripotent cells express the CXCR4 marker gene, expression of CXCR4 can be
monitored in order to track the production of definitive endoderm cells. Additionally, definitive
endoderm cells produced by the methods describ&d herein express other markers of definitive
endoderm including, but not limited to, SOX17, IVIIXL1, GATA4, HNF3b, GSC, FGF17, VWF, CALCR,
FOXQI, CMKOR1 and CRIPL Since definitive endoderm cells express the CXCR4 marker gene at a
level higher than that of the SOX7 marker gene, the expression of both CXCR4 and SOX7 can be
monitored. In other processes, expression of both the CXCR4 marker gene and the OCT4 marker

gen", is monitored. Additionally, because defmitive endoderm cells express the CXCR4 marker gene
at 3 laval hinhear than that of the AEP {PARC nr Thromhomodiilin (T markaer neneace the avnraccinn



induced over a range of different levels in definitive endoderm cells depending on the differentiation
conditions. As such, in some embodiments described herein, the expression of the SOX17 marker
and/or the CXCR4 marker in definitive endoderm cells or cell populations is at least about 2-fold higher
to at least about 10,000-fold higher than the expression of the SOX17 marker and/or the OCCR4
marker in non-definitive endoderm cells or cell populations, for example pluripotent stem cells. In other
embodiments, the expression of the SOX17 marker and/or the CXCR4 marker in definitive endoderm
cells or cell popistatibnstieratieastatiowt 4statdhighen. s leastabaut S5ald highs d@ésl%%ﬁt about 8-fold
higher, at least alagu 4Q-feld, Sk E%t - igher,.at least about 20-fo ) igher, at least
about 40-fold hi@ﬂgrl At téagggugggé?%ﬁg%ﬁ% er, a%%e%é% %t%ﬁ'ﬂ%%Y%gdeﬁﬁé%gfbgP {842 about
150-fold higher, at least about 200-fold Hidise ,%ﬁ@é‘%ﬂéﬁ&ﬁ’éﬁf@%ﬁ?ﬂ%,faﬁeb?éﬁ &pout 750-fold
higher, at least 88’1 660- 'fotdrighrt, 4t fessieabiben 2500Tole higetatieastabog; BROO-fold

higher, at least &oleR5O0cfoldehighesonatdeds] RacinkBRA0N oI highgrha: the.Qupyession of the

SOX17 marker jaiclien theG X RAMaLkesdn Aen-siefiniiye rmgells ar cell lations, for
&) e R B e B 65 R

example plurip tem cells. In some emhodiment e expression of farker and/or
CXCR4 markerg %fﬁl%taé?n%%% ?%&%%Wcoélfg%rs%%ﬁﬁ?ﬂmﬁs%ﬁ?ﬂiﬂﬁé‘l?ﬁfﬁﬁé‘b fiedRide expression
of the SOX17 rAIREFA MO EHE e e mrsssrice OfBRON el efthitivecerd Sdemmastisooroc@populations,
for example plutipdtanttistamnze fiorl:da52]1tivilt alsetemppreciated that in some embodiments
described herein, the expression of markers selected from the group consisting of GA.TA4, MUM.,
HNF3b, GSC, Mafb7ny/mly bifftaieidn FOMXQhtC WIORIandveRddddin.definitive endoderm cells or cell
populations is increagegigs Comp {8.the &X ' 4, MDCL1, [INF3b, GSC, FGF17,
VWF, CALCR, £OXO1, CMKOR %ﬁg;c 1in %%Eﬁ%&%%ﬁ@cﬁ%@%gﬁ|%“%lt:’lﬁc%?ﬁﬁ8r6%|ations. |
[0153]Additionally, it will bé appreciated that there TS A TEIe o difrsn cadotiefvedh tE°expression
level of the SOXTFTHarRe PEFE I EEprERIsiT ey S aiprbDE FatinS RS K FPstdvkastd/or SOX7
markers in defiffitiverkmdéderatcblsieSimiaity, dhereiexisien sangehdiffiargneeshapyeen the
expression levehef iheteX GRAMakera04 ﬁh@&é&léﬁﬁ%%ﬁ}é@ﬁr@@l&%&lﬁﬁ%? ARG, APP, TM
and/or SOX7 ryaylsess iRsefipiie endadem celle, As, such, I some om

odiments described herein,

the expression of the SOX17 marker of the CRCRA mharker o 4t 16 S<FABEHYS- 101 FGHEr to at least
about 10,000-f0Id RiGHEF H1%iF TRES SR EBETET S Ses PRSI ok BTt Hreldr 8@ dinarkers. In
other embodinfeRtERtHE BB résRidh. oiiitimds Ot Tomark€-PERhe: GXCRWmarker i, ablgast about 4-fold

higher, at leastatiodt Sxldiddigher, atieastaboutid-fold Highesual Jaast gJAQU{plQEIQA‘J pigher, at least

about 15-fold hi e abdeastal -490d.hi Jeast ab 41(1)51.;‘on nigher, at least about 80-fold
higher, at leas g}&gﬁ 100-fold %%é%%%e%&%%%%ﬁ%&%‘éﬂmii}n ot ezl}s% éeﬁgfff’?ﬁéc’-’fold higher, at

least about 500-Told higher, At least aBotit 756 fUTeRigHer sk dXsFRESRM owerst Eotier, at least
about 2500-folthHRGHEF @i defiits sedosanasiori pighdrsiae dasfieout?S00-6oitkhighessr at least
about 10,000- $biadwgkierofii@ithedapiessigpeok @eidndPARC, AFP, TM and/or SOX7 markers. In

some embodiments, @4, SRARGAF R-EM-ARdar, p0X7 markers;are no gi?pgiga@itg expressed in
A 6: | &

definitive endoggrial cells. [ It will also pbe appreciated that in some em ments described
herein, the expres_sion%?] r%gerjgﬁsgggle%esacﬁ*éh i E@&FS&%%W@%H@W“@AWA@? NRseiel, IENTF3b,

GSC, FGF17, W Eheresrsxmesdes SRt eme ORI Dnddeiin five@idaderprails is increased
as compared t8%hse BxjressioRBHRCIdeBRARCMARR, TMrandini036Gadn definitivesgndoderm cells.

Enrichment, Isojatiss) Rositer, Bumification @f@@.ﬁ@my@mmw&%@@%p@impg%q?fm cells

produced by any.Qf the ahove-des: ib%g 0cesses be enriched, isolated and/or purified by using
an affinity tag that is %B%Ciﬁc for sugcl[ﬁ:r i‘fg,[“é%x%%%%es of a |?1cﬁ§/gt%1§sv§1b°§clﬁiﬁhﬁ°ﬁﬁfﬁﬁtﬂfe endoderm

ce
cells are antibBaias, TigraRdE BrBRSTBHinE s dertstrarrssepcbiicassmeofkel S¥Gule, such as a
polypeptide, t1#8f prekermérraheletsnrianes taetmityef éndotenmscaills hutwhish isnot
substantially preseaTomsthegnelhiypes thatsnauld sremfaundimasglculiuigpaduced py the methods
described hera%ggm&mgﬁéggﬁeé%gggg?g%%gﬁda et‘(f)}%q]%%i H utsc()ef%gs an affinity tag for
the enrlchme@Pﬁg@gp%rn%%%flgqtl%g definitive endoderm cells. 1n other processAég),’ the chemokine
SDF-1 or other molecules based on SDF- I"EAH &850 8% Seteslon it tatracssuefifeohecules include,
but not limited¥F8H5E-1 fragments, SDF-1 fusions or SDF-1 mimetics. [0156]Methods for making
antibodies and using them for cell isolation are Imown in the art and such methods can be
implemented for use with the antibodies and definitive endoderm cells described herein. In one
process, an antibody which binds to CXCR4 is attached to a magnetic bead and then allowed to bind
to definitive endoderm cells in a cell culture which?Aas been enzymatically treated to reduce
intercellular and substrate adhesion. The cel]/antibody/bead complexes are then exposed to a
movable magnetic field which is used to separate bead-bound definitive endoderm cells from unbound
cells. Once the definitive endoderm cells are physically separated from other cells in culture, the
antibody binding is disrupted and the cells are replated in appropriate tissue culture medium.
[0157]Additional methods for obtaining enriched, isolated or purified definitive




endoderm cell cultures or populations can also be used. For example, in some embodiments, the
CXCR4 antibody is incubated with a definitive endoderm-containing cell culture that has been treated
to reduce intercellular and substrate adhesion, The cells are then washed, centrifuged and
resuspended. The cell suspension is then incubated with a secondary antibody, such as an
FITCconjugated antibody that is capable of binding to the primary antibody. The cells are then
washed, centrifuged and resuspended in buffer. The cell suspension is then analyzed and sorted using

a fluorescence activalgdge! SRUFACS) FKERAPRINE. R 205 coliccted senaralely fom
Il i

CXCR4-negative ceIIs,&heregg resulting in the isolation of such ce types.gﬁpaeswe , the isolated cell
compositions can Bé further FIFAF By TG SRR Reed St 1y b6 ALeRrHTRtHESBF ty Befditional
rounds of sortinErie&hatyeife b £BF Rt ferem-hraie rsliatizr eds ecifidifordde binitiverendoderm. [0158]In
still other processesnsiefiritivesmndotiernme ellsraie enpiched, isalateg andier puifisdHdsing a ligand or
other molecule (hakRiBds oG XERAIR B AresseRcliednAR R RDR 4 ergiagment, fusion

|

or mimetic theregf, [Q159]I erred sses, definjtive endoderm cells aré enriched, isolated
and/or purified réorlﬁ%tkggr; @o%ﬁéfiﬁ?v%%%%%eé’f?ﬁ fec] Igé‘rﬁﬁ%i’gﬁ?@ SHSHPLE PEBftGREE AMiduced to
differentiate towsaitis krigis Binive Erdcaert Ao gt T WiTPBE appraciatad thetithefabdiee-described
enrichment, isokatid e dpNMéiBatioR.precedhre Boaskp el sisert with 59e)), auwliesanasstage of
differentiation. [046@ln-addision cadhe meGedas iushdessbegsdetinitye gpdadery cells may also

be isolated by aother techniques,f isolation. Additionally, definitive endoderm cells may also be

enriched or isocl)g%e]%) %%/e r%?g?h%%g-ggf ggglgg é”ﬁf?cﬁﬁérae #ndgm-r%%%ﬁrg oﬁ‘ﬁ.ﬁﬁB’ﬁ?Wﬁ‘iéﬁ“éfﬂb%&@%he selective

survival or sele@REexpafisionBrferdeRift B otRiFiPPEETS became0 IpEEU SHitgTths mesthods

described hereiferantiuitrddhisolsitbd ganclfos gisrified popoiativnsicd fefinitivecendedasyegells and or

tissues can be Eeedpgehis)yitie, fromiplutinatent aell sultires syopell popriations. stigh.as stem cell

cultures or popq;agﬁgs,h\ﬁ/é@&%@@\‘{g &é%%r@a%a%h?{[ égﬁﬁ%g}le %&I,fs?g Q;Ei tion. In some methods, the
iati metho

i i chemokine recepio
cells undergo random differentiation. In a preferre ,however, the Cells are diracted to

differentiate prifiETHERio defifieve BrtouayFsaliine srorerdE onHennterrbEsistisRaS or purification
methods relate Pepisaopitrd firobivheidimrtiof defipitiveiendodergastrdmidyumay cOiamwairstem cells.

Using the methegskespikecdiersitnsellpapuakionsoncellsuitrescanhesrrighrd imdefinitive
endoderm contepf by.atleash apauk & 10 About 10Q0-fold: E&ﬁg%aé%%%%g%‘ééeateq cell;populations or

cell cultures, In U%gmeigrﬁggdyi@ents, definitive endoderm cells_can be enric eopgys/erétaieast about 5- to
about 500-fold A2 %ompbared 16 TRHEaTEIEE FoptiafBha BrdEiraithes meBrter SfBb8iments,
definitive endod@Hit &8I nlserEatiche s horcaladamstMecmi 8- Roabdsy 20-idlasiédmpared to
untreated cell péisl&ti®ins or cell cultures. In still other embodiments, definitive endoderm cells can be

enriched from at leasyghgut 2G4, abestt Q:Seldhasicompaad.ieaiteated sellpgaulations or cell
cultures. In yet o};[hesrs%rpE%‘gaent%definitive endoq, lIs can be.enrjched from at least about 40-
ared t

to about 80-fold ds compared to untreated cell popula |on§ SF CAIrEIErad RceRATA & Mbodiments,
definitive endod@?ﬁ‘icff%‘?lgf@ﬁﬂnﬁgeeﬁ‘fpﬂ?ﬁ%%n& ionala Befifie e dnseon coli rerduees! B ithpared to
untreated cell pogiidtidngibrddelieaudtores ot€umpositibisGompriscing Defisiiysubnpdnaesm [0162]Cell
cor&lp;sitionsdpﬁe,obm@,tlnm ,aéﬁ\rﬁngimj@,ef@lsm athpds W@@%&Cﬁﬂiﬁ@cﬁqtﬁwﬁi}sm def:]nitti]ve
endoderm an o] tions.enric i initive en . For examp ultures whic
comprise definit%\%gp gng%c%e(r%%ﬁ éﬁ?s%&%%g?g%%%tefg?gﬁ gﬁout {n%gorgfﬁfﬁ%l (a:gel seﬁ ?r’f%:gﬁftéaél are definitive
endoderm cells™®aH B8 760 TREdr B0t E e ERi ARy S R B ROEA faidsmIrdersds Ban be
adjusted by moefrimepessseainpressionetepothwihi (PR IUde vatzare andt thmitcttopdet| grewth conditions,
growth factor cenagstationsianaiwtsingakcsdias stenss therdiftesexttationfrpgadyres described
herein can resut, i ahout 5% Ao 10%rAPBURS%. R0 200%, 200N 25%, AbouL 3006, about 35%
about 40%, about 45%, gé)eut 50%, about 55%, about 60%, about 65%, abouthrﬁg?o, about 75%, about
80%, about 85% - abou 03 0N 5%‘3?1%@%"8?‘&%‘5?37 than about 95% conversion of pluripotent cells to
definitive endoderm. IA¥pPbces¥edlibsvpressisas| BaorratssietiafiveCRA doadefruelislis demsployed, for
example, by usingliads SinitycreaueSOREL Bindsiaidhetvododideracepipindacethsiantiaiyspure definitive
endoderm cell paprbalinnsanibesesauared.-INEHSome ereRadiments descrbed, herain relate to
compositions, Skﬁhﬁv? %Mggy@ans and cell cultures, that comprise both pluripotent cells, such as
stem cells, and definitive endoderm cells. For example, using the methods described herein,
compositions comprising mixtures of hESCs and definitive endoderm cells can be produced. In some
embodiments, compositions comprising at least about 5 definitive endoderm cells for about every 95
pluripotent cells are produced. In other embodiments, compositions comprising at least about 95
definitive endoderm cells for about every 5 pluripotent cells are produced. Additionally, compositions
comprising other ratios of definitive endoderm cells to pluripotent cells are contemplated. For example,
compositions comprising at least about 1 definitive endoderm cell for about every 1,000,000
pluripotent cells, at least about 1 definitive endodenu cell for about every 100,000 pluripotent cells, at

least about 1 definitive endoderm cell for about every 10,000 pluripotent cells, at least about 1
Aefinitinvve endodaerm ceall for aboirit evveryy 1000 nhiirinoteant cealle at laact ahoitit 1 definitinvve endoderm cell




definitive endoderm cells for about every 1 pluripotent cell and at least about 1,000,000 definitive
endoderm cells for about every 1 pluripotent cell are contemplated. In some embodiments, the
pluripotent cells are human pluripotent stem cells. In certain embodiments the stem cells are derived
from a morula, the inner cell mass of an embryo or the gonadal ridges of an embryo. In certain other
embodiments, the pluripotent cells are derived from the gondal or gem tissues of a multicellular
structure that has developed past the embryonic stage. [0164]Some embodiments described herein

relate to cell culturesjorseell papwatigpssampLisied Kem atleast abept 5%, definitive endoderm cells to

at least about 95%.definitive.endoderm.cells. In some embodiments the cell ciftures or tell
populations cogggggg%frglgrﬁmﬁ%gn%z ng ?\nflreévrésrrgd %m narﬁir%neclﬁi%?’fh%e’é%ﬁi@ﬁ*ﬂ}ﬁéé’ér%ll populations
comprise human cens. For Bxample’ tBftaih Sp6cmodmmadieraiied heleitetto ettsiokwres: comprising
human cells, wHéFeirTrm aeiexde AB6R:S9io atddudiabodidsveaf hehumaneals.are definitive
endoderm ceII§¢@Mutmd)mﬂi@ents&e&aiﬁﬁ&l@ﬂﬂo@bﬂfbl&%gﬁm%@Qﬂ%@nﬁﬂloﬁ%:ssiiyg@r ein at least
about 5%, at leagkabautl 8% caidrast.ahowt %?%?%tﬂ&gg% c?)%org} 280%, at F?ast about'25%, at least
about 30%, at %ﬂ?tlgbﬁgt 35%,tat least about 40%, at least abou 2115%{ S @RHEIBULS0%, at least
about 55%, at [east abolit 6096, af Ieast abStE S A TaizsthalsEoresFRn0ohtes X Hovat#5%, at least
about 80%, at et 4 EEERS ke lAstiribrsnd@etmor iy eatelt tham90%4:0f the: Memangells are
definitive endotielrn saiis: thoendbiodimgtsavtker eviaesaeit syl es 1fcalbpapylaigps.comprise human

&i
feeder cells, thesaheve perognignes.aiecalchiated yithout respect to the human feeder cells in the cell
cultures or Ce”aQ&Pb'é%ﬂf&%ng@?%ﬁ%&?ﬁ &l odimenﬁsmagsgeg%e% Rerein relRs g chHfipositions, such
. . -g

as cell cultures or cell popurlations, Comprisiric CHTR Bt &hh 1AL felhighen efimsidendoderm cells,
wherein the expreQSIGiflsT Shsatt therseidalt Bimseidre RATsiKek sigieatenthantheexpression of
the OCT4, SPAR®bizhipbldetoprotRoARR ¢k s rehoanae it (i and/ anS QX d.magker in at least

about 5% of thisihtiganc£alisadriian arkadinRents 1 jop.of either the SOX17 or the
CXCR4 markegis-greater than the expr ‘§sio€pmf the OQ%'I%){&R é%%hgtgﬁgéﬁﬁ{ﬁ%n%fg S0X7 marker in

at least about 10% of the human Cells ih At 1o Aer A KOt 1EHP SR PR F-SFEBIR P pRMEast about 20%
of the human EBI ST o 9% RO Bs s Hme Hamrafhe 80K lihmatieasabCYC B0k the human cells,
in at least abofRB35Ys Bfitdehorhiasr cdlmpiteadrcastiaboybidndsel the-human aallssixas least about
45% of the humesirrcelisyrimatdaastahaut 50 % hhahmancells.in al '%ﬂ“@ﬁ?n%%?%%’ of the human
cells, in at leagkabau6Q%e.0fdhe Alyman cells, in at least about 65% of the human celf

S, in at least
about 70% of the hugl?% cell§ in,}at least about 75% of the human cells, in at least about 80% of the
human cells, in at leas boutf8‘§*}o

_ BrRe WRILH CBRs Hcae | eskediben 0%l taeihuinan cells, in at
least about 9595t RiHkPTTEliriel FrygriatmpihamgSig of thetsmamce)lExersbodiments where

the cell culturé$Br7célifoSulbtRNsERQIPUSKORMSA erdencalls,the ahye Pelgentagess are
calculated Witkjg@ta@gp%cg,tgeggg@rgﬁlgblgg%%ei@li the cell &Jltgrm cell populations. 1016611t
g&ﬁereln ré%a‘?é i gg%%’nég,sguch as cell

will be appreci t ' escribed he 2°to conip
cultures or ceﬁ%%h%%%%%ﬁ%ﬁ@%@é TS b LiP Seririniiy yerafave chdecssmi cells,

wherein the e%‘?&%@?ﬁn of one or more markers selected from the group consisting of GATA4, mina,

HNF3b, GSC, FGFIFSYWF, BiakiGR|yE @%@ 1h-CMRY ang GR2Lis cgRter thanthe expression of

the OCT4, SPaRGs ARRxHMsl SOX7smRIKersIn flom:at Jeast about 3% to greater than at least
n

" CS810L levels A .
about 95% of gperhuman-gglls,.in diments where the cell cultures or cefl populations comprise
human feeder cells, é’?ﬁ? ’abovedjoér%%néaér%%r% Xcgagfmémgt%’g"\ﬁﬁfﬁcfﬁ?sre§ﬁ€@fife%’@ PiiFan feeder cells in
the cell culturS2%5°8 POBEIAEHE the Xprewir StR of e CEbumierts dessrbethhierain relate to

compositions ?58e PEE cEIPEdUER BMoell popiiatiensrstomprisiRGHviBAN-6R!IS\Sieh A human

definitive endegerangaliseinhieseiveteexpreseinkRetr thessoX 14e0d 1he 828%54 marker is greater
n at

than the exprassignob e, QG ARP nd/or SOX7 marker in; east about 5% of the
human cells. &gewpf%di% éﬁ%ﬁg %)%Srgggﬁgé\f/bc@ tfnctj){%‘fsheﬂél@%f? SREHB ¢ RERA marker is

greater than the expression of tRe OCTASBABCHRspbofimetidfar Soxsomuifke SHKAT least about
10% of the hdFi& telte R4 austealoticas houf Affedhighanacils, dratdaashiahout 209 of the human
cells, in at leapetiduli 25860kt heshibmarsealisidi-abieaskaheus 20%0fdhe human,cslls. in at least

about 35% ofistenipuenaniealisndl: ablgastahout 407601 e human cells, in at least about 45% of the
in at |

T, AL

human cells, jn.at | ut.50%.0f the human cells, in at least-apoit 5505 of the Ftifhan cells, in at
least about 60 /?&%ﬁ%ﬁ?rﬁ?ﬁige(l{%qﬁu % 6d5( AN SO0 B 508 G dnashemraneest 18owh 80 skt about 70% of
the human cells, in at least about 75% of the human cells, in at least about 80% of the human cells, in
at least about 85% of the human cells, in at leastzabout 90% of the human cells, in at least about 95%
of the human cells or in greater than 95% of the human cells. In embodiments where the cell cultures
or cell populations comprise human feeder cells, the above percentages are calculated without respect
to the human feeder cells in the cell cultures or cell populations. 1016811t will be appreciated that
some embodiments described herein relate to compositions, such as cell cultures or cell populations,

comprising human cells, such as human definitive endoderm cells, wherein the expression of the
CATAA MIXI 1 HINE2b CSC ECE17 \\WE CAl CR. EOYO1 CMKORT and CR21 markare ic




comprise human feeder cells, the above percentages are calculated without respect to the human
feeder cells in the cell cultures or cell populations. [0169]Additional embodiments described herein
relate to compositions, such as cell cultures or cell populations, comprising mammalian endodermal
cells, such as human endoderm cells, wherein the expression of either the SOX17 or the CXCR4
marker is greater than the expression of the 0U14, SPARC, APP, TM and/or SOX7 marker in at least
about 5% of the endodermal cells. In other embodiments, the expression of either the SOX17 or the

CXCRe, markessigaies 1430 W BHPIRASIOR ALING.OCHASPARC, ARE, TH.andior 90X marker in

at least about :lh(l)%o oftt estelgdo%erwta é:]%@ at least about 15% 0 endodermal cells, in at least
about 20% of thiy Sndbarreal NS HCAPFASPARE P9 U 8 uehsp ieshinaricang. 1h%Meast about
30% of the endBieHEs B PRTsIRs: TR3EBARS. thEPe Abesm QI spikeat |Eastabout 40% of
the endodermadrselspims:aOEasSpAROL 4B/ MifoehOKTRERat aflls: thatieast ahestso of the
endodermal ceﬂ%&g@%p&gt 55% of the endodermal cells, in at least about 60% of the
endodermal cells, in Etl%gg aﬁ u{l of the e? rmaI ceIIs |n at least about 70% of the
endodermal cells, in st about 7 8A) of the e aaerlflnénlm(?e'f IRV SEHBB BT S the
endodermal ceffT5iSR Rl ARFHL RS9, TRl Stip FERHTIT el SAR A IMEEE BIBURIB00Sf the
endodullual ceF§FiT.atW&asrab8uFOB aINEORNalddeRPiaincilisitre angseate tthan:@ede-0f the
endodermal celssd@dAQL wilbhe-anprecinied thakeorre ambadiments desgribedhgiein relate to
compositions, gugh as cell cultures or cell populations comprising mammalian endoderrnal cells,
wherein the expression of one or more markers selected from the group consisting of GATA4, MDCL1,
HINF3b, GSC, FGF17 VWF CALCR FOXQl CMICORl and CRIP1 is greater than the expression of
the OCT4, SPARCigeplsclibm apdfor FienafkeinitvdEndedarteast about 5% to greater than at least
about 95% of the endudejrmalmﬁiﬁa Q&m&&iﬁIcalbﬁro&mwlmﬂﬁ%%&ﬁ@g%@&%c@éw to

compositions, SHch.as-chlh GUliie ell.hg %H‘FI;H? ng.mammalian endodermal cells, such
as human end derma %ﬁnw erzﬁéﬁe exp?gski%c?xrgl%fubot he OXI?S’%\&31 tr?% 8%5@ 4 marker is

greater than the EDRFE QALY {S BECTY, EP RS e A G BEvevivh AseassiAr Aigast about 5%
of the endodermr@mmmhﬁmeﬁ@m%mwﬁzﬂqéoekpsre@mpgwmmmaﬁ@mmmtme CXCR4
marker is greatet! thein¢hedenpries sioniatibal QG T4icB BAR GibARRIT Meantip b Harker in at least
about 10% of tlﬂﬁt%ﬁd@@aﬂéﬁl@ aala&ﬁa@ég@ma 19%1 &@a%&naieg%gmaérgﬁ“s gl least about
20% of the endodermal ceII at Ie ou%‘%ﬁ‘{o of th e endoderrnal cells, in at least about 30% of
the endodermd] Celts, in a"inleas éﬁ)ou T D the Brid ST AR GRS 3% 848t SBSHRRO% of the
endodermal celSiimr REEpangp of Sehuisint triodsrrieter R alteamoctren oot SSioh af the
endodermal cetisindtdeastad outbb%bcal the tensddenfisihcels Sinlaihleastahaub0%maf the

endodermal celigitin @tdg@gt@@@gﬁt@gﬁqufglg,gugacgiﬁefmﬁ;e@i@ys in at least about 70% of the
endodermal cells, in 0 % of the aI C [ t about, 80% of the
endodermal cells, in gﬁﬁgst Zﬁoﬁ%%g/o%aﬁﬂtﬂe gnn dsermusl cge#smlgoa :lelg% %out@ﬁw of the
endodermal celf€ g ﬁ%&é’fﬂgﬁgﬂ‘f@@%%‘ﬁﬁéﬂ?ﬁ%&ﬁﬁ% %%H%“B?%S@Pééfgﬁlﬂ’féﬁlmbf the

endodermal cetdls (G52 drilkibe Bppreoiatess thratrsbode @it GaidsentSXiBscitbed-herein relate to
compositions, sugh@scealkaitirescareel pepulaipns camprsingrMamRalianendagarmal cells,

wherein the exanwtwu%w&e&dé&&mgaﬁ% GG éZIbV"%Ib g%%'g@fge,s%xm and/or

CMICOR1 and CR|P markers is %reatert an the expression o

SOX7 markers’i m?rgxr%s B¢ | BEL PTG T TS ST TR s ’éﬁéﬁt@ﬁ%a@ﬁh‘?dew&%ermal cells.

demut;ve endoderm cells from unbound celis. Once the definitive endoderm cells are physicaliy

separated from other cells in culture, the antibody binding is disrupted and the cells are replated in
appropriate tissue culture medium.

[0157) Additional methods for obtaining enriched, isolated or purified definitive
endoderm cell cultures or populations can also be used. For example, in some embodiments, the
CXCR4 antibody is incubated with a definitive endoderm-comaining cell culture that has been
treated to reduce intercellular and substrate adhesion, The cells are then washed, centrifuged and
resuspended. The cell suspension is then incubated with a secondary antibody, such as an FITC-

conjugated antibody thet is capable of binding to the primary antibody. The cells are then
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[0173]Using the methods described herein, compositions comprising definitive endoderm cells
substantially free of other cell types can be produced. In some embodiments described herein, the
definitive endoderm cell populations or cell cultures produced by the methods described herein are
substantially free of cells that significantly express the OCT4, SOX7, APP, SPARC, TM, ZIC1 or
BRACH marker genes. [0174]In one embodiment, a description of a definitive endoderm cell based on
the expression of marker genes is, SOX17 high, MDCL1 high, APP low, SPARC low, Thrombomodulin

low, SOX7 low, ekt aigh-J R RRXL. Q806 kapression Ruring Development [0175]PDX1 (also
called Slit-1, IDX-1 and 113F-1) is a trgénscrigtion factor tha?ilgp ﬁneggswééﬁ}vfé% ﬁzee\c/léfg)apso Rt of the

pancreas and rostal duodentn PBX LI HIF Sprebsed R me Bl sielsdamaarhich arises
from posterior fERSYtEERtiBRti etie thetebroeuitisebbthetiselativo ofinstant sneodfineied|ise starting at
E8.5 in the mouséstiatel cRDXIibacemesuesiniettdohatazcallmant seme daltasalisaf the endocrine
pancreas. This Bssian-paiiemdsaintained. in thaady IS also expres in duodenal
endoderm earlyi)éfégr\x{lelopment, Wﬁgﬁ isﬁﬁdjaceﬁt%the folch]nﬂ'%%é p}gﬁgﬁeeg%%cﬁeﬁriaet em(rfuodenal
enterocytes and enteroendocrine cells, antral stomach and in the common bile, cystic and biliary
ducts. This region of é¥pfessioft iéatirenraeesiidpimtveapindemmselsne pristeremtictakpréssion becomes
restricted, to preddivinsingly et osttbdrcwidaintim bRDXd CROTitiva Gellsanekeyasessrs.Related
Thereto [0176}ksnrorbmearnisqeh:othen diffigreqtialioysprocesses described herein relate to novel,
defined processes for, prodyction of PDX1-positive endaderm. cells, whereijn the PDX1- positive
endoderm cells ar Ié?:ﬁ%}oten'zffl ((:Egl%.'r{ﬁ% r@%cﬁsﬁg‘%%g}éﬁg% in %Kééﬂfs‘é,af%es éqée%r’%}ﬁ‘é%?ﬁ%”rived from the
foregut/midgut Péﬁ%?%?’#@%&P?Bﬁ‘éﬁtﬁmﬁl%%@%@@fu%W@f@hﬁ%@ﬁmﬁq sdvaed referred
embodiments réifitentrisrisvanisebefdefihitvp rodobtiorisfRD X1 wbditivepferegdtiendedersw.cells. In some
embodiments, thespd EXivpas]boadaregibhemoade pcalissams mullipeienteellsthatcan differentiate
into cells, tissugg QI,PEgRANS ARsived from the anterior portion of the gut tube (PDX1-positive foregut
endoderm). Additlonjloi)géj:erred %{nbodiments relate t_ﬁﬁ{)roce_sses for the production of PDX1-positive
endoderm cells of th erioPgEHISH Br T REHst Th deirmbenisErirermddermaselppstL -positive
endoderm cellsthpePtrittiFd tbn el sdimisuenfruitfie raniiate ibtditelly.tissuayomdsganscelarived from the
posterior portiomayfde foregei-toginniaidhe gehbaber 301 &ildne PR %bmpsiivedaegit.endoderm

cells, such as thpsepmdueasaseaiding.tedhe metods-deserhasl herein, can be used to produce fully
differentiated insulin-%; l}Jcin%a-ceH}s. In g%gle embodiments, PDX1-positive ?'oregut endoderm cells
0

are produced by diffe ei?#ating. dafinitiv e SRI6dEr T SAISTHE: GBSt ipaiEhraty eRpEss PDX1
(PDXI-negative’OREtAR & libptier fidedis wiborréfaietictondroriusadafinitidenploder) so as to font
PDX1- positiveddregutee ndslermicslis, REXd snegaliveidefinitiveubacde ekt eslsisanbe prepared by
Sifferentiati rr:gdmurfjmm& gﬁ&ﬁm;ﬁ_aglgmmmgﬁgg%% I&@&ﬂgﬁgg}pgqug{ﬂ&gr @/agn¥/ other
nown metho nyenien [ efficient. metho roducing PDX1-negative definitive
endoderm fromgr%rﬁ%ofyé%r{%!%ial ??gvge%gﬁlgg% previoLs g ﬁoer%%nfgg‘%u n e Iﬁg%ﬁnfivbel,Gl&
entitled DEFIN A ENSBHERN flegpeteibirssdsonafriraphstassssvbprodieing
PDX1-positive firéigiiene ad defeiveceifiodsraov it shivasisefameficientpratiu clishgofp ananeatic tissues
such as acinar eelished usiat,cellpaartisietcalisiran: pltipeiantaell . dnerrtainaretered
embodiments, iti et ells ar rived from h PDX1-negative
definitive endo QEE{;@% p@%&%ﬁ%\%ﬁ%@% c?g?fgég%%@%%ﬁkﬁ%%gﬁﬁ%@ ?Jnrsifgr?%% -eps‘ositive foregut
endoderm cells caR Thah B TeE TE TR FITR ChtheEri e GRTCRORILE gL RIfs 1T 8b8Btain useful
quantities of inSeAFRIrad ersiRey9¢ étl simsatdefit inaruipishsliffershtivition. isiu eirabtebidingash of the
differentiation sigfpsithabddent @liottc-teackinptifie paaeraaticisletdfwettalias Becapsedifferentiation
of PDX1-negative:sefisitive sasladerm.celisinBRXi-aasiiue iegnendaderm cells represents an
early step towards ;[;Qﬁeb%reon%%ﬁtidqgoof gygctio al p? ncregtic islet/t3-cells (as shown in Figure 1), high

efficiency of differentiation at this szflz%\yusasﬁaart?gh Ary Feir B fe ol 17 SRRt o iRt Eability of

efficient differ eﬁ?}&ﬂi’&ﬂnﬁf’vﬁwiﬁ‘é@ &t other embodiments, defimitive endoderm cells can be enriched
from at least about 40- to about 80-fold as compared to untreated cell populations or cell cultures.

In certain embodiments, definitive endoderm cells can be enriched from at least about 2- to about

20-fold as compared to untreated cell populations or cell cultures.
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definitive endoderm cells to PDXI -positive foregut endoderm cells, some aspects of the processes
described herein relate to in vitro methodology that results in approximately 2-25% conversion of
PDX1-negative definitive endoderm cells to PDX1-positive foregut endoderm cells. Typically, such
methods encompass the application of culture and growth factor conditions in a defined and temporally
specified fashion. Further enrichment of the cell population for PDX1-positive foregut endoderm cells
can be achieved by isolation and/or purification of the PDX1-positive foreg-ut endoderm cells from

other cells in t ptation by-using. a.teaagntdhat specifically binds to the PDX1-positive foregut
endoderm cells. As a%{aéigrnat VE,CPIQXZL osﬂw&ﬁc{:b%%ut%endoderm cells can be labeled with a
l ,

reporter gene, such as gr ﬁgm St SRS L midsiEelth SEPDXI

en flioréscent pro
expression. SUBHGOFeseae defléisgcaditisentndreh peyihiioficentshéilordeiditeantivisted cell sorting
(FACS). Furthefeaspeais, oélihelpresenti nyeptenidaiaie tadetaulityesatrd eneshadweell populations

comprising PD¥spestbeiioreaubendodeim celisasel aseihads (oplsaliing faglors useful in
the differentiatigftéé)&?eg fro PDXl-poslijtgv%:Lf!gﬁ%g%ut endoderm.. 10180]In order to detefmine the
- ells |

amount of PDX1-positive foregit endader BCHI8 HTPE P EBA B Stk Svde i thod of
distinguishing tHs"CElPR/pE r67H e BerariEens sp ik fatirresrTAttne 396 tel fodvs o ddmirable.
Accordingly, cettaintendiftdintigivis iesdnibatthdreinselated ceatd imaskess:\daza presance, absence
and/or relative expressionds veis: ase:jaeicalive, efRD - positine.farsguisendadesm,callsas well as

methods for detegti N ining.th ressian, of su arkers, [01811In some embodiments
described here%%h@ﬁ@fﬁ%%%%@%&%%%% élxt/g?”c}s‘? %%B%Eé%cﬁ%(o 0 EiaSLr/Frgi_aafr &84 &b8Pined by
quantitative PCRICPPERTT 5P S38HhA1e, tREeRs it UriPalecrie froisdeisespdaderain enetic
markers, such BESPEX I GOX BT Q0¥ B8O sraddet NENS, aiphrdeiopretaik, (ARB)rehomeobox Al3
(HOXA13), horafeinomdaé(hd0xas) andirnthesmarkeisdastribed hersindsAstermined by Q-PCR.
In other embodipments, irpLnohistgchemistry is used to detect the proteins expressed by the
above-mentione gegoel%zln stil otherbe ibodiments, Q-PCR and immunohistochemical techniques are
both used to identify Ahd teterRie THE SRS PERRE b FeEbHofEpIsiren Mehasrel101821By
using the differ2itiens aptl whtedtiom rietroasrise Setbelrireiaingeiss spds sibtertoddientify
PDX1-positive fefietjiut entloderrizellFpasxuvell-asdptaming.ibe Riopitianaf Rixbaositive foregut

endoderm cellg.dpRig6ll GRS OF GRYRARHIALAR:EOLEXAMPRIN.S0Me embodiments, the
PDX1-positive cf:%%gim endodeggjgicells or cell g?é)agtla&onssc{ at are produced express the PDX1 gene at

a level of at least APOUL 2 ordere OF MAGHTIAE aratarthaly POKIHESETuE T g SrREf S pulations. In
other embodimErRETRET pyRe1Zh BLtRAEFOvE AT SHbpHBHTE cemepesimsepjsiitiornst #hattare produced
express the PDX Egfettecairdolzve| olinigrestiaav2orfdeisipiaaghitud exgeater thaniielX1-negative
cells Ior cell pﬁrabﬁ@ﬁaa&;sl mﬁﬂk&ﬁge&wm&mm@nﬁhfeﬁc%éezgpééﬂyeﬁ%gﬁf&&?@ﬁ:ﬁe&p cells or cell
populations t u ress one.or more of the markers selected from the group consisting
of PDX1, SOX?%%%%ER%%{:\ ﬁ%ex% %’tmg Bvel of gjﬁ%ﬁttm %‘r‘%‘ﬁ%}é ?%%"Hbi‘eocrg 8%%“3f%ﬁ§agnitude
greater than PEX 2B GV & HEISRiokmnipiein ddreigbeuil sisfriiys sadodsm e fraiesimpositions and

methods descritied Hehtiapetse velinkuisefdbfeaiudesitvo rakdmple]ithe etk ewltune@nd cell
populations copptisiag Rl wpesitve padadRithdaswaliasp-hemaibedsinnpaieing such cell
cultures and cell populations. ;e uselulfor mogdeling the. cady 3l SR LaRRRLdcBIpment.

Furthermore, t e.compositions arlldfmethods described herein canalso serve for therapeutic
intervention in HieBa5e QISR STiln s b STEY HHIRIEPREH i Bid =St D56 Rive foregut
endoderm senf@SeagThE s rdeSr NP allirritse plinlbekast testédefintan deodeeckill fre development
of pure tissue ebaelbtypes pRiipaactienspkRRX kBasiteihoreattifeaodar T PRl Negative

Definitive Endoglesiih0484 1T heRRyloResiive fnieanh sadadem.call sutigs.and.pppulations

comprising PD?élEpgglilg\ge dL?Br‘(‘e ut e%ﬁ‘c%f’dem}lc?"S %hatt are des?ri,bed herein are ﬁproduced from
PDX1-negative definitive endoderm, Which is genera o8 forh PHARSTE R ediideat #eutnbed above. A
preferred methGEHEBEN e SeRisRBHesté pivcanem scthet dusthepiRRtsflivieeisdsambodiment,

hESCs are firstdiofivraited se:r Dpidrirmgatilic adefintboet Shddoiétm aédsrwhithraredrerssonverted to
PDXI -positive foragistandadaieascals: lowilheanpreeiatednhanasel fhatthe siatinggmaterials for
the production gt ERXlsotleRrea bandodeim is neklmied fo definiive endadern, cells produced
using plurlpotelnoté:ell differentiation methods. Rat%er, any ﬁﬁyl-ﬁe%%?lve defifitive éndoderm cells can
be used in the FetRCHEHES PN Fefeth FE gt eSS tHUFBRIGh o £8ITh 86vhd%8¥odiments
described herein, cell cultures or cell populations
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comprising PDX1-negative definitive endodum cells can be used for further differentiation to cell
cultures and/or enriched cell populations comprising PDX1-positive foregut endoderm cells. For
example, a cell culture or cell population comprising human PDX1-negative, SOX17-positive definitive
endoderm cells can be used, In some embodiments, the cell culture or cell population may also
comprise differentiation factors, such as activins, nodals and/or BMPs, remaining from the previous
differentiation step (that is, the step of differentiating pluripotent cells to definitive endoderm cells). In

other embodimeRisslecieseleRtine Rieyigus dilarenlialion sish.are amaNed iom the cel

culture or cell p atlon rlor to the addition of factors used for t cf?foerehtl

PDX1- negatlve OSI IR HSTIRRiv & BTRISTERRI &%If’é"lﬁ?rﬁpﬁ?i Bo?fﬂ?/éﬁfbﬁ‘@@ﬂtéﬁ}é?oderm cells. In
other em bodlm%%@llcﬂ&fpﬁmkmé ahrietied for PEiX 1 IneayaihentS@¥iE-positivedefinitive endoderm
cells are used der@eddirce fanthetprodicHD mnas H&X&nﬁ@&i%&@é@ﬂ}tﬁg@%%@hﬁﬁ}@ In

10186]PDX1- n@g@tﬁv&@pémuam&&d@lgsrmpsﬁﬂﬁcgﬂ&étusﬁv@&%aﬂfﬁg Hiated fo PRX1:positive

Qr
endoderm cells b i gomprisin DXl -negative, S&Xm% posmve definitive
S 1 A pro MO ere

endoderm cells a different A% (RS HIFEPRISTEEBN of the cells to PDX1- -positive

foregut endoderm ceﬂ%‘%regﬁomﬂﬁﬁ\’%‘) herrig gk Eratioulifmentscoll theuptisent invention,
the foregut differemntisitio frdactbieist ratinoit; sufattias aalinaie adid tRA)aln Somesengasgdiments, the

retinoid is usedeiRceaRiYAGIan m&leaqﬁ&a&%%%&ammwwi%M%ﬂﬁ&E £ R&aksd, In other
embodiments, ghgs qégnm is u%d in c‘:’%lg on with an u?r of the TG 13 superfamlly of growth
187

d dirn
factors and/or a conditioned medjum. s o glatons PATRSE BB S medium”

refers to a med?ﬁ???‘?ﬁaﬁ?’&lt??é’é“a?”@%ﬁﬁ%}%& &’t?ﬁ%é“tlﬁéﬁlGWPFW@W@%h@%Wdltlonmg of a
medium may causehirgieebresi%sue it drshelisie §6Ssanidie hgrowthlifactoismiovberastdad daior depleted

from the originai&eyaiﬁ,dmumsi&tﬁe@a&&m@&%ﬁ%ﬁg%ﬁmm%%t%m%m% gonditioned by
allowing cells of gerfain %%.’,ea% RPRAF% anmainiaingd in ihe, “& under a%e“agl Cond't'ons for a
3 a ¢

certain period ?f time. For example, a medium can be cond|t|one a‘howmg 10 be expanded,
differentiated ol Fi&RTEAHEH ?ﬁlﬁ#ﬁgﬂih%/ﬁfﬂma%%@ﬁ?&? ’ag%fﬁﬁéﬁasié‘?ﬁ‘ﬁél%w% for a defined
number of hoursasPresHitVe siaredionttf Hyetirosatofisiithnt et abbutTrherras gdomBiagtions of cells,
media types, dixatiens:aiek envisanaertabGonditienrs Gan a1 useddapiedune peadi-anrdnfinite array of
conditioned megigalRSQime mga%@mwwﬁygammy%pm%m&%m Isconditioned by

allowing dlffereptléalted1 gl%rlp[(f)tent cells to be n or maintained in‘a medium comprlsmg about 1% to
about 20% sertim CORCERTrATOR . Th OtHeT SmbodRemE R FEaThn T Ravdifrsiasehy afswing
differentiated pfﬁ?lﬁ%‘i‘éﬁt%éﬁ%ﬁ@‘ﬁ@%wn or maintained in a medium comprising about 1 ng/ml to
about 1000 ng/ml acti#issA. heFstitbothendimbe dimehis harsredinmiscenpditioneskallowdag differentiated

pluripotent cellgere Hrauwpophmain aingsin a.madium mmmmaé@&%é QQ!JE&&? @hout 1000 ng/m

BMP4. In a pre“%rred mbodlmen condi e ared ing differentiated hESCs
to be grown or malntat?lne fﬁcﬁg%?esr% éﬁgﬁﬁ% suc% fvf’lgrg%mpns %BSSSF’ES ng/ml activin

A and about 2t I@T"‘I@&T"[Og.l?ﬁéﬁﬁﬂ @%@%ﬁ%ﬂfﬁf@h@%‘?ﬁ%&hﬁé@% anf(ar @@3%7 @geeFtén condition the
medium, whicheideegebbtoSendidmcianthe diffeientiationbodiBiX| thaegativerde ity ecsniterm to

EDXl positive foragukerdaders;ase-eelisthat @Eﬁéﬁ&ﬁﬁ%rh@m@tsdﬂomw iﬂ@fe"tg\@%lléﬁc§mh gs
ESCs, over a r as about Q% to about 20%
Reyt &Ry time.periad i %f'?ﬂ?%an SRR fé?syeé%supe 9 BRu el

serum and/or one or more growth/differentiation factors o Feréntlatlon
factors, such a¥ AdfRAERY %%/‘B’l’%ﬂﬁi%% 1% bl ﬁ”&&f&éﬁq%w&?@ﬁ’gﬁ#@ﬁﬁa&%ut 1 ng/ml to
about 1000 ngAfi ph Be raharetsllsoldiah deatsabdutis prefsbnimee ntibn intheled] bas debietondition the
medium are differenticte th foashbSCS 0 ve habarihadianenomhdo: kw sardmRE L According to

some embodimepis, ok sei i REMbEEIES I AJMLSRRIR cong NG mad i RSy the serum
concentration is.gradyally increased oyer a defiy r@gda% é{)emd For examp1e in one embodlment low

serum RPMI comprises a concentrafi orelag)tfab 35 rlfelgél};uﬁ?t(ﬁﬁi’éfso/h th&irst day of cell

growth, about G595 BBSTR#H e skt PR @éﬁ*ﬁt@@n B Bt abou B Péo IR Suantb@ithird through fifth
day of cell growthasrebumo i o thbooianerlts, lovet SestishoR P edirpiisas @lkenoagnisataa:0f about 0% on
day one, aboub§286 @nElayeand ahRuke% AB-ays 31p mﬁr&a@mﬁ aLredegbodiments, low
serum REM! I ShRPIERP IR 0005 SRS SRR Jacln. HER B2 AEluh 4y and BMP4 In
addition to its use in preparing cells uSed to-condition medla erum can be used as a
medium for the"dM&FERIATE PP PIRAZBSitive foregut endoderm cells from PDX1-negative definitive
endoderm cells. 1018911t will be appreciated by those of ordinary skill in the art that conditioned media
can be prepared from media other than RPMI provigled that such media do not interfere with the
growth or maintenance of PDX1-positive foregut endoderm cells. It will also be appreciated that the
cells used to condition the medium can be of various types. In embodiments where freshly
differentiated cells are used to condition a medium, such cells can be differentiated in a medium other
than RPMI provided that the medium does not inhibit the growth or maintenance of such cells.

Furthermore, a skilled artisan will appreciate that neither the duration of conditioning nor the duration
nf nrenaratinn of calle 1iced for conditionina i rediiirad t0o be 24 hotire nr B dave recnectivvaelvy ac nthear



described herein, the above-mentioned foregut differentiation factors are provided to the cells so that
these factors are present in the cell culture or cell population at concentrations sufficient to promote
differentiation of at least a portion of the PDX1-negative definitive endoderm cell culture or cell
population to PDX1-positive foregut endoderm cells. As defined previously, when used in connection
with cell cultures and/or cell populations, the term "portion” means any non-zero amount of the cell
culture or cell population, which ranges from a single cell to the entirety of the cell culture or cells
population. [0192]In some embodiments of processes described herei etinoid,is.provided to the
cells of a cell culturd%8@ih that Wi B?é’@@ﬁﬁ?‘%{fda%é%ﬁggﬁt%lSﬁ%?gt?é:%g? ?b%cﬁ%% &gll%f\l{/lg at least about
0.02 'LK at leastplnist) SdsMiMelattast artsel PIROBENComIESRE Bwnece’s F% 2aP8%Et about 0.2 MM,

at least about Q3:iM, alileast RROULES4a eatdensibatout ibphriat eastdbout®. &gIvV|, at least
about 0.7 gM, at least about 0, 1 algast ahowe9 RMmradeask akoutl gMkarleast about 1.1 gM,

at least aboutTﬁﬁw,og?foeast about 1.3 pM, at | 1.40.M, at ouh 1.5:9M, at least
about 1.6 gM,Wéé%ﬁ%*ﬁ‘uW?haﬁ?ﬁfﬁlgﬁgf §‘B§§? %%Q%?’a‘?ffaftﬂ‘aﬁ’g{ﬁpf%% a&.le%gj[ about 2 gM, at

least about 2. Frpti M Jattldast SHcusRgepinn gt 1@&5“’5’3‘5‘(%%2‘%%%5@? BT §M, at least about
2.5 gM, at leasiahaut 26 uMeat easbalitidhd.anpibd hatnie detdeiouly, h&bVe REFREESERBOUL 2.9 gM, at

least about 3 p, M, at |east AbQUL 350 ixak least @howli ol catieastabputibibrgM, at least about 5

gM, at least about 10 id}/l, at Iﬁeh%sg agt%%%ﬁgg%) H{g%hléél,deasglll Qfﬁé&??&lﬁ@t@@ﬂm J8a=t akeut 49 gM or at least
, the

about 50 gM. In a pr@l’é fed e )0 imen “the retinoid Is refinoic acid 1m93]lndoﬁ§herceembodiments of
the processes atrseribeuhpoaiton e ornithe i EHlatsh 15 BRBPD SF AL R SR Tt growth factor

family are prespiidn the-cetkoubite HEGOSNAROIB: PHEBHmaskeo irreThen the FoIE3fP 56 present in the
cell culture at g copegntralion RfAtrieast st ko:nelmlxatdeasbalseuti2t: hghml celldedst about 50

nganl, at least about 75 ng/ml, at least. abauyt =2 1888k aheul.200Nadmt ideast about 300
ng/ml, at Ieast%%ﬁ?%ﬁn%ﬁfmtfegﬁeast a%%%oggé/z%% r at least 9pogtr’)r§)é% [nhIn further
T a; ta

embodiments, Esios ¢ BerddeRt PR AU BUY £ 25n E&htFation of at least about 10 ng/ml, at
least about 25 Rglmkeat, leaskab awEGHighin nroasiaibotiiers HYRMOALIEIBREEE0D ng,/ml, at
least about 20Q, Rglmikt 1easi:ahaut30 Smg i atstaaat: abiut 480unghnklatieasrzdett500 ng/ml, or
at least about 1000 ng/ml. In some e j &l -4y, EGH=10 okt ok both is provided to
the cell cuIture%I{%r?ggv&i .‘HBB,&.C n@énf)rag}g%%g% gﬁgég%%%ﬁﬁﬁsj[slpr& ent nihe call chltyre at 1 pivl and
FGF-10 is predeweardicaritdmtandh 3rst Ry it6ToaRs some 8m%oa?ments of the_processes
described hereinjegnoiitn fattof shoftmanTelf: sUEsHRMGHhel S LR RSB a FEHGAT are present in
the cell culture sfhese.sifierardinton daciarseanbedisedimaorribiratiolanithor A%hai diother

~ mid-foregut differentiation factors, inglueing:dRLAG! Siterkit.k @budoenc ROR-atefiexample, in
some embodiments, activin A and/or a(:ti\ﬂnoll_?xca(_]a e present in the cell gultyre alcaneeneentration of at
least about 5 n@??ﬁﬂ‘?‘é?‘f@%?gt/%l?)%ﬁt ngcl?ni ainlgrést. about 25 n /nﬂ, tleglst abo%??gs glg/ml, at least
about 75 ng/mlypatrehstdtsoiEraon ‘f‘f&/ﬁ’ﬁ?}ﬂé‘ﬁ%ﬁﬁﬁﬁ}’%ﬁﬁ%ﬁ? é’t?}}é*aas "aboU ng/ml, at least
about 400 ng/mi;ialideaskhhotisEotmibtininer ftde agisabberd 00y AMCiPRITE embodiments, a
conditioned medium ig‘oﬁﬁ*”ﬁ@”ﬁb%@%ﬂ&é&%@ﬂ&m%ﬁmﬂm& akatileddtrbordal®/se at least about
5%, at least about 10%, at least ahout 20%, at ash QB 0% aeul.40% nahleast about
50%, at least aﬁﬁﬂ?%ﬁ%,s’gﬁggsstc 551 cc;%t?r%%c ealjt?feast a%%@%fﬁ%%@?? O I0%5:ak at least about
100% of the totdtimiEnnsadodrraseie ErE SRR AU e%,A activin B ahd a conditioned medium are
provided to the weHECTKBER ARDHG WIEMRAR | e (IR rrevl e B FBFATE e BX IS E Befinitive

endoderm cells gre differentiatedrio KD sepositiverdarearut endsciéom Belisarssn hares legnprising

about VI RA. a0y 25 10/l a6 A Anchiosesym 8Pl wediasbat hasbesssssnditoned for
about 24 hours By tifferentiate ESCs, wherein the differe tiated NESCs.0aus Aeen.differentiated for
about 5 days in ISRPEEBRRBRFCITpHS G SBET 160 fa{:ge/crir{l}lC activin A. In another preferred
embodiment, ackivier Blandior FIOPIIGsaréBREIAESENt in the culture at 25 ng/ml and 50 ng/ml,
respectively. [0195]In gegiain embnsimaamts.difthe frovessesiladet et ReEinnyEcaBbt¥- mentioned
foregut differentiation facigrs areEaIQURHsmibeaah cuiliaaLaseguanttiheisdditon. For

S O

example, the foregut differentiation factors ¢can be oved,withipabgLikone gday.ahguivo days,
about three daygfgébgﬁ?r?&?hﬁaeﬁf Roout f?\lf%eefj’é%ﬁs,r(%%lou? six da aboy{eggvafgg L‘g%sofquut eight

days, about ninextesysoardks P FRYRSHETHNET FYHTSR o GIfres o ositive foregut
endoderm cells gaadagngiowisinia othed kv orsirthpraaueaPSemBS SR Brite ns can range
from about 0.05% (v/v) to about 20% (v/v). In some embodiments, PDX1-positive foregut endoderm
cells are grown with serum 29.

[, |




replacement. For example, in certain embodiments, the serum concentration of the medium can be
less than about 0.05% (v/v), less than about 0.1% (v/v), less than about 0.2% (v/v), less than about
0.3% (v/v), less than about 0.4% (v/v), less than about 0.5% (v/v), less than about 0.6% (v/v), less than
about 0.7% (v/v), less than about 0.8% (v/v), less than about 0.9% (v/v), less than about 1% (v/v), less
than about 2% (v/v), less than about 3% (v/v), less than about 4% (v/v), less than about 5% (v/v), less
than about 6% (v/v), less than about 7% (v/v), less than about 8% (v/v), less than about 9% (v/v), less

than about 10%:(b0)Ig3sdnan aRaL ARl () Blessis abaurA0Hd (Vi in same embodiments,

S
PDX1-positive Egargggt tepoq/oderm cells are grown without serum. 1n other em od?r%reeﬁt%,af’DXLpositive

;
foregut endoderin cens aré &?&X/ﬁ}:‘%ﬂﬁ%ﬁ%ﬁ’F&ﬁﬁéﬂ@&ﬁ@ﬁﬁf@ﬁ@fﬂﬁeﬁﬂﬂﬁtﬁ&%%i‘Pﬁ’éntS,
PDX1-positive ORI erideradnicatisdls iyroimsibene PreddrcodofisRa. disich lembagiments, 327
can be providedos thexcridodamabailyhin e eaintratio pstangiste-anabaut Q1% M\hdp about 20%
(v/v) or in concenialicRR-HaLAL thanahou.20% (Y Jn.geliainsmbodiments, the concentration of
1327 in the meglggrg is t%o1 t0.1<t)/c1> %/t/v%, absoyt 0,2% M%gé about 0.3% sﬁ/af about 63 o (sly), about
0.5% (v/v), about 8.%%%5@ » Bbout TR g PRI o At 5°8oAP Pl 1Y% (Viv),
about 2% (sly), BRSEEBbsdM D Hilerst 2ost (61, cABsUmSodnal pebi dueEResvihoyt SDBLKTBS (v/v), about
8% (Vv/v), aboute8&si¢ahy) cellsount 4t 08st(whu) advo Wt 1e%nuindl 8due Uk 20%:(viviuhdternatiely, the

concentration ofHie-Aseles327 SuaRlermanissab:be magswed inderms ol muliples, of the strength of a
commercially agﬁig,gble 1f’-.~¢2¢?i stoclt< so{utli)olr&. 9|§pr (%)%Elme%li%a 327 is available from Invitrogen (Carlsbad,

CA) as a 50X stock solution: Rdditon ofs Sddns Seesempb st BB 18 S'difificient volume
of growth mediff°EFoRLEYE a medium supplemented with.the desired amount of 327. For example,
the addition of 10 m| 830X B27vwstbek smistisaddh@0spaicofgsaivbinm ctitibeavadibe pepgiuge a growth

medium supplessgsiecbitichXs 327 o lilescrree pifatiamotaehsinRiemant ig.he.madikm can be about

0.1X, about 0.2 .ahout Q.3X..abaut QAX, about.0.5X, about 0.6X, about 07X, a ut 0.8X, about
0.9X, about IX, abott 1.1xi, R g T %‘2&%3 P PSR SLELBY: about 17X,

about 1.8X, abdHt 19X it 2X ARt S5 b GOER ! 4DEHPBIs%d GRBltusrsibbear B5X, about 5X,
about 6X, abouFPxRssEpelE8RCABOTARK; ABDIEM 62/ @ISO bidkeabio loh2X lcababtid 3% w@bout 14X,
about 15X, abogtéaied Xamd uate 1704 BoositkXiabeit &8, about 20X and greater than about 20X.
Monitoring the Differgpfiafion of? 1 :Negative, Refmitive ‘%qggceﬁgncg% PDX1-Po |t|v%£ndoderm

[0198]As with tgg mqiﬂ‘ereq}iatio ﬁof definitive endoderm cells from pluripotent céﬁgf fie progression of
differentiation ffom PEXI-negative. SEXTY HEEHRE"FRAMRZEhHEH ST toTsX sufrserze foregut
endoderm can B&ntoTEsdkt syPeratierniiag the ¥pte safolof Htirkersichar actvisticnofithese cell
types. Such menitesiig pehmdSDhSRARIB RN mer thel ansomTt nefidime thakds.suffisient far the
production of a.desisedameun; ehBRXIReSHKedoBaIL RIS MNISE varigus. capditons, for
example, one qr more &@%%@Q%%OQ faeg:stlgg cfo&ggg&gth%ﬁgn 1e)n?éifionmental conditions. In preferred
embodiments, the amount of ime that 1 SUtficient for the: proguction Bf & deeTedBiFduft of
PDX1-positive T8f§Feidtidinmdotramest i B Bysasrderng thef b seéaisonlstiBOXE lastsome
embodiments, theue esbrondficerairiniakest BadetStminbe dyodetactiag, the: presapse or absence
of the marker. AlteenativalsatheexniassionSbssrain BRakelseanbe fetermined. by ieasuring the

level at which the,ma j in the cells.of cell culture or cell.population. In such
embodiments, the me%%%rﬂ%%%%ﬁ%%ﬁ%%x%%so}sl?g?ﬂe%%frg e cﬁé?it%t?@égaéfaéﬁ%rg#{‘éé%/ ® As described
above, a prefefPSa RIBth &g o iidmitahny e akfresdedyel relis haitleas BrottedbiEmarker genes
is through the Ga&HSIBPER. h3 it ebart b od ifrermbi@RICRIisiuse#40 shonitovthegerogression of
cells of the PDlleceagativis, S03(Ldnositivesdefinitiwecndeakimcultirede BRXdnositiye foregut
endoderm cels,RyaHaNUIALIN0 £k SRIan S/ BAHCLAENGS, IAATICslic oL P posiive foregut

endoderm and Jnf}[?, dlaclé%}; expression gf ma%g;erf ghenes characteristic or other ce o)‘}pes. Other methods
which are known i the aft can BIS8 bR TSt LR sTaTE TRA R Geh e e bt pobexample, the
expression of éﬂ?&?ﬁé‘fl@‘éﬁe product can be detected by using antibodies specific for the marker gene

product of interest. Iri8the ebalimeniscdinedtprassio emabinankeigeneg ehakaciakistic of

PDXL positivedarggsiandaasm:asaiel as dielack ohslanlicant sxnressi onalmarkar.oenes
characteristic -negative defin n I types is determined.
10199] As des%iﬁ%rglg %th%%?glsﬁot %F ?(gr‘)r(%%‘s e 0\{/’\/, ’1%%62%%5% &%;gh%%ﬁ%%ig%gbciated with
PDX1-positive T81egtit ERHEHERaReTs icredi <hh &e rBtemtTettdo PHE pTBERSsAERId3Eribed herein,
the expression of PDX1 is determined. In other embodiments, the expression of other markers, which
are expressed in PDX1-positive foregut endodermszgncluding, but not limited to, 503(17, HO3CA13
and/or 110XC6 is also determined. Since PDX1 can also be expressed by certain other cell types (that
is, visceral endoderm and certain neural ectoderm), some embodiments described herein relate to
demonstrating the absence or substantial absence of marker gene expression that is associated with
visceral endoderm and/or neural ectoderm. For example, in some embodiments, the expression of

markers, which are expressed in visceral endoderm and/or neural cells, including, but not limited to,
ENRR(7 AEP QN2(1 71C1 and/or NNEM ic detarmined TO2001In ecome emhbondimenie PDY1-nncitive



positive foregut endoderm cells can be enriched, isolated and/or purified. In some embodiments, cell
populations enriched for PDXI-positive foregut endoderm cells are produced by isolating such cells
from cell cultures. [0202]In some embodiments of the processes described herein, PDX1-positive
foregut endoderm cells are fluorescently labeled then isolated from non-labeled cells by using a
fluorescence activated cell sorter (FACS). In such embodiments, a nucleic acid encoding green
fluorescent protein (GFP) or another nucleic acid encoding an expressible fluorescent marker gene is
used to label PD Iap(ggg e cellls. Folgrexagnple, in some embodiments, at least one copy of a nucleic
acid encoding (B 0r & BiolBgically actve frGhTRRE R Er S PRt sk tebanipRitietden cell,
preferably a huﬁi’gi’fi@'ﬁf’éﬁ%ﬁic stem cell, downstream of the PDX1 promoter such that the expression
of the (PP gene produgt st biolugieally antiveifrageess Heeigoédsssamescompaliof the:RRX1 promoter.
In some embodm&% BE%%EE%EQ@'%QJ@QM&{T@&QS@B@&Q V\ég_lcfgl%gcogg OI;D?:(E;L, is replaced
by a nucleic amgesegggﬂn .GYthF; %E@QL%'O Ag&lf% acﬂve fr%ﬁmentt ereof. In other embodiments, the
nucleic acid encoding GEP or & biologically active rag RaAt tHetesHisorides Fefsrwin at least a
portion of the n%@?&aﬁﬁ%éd’cﬁﬁ‘@ BB Rpstepidiihieg < crditifeptaser fomfiy oteinss ths @tTembodiments,
the fusion proteh®¥&taiFe SPARGLERESAC Aoty SiilsirtedsdkP. [0203]Fluorescently marked cells, such

as the above-d;ascribqﬁﬂyripoﬁ%ﬂcfﬁﬁb%dﬁ{fngkﬁ&é%%he& o definiiveendoderm a cgntttﬂeerf] to
PDX1-positive ngoderm a E=m%scizsri evious ve, Because PDX1- osltive foregut
BiFadeHodeI RN e AP garvert

endoderm cells express the fluorescent marker gene, X d&*hot, these two
cell types can b?’é’%&?ﬁf’é‘&‘? IR SHE dmdoRe & cell suspensions comprising a mixture of

fluorescently-labeled PDX1-positive cells and unlabeled PDXI-negative cells are sorted using a FACS.

PDX1-positive qeignre Gol SR X1-negative cells, thereby resulting in the

isolation of such cell typeg. If dgsired, the isglatec gompasitions can be further purified by
additional rounds of sorg%? usin thgalsame or |ﬁéc;%%tqmagc§<%?s[{ ?H‘Saf1 SPESEHECRETEF BB %I1-positve
BRSO RT R

foregut endode R IBRAESERE Browstm) fuedimerd dbiedrpencassedaitke foregut
endoderm cellsPRRE2EfseRdneersn | ahich aysetiomtectmigUesdorcoéitiisalaiionilhdeitianaly 2 DX 1-positive
foregut endodetraccetisnhayiatae beiereahed: siselated.hymethodsef serial syubgulture in growth
conditions which.RxQRqla the Cli [ lye ansion of said PDX1-positive foregut
endoderm cellsih[g_‘%%m wj %@%ﬁ%ﬁgiﬁgg é{f%'ﬁ{ﬁ%%%%%%jggcﬁ e _Slé)ﬂ |?:%errnnésn ; |sq'§§fﬁon and
purification procedures Can be used with stieh CUHEe sP495 SaHe ot drreremmiisaicl s [0206]Using
the methods deSERBE deHET divmbamepsersi sermte dharfirdmpurificcr e aldtormefREX bdigsitive foregut
endodenn cellseaird frrtish e ioaie bexpradhite dystovitinilion ddRDXds Rpgathexmpeiivd 4rositive
definitive endodessmaaliaulutes et eknanulationswhishbayeundsiaene alicast.some
differentiation. [p.sgme embodiments, the cells undergo random differentiafion. In & pyre erred
embodiment, however, the cells are directed to differentiate primarily into PDX1-positive foregut
endoderm cells. Some preferred enrichment, isolation and/or purification methods relate to the in vitro
production of PIXi-Fas it felredEitseftom human embryonic stem cells. [0207]Using

gorsthinieios ol felen e 0l2 ) nss
the methods describgathgrein saalpapaionson el Al 6% 6aRDa.e0lched.n BRX1spositve
foregut endodegm.callgonient dy. %l&ggéogé%gg& %—P%%pgéo)ﬁ 2000-fold as Sc%rﬁr%%ared to untreated cell

populations or cell cultures. In some embodiments, ‘pos@ﬂlye%nr%egu‘t ERIS B Cells can be
enriched by at FoRaY B 0TER (& KoBt EEOERtE destigm Stierentinitr s ocibpepenatmses or cell
cultures. In oth&EsAbbeimBatdoPpiiidessiivefore gt endoderrroaliseatvbdopptinhrs:from at least
about 10- to abpuitd26f)-felthasremiapaipotieHg tepal edhrabs R0 R At R Rkt BHitRS:U Still other

embodiments, BRX{ sapaitive-iaregutandoderm.qells capde snriched from at least about 20- to about
100-fold as com%rggnttoc% Stc:&a%ted ceiltlepeot[i)ulations or cell cultures. In y%l% other emCBodeiIments,
ode

PDX1-positive foregut endoderm cefs Ca e EitrieH d 5t At FeaRs: S8t B0 (GeameioB0-fold as
compared to uRBFESRES BB IRe AIShsreritw feumiresoderob rtaidicmy oufrentenRBhEapositive foregut

endoderm cellssiéardmeersisiediromdiatieastPabi w0 ahdu-21iold s eempaigddppntreated cell
populations or gelbadlitiasceompasiions{-QBRsIRGIRPLIRAsINE ForeautEndaderm

can differentiate into cells, tissues or organs derived from the posterior portion of the foregut
region of the gut tube.
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[02081Some embodiments described herein relate to cell compositions, such as cell cultures or cell
populations, comprising PDX1-positive endoderm cells, wherein the PDX1- positive endoderm cells
are multipotent cells that can differentiate into cells, tissues or organs derived from the anterior portion
of the gut tube (PDX1-positive foregut endoderm). In accordance with certain embodiments, the
PDX1-positive foregut endoderm are mammalian cells, and in a preferred embodiment, these cells are
human cells.. 10209]Other embodiments described herein relate to compositions, such as cell
cultures or cell popul c f on ore cell types selected from the group
consisting of hESCs, ?é’kg?fl nzfglg m%t‘l!\e/%)ré? gen é’rﬁ%‘éﬁ% %5) RS S8Rt Bh doderm cells
and mesodermt&&@ntﬁ%ﬁt@@?ﬂa}éﬁ%ﬁsﬁem@@@é‘ﬁmﬁgé %mdndam -B9utemPthan about
4%, less than alstiut 380, dess thandahaul 27X0esRdharabotiiddenf the tetalsallzdn the culture. In

other em bOdm%ﬁE?en@Qﬁ@d%@‘éﬁd@@é‘B'E‘Mﬁ gnadgder Qﬂb‘s‘ﬁﬂﬁaﬁ Liseploss tan about90%, less than
about 85%, Iesg %%u%n abgo 0% Ie S than bt(gtgtt 75%, ETS; about 70%, less than about 65%,

less than about Sadogern ol g BE95 Tess han ST n?@%%é?}%ﬁ%@ﬁé’@xtess than about
40%, less than 58R Breyt Féé%dﬁtaﬁegboW%b%gﬁ@‘é"sdﬂﬁaﬁ‘&b@é‘td%ﬂ/@elbS@I’tﬁaﬂfﬁ@@étbm% less than
about 15%, lessifimntiaioguldpétpiesisthah abobiyd0seiesdithar:akbid B0y e ss thanmabout 6%, less
than about 5%,id@ss tﬁtatﬁoabout Aokviess tharmahoutadndessihanA0RuL 29 Phigsshap about 1% of

the total cells w&@&wl et ot ere bc%ﬁl %gtcsﬂ%réesoderq;{leells co ’%%% less than about 90%,

less than about 85%, Iess an allzgjoﬂmSF(’)D o, esst an a oﬁjt SSTHhaN abou af’fﬁ’t/o fess than about

65%, less than )atff’atr?%%mté‘%?ftﬁwt‘%%%@@@%?*ﬁgﬁ%ﬁ%@%"‘less than about 45%, less than
about 40%, less thani@li8ut 35®¥ctesss tf arpdisoat 3000 pbeisisd Hamgab erio@o86 cdbs prtivaia about 20%,
less than abouts3&%y lesadhanalest &f%%mka%déa@é@ S0 0¥ clasitbanaka 8% lgss than about
6%, less than a@&y % 'c%ﬁsctéi'@” aIQo&gﬁgt% %sz%?om 30/% less lthJ ab ut % or less than
about 1% of the total cells in the culture. 102301A ditional embodiments described %e%‘éln relate to
compositions, ST AR &N &6 I?ﬁ?@?&%’éﬂ‘ﬁﬁﬁﬂ%ﬁ@ﬁ%ﬁ“ﬁ?gﬁ@ﬁgﬁ BAMEP Ao 28EE Bd%Eribed herein,
which compriseP e FositiveCortepst erdodbihmasiiheiorajorjodethiygiecdntsotmarehibodiments, the
processes desgriltes hareinpradice-salieuitusas @Bdﬁﬁxﬁ@ﬂtﬂ%ﬁﬁ&rﬁ ﬁ@ﬂ&pﬁiﬁﬂﬂ&@deaﬂ about

99% at leaSt ap&gthg%%%ﬁggllg}ag g'gfh ggé is%til %%Stp é‘f)&léﬁ Ptée ren aﬁOb%UtS O at leaSt abOUt

94%, at least about 93%, at least ut 92%, at least about 9 tTeast abo 6, at least about
85%, at least a%%ttgd%chﬁ‘tglé%%?‘ﬁﬁ’i?ﬁ?wgwﬁé?%% aﬁ%ﬁ??%@ﬁ%t@ﬁ%‘t 258069824 least about
60%, at least abdutiEs Y datctenstiabo RIBAsétvie fstamb ontoB380 cellslegstabout 53% apat least about
51% PDXI poaﬁ&é@dtOﬁ%g%mqu%tr@ugaﬂﬁaﬂ@ﬁeecf&ﬂqgeﬁmggmemgncgﬂﬁ@f gﬁ” cultures or
cell populations t%om@”Sﬁ1¥"&’ren%nﬁ8§gtsthllsr]si°ther d| en% the processes descrlbe herein produce
cell cultures or Cell populations comprising Fleasts Bu? BOY%; at least about 45%, at least about 40%,
at least about 35%, a Fgg]st abBUTSHO, Bt |Sssarbilio it Ebmions: fifismapint: S4BRXAmREaEabout 23%, at
least about 22%xfatteastaoutdil 9% P BKlessttiabbue Rt dideadh aboutsh@¥ptatdeastaout 18%, at

least about 17%ssatteastabeit-k6%viab @%&@WM&JM@H@%@Q@H@%A%BA%B@QOM 13%, at
least about 120{9D§t %%@tagﬁg%o dg&leagdglgoyl% OSl ve ast éitonO/ aHIe?st aHout 8%, at least

about 7%, at least about 6%, at least about 5/0f out S8t about 386, at least about

2% or at least %WWT%%&W@%F@@W éﬁ%ﬂWE@%ﬁﬁﬁ"bfé‘f@%’ﬁ ’émfi’éﬁ?ﬁt@ﬁts the cells of

the cell cultureswredly poprifiadidrrbien mpride: mansbmeoe s, tha sdhreminairodinSNE|-thetpercentage of

PDX1-positive fatgguienaadess callbciacthoaal adtunsrroRuiatisnsseataaigdmithout regard to

the feeder censfcrs%aateaam (el c.[01) SH0MS% Sbgdments desgibegfierein relate o
as

compositions, $Uch ; % ltures or cell populations, comprising mixtyres of PDX1-positive foregut
endoderm cells BRd PB R T N R EgpPEramPe REiELRTES or cell
populations col‘?ﬁ*ﬁt’f@Fﬁfgc‘i’tltsI‘é‘&@ta et @ﬁl%ﬂ%smw%’ré@%ﬁé@@@@wﬁ weki {GFBbousevery 95
PDX1- negativé cefilitivaiendatdel ADEe kspeatiohe pehduaed dnyoibesrabogdimerispeatteultures or cell

populations compfisigat L%@é&@%ﬂ%&%%@ﬂ?omf%ﬁ%%&g%&@ GeiadPLAROYt every 5
PDX1-negative q?fl |t|\e/e egldodg

qf %tpmps% rorgluc dd'“t?v”aﬁo}’e cell dctléltures or cell
populations comprising other ratios ositive foreqgu et CETEts PO Aegative
definitive endo&’éﬁﬁ%@?@“&?@ﬁ&ﬁf@mﬁ%@&rﬁzﬁﬁé&ﬁrﬂﬁI%‘g%f?ﬁ?ﬁ%ﬂ%ﬁ%dc%?ﬁd’@?ﬁ@%ﬂ@ast about 1
PDX1-positive forggsréddoderm cell for about every 1,000,000 PDX1-negative definitive endoderm
cells, at least about 1 PDX1-positive foregut endoderm cell for about every 100,000 PDX1-negative
definitive endoderm cells, at least about 1 PDX1-positive foregut endoderm cell for about every 10,000
PDX1-negative definitive endoderm cells, at least about 1 PDX1-positive foregut endoderrn cell for
about every 1000 PDX1-negative definitive endoderm cells, at least about 1 PDX1-positive foregut
endoderm cell for about every 500 PDX1-negative definitive endoderm cells, at least about 1
PDX1-positive foregut endoderm cell for about every 100 PDX1- negative definitive endoderm cells, at
least about 1 PDX1-positive foregut endoderm cell for about every 10 PDXI -negative definitive

endoderm cells, at least about 1 PDX1-positive foregut endoderm cell for about every 5
PDY1-nenativie dAafinitinve endondarm caelle at leact abhniit 1 PDY1- nocitivie foreniit endodarm cell far




[0214]It will be appreciated that some embodiments described herein relate to compositions such as
cell cultures or cell populations, comprising human PDX1-positive foregut endoderm cells, wherein the
expression of one or more markers selected from the group consisting of SOX17, HOXA13 and
HOXCG6 is greater than the expression of the APP, SOX7, SOX1, ZIC1 and/or NFM marker in from at
least about 2% to greater than at least about 98% of the human cells. In some embodiments, the
expression of one or'more markers selected from the group consisting of SOX17, HOXA13 and
HOXCE6 is greater thanollgg expression %f the APP, SOX7, SOX1, ZIC1 and/or NFM marker in at least
about 5% of the huma calls, it ¥ =8 RETHTeBoA S he RRrLPrHENs Ions et rededematrslit 059 of the
human cells, in ACE&8ELS D 0B istisnearTortiah E dininigide dot aliowe25 of tiehumean cells, in at
least about 30%4isfctiterhatrirathe Gelisiii:ais kesitah A3l e umamesls sin.aldeastabout 40% of
the human cellsydpal, leashaRou 4nd s,.in.at least about 50%.0of the hyman cells, in
at least about SEﬁ;‘f’ggﬁf thy v@wgntcéeéﬂ?r?r{eg%gﬁ%%g%:(i%%g&%ﬁ %ﬁ%“ﬁﬁ?%zeﬁ’ ec?eﬁ%%n%ﬁéﬁ t about 65%
of the human cells- it at 16asF SBo T 70TE Pt hilFfat BERSIn oL Jaing ot irsTairs it human cells,
in at least aboutBOF¥ et thefidirkFicells, in at least about 85% of the human cells, in at least about
90% of the human cellgi8h at |¢asiraboui-shdaiotithetat Ramcels-akit-Alueast ABeut 8% of the

human cells. In egreeigvhodinenis.he:Rel e ptaae.o ieman.salls e cell cultures or.populations,

wherein the ex ] ne or mare markers selected from the group consisting o X17,
HOX.A13 and Hoxcépi%%r%%%tegﬁf tﬁegtﬁ]?hgémgg%ren%ﬁs(%sh OF e %99: g%ég LG5 Eid/or NFM
marker, is calculated WRHGRPFEGHE S Femmrbe 412 BEPGA R divrrabe G SBRWE Asaddscribed herein
relate to compogitisnsizesh descobiicuities ior dedmiopulagionse@mprising.enampsatiaendodermal
cells, such as hﬂmﬁﬂoﬁﬂdméﬁfm%&@dwh@f&%m@o%ﬁ%ﬁ@ﬁ%Eﬁ@aﬁ’o@@&i‘xeﬂﬁ@ﬁ&?geﬁsgrﬁater than the

expression of thexARR, S95%nO 8. b Gl andlor NEM marker in .at least about 2% of the endodermal
cells. In other em?%diﬁ"lent%; the é)é)ression of the P%’\ékl rﬁglfr%éﬁﬁnllggrseaﬁero AR &ession of the

APP, SOX7, SOX1, 21 A8 R MR PR SR SIS 9% of the endodermal cells, in at least
about 10% of the end8d8mal Baliesiig te|difkteativiar 28Yottihe entiodetmaltes|ierdn, at least about
20% of the endodsitiaal delisy FDat lsashalieui2 Bibakihrendadarnaksslls. & alieastabout 30% of
the endodermalpgstis,dat %@%@p&g@é@p{n@%ﬁm&erm C%Iﬁatfn atleast a?out 40% of the

abo

endodermal cell%higldatel aﬁt %H: 45% of the endoderrnal cell ?ln atoPéastrgf)%nlﬂ’ *509%5 0f the
endodermal celf& In aF least abott BEh bf Fite e Y ramselisca el marriationt 2B0HE S9%st the
endodermal celREPIFF AT abBe b 5068 ehet dsnel olerr ardedlof meatitelstrediouba GI0F the
endodermal celfsgitivactiast aiqubdBinof thetendntelmatcellspin ablemast about 8Q%.ef the

endodermal cellsninat depssahe8a¥eaf fhaendadermal epls, iatleast aeu,90% of the
endodermal cel!)%gl@ at Ig}gsttgg)out %65;%%]%; t{;ﬁ}ﬁndoderm cells Qr in at least about §J5’/o of the
odimen

endodermal cells. [0216]Stll other emb s'described haréfi rIRES L orh8LHi8HE, such as cell
cultures or cell FOPTETEHLIE SHprRFG i Srrbmsademede sheitemsiasioon the e medvendodermal
cells, wherein tifgreEspressionwt ohéommrbrs micker fseltetethisormibengretpooonsisting of SOX17,

HOXAI3 and H@¥KA isgreaiatthan tee expression: ahdRarPP o3V F mafihe Z1GLang/or NFM

marker in at leaghabouit 2%6,0f the. endadermal &%Llﬁpln ther embodiments, the expression of one or
more markers selecteﬁlég m the group consisting of o) , HOXA13 and HOXCE6 is greater than the
, SOX

expression of the AP 7, SO PR BF RASSTEPRE Perria brva srvaBbEeBFERERe endodermal
cells, in at least'absaraiesheoieihalaricoé rallaiopalitoincanteisist ADBUtbSSt-ohtherndodarmal cells, in

at least about 28%-ohtiheiendomenna ells:linaiteastanopRBleef heendedermakealls. in at least
about 30% of ta@r@@g&ggfmaggﬁ%ggn%lem%a%é%%&{&ﬁ&m%gd%51"1%' d%‘sc'l'ﬁeé%at-'east about
e a

40% of the endodermal cells, in at least about 45% of the endodermal cells, in easfegbout 50% of
the endodermal CefiS, in at [east About 5555 of the BrtlSesriiicaid i defessabidtr 6% of the
endodennal celf8*MRaries SPA0 Rt BBvIEEtHedoderacerivas Sslboumiee & kbt Bibiiti096rof the
endodermal celissu. dtchedstal ouhy &klofthe efitedenral edlispdn at least about 80% of the
endodermal cells, in at least about 85% of the endodermal cells, in at least about 90% of the
endodermal ceBsydmtah lefREE Rrusin@®S%eafitheiekdofenrpkcalls Ahabisastabaldi 8% of the
endodermal cells. [02171Using the processes described herein, compositions comprising PDX1-
positive foregut endotféffh cell uﬁ%éhﬁ%@vﬁe@r%tﬁ@”é@ﬁyﬁ@s EaRrpe prdteeEltion some
embodiments g2 SBR iPReTH dPrethecRiDdémyebitive fordgutieddesarmeceldpaeputations or cell
cultures produced by the methods described herein are substantially free of cells that significantly
express the AFP, SOX7, SOX1, ZIO1 and/or NFM marker genes. [0218]In one embodiment, a
description of a PDX1-positive foregut endoderm cell based on the expression of marker genes is,
PDX1 high, APP low, SOX7 low, SOX1 low, ZIC1 low and NFM low. Increasing Expression of PDX1
in a SOX 17-Positive Definitive Endoderm Cell 10219]Some aspects of the processes described
herein are related to methods of




increasing the expression of the PDX1 gene product in cell cultures or cell populations comprising
SOX17-positive definitive endoderm cells. In such embodiments, the SOX17- positive definitive
endoderm cells are contacted with a differentiation factor in an amount that is sufficient to increase the
expression of the PDX1 gene product. The SOX17-positive definitive endoderm cells that are
contacted with the differentiation factor can be either PDX1-negative or PDX1-positive. In some
embodiments, the differentiation factor can be a retinoid. In certain embodimeérnts;"SOX17-positive
definitive endo %cells?gged ntacte |th a £ethno|d at a % Ecentratlon ranging from about 0.01 uM
to about 50 g.M. Th a preferred & Boealme e TetinDid i RACE IO IR Enflstaifents of the
processes descti9&Ed We?@ﬁ%ﬂtﬁeebqére@%ﬁlwetbm genachratithesirrtgl metstiateBroncell

populations comphsing8GRIE-pe Sitiv eodefinitivcPbiidodatincelsiiisd rRedeasad iy, 6ammeating the
SOX17- DOSltlvetm|b%ﬂN&&cﬁudﬁif§{ﬁwéﬁﬂe@o¥égQ&%ﬂdéﬁgJébs‘oi?'@ﬁi%ﬂr W RGIRERH Y RHE

dlfferentlatlonf r c egﬁh rb useﬁ one nct nwnﬁf&A In some embodlments the
SOX17- posmve tﬁ\g/ig endg etrle)r% e sa%DrIe %ﬁ%#gﬁé’ag ith 3 FbrobiRSt grows fARSFala

concentration r&fi ﬂ?ﬁ?ﬁ?d&%ﬁt%@rﬁw {5 BHRPRID oA Hiferratigtioransireds e RAsaimEnt, the FGF
growth factor is FEkeeatiGaeiiinve ondedembdlirmeissof théprotedséscdesthtad-bereins the
expression of the &daXkgene product in cell cultures or cell populations comprising 30X17-positive

definitive endoderm c%l&ge mcgg%sg Qxbg%te%g |ngho Cgr)énljc %snive cells ith B 7 This

differentiation factor can either be used alone or in conjunctlon with-one or b6 SF}?etanmd and FGF
family differentiSBBR PREBS RGBT EMBBLAPdedie: shls @R yrddiirfedifinrmteriengseerm cells are
contacted with BgiPeat méeraarieaadirendeion teomrisbotR Bl I%itvAl e bolet20%e s/vFoin a preferred
embodiment, thedsIX 1/ epidsifive: definitiveendodeamical e contactediwithd3Ay 5Sked 0 and B27.

[0222]Methods ferincaasinadherxpressian of RelRXkgene Btcagmtlmrce"c%t'tur&%n%r cell

populations corr}tIBrlsang SOX17 osrgvte d f|n|t|v ndoderm cells can be carrie utin growth medium
containing redu¢ed or no < elf’ﬁm ﬁ*%c%rﬁ% AR SRR G ST ER IR FRASH PAHS NS PARE B about

0.05% (v/v) to dBbPrevious fksistienifa @bﬁtdédhﬁemf hEsoxnF Poite cdlidadefigiown with serum
replacement. |deftificatich)ofH-abtormbidpable ofRromohng the RifiereatintianofDefinitive Endoderm

Cells [0223]Certgincaresning methads Qp%ﬂ%qtttese%?otet@fﬁe QUERGINOLE JRFIdeRtifying at least one
differentiation fad%%[etlhq#g g{a;ghabi% é#‘]on%gf% ererét gmon gmge |n|t|ve endoderm cells. In
ni

some embodiments ese metho ORe e comprising five & 808ermxéells such as
human defln|t|v8°é‘ﬁﬁ%fﬁ§??ﬂt(f’éﬂ%deﬁ’i’é%tatﬂﬁ%%@%%%&ﬂtﬁ?ﬁ%%m@@%@ﬁ YHiFa candidate
differentiation faetetvASTtSrtinteepbinttivwhicirisrprioliteronat approxemdteithedamea tine as
providing the cansidatriskifereantiatintfacior expression of a marker is determined. Alternatively,

expression of the mar{fﬁg(ﬁan bﬁ)%%%g%@eegeﬁ?&%v cproalogi ling th the can tgl)g;tte dlfﬁgentﬁaygn factor. At a

second time point, which is subsequent to the first time point fand subsequent to the. s step of providing
the candidate diff% ébﬁ%ﬁ%ﬁ%é@fﬁ%@ BEITH5R Lﬂétfﬁlﬁc‘%?ﬁr%%ﬁﬂné? t??él R MAREN is again
determined. WnesiteE dsbréiin didedereliffiye diffaistisfnotbets Gapabhetofiffomstiing thédiérentiation of
the definitive endetarmpaseiis kreatesnined by comparingxpesSienef the.matkssahthe first time

point with the expiessianohibemankatakinesRIAINEAYRL I LLIERSaN ! ihe marker at the

second time point s incre decreased as compared to expression ofgg#e marEer at the first time
point, then the canétm qate’ %em S ASIRFSEIPTE RABHBIE B BHOMBRY e & Ui rsihatich?of definitive
endoderm cellsFfi22# S6ME o i B SEErestth e eemsi igurrd th erfiiersise ritidck nerdier ofilize cell
populations or ceilTCIRA s fAhiphGOTRET Badi ikn defiaiiveendaderm cells. For example, the cell
population can be a sH,tg ntially &%ﬂé@ﬂ)&@%é%% Ot&ttm&@a%éamﬁtv%%@d&% cells, Alternatively,

the cell populatlorll E be an er&rl atlog of human definitive endoderm ce’l S, Wahereln at least
about 90%, at 184St AHAL eas BT 0 Y AT i e BB B ACTESIET AR P84 06, at least
about 95%, at @QEE%tstaat%w%etd&bW%tefﬁgﬁé&té@ﬂéaﬁ Qidreiesdarouthe Pigiofithe human
cells in the cell pepufatichirate humadlidefinitivene adosienmtcalls=dwathesdmbedimants-Hgscribed

herein, the cell papuladiop.comprises Muwman selisnherein %L@@h@&@%&%@ﬁdﬁ%ﬁbout 15%, at

least about 20% 1,:t%tl %ﬁggtgp&n SE@ at Iea}st abOéJt 30%, at Ie ut%%%, aﬁ% st about 40%, at
least about 45% aﬁepast about%oo/g atafgast agou‘f%gg? at ea %QD ggt %gout 65%, at

least about 7095 BEPIEhsEHERA=FE0R FEIBELES bt W%Pfe%%ﬁmrbﬁbﬁeéfgﬂ?ﬁan at least
about 85% of therhersian e lsidiredmmbn efdfimitvéendodernoalist tn Somef ekilbndiments, the cell
population includes non-human cells such as non-human feeder cells. In other embodiments, the cell
population includes human feeder cells. In such emfodiments, at least about 10%, at least about 15%,
at least about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at
least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 95% or greater than at least about 95% of the human cells, other than said feeder cells,

are human definitive endoderm cells. In some embodiments of the screening methods described
harain the call nontilatione fiirther comnrice PNDY1-nncitivve endoderm celle inchiidina biit not limited



population is contacted or otherwise provided with a candidate (test) differentiation factor. The
candidate differentiation factor can comprise any molecule that may have the potential to promote the
differentiation of human definitive endoderm cells. In some embodiments described herein, the
candidate differentiation factor comprises a molecule that is known to be a differentiation factor for one
or more types of cells. In alternate embodiments, the candidate differentiation factor comprises a
molecule that in not known to promote cell differentiation. In preferred embodiments, the candidate

differentiation fql%gérgorp Ir"s%fl m%lf%%ﬂsle n;[&'glt IS NO 1]Iénhown to promote the differentiation of human
definitive endoderm celis. fla’i 6] some EMbOdimeRTeC BT Te SRrEETY SrRdfenisadsded herein, the

candidate differBrfHaH5T 1k P BRIRSEY Sisrrditiensiontdis. | srakermbddamiodiientssatsmall
molecule is a motetite. handdigraimotgtiolad magbebalitiit-h6;00 Qlatpstar 185Sw|B.S9Me embodiments,

the small molecuieaaRiHsemaRlIBRIEHINSABE eMBOARELNES; the.smallagleculs comprises retinoic
acid. [0227]In ogﬁgg&&%d‘,jr&e@% %%%&ﬂg’&ld r%erﬁf'n the, %ndi_daée differentiation factor comprises a
u

polypeptide. The polypepfide can be any po gept?génﬁwd(i: Eﬁ?lﬁgafe B ‘ft%?fgﬂt?&eérﬁmﬁprotein, a
lipoprotein, an SSATATEI AP FEHHR FYBRIERTEE YISl doherh Hiohae'a! et a. hbrsiBm&ean interleukin
or a growth fact@rbiefamadsdiyp éptidisind alevjrpdithriasieispiinsameqkaicttodembodiments, the
candidate differentiaiien factassmeo Bppsas QB0 RAEQIOWN fastarsisalacted flgmdhe,group

consisting of FGEARG. k2. AR NIoR 0228110 some embodiments, of the screening methods

described here%%cg?dl%a e differentiation factors compﬁs.e.one or more growl‘?ﬁ%ﬁﬁrs selected
7o '%‘Hﬁﬁ‘?é‘dﬁ“iﬁ‘.‘f%-ﬁ%b%%ﬁ%e@mfawﬁ%?f@ﬁmmfem

from the group conssﬁng A
TRAIL/Apo-2, PRsWB208f Bdlony enhancing factor, Endothelial differentiation-related factor 1 (EDF1),

Endothelial monocyterassiyating pelensisierkhMasserhags.migiation inaibilory asiar AMBE). Natural

killer cell enhanging faciar NKEEF &) Rane mophodenetic in 2, Bone mophogenetic protein 8
(osteogeneic pcrggégg% ,.Bope morphogenic 6%(%%%%% no%%%%ﬁ?%@er%ﬁ%%‘%e?ﬁ ,d%r%ective tissue
: i

P ( . .
growth factor ( R P En S PSR I n S rrai i Snmmiaerst ctoarens
(macrophage inF&frfn it Fyosreteday Hratmed 6 labidistome eelRliffesentiationaelaten praiein (GBDR1),
Hepatoma-deriged geawthidactosnd\eurasne digdrdBrpeacubsOhbaseH gk heliglgrawth factor
(VEGF), Vascu j oyvth factor B, (V -B) Tgce . SP gLfigerEQAN ES precursor, thymic
dendritic ce||-dg%%§&%§g§§#%&rgf§%g§eﬁrﬁﬁéfﬂ%%@ﬁﬁi , l'!’n?zﬁeu SiiEra(n ?ﬁ%‘ﬁe@?&hkin% (IL 3),
Interleukin-4 (128} hBSTRIRIFRS(1L°8 " RterfR Gkl TGt plhx e vt alin-8 (IL 8),
Interleulcin-9 (IESS) Mriedisakifc roedivm oy, diffesridiefal ftomIMEQTs D dbterkefidin-ARigiid R)y Interleukin-13
(IL 13), Granuleeyte-BBlany stistating daei om@-GESh), Granuestenmastophageselony.stimulating
factor (GM-CSTinbasionhage ealemylimulplaGIReiar (MsGsal) Rrfippolelig, Thiombopoietin

P

Vitamin D3, Epitggggjalgogrowtrﬁgactor (EGF), Bra'&n-derlved neurotrophic tactor, Leukemia inhibitory

factor, Thyroid hormone, Basic fibroplast growth 19ctor THECE FORpET 2reeppenirepes igbrEratinocyte
growth factor (K& yer! SrshaserERSy P e P BICP R kield-eFRe dugrowtakadtor-BB, beta
nerve growth fadtenl] gotivtinagd Famn 26 FBH grotewiidartasb ate H4T 6 k4l krdnterfesanotetnterferon-13,
Interferon-AA TaRERSEIORiS-Ha6 0MPeoh Y NBEEORISfACRSE Lo BI SLPIQMBLNG sstiyity (BPA),
Erythroid prom%&g%&i%&%@é%ﬁ%% ,_é'ns IiQ ri?lwthffac(}or-% QgF-l) IGT-II, Neutrophin growth
factor (NGF), Neutrophin-3, Neutrophin 475, Ciliary hetrotropiie fa G1S G SR BB WeRin,
DexamethasorBPFSTEFE ST eth o rifmietin dcsmyston FdroAyanBYRA. on additytidine,
Amphotericin Be AsuesrbicrersitheAstr osbatesasbibutylxdinthinesrindRrhatha cinuda- glyeemlphosphate,
hicotinamide, (34 S0 sifiazelichRe dmnesotW ki RsREN.JRSR BB Dalangsyla;stimulating
hormone, cortiggitranin. Jipotropin, thyrotropin, growth hormone, prolactin, luteinizahg hormone,
human chorionic gonadotopin, follicle stimulating hormone, corticotropin-releasing factor,
gonadotropin-releasi (ﬁg]ctor}b?ﬁﬁla%“ti?ﬂ??f’é%%qr% farsoP! prratifiliHbL & detoongidmeh-hormone
releasing factofed8rfisidsterprceh frorropii- rdiedbin RRadtory Gédé ifon mchendirelatedipetide, parathyroid
hormone, glucaginiikergeptidenlisghicaser depar@dante instlinelQRIsPlPentide: gastyn, secretin,
cholecystokiningpagtilin, t}(ﬁ%&a&ﬁé/@sé@&%%t!%&eﬁé%@m&ﬂfeﬁﬁ%@%?@ﬁ&?%%%?.a '%%‘szé%ﬁé%%de’ peptide

tyrosine tyrosing, neuropeptide sing" insulin, glugagon, placental lactogen, relaxin, angiotensin I,
calctriol, atrial [%ﬁfu%%@ |c§{?e&3trfe é)f{{%nﬁ%aérfa‘fsoenitﬁ’. gﬁ‘%%mﬁéf‘gfm&}}ﬂfﬁﬂyrﬂﬁiFFé,b&Qng’f?ﬁﬂﬁfeéstradiol,
estrone, progeStet SR MBSt TGt troTided e Ste ropriual desstep rhitsiihe phwivie, or
norepinepherine, androstiene, calcitriol, collagen, Dexamethasone, j3-mercaptoethanol, Retinoic acid,
Butylated hydroxyanisole, 5-azacytidine, Amphotericin B, Ascorbic acid, Ascrorbate, isobutybranthine,
indomethacin, 13- glyeerolphosphate, nicotinamidg; DMSO, Thiazolidinediones, and TWS119,
t0229]In some embodiments of the screening methods described herein, the candidate differentiation
factor is provided to the cell population in one or more concentrations. In some embodiments, the
candidate differentiation factor is provided to the cell population so that the concentration of the
candidate differentiation factor in the medium surrounding the cells ranges from about 0.1 ng/ml to

about 10 mg/ml. In some embodiments, the concentration of the candidate differentiation factor in the
maeditim <rirroirindina the cealle ranaec from ahoiit 1 na/ml to aboirit 1 ma/ml In nther embodimente the




comprise determining expression of at least one marker at a first time point and a second time point. In
some of these embodiments, the first time point can be prior to or at approximately the same time as
providing the cell population with the candidate differentiation factor. Alternatively, in some
embodiments, the first time point is subsequent to providing the cell population with the candidate
differentiation factor. In some embodiments, expression of a plurality of markers is determined at a first
time point. [0232]In addition to determining expression of at least one marker-ata first time point, some
embodiments of thece%%%eor}i%ghrggfshqgm%hceles&riI:E)les%ﬂgre'n con{fmﬁlal(% (%gatermining expression of at
least one marker at a second time point, WhICH 1S SuU se(fﬁ%m SPhefirs ﬁtrﬁ%&ﬂ%fﬂ? AHE Bhich is
subsequent to profPRAifguRERE ih Bt ek e PiRrere e sritn dend e Ferdimineon raetet. thbedth
embodiments, expressiddays, thepsetivedy makir isngteteriotineddicbathdbe firstiand secefddime points. In
some embodimentsiexpEgssion of a plurality of markers is determined at both the first and second
time points. In such eﬁl&gﬁlimeﬁs Egg(lgquﬁgigg %Ighr% sgiry%plgnrﬁg%gg vmﬁ\rk%{;si) dteter“qgned at both
the first and second time points. Ir% somie embodimen s, marker expressmnais detérnfined at a plurality
of time points, efefrof TEN <0 s EHHR SerertEELfi: grTeipEFierand-euéivest sitirsosabsequent to
providing the cetbpbjpataticiuyittl the tandidHiediffese fitatomiasioeatn dstaimembartinments, marker

expression is defermingd:by QaRcRn eihe mn@%p@f@@adm@fﬁk%@es@@ém@emgsmined by
NG

I
immunocytocheﬁrl'uiasti%&[lgc%?)e%llbrg cgu%%%iﬂf'énn %rq nt% gotﬁhero%cc{t%etni&g l[;{:‘@{q]odsﬁde? ibed herein, the
marker having its erressmn IS determined at the first and second tite p0|rr11f’§a|sv‘5 marker that is
associated with PRUHerEhfdEen It Rerd-PeramIticahedaste AR tomett e dndniiiardadshe precursors
of cells which meee aip disemiahd/erurgansttiviiare dedilietdrondithe gitituectivis Bned
embodiments, the tissues and/or organs that are derived from the gut tube comprise terminally
differentiated cells. In ﬁggg]e emg%lirrgs%@g,téhseorr&agietqjésglgg‘;&%ge\é% oJ pgggrggat%?}ncegg gsgegancreatic
precursor cells. In preferred embodiménts, the marker Is pancreatic-duodena omeobox factor-1
(PDX1). In othe " BBUHREN S APe FATKEPTE POt GG rpsionierior rs) BrYsiRibFe & (HOXCB).
Additionally, in dtrchaseribietiatsessahidorihaded cidtindic atil popfiiver tetiscentiters préfeirsdr cells. In
certain preferregrembonimenisicthe maskepisteluimiprhapaineytespesdia.aatigenri(Haag or
prospero-related, homeahox,L{BREX 10 Aher SmROdimants, s bisngiealivg gf lung or lung

precursor cells. In some preferred embodjments, the marker is thyroid transcription factor 1 (T11 k 1).
RSt T ST ST e A BRIVl P AR el P CEVSBPEET. In

In yet other embodinents, erisin
additional prefeF@rEriseriricHisTtreth arrReptienyThirhgtoes Som ansps el 2 e pidisolipoprotein
Al (APOA1), vaseililannel badiiesspuiamalecule-1 (VACM1), von Willebrand factor (VWF), CXC-type

chemolcine receptor 4G}CR4%Qk5ausRkMAe: homeeRaxanseiplian fAHRkA RN Jn still other

embodiments, tla;a ge]ﬁlsrk?r islir}ggcative of stomach or stomachtgrecursor cells. In additional preferred

F SRR DEERERA 1T BH5E BRReS Antah Aot e thaket is indicative

embodiments, the markef is
of thyroid or thyresiel esttiP3onbeltsairauchdmidot lsernbout RO Sndias ferst BaoF0L ! IV stllether

embodiments, thsomarke]sdndicativecs thymusosdhymasilecuisebaels [0234lnsame
embodiments Ofﬂ%‘&w?‘%{ﬁ?a’;%' Q&:ﬁh‘rhéﬁl@}ﬁq%Stcﬁ';%gﬁfg?é{/r?};&}?a‘s‘%'e%.&g’%&g gé%'s'%ﬁ’%‘tj 10Rass between

providing the cell population wi Idate iation factor ermining marker

expression at thisagiebstd fmbpoiftst SeficienMirid e e -prodideptrbeel palfurites with the
candidate differepfiationifacioeandadeterminingaxpassionaf themasken at theseeand.time point can

be as little as fr out.1hour I s (10, days. In nbodiments € expression
of at least one r%rgr@e% ?g ette?r%;lntltr?e!'%E m[;al t%qegﬁrﬁ%g%&bggqﬁitug g%/\?/’iéeﬁ%ng %(i:tié é?%ﬁ%%qtﬁation with the
candidate differdfttifom fictdh: thieshrrEmbaiiniklsest Laricie mMirtderst abaast #loat [$2Hour, at least
about 6 hours, ableassabbut kahwurs aleastabebad 8 nduusicat bastabout 24hotis; at least about
30 hours, at Ieaﬁi@tapte;s@&t;w@@g InaskARGM AN QS ALIERSE a@guzs ARNBIES ALt about 54

hours, at least about 60 hours, at least about 66 hours, at least about 72 hours, at least about 78
hours, at least afHEA %MS?*&?%&%?“&%OOWQB%}?W%‘FI@%%%ﬁ?@@%ﬁ%@&’ﬂ%’&s@%bout 102
hours, at least alstnsidlioStotrssidt least about 114 hours, at least about 120 hours, at least about 126
hours, at least about 18@&¥oursmabieasindbattk3dhaursratiead-abom 1ddauEs satdgast about 150
hours, at least algut 1R8N AES Ak IRARLARM AR hoSraliast AU LRS Npurs,at Iggst about 174

hours, at least about 180 hours,bat Jeast % 994t 188 hours, at Jeast about 192 hours, at least about 198
hours, at least aB3TT 204 REGE LB Aot 51 0 RSt B TR SEY SbBTH 1 ERSHFA % fodlst about 222
hours, at least about 228 hours, at least about 234 hours or at least about 240 hours. [0235) In
some embodiments of the methods described herejgg.it is further determined whether the expression
of the marker at the second time point has increased or decreased as compared to the expression of
this marker at the first time point. An increase or decrease in the expression of the at least one marker
indicates that the candidate differentiation factor is capable of promoting the differentiation of the
definitive endoderm cells. Similarly, if expression of a plurality of markers is determined, it is further

determined whether the expression of the plurality of markers at the second time point has increased
or decreaced aec comnared to the evnraccinn of thice nliiralitny of markare at the firet time noint An



[0237]It will be appreciated that screening methods similar to those described above can be used to
identify one or more differentiation factors capable of promoting the differentiation of human
PDX1-positive endodemi cells in a cell population which comprises human PDXI - positive endoderm
cells. In certain embodiments, the human PDX1-positive endoderm cells are PDX1-positive
foregut/midgut endoderm cells. In preferred embodiments, the human PDXIpositive endoderm cells
are PDX1-positive foregut endoderm cells. In other preferred embodiments, the human PDX1-positive

endoderm cells e R g pasiive.apdadeimn gels.alibepesteronpartion ol iheoiequl, In especially

preferred embadiments, thé human PDX1-positive foregut endoderm cells ‘are multipotent cells that
can differentiatSne5EeHY TR AL B RO RS FonAae AR Refie Bémbivet ARG ube.
Identification ofFesstepsiCAp atelof Priserotieiy 18 miffbrénfighiorsoibBitisNefatkebefinitive
Endoderm Cells: teeRED$L1RO sitvarivenegish bndedem.G el f02381Aspsets B ihgiseresring methods

described herej of deptifying.ane | i tiation factor ble of
promoting the ggfggb%%%g%%%%%ﬁ)gﬁggggva@g%%rf%ﬁi%?ﬁ%%gfﬁ%éﬁé (%g @D%%%%%?ve foregut
SRIT 800U UG é P

endoderm cell<. fi tch rﬁnflétia’%o S qcellc PR RS B R o B rsiAbP B AR 186 ative definitive
endoderm celldi$itemed e, tibeXes sidh bt Phxmwthothdsosivisttr éhorBeilpmmidation is
determined. Afterdeterminjrgdha expssissioral PRX: thenselis afithe-cellwitiiresetgall population

are contacted ‘%E&ﬂ &%’39&9&'&%&%@@5‘9%&9” factor. In some embodiments, the expression of PDX1 is

determined at the time_of contacting or shortly after contacting the cells with a candidate differentiation

factor. PDX1 expression is theh WRteFAEEeA? SHE Srosssra draedRar e srs bRt e &ils with the
candidate diffeféfifatonrfaeior aifitte e rprétsioh wfdRB Xdehpssmtreadedeaftenlcontadbewith the
candidate diffecerdiationiacienss sempaned te: Plxtinexpression Rriglle cantackwith.the candidate
differentiation f | ifferentiafi opJs.identified able of promoting the
differentiation o%%ﬁggggﬁ%%%Ng%%?golﬁcﬁﬁégr?ﬁgég%%%%%%g g%s%?fgéx orp(%jg% &ndoderm cells.
[0239]In some SPRBEAMREAE TS FEGTATHAREBRY RiemRbRLs CRISHIRA AtpRoctErSEahefidfe of promoting
the differentiatiSsAsooPbXaemeoritest definith/eesendd drerboel B5tosfaid X lepsbaitivé fogdglistendoderm
cells also incluaiestetetTiniic! heiexpieasion wfdhe: HEPAL: 2 ganamandioktheoxtgene in the cell

culture or cell pepulation. Insyghembodimentsothe AxPiessienohHO 1hd 3.a00/gr HOXCO is

determined both before and aféer thg Ig::meikls. are contactglgl c\:/v Ith the candidate differentiation factor. If the

expression of PBXT and HOXAT T Ao here S8 a5 Colta e Wit 1 PAATRISt tif&Shtiation factor
as compared tEPHXE: AR ERA IS <k hresdion Piortérebier2fitpifreseaindidate diffestentiation
factor, the candigatéttiffe tentidmornstfacioeds lentitiechds:gapablendf prematingdhe diftesentiation of

PDXl-negatngggﬁfimﬂyfrag%(%ggg%q@dﬂ% B@tﬁ)e[?g&lfﬁ%%\/%f%ﬁgE&%&M%E%atﬁﬁl?%fémarly’ iffthe
expression o and k as increased after contact with the idate differentiation factor
as compared to Srf))flcgnﬁlg) ROXCE6 %?(r%gg?gncprlo%ocggﬁgﬁ&eﬁfﬂ%gt%%%g%\di ataepa'??f"érr%ntiation factor,

the candidate FSERH SRS oty sduspasiors o cufitemasiion of PDX1-
negative definitiveseredddernceilis tolREN¢imposigubdoragdfendode imeatisctmmsprafarsed

g_rfr;bodi;netnt, %}?ﬁj@?ﬁ?m@ﬁﬁﬁﬁ?%ﬂéﬂ@éﬁb@ﬁtg{nﬁﬁﬁl@ﬁ%@&% F?ﬁ)’i%&&%ﬁﬁﬁ%ﬁﬁ&ﬂé@ltﬁﬁfé@,gdthe .
ifferentiation qf, PDX1-negative definifive endoderm ¢ 0 -pgsitive foregu erm cells by
determining the }é&p?e%ssfcg)%e{)e E’aggi%%ggéﬁl%egn %883%% %thoﬁ]}egc?ra AN gf’f%%lrgoﬁgrﬁjglgting the cells

of the cell cultutEBFLEPpEP M msIT iR cAhiriterriare Arhttmnmcs P sréfePsi-embodiments,
the expression §f:RBIC @A Scaliatar H @XT 6risSteterhmesedtQRCR. [0240]It will be appreciated

that in some embodimesss, thenexptassiopoateRe of MORERR XlschiX Addand HQXC6 can be
determined at the fima ?J:Q%%NR%&@%&[OE*}Q&U% ﬁfé‘?&ﬁ&@&?ﬁé@ Guthe eells of s%%ge%%xl# Guilgures or cell

populations with a candidate differentiation factor rather prior to contacting the cells with a
candidate diffeP8HHIStor TEREBP i KU BRI ORI B b RE LSRN oD 87M 86 $PDX1,
HOXA13 and HEXCB dethetirdacitatnnor dneriipuffer dorsabtivigithiarsethowitva candidate
differentiation fastostieicahpasediouthecipressian of ancsatrmerediBid X1, HOXAL3 and HOXCG6 at
one or more times affgfsgpntaciing:the:eeNs willa candidais:differantiation fagtqr, [0341]In some

embodiments of tpe.abO\ée-dgﬁscribe methods, the one or more times at which PDX1 expression is
ca UG .

i
determined aftSy ContACENG the Calls it The candidate thrareRRR, aé%&‘?)‘ﬁé?wal?g‘ﬁgg%”rom about 1
hour to about ¥ Hay® 8F sEhfenbRL brisiissionah riuiassrHisitedamsuY i Heurafter
contacting the cells with the candidate differentiation factor, about 2 hours after contacting the cells
with the candidate differentiation factor, about 4 hours after contacting the cells with the candidate
differentiation factor, about 6 hours after contactingthe cells with the candidate differentiation factor,
about 8 hours after contacting the cells with the candidate differentiation factor, about 10 hours after
contacting the cells with the candidate differentiation factor, about 12 hours after contacting the cells
with the candidate differentiation factor, about 16 hours after contacting the cells with the candidate
differentiation factor, about 24 hours after contacting the cells with the candidate differentiation factor,

about 2 days after contacting the cells with the candidate differentiation factor, about 3 days after
contactinn the caelle with the candidate diffarantiation factor ahoiit 4 dave aftar contactina the calle with




be selected from compounds, such as polypeptides and small molecules. For example, candidate
polypeptides can include, but are not limited to, growth factors, cytolcines, chemoltines, extracellular
matrix proteins, and synthetic peptides. In a preferred embodiment, the growth factor is from the FOP
family, for example FGF-10. Candidate small molecules include, but are not limited to, compounds
generated from combinatorial chemical synthesis and natural products, such as steroids, isoprenoids,
terpenoids, phenylpropanoids, alkaloids and flavinoids. It will be appreciated by throse of ordinary skill
in the art that thousands of.classes of natural and synthetic small molecules are available and that the
small moleculed CERtEmplate§ s & iFFTRE FREIHETE USSR R BIFiRoh B IAiiER t&7the classes
exemplified abokfeiesFyhsie ARt Si9PaH (rivldess|Benaipwr Aided b e tan whoig lit2ie <&/ thaess 1000 amu. In a
preferred emboelimentiewmal malsaoisavstineid Har sxanple R4, ldentificatianefFactors
Capable of Promaina.{beillereniintan ALRRILRORIN 6 ER1Eg L IHRe (Bl [QedS10ter
aspects of the s&:g&gup&g%@so sd s%qg}ed heirenghgglatettoume/thods of i ent%{)l (? one or more
differentiation faCtors CapAble of pramoting the Sirerartation of PO S dttid foréetendoderm
cells. In such mEFEER! e e tBeb e PGof(iairshies #horsTH D ets fositheet Ribegut endoderm
cells is obtainedesrbatirboexiSressin oiitmaskenia tHe, cel tulituse.orseetpppulaliamiseetermined.
After detgrm_ irrl\ i %%%%pms%m@tm&m@ymitﬁa@sﬁ%%&égm%ﬁ%ucﬁu'Uéﬁ% Jols Q%LL,PQ:H%AL%ELOE e
contacted wit ifferentiatio tor. In same embodiments, the expression of the marker
is determined a?i%%ntigg)%?%éﬁg@ﬁﬁgsé%s o?t’f)f%‘f%e%%%%% |ﬁ§%3€ésé S B R R e
differentiation fABBF™H¥HE expression of the same marker is then determined at one or more times after
contacting the cells wifi%He cahdithetdifferairtiatio FHAC towsitivtferexpeatsion efithe: marker has
increased or degreased-aftesrqontast withdhe sandidate differgntiationfacienas cunpated to the
marker expressign.arin sontpdwiflibe sandidais,difeentiation factor, the candidate differentation
SItv

factor is identifiei()j atszélf able o promotln%tge differentiation o ) | e_?gf%agut endoderm cells.
In preferred emBOHiMEhtE e FESER B RE HeRk SPIEHBHamIRAT Byhomsr igbast i %ome
embodiments ofthe P8 Yt é¥Etiberitrhdth 6, thautdhBdrmoretnes arwhistatthevniarker expression

is determined aftenaortaetngihe cellswithithe condidatemdifferertiationdasiorsamrange from about 1

hour to about 10,4ayg.re¥; exaMple: BaKer s defermined,about 1 hoyr after
g %%gr?gi%z%e g@fzfﬁjﬁﬁ%ggﬁ%@%%&ﬁ%ﬁ??h@ﬁrﬁg;/#e)}r)gontatg#{lg the cells
ation At out

contacting the ce}\lg H\%m Siag C ] :

with the candidfe differentiat Hor AbBU RO AHEP L oMHSEERY h &t SR candidate
differentiation f&tcidbdt corotiacaiercbhmeamgdte &ons witmsleantidaterdifferentiation factor,
about 8 hours afteresithctingie Bzllswithdheccarklidaterdifferentiaticmdactosmahonbad hours after
contacting the gelig:withcthe casnsidate difesentiation factarabputd2eursaliercagiasting the cells
with the candidajg differentiation g%goré(gut%gu} 1%}Q(ﬁ)lurﬁsd{'%g%eru cqntactiggd'%p. cglls with the candidate
differentiation factor, about 24 Hours gfter con actlngrfhe CelTtR THe Canditsts Hiffféftiation factor,
about 2 days af?é%?ml%"&tﬁ’f@mtﬂ% &1 9G078% (e LR RbIARE BitferioritistiBirtdetdt Einsursvaays after
contacting the cetikuwiteukderodied kletevtifledantistivarfenttd ritiBUB 2V dAlyscaftermesntac ey the cells with
the candidate difigrentiationdacminabeut BbelaysRfieneomacting hecelswik the sangidate
differentiation f 0 S I ' cells,with andi differentjation factor,
about 7 days a? ﬁ%%gﬁ%ﬁ};}% %?g’ggﬁtsﬁ\?v%f%n t%?gﬂc%%\%tll(%g ﬁ%eal?%ﬁﬁgt%ﬁb%g%r?{hﬁgﬁﬁ g ays after
contacting the CRRE wifth FREChriaRRE Attt PRRTHGh $ator S20BarY &y L et bRty the cells with
the candidate ditfetertistigh3 fatteboudSutbe dayisebite FEmrtat fligthe T8l wittKilheeaitlidate
differentiation fasser wxmose: than Aeutays, afier contastinganesails siththe eandidateifferentiation
factor. 102451Ag dessribgd: Rsrviaysyecandidate differentiation factors for use in the methods

described herein can be selected from compounds such as polypeptides and small molecules.

[2scIAlthoughyeaii-Al the aihadagisclesasisiein havepsen desciied il ieapact 10
PDX1-positive mi@get-endoderm cells, it will be appreciated thatin certain e liments, these
methods can be used to produce compositions comprising the PDX1-positive foregut/midgut
endoderm cells that dfé%describedviferdmndifersiothe HRXmibes ridedard ode immelsipftthe posterior
portion of the forigutithat@resdesaribeididheraiion Fiisth ePDIOT@: gAY fahR 1P Slivopasitiveendoderm cell
types disclosedkindthis spesificasioncrn fe-uilizaddn heserseninameihodsdesstibed perein.
(02471Having agneraly descripedt his ¥entionsa further undersianding,can be obtained by reference
to certain specific examples which are prov c?édshereln for ;ﬁﬁp%néeé’“(%f |Ifhe§trr%lﬁ%neoﬂﬂ9}“§nd are not
intended to be limiting. EXAMPLES [0248]Many of the examples below describe the use of pluripotent
human cells. .38-




Methods of producing pluripotent human cells are well known in the art and have been described
numerous scientific publications, including U.S. Patent Nos. 5,453,357, 5,670,372, 5,690,926,
6,090,622, 6,200,806 and 6,251,671 as well as U.S. Patent Application Publication No. 2004/0229350.
EXAMPLE 1 Human ES cells [02491For our studies of endoderm development we employed human
embryonic stem cells, which are pluripotent and can divide seemingly indefinitely in culture while
maintaining a normal Icaryotype. ES cells were derived from the 5-day-old embryo inner cell mass
using either imrgygalegieal oL machanicl methads fordsalalienInpartisuler, e umap,embryonic
stern cell line hESCyt-25 was derived from a supernumerary frozen embryo from an m%ﬁttro fertilization
cycle following iﬂﬁ?ﬁ%@d%%?%ﬁﬂ@ﬂ%ﬁ%ﬁf%%ﬁ%‘ﬁmﬁ*ﬁ@m PREERAEYEREREES plated on
mouse embryorii fisratyastisl(tER des. ESpristdemPDdreEhe 89ouEB Simoih:essefftiahainino acids,
beta-mercaptoethapoluti& supplesenindhe snrbyoRdherqsdnthadcuivredish-andafier
approximately t\é@cygggléé, 5&@&% g%ff%%&@%mﬁ \mg%g%%%ﬁ%%r gegta'go new dsishes with

MEFs. Transfer was acggymffllshed with mechanical cutting and a brief di esfion with tglsﬁf)ase, followed
ort

by mechanical rSREVATCOPtREREIE g’ﬁé’f&%ﬁ/\%gﬁ?ﬁﬁeaﬁdh?%h@Wﬁ?%e%ﬁ%ﬁ?ﬂE@Cyt-% has

been serially pa$SaEcerEFE cE0P taasingy senspioirediths e BS ecipbmranierrismyonitstem cell line
as our starting nxsitestahforthelpre dtictibpopfidrfinitve.endadenn{) 2601 wilheappraciated by those

of slcill in the arthat-alem.cels,Qnather Plurinatent cells sanaliobsdised.as slaing material for the

differentiation procedures described herein. For exa% le, cells obtained from embryonic gonadal

ridges, which Céh“%gﬁ%’%ﬁ%% Vsrsﬁ%ftﬁ%‘g ??f(a)'ﬁlvéﬁe N ugegﬁ?,' %kﬁéﬁgﬁﬁ BB HSSEE R Sllular starting
material. EXAMBE b prispitesbodingisfFaifore foe sepithdisurnarsemplyshie’ SePPEel line,
hESCyt-25 has mwaintaibey!a-roitraleiotiph eldgimcaiyodyp #Dgreputhi entd:self dendwalgroperties over
TRAL-60 aniage Lol Gt e et e o e el Noaree oo S L

-1-60 antig f whic e gharacteristic of undifferentjate s and displays alkaline
phosphatase ac?t%?%ﬁﬁa%@v}\%ﬁ@glgﬁa{)%%%eﬁ%T%gsyr}fé%%%ﬁjftog%%ecre%%%%lig%%a%e@g ‘ﬁir]fgbs.a}/&urthermore,

the human stent3M (Al ESEEy b8 b518%F o dRP R LBk &t e Bweee (Eis rmels diftured in
suspension. As ardessiorestratidrraiisppidup et dridcire bh ESE yltiRBicliflerditiatasintokearious cell
types that repregeabib@dhieminencinahgesmblavens, Eelodambpieduaiopasdemanstmated by

O PCR for ZICk38 uglian mmHasdesieisly A6 o eslinA0d more fralie heyronal markers.
Immunocytochemical staining for 13-DI tubulin was observed in clusters o ef’on ateagceﬁs,

characteristic of B3R REGrOAS PTEGIOU W RS EEST Sugisneibres Femedheid, to induce
differentiation of plurig8t@Ht stefvt éestigtrg (isherial tenBudeln ), BiXexrarariygronibdineage. Treated
cells expressedakigh:iayelghoPbxiBiogtotein AP Blianrab0XY 080 Madwes sabodinhy d4hours of

treatment. Cellsdifferantiated inmanelayer Sapesses AR Beil-nhofadic.Ratshes As.deragnstrated by
immunocytochemical .stalp(l)gl%. I,IAB% will be described %eIQP\%g{t %{?ES&)&/T-ZS cell line was also capable of
nti

o0y V& SORA EPAE BN A &% tion (Q-PCR)

. nitivELess I 5, wyiich are expressed
forming definitive’endoderm, as validated by real-time qu e’ _
and immunocyt8eHehiisH for S8 O et SREECsfsribrdespraeiSincy BRI wrorbw dte
differentiation tenresed éynerdiffetentaltingds Beaie reiatdlyadéddar Brochyhryeganeoapigssion at
several time poifls. SrAQIMHY SXRIRIHON RHRISEIREAES T eheaYas s course f dhe experiment.
In view of the fore omgg the hESCyYT25 line.i Qlur otent as shown the a |I|'%dto for{:n cells
. mall%er fie er;%u £SRI0N ):? aﬁﬁﬁgﬁ% wlx_.glp ceral endo, % pemal egtoderm. For
representing the three gernt layers. EXA 3"Production 0 Antibody ‘
example, m some embodiments, the expression of markers, which are expressed in visceral
endoderm and/or newral cells, including, but not limited to, SOX7, AFP, SOXI, ZIC1 and/er
NFM is determined.
10260} In some embodiments, PDXl-positive foregut endoderm cell cultures
produced by the methods described herein are substantially free of cells expressing the SOX7,
AFF, SOX1, ZIC1 or NFM marker genes. In certain embodiments, the PDX1-positive foregut
endoderm celi cultures produced by the processes described herein ere substantially free of

visceral endoderm, parietai endoderm and/or neurzl celis,

-34.



[0252]A primary obstacle to the identification of definitive endoderm in hESC cultures is the lack of
appropriate tools. We therefore undertook the production of an antibody raised against human SOX17
protein, [0253]The marker SOX17 is expressed throughout the definitive endoderm as it forms during
gastrulation and its expression is maintained in the gut tube (although levels of expression vary along
the A-P axis) until around the onset of organogenesis. SOX17 is also expressed in a subset of
extra-embryonic endoderm cells. No expression of this protein has been observed in mesoderm or

ectoderm. It hag, nql%% been discovered that %Q&%ﬁg&@@gﬁggi@%ﬁ arker for the definitive
endoderm lineage when é‘g‘ﬁfé’ﬁmﬁﬁ?ﬁm markers [0 exclude extra-embryonic lineages.
[0254]As described infGatAil heVaihramer'Serddontinsrgy ik e drepbeimesy EREMine effects of
various treatmegvitian thdgffersivtiettion!js o dd srssaimedtet ahiopputifisdtion sohS@iddnpositive definitive
endoderm cellscADthpuaiiib QairsAsaCivg 19 ARR, (SEARG RTRI R paddinensialso employed
to rule out the p&gggglg%&f visgeral and parietal endoderm (extra-embryonic endoderm). [0255]In
order to produce an anti odcy against SOX17, a portion of the human SOX17 cDNA (SEQ NO: 1)
corresponding to aminG%eids 1739 £FEXETES NO 5 HIRIRE L AFEBRS e iareRd BPHE sox17
protein (Figure Pragasngodufeeisareficctrrmentnizbsiohtrraeiié denaenedipdraldbtishcompany,
GENOVAC (Freibetgfoermay carentdirg ¢9)pracedisascdavaigpetdbereiduneats sfor genetic

immunization capdRe.{auatin WS-BUCHMNOGBE30:H Gofif LOaHE:d05993an0.6:261,281 as well
as International Patent QQ {L%%tk’ Publicatio s, W0Q0129442 gg%,WO%l 3915. L0256]Other

suitable method€ for élsene iC mmunﬁ?ﬁf%‘ﬁ %Frés ‘also descrmed in the ?léﬁgﬁtg’t%tnfﬁé’rnaetuor%’. For

example, Barry @t eleis crseprdipg St ction BeRsHE e A Ersmsedissetlyiydietrestniitaization in
Biotechniques Tbirbdca624l, H84bLSpenifignexaimplds wigenietiownamumnizate PiiEthosisto produce
antiboqies{_ agaimﬁﬁ%ﬁ%@mtﬁf%;cbﬁ gaie@@odttsaf &mgi@?ﬁﬂ %%@fﬂ%?ﬁ%@éof@g%) ?ene?c
immunization agali n thyrgtropin receptor.caus roiditis and. allows production o
emodlona: an R 8 B e B o ot
(1998) Gene guiTitietieh SEC PR ATy Ss AT RS Mz AfiBriEmAdd i dap (B s dUEHsEBIMAGRe monoclonal
antibodies to thédeite8triggeptol; vy Hdbidiadhi?; 569ubl76 28¢ lmmslive GFRabr { D80R)ckilzmtification of
hepatitis G virug-naiielasHame man seru b specifiempososionalanthodiessagnenated by DNA
mmunization, Jo kgl 12 ASA1eA55: KiPSEMAND, g lhe{A989) SENSIRICNGLTGNRCIonA antibodies
against proteins with an unconventional nucleic acid-based immunization strategy, J. Biotechnol. 73:
119-129; and LfRHER 8FAF t(’l%G) Generation of a monoclonal antibody to a defined portion of the
Heliobacter pylori vaclfdfdting djrotssintly poiNdckimsudizationbycBiotdedindrpeengelsgn.  [0257]
SOX7 and SOXdii-axaidlae ¢l agestvd exdbamil yrieiaive PIIK SOl as<depisdedtn ihassettional

dendrogram shownJn.Eigure 3. WR.SPRINEH NS AHMAR.SQXERolMRENCR A5 2Regative control to

demonstrate that the %OXlZ tibodt% Joga Su&edobyéh seenetic%%murgi%ati n is S t% ifi(fnfcgg 1x§eOX17 and
does not react With'its X7 afd Gther proteins were expressed

e S TR e el I harneutar

in human fibrobPaSestimer b FUaRRIg PP TBF Pe s e Rt thal et P Panmesdy tiswestern blot
and ICC. For exampikpilke FOlOwHagimaetliogs wesd wiblizeHAICE. tRBPreduttioribfahecdBnd 7, SOX7 and

CGF eoresian sy mplon iy TP estsand srshs by o
xpression vectors Q r the production and.. were riGene
e hmalontos i by M S RERGHES e ‘grft oo fy S e
(Clonetech, Pal8*BRE=CRY FeifiaethrenrE Sr st SHEE%QFE%&W%@‘mtaHzed MDX human
fibroblasts were transiiéatH) trarisfeidteeh withe supsiceilied @A, B preserciredut pddéatamine 2000
(Invitrogen, CarlghadafCAde TOlalGelIHasivsates waracalleciadad hauwspostfransiestian in 50 mM

TRISHCI (pH 8%%& %M&??évm%%&é@%&_ﬁ%)09%%%%?'%&%089@949&%@1&89% il Qfprotease
inhibitors (Roche Diagnostics Corpdration, Indianapolis, IN). Western blot analysis of 100 pg of cellular

proteins, separdfBd P SHEIABE OR NGRS ETH L B gratie Fﬁpﬁﬁﬁ’ﬁﬁé’ﬁﬁ%é&ﬁﬁ\?ﬁ%ﬁen ,
Carlsbad, CA), émektapisfisrreetlby electro-blotting onto PDVF membranes (Hercules, CA), were
probed with a 1/1000 gikospn ofitheliraé Sfprecdafeantia=seasumdie-1ediel TRiGuhtal] iépiktid), 450 mM NaCl,

10% BSA, 0.05 % Fwesns204 S Bancek otisuMnfaloweskhy Asating.Rhgsphatase conjugated
anti-rat IgG (Jacksonérd%gg noResearch L%tl) rag;rée, Ze&/\{f)sﬂt Groveh EA?S, ggg reyealed .ttpﬁough Vector
Black Alkaline Phospha aJ:a stalﬁ!flr%g Vector Laboratories, r_TlnrliIé:aeMe, A, fﬁeoﬁr%%lr?s size
standard used W3R PARIGE | RPN SIS HGRE S Endan ISR Po PRSIty AoProtein

extracts made from human fibroblast cells that were
~40-



transiently transfected with SOX17, SOX7 or EGFP cDNA's were probed on Western blots with the
80X17 antibody. Only the protein extract from hS0X17 transfected cells produced a band of -5 ada
which closely matched the predicted 46 Kda molecular weight of the human SOX17 protein. There
was no reactivity of the SOX17 antibody to extracts made from either human SOX7 or EGFP
transfected cells. Furthermore, the SOX17 antibody clearly labeled the nuclei of human fibroblast cells
transfected with the hSOX17 expression construct but did not label cells transfectee-with EGFP alone.
As such, the SOX17 antibody exhibits specificity by ICC. EXAMPLE 4 Validation of SOX17 Antibody
as a Marker of Iﬁgﬁtﬁ|ﬁ?%“l’£"ngl%(é?rﬁoféﬁs%%?%WWW%F&%@%ES@@W@MM@U@M# with SOX17
and APP antibotfiésamadeniasstate dfardhadsO X7 santibadydmspecific fars hwmRan SE¥%47 protein and

furthermore masks-ciefiaisive ﬁngqﬁe%éae&t hasbesn %m&stﬁét%ghﬁhék QR 10o2n eﬁg"%fh Isa
closely related r.of t eng famil F F ure nd APP are each expressed
pEmRgLa D5 Bfmgv fos %fﬁ ik, Ongé’ée%’%g RFIRBh IS cells at

in visceral endoderm. HOWGVGI‘ are not express

levels detectabl®H§ RIEERoy fﬁ???%é&‘%%é"é’fﬁﬁl%@&% Relfatitraosiidrestoridoddfite definitive
endoderm cells e Shwswrsthar8OXtzdntibody labels populations of cells that exist as discrete

groupings of cells or qnenh}ternmg@ﬂwﬁmedgeemg\ﬁerggll&ulBog@ggghg%;,cgl'%ﬁgrg%mgws that small
numbers of SO¥L el suie oISl MNAER-T UYL, [PHaEIE R0 QU ere there

were little or no APP -l;rgc?lls in the field of SOXl " cel s Figure imilarly, smceO[%P &tal endoderm

has been reporfSdToraxpIR SRS 17 PIRHBIES B SelamiHssy ﬁlﬁ?m?%@ﬂ%?@m%@ parietal
markers SPAREESH/Sqdsrs e e dalir{drd) vamn betubed to idebdity5thdB@XbEpaeglls that are
parietal endoderntreds Stbvpapirkfigu tesGﬁAc(ﬁmEElarom%@dﬁﬂﬂdﬁﬂﬂr@@ﬁi?&%&b%&g@arietal

endoderm Ce'|Séﬁ(ﬁ;@rﬂr&ﬂé&ﬁ%@ﬁﬁé}ﬁg%%ﬁ%@%ﬂﬁ@%“t%&ﬁém&?d 19%60 S of th above cell
labeling experim ggldentgﬁ defrigxltl Ve e doderm cell can be estab the marker profile

SOXI7bi/AFP1'7 B RRE™ Hh P Wor S THE RBreas i 4P ﬂ‘?@@b&rﬁ‘ greater than
the expression %@%@ﬁ%ﬁé@%ﬁ‘id%@%r%bt&@?éfdﬁ%@‘éﬁalcem%wamﬂfeﬁM or SPARC

markers, which mrelgivasactet| stirofspani gtabendattetime A RIsingiyistb ase celsipesiivador SOX17 but
negative for APBR A b M SRARER Bl e SaEAg eI (281 A5 g ther evidence
of the specificity, ofth thﬁ&@X&?l{%ﬁl/AF&lM Il\l/ISIYP%I;?ARCIO arker rofile as predlcP ive of definitive
endoderm, SOX17 an ene expression was qﬁosﬁr{vf3 RIS &XRIET SHTSThEE RIS number of
antibody labeledPRHAL WP AreiglrBly s “Mtﬁ%@mﬂ nerisResrie viseesal endoderm
inducer), or activin A (definitive endoderm inducer), resulted in a 10-fold difference in the level of
SOX17 InRNA expressiancdhissaspiinirsgiedihe:lG-ald-gifference in SOX17 antibody-labeled cell
number (Figure 7B). Furthermore, as shown in Figure 8A, activin A treatment of hESCs suppressed
APP gene expression 3%, 8-forrmeebaipraischstobad reinraletsttT bil wwasoviswallpdedleeted by a
dramatic decreaseriss threceilmipaindhd) Rdabeie direllgdsattResacuitesasshawndnebigures 8B-C. To
quantify this furtbesvit svaaslemansizaiaehal this %@wm&%ﬁ%@f&kﬁ fecraasg in Abk.gene
expression wasythe. result gﬂ‘ a sjmilar 7-fold gﬁ% rease in ?P ntlbody labéled cell number as

extret

measured by flow ¢ tometry F| jires ABY ThisHesuTt I s RRE SRESF AL ifindicates that
quantitative chdft @’éthéc%@?gﬁiﬂ%@ %QP%VRQ“P"G@W‘ré@éﬁ%ﬁg@sﬂmﬂaﬂyp@%peufmaﬂon
as observed byasthiizahfestdiritgdift26 ZtsoubationothERCS in the presence of Nodal family

members (Nodal, [0209] Other embodiments described herein relate to compositions, such as cell
cultures or cell populations, comprising cells of one or more cell types selecied from the group
consisting of hESCs, PDX1-negative definitive endoderm cells, PDX]-positive foregut endoderm
cells and mesoderm cells. In some embodimenis, hESCs comprise less than about 5%, less than

about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the

culture. In other embodiments, PDXI-negative definitive endoderm celis comprise less than
about 90%, less than about 85%, less than about 80%, less than about 75%, tess than about 70%,
less than about 65%, less than about 60%, less than about 55%, less than about 50%, less than
about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%,
less than about 20%, less than about 15%, less than about 12%, less than about 10%, less than
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activin A and activin B - NAA) resulted in a significant increase in SOX17 antibody-labeled cells over
time. By 5 days of continuous activin treatment greater than 50% of the cells were labeled with SOX17
(Figures 10A-F). There were few or no cells labeled with APP after 5 days of activin treatment.
[0263]In summary, the antibody produced against the carboxy-terminal 242 amino acids of the human
SOX17 protein identified human SOX17 protein on Western blots but did not recognize SOX7, it's
closest Sox family relative The SOX17 antibody recognized a subset of cells in differentiating hESC

cultures that VERe HRORL H0IE ), (Grcpder 1030, 20 QLADELe G AEIRLARNEL 2S & smal

percentage (< 5 that co-la or SOX17 and APP (wsceraf endoderm). Tréatment of hESC
cultures with a&ﬁ%ﬂﬁgc’%gé‘l@d‘ffﬁ HepARPREH L Retioh! SFE & e YETe BSOSO FrAdmERS s SOX17
labeled cells antegramatidabysupplesfad thareditebsickroRRRBIHRINAarGIME Biimber of cells

labeled with ARR,apsiaoth EXAMPLE.H70:8 GR @ansokoaressionaAssay 4R 64d tthadallowing
experiments, reghlime %m?“o“t%tk\ﬂ% Rls (Jb%ﬁa t'i@!)?le\é\.éaa%aﬁ@%&{ Ye?sseﬁéyauéﬁgsf@r fgreening the
ere

effects of various tfeatments on h ntiation, In particular, réal- t| urements of gene
expression Wer@a&ﬁaﬂ?ﬁe?%d?sﬁ?ﬁﬁﬁﬁ@%rﬁ’el?ségﬁ@? a?ﬁﬁ%iﬁ?&s fﬁ??eaf)élﬁﬁ / byeﬁ%ﬁﬁ’ Kharker genes
characteristic of2telehe giredbas Wedl s thanl ebire S odistyirasaur@elaitemeeb ot dirasister
understanding efdheayvriathdynamies abihacaliutapaptiationssohhe/sifergteofQ-R@R analysis
includes its extrgme. sensitivity and relative ease of developing the necessary markers, as the genome
sequence is readily available. Furthermore, the e ue en%mv]ﬁ\é %PCR %)ernluts detection
of gene expression i Y relaﬁv%ﬁ?%%gf?%% arof ce sw R RGOSR ar er’popu ation. In addition,
the ability to det»‘el’f@l%?yqéwqwelgnéﬂ@&ﬁeﬁ‘ékbF@s@@?ﬁsf?ﬁ%’é@%ﬁ@é{@ﬁ@fﬁm@ﬁ&%atlon bias"
within the populaticine Thenbiasitowares thepasgticiaretifiere ntiation: pathndiangnisrite torthesevert

differentiation ofJans& 9&%‘%@@@@%%9%&%%@&@%&%&%&%%m&»ﬁ%@m%' techniques.
For this reason, QLR Qiovides amethod ol anaeisdhal n.atieast somplemsnipn,and potentially
200U [15 835 a orse r,e £as i £as

much superior {6 |mmunocytoceﬁaem|cal tec’hnlque ening the success of differentiation
treatments. Addrasaamg 8 PERDIBHLE a2hiBEFARTS M ’bW\kﬂﬁf&i’Pfﬁt eV4aiaEBstRROE e of a
differentiation pratogehirs@sudmntitadive7fotnatcat semi?fight o dglpét’s chlest ebanalysis. [0265]The
approach takembharg,wassin pedfanmseiatiye: tiantibalion using:SYBR Ly een ehebistryian a Rotor

Gene 3000 st e G Rl ARl anarlz?s”%%r% O-AeRRIECRIA 1uch anpaproach allowed

for the banking sample sIs of additional er genes in the future, thus avoiding
variability in thecPé\ié‘Pé‘@ttP%%PiﬁﬁBﬁ“éﬁbe@ by BARERLITETES TE SRR 8 signed to lie
over exon-exonposusrrdatigslores pareimrovsioiotiersi@on bishebrh Ps sidresta8aHidYadtbeen
empirically detegnings:taoeliminatemmnpification: fomn wontanrinating ey emic:RiA.Mvhen marker
genes were empgy%%mw& el 9&@%@%rymma%&tﬁmﬂm%wwﬂ%ﬁn%méﬁe | treatment of
RNA samples was performed 1[7 ) Wte1 rou t)fslbj/s th%§ f?o aeegsl%ra Qtel jene expression
of multiple mark&t %ﬁ"i‘é §& t%h“ﬁ%%ﬁ“%aﬁd@t%eeﬁs% Cels iR BFEFIS P Bioad profife ‘description of
gene expressiofrift M@é%{ﬂ@?%@“ﬁﬁéfkéﬁée@é‘%\ﬁﬂ Yoo %h@aé‘aﬁg%bﬁ’a’eéélﬁﬁb@%gcﬁﬁérentlatlon

(specifically ectadermsumesatesmbdalihitivdeendose i, arichextrarspaonyjenictenddtatirsand for which

validated primet aeis.are.Aalatle atp Brevidechbiglondiabiastad hi-puruansshesifislsof these

primer sets has also bee emon trat ﬁQlSl a ort tfa since thef%L SCs er%often grown
on mouse feedd¥ &y grs“%/fos ef%ﬁ:aﬁ%sm I s Orcehn ¢ congl\ti}{on and

Icate samp es Wel:l)’ en ?or ea

independently ﬁ?ﬂ?i@@%ﬁ%l@a@f&%&é&@ﬁé Eﬂﬁ‘fﬁ’@ @é‘lg\‘}hﬁ’&ﬁ?ﬁ’@‘ sdsde iteglmthEach
quantitative determinations F0268}Tk0 gitneram® € Rd dmistatél;s totalnRiA fwasligelated using RNeasy

(Qiagen) and quantitajgd ysingsRikaleraemn(MeiacdariRiobes) dRave adsanscliiianaseam 350-500 ng
of total RIVA wag faied QUSRI ccnehBt ISHEIRe. %@5&%&5@5@%@#&&5}%&%&&@&@ ggntains a mix

of oligo-dT and ran om Fach 20 R.L. reaction was subsequently diluted up to. 100 ML total
volume and 3 Ilﬁ%”ﬁ%%’delr?@%ﬁﬁﬁnﬂ‘ﬁk@ stk r&%tféﬁ@b"‘nt‘éﬁ%ﬁ'ﬂ%ﬁ% AMTFORIEIE LAY reverse
primers and 5 1¢b:2Xs8Y BRe@reentrh I8 H-nositit®iarren) opadsrsteple flithgud arametefSWere used
employing a 5 spcemnd denaty enadddsn 946 dapacificrliysalacted-asebnding taithénmeltingitemp of the

amplicon for eagh primer seffallowedhy @45 %ﬁ?%&ﬁ%@é@gﬂa@eﬂ ECkFluaresesnce data was

collected during the last 15 se onds og eachce3 ge}r;glg gptélace% %ree oint,,10:fo &Ld dllqun series was
used to generatbie BB AT B  ER A and SaE Hires JQ& S) were converted to

quantitative valrsgulsiisesrorrtisaspdarer & RIEC R disdpraeat cerodmm s Foth S&7EIE were
normalized to housekeeping gene performance and then average and standard deviations were
calculated for triplicate samples. At the conclusion afPCR cycling, a melt curve analysis was
performed to ascertain the specificity of the reaction. A single specific product was indicated by a
single peak at the T, appropriate for that PCR amplicon. In addition, reactions performed without
reverse transcriptase served as the negative control and do not amplify.




[0269]A first step in establishing the Q-PCR methodology was validation of appropriate housekeeping
genes (HGSs) in the experimental system. Since the HG was used to normalize across samples for the
RNA input, RNA integrity and RT efficiency, it was of value that the HG exhibited a constant level of
expression over time in all sample types in order for the normalization to be meaningful. We measured
the expression levels of Cyclophilin G, hypoxanthine phosphoribosyltransferase 1 (HPRT),
beta-2-microglobtdin, hydroxymethylbiane synthase (HAIRS), TATA-binding protein (TBP), and
glucoronidase beta (GUS) in differentiating hESCs. Our results indjcated that beta-2-microglobutin
expression levelE TR TEEFTR TR SOt aR ST oiFrE BRTA o7 RSt SYPE R 2 k2r A the use of this
gene for normaliZB¥#ehporiiacoitreguy epioden wibite sntistent<RBAISTEX laves o vistitie as well as
across treatmenigoddte ol aehsdisesHDHD Cyplaphil foréuaachid 401 Galeubaievarneuo@ization factor

for all samples.pF3g hige:nt RudliRle Hisaaimnianeaush:reduess Rauariablibaiprienkte the
normgllzatlon pfocess gtvnegy |{bc6803?8%1t_gggre‘lrla%%‘gg %heo {{glatl\e/ﬁ %egg texgressmnlye\due& [0270]After
obtaining genesTar His& A normalizatoRe o Was TR Tz ed 1 S hing tHePP&iRtive gene
expression leveRs g RigeraiRE foy abres Aero WL APl seteidiiiaitrendnieaxprdningelseal treatments.
The marker genes:e mpliX/eebtidgectizesn clieken bdicausbdheywexsiloirentehpaent darapseific
ltohor; ulati?JI r_\f? repﬁ&ﬁ@&&@@&ﬁ,@i 1@3@ mﬁ%ﬁ Q-Qm"!'@ﬁg‘ff @ﬁgu{@ﬂa@a%wi@ﬁ ﬁ@x&ipau@q%mqfh of genes

at are differentially expressed in definitive rm ra:emhbryonic endoderm.. These genes
as well as theirnr%giaa%\t;eé Ee%rx#lacvﬁrfc%leﬁt%?o?l rlézsé %ﬁ%ﬁaﬁ %ﬁw?e%? ﬁ(ng%?gel?o%ﬂ% E‘I‘Eofg r@ecﬁlgpfoéyer nge

Expression Dorffaf&ery 1O bR esEseriremandie: it et dresiigqyaliBbal e frrpent

endoderm cell for about every 5 PDX1-negative definitive endoderm cells, at least about 1 PDX1-

positive foregut endoderm cell for about every 4 PDX 1-negative definitive endoderm cells, at
least about 1 PDX1-positive foregut endoderm cell for about every 2 PDX1-negative definitive
endoderm cells, at least about 1 PDX-! positive foregut endoderm cell for about every 1 PDX1-
negative definitive endoderm cell, at least about 2 PDX1-positive foregut endoderm cells for
about every 1 PDXl1-negative definitive endoderm cell, at least about 4 PDX1-positive foregut
endoderm cells for about every 1 PDX 1-negative definitive endoderm cell, at Jeast about 5 PDX1-
positive foregut endoderm cells for gbout every 1 PDX1-negative definitive endoderm cell, at
least about 10 PDX1-positive foregut endoderm cells for about every 1 PDX1-negative definitive
endoderm cell, at least about 20 PDX 1-positive foregut endoderm cells for about every 1 PDX1-
negative definitive endoderm cell, at least about 50 PDX1-positive foregut endoderm cells for
about every 1 PDX1-negative definitive endoderm cell, at least about 100 PDX1-positive foregut
endoderm cells for about every ! PDXI1-negative definitive endoderm cell, at least about 1000
PDX1-positive foregut endoderm cells for about every 1 PDX1-negative definitive endoderm cell,
at least about 10,000 PDX1-positive foregut endoderm cells for about every ! PDX1-negative
definitive endoderm cell, at least about 100,600 PDX1-positive foregut endoderm cells for about
every 1 PDXl-negative definitive endoderm cell and at least about 1,000,000 PDX1-positive
foregut endoderm cells for about every 1 PDXl-negative definitive endoderm cell are
conternplated,

[0212] In some embodiments described herem, the PDXl-negative definitive
endoderm cells from which PDX1-positive foregut endoderm cells are produced are derived from
human plaripotent cells, such as human pluripotent stem cells. In certain embodiments, the
human pluripotent celis are derived from a morula, the inner cell mass of an embryvo or the
gonadal ridges of an embryo. In certain other embodiments, the hnmen pluripotent cells are
derived from the gonadal or germ tissues of a multicelintar structure that has developed past the

embryonic stage.
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MIXL 1 endoderm and mesoderm GATA4 definitive and primitive endoderm HNF3b definitive
endoderm and primitive endoderm, mesoderm, neural plate GSC endoderm and mesoderm Extra-
embryonic SOX7 visceral endoderm AFP

0213} Further embodiments desoribed herein relate to compositions, suck as cell
cultures or cell populations, comprising human cells, including human PDX1-positive foregut
endoderm, wherein the expression of the PDX1 marker is greater than the expression of the AFP,
SOX7, SOX1, ZIC1 and/or NFM marker in at least about 2% of the human cells. In other
ermbodiments, the expression of the PDX1 marker iz greater than the expression of the AFP,
S0OX7, SOX1, ZICI and/or NFM marker in at least about 5% of the human cells, in at least about
10% of the human cells, in at least about 15% of the human cells, in at least about 20% of the
human cells, in at least about 25% of the human cells, in at least about 30% of the humen cells, in
at least about 35% of the human cells, in at least about 40% of the human cells, in at least about
45% of the human oells, in at least about 50% of the human cells, in at least about 55% of the
human cells, in at least about 60% of the human cells, in at least sbout 65% of the human cells, in
at least about 70% of the uman cells, in at least about 75% of the human cells, in at least about
80% of the human cells, in 2t least about 85% of the human ceils, in at least about 90% of the
human cells, in at ieast about 95% of the human cells or in at least about 98% of the human cells.
In some embodiments, the percentage of human cells in the cell cultures or populations, wherein
the expression of PDX| is greater than the expression of the AFP, 80X7, SOXI, ZIC! and/or
NFM marker, is calculated without regard to feeder cells,

[6214] It will be apprectated that some embodiments described herein relate to
compositions, such as cell cultures or ceil populations, comprising human PDX-positive foregut
endoderm ceils, wherein the expression of one or more markers selected from the group
consisting of SOX17, HOXA13 and HOXCE is greater than the expression of the AFP, SOX7,
SOX1, ZIC] and/or NFM marker in frora at least about 2% to greater than at leagt about 98% of
the hurman celis. In some embodiments, the expression of one or more markers selected from the
group consisting of SOX17, HOXA13 and HOXC6 is preater than the expression of the AFP,
S80X7, SOX1, ZIC1 and/or NFM marker in at least about 3% of the hurnan cells, in at least about
10% of the human cells, in at lzast about 15% of the human cells, in at least sbout 20% of the
human cells, in at least about 25% of the human cells, in at least about 30% of the human cells, in
at least about 35% of the human cells, in at least about 40% of the human cells, in at least about
45% of the human cells, in at least about 50% of the human celis, in at least about 55% of the
human cells, in at least about 60% of the human cells, in at least about 65% of the human cells, in
at least about 70% of the human cells, in at least about 75% of the human cells, in at least about
80% of the human cells, in at least about 85% of the human cells, in at least about 90% of the
Imman cells, in at least about 95% of the himan cells or in at least about 98% of the human cells,
In some embodiments, the percentage of human cells in the cell cultures or populations, wherein
the expression of one or more markers selected from the group consisting of SOX17, HOXAL3
and HOXCO is greater than the expression of the AFP, SOX7, SOX1, ZIC1 and/or NFM marker,

is calculated without regard o feeder cells.



visceral endoderm, liver SPARC parietal endoderm TM parietal endoderm/trophectoderm Ectoderm
ZIC1 neural tube, neural progenitors Mesoderm BRACH nascent mesoderm [0271]Since many genes
are expressed in more than one germ layer it is useful to quantitatively compare expression levels of
many genes within the same experiment. SOX17 is

[8215] Additional embodiments desczibed herein relate to cotnpositions, such as cell
cultures or cell populations, comprising mammalian endodermal cells, such as human endoderm
cells, wherein the expression of the PDX1 marker is greater than the expression of the AFP,
80X7, SOX1, ZIC1 and/or NFM marker it at least about 2% of the endodermsl cells, In other
embodiments, the expression of the PDX!1 marker is greater than the expression of the AFP,
SOX7, SOX1, ZIC1 and/or NFM marker in at least about 5% of the endodermal cells, in at least
about 10% of the endodermal cells, in af least about 15% of the endodermal cells, in at least about
20% of the endodermal cells, in at least about 25% of the endodermal cells, in at least about 30%
of the endodermal cells, in at least about 35% of the endodermal cells, in at least about 40% of the
endodermal cells, in at least about 45% of the endodermal cells, in at least aboui 50% of the
endodermal cells, in at least about 55% of the endodermal cells, in at least about 60% of the
endodermal cells, in at least about 65% of the endodermal cells, in at least about 70% of the
endodermal cells, in at least about 75% of the endodermal cells, n at least about 80% of the
endodermal cells, in at ieast about 85% of the endodermal cells, in at least about 90% of the
endodermal cells, in at least about 95% of the endodermal cells or in at least about 98% of the
endodermal cells.

{0216} Still other embodiments described herein relate to compositions, such as cell
cultures or cell populations, comprising mammalian endodermal cells, such ag human endodermal
celis, wherein the expression of one or more markers selected from the group consisting of
SOX17, HOXAI3 and HOXCE is greater than the expression of the AFP, SOX7, SOX1, ZIC1
and/or NFM marker in at least about 2% of the endodermal cells. In other embodiments, the
expression of one or more markers selected from the group consisting of SOX17, HOXA13 and
HOXCE is greater than the expression of the AFP, SOX7, 80X1, ZIC! and/or NFM marker in at
least about 5% of the endoderma! cells, in af least about 10% of the endodermal cells, in at least
about 15% of the endodermal cells, in af least about 20% of the endodermal cells, in at least about
25% of the endodermal cells, in at least about 30% of the endodermal cells, in at least about 35%
of the endodermal cells, In at least about 40% of the endodermal cells, in at least about 45% of the
endodermal cells, in at least about 50% of the endodermal cells, in at least about 55% of the
endodermal cells, in at least about 60% of the endodermal celis, in at least about 65% of the
endodermal cells, in at least about 70% of the endodermal cells, in at lzast about 75% of the
endodermal cells, m at least about 80% of the endodermal cells, in at least about 85% of the
endodermal cells, in at least about 90% of the endodermal cells, in at least about 95% of the
endodermal cells or at least about 98% of the endodermal cells.

{0217} Using the processes described herein, compositions comprising PDX1-
positive foregut endoderm cells substentially free of other cell types can be produced. In some

embodiments of the present inveniion, the PDX1-positive foregut endoderm cell populations or

45.



expressed in definitive endoderm and to a smaller extent in visceral and parietal endoderm. SOX7
and AFP are expressed in visceral endoderm at this early developmental time point. SPARC and TM
are expressed in parietal endoderm and Brachyury is expressed in early mesoderm. [0272]
Definitive endoderm cells were predicted to express high levels of SOX17 mRNA and low levels of
APP and SOX7 (visceral endoderm), SPARC (parietal endoderm) and Brachyury (mesoderm). In
addition, ZIC | was used here to further rule out induction of early ectodernt.”Firally; GATA4 and
HNF3b were expressed in bath definitive and.extra- ryonic endoderm, and thus, correlate with
SOX17 express%lrﬁ ?ﬁltarg?iﬁft(ié/‘écegr?b oal’éirnt%eﬁbéjﬁl)éeﬁ%rg%é?gsgﬁté%\/%met@g%ﬁf%eeﬂli E%n8%n in Figures
11-14 which defiSifseabesmeninéRaRer GeRedsdeb e dTR e tevrrelate with each other
among the various safoplgs, thidssidghbotitiags, splecifictpates DB -gdifere ihatordtdefirtive endodenn
and extra-embryonic grdaderm asieihas Jamespermigh anth RsUreh e HoyPRsk {94 e, view of the
above data it is I(:Ieardt '%%reasing doses of activin resulted in increasing SOX17 gene expression.
Further this SO)gff%xpres&(jn predominantly represented definitive endoderm as opposed to
extra-embryonic endoderm. This conclusion stems from the observation that SOX17 gene expression
was inversely c@retabecEyyitiasidid? PBRIXT p 0H ISPARE DeftiveBrdsiunnCdXAMPLE 6 Directed
Differentiation of HumamgS Celisdefetinive: Brdodarasiassiituman Eagelh ctsgasrandomly
differentiate if culjlgyred gu.u&jder c%&gdrg

g adergandiionsdhahe nahacively malipi el undiffeeiialed state. This
heterogeneous allffer.e,ntlatlon results in productioh of extra-embryonic endoderm cells comprised of
bath parietal anfPPEERE PRI GBI AP MR- FE X ¥ eedietiratswdn 89€Hry ectodermal
and mesodermalositivpvistivisseandaiarikadls i FOtaeiehivith s tiiiftestotermiony Brantwia(ihesoderm)
expression. DefiaifivenchdectantectkpRpearance e Retdhrenexamises omspaciiRdderlack of
specific antibody markersinyeS cell clltures: 43 sueh.and.ny.defani. early defnitve;endoderm

production in ES cell cultures has not been well studjed. Since satisfactory antibody reagents for
definitive endodBrA E8FEavR $88FHRSVATRHIS rﬁ{fg%‘}aﬁ?g BRI SRR PR A EH Nas Y0 &TTEEd on
ectoderm and eerpdnshsy GHE Emgtitkn deiierathdgdere arls signitieariy bitateicinpdés of
extra-embryonicaiehifiviesigde roal Aollityoesin Lompass Mo B ¥t Eredetibidve-angoderm cells in
randomly differepfiatad g cell cultures. [0275]As undifferentiated hESC colonies expand on a bed of
fibroblast feeders, the cells at the edges of the caolony take on alternative morpholggies that are distinct
from those cells residilfg Within S FEEHSFBF RS CBIoRY RS AT B SSE B te FEi5RB& P2an be
distinguished byPHeir des e imedhrediee v vty pRERBPRS| SEyPERaEh R espies didmrhigher levels
of OCTA4. It has heeddastiibed-that bsdxarljsHs @QiK paiffetetitiataithaiffaliatthe tevels of OCT4
expression up ogdaws.ielalivene.undifisientialediES.calls, Aligration AL OGTddevels abgue or below

the undifferentiated thresh dFTa signify the initial tagﬁé f differentiation a from the pluripotent
state. [0276]Wh%°r111351}1°8ﬁ?§%{h |ate¥? (S:cgf‘oe%tgo%vng%mé%mmel(? g?g%%%ﬁ%ﬁﬁ%@%%%ﬁseﬁstry,
occasionally sméfftaeid Bita fibrplas s taser 7 p SRR Rt e TRttt ArFaRdd R B cations on
the periphery and@trifieljunctichsdemedimendii@i@ntatdd ESERBIdAies. As noted above, these
scattered pockets of opeicolopygdossaneas efiohesemeefthentikst ¢rllstadiffcsentiate away
from the classic cell marphology as the colqlh euylgnanded in.size ﬁec me more crowded
Younger, smallegrbf% 4 S e o e ffom; 4.5 &%msﬂ(s)lﬁ) S owggshgcsaxf%epositive cells

ygfjnrﬁ&ﬁ?erentlated calonies (< _ _
within or at the SBHEETB T C5IGHEESHNIE SRISFREJBY SIONTEROTEYS (FiF aTdfneRar; > 58ys old) had
sporadic isolatediffatotirisrdh SO FithersitivecdrRRe negatviancas withtoecse fipthefy<tfsdmeé colonies or
in regions interigico thenedge-thateied peldisplaysthe cassisahhF E storphalegy deseiited previously.
Given that this i he first devslonment.afan.effeclive. S0 XAAanihody. definitvs gndariata cells

generated in such early "undifferentiated” ES cell cultures have never been Rr wous{ demonstrated.
20% (v/v). In a preferred embodiment, the SOXI7-positive dehmitive en

contacted with RA, FGF-10 and B27.
[0222] Methods for increasing the expression of the PDXI gene product in cell

0derIn Cells are

cultures or cell populations comprising SOX17-positive definitive endoderm cells can be carried
out in growth medium containing reduced or no serum. In some embodiments, serum
concentrations range from about 0.05% (v/v) o about 20% (v/v). In some embodiments, the

SOX17-positive ceils are grown with serum replacement,
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[0277]Based on negative correlations of SOX17 and SPARC gene expression levels by Q-PCR, the
vast majority of these SOX17 positive, APP negative cells will be negative for parietal endoderm
markers by antibody co-labeling. This was specifically demonstrated for TM-expressing parietal
endoderm cells as shown in Figures 15A-B. Exposure to Nodal factors activin A and B resulted in a
dramatic decrease in the intensity of TM expression and the number of TM positive cells. By triple
labeling using SOX17, APP and TM antibodies on an activin treated culture, clusters of SOX17
positive cells that were also negative for AFP and TM were observed (Figures 16A-D). These are the
first cellular derpgnsitations:af SOX 14 posivadefinltiverendederpsalisin differentiatipg hESC
cultures (Figures 16A-D and 17). [0278]With the SOX17 antibody and Q-PCR tools described above
we have explored a niiédsjer of(srevedurescapdivie dsfooifidimmtly plugranmthidsg 8@ tiogbecome
SOX17I/AFPI | 2 AR T db-Aafinity e.andasatsasalis oY eapplictanmnahfhdiffergatiation protocols

aimed at increaging the ngﬁesr 1%‘99 n@r(allf%n%tl ggeorg&gydgfcgﬂ%%gu%%ggs%gg rr;*easu{g at | the population

level by Q-PCR for SOXL/ gene expression and at the level of individual cells “Sgl anti ody labeling of

SOX17 protein SFEFPINGFESVEFE 1hEWRS: %ﬁﬁﬁﬁ@?@%ﬁg&ﬁrﬁﬂﬁ@%ﬂffeﬂeﬁ%@oﬁw‘éﬁﬁ§/ growth
factors, such aghriatiotidedtivith/BowRidity diffctsdietve Sty défirfithyerermdideriekalisifrderoernbryonic stem
cells in in vitro cet&ttaEashniiipicakexpesinap the ackiiiaAdaetivingt, BMP eframhinations of these

growth factors %%eﬂggeme%ulteteﬁa%wm@@t@t% Ruman. sieREallineR- RbNkae to begin the
differentiation proces 6%2% 1As shown mo%%%gce?}%% addltlon of actlvk5 n A at 100 r}glml resulted in a

19- fold inductid¥ 678 gﬁm&g’r"es@ PR RS B HE S EBE LR BF diferentiation.
Adding activin Boiat 6 FasaeHerh B e fotre o CoTHiRE R, creiitn sitfmentiater facar redbsted in a 37-fold
induction over yngifiesentatedihE SCad yadayrb:bérc tnigine deaetingt trésbaient it inalliijaadding a third
member of the F@ERfamilfromctha b adalasivinantBMR ubaoips:BMRddoosiher with activin A

and activin B, in Fease the fold.induction to 57 times of.u dlffere tiated hESCs. F| ure 19).
When SOX17 |rc11C uc |oer§i with a%atm%%péensﬁoéwégwas%&%aggrér {to ng?qtor%gr%ée L?Fﬁssélon?rols 5-, 10-,
and 15-fold indtRETBRREFS fifetoqpdHEra RpR)- tith EBGHCTEY HYaBESS B srecnb &fh @pPtifth activins A,
B and BMP, SGx¢#Zswias dedemsetizmorgtirdrio Btends bigienttranshBSEs. thirgeénclédta ielicate that

higher doses anghlgngesdteatnpntiines abihe Y pdaliactivindfatRLam iy dmmheradasults in
increased expr%%?lon of SOX17. 102811 Nodal and related molecules activin A, B and BM2

facilitate the expression of SOX17 and definitive endoderm formation in vivo or in vitro. Furthermore,

addition of BMP result&fflan im{PovaleeB Rt miit cisrpe SSBR HrsTERthesartiristdlction of
Cripto, the Nodabtmisierepiest. (0282]Wistherrerdis hormstAafetith enddvervombintticreobactivitts A and B
together with BiMP4dieshitiniRadditebiteransearifed chklifindiichiommanahencadedinitives.endoderm

formation. BM13.addtiandererolpned @s‘:tleedél%&t@ygsptﬁtﬁqrepmmemmv@@y&% and B may

induce SOX17 in pariet vis erartéendo erm as Welas efi |t|\|{r§ doder

embodiments of e BrEEBAL fEVERAE Uit igHTaTTSs Vatudnits ﬁ%n% h& treatment
within 4 days ofiﬁﬁtﬁﬁRﬁW%%W‘éf@fé’ﬁﬁrﬁéltﬁéaéﬂé@%tETWFQGI’&&UP Wﬁ%ﬁ%@t"tﬁ@‘ﬁmdividual cell
level, a time coutse 947 6 BPHactos-Helaitherdl aspexam inconusidghSOX infiaaithady. [abeling. As

previously shomtadﬁimeésm et tsewaﬁp@quﬁmp&emgmrww}@@ttve Bimigy of SOX17
labeled cells over, } Sragoue |ve gbue%ngf ci%gn rgmgt % Qtvlvgs ﬁggg Ela% ﬁ%zo f]gld increase in

SOX17-labeled CAlI<! eif’?wls result |h iCates t 0 e RUMBErs of Cells as wé gene

expression levetAperieredsiGlone iverbrrsend ]%&ﬁo%d%ﬁt?a%?gﬁﬁ/ﬁ mIesRjabe1, after four
days of exposurgtodhiegadpattivif A lastebiutBidhd BhiRbqut e te vebot 80X 8 ind iretichoeached

168-fold over um@%f@{%eﬁ@tewﬁﬁgéﬁaﬁ@us@a%mbmﬂb@ttst&e wetativernumasRt80% ks -positive cells
was also dose (g RaRUEACN A SSERALA0%0060 L MBI WRIS.ERRPRIR. LR RAlly Inducing

SOX17 gene expressmn and cell num
cells. In other embodnnents thc cell population includes human feeder cells,. In such

embodiments, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at lzast about 45%, at least about 50%, at
least about 55%, at least about 60%, at least about 65%, af least about 70%, at least about 75%, at
least abowt 80%, at least about 85%, at least about 90%, at least about 95% or greater than at least

about 95% of the human cells, other than said feeder cells, are human definitive endoderm celis.
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[0284] In addition to the TGFP family members, the Wnt family of molecules may play a role in
specification and/or maintenance of definitive endoderm. The use of Wnt molecules was also
beneficial for the differentiation of hESCs to definitive endoderm as indicated by the increased SOX17
gene expression in samples that were treated with activins plus Wnt3a over that of activins alone
(Figure 23). [0285]All of the experiments described above were performed using a tissue culture
medium containing 10% serum with added factors. Surprisingly, we discovered that the concentration
of serum had an effect on the level of SOX17 ex&g%gsgg in %1% presence of added actjvins as shown
rom /0

in Figures 24A-&. \\eTF BEAR e Vol WarE PeTice B0 SEEPFUEPEdEBH tripled in the
presence of actiarerise FREC BrqaPaciFeiany, W seiititsPatest thatuctvifPitoedr SHRET+ cells divide
in culture as depigtgehincEigures 25A-D. The arrows show cells labeled with SOX17/PCNAJDAPI that

are in mitosis as evidgggead by ihe RGNALAR- I@pegggemgoﬂ{;@@gedg@ggw andthe,phage contrast
mitotic profile. EXA[I\/IPLE 7 Chemoldne receg[i_)tor 4 (M%C &[ﬁé csg)sA% correlatfgs with. markers for

onulation 15 gontacted or otherwise provided entiation factor
definitive endod®fm and not markers for mesoderm, ectoderm o ceral endoderm [0287]As

described abov e ision arierar e BTEr G BRI tBIY s e RiFGdoe pRieialin RjeFRelayer by the
application of cyteldffesnthithe of Gikn féamiljvardindore specifically ofibnaotidesnbedhsebfamily.

Additionally, wehays shevwiihatithe. pieroktionoffetabharing.carwp« B i thediffargntiation

culture medium qec}s the efficiency of efpl'[lYne §ndoder g]gere atlorghg{a nlh@fES . This effect is
such that at a glisen con%xgntratlonﬁacﬁvm AR ﬁfemnalte ium r\ﬁﬁev PBS will Iflublt maximal

differentiation toI&FIRRSIEASBRFRHIC FHh& MBLEREE JP @%@%%Bﬂ}sdé%ﬁ%ﬁaﬂmdlff’ér@ﬁﬁgﬁ%n of hESCs
to the definitive enddusns lie agdiisty ciffametfitie fhdrdoterEBSmobnde rfvatiomdidseonach milder
effects on the diffexprtialignpresesscohhkSinit288ibathasasexperiments, hESCs were differentiated

by growing in REMI megiiyn ("iuagen Garanad. Ca; a4 TA30) supplemenied it 0.0%

2.0% or 10% FBS and either with or without 100 ng/m1 activ for 6 days. In addition, a gradient of

FBS ranging froF?Pé“%’%d[‘gefeﬁéfn%%f’tPﬁé“fﬁ%tfsﬁﬁ%%@W%ff&%’ﬁﬁﬁf?gﬁwﬁgﬁfw Fs®&#n conjunction
with 100 nercil chaestdnisae Afispuhdveide s gshiEatessarripieseivet &8 olieetediffom atsrculture
condition and arabsdefar wiativel geneexpmrssien bydealdime quanitmdeRERLE heaemaining cells
were fixed for inmm%%gggﬁ%lgﬁtg&&ion of SOX17 protein. [0289]The expression levels of CXCR4
varied dramatically acrgszsnthe znc%[el%

embodiments described herein, the candidate differentiation factor
comprises a polypepiide. The polypeptide can be any polypeptide including, but not limtited to, 2
givcoprotein, a lipoprotein, an extracellular matrix protein, a cytokine, a chemolkine, a peptide
hormeone, an interieukin or a growth facior. Preferred polypeptides inciude growth factors, In
some preferred embodiments, the candidate differentiation factors comprises one or more growih
factors selected from the group consisting of FGF 10, FGF4, FGF2 and Wnt3B.

[0228] In some embodiments of the screening methods described herein, the
candidate differentiation factors comprise one or more growih factors selecied from the group
consisting of Amphiregulin, B-lymphocyte stimulator, IL-16, Thymopoietin, TRAIL/Apo-2, Pre
B cell colony enhancing factor, Endothelial differentiation-reiated factor 1 {EDF1), Endothelial
monocyte activating polypeptide II, Macrophage migration inhibitory factor (MIF), Natural kitler
cell enhancing factor (NKEFA), Bone mophogenetic protein 2, Bone mophogenetic protein 8
{osteogeneic protein 2), Bone morphogenic protein 6, Bone morphogenic protein 7, Connective
tissue growth factor (CTGF), CGI-149 protein (newoendocrine differentiation factor), Cytokine
A3 (macrophage inflammatory protein 1-alpha), Glisblastoma cell differentiation-related protein
(GBDR!), Hepatoma-derived growth factor, Newromedin U-25 precursor, Vascular endothelial
growth factor (VEGF), Vascular endothelial growth factor B (VEGE-B), T-cell specific RANTES
precursor, thymic dendritic cell-derived factor 1, Transferrin, Interleukin-1 (IL 1), Interieukin-2
(L 2), Interleukin-3 (L 3), Interleukin4d (IL 4), Interleukin-5 (IL 5), Interleukin-6 (IL 6).
Interleukin-7 (IL 7}, Interleukin-8 (TL &), Interleukin-9 (L 9), Interleukin-10 (1L 10), Interlevidn-
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conditions used (Figure 26). In general, CXCR4 expression was high in activin A treated cultures
(A100) and low in those which did not receive exogenous activin A (NF). In addition, among the A100
treated cultures, CXCR4 expression was highest when PBS concentration was lowest. There was a
remarkable decrease in CXCR4 level in the 10% PBS condition such that the relative expression was
more in line with the conditions that did not receive activin A (NF). [0290] As described above,
expression of the SOX17, GSC, MIXL1, and HNF3E genes is consistent with the characterization of a
cell as definitive ¢ relati ressio e four.genes across the 7 differentiation
conditions mirrogit“%q?gfﬂée)r%}gﬁ %%?é?%%g%%ﬂr%@ e&%ﬁ%ﬁ%&‘%ﬁ%ﬁé@ﬂﬂ%fgﬁ% a marker of
definitive endod r?%s.%oﬁb”i]‘%’&’éedE’Fﬁ?&??é%ﬁ@%’d%ﬁ%&é@%%@sa}s%mw dplbsFr definitive
endoderm by th&irusiedattsn OiESHD U vireretsis, Ehniypbrescte Vitmips Sasithesgenes:Brachyury
and MOX1 whilénasEamn euiosectareinespesses GO%hiantgic] tkiguies28AR.demonstrate that

the cultures whighdighpet.cecei Vi referentally enriched esoderm and
ectoderm gene Bpres sion a%%%%%%@%tﬁ%ﬁ%@ég Sé turgts,%ﬁ\é'ﬁigﬁ% ?’f(gggiondition also

had increased levels %Teedsg(fé”ﬁln LR SRE G A RATEY BBt StorRBs Reateaih &8 éxpression
were inverse to BiRbofEC Ry Brmsaienmerth alex ORe WAEGTdIhidhtyferpre dseddrmiesoderm or
ectoderm derivéudifenn-hESGe atdhit tevelamentaldiemesnof H2dbany dutingmrammalian
development, differentiationtagLdia:p EPRYOsie Ingages AlapResU SRl ParichIaL [gleyance here is

the differentiation of. viscer dqderm that shares th ression of many genes in common with
definitive endodgenr)r'vﬁ,];,h i?%rdﬁe%ggﬁyp%%diﬁ%ﬁa?% %’séeﬁﬁr%% Iécﬁﬁ"gag%%?%ﬁ] ardeeribryonic
visceral endodelfiibn 8RBT ERanfirs s pnsharin Bevaistheid bisyiern thusewisoB03(7 represents
a marker that isaexplidssedmpltbierivis dbraberidoadtnibubrbot, istheydafinity creadasenn |peage. Thus,
culture conditiopgdhabrdiaié, rabushSEX bIIIENEAXHESIRRIN The AlseRrs A &Qgszs&@pression are
likely to contain definitive visceral endoderm. It is shown in Figure 28E that SOX7 was highly
expressed in cuﬁ%?%%%aﬁ%ﬂé%% rg%%%%’ag%%fﬁ%?pgo;@% gg’e%%ﬁe%%ﬁ‘éﬁée%“&ﬁ%ssion even in
the presence of AR ATHERZPST 5 e FAF AT G9BadeiRy Bafllinc simEaive septhe CXCR4
expression pattepricfiebirglgesits fivtr EXMEBRIPIS:ndtdighfycex prebsidrikadse exakendactarm.
30293] The reIMimmmfr,obmﬂﬂaﬂmﬂ&%ﬁﬁﬁa&,(%%%&gLﬁyﬁfﬁéﬁ{ﬁei&%c%%ﬁhe ;
ifferentiation cQpgdiji ' termined..Wher, Cs were djfferentiated in
Ihe prosence of B Jes Sep o e ot e A AR PSSR were
ubiquitously distributed tHrdtioRGut theEEHturE i S RIGHEEI adtRiiiA WaEtse PEHBBS was
included at 109449, TRaE0es B aanatia ppleemddeaperiifcHioniesr trosuenoyermd &lwaysappeared in
isolated clustersnsalfhegithanme variydintriputeditin ughattsthe culbuie, (gLHes28A sRdds as well as B

and E). A furthegdegieasen SRR ClRaRaERD WASRAR SXRIRACUS.AEIVIRAas ysed. Under
these conditiongt@gﬁ?OXl?-& %Flls %so agpeaalrfd in clusters and these clusters were smaller and

much more rare than those Tourd i the Mgh Acthvin A: I PES G SSFRARETETGUPESS ™ and F). These
results demonstAtEfhse e Repmethssore daqsripintmel stiarineeidrRusirnidudraatitisize endoderm
gene expressiofretyaise tatipsorunih8r dicddfinitive endddermdaetidintans intanditian. EXAMPLE 8
Differentiation congitipnsthad, eRpshHm. dalisiive: sodeseimNereass lge proportion of CXCR4
positive cells 10294] ose of gctivi Iso effects the efficiency at which definitive endoderm can
be derived front hE_S(-‘,Es.,#wis e]g_a% e écixé%%ﬁ%nttrsaf’es tﬁaﬁﬁ%ésﬁéﬁ%&%&%@%fkéegﬁ{‘ﬁnﬂ}i increases
the proportion SFEKERATETHENT s (hRIPEH SoBhReSPostirire Biffer ermeteeririePimsmedia
supplemented Witkpe59ubodisPB Sl rrenddge diffuentignss/fawol ©%otodgi09hevell thanfitthIdays of
differentiation) anemithacdrdd. oF H00-nglm afastivinALAfien hoavsef differentiationthe cells were

dissociated in PESPNLGAZIMAPA SANSINIRG:2%PRS a0 2.mi (EDTA) (oL minutes atroom

temperature. The g,ells |‘\_{vngre 1;iiltere through 3%ium nylon filters, counte eefr?rcﬁcpeﬁe ed. Pellets were
resuspended ina SHAI VOlama of S5 dmEr SE SEAS AR FLT HomR&Lararh! dsdtieubated for 2
minutes on ice B3WIdEREBIN-Spebsriedatipeey Birransersities. of thelsioditati GfferroiirsiendtiotX CR4 antibody
(Abeam, cat# athé 0:4638=1 8P wweis aitld ediyrerEhgin(centaniggnhppiaxinBsteml 05-calis)sand labeling
procee?geo:c ffor) Ae'élgnmiﬁx% o Jz@&aeﬂ%ﬁﬂ@nvyﬂf c\,%/@ﬁ%%dd@&@gﬂgéﬂﬂ Bl ﬁfﬂfé%dﬁgf%@mm&ﬁé% human
serum (buffer) an ed. A secon sh with 5.mi uffer was completed then cellS were
resuspended in%%eocﬁl?sb%%ggrs er 16%“&4@. Ige\%o% A’Ffl(a%ﬁi%/&y (VI\:[I?T eg%rr%uamé%%“%ﬁk&? anti-mouse;
Jackson ImmurfREEEErRRT E’itcﬁnﬁﬁ‘?@@@i@ﬂ%%t&ﬂaét& HeH iy AR AdEE dorielniy aBoih and allowed
to label for 30 minutes followed by two washes in buffer as above. Cells were resuspended at 5x106
cells/m1 in buffer and analyzed and sorted using a4sACS Vantage (Becicton Dickenson) by the staff at
the flow cytometry core facility (The Scripps Research Institute). Cells were collected directly into PIT
lysis buffer (Qiagen) for subsequent isolation of total RNA for gene expression analysis by real-time
guantitative PCR. '



[0296]The number of CXCRA47 cells as determined by flow cytometry were observed to increase
dramatically as the dose of activin A was increased in the differentiation culture media (Figures
30A-C). The CXCR4+ cells were those falling within the R4 gate and this gate was set using a
secondary antibody-only control for which 0.2% of events were located in the R4 gate. The
dramatically increased numbers of CXCR44' cells correlates with a robust increase in definitive
endodiaux gene expression as activin A dose is increased (Figures 31A-D). EXAMPLE 9 Isolation of

CXCRA4 positiv enri finjtive e der s Is expressing
markers of megsoaggrrl?n Igeci%hgerf’g \Illlisgcéergnlm('FI g dm fé%‘gi]aq?ﬁéﬁ%f‘gﬁ4l§t§n XCRA41 cells
identified in Ex3RIpI&8 %tﬁ\réb%?@&ﬂ@cféﬁ%f’r?a g EnAPeY o7 PefEhivEcHei B akeb And the gene
expression of the/phrémit3Op nigtibrbowds defeinnetdSimalbrrouslys 10208bbitelveegivk levels of
CXCR4 gene emassq{ymsbdmm@au)ﬁﬂaﬁrﬁaﬁg@wﬁaﬂm@@mmﬁm@w&i\mﬁ {fdgure 32). This
correlated very we 1| witht ag %1\3’1'”60‘ q%g?e ngeﬁgﬁrgzgﬁ@%? s?n%f %nggﬂt C§II§ é‘fé%ﬁjmﬁ 30A-C). Itis

also clear that iso aflon of t rom each population accolted for nearfy all of the

CXCR4 gene e Wiﬁ@f‘b%ﬂ%‘fijoﬁb‘}ﬁ\@o(%%ﬁ%&?@%%@ie?méﬁ?@)?mﬁé’%%\% method for
collecting thesengetisabout SFI2QGNGemE EXprERSigrv Al isriethoaicdd thairih e @XERAgmdells contain

not only the majesitysof thed; XGR4 ggne searessian, hukitheyalseeaniaiped gamesegaression for

th k f E furth
enriched over g pABIL %%%ﬂp%%ﬁ%%%m o e

CXCRA4- fractioR ¥8ntaitied vaKH 2R res i’fS Wi ggﬂhfﬁ% S HEHE AR akeers.
Moreover, the @X’@R@WW s Ehab Bpeyatlove e kel dzbee itivierss. perteff BT gkakeExpression for
markers of mestideginl, estaterinuatd, ebduaiembrinibaendsidesm], Rigurass38AnD shavesahat the

CXCR4+ cells wetg Qggjgﬁg@l J%g%g@@g@r@gﬁﬂogbgﬂ @g@ﬁ@MﬁrthQMg;ﬁp;bﬁpg&Q,% relative to the
A100 parent pog)ulatjj%l T, 'IS I\éIO H_(r)l#r%éwiasbg{ll[ee 8 éﬁzw’tah Q5SSSIOEE obothese markers
|ons

relative to the low Jose oF RO acflvm S Tesu fihe | fatidn of CXCR44

cells from hESCEldigate ARt e &@%@é%’ﬂhl@‘??‘ﬁ@ﬁ\?lﬁ%lé‘?ﬁ%‘ &P ostmhtiSrrtHANs highly
enriched for andgubstemtial g ubeudBfifity/elendoderm. EXAMPLE 10 Quantitation of Defmitive

Endoderm Cells in a Gakopuialian i EKARA 1. «I0300]Kasconisaibeguaniiaion of the

proportion of definitive endod%e t IIs gd& re or cel gpulatlonlalsﬁdeégrmlned
previously hereln angfo 3 ec?élrmlﬁme ndl?%ec fate eﬁgrowglro‘?r]a }Bmeg . a%lglgt?gne 0. 60/532 004,

entitled DEFlNlW@Eﬁb@@%ﬁRﬁ“ﬁl@&%eE&ﬁﬁfﬁ&%%ﬁﬁ? %&@‘Eﬁﬁe%ﬁ@@%@ﬁ‘&’hﬁd other
markers of defimtivided neiéderrmiiife dfietyrethbyRACSICI030Esimgteclrekhotis shshaas those
described in th@e@ﬁﬁ&%ﬁif@ﬁﬂ&'% tll‘(bEﬁﬁﬁ wisseaitiete piiedHadRIOtteR Gefiitie gndaderm. In

particular, to mcrebaﬁe th% yi gg%ggnlqsdﬁ;g%rggtlat@% celldlcau tuge emrh% sergflamco%%ntratlon of the
medium was controlled as oTIows 2% FBS'on dayl, 1.0% FBS on day 2 and 2.0% FBS on days 3-6.

Differentiated cGNERES RS LEHEPHY &%@Wﬁﬁ‘@dthree cell surface epitopes, E-Cadherin, CXCR4,
and Thrombomodulin[B%ited cellspopstabigimevie rbctiter dsadyreerinyyn@PE Reawriiedcherine relative
expression levels:otiRamkersdas definiie.andaxitae mbronic-eedatdessmamivelanother cell types.

CXCR4 sorted gells takenJiam.optimakndifierentiaied sltuancesltesbindlsiaalalionaf definiive

endoderm cells thathwere >08§{<1)1 1030 Jg’a %hzths Odﬁ { gﬁ(fesuntsho fa tmapﬁ{ier agal sis for a
definitive endod&fifime as providing cce population wi e candidate diiferentiation factor ernative

in some embodiments, the first time point is subsequent to providing the cell population with the

candidate differentiation factor. In some embodiments, expression of a plurality of markers is
deiermined at a first time point.

[0232] In addition to determining expression of at least one marker at a first time
point, some embodiments of the screening metheds described herein contemplate defermining
expression of at lzast one marker at a second time point, which is subsequent to the first time
point and which is subsequent to providing the cell population with the candidate differentiation
factor. In such embodiments, expression of the sare marker is determined at both the first and
second time points. In some embodiments, expression of a plurality of markers is determined at

both the first and second time points. In such embodiments, expression of the seme plurality of
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culture that was differentiated from hESCs using the methods described herein. Table 2 Composition
of Definitive Endoderm Cultures Marker(s) Percent of culture Percent Definitive Endoderm Percent
Extraembryonic endoderm Percent hES cells

markers is determined at both the first and second time points. In some embodiments, marker
expression is determined at a plurality of time points, each of which is subsequent to the first time
point, and each of which is subsequent to providing the cell population with the candidate
differentiation factor. In certain embodiments, marker expression is determined by Q-PCR. In
other embodiments, marker expression is determined by immunocytochemistry.

[0233] I certain embodiments of the screening methods described hersin, the
marker having its expression is determined at the first and second time points is a marker thet is
associated with the differentiation of human definitive endoderm cells to cells which are the
precursors of cells which make up tissues and/or organs that are derived from the gut tube. In
some embodiments, the fissues and/or organs that are derived from the gut tube comprise
terminally differentiated cells. In some embodiments, the marker is indicative of pancreatic cells
or pancreatic precursor celis. In preferred embodiments, the marker is pancreatic-duodenal
homeobox factor-1 (PDX1). In other embodiments, the marker is homeobox Al3 (HOXA13) or
homeobox C6 (HOXC6). Additionally, in other embodiments, the marker is indicative of liver
celis or [iver precursor cells. In certain preferred embodiments, the marker is albumin, hepatocyte
specific antigen (HSA) or prospero-related homeobox 1 (PROX1). In other embodiments, the
marker is indicative of lung or lung precursor cells. In some preferred embodiments, the marker
is thyroid transcription factor 1 (TTTF1). In vet other ernbodiments, the marker is indicative of
intestinal or intestinal precursor cells, In additional preferred embodiments, the marker is villin,
glucose transporter-2 (GLUT2), apolipoprotein Al (APOAL), vascular cell adhesion molecule-1
(VACMY1}, von Willebrand factor (VWEF), CXC-type chemokine recepior 4 (CXCR4) or caudal
type homeobox transcription factor 2 (CDX2). In still other embodiments, the marker is
indicative of stomach or stomach precursor cells. In additional preferred embodiments, the
marker is VCAMI, VWF or CXCR4. In other embodiments, the marker is indicative of thyroid
or thyroid precursor cells. In such embodiments, the marker is TITF1. In still other
embodiments, the marker is indicative of thymus or thymus precursor cells,

{0234 In some embodiments of the screening methods described herein, sufficient
time is allowed {o pass between providing the ceil population with the candidate differentiation
factor and determining marker expression at the second time point. Sufficient fime between
providing the cell population with the candidate differentiation factor and determining expression
of the marker at the second time point can be as Iittle as from about 1 hour to as much as about 10
days. In some embodiments, the expression of at least one marker is determined multiple fimes
subsequent to providing the cell population with the candidate differentistion factor. In some
embodiments, sufficient time is at ieast about | hour, at least about 6 hours, at least about 12
hours, at least sbout 18 hours, at least about 24 hours, at ieast about 30 hours, at least about 36
hours, at leasi about 42 hours, at least about 48 hours, at least about 54 hours, at least about 60

hours, at least about 66 hours, at least about 72 hours, at least about 78 hours, at least about 84
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hours, at least about 90 hours, at least abowt 96 hours, at least about 102 hours, at least about 108
hours, at least about 114 hours, at least about 120 howrs, at least about 126 hours, at least about
132 hours, at least sbout 128 hours, at least about 144 hours, at leagt about 150 hours, af least
about 156 hours, at least about 162 hours, at least about 168 hours, at least about 174 hours, at
least about 180 hours, at least about 186 hours, at least about 192 hours, at least about 198 hours,
at least about 204 hours, at least about 210 hours, at least about 216 hours, at least about 222
hours, at least about 228 hours, at least about 234 hours or at least sbout 240 hours.

{0235) In some embodiments of the methods described herein, it is further
determined whether the expression of the marker at the second time point has increased or
decreased as compared to the expression of this marker at the first ime point. An increase or
decrease in the expression of the at least one marker indicates that the candidate differentiation
factor i capable of promoting the differentiation of the definitive endoderm cells. Similarly, if
expression of 2 plurality of mearkers is deternined, i is further determined whether the expression
of the plurality of matkers at the second time point has increased or decreased as compared io the
expression of this plurality of markers at the first time point. An increase or decrease in marker
expression can be determined by measuring or otherwise evaluating the amount, level or activity
of the rnarker in the cell population at the first and second time points. Such determination can be
relative to other markers, for example housekesping gene expression, or absolute, In certain
embodiments, wherein marker expression is increased at the second time peint as compared with
the first time point, the amount of increase is at least about 2-fold, at least about 5-fold, at least
about 10-fold, at least about 20-fold, at least about 30-fold, at least about 40-fold, at least about
50-fold, at least about 60-fold, at least about 70-fold, at least about 80-fold, at least about 90-foid,
at least about 100-fold or more than at least about 100-fold. In some embodiments, the amount of
increase is less than 2-fold. In embodiments where marker expression is decreased at the second
time point as compared with the first time point, the amownt of decrease is at least about 2-foid, at
least about 5-fold, at least about 10-fold, at least about 20-fold, at least about 30-fold, at least
about 40-fold, at least about 50-fold, at least about 60-fold, at least about 70-fold, at least aboit
80-fold, at least about 90-fold, at least about 100-foldé or more than at least about 100-fold. In
some embodiments, the amount of decrease is iess than 2-fold.

[6236] In some embodiments of the screening methods described herein, after
providing the cell population with & candidate differentiation factor, the humen definitive
endoderm cells differentiste into one or more cell types. of the definitive endoderm lineage. In
some embodiments, after providing the cell population with a candidate differentiation factor, the
human definitive endoderm cells differentiate into cells that are derived from the gut tube. Such
cells include, but are not Iirnited to, cells of the pancreas, liver, lungs, stornach, intestine, thyroid,

thymus, pharynx, gallbladder and urinery bladder as well as precursors of such cells,

-57-



70-80 100 0 WAD10 0 100 other (ECAD neg.) 10-20 Total 100 100

Additionally, these celis can further develop into higher order structures such as tissues andfor
Organs.

{0237} It will be appreciated that screening methods similar to those described above
can be used to identify one or more differentiation factors capable of promoting the differentiation
of human PDX1-positive endoderm cells in a cell population which comprises human PDX1-
positive endoderm cells. In certain embodiments, the human PDX1-positive endoderm cells are
PDX1-positive foregut/midgut endoderm cells. In preferred embodiments, the human PDXI-
positive endoderm cells are PDXl-positive foregut endoderm cells. In other preferred
embodiments, the human PDX1-positive. endoderm cells are PDX1-positive endoderm cells of the
posterior portion of the foregut. In especially preferred embodiments, the human PDX1 ~positive
foregut endoderm cells are multipotent cells that can differentiate into cells, tissues or organs

derived from the anterior portion of the gut tube.

Identification of Factors Capable of Promoting the Differentiation of PDX1 -Negative Definitive
Endoderm Cells to PDX1-Positive Foregut Endoderm Cells

{6238] Aspeets of the screening methods described herein relate to methods of
identifying one or more differentiation factors capable of promoting the differentiation of PDX1-
negative definitive endoderm cells to PDX1-positive foregut endoderm cells. In such methods, a
cell culture or cell population comprising PDX1-negative definitive endoderm cells is obtzined
and the expression of PDX1 in the cell culture or cell population is determined. After
determining the expression of PDX1, the cells of the cell culture or cell population are contacted
with a candidate differentiation factor. In some embodiments, the expression of PDX1 is
determined at the time of contacting or shortly after contacting the cells with a2 candidate
differentiation factor. PDX1 expression is then determined at one or more times after contaciing
the cells with the candidate differentiation factor. I the expression of PDX1 has increased after
contact with the candidate differentiation factor as compared to PDX1 expression prior to contact
with the candidate differentiation factor, the candidate differentiation factor is identified as
capable of promoting the differentiation of PDX1-negative defmitive endoderm celis to PDX1-
positive foregut endoderm cells.

[6239] In some embodiments, the above-described methods of identifying factors
capable of promoting the differentiation of PDX1-negative definitive endoderm cells to PDX1-
positive foregut endoderm celis also include determining the expression of the HOXA13 gene
and/or the HOXC6 gene in the cell culture or cell population. In such embodiments, the
expression of HOXA13 and/or HOXCE is determined both before and after the cells are contacted
with the candidate differentiation factor. If the expression of PDX1 and HOXAI3 has mcreased
after contact with the candidate differentiation factor as compared to PDX1 and HOXAI3
expression prior to contact with the candidate differentiation factor, the candidate differentiation
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100 100 [0303]In particular, Table 2 indicates that CXCR4 and SOX17 positive cells (endoderm)
comprised from 70%-80% of the cells in the cell culture. Of these SOX17-expressing cells, less than
2% expressed TM (parietal endoderm) and less than 1% expressed APP (visceral endoderm) After
subtracting the proportion of TM-positive and APP-positive cells (combined parietal and visceral
endoderm 3% total) from the proportion of SOX17/CXCR4 positive cells, it can be seen that about
67% to about 77% of the ceII culture was definitive endoderm Approximately 10% of the cells were
positive for E-Cadherin WhICh Is @ marker for hESCs, and about 10-20% of the cells were of
other cell types. 0304] aﬁl&%\l?g:r@ﬁ RIREPHRE %rWW%ﬂ%|%M%WG|r@%ﬁ@tﬁrﬁferentlatlng
cell cultures th aﬁé@%ﬁtﬁ‘?ﬂ%@ BRE! restixcrependstom celisbsiimiphn it tlasweripasednmithe
above-describeduioHEERENEprReakiraby:Mmaintaining m&&&ﬁ’%ﬁiﬁlﬁbﬁﬁﬁ%% s dyoughout the

56 day differentasian.proesioteblawey shamalalaiing he ol g aL=0:50 thipudhout the 5-6
day dlfferentlatlon %T%Eefq&f ﬁ%I§1 suItS| a reduced numper of total de?lnltlve endodert cells that

are produced. [030 five SRAGTSRA SSTRIETSHCReabl) PR it matifrpE FPRAve been
maintained and E%%WMHW‘@UWP@WW@%%@@K&@W@WP@%regi@hterCtﬂfan B0=ciary&without
appreciable diffexentiation. 2l nasdidieciifesnBOX Ti40C X Gkt MR Geth GABA brENERI3axpression is
maintained overdegulistiedpenad.Addiicaali. Mdé?nﬁ&@s Q%ﬁl HRRSRK L & ZdéCéL and BRACH
were not detectegdyin.| gégn%lt%]r%s <]}t IS Ilkely ft%%ﬁcl OB{? maintained and expanded in
culture for substantially longer than 5ﬁ3(§:ays wit appreuabﬁ% Rrehfistot fExRUBEE 11
Additional Marké?g%ﬁf?éﬁﬁi’ﬁ%oéﬁaﬁﬂleméﬂ§4UP@H1P‘EH%‘ﬁ‘iﬂé‘i’ﬁl?@@é&ﬁﬁ?@ﬂtaﬂmﬁms isolated
from purified defihfticieres dubeimeatndbh st BRKIC BOSM Iceth parbattns iGene@xpression was
then analyzed bycrene chip analysis of the RNA from each purified population. Q-PCR was also
performed to further ingegligate the,natental of,genes e e>r§pres§ in definitive endoderm, but not in

TC0

embryonic stem cells g arker for definitive endoderm. 10 {inah eexﬁ}?ﬁ%rﬁ](c:%?ﬁ cells
(hESCs) were m alntaln 28 ﬁ%écﬂ@ be determined at the time of contacting or shortly after

contacting the cells of the cell cultures or cell populations with a candidate differentiation factor
rather than prior to contacting the cells with a candidate differentistion factor. In such
embodiments, the expression of one or more of PDX1, HOXA13 and HOXCS at the time of
contacting or shortly after contacting the cells with a candidate differentiation factor is compared
to the expression of one or more of PDX1, HOXA13 and HOXC6 at one or more tmes after
contacting the cells with 2 candidate differentiation factor.

[0241) in some embodiments of the above-described methods, the one or more times
at which PDX1 expression is determined after contacting the cells with the candidate
differentiation factor can range from about 1 hour to about 10 days. For example, PDX]
expression can be determined about 1 hour after contacting the cells with the candidate
differentiation factor, about 2 hours after contacting the cells with the candidate differentiation
factor, about 4 hours after contacting the cells with the candidate differentiation factor, about 6
hours after contacting the cells with the candidate differentiation factor, about 8 hours after
contacting the cells with the candidate differentiation factor, about 10 hours after contacting the
cells with the candidate differentiation factor, about 12 hours after contacting the cells with the
candidate differentiation factor, about 16 hours after contacting the cells with the candidate
differentiation factor, about 24 hours afier contacting the cells with the candidate differentiation
factor, about 2 days after contacting the celis with the candidate differentiation factor, about 3
days after contacting the cells with the candidate differentiation factor, about 4 days after
contacting the cells with the candidate differentiation factor, about 3 days after contacting the
cells with the candidate differentiation factor, about 6 days after contacting the cells with the
candidate differentietion factor, about 7 days after contacting the cells with the candidate
differentiation factor, about 8 days after contacting the cells with the candidate differentiation
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supplemented with 20% KnockOut Serum Replacement, 4 ng/ml recombinant human basic fibroblast
growth factor (bFGF), 0.1 mM 2-mercaptoethanol, L-glutamine, non-essential amino acids and
penicillin/streptomycin. hESCs were differentiated to definitive endoderm by culturing for 5 days in
RPMI media supplemented with 100 ng/ml of recombinant human activin A, fetal bovine serum (FBS),
and penicillin/streptomycin. The concentration of PBS was varied each day as follows: 0.1% (first day),
0.2% (second day), 2% (days 3-5). [0308]Cells were isolated by fluorescence activated cell sorting
(FACS) in order to obtain purified populations of hLESCs and definitive endoderm for gene expression
analysis. ImmurieBhAREEHGRY AL RMRRE T5roris St terpidseiesninion BREDSYs8ms, cat# FAR
1435P) and for defisitiveahdoddmedsimi GX GRUGR &D:-ByStim Scpaty RABLA0R)ddSelfiere
dissociated usingsisasinte RIAHME regenCalii-aRdl-8a4), washed in phosphate buffered saline
(PBS) containing 2% Eﬁmn S%Mﬁg%gﬁ%ﬁ%%rﬁq%q&g Srog%;n%eml%%grﬁ{/sncg%g dl:ggrfor 10 minutes to

block non-specific bjndi (?r S;Eialnln was carried out for 30 minutes on'ice g%%l of
A

phycoerythrin-c8R{TGEEdS &S 6B LBIRABEY FrHumskrELer bt e fardiditashed twice
with 8 ml of PBSBufeidandare sisdenbliéckin Roinliofttdetsamevti- A0S dsolatidrswalswakitey out by the
core facility of ThexbealippsnReseatehs nsituaHisingieACS ¥Vanrtage BRbBiksciarcas)ells were

collected directly;inja Ak s rdkullarang ENpr e isplaad e hisaprascording pdhe,
manufacturers |nst{ﬁ]c§|8rgos éo%?ﬁ%el%). 0309]Purified RNA was submitted In ulpl)lllcaté to Expression
e

Analysis (Durham. NG) O GeRaraticn o the Sxp rasaisK 3 SATa e et eRy MetHsEplatform and
15133 Plus 2.0 fghetiErSits: drgsriticemeroids sy ivapmids elbsifioed devimidonipeilidsn that
identifies genesagiffeigntialithexpfestedy betiveen thatwhgponidaticas:ddE sas.and defiritbve endoderm.
Gelnes (tjhat exhiitecha i 15%&&%&5&@6% Qﬂa@g@;ﬂ@hsﬁmrr]ﬁ%mé_% féfcf@&t&%qﬂ%égﬂlﬁt‘fﬁ%s Ivvere
selected as new,candidate. markers that are hi characterjstic efinitive endoderm. Select genes
were assayed bdes(%n%eéi%,r%msarcfé}g%ﬁ é?? g’bo?/%%sgg\/%n p@%é? gena g&%%fsf}si%%a%ﬁﬁ}?ﬁ'&?f‘%nd on the
gene chip and at8t fompeR gaieltine S rdsdib Apatte e sehyimsatdbrivrg hrmsevlsdairse of hESC
differentiation. [@31@4iEifurasnBitAM show the gene expression results for certain markers. Results
are displayed for cell cultures analyzed 1, 3 and 5 days after the addition of 100 ng/ml activin A,
CXCRa-expressing definitive sndoderm cellsourified at th s oy, differentiation
procedure (OWE)ssda trates that
the six marker genes, FGF17, VVVF, CALCR, FOXQ1, CMKORI and CRIP1, exhibit an expression
pattern that is almost idéfffical tefsneneotwiterrdrevhigighafsdigabricakdn tHepattethodbexpression of
CXCR4 and theidetityh 56 XS0 EAmseetihe dpiay idyshho8Q % Litexpressediihoth the
definitive endodgmas; | )X -EXPIESS) s ryoni ckaut. Since 503(7 is not
expressed in tf?&{m&tﬁ?ﬁ?ﬁ?ﬁ%§gg %%%%%@)gﬁ%g@%gg{%&&%a&g&%Fe(,%%%%ue of

ripution to

definitive endoderni con 1SR O 7 L XPPESEiBH Wt PAREE TrotHe OIS L a whole. The
similarity of pan@8i¥¥s-¥ siamrePaniaeineicAds darop 47opwionCARCRIMOROQHISCMKOR1 and
CRIP1 are likelypiterddrsinfrdefiaitivedmnidoate momanet thigt thaviane dftraignificantly. expsassed in
extra-embryoniGendamarT e Session S31IEvll e pReciaie Al e Qb GRyGIYIsHescribed

herein can be further.confirmed ICC. AMPLE 12 Retingic Acid and FOP-10 Induces PDX1 _
Specifically in Defl Aitve %en%]c?d‘eﬁmaéa& th?gésdl%ﬁ%ﬁl‘ei%ﬁbnv%ﬁ g %Ifﬁsé??rﬁgtr%’f FernBhEifates that RA
and FGF-10 indieSeiia st ess girorepmseriis qetritive eabusitteansdips dafremtiaivtembryonic
stem cells werefettturé deithrosigwith tatadttvims forchoul or decreased after contact with the candidate

differentiation factor as compared to the marker expression prior to contact with the candidate

differentiation factor, the candidate differentiation factor is identified as capable of promoting the
differentiation of PDX1-positive foregut endoderm cells. In preferred embodiments, expression
of the marker is determined by Q-PCR.

[0244] In some embodiments of the above-described methods, the one or more times
at which the marker expression is determined after comtacting the cells with the capdidate
differentiatior. factor can range from about 1 hour to abowt 10 days. For example, marker
expression can be determined sbout 1 hour after contacting the cells with the candidate

differentiation factor, about 2 hours after contacting the cells with the candidate differentiation
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days. On day four, 1 p.M RA and 50 ng/ml FGF-10 were added to the cell culture. Forty-eight hours
after the RA/FGF-10 addition, the expression of the PDX1 marker gene and other marker genes not
specific to foregut endoderm were quantitated by Q-PCR. [0314]The application of RA to definitive
endoderm cells caused a robust increase in PDX1 gene expression (see Figure 35) without increasing
the expression of visceral endoderm (SOX7, APP), neural (503(1, ZIC1), or neuronal (NFM) gene
expression markers (see Figure 36A-F). PDX1 gene expression was induced to levels approximately

500-fold higher %’ln ogservgd in geflnlt&/ endqod av{ls t{ér 48#%%%%@“ sure e?ctg'rM}IJVI RéA and 50

ng/m1l FOP-10. urthermore "these results Show: S(an Uetion Glearred only in cell

cultures which HS¥Fba&H M%Wd%r@ﬁﬁé?@&@ﬂé‘ﬁrﬁ{%’é‘ﬁﬂ%@ﬁ‘ﬁr@@}(‘ﬁ)ﬁa‘ﬁrﬁ%ated by the
160-fold higher sbxtingXjr s eiifif durvanifiddredifttivifiatieatethc etboulliUressrelativattotiipase cultures that

received no actiyifl RH@rie eﬁlmagemuexmgmame&mmﬁmmw Rerease in PDX
| Expression Over(ﬁﬁ\t cg}ggemuaup%%é;;r@%l; h[(:))Ie S Wst %conﬂbln |%§1 of ?nd FGF-10

induces PDX1 expression fo a greater eéxtent than RA a alone. s In the preV|o xample

hESCs were cuEREEPIP SeiitabRit ZEHOHRAET fourdas LecHlyEbdycaiiive fdfétttated with one
of the following:fictor, MhRIAZ alonelid titvkdRRgribeonibinaltitn veittidithéffiF@Rb0RREGRWD; Dr 1 jiM RA in
combination withaotrdr Ginthaing GOy heespassion@hRRXdh S6X7:808 A%IWI Agre quantitated

by Q-PCR rinety, s guss AL RAR BAERR IR ATIEealmE L 1GRC e ith actvn

followed by retinojc acid induced a 6 d increase in P gene expression. T dgdltlon of FGF-4
to the RA treatn?&ift At Re EAfigHTIJ: %@%Wﬁcﬁp% %%Iﬁfffrffﬁﬂ% fﬁ%"ﬁf@)ﬁ@)" Bowever, by
adding FGF-10 emdidestinierentition dediaeraipie ihdaxtiofirotPpitinavhs folsheite tivasreddaB0-fold over
RA alone (see Figlatéenid:fidy) fabhis atety ¥ abyisiRDosdtrHfnly Ghio Bidasif raatandaan didbantaldhigher than

with no activin o, RA/EGE ITEAIERL, @gmsm%g@agaﬁeeﬁs@ma&eew Siglianeously
abolished the b%[ﬁé aI effe of.the OP O cgﬁ only the modest PD 1{ %aease attributed to

FGF-4 addition ?Agﬁﬂhorlgo GFS amn cior 0

com inations did no m%sréase the

expression of m%ﬂ‘ﬁ@%ﬁ%?%ﬁ’é%ﬁ%’éﬁ%ﬁ?ﬁ?@ﬁ%ﬁ%ﬁ%derm when compared to cells not
exposed to RA/FOP c@misinaticnsdsetdigureods - GhiidaeA MiRtdntiddbR etineiclhciek Dose Affects

Anterior-Posterige84P s BesIliORABViliObe selected from compounds such as polypeptides and small
molecules,

[0246] Although each of the methods disclosed herein have been described with
respect to PDXI-positive foregut endoderm celis, it will be appreciaied that in certain
embodiments, these methods can be used to produce compositions comprising the PDX1-positive
foregut/midgut endoderm cells that are described herem and/or the PDX1-positive endoderm cells
of the posterior portion of the foregut that are described herein. Furthermore, any of the PDX1-
positive endoderm cell types disclosed in this specification can be utilized in the screening
methods deseribed herein.

{0247 Having generally described this inveniion, a further understanding can be
obtained by reference to certain specific examples which are provided herein for purposes of

llustration only, and are not intended to be limiting,

EXAMPLES
[0248] Many of the examples below describe the use of pluripotent humen cells.
Methods of producing pluripotent hummen cells are well kmown it the art and have been described
- numerous scientific publications, including U.S. Patent Nos. 5,453,357, 5,670,372, 5,690,926,
6,090,622, 6,200,806 and 6,251,671 as well as U.S. Patent Applicstion Publication No.
2004/0229350.
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[0319]To determine whether the dose of RA affects A-P position in in vitro cell cultures, the following
experiment was performed. [0320]Human embryonic stem cells were cultured with or without activins
for four days. On day four, FGF-10 at 50 ng/ml was added to the culture in combination with RA at
0.04 MM, 0.2 pM or 1 0 pM. The expression of the PDX1 marker gene as well as other markers not
specific for foregut endoderm were quantitated by Q-PCR. [0321]The addition of retinoic acid at
various doses, in combination with FGF-10 at 50 ng/ml, induced differential gene expression patterns
that correlate with specific anterior-posterior po,?{@gﬂgﬁxttems. The highest dose of RA (1 MM)
preferentially induced expression of anterior endoderm marker (HOICA3) and also produced the most
robust increase in PDX1 (Figure 38A-B). The BraanESSYE of RA (0.2 pIVI) induced midgut endoderm
markers (CDXI, HOX@®8#%see Figure 88BsaridnftdEim dhitiotretowestriosd binkA «fBbamxM)
preferentially ingugeskia, maskeref hinseubendodarmidiOXad{spe:figuie 38T hexRA dose had
essentially 1o eflgeh e INeEiANE EOUe SOl I BLARY AL X LOLAPHIQNE! (NFI) markers (see

Figure 38F-G). This example highlights the use of RA as a morphogen_in vitro and in particular as a
morphogen of SRS JEPRHT TRIBY S FPSPiA IR RS TE BSGkRP P et BB¥ S unplement
Enhances Exprestivmiostrmxi e 323EIX vae dpieesshon irfafinitivercherodenyedimheniifluenced by
the use of a numberefilatiors;ardapibganthieiiomat alian: ganeilioused mika fallondng.experiment,

we show that thg.use 0GB 4. aRRleMEN:-RRRANGER NG QXRISS IR RERRAirdeliniiivesendoderm
cells. [0323]Humaan8’em.b{§§§?ic stgsm cells were ind&c%jstg1 dflfere ti é%efiniti\égyégggckaiu by
edn

f
treatment of undeSTEATAET T EE h RE PSP SRIRShat en?B&r‘:yncl)ﬂrllllt  fitFo BIRECASFES With high dose
activin A (100-208¥y FifhirF ol 550 FIPBSABIFE I P27 ifor astay <o TdiaeatitdnhBSEs ntet received
0.5-2 % FBS/Dndftirel 20wl dichaddedVEBtviTTaAsfA kaucdapiisied ttlesakedtveadeiherdno activin A in
2% FBS (none)yaird; fasRoh -l Wi I8 PSS ek Al R habackivin AL0geiher aith 2 MM RA and
50 ng/ml FGF'lqaLr}; 2%‘F§§QM§ME§8&Q?3§S’ -ggnllss +B27 an gjm'&lgglgnig 29 Serlgypﬁsgeplacement
(SR). B27 suppFemeght, I&Elbco)’é TI‘i’), was added as adl (0 |flﬁ|on irectly into BoFBSIBMEM1F12
(+B27). Duplicat® e Sampeariferaemetim rehits foittt SHtn® RN Ah&e rsiéd ahd subjected
to Q-PCR as présfiotishediedaribed, [0324]Figure 39A-E shows that serum-free supplement B27
provided an additionadenefit farinductign-afbRDx lrgans: expressioa-WwithQutinducingyas increase in

the expression of markers,genes nqt specific.for foreaut endoderm. ascompared (g sush;marker gene
expression in cells grown without serum. EXAMIgLE 16, , _ )
herein. For example, cells obtained from embryonic ponadal ridges, which can be isolated by

methods known in the art, can be used as pluripotent celluiar starting material.

EXAMPLE 2
hESCyvt-25 Characterization

[6251] The human embryonic stem cell line, hESCyt-25 hes maintained a normal
morpholegy, karyotype, growth and selfrenewal properties over 18 months in culture. This cell
line displays strong immunoreactivity for the OCT4, SSEA-4 and TRA-1-60 antigens, all of
which, are characteristic of undifferentiated hESCs and displays alkaline phosphatase activity as
well as 2 morphology identical to other established hESC lines. Furthermore, the human stem cell
iine, hESCyt-25, slso readily forms embryoid bodies (EBs) when cultured in suspension. As a
demonstration of its pluripotent nature, hESCyT-25 differentiates into various cell types that
reprasent the three principal germ layers. Ectoderm production was demonstrated by Q-PCR for
ZIC1 as well as immunocyiochemistry (ICC) for nestin and more mature neuronal markers.
Immunocytochemical staining for B-OI tubulin was observed in clusters of elongated cells,
characteristic of early neurons, Previously, we treafed EBs in suspension with retinoic acid, to
induce differentiation of pluripotent stem cells to visceral endoderm (VE), an extra-embryonic

lineage. Treated cells expressed high levels of a-fetoprotein (AFP) and SOX7, two markers of
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Use of Activin B to Enhance Induction of PDX1 [0325]This Example shows that the use of activin B
enhances the differentiation of PDX1-negative cells to PDX1-positive cells in in vitro cell culture.
[03261Human embryonic stem cells were induced to differentiate to definitive endoderm by treatment
of undifferentiated hESCs grown on mouse embryonic fibroblast feeders with high dose activin A (50
ng/ml) in low serum/RPMI for 6 days. The PBS dose was 0% on day one, 0.2% on day two and 2% on
days 3-6. The negative control for definitive endoderm production (NF) received 2% FES/RPMI with no
added activin A rder.to induce PDX1 ression, each of the cultures received retinoic acid at 2
uM in 2% FBS/ ggll\%édsgnh 3y ﬁ?ﬁ%ﬁ%ﬁnu‘%g t%aa%%n& %‘?ﬁaﬁ?@%&roﬁ@&eﬁifg ohe ST Sive were
provided with dffEEhEd G EaRibm dTBREGTOFHPASEIP R VI E G réssebed ddiachvin A alone at
50nghnl. The NE&CHVE Leit dintrobculbinicep{di-)irasing Gefiditidenaittiema eliviti dtsdtiyaetivineB. This
RA/activin treatfentanassamehou:iRraday saloish tnaRRWeeRe SXPEessionMas measured

by QPCR from licat | samples. [0327]Eigure ADA shows, that the addjtion of.activin B at doses
ranging from 10(%%%%%% ale@,] a réing% a%(r)%oiir%ﬁee dgir%rgg%acgé}?otfpz%é ﬁolgafrrﬁi(% B HS?%S %é?ml (A50) of
activin A increaS8tf fHEUBES T SBTELSIoRt FENEFWISIFTTel i Alifie BIaYREREESMY activin A at
50 ng/ml. The intresséinEBRiasa fesairsioithekrdreddifioriowas thithoertitacte A8EGATHIOF6
expression (seexfigs iepfaRoery hichoimamrisaifes fveras welkasRanceasabthisdme in
development. This result suggests that the proportion of cells differentiating to pancreas had been
increased relative to liver. EXAMPLE 17 Use of Serum Dose to Enhance Induction of PDX1
[0328]The expression of PDX1 in definitive en "&alis is influenced by the amount of serum
present in the cell culture throughout thela 313 Ausibedy The following experiment shows that
the level of serum in gwature dupngdiectiffasentiaiarEibESCE Rl -Akgatye dafinitive
endodenn has agigfie anihe @xﬁ?{s?oﬁap O00 R hdurng fudhes differeniiation: of theseeells to
PDX1-positive end%dermm[0329%0#[gan embryonic stem cells were induced to differentiate to
definitive endodérm B%ea'f%aenn SHuRdRErentiated hESCs grown on mouse embryonic fibroblast
feeders with high dosé®Zivin AteL0kg/ARIA iDRFEeafTRpIiTTohs ¢y TS doe was 0.1%
on day one, 0.5%mndlan: tweralatbeithé itd SPtes260 iombifdren days SxoutkehelieugctanisAfcontrol (NF)
received the samg:daily FRURRVE Aosing) b wish-Ae.ad6ed AGHMR AnRRXdcxprassion was
induced beginning.at.day o,y the addiign of KA Bung days &zt cllures fecelved retinoic acid at 2
iiM in 0.5% FBS/RPIV _1gMon dpay Sand 0.2 gRﬁ on ay'}E)-fl.in'T e activin /3 was lowered to 50 nem|
during retinoic RRFHREARTEFRSTH W ERCRSFRab s 83t B PPt & 8 AVt AL ht s PN ORI880] Figure 41A
shows that the RPBE-désifig ¢hiritigetheiSidayiipesodtot definitiveertdodert imdwectiorefdads 3, 4 and 5)
had a lasting ability-tenshange:tbednduction of PDX1 gene expression during the retinoic acid
treatment. This was wighoyt siguificantalterationdnihe cxessian.RRIRNALEIC bRk 418) or
50X7 (Figure 4]E=.C ene_expression.

& effects of vartous treatments and differentiation procedures aimed at the production of

R 1 OD

SOX17 positive definitive endoderm ocelis. Other antibodies reactive to AFP, SPARC and
Thrombemodulin were also employed to rule out the production of visceral and parietal endoderm
(extra-embryonic endoderm).

[0255] In order to produce an antibody against SOXI7, a portion of the human
SOX17 ¢DNA {SEQ ID NO: 1) corresponding to amino acids 172-414 (SEQ ID NO: 2} in the
carboxyterminal end of the SOX17 protein (Figure 2) was used for 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 and 6,261,281 as well as International Patent Application Publication Nos,
WO00/25442 and W(099/13915.

[0256] Other suifable methods for genetic immunization are alsc described m the
non-patent literature. For example, Barry et al. describe the production of monoclonal antibodies
by genetic immunization In Biotechnigues 16: 616-620, 1994, Specific examples of genetic

immunization methods to produce antibodies against specific proteins can be found, for example,
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EXAMPLE 18 Use of Conditioned Medium to Enhance Induction of PDXI [0331]Other factors and
growth conditions which influence the expression of PDX1 in definitive endoderm cells were also
studied. The following experiment shows the effect of conditioned media on the differentiation of
PDX1-negative definitive endoderm cells to PDX1- positive endoderm cells. [0332]Human embryonic
stem cells were induced to differentiate to defmitive endoderm by treatment of undifferentiated hESCs
grown on mouse embryonic fibroblast feeders with high dose activin A (100 righnl) in low serum/RPMI

for 5 days. The P n da 5% on WO a 2% on da 0333]The
% et af, %'58')/%30 e%c umta%o agﬁl\l}s@%}é&l é 1 ej{n < Js

definitive endod%rm ures ays o in A treatme grer'fh uced to

differentiate to WX@%‘E@@‘?W@ @ﬁ%a‘é’rﬁf B%?”t‘?fe’%f&idﬂ%ﬂbﬁf FEROEHIZ9%, e PR Staining activin
A at 25 ng/m1 fomern. daYS AThe s AR Reisk g O PIRESHrs Eiw driieysl BRNdelitid ipingiatnsthe third day
and 0.5 gM on thesfpuihdiavadtiis basemesismdar RRXkRdeionwasieVEeddash2A25R) or

aer condlioning,fas ¢4 byenesoh okt Alsie t selbaselions ondionc mela (OM) were

generated from either mouse em ryonlc I lasts that were first

differentiated foF 5 BF5E By SFEBE ?ﬁ?@%d%ﬁﬁ?%ﬁg E)%\&}’L E’%’%‘f’ﬁﬁl\?ﬂ ENY: St kY A (OM3) or
bone morphogefisqroteist 41(B M%) GamipnAdtivionlonrB mPtpdissteesive reosroyidiétl at 100 ng/ml
under the sameRBr-dasinosiegitnanidesaribeshabove (0%, 0.58hwa%a). Thesedhree different

differentiation pafagigmsyi 5999858&}{&5){&1”5?@%&?88&@“% (}%@aﬁcﬁﬂlﬁ Rywhighdbe PDX1
induction media c n be con itioned. The 3% FB%{I\fI\’%\thOUt adde owt

3 f cto;}%Nthiylelds a
heterogeneous goﬁﬂ‘f R S iSRS TIRISE SRSt SRR REANSR onllco% 48t ectoderm and
mesoderm cells. The Bé#lin A tH&ateadftiresatoolpsms ks E?’}ahg@lﬁ?‘%é?w&%éﬂﬁ%ﬂe endoderm
and the BMP4 tietkteecottl tend@b00) shevd softinnaflyWeophestd der st Samelgpdratnmryonic
endoderm. [0336%@9%A8ﬁ§m&m&ttﬁp%éwﬁﬁ@Qﬁiﬁ@ﬁﬁéﬁﬂl}é@@ﬁg&a%ﬁ%ﬁﬁﬂ%ﬁ%ditioned

media over the flrstgwlp (%%a%ﬁé trsef;;l0 merltWl o¥ve Seé e th|rd d H?#wuar §8585 n had started
laan er

to decrease in frsgech con ione en s en’tlated SCs

produced condlﬁg‘ﬁéaﬂfﬁéﬁﬁfﬁﬁ‘??@é‘iﬂt’éd‘%gﬁﬁ?@ﬁﬁﬁé@cﬁ‘%W%é%&%ﬂ%l gene
expression at lethe RO Yoadtifolty by Sttt idor iné SPCmBaliskaihbie, & ddicofimn aisttads mgehighzR@ D X|

expression in h%@e%@dﬂ&i@ﬁ&ﬂ mwasdmaﬁf aowplifige andawianelRanreatment achieving
jevels © o 7-fold L than I Igal 891G ddais. M shous (hat B ronciianed egla reatments

resulted in much lower levels 0 ﬁﬁgene ex ressmn a gene not expressed In the region of PDX1

expressing end8€l<§ﬂﬁ%t‘ﬁ9}ﬁd%§t &Shaltffe gll(B’ﬂl T ol PHX IS PP e Y& m was much
enhanced by treABg- M6 vanesirdeie riaalied. comditisneBGrietia (ermstete Plonaldifférontiated hESC
cultures. [0335]Hguevéa sh@vwsot&mtp&a%ﬂogeﬂenmeeaﬁheﬂamdaimm aupesitiveuiesexasponse to the
amount of Cond'&g eﬁl &ﬁ%ﬁ&&g&t&&qﬁm%%%%@m eeltEchalal y@dym‘%@sgﬁema added to
each plate was Eg i{}%j}? ndicg i ollgme seelcd%ygg 43 of condl oned §m§1v¥%{% diluted into
fresh media (A25R}% f ‘flﬁr LT OF Eiittioned maaia sh media was
still able to indu&€'laiadl ﬁia%ﬁ?%@%rﬁﬁ%ﬁr%ﬁmee mﬁ@wwﬂe@wﬁﬁeﬁ%&s&lone. This
suggests that thatienefikiehelircicliicarditioned Indedaado INd R toarofié BiseXxirossing endoderm is
dependent on theprgleasenf, segaeey%tmgegummrmzth,@ %ﬁﬁ%ﬁ@%ﬁh@rﬁ%&qwoned media
and that this s%tgfnce(%aq%s 8 %%?]m% mgé)géognctég{g 9{)51[3 &18 ng e endoderm
EXAMPLE 19 Vaiidaton of B 85 fo POXL ¢

CA}, were probed W:th a 1/ 1000 dilution of the rat SOX17 anti-serum in 10 mM TRIS-HCI (pH

%), 150 mM NaCl, 10% BSA, 0.05 % Tween-20 (Sigma, St. Louis, MO), followed by Alkaline

Phosphaiase conjugated anti-rat IgG (Jacksor ImmimoResearch Laboratories, West Grove, PA),

and revealed through Vector Black Alkaline Phosphatase staining (Vector Laboratories,

Burlingame, CA). The proteins size standerd used was wide range color markers (Sigma, St

Louis, MO).

{0258] in Figure 4, protein exiracts made from human fibrobiast cells that were

transiently transfected with SOX17, SOX7 or EGFP ¢DNA’s were probed on Western blots with

the SOX17 antibody, Only the protein extract from hSOX17 transfected cells produced & band of

~51Kda which closely matched the predicted 46 Kda molecular weight of the lnuman SOX17

~56G.



[0336]Antibodies that bind to PDX1 are useful tools for monitoring the induction of PDX1 expression in
a cell population. This Example shows that rabbit polyclonal and IgY antibodies to PDXI can be used
to detect the presence of this protein. [0337]In a first experiment, IgY anti-PDX1 (IgY a-PDX1)
antibody binding to PDX1 in cell lysates was validated by Western blot analysis. In this analysis, the
binding of IgY a-PDXI antibody to 50 jig of total cell lysate from MDX12 human fibroblasts or MDX12
cells Iransfected 24 hrs previously with a PDX1 expression vector was compared. The cell lysates

separated by S &BA%J(%”%Eeﬁ&%&%%mwag%&f?%r%Eﬁ'rﬁ% d thetﬂepgaggd with the IgY
a-PDX1 prima % antlserum followed by al ?x@e hog%hatase cQnjugate %b:nt anti-lgY %Rb a-1gyY)

secondary antibSdies Biffe FRRYHItHfS %g TR &%k %8%??}’5}?%8@@%%“8 fted to separate
strips of the mehﬁ@%aﬁ@ﬁhhﬁ@%lWﬁ@@o%ﬁ’ﬁﬂ’@%%%@@%@mmm%ﬁwrﬁﬂaw l2bel @B dilution of
secondary), B (2:060;:10:00855p Sote 0AX sk, MG D {27020 6008 kiS00, 40,000x).
[0338]Binding was detected in cells fransfected with the PDX1 expression vector (PDX1-positive) at all
of the tested antibody combinations. Binding Wﬁ%ﬁﬁserved in untransfected (PDX1-negative)
fibroblasts when using the hlghest concentrations of bo prlmary and secondary antibody together
(combination A). Such nonYalEsmobiRshbARERoSH Rz ed-pyithE getestiBn of an additional band at
a molecular weight sligesty hughenxhamﬁamﬂmbwsahmnsfm MUmmfﬂﬁteAFﬁbroblasts

[0339]In a secoaﬂb%wﬂmeﬂ&nmbmkﬁg mmmw f@QJ@&ﬁ%ﬂQﬁs& gk A Riaglhantibody to
PDX1 was tested mmur}f%éocuhemlgg&qu ogl rg&s‘gp)g 5‘5‘}97 rfr 5L ch experlments

MS I-V cells (A Were transiently transfe cte Wlt an expression vector of

PDX1-EGFP (cOfstruttes femgpeCRPRE emnfasily. shanudciEree dhviate e AtaBdled with Rb
a-PDX1 and a-E@kER:=-antiyérerall radisfoote Howten e sl 80028 civyrbo k@S kdPif| deiiagieence as well

as a-EGFP immimepioeiiemisily theouab theodsenka:Gys canid gaies seachgary antiedy. PDX1

immunofluorescenc A\ li t te condary antibody.
[0340]Binding o %ﬁ{kﬁ%@é@g ‘é%&% 480 %%%DE%%% an%Jodles co%@é’%gg%ﬁ 1%% %ngession.

EXAMPLE 20 If§ JFF&%&E@H?%I?W%&W%W&%&%W S AFFReEafiPle Shows that
antibodies havingtispleifitdeefon PRX berepallusades d&fK Husdinwe® Xd-iguebitivate A by

immunocytochemistiey, £3342 ks Shaxpaira est: patdifis ermberdedisaciio AsiObiBoRar pancreas
were

celis (Figure 5B). Similarly, since parietal endoderm has been reported to express SOX17,
antibody co-labeling with SOX17 together with the parietal markers SPARC andfor
Thrombomodulin (TM) can be used to identify the SOX17" cells that are parietal endoderm. As
shown in Figures 60A-C, Thrombomodulin and SOX17 co-labeled parietal endoderm cells were
produced by random differentiation of hES cells.

[0260] In view of the above cell labeling experiments, the identity of a definitive
endoderm cell can be established by the marker profile SOX17%/AFP/[TMY or SPARC*]. In
other words, the expression of the SOX17 marker is greater than the expression of the AFP
marker, which is characteristic of visceral endoderm, and the TM or SPARC markers, which are
characteristic of parietal endoderm. Accordingly, those cells positive for SOX 17 but negative for
AFP and negative for TM or SPARC are definitive endoderm.

[0261) As a further evidence of the specificity of the SOX 17/ AFP*/TM/SPARCY
marker profile as predictive of definitive endoderm, SOX17 and AFP gene expression was
quantitatively compared to the relative number of antibody labeled cells. As shown in Figure 7A,
hESCs treated with retinoic acid (visceral endoderm inducer), or activin A (definitive endoderm
inducer), resulied in a 10-fold difference in the level of SOX17 mRNA expression. This result
mirrored the 10-fold difference in SOX17 antibody-labeled cell number (Figure 7B).
Furthermore, as shown in Figure 84, activin A freatment of hESCs suppressed AFP gene
expression by 6.8-fold in comparison to no weatment. This was visually reflected by a dramatic
decrease in the number of AFP labeled cells in these cultures as shown in Figures 8B-C. To
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stained for insulin with guinea pig anti-insulin (Gp a-Ins) primary antibody at a 1/200 dilution followed
by dog anti-guinea pig (D a-Gp) secondary antibody conjugated to Cy2 at a 1/100 dilution. In a second
experiment, the same paraffin embedded sections of human pancreas were stained for PDX1 with IgY
a-PDX1 primary antibody at a 1/4000 dilution followed Rb a-lIgY secondary antibody conjugated to
AF555 at a 1/300 dilution. The images collected from the first and second experiments where then
merged. In a third experiment, cells that were stained with IgY a-PDX1 antibodies were also stained

with DAPL [034%9@)@ Mﬁ&n%@%ﬁaﬂ& %ﬁ&gﬁﬂ?&ﬁﬁ;}{%'?%ﬂ‘ﬁewﬁeﬁ%ﬁ?f g%grong staining
of islets of Langerhans. Although the strongest PDX1 sighal app€eared in |sIetC§§|nsuI|n positive), weak
P S

staining was alSAPSERRRIN S AREPBRIED ARG SFows that
PDX1 was moStawerdnat Sselasiradiisiatizee Piofthe Ticrewd, EW&Eiﬂﬂmmméﬁ‘fe@pltatlon of
PDX1 from Retiaditaiéscid: Gieatadve alladf 34 4iocipriaaimcantsnbPQEirexpre ssopenidefinitive

endoderm cells@ﬁggﬂgagga%%g Sifisrantiatec.p hepresence of RA and the lack of PDX1 in definitive
endoderm cells

ath ot been dlffer d wjth RA, ara 1) antibody
was used to immunop@emgltate rom Ete dl?fgsreéjr% m?qg Jlf?é?énefs l&D t%Séflnltlve
endoderm cells?qméﬁéﬁ?é%%té*b*ﬁl&%%déé%é@éécw W@é%%ﬁl%gﬂ%ﬁﬁl&@bslﬂﬁlﬁ@qﬂs( a-PDX1
antibody. [0345{Fo tibtaiByuhdifferbntittedscatvi fferentiatedtcafinitivt entoddsmaelhbyidtes for
immunOprecipitamrsdaﬁ%@ﬁﬁl@r@oI&e@te@aé&r weelans, Withoacliyinuiat L0 e/ mlinslwsgrum
(definitive endod%rm) fo ovvé-:-d by treatment with activin A at 50 ng/ml and 2 MM all- trans RA for two
days, | pM for one ‘and 0.2 MM for one day (PDX1-positive foregut endoderm). As a positive
control cell lysates wgpééé]so pFo BEPER T Sin RSN Prdiiect A58 BeCrbo8m)iHrh AEEHBY with a PDX1
expression vectsidsPDid bweas FAvRTTopradisitaiietbbypaddiig’ RivteP DoV e kidsbitmspidcific secondary
antibodies to easfhdisateniTherprasipitaie mas hanesaterhbywentefigaliono pmunopecipitates were

dissolved in SDSyEonaiaingiulistenioadad quio %%@@aﬂam)%p@eé "SRagAlen, the

proteins were transferred to a membrane by electroblotting, and then ed with the 1gY a-PDX1
primary antibod{¥BHHEY B TEh&TerA) ZeEr s S 2‘35 yfga? Y B 88 TS A8 A BT pitates
collected from tkieseers} andpdsamitieceioent of RS wtiwmps Vil atvo e froirdiay Batideleiglitide days after
the start of RA tseatimest) anerdsynOasflant d9,JorIdaysiaftesithenstarefiRA) callswerempositive for
PDX1 protein (Rigue:44): Breciiates abiringd Jfg@s%gggwmtgggénmve endoderm cells (that is,
day 5 cells treated with activin A - designated (A) in Figure 44) and undifferentiated hESCs (that is,
untreated day 5 cells - designated as (NF) in Figure 44) were negative for PDXI. EXAMPLE 22
Generation of PDX1 promoter-EGFP transgeni¢hfdtifides

Q-PCR Gene Expression Assay

[0264] In the following experiments, real-time quantitative RT-PCR (Q-PCR) was

the primary assay used for soreening the effects of various treatments on hESC differentiation. In
particular, real-time measurements of gene expression were analyzed for multiple marker genes at
multiple time points by Q-PCR. Marker genes characteristic of the degired as well as undesired
cell types were evaluated to gain a better understanding of the overall dynamics of the cellular
populations, The strength of Q-PCR analysis 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 gene expression from z relatively small
number of cells within a rmuch larger population. In addition, the ability to detect very low levels
of gene expression provides indications for “differentiation bias” within the population. The bias
towards & particular differentiation pathway, prior to the overt differentiation of those cellufar
phenotypes, is unrecognizable using immunocyiochemical technigues, For this reason, Q-PCR
provides a method of analysis that is at least complementary and potentially much superior to
immunocytochemical iechniques for screeming the success of differentiation treatments,
Additionally, Q-PCR provides a mechanism by which to evaluate the success of a differentiation

protocol n & quantitative format at semi-high throughput scales of analysis.
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[0347]In order to use the PDX1 marker for cell isolation, we genetically tagged PDX1-positive foregut
endoderm cells with an expressible reporter gene. This Example describes the construction of a vector
comprising a reporter cassette which comprises a reporter gene under the control of the PDX1
regulatory region. This Example also describes the preparation of a cell, such as a human embryonic
stem cell, transfected with this vector as well as a cell having this reporter cassette integrated into its
genome. [03481PDX1-expressing definitive endoderm cell lines genetically tagged with a reporter

gene were constructegay placiag ,GER, taRotek 9506 Yadarthe.sontral af dnesquiatery region

(promoter) of the PDX1 géne. First, a plasmid construct in which EGFP expression is driven by the
human PDX1 gSFE SO T4 gan arai By rapmeei g ME RRIF R Mb P SFR RSP R GFP-N1
(Clontech) with fvendtu fivaln 3R BarToeeintHewed Goo i Grakina ok Aebe sioleNe, dss 24 96ditiwilch comprises
a nucleotide segiigBeaHrNagiNgSramabaut 4dddlohaseipaiis (kb ywpstreantipiabiidadase pairs (bp)
downstream of gg&g;pégmg@nscription start site. This region contains the characterized regulatory
elements of the PDXlU%%ne, ar}d_ it is suffié:ient 50 confer the normal PDX1 expression pattern in

. . esioried
transgenic mice. In th&¥ it

ing SRS eSS SIS DT R B A IEH B R BB R B Stibter In some
experiments, thig¢#cObrreihch @eafatits itdwESTsically foBayled ReeHRE prOHBEEPPEGFP
cassette was exeisechitafinitigy abowecVENIOr, Whe thekesgbeloned wttl@selectiomaestaricontaining the
neomycin phosphtfansfesass-aenradpdes, eantalpitiephesphogliesralekinase-1 promoter. The

selection cassette was flanked hy flp recombi ecognition sites to allow remoyal of the cassette.
This selection vector \i?:gé‘{:lﬁ]inea‘r?rzger and tﬁsecr#j i%?fggu%e%wl?ﬁ%% ESUSIhG S %?n _fz\alr “(Iil)tg)(ﬁ)efection
methods. Folloifi§eEAesaiy arserestfch fReSE Pai ot e Mo derieive ¥@& e fones were
isolated and expancheidn EDcaMRLEe? I teotatien ofPBXb:Rasitive Prevequt ENC ddermtes8s0] The
following Exampig-cigmansirates, thabies Gasamphstgina it prameiendstety sassette can be
e e DAtah e SO g0 LR IR A e SR aUe N I RIBLe L iy o
quorescence-actlvatga ceﬁ sorting (FACS). O351?PDX,1 promoter/EGFP transgenic IItESCs were
differentiated fol 8 HRYRTSSE b rLR- Lo TR eid 15115 Ao BT A S e fr it B S e B ifprising activin
A and RA. The dffferentiaterinoaiis e yen hates sreidaby tigisite digedtiorearekenfadash a Becton
Dicicinson FAC &hivanGife altypiaiiNAddysis hulisi-or BEBSA sampleief singhaitivecelissvas taken

Withogt gating f%gg&%&%gg@ggﬂggﬁgye cells were gated. i.nto EGEP positive (OFF) and GFP
negative (Neg) populations. In gne experiment, the EGFP ﬁosmve fraction was sep%réate into two

equally sized populatiSRe®hccorfifgFIE filsreamite MR RIS T BHET ST i35 SR Mg sorting, cell

populations wereraayier psisdtih Qe RalnerrPristc RoEre Fratyrios MonB e Wraysis, RNA was
prepared using Qiagen RhlsasijcColtingng @ntihipneanyestedipce DN B QRaPCRiviasganducted as

described previQush oI iTUNRCKEBEREMIRIY ARalYSIS-£8HS e temsored) ditBRPfbdifor 10 minutes

in 4% paraformaldehyde, and adhered to_glass slides using a Cytospin centrifuge. Primary antibodies

to Cytokeratin1GH BHFE) RLrdHam Brethieth! 46 HRPSfotHE Frerares 5™ BEvE R 3f1) from
Santa Cruz; to Gluwssgifeansportér 2 (SRR TRydrorsR DX Gstsms . Iy prapristessecomtary antibodies

conjugated to FIFL. (greemhpbRhodaming Redvere ysed (n.deleht inaing.obihgLrmary antibodies.
[0353]A typical FACS sort of dif erenti%teg %ells is sfgofy\ﬂ;bin (ﬁi}ﬁur% 45. The percen isgég%ed
PDX1-positive cBIER TR S5 AR S SE5 B St PR iR i vEia thie

b Which VaTe o Gepending on
differentiation efflefarsespircisiammsirolienetoditis ool 15 seconds of each extension phase. A three

point, 10-fold dilution series was used fo generate the standard curve for each run and cycle
thresholds (Ct’s) were converted to quantitative values based on this standard curve. The
quzntitated values for each sample were normalized to housekeeping gene performance and then
average and standard deviations were caiculated for friplicate samples. At the conclusion of PCR
eycling, a meli curve analysis was performed to ascertain the specificity of the reaction. A single
specific product was indicated by a single peak at the Ty, appropriate for that PCR amplicon. In
addition, reactions performed without reverse transcriptase served as the negative conirol and do

not amplify.
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[0354]Sorted cells were further subjected to Q-PCR analysis. Differentiated cells showed a correlation
of EGFP fluorescence with endogenous PDX1 gene expression. Compared to non-fluorescing cells,
the EGFP positive cells showed a greater than 20-fold increase in PDX1 expression levels (Figure 46).
The separation of high and low EGFP intensity cells indicated that EGFP expression level correlated
with PDX1 expression level (Figure 47). In addition to PDX1 marker analysis, sorted cells were
subjected to Q-PCR analysis of several genes that are expressed in pancreatic endoderm. Products of

each of these marker[&%gles (I&Ké%t%c?wl&b{%'gl& 'é%%ﬁ%&%déﬂé&?&%%ﬁdﬁﬂ OIrlnleﬁched in the
K d

EGET positive fractioné] igures 48A-E). In contrast, the neural markers ZIC1 and GFAP were not
enriched in sorf8l ELEHER URPFEREH §°RES1HE) JU A AR ARG By S THR o8 TS TR HiG HBR vist flemistry,
virtually all the rsotatizd PRX sapoisitiia SeRdMyanrisBEA otexisrend I REgand 8 PITaUThis result is
expected for celig ekthe pancraaticRnaader vl dpraga MamnohthesasielswererdisprithF3f3 positive

by antibody stajpings EXANMPLE 24, Fiansplantation.alHuman DefinilivaiEpdedasmkells under Mouse
Kidney Capsule 0356] To demonstrate th;t é%gr{&yman efinitive endpderm cells produced using
S

[
the methods de¥RABEA HePLnPATR RN EBIE ST h§ T8 GFrsr s et Bn PEXBTEL8 4 produce
cells that are dérieeiBHBIHel§l{- it sstie Aot smve drd dde it isdifisratitiblected to an in
vivo differentiatiBRqarotoealesifis S7dichusn anatdefinitivereficate rrneedisoviass precuebdvas mescribed in the
foregoing Examples. -pue:GRilaMere Ratyestedeanditiansplanteduaderthskigney.capaule of

|mmunocomproqﬂlsed mice Using Osntszilsrgegl ég%ers%gg%gr?s;d After three ﬂvaesealg trk%&n%c&w%g sacrificed

and the transplglnfreﬁc figstie Was removed, sectioned and su Teaétga to hls&% ogécaf and imrnunocyto

chemical analy&tetife3SetRgtSxckmilp Gradh fhaftkriah s taaieisp SKetra s siattEbieh, the human
definitive endod&emseeli{siffplecHiiateguitecciseincctlutai=biiucivresnterithe ddmrliztiengut tube. In

particular, Figuig,eRéshaws Rematoxmin and-eositstaingd:-sestions.of transplanted human definitive
endoderm tissue that[lé\ diffe[%petzj%g%a%géo gui-tube-like structures Figyre 598 shows a transplanted

human definitive endo er}n section ImmURGstained with antiboc y to hepatocyte specff?c antigen (HSA)

This result indicStEERsLPEHER B IRRIHTTE ERTOBEMHE SR SCEhHbE STEiteraNigtng into liver or
liver precursor déftssFignran B0 teach80D Sivovarketramsptamierthiayrabradatfipitiveeeameiolierin section
immunostainedeyith: aniiaeeyt 10 syitinang.nniihedy:tenaaucd iy paih omenbaxdanseriptinn factor 2

(CDX2), respecfively, [hegeLesifizdndicele hakihe Armandetnilie. cRdpdsim ealls.ate capable of

differentiating intg intestinal cells or intestinal cell precursors. EXAMPLE _25 Id%rég]fiic}%ti{?n of

Differentiation FERRSPE RSB of BTofRotAY He DTS FERHR BH SPEN RRges = hghlighted in
Table 1.
TABLE ]
Germ Layer ¢ | Gene . | Expression Domains . =
Endoderm S0OX17 | definifive, visceral and parietal endoderm
MIXL1 | endoderm and mesoderm
GATA4 | definitive and primitive endoderm
HNF3b | definitive endoderm ané primitive endoderm, mesoderm, neural
plate
GSC endoderm and mesoderm
Exira- SOX7 visceral endoderm
embryonic
AFP visceral endoderm, liver
SPARC | parietal endoderm
™ parietal endoderm/trophectoderm
Ectoderm ZICt nevral fube, neural progenitors
Mesoderm BRACH | nascent mesoderm
162711 Since many genes are expressed in more than one germ layer it is usefu] to

guantitatively compare expression levels of meny genes within the same experiment. SOX17 is

expressed in definitive endoderm and to a smaller extent in visceral and parietal endoderm. SOX7
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Definitive Endoderm Cells In Vitro [0359]To exemplify the differentiation factor screening methods
described herein, populations of human definitive endoderm cells produced using the methods
described herein were separately provided with several candidate differentiation factors while
determining the normalized expression levels of certain marker gene products at various time points.
[0360] Human definitive endoderm cells were produced as described in the foregoing Examples. In
brief, hESCs cells were grown in the presence of 100 ng/ml activin A in low serum RPMI medium for

four days, whergip g eabhoying SeumERSkConcenliption onday a0,y day,2 was 0.2%

and on days 3-4 was 2%. After formatlon itive en erm I3eg|nn|n on ay a?‘?& ending on
day 10, cell pop%ﬁBﬁ’?’iﬁ%ﬁ%ﬁ?ﬁ%ﬁ#ﬁ’?ﬁWﬂﬂ%q Wé@rfnsﬁmﬁﬁ%ﬁtﬁﬁ?ﬁﬁﬁ@@% FBS were treated with
one of: Wnt3B at 20 ni§##l, FGP&aiti% regdndeor FERZati@ngmbxithe Bighression Shxmarker gene
products for albirain, RRGXEveRd: il wese @a@&ﬂtmm@m@ﬂq&n@@@kﬁmﬁ%m shows that

expression of the o Wéaeg@asﬂprqgug&&&%&e&ggﬁs% REHRABANELES S} Sypstantialy
ng/m

increased on days 10.In résponse 1o F as compared to expression-in definitive
endoderm cells SREEY 4 BHB: 4 eI fﬁﬁéﬁf@rfﬂél‘i’ghd%%? P BTSSR BFthe albumin
gene product werseiss.ifet daise doiFrids pih KO D exprgssisk\im i Brisire dasderar{Teil® ds compared to
expression in unirestedidefiniiveeadodei calitsshowe vertherpaieasanasnekias jage as that

observed for th@mm ﬁ@@ﬂ@ﬁ&@@%@mw%{gqﬂgmssslm Qﬁ%f&agao%that the
expression of the al unHFmgepgléaro uct Wagf ot increased on days 9 an 01In response to FGF2 at

100 ng/ml as comparaa to expression in i er?&%&%ﬁﬁdééﬁg'%ﬂbﬁavc4w§ﬂ?ﬁﬂ%ﬁ§’§h|ts were seen
with the PROX BYRAPREAT e eedreFahsrk8Ptor liver precursors and liver cells) as shown in Figure 51B.
Figure 51C shows thdbimtell gopistatidhs previtled: witlead B6: agfeadify@b:2s eprasséameafithe 111141
marker gene subgtantialyin6Teas et RRHRY Suknd m%éﬁﬁ%ﬁﬂ%@%%@%é?%&%&ﬁweﬂ”'“Ve
endodemi cells @@nﬁ@é 4JPr or to treatment V\{rth th|s(§j|ffer ntiatio actor,1 but F at 5 ng/ml had
very little effect on expression of this g gene pro&uc?agl%gnmopared PIPETR TR ndoderm.
Taken together “BFE a1t SRAWVhERASFSERITE LS ¥a8 Evﬁﬁlﬁﬁﬁ%ﬁﬁﬁﬁ?@@&ﬁeéﬁﬁéﬁ%%%mh the
candidate differemtistiorssferctor is provided to the cell population can affect the differentiation fate of
definitive endoderm cells in vitro. EXAMPLE 26 Marker Upregulation and Downreaulation in Response
to Candidate Differentiation Factors. [0362 f E%%r exemplify the differentiation factor screening
methods described herein opulatlons of human e |n|t|ve endoderm cells were screened with
candidate differentiation fattorEtiHTBHEEERR il imiom HESERBE 8 Example 25.
[0363]Human deflnltl\lézé‘ﬂdodéﬁ*maéeﬁ% Wér‘élbr@dere@dﬂashﬂ%s@hbe@f tedendgoimgiferamples. In
brief, hESCs celis: Wi tetgreamdly imibearese nediti-&00:agémt actiinddo donssernRRAd medium for
four days, whergimihg g?aaicmvmﬁ@@AME&%&@%@E&@H&&%@%&M%M@@“ dé}%z was 0.2%

and on days 3-4 \[lly%m% %%79 deflnltlviend erm, b |nn|ngb n day 5 and ending on
day 10, cell populations main alned B A BT ISRL &5 R PRATeES ARTAFL YT PRE W re treated
with one of WnESA"&I*025G#kty 2ESH 2ag 5%%?%#@@@2%?@6@’%%“@%%% definitive
endoderm formatibriri{d apdddafte rdhepptarinef the differentiativrd @i C sy, B Bdspeasiadded to all

the cultures at @xﬁ%@eﬂﬁ'ﬁ&é”%%@Qeﬂ%ﬂiﬂuéheﬁﬁxﬂ{(ﬁs%n@f meéa@%ﬂ%ugﬁo&% NAs) for

alpha fetoproteln ne P450 7 yrosine a motran rase (TAT), hepatocyte
nuclear factor 43 (131 é nC)Plé (5 “type ¢ é’?ﬁo Kine rec@i}o érél) XEHA ﬁé???g?f‘aﬁf’éctor (VVVF),
vascular cell adfta&ib{ ﬁ‘i@?@*‘éﬁlé?eﬁs(%&t‘ﬁm %ﬁi?ﬁgpfﬁ?%lﬁfﬂiﬁwméﬁéﬂwéﬁrter 2
(GLL1T2), alphertedemntity peim-¢ARTRig kakodeina sevEGILUR rang:timain hematopbietically expressed
homeobox (hHE%) wetesguanttaiae14aRe Qdl GRes[B3GAFIgUres 5341 B shawibal exprgssion of the

APP gene prod&% {am rdf%r%@e@%&éﬁ?&ﬁﬁu@!‘d liver cells) and AAT substantially increased on
days 9 and 10 in resp 2 .at 5 ng/ml and BMP4 at 50 ng/ml as compared to expression in
c@ﬁisbn &) Tl

definitive endoderm FEOF AP AR PvA R AT R e igBsntially
increased by hi@ﬁéP’fébﬁrréé?ﬁﬁaﬁ@r?céﬁfg@F@’(@@W@Yﬁﬂ)‘)@@mﬁ%ﬁl@t predieictioRBRERYs (Figures
51A-B days 9 andig)wihictnirasitethe abioye Vesplishtteoaxpearsian ahGd sMQuiEX and TAT

MRNASs was substantiali¥.Hn rﬁg@#@&@%@ﬁ%ﬂﬁé@%@ @ﬁ@f&gm& Rghnkand fMEA at 50 ng/mi on
days 9 and 10 as,com arded t ressig mltlve e erm cells on d 4. In the case of
GEUKO, neithe S{Kfntf% nor IE%% ataé nglm tﬁl rcl)rt?/vfﬁEJ ﬁt%e%ea%w}fc%gcg% the

expression exptession up or down relative to undifferentiated ES cells Altera‘aon of OCT4 levels above or
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of this marker (Figure 52C). FGF2 at 5 ng/ml did, however, cause an increase in expression of hllIEX in
the presence of BMP to an extent greater than or equal to the increase caused by FGF2 at 100 nem'in
the presence of BMP (Figure 52D). Expression of TAT on days 9 and 10 as compared to expression in
definitive endoderm cells was increased by each of the factors tested (Figure 52E). Additionally,
certain cell markers were expressed at an increased level as compared to definitive endoderm cells in
the presence of Wnt3A, but not in response to FGF/BMP combinations. In particular, the expression of
hNF4a mRNA significantly increased on days 9 and 10 in response to the combination of Wnt3A and
BYDP4 (Figure Fhﬁﬁ?%#gf%‘&?‘&? %’\?‘Wi’%%?%@ Brinigirarh e Seersatr s enEet P nt3ATBMP4
on day 10 (Figuptmgp@yt state. [0365] Several markers that are known to be expressed in a number of
different cells types wipngaplso shservesdSpesitically thienmarkets APQALntal U2, \§GAM1, VWF and

CXCR4 were examinesh-Reayipyshheipression of sachaldbeseparksrs s breq gorrelated with
specific cell typ(agtaz%% J%Iowds he market{ls APQAl a dt LUT2 are highly eX%ressed in the liver and

moderately expressed in 8in S GeHLI Ar SRl E R ETRES RRvRET ‘igc%%srcéssed ata
high level in the®hpBieseXsresserhore dhath sraratet oykithpinesssinaceiza maesmdrs, kergsmall intestine,
and expressed &t sieeibui iffmifitantiey dlermthidungiindpansheagy ke woniiastzifadaarkers VWF

and CXCR4 arqexpresseshat Righdevels, inthe:d gt 00 .24 Aennleyals.iB.lver. {Bath YWF and
CXCR4 are alsg gxQigassd-aLgde Azl aicuels in e stamach paneieas, diodgnum, and smal
intestine. [0366]EXxpression of each of the above-described markers was monitored in definitive
endoderm cell CHftiEBEMELAET HRREomRBRRITNS M Mrmdnstese paghe pMPA Cormiigtent with the
above results, Figbreg:B2Hellshdw thabal (IMmARDARsanT ¥EAMhiRNAtexpge saiciiwas increased in
response to thegombinatinr:el REF2mirhaginhancd&/Qd-onany Rhang1¢aswemeatrd to the

expression in ARG QSIS ERNAEIPIESHION Bhihsse markers uas no! substantiall
increased in respon%%- to,the combination of FGF2 at 100 ng/ml| an B104. In the case of the APOAL

and VCAMI marREFRIRIA (R ol GRS 28 ReakBre ol BB/ d and 10 was mediated by the
combination of Wnt3A%BAY B1)Baqdiguresi BXprfRaeR|paSddition (P A4RE sreguinssidch&eipression of
certain MRNAs was e ieasat msosonpad Joxiepspressiomig.defipitiveiendadamn or example,

as compared to, e HHRIESSIPRINARIANE ENAoReE. RN MVE A0diOXCRA MENA gxpression was

decreased after contact with yv t3A in tﬁe presenc and in the absence of BMP4 as well as after
contact with FGEZ At b-Rg/mt if the PreseAce and 1A e aBSThce B TS fod YRIRIRE B9YE-L). Contact
with FGF2 at 100#gMiFsHEtHnA fraatisderesedndaitantie PresereworBNPamgsafy¥lowed the rate
of decrease of theszdwadsmRkeise(Eiglne s SRIGOY1 I 42RtaeXve ssibnini GGE Rdvivasasbstantially
hmc'stin_tained eve&z@iﬁcdayséleg ()EW@%}?&%&#Q%%&I}%@ m@ﬂagg@e@dmmmi&mggmes de_SCfibgdd
erein are presently re ntative of preferr odiments. and ar, mplar .are not intende
as limitations on tlﬁéessc%gr%é%%f t%tgelsﬁyaé_%ot%negﬁageﬁg%s,{jﬁnéor%%aa?ﬁla 0 h%r%fe%%ﬁ o%%ﬂ}nfg those sinned
in the art which Bfe B IASEETRIR RS Sprres FigashiniicRddY are defined by the scope of the
disclosure. Accordingi28lwill B8itapharsPXid endddednd thBCRtitokt darying subystitutibns and
modifications mayibeimade-da-the inveartien distiosed Arreinwitbgut-AepRaringsiremdhg.scope and
spirit of the inv%%[ﬁ%@]m%%? %ﬁig@igg&ge%lgx&@nqvthroygpout .thisag&%éxoesn d;?dnt.)y the phrase
[

.. ) . € app & Varie
"consisting essentially of is meant including any elements Ilsteapafter the phrase, and limited to other

elements that dEHSEIHEEPFER RATH SedBrIBRTLS PR seirsPRr S abResh it TRe disclosure for
the listed elemehepomiriion ihe!HASERIoNESTTgassamtiity of irdicdtes dhmtithddistdd elements are
required or mangabedy jbeinthasoherelements are optional and may or may not be present depending

upon whether or not thgyspffeciyhe activibprastion lihe InledelamenisoReleranses

[0370]Numerous literature and patent references have been cited in the present pgtgé%tappllcatlon.

[0371]For some YatBrSIEEE e BEHIPIAE Cionts iR AN By oridetae e SPBfry&tsrences the
citation in the b&ds Geithdntéxrigdseh rigreandry baictvrcommplatectitation dsetgBBidRows:
combinations of these growth factors were added to cultures of undifferentiated human stem cell
line hESCyt-23 to begin the differentiation process,
[0280] As shown in Figure 19, addition of activin A at 100 ng/ml resulted in 2 19-
fold mduction of SOX17 gene expression vs. undifferentiated hESCs by day 4 of differentiation.

Adding activin B, a second member of the activin family, together with activin A, resulted n a
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[0372]Alexander, it, Rothenberg, M., Henry, G. L., and Stainier, 1D. Y. (1999). Casanova plays an
early and essential role in endoderm formation in zebrafish. Dev B ol 215, 343-357. [0373]Alexander,
J., and Stainier, D. Y. (1999). A molecular pathway leading to endoderm formation in zebrafish. Curr
Biol 9, 1147-1157. [0374]Aoki, T. 0., Mathieu, .1., Saint-Etienne, L., Rebagliati, M. R., Peyrieras, N.,
and Rosa, F. M. (2002). Regulation of nodal signalling and mesendoderm formation by TARAMA, a
TGEbeta-related type | receptor. Dev Biol 241, 273-288. [0375]Beck, S., Le Good, J. A., Guzman, M.,

Ben Haim, N., y A< g ennanrdhgff ]aglan(%O%?n)ed tra qu;n%pteases
fi u{%ﬁrfﬁa astrf]fmtlon Nat CeII ol 4, 981 98 dln ton R. S,

regulate Nodal na

Rashbass, P., éﬁ%ne\ﬂl@é}ﬁ n\?“*k’i‘gﬁil}e BrEer oy 2 gﬁ@%%‘ﬂ’r@ﬁﬂﬁ‘ %F&‘Pa’h hd early
organogeness.td@ehfeswpla&ﬁﬁr]@&nﬁoaiﬁm@ngw;w@c} FenélCintuetNg, 18.5C . fiaed Ratoam, S. (1994).
Isolation and cuﬂ%@e@%ﬁ&@@mﬁgﬁwﬁg&&qﬂ? frm@mw biastacy sian HuReREOg 2440-2117.

[0378]Chang, H., Bro and Matz Icr‘g %Dg%)mp etgc analys %1} &P mmallan
transforming grow&m\gé?orfagﬁgf&f er grﬁ En(}oc ev 23 7 l%é)%resu% J[ﬁt Con on F. L.,

Lyons, K. M., TAR%edsy, fre @it ﬁf@lﬁs&@%}?ﬁbﬁ%@—’f@rrﬁngrﬁ%ﬁ BMP, SOPR O BERGRCE 01 994). A
primary requ|reﬁmnﬂ@nmma&m%helﬁ?ﬁsatmsaﬁmwﬁaﬂd%bﬁth@qsmn@lﬁmestmm‘m the mouse.

Development 1201 342-4Q8Bactivin TGFR family members results in increased expression of SOX17.

[0281] Nodal and related molecules activin A, B and BMP facilitate the expression
of SOX17 and definitive endoderm formation i vivo or in vitro. Furthermore, addition of BMP
results in an improved SOX17 induction possibly through the further induction of Cripto, the
Nodal co-receptor.

[6282] We have demonstrated that the combination of activins A and B together with
BMP4 result in additive increases in SOX17 mduction and hence definitive endoderm formation.
BMP4 addition for prolonged periods (>4 days), in combination with activin A and B may induce
SOX17 in parietal and visceral endoderm as well as definitive endoderm. In some embodiments
of the present mvention, it is therefore valueble to remove BMP4 from the treatment within 4
days of addition. _ '

[0283] To determine the effect of TGEP factor treatment at the individual cell level,
a time course of TGFP factor addition was examined using SOX17 antibody labeling. . As
previously shown in Figures 10A-F, there was a dramatic increase in the relative number of
S0OX17 labeled cells over time. The relative quantification (Figure 20) shows more than a 20-fold
inorease in SOX17-labeled celis. This result indicates that both the numbers of cells as well
SOX17 gene expression level are increasing with time of TGEB factor exposure. As shown in
Figure 21, after four days of exposure to Nodal, activin A, activin B and BMP4, the level of
SOX17 mduction reached 168-fold over undifferentiated hESCs. Figure 22 shows that the
relative mumber of SOX17-positive cells was also dose responsive. activin A doses of 100 ng/ml
or more were capable of potently inducing SOX17 gene expression and c<ll number.,

[G284] In addition to the TGER family members, the Wnt family of molecules may
play a role in specification end/or maintenance of definitive endoderm. The use of Wnt molecules
was also beneficial for the differentiation of hESCs 10 definitive endoderm as indicated by the
increased SOX17 gene expression in samples that were treated with activins plus Wni3a over that
of activins alone (Figure 23).

[0285] All of the experiments described above were performed using a tissue culture
medium contzining 10% serum with added factors. Surprisingly, we discovered that the

concentration of serum had an effect on the level of SOX17 expression in the presence of added
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[0380]Dougan, S. T., Warga, R. M., Kane, D. A., Seller, A. F., and Talbot, W. S. (2003). The role of the
zebrafish nodal-related genes squint and cyclops in patterning of mes endoderm. Development 130,
1837-1851. [0381]Feldman, B., Gates, M. A., Egan, E. S., Dougan, S. T., Rennebecic, G., Stroticin, H.
l., Schier, A, F., and Talbot, W. S. (1998). Zebrafish organizer development and germ-layer formation
require nodal-related signals. Nature 395, 181-185. [0382]Feng, Y., Broder, C. C., Kennedy, P. E., and
Berger, E. A. (1996). 131V-1 entry cofactor: functional cDNA cloning of a seven-transmembrane, G
protein-coupled receptor. Science 272, 872:3.77. J ashiy ga, M., Yagi,
K., Bono, H., Haacy?ggﬁiazsg (?W\}m Kaza ?A?g %%§%g§§%fﬁ?%§%%8%$¥ogﬁega‘(l‘g)r%)%ns%?ggconstituti\?e
production of b%ﬁ@ﬁﬁﬂ@%wmﬁgﬁm:‘%ﬁ%% expiession profiles of engelbreth-holm-swarm
tumor and F9 embrydpistarcifivaiiz selismimBiekCherrrtiiisR4IGHI Bowdndiadeamenitelon, D. A.
(2000). Endodega.geieioppesd 250m pademingioorgrnogenesissdxents:Ganer i 124-130.
[038S]Harris, T, M. 200 Clls:.2( 200N Cloakaene £xRIesaoRnaHSHS LD diferenation of FS
embryonal carcinoma cells into parfietal endoderm. Funct Integr Genomics 2, 105-119. [0386]Hogan,
B. L. (1996). Bd’i’i@%gﬁgﬂeogenetic proteins in development. Cur Op in Genet Dev 6, 432-438.

[0387]Hogan, B. L. (1997). Pluripotent embryonic cells and methods of making same (U.S.A.,
Vanderbilt University). EXAMPLE 7

Chemoline receptor 4 (CXCR4) expression correlates with markers for definitive endoderm and

not rarkers for mesoderm. ectoderm or visceral endoderm
[0287] As described sbove, hESCs can be induced to differentiate to the defnitive

endoderm germ layer by the application of cytokines of the TGF[ family and more specifically of
the activin/nodal subfamily. Additionally, we have shown that the proportion of fetal bovine
serum (FBS) in the differentiztion culture medium effects the efficiency of definitive endoderm
differentiation from hESCs. This effect is such that at a given concentration of activin A in the
medium, higher levels of FBS will inhibit maximal differentiation to definitive endoderm. In the
absence of exogenous activin A, differentiation of hESCs to the definitive endoderm lineage is
very inefficient and the FBS conceniration has much milder effects on the differentiation process
of hESCs.

[0288] In these experiments, hESCs were differentiated by growmg in RPMI
medium (Invitrogen, Carlsbad, CA; cat# 61870-036) supplemented with 0.5%, 2.0% or 10% ¥BS
and either with or without 100 ng/ml activin A for 6 days. In addition, a gradient of FBS ranging
from 0.5% to 2.0% over the first three days of differentiation was also used in conjunction with
100 ng/m} of activin A. After the 6 days, replicate samples were coliected from each culture
condition and analyzed for relative gene expression by real-time quantitative PCR. The
remaining cells were fixed for immunofluorescent detection of SOX17 protein.

[0289] The expression levels of CXCR4 varied dramatically across the 7 culture
conditions used (Figure 26). In general, CXCR4 expression was high in activin A treated cultures
(A100) and low in those which did not receive exogenous activin A (NF). In addition, among the
A100 freated cultures, CXCR4 expression was highest when FBS concentration was lowest,
There was & remarkable decrease in CXCR4 level in the 10% FBS condition such that the relative
expression was more in line with the conditions thet did not receive activie A (NF).

16290} As described above, expression of the SOX17, GSC, MIXL1, and HNF3B
genes is consistent with the characterization of a cell as definitive endoderm. The relative
expression of these four genes across the 7 differentiation conditions mirrors that of CXCR4
(Figures 27A-D). This demonstrates that CXCR4 is also a marker of definitive endoderm.
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[0388]Howe, C. C., Overton, G. C., Sawicki, J., Solter, D., Stein, P., and Strickland, S. (1988).
Expression of SPARC/osteonectin transcript in murine embryos and gonads. Differentiation 37, 20-25.
[0389]Hudson, C., Clements, D., Friday, R. V., Stott, D., and Woodland, H. R. (1997). Xsoxl 7alpha
and -beta mediate endoderm formation in Xenopus. Cell 91, 397-405. [0390] Imada, M., hnada,
S., lwasald, H., Kume, A.., Yamaguchi, H., and Moore, E. E. (1987). Fetomodulin: marker surface
protein of fetal development which is modulatable by cyclic AMP. Dev Bid | 122, 483-491.

[0391]Kanai-Azuma, nai, Y., Gad ajima, Y Taya, C Kuro Sanal Y.,

Yonelcawa, H., Yaz'al ?ﬁ]eTa%c f'}mig‘ cﬁgfay%éh ﬁoﬁgﬁ’ﬁgm‘imﬁ% %e inftive gut endoderm
in Sox17-null me!ea?ﬁemd& @%‘%’/eﬁl’ﬁfﬁ?ﬁéﬁt T 7EE. Eﬂilogymcﬂwmseezéezg?@pressmn of
human SOX7 inmginea) tissMEsiandiltimoest datd dialeentDes86 3<B08:0393 ] Kilsuek 24-PAgathori, A.,

Alexander, J., T@é&%ﬁm@m WaldeoRimes YRIAN ¢ nol Risse BroRRthSIalRienh ReY ofeLRAsgasanova
encodes a novel S ated oteln nece sar and suff|C|ent 3_[]@ aerI% r;cgod nn f%rmaélgn in

zebrafish. Geneembcev 1 e?f?id‘gd ot rOXME yer,

Chemolcines: s@ﬁ%T%ﬁ%é?@r%ﬁE‘?éiﬁﬁ%FT% &‘Be&ﬁsl?ﬁlso@\féﬁf}ﬁ‘?@ﬁﬂ%ﬁﬁ%ﬁwlﬁnctlon J
Leukoc Biol 65, Gsit&sion. [UB95Hiarel miagxpisgiemuete@riffivrs tol H{@O0O0)X VRt telsr dtdomteseatdoderm
induction and patierRingCrér QRiR @enalDey Lod5R-3pRctoderm derived from hESCs at this

developmental time period.

[0292) Early during mammalian development, differenti‘ation to exira-embryonic
imeages also occurs. Of particular relevance here is the differentiation of visceral endoderm that
shares the expression of many genes in common with definitive endoderm, including SOX17. To
distinguish definitive endoderm from extra-embryonic visceral endederm one should examine 2
marker that is distinct between these two. SOX7 represents a marker that is expressed in the
visceral endoderm but not in the definitive endoderm Iineage. Thus, cultwre conditions that
exhibit robust 80X 17 gene expression in the absence of SOX7 expression are likely to contan
definitive and not visceral endoderm, It is shown in Figure 28E that SOX7 was highly expressed
in cultures that did not receive activin A, SOX7 alse exhibited increased expression even in the
presence of activin A when FBS was included at 10%. This pattern is the inverse of the CXCR4
expression pattern and suggests that CXCR4 is not highly expressed in visceral endoderm.

[6293] The relative number of SOX17 imommoreactive (SOX177) celle present in
each of the differentiation conditions mentioned above was also determined. When hESCs were
differentiated in the presence of high dose activin A and low FBS concentration (0.5% - 2.0%)
SOX17" cells were ubiquitously distributed throughout the culture, When high dose activin A
was used but FBS was inciuded at 10% (v/v), the SOX17" cells appeared at much lower
frequency and alwsys appeared in isclated clusters rather than evenly distributed throughout the
outture (Figures 29A and C as well as B and B). A further decrease in SOX17" cells was seen
when no exogenous activin A was used. Under these conditions the SOX17" cells also appeared
in clusters and these clusters were smaller and much more rare than those found in the high
activin A, low FBS treatment (Figure 29 C and F). These results demonstrate that the CXCR4
expression patterns not only correspond to definitive endoderm gene expression but also to the

number of definitive endoderm cells in each condition.
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131,1651-62. [0397]Kumar, A., Novoselov, V., Celeste, A. J., Wolfman, N. M., ten Dijke, P., and
Kuehn, M. R. (2001). Nodal signaling uses activin and transforming growth factor-beta
receptor-regulated Smads. | Biol Chem 276, 656-661. [0398]Labosky, P. A., Barlow, D. P., and Hogan,
B. L. (1994a). Embryonic germ cell lines and their derivation from mouse primordial germ cells. Ciba
Found Symp 182, 157-168; discussion 168- 17%ﬂ§&%]é_§bosicy P. A., Barlow, D. P., and Hogan, B.
L. (1994b). Mouse embryqnic germ (HG) cell Ilnes transm|SS|on through the germllne and differences
in the methylation imprint Sisiniaion tH Fae T EREBBMpared with embryonic
stem (ES) cell lines. Deyeloprnent 12¢:8drorutone JHABAHasikeate#d., Kutsch, S., Kanzler, B., Tamai,

Y., Taketo, M. M., andedesmler, Be &whﬁmmaﬂ@&ﬁémwmﬁ@mmm&ﬁﬁo&%meletlon of

beta-catenin in ge SIBORANGR IHOEC T Wk hodnc il ihdl e de BER0AN I on
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and its receptorC : ?i&g con %Ym%lg% gé‘één%iznig (EDTA) for 5 minutes at room temperature, The cells

were filtered through 35 um nylon filters, counted and pelleted. Pellets were resuspended in &

small volume of 50% human serum/50% normal donkey serum and incubated for 2 minutes on
ice to block non-specific antibody binding sites. To this, 1 pl of mouse anti-CXCR4 antibody
(Abcam, cat¥# ab10403-100) was added per 50 pl (containing approximately 10° cells) and
labeling proceeded for 45 minutes on ice. Celis were washed by adding 5 m] of PBS containing
2% human serum (buffer) and pelleted. . A second wash with 5 ml of buffer was compieted then
cells were resuspended in 50 pl buffer per 10° cells. Secondary antibody (FITC conjugated
donkey anti-mouse; Jackson ImmunoResearch, cat# 715-096-151) was added at 5 pg/ml final
conceniration and allowed to label for 30 minutes followed by two washes in buffer as above,
Celis were resuspended at 5x10° cells/m! in buffer and analyzed and sorted using a FACS
Vaniage (Beckton Dickenson) by the staff at the flow cytometry core facility (The Scripps
Research Institute). Cells were collected direcily into RLT lysis buffer (Qiagen) for subsequent
isolation of total RNA. for gene expression analysis by real-time guantitative PCR.

[0296) The number of CXCR4" cells as determined by flow cytometry were
observed to increase dramatically as the dose of activin A was increased in the differentiation
culture media (Figures 30A-C). The CXCR4" celis were those falling within the R4 gate and this
gate was set using a secondary antibody-only control for which 0.2% of events were located in the
R4 gate. The dramatically increased numbers of CXCR4™ cells correlates with a robust increase

in definitive endoderm gene expression as activin A dose is inereased (Figures 31A-D).

EXAMPLE 9

Isolation of CXCR4 positive cells enriches for defimitive endoderm gene expression and depletes

cells expressine markers of mesoderm. ectoderm and visceral endoderm
[0297] The CXCR4" and CXCR4" cells identified in Example 8 above were coliected

and analyzed for relative gene expression and the gene expression of the parent populations was

determined simultaneously.
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BMP and hedgeheg:signalfinigviestidaeV 8Dshbdd inl BQures 31A-D, the CXCRA™ cells were firther
enriched over the parent A100 population for SOX17, GSC, HNF3B, and MIXL1. In addition,
the CXCR4 fraction contained very little gene expression for thess definitive endoderm markers.
Moreover, the CXCR4™ and CXCR4" populations displayed the inverse pattern of gene expression
for markers of mesoderm, ectoderm and extra-embryonic endoderm. Figures 33A-D shows that
the CXCR4" cells were depleted for gene expression of Brachyury, MOX1, ZIC1, and SOX7
relative to the A100 parent popuiation. This AI00 parent population was already low in
expression of these markers relative to the low dose or no activin A conditions. These results
show that the isolation of CXCRA4" cells from hESCs differentiated in the presence of high activin
A yields a population that is highiy enriched for and substantially pure definitive endoderm.

EXAMPLE 10
Quantitation of Definftive Endoderm Cells in a Cell Popuiation Using CXCR4

[03040] To confirm the quantitation of the proportion of definitive endoderm cells
present in a cell cutture or cell population as determined previously herein and as determined in
Uniteé Siates Provisional Pateﬁt Application No. 060/332,004, entiied DEFINITIVE
ENDODERY, filed Decernber 23, 2003, cells expressing CXCR4 and other markers of definitive
endoderm were analyzed by FACS,

[6301] - Using the methods such as those described in the above Examples, hESCs
were differentiated to produce definitive endoderm. In particular, to increase the yield and purity
in differentiating cell cultures, the serum concentration of the medium was controlied as follows
0.2% FBS on dayl, 1.0% FBS on day 2 and 2.0% FBS on days 3-6. Differentiated cultures were
sorted by FACS using three cell surface epitopes, E-Cadherin, CXCR4, and Thrombomodulin.
Sorted cell populations were then analyzed by Q-PCR to determine relative expression levels of
markers for definitive and extraembryonic-endoderm as well as other cell types. CXCR4 sorted
cells taken from optimally differentiated cultures resulted in: the isolation of definitive endoderm
cells that were >98% pure.

[0302] Table 2 shows the results of 2 marker analysis for a definitive endoderm
culture that was differentiated from hESCs using the methods deseribed herein.
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0

ECAD 10 0 ' 00
other (ECAD neg.) | 10-20
Total | 100 100 100 100

[0303} In particular, Table 2 indicates that CXCR4 and SOX17 positive cells
{endoderm) comprised from 70%-80% of the cells in the cell culture. Of these SOX17-expressing
cells, Jess than 2% expressed TM (parietal endoderm) and less than 1% expressed AFP (visceral
endoderm). Afier subtracting the proportion of TM-positive and AFP-positive cells (combined
parietal and visceral endoderm; 3% total) from the proportion of SOX17/CXCR4 positive cells, it
can be seen that about 67% to about 77% of the cell culture was definitive endoderm.
Approximately 10% of the cells were positive for E-Cadherin (ECAD), which is a marker for
hESCs, and about 10-20% of the cells were of other cell types.

7 {0304) We have discovered that the purity of defnitive endoderm in the
differentiating cell cultures that are obtained prior to FACS separation can be improved as
compared to the above-described low serum procedure by maintaining the FBS conceniration at
<0.5% throughout the 5-6 day differentiation procedirs. However, maintaining the cell culture at
<0.5% throughout the 5-6 day differentiation procedure also results in & reduced number of toial
defmitive endoderm cells thet are produced.

[G305] Definitive endoderm cells produced by methods described herein have been
maintained and expanded in culture in the presence of activin for greater than 50 days without
appreciable differentiation. In such cases, SOX 17, CXCR4, MIXL1, GATA4, HNF3B expression
is maintained over the culture period. Additionally, TM, SPARC, OCT4, AFP, SOX7, ZIC1 and
BRACH were not detected in these cultures. It is likely that such cells can be maintained and
expanded in culture for substantially longer than 56 days without appreciable differentiation.

EXAMPLE 11
Additional Markers of Definitive Endoderm Celis
[0306] In the following experiment, RNA was isolated from purified definitive

endoderm and hurnan embryonic stem cell populations. Gene expression wag then analyzed by
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as follows: 0.1% (first day), 0.2% (second day), 2% (days 3-5).

[0308] Cells were isolated by fluorescence activated cell sorting (FACS) in order {o
obtain purified populations of hESCs and definitive endoderm for gene expression analysis.
Immmumo-purification was achieved for hESCs using SSEA4 antigen (R&D Systems, cat¥
FAB1435P) and for definitive endoderm using CXCR4 (R&D Systems, cat# FABI70P). Cells
were dissociated using trypsin/EDTA. (Tnvitrogen, cat# 25300-054), washed in phosphate buffered
saline (PBS) containing 2% human serum and resuspcnded i 100% human serum on ice for 10
minutes to block non-specific binding. Staining was carried out for 30 minutes on ice by adding
200 ui of phycoerythrin-conjugated antibody to 5 x 10° cells in 800 ul human serum. Cells were
washed twice with 8 ml of PBS buffer and resuspended in I ml of the same. FACS isolation was
arried out by the core facility of The Scripps Research Institute using 2 FACS Vantage (BD
Biosciences). Cells were collected directly into RLT lIysis buffer and RNA was isolated by
RNeasy according to the manufacturers nstructions {Qiagen).

[6309] Purified RNA was submitted in duplicate to Expression Analysis (Durham,
NC) for generation of the expression profile datz using the Affymetrix platform and U133 Plus
2.0 high-density oligonucieotide arrays. Data presented is a group comparison that identifies
genes differentially expressed between the two populations, hESCs and definitive endoderm.
Genes that exhibited 2 robust upward change in expression level over that found in hESCs were
selected as new candidate markers that are highly characteristic of definitive endoderm. Seiect
genes were assayed by Q-PCR, as described above, to verify the gene expression changes found
on the gene chip and also to investigate the expression pattern of these genes during a time course
of hESC differentiation.

[0310] Figures 34A-M show the gene expression results for certain markers. Results
are displayed for cell cultures analyzed 1, 3 and 5 days after the addition of 100 ng/ml activin A,
CXCR4-expressing definitive endoderm cells purifiec at the end of the five day differentiation
procedure (CXDE), and in purified hESCs, A comparison of Figures 34C and G-M demonstrates
that the six marker genes, FGF17, VWF, CALCR, FOXQ1, CMKOR] and CRIP1, exhibit an

expression pattern that is almost identical to each other and whickh is also identical to the pattern
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endoderm and that they are not significantly expressed in exra-embryonic endoderm cells.
{0311} 1t will be appreciated that the Q-PCR results described herein can be firther
confirmed by ICC.

EXAMPLE 12
Retinoic Acid and FGF-10 Induces PDX 1 Specifically in Definitive Endoderm Cultires
[0312] The following experiment demonstrates that RA and FGF-10 induces the

expression of PDX1 in definitive endoderm cells.

[0313] Human embryonic stem cells were cultured with or without activins for four
days. On day four, I uM RA and 50 ng/mi FGF-10 were added to the cell culture. Forty-sight
hours after the RA/FGF-10 addition, the expression of the PDX1 marker gene and other marker
genes not specific to foregut endoderm were quantitated by Q-PCR. '

f1314] The application of RA to definitive endoderm cells caused z robust increase
in PDX1 gene expression (see Figure 35) without increasing the expression of visceral endoderm
(SOX7, AFP), neural (SOX1, ZIC1), or neuronal (NFM) gene expression markers (see Figure
36A-F). PDX1 gene expression was induced to levels approximately 500-fold higher than
observed in definitive endoderm after 48 hours exposure to 1 pM RA and 50 ng/m! FGF-10.
Furthermore, these results show that substantial PDX1 induction ocourred only in cell cultures
which had been previously differentiated to definitive endoderm (SOX17) as indicated by the
160-fold higher PDX1 expression found in the activin treated cell cultures relative to those
cultures that received no activin prior to RA appiication.

EXAMPLE 13
FGF-10 Provides Additiona] Increase in PDX1 Expression Over RA Alone
[0315] This Example shows that the combination of RA and FGFP-10 induces PDX1
expression to a greater extent than RA alone, |
{0316] As in the previous Example, hESCs were cultured with or without activins
for four days. On day four, the cells were treated with one of the following: 1 uM RA alone; 1
uM RA in combination with either FGF-4 or FGE-10; or I uM RA in combination with both
FGEF-4 and FGF-10. The expression of PDX1, SOX7 and NFM were quantitated by Q-PCR
ninety six hours after RA or RA/FGF.
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CLAIMS 1.An in vitro cell culture comprising human cells wherein at least 10% of said human cells
are definitive endoderm cells, said definitive endoderm cells being muldpotent cells that can
differentiate into cells of the gut tube or organs derived therefrom. 5 2.The cell culture of claim 1,
wherein at least 15% of said human cells are definitive endoderm cells. The cell culture of claim 1,
wherein at least 20% of' said human cells are definitive endoderm cells. The cell culture of claim
1, wherein at least 85% of' said human cells are definitive 10endoderm cells. 5.An in vitro cell

population comprising (glll an cﬂlstrijgg&irlg t 91%_ of . aidtpum cells are definitive endoderm
cells, said definitive e o?erm cells ck'sleing}mu tlpote?ﬁt cells t a%czvg}féﬁgﬁﬁ‘gﬁjey irxi‘?cl)]nglecllzstc of the gut tube

or organs derivétfirrdfoiald mereast PRSI BEISIRIRSHCBT ChaiffdEion Hdiefnde el 95958 said 1= cells
are definitive 15efdetisigiceibs: FUFRdaperlixpogieiiatitn of ¢l8ibrBreyierevreabieddn®8%-0f said human
cells are definitive ensieid ek eiser grbheieaibh:c ot DhanyaRe Shelains it 4wf rall.papulation of any

one of claims 5 9 7 Whesslf atleas! HARMIHVERERASHD SEIS A8 PIRSEILIGLE VL vhipluripotent cell

in said 20cell culture, ] . )
no activin or RA/FGF treatment. Imterestingly, addition of FGF-4 and FGF-10 simultaneously

abolished the beneficial effect of the FGF-10, producing only the modest PDX1 increase
attributed to FGF-4 addition.

[0318] Addition of RA/FGF-4 or RA/FGF-10 combinations did not increase the
expression of marker genes not associated with foregut endoderm when compared to cells not
exposed to RA/FGF combinations (see Figure 37B-C).

EXAMPLE 14
Retinoic Acid Dose Affects Anterior-Posterior (A-F) Position Jn Fitro

[0319] To determine whether the dose of RA affecis A-P position in in vitre cell
culfures, the following experiment was performed.

[0320] Human embryonic stem celis were cultured with or without activins for four
days. On day four, FGF-10 at 50 ng/ml was added to the culture in combination with RA ai 0.04
uM, 0.2 pM or 1.0 pM. The expression of the PDX]1 marker gene as well as other markers not
specific for foregut endoderm were quantitated by Q-PCR.

0321} The addition of retinoic acid at various doses, in combination with FGF-10 at
50 ng/ml, induced differential gene expression patierns that correlate with specific aunterior-
posterior positiona] patierns. The highest dose of RA (1 uM) preferentially induced expression of
anterior endoderm marker (HOXA3) anc also produced the most robust increase in PDX1 (Figure
38A-B). The middic dose of RA (0.2 M) induced midgut endoderm markers (CDX1, HOXCE)
(ses Figure 38C and 41E), while the lowest dose of RA (0.04 uM) preferentially induced a marker
of hindgut endoderm (HOXA13) (see Figure 38D). The RA dose had essentially no effect on the
relative expression of either neural (SOX1) or nevronal (NFM) markers (see Figure 38F-(G). This
example highlights the use of RA as a morphogen in vitro and in particular as a morphogen of
endoderm derivatives of differentiating hESCs,

EXAMPLE 15
Use of B27 Supplement Enhances Expression of PDX 1
'[0322] PDX]1 expression in definitive endoderm can be influenced by the use of a
number of factors and cell growtn/differentiation conditions. In the following experiment, we
ghow that the use of B27 supplement enhances the expression of PDX1 m definitive endoderm

celis.
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9.The cell culture or cell population of claim 8, wherein said pluripotent cell comprises an embryonic
stem cell. O.The cell culture or cell population of 8, wherein said pluripotent cell is an embryonic germ
cell. 25 11.The cell culture or cell population of claim 9, wherein said embryonk stem cell is derived
from a tissue selected from the group consisting of the morale and the inner cell mass (ICM) of an
embryo. 12.The cell culture of any one of claims 1 to 4 or cell population of any one of claims 5to 7
further comprising a medium which comprises less than 2% serum.  cell culture of any one of claims

of any one of claims lije,4 or calaapulalianolany.ofe.alelaims Sioduiiber comaisia a growth
factor of the Nodal/AMivin subé%rou p of the TGFP. %]%%frfamll 14. The roll culture gf any one of claims

of any one of cI&HRSTB B oFEEIPoBUIBRST BF4RY Boh& ot ARMSS 185 fIREFEGRIERg a growth
factor selected fiesfrrsvetihish goso prsigting B RBGwmhERAr? A RSWMEBUERY Sofrsisaliidnacthereof. 15.
The cell culture gfianyonrespbiclainadiany BnEBslEmMS 1 terid afccaligopitiation. ohamywene of claims

5to 7, wherein said &%M%&ﬁmﬂ&rﬁe £805 RS 2ramALKANARE: b [LHE.LelLCriyre or cell

population of claim 15, wherein said definitive endoderm cells are_10non-recombinant
or 50 ng/ml activin A together with 2 uM RA and 50 ng/ml FGF-10 in 2% FBS/DMEM/F12

fnone, +FBS, +B27) and similarly in 2% Serum replacement (SR). B27 supplement,
{Gibco/BRL), was added as a 1/50 dilufion directly into 2%FBS/DMEM/F12 (+B27). Duplicate
cell samples where taken for each point, and tota! RNA was isolated and subjected {o Q-PCR as

previously described.

[03243 Figure 39A-E shows that serum-free supplement B27 provided an additional
benefit for induction of PDX1 gene expression without inducing an increase in the expression of
markers genes not specific for foregut endoderm as compared to such marker gene expression in

cells grown without serum.

EXAMPLE 16
Use of Activin B 1o Enhance Induction of PDX1

[0325] This Exampie shows that the use of activin B enhances the differentiation of
PDX -negative cells to PDX1-positive cells in in vitro cell culture,

[0326] Human embryonic stern cells were induced to differentiate to definitive
endoderm by treatment of undifferentiated HESCs grown on mouse embryonic fibroblast feeders
with high dose activin A {50 ng/ml) in low serum/RPMI for 6 days. The FBS dose was 0% on
day one, 0.2% on day two and 2% on days 3-6. The negative control for definitive endoderm
production (NF) received 2% FBS/RPMI with no added activin A. In order to induce PDXI
expression, each of the cultures received retinoic acid at 2 pM in 2% FBS/RPMI on day 6. The
cultures treated with activin A on days one through five were provided with different dosing
combinations of activin A and activin B or remained in activin A alone at 50ng/ml. The no
activin A control culture (NF) was provided neither activin A nor activin B, This RA/activin
treatment was carried out for 3 days at which time PDX1 gene expression was measured by Q-
PCR from duplicate cell samples.

[0327] Figure 40A shows that the addition of activin B at doses ranging from 10-50
ng/ml (alQ, a25 and a30) in the presence of 25 ng/ml (A25) or 50 ng/ml {AS0) of activin A
increased the PDX expression at least 2-fold over the culture that received onty activin A at 50
ng/ml. The increase in PDX1 as a resulf of activin B addition was without increase in FINF6
expression {see Figure 40B), which is 2 marker for liver as well as pancreas at this time in
development. This resuit suggests that the proportion of cells differentiating to pancreas had been

mereased relative to liver.
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17. The cell culture or cell population of claim 9, wherein said human embryonic stem cell has a
normal karyotype. 18. The cell culture or cell population of claim 17, wherein saul human embryonic
stem cell is non-recombinant, 15 19.The cell culture of any one of claims Ito 4 or cell population of any
one of claims 5 to 7, wherein said definitive endoderm cells adhere to a surface of a culture vessel. 20.
The cell culture or cell population of claim 19, wherein said definitive endoderm cells are present as a
monolayer. 21. A method of producing definitive endoderm cells, said method comprising the steps of:
200btaining a cell population comprising pluripotent human cells;  providing said cell population with
at least one growth factor of the TGFp superfami% in an amount sufficient to promote differentiation of

Fse @ ] aepidiaflom; and 25allowing sufficient
time for definitive endpggsim celitofaiEmoivdnensn sassuiicianidinectos defimitivecendaderm cells to

form has been determined by, delesting he.pres qﬁﬂﬁéimﬁﬂéf@ﬂgmgp&@as%% AR el
population. 22. A definitive endoderm cell produced by the %ﬁhod offgﬁ%}lrp 21. ethod of

producing a celPBEFHFRLSIEhHEhEE IR d SRR B i UET n%fﬁec_)al com E?rtf%’?ncb. &'stehs of:
differentiating cBR& imegssop drdsidivofisispotenenaitancedlie somasies pfddiceddathiveendoderm
cells, said definifive-andosierm-eclisdemymukipetedbaeats that can differentiate into cells of the gut

tube or organs derivegﬁljgﬁrefrqggm BraNiding.i0, said Gril.pamuation Akeaasantyvhighiinds to a
marker expressed in said definitive en gderm %%gut which is not s%bstan}igllg eng')rgassed in other
by treatment OF 1.._erent(11ate § growil on mouse embryome Ibroblast Teeders
cell types preseRE BRI CERBED SatiSh-5h
with high dose activin A (100 ng/ml) in low serum/RPMI for 5 days. The FBS dose was 0.1% on

day one, 0.5% on day two and either 0.5%, 2% or 10% on days 3-5. The no activin A control
(NF) received the same daily FBS/RPMI dosing, but with no added activin A, PDX! expression
was induced beginning at day 6 by the addition of RA. During days 6-7, cultres received
retinoic acid at 2 pM in 0.5% FBS/RPM], 1 uM on day 8 and 0.2 pM on day 9-11. The activin A
was lowered to 50 ng/ml during retinoic acid reatment and was left absent from the no activin A
control (NF).

[0330; Figure 41A shows that the FBS dosing during the 3 day period of definitive
endoderm induction (days 3, 4 and 3) had a lasting ability to change the induction of PDX1 gene

expression during the retinoic acid treatment. This was without significant alteration in the

expression pattern of ZIC1 (Figure 41B) or SOX7 (Figure 41C) gene expression.

EXAMPLE 18
Use of Conditioned Medium to Enbance Induction of PDX]
[0331] Other factors and growth conditions which influence the expression of PDX1
in defimtive endoderm cells were also studied. The following experiment shows the effect of
conditioned media on the differentiation of PDX1-negative definitive endoderm cells o PDXI1-

positive endoderm celts.

[0332] Human embryonic stem cells were induced fo differentiate to definifive
endoderm by treatment of undifferentiated hESCs grown on mouse embryonic fibroblast feeders
with high dose activin A (100 ng/ml) in low serum/RPMI for 5 days. The FBS dose was (.2% on
day one, 0.5% on day two and 2% on days 3-5.

[6333] The definitive endoderm cultures generated by 5 days of activin A treatment
were then induced to differentiate to PDX1 expressing endoderm by the addifion of RA in 2%
FBS/RPMI containing activin A at 25 ng/ml for four days. The RA was 2 pM for the first two
days of addition, 1 uM on the third day and 0.5 uM on the fourth day, This base medium for
PDX1 induction was provided fresh (2A25R) or after conditioning for 24 hours by one of four
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separating said definitive endoderm cells bound to said reagent from said other cell types present in
said cell population, thereby producing a cell population enriched in definitive endoderm cells. 24.An
enriched population of definitive endoderm cells produced by the method of claim 23. Methods For
Identifying Factors For Differentiating Definitive Endoderm Abstract Disclosed herein are methods of
identifying one or more differentiation factors that are useful for differentiating cells in a cell population
comprising definitive endoderm cells into cells which are capable of forming tissues-and/or organs that

' ' <110> c. Kevin Allen
?)r'eAr?wirlIJ\;eAO: ;:10 g}jggi%r%%%biﬁé%%ﬁ%’iﬁé‘?“s ?ﬁ%ﬁ@%;%%ﬁ%&%&%% BENTIFYING
FACTORS FO@B&W&W@%%%WE@%@@F@M@@@&W%M.@%@PC
conditions; ) 3% FBS/RPMI (CM2), or ii) activin A (CM3) or #i) bone morphogenic protein 4
(BMP4) (CM4). Activin A or BMP4 factors were provided at 100 ng/ml under the same FBS
dosing regimen described above (0.2%, 0.5%, 2%). These three different differentiation
paradigms yield three very different populations of human cells by which the PDX] induction
media can be conditioned. The 3% FBS without added growth factor (NF) yields 2 heterogeneous
population composed in large part of extraembryonic endoderm, ectodenm and mesoderm cells.
The activin A treated culture (A100) yields a large proportion of definitive endoderm and the
BMP4 treated culture (B100) yields primarily trophectoderm and some extraembryonic
endoderm.

[6334] Figure 42A sﬁows that PDX1 was induced equivalently n fresh and
conditioned media over the first two days of RA treatment. However, by the third day PDX1
expression had started to decrease in fresh media and MEF conditioned media treatments. The
differentiated HESCs produced - conditioned media that resulted in maintenance or further
increases in the PDX1 gene expression at levels 3 to 4-fold greater than fresh media. The effect
of maintaining high PDX1 expression in hESC-conditioned media was further amplified on day
four of RA treatment achieving levels 6 to 7-fold higher than in fresh media. Figure 42B shows
that the conditioned media treatments resulied in much lower levels of CDX1 gene expression, a
gene not expressed in the region of PDX1 expressing endoderm. ‘This indicates that the overall
purity of PDX 1-expressing endodeﬁn was much enhanced by treating definitive endoderm with
conditioned media generated from differentiated hESC cultures.

[(#335] Figure 43 shows that PDX1 gene expression exhibited a positive dose
response to the amount of conditioned media applied to the definitive endoderm cells. Total
volume of mediz added to each plate was 5 ml and the indicated volume (see Figure 43) of
conditioned mediz was diluted into fresh media (A25R). It is of note that just 1 ml of conditioned
media added into 4 mi of fresh media was still able to induce and maintain higher PDX!
expression levels than 5 ml of fresh media alone. This suggests that the beneficial effect of
conditioned media for induction of PDXI expressing endoderm is dependent on the refease of
some substance or substances from the cells into the conditioned media and that this substance(s)

dose dependently enhances production of PDX 1-expressing endoderm.

EXAMPLE 19
Validation of Antibodies Which Bind to PDX1
[0336] Antibodies that bind o PDX1 are useful tools for monitoring the induction of
PDX1 expression in a celi population. This Example shows that rabbit polycional and igY
antibodies to PDX1 can be used to detect the presence of this protein.
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0337 In 2 first experiment, IgY anti-PDX1 (Ig¥ o-PDX1) antibody binding to
PDX]1 in cell lysates was validated by Western blot analysis. In this analysis, the binding of IgY
o-PDX1 antibody to 50 pg of total cell lysate from MDX12 human fibroblasts or MDX12 celis
transfected 24 hrs previously with a PDX1 expression vector was compared. The cell lysates
separated by SDS-PAGE, transierred to a membrane by electroblotting, and then probed with the
IgY o-PDXI1 primary antiserum foillowed by alkaline phosphatase conjugated rabbit anti-IgY (Rb
a-IgY) secondary antibodies. Different diluions of primary and secondary aniibodies were
applied to separate sirips of the membrane in the following combinations: A (500x dilution of
primary, 10,000x dilution of secondary), B (2,000x, 10,000x), C (500x, 40,000x), D ¢2,000x,
40,000), E (8,000%, 40,000x).

[0338] Binding was detected in cells transfected with the PDX1 expression vector
(PDX1-positive) at all of the tested antibody combinations. Binding was only observed in
untransfected (PDX 1-negative) fibroblasts when using the highest concentrations of both primary
and secondary antibody together (combination A). Such non-specific binding was characterized
by the detection of an additional band at a molecular weight slightly higher than PDX1 in both the
transfected and untransfected fibroblasts.

f0339] In 2 second experiment, the binding of polyclonal rabbit anti-FDX1 (Rb o-
PDX1) antibody to PDX1 was tesied by immumocytochemistry, To produce a PDX!1 expressing
cell for such experiments, MS1-V cells (ATCC # CRL-2460) were transiently transfected with an
expression vector of PDX1-EGFP (constructed using pEGFP-N1, Clontech). Transfected celis
were then lazbeled with Rb o-PDX1 and a-EGFP antisera, Transfected celis were visualized by
both EGFP fluorescence as well as o-EGFP immumocytochemistry through fhe use of a Cy5
comjugated secondary antibody. PDX1 immunofiuorescence was visualized fhrough the use of an
a-Rb Cy3-conjugated secondary antibody.

[0340] Binding of the Rb o-PDX1 and the 0-EGPF antibodies co-localized with

GPF expression.

EXAMPLE 20
Immmumocytochemistry of Human Pancreatic Tissue

[0341] This Example shows that antibodies having specificity for PDX1 can be used
1o identify human PDX1-positive cells by immunocytochemnistry,

[0342] In a first experiment, paraffin embedded sections of human pancreas were
stained for insulin with guinea pig anti-insulin (Gp o-Ins) primary antibody at 2 1/200 dilution
followed by dog anti-guinea pig (D o-Gp) secondary antibody conjugated to Cy2 at a 1/100
diletion. In 2 second experiment, the same paraffin embedded sections of human pancreas were
stained for PDX1 with Ig¥ o-FDX1 primary antibody at & 1/4000 dilution followed Rb a-Ig¥
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secondary antbody conjugated to AF555 at a 1/300 dilution. The images collected from the first
and second experiments where then merged. In a third experiment, cells that were stained with
IgY o-PDX1 antibodies were also stained with DAPL

[0343] Analysis of the human pancreatic sections revealed the presence of strong
staining of islets of Langerhans. Although the strongest PDX] signal appeared in islets (insulin-
positive), weak staining was also seen in acinar tissue (insulin-negative). DAP! and PDX] co-
staining shows that PDX{ was mostly but not exclusively locaiized to the nucleus.

EXAMPLE 21
Immumoprecipitation of PDX1 from Refinoic Acid Treated Celis

[0344] To farther confirm PDX1 expression in definitive endoderm cells that have
been differentiated i the presence of RA and the lack of PDX1 in definitive endoderm cells that
have not been differentiated with RA, & rabbit anti-PDX1 (Rb 0-PDX]) antibody was used to
immunoprecipitate PDX1 from both RA differentiated and undifferentiated definitive endoderm
cells. Imrmmoprecipitated RA was detected by Western blot analysis using Ig¥ «-PDX1
antibody.

{0345] To obtain undifferentiated and differentiated definitive endoderm cell lysates
for immunoprecipitation, hESCs were treated for § days with activin A at 100 ng/ml in low serum
(definitive endoderm) followed by treatment with activin A at 50 ng/m! and 2 M all-irans RA for
two days, 1 uM for one day and 0.2 uM for one day (PDX1-positive foregut endoderm). Asa
positive comniro! cell lysates were also prepared from MSI-V cells (ATCC # CRL-2460)
transfected with a PDX1 expression vector, PDX1 was immunoprecipitated by adding Rb o-
PPX and rabbit-specific secondary antibodies to each lysate. The precipitate was harvested by
centrifugation. Immunoprecipitates were dissoived in SDS-containing buffer then loaded onto a
polyacrylamide gel. After separation, the proteins were tansferred to a membrane by
electroblotiing, and then probed with the Ig¥ «-PDX1 primary antibody foliowed by labeled Rb
o-IgY secondary antibodies.

[03446] Inmmumoprecipitates collected from the MS1.V positive control cells as well
as those from day 8 (lane d8, three days after the start of RA freatment) and day 9 (lane 49, four
days after the start of RA) cells were positive for PDX1 protein (Figure 44). Precipitates obtained
from undifferentiated definitive endoderm cells (that is, day 5 cells treated with activin A ~
designated (A} in Figure 44} and undifferentiated hESCs (that is, untrested day 5 cells ~
designated as (INF) i Figure 44) were negative for FDX1.
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EXAMPLE 22
Generation of PDX1 promoter-EGFP iransgenic hESC lines

[6347] In order to use the PDXI marker for cell isolation, we genetically tagged
PDX1-positive foregut endoderm celis with an expressible reporter gene, This Example describes
the construction of a vector comprising a reporter cassette which comprises a reporter gene under
the contro] of the PDX1 regulatory region. This Example also describes the preparation of a cell,
such as a human embryonic stem cell, transfected with this vector as well as a cell having this
reporter cassette imegrated into its genome.

[0348] PDX1-expressing definitive endoderm cell lines genetically tagged with a
Teporter gene were constructed by placing a GFP reporter gene under the control of the regulatory
region (promoter) of the PDXI gene. First, 2 plasmid construct in which EGFP expression is
driven by the human PDX! gene promoter was generated by replacing the CMV promoter of
vector pEGIFP-N1 (Clontech) with the human PDX1 comtrol region (Genbank Accession No.
AF192496), which comprises a nucleotide sequence ranging from about 4.4 kilobase pairs (kb)
upsiream to about 85 base pairs (bp) downstream of the PDX]1 franscription start site. This region
contains the characterized regulatory elements of the PDX1 gene, and it is sufficient to confer the
normal PDX] expression patiern in fransgenic mice. In the resulting vector, expression of EFGP
is driven by the PDX1 promoter. In some experiments, this vector can be transfected mto hESCs.

[6349] The PDX1 promoier/EGFP cassette was excised from the above vector, and
then subcloned into a selection vector containigg the neomycin phosphotransferase gene under
conirol of the phosphoglycerate kinase-1 promoter. The selection cassette was flanked by flp
recombinase recognition siies to allow removal of the cassette. This selection vector was
linearized, anc then introduced into hESCs using standard lipofection methods. Following 10-14
days of selection in G418, undifferentiated transgenic hESC ciones were isolated and expanded.

EXAMPLE 23
Isolation of PDX 1-Positive Foregut Endoderm

03501 The following Example demonsivates that hkESCs comprising the PDX1
promoter/EGEP cassette can be differentiated into PDX!-positive endoderm cells and then
subsequently isolated by fluorescence-activated cell sorting (FACS).

[0351] PDX! promoter/EGFP transgenic hESCs were differentiaied for 5 days m
activin A-containing media followad by two days in media comprising activin A and RA. The
differentiated cells were then harvested by trypsin digestion and sorted on a Becton Dickinson
FACS Diva directly into RNA lysis buffer or PBS. A sample of single live cells was iaken
without gating for EGFP (Live) and single live cells were gated into EGFP positive (GFP) and
GFP negative (Neg) populations. In one experiment, the EGFP positive fraction was separated
into two equally sized populations according to fluorescence intensity (Hi and Lo).
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<212>DNA <213> Homo sapiens <400> 1 atgagcagcc cggatgcggg atacgccagt gacgaccaga
gccagaccca gagcgcegcetg 60 cccgeggtga tggecgggct gggeccectge cectgggecg

[0352] Following sorting, cell populations were analyzed by both Q-PCR and
immunocytochemistry. For Q-PCR analysis, RNA was prepared using Qiagen RNeasy cohumns
and then converted to ¢DNA. Q-PCR was conducted as described previously. For
immunocytochemistry analysis, cells were sorted into PBS, fixed for 10 minutes m 4%
paraformaldehyde, and adhered to glass slides using a Cytospin centrifuge. Primary antibodies to
Cytokeratin19 (KRT'19) were from Chemicon; to Hepatocyte nuciear factor 3 beta (HNF3f3) from
Santa Cruz; to Glucose Transporier 2 (GLUTZ2) from R&D systems. Appropriate secondary
antibodies conjugated to FITC (green) or Rhodamine (Red) were used to detect binding of the
primary antibodies. '

[8353] A typical FACS sort of differentiated cells is shown in Figure 45. The
percent igolated PDXl-positive cells in this example was approximetely 7%, which varied
depending on the differentiation efficiency from about 1% to about 20%.

[0354] Sorted cells were firther subjected to Q-PCR analysie. Differentiated celis
showed a comrelation of EGFP fiuorescence with endogenous PDX1 gene expression. Compared
to non-fluorescing cells, the EGEP positive celis showed a greater than 20-fold increase in PDX1
expression levels (Figure 46). The separation of high and low EGFP intensity cells indicated that
EGFP expression level correlated with PDX1 expression level (Figure 47). In addition to PDXI
marker analysis, sorted cells were subjected to Q-PCR analysis of several genes that are expressed
in pancreatic endoderm. Products of each of these marker genes (NKX2.2, GLUT2, KRT19,
HNF4o. and HNF3PB) were all enriched in the BGEFP posttive fraction (Figures 48A-FE). In
contrast, the neural markers ZIC1 and GFAP were not enriched in sorted EGFP expressing cells
(Figures A9A and B).

[0355] By immumocytochemistry, virtually all the isolated PDX1-positive cells were
seen to express KRT19 and GLUT2. This result is expecied for cells of the pancreatic endoderm
lineage. Many of these cells were also HNF3[ positive by antibody staining,

EXAMPLE 24
Transplentation of Human Definitive Endoderm Cells under Mouse Kidnev Cansule

[0356] To demonstrate that the human definitive endoderm cells produced using the
methods described herein are capable of responding to differentiation factors so as to produce
cells that are derived from the gut fube, such human definitive endoderm cells were subjected to
an in vivo differentiation protocol.

f0357] Human definitive endoderm cells were produced as described in the
foregoing Examples. Such celis were harvested and tfransplanted under the kidney capsule of

immunocompromised mice using standard procedures. After three weeks, the mice were
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agtcgctgag coccatoggg 120 gacatgaagg tgaagggcga ggcgecggeg aacagcggag caccggecgg
ggccgeggge 180 cgagcecaagg gegagteccg tatcoggegg ccgatgaacg ctttcatggt gtgggctaag 240
gacgagcgca agoggctggce gcagcagaat ccagacctge acaacgccga gttgagcaag 300 atgctgggca agtcgtggaa
ggcgctgacg ctggcggaga

sacrificed and the transplanted tissue was removed, sectioned and subjected to histological and
immunocytochemical analysis,

[0358] Figures 50A-D show that after three weeks post-transplantation, the human
definitive endoderm cells differentiated into cells and cellular structures derived from the put
tube. In particular, Figure 50A shows hematoxylin and eosin stained sections of transplanted
human definitive endoderm tissue that has differentiated info gut-tube-like structures., Figure 50B
shows & transpianted human definitive endoderm section immunostained with antibody to
hepatocyte specific antigen (HSA). This result indicates that the human defiitive endoderm cells
are capable of differentiating into liver or liver precursor cells. Figures 50C and 30D show z
transplanted human definitive endoderm section immumostained with antibody to villin and
antibody to caudal fype homeobox transcription factor 2 (CDX2), respectively. These results
indicate that the human definitive endoderm cells are capable of differentiating into intestinal cells

or infestinal cell precursors.

EXAMPLE 25
Identification of Differentiation Factors Capable of Promoting the Differentiation of Himran
Definitive Endoderm Cells In Fitro

[6359) To exemplify the differentiation factor screening methods described herein,
populations of human definitive endoderm cells produced using the methods described herein
were separately provided with several candidate differentiation factors while determining the
normalized expression levels of certain marker pene products at various time points.

[0360] Human definitive endoderm celis were produced as described in the
foregoing Exarmples. In brief, hESCs cells were grown i the presence of 100 ng/ml activin A i
low serum RPMI medium for four days, wherein the fetal bovine serum (FBS) concentration on
day 1 was 0%, on day 2 was 0.2% and on days 3-4 was 2%. After formation of definitive
endoderm, beginning on day 3 and ending on day 10, cell populations maintained in individual
plates in RPMI containing 0.2% FBS were treated with one of: Wnt3B at 20 ng/ml, FGFZ at 5
ng/ml or FGF2 at 100 ng/ml. The expression of marker gene products for albumin, PROX1 and
TIIF! were quantitated using Q-PCR.

[3361] Figure 51A shows that expression of the albumin gene product (a marker for
liver precursors and liver cells) substantially increased on days 9 and 10 in response 1o FGF2 at 3
ngml as compared to expression i definitive endoderm cells on day 4 prior to treatment with this
differentiation factor. Expression of the albumin gene product was also increased in response to
20 ng/ml Wnt3B on days 9 and 10 as compared to expression in unfreated deﬁﬁiﬁve endoderm
cells, however, the increase was not as large as that observed for the 5 ng/mi FGF2 treatment. Of
particular significance is the observation that the expression of the albumin gene product was not

increased on days 9 and 10 in response to FGF2 at 100 ng/ml as compared to expression m
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agaggocctt cgtggaggag 360 gcagagoggc tgcgegtgca gecacatgcag gaccacccca actacaagta ccggecgegg
420 cggcgcaagce aggtgaageg getgaagegg gtggagggceg gettectgea cggectggcet 480 gagecgeagg
cggccgegct gggecoccgag ggecggecgeg tggecatgga cggectggge 540 ctccagttce ccgagcaggg ottccocgec
ggcccgecege

definitive endoderm cells on day 4. Similar results were seer with the PROX1 marker (a second
marker for liver precursors and liver cells) as shown in Figure 51B. Figure 51C shows that in cell
populations provided with 100 ng/mi FGF2, expression of the TITF1 marker gene substantially
mereased on days 7, 9 s_md 10 as compared to expr;ssion in definitive endoderm cells on day 4
prior to treatment with this differentiation factor, but FGF2 at 5 ng/m! had very little effect on
expression of this gene product as compared to untreated definitive endoderm. Taken together,
the results shown in Figures 51A-C indicate that the concentration at which the candidate
differentiation factor is provided io the cell population can affect the differentiation fate of
definitive endoderm cells in vitro.
EXAMPLE 26
Marker Upregulation and Downregulation in Response to Candidate Differentiation Factors

[6362] To further exemplify the differentiation factor screening methods described
herein, populations of human definitive endoderm: cells were screened with candidate
differentiation factors using procedures similar to those described in Example 25,

[0363) Human definitive endoderm cells were produced as deseribed in the
foregoing Examples. In brief, hESCs cells were grown in the presence of 100 ng/ml activin A i
low serum RPMI medium for four days, wherein the fetal bovine serum (FBS) concentration on
day 1 was 0%, on day 2 was 0.2% and on days 3-4 was 2%, Adfter formation of definitive
endoderm, beginning on day 5 and ending on day 10, cell populations maintained in individual
plates in RPMI contaming 0.2% FBS were treated with one of: Wnt3A at 20-50 ng/ml, FGF2 at 5
ng/ml or FGF2 at 100 ng/ml. On day 5 post definitive endoderm formation (day 9 after the start
of the differentiation from hESCs), BMP4 was added to all the cultures at a conceniration of 50
ngmi. The expression of marker gene products (mRNAs) for alpha fetoprotein (AFP),
cytochrome P450 7A (CYPT7A), tyrosine aminotransferase (TAT), hepatocyte nuclear factor 4a
(HNF4a), CXC-type chemokine receptor 4 (CXCR4), von Willebrand factor (VWF), vascular cell
adhesion molecule-1 (VACMI), apolipoprotein Al (APOAI), glucose transporter-2 (GLUTZ),
alpha-1-antitrypsin (AAT), glukokinase (GLUKO), and human hematopoietically expressed
homeobox (HHEX) were quantitated using Q-PCR.

[0364] Figures 52A-B show that expression of the AFP gene product (2 marker for
iver precursars and liver cells) and AAT substantially increased on days 9 and 10 in response to
FGF2 at 5 ng/ml and BMP4 at 50 ng/ml as compared to expression in definitive endoderm cells
on day 4. Expression of AFP and AAT mRNAs was not substantially increased by higher
concentration of FGF2 (100 ng/ml) even in the presence of BMP4 (Figures 51A-B days 9 and 10).
In contrast to the above results, the expression of GLUKO, hHEX and TAT mRNAs wag
substantially upreguiated in the presence of FGF2 at 100 ng/mi and BMP4 at 50 ng/ml on days 9
and 10 as compared 1o expression in definitive endoderm cells on day 4. Tn the case of GLUKO,

neither Wnt3A nor FGF2 at 5 ng/ml with or without BMP4 caused an increase in the expression
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tgotgcctoc gcacatgggce 600 ggccactacc gcgactgceca gagtctggge gegcectececge tcgacggcta ccogttscee 660
acgcccgaca cgtccccgcet ggacggcegtg gaccccgacc cggctttett cgecgecocceg 720 atgececgggg actgeeeggce
ggccggcacc tacagctacg cgcaggtctc ggactacgcet 780 ggccccccgg agectcecgce cggtcccatg caccoccgac

of this marker (Figure 52C). FGF2 at 5 ng/ml did, however, cause an increase in expression of
hHEX in the presence of BMP to an extent greater thar or equal to the increase cansed by FGF2
at 100 ng/ml in the presence of BMP (Figure 52D). Expression of TAT on days 9 and 10 as
compared to expression in definitive endoderm cells was increased by each of the factors tested
(Figure 52E). Additionally, certain cell markers were expressed at an increased level as compared
to definitive endoderm celis in the presence of Wnt3A, but not in response to FGE/BMP
combinations. In particular, the expression of hNFda mRNA significantly increased on days 9
and 10 in response to the combination of Wnt3 A and BMP4 (Figure 52F). Furthermore, CYP7A
showed a marginal increase on response to Wnt3A/BMP4 on day 10 (Figure 52G).

[0365] Several markers that are known to be expressed in a number of different cells
types were ajso observed. Specifically the markers APOAL, GLUT2, VCAMI1, VWF and
CXCR4 were examined. Previously the expression of each of these markers has been correlated
with specific cel} types as foliows: The markers APOA] and GLUT2 are highly expressed in the
liver and moderately expressed in the duodenumm znd gmall intestine. The marker VCAMI is
expressed at a high level in the liver, expressed at a moderate level in the stomach, duodenum,
and small intestine, and expressed at lower but significant levels in the lung and pancreas. In
contrast, the markers VWF and CXCR4 are expressed at high levels in the lung but only at low
levels in liver. Bothk VWF and CXCR4 are also expressed at moderate io high levels in the
stomach, pancreas, duodenum, and small intestine.

[0366] Expression of each of the above-described markers was monitored in
definitive endoderm cell cultures contacted with combinations of Wnt3A, FGF2 and BMP4.
Consistent with the above results, Figures 52H-J show that GLUTZ2, APOA] and VCAM1 mRNA
expression was increased in response to the combination of FGF2 at 5 ng/ml and BMP4 on days 9
and 10 as compared to the expression in definitive endoderm, The mRNA expression for these
"markers wes not substantially increased in response to the combination of FGF2 at 100 ng/ml an
BMP4. In the case of the- APOALl and VCAMI marker mRNAs, the largest increase in
expression on days 9 and 10 was mediated by the combination of Wnt3A and BMP4 (Figures 521-
» |

[0367} In addition to the foregoing, the expression of certain mRINAs was decreased
as compared to the expression in defimitive endoderrn. For example, as compared to the
expression i definitive endoderm, both VWF and CXCR4 mRNA expression was decreased afier
contact with Wnt3A in the presence and in the absence of BMP4 as well as afier contact with
FGF2 at § ng/mil in the presence and in the absence of BMP4 (Figures 52K-L). Contact with
FGF2 at 100 ng/ml, both in the absence and and in the presence of BMP4, greatly slowed the rate
of decrease of these two markers (Figures 52K-L). In fact, expression of CXCR4 was
substantially maintained even on day 10 (Figure 521).



tcggcccaga geccecgegggt 840 cectecgattc cgggcectcect ggecgecacce agcgcecctte acgtgtacta cggcgegatg 900
ggctcgecog 99409.2gogg cEEEtECEEC ttccagatgc agccgcaaca ccagcaccag 960 caccagcacc
agcaccaccc cccgggceccc ggacagcecgt cgecccctce ggaggceactg 1020 occtgeccggg acggcacgga ccccagtcag
cccgecgage

[0368] The methods, compositions, and devices described herein are presently
representative of preferred embodiments and are exemplary and are not intended as limitations on
the scope of the invention. Changes thereim and other uses will ocour to those skilled in the art
which are encompassed within the spirit of the invention and are defined by the scope of the
disclosure. Accordingly, it will be apparent to one skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein without departing from the scope
and spirit of the invention.

[0369] As used in the claims below and throughout this disclosure, by the phrase
“consisting essentially of” is meant including any elements listed afier the phrase, and Hmited to
other elements that do not mterfere with or contribute to the activity or action specified in the
disclosure for the listed elements. Thus, the phrase “consisting essentially of* indicates that the
listed elements ars required or mandatory, but that other elements are optional and may or may

not be present depending upon whether or not they affect the activity or action of the listed

elements.
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- CLAIMS

Ax in vitro cell culture comprising human cells wherein at least 10% of seid human cells
are definitive endoderm cells, said definitive endoderm cells being multipotent cells that

© can differentiate into cells of the gut tube or organs derived therefrom.

10.

11,

12,

The cell culfure of claim 1, wherein at Jeast 15% of said humen cells are definitive

endoderm cells,
The cell culture of claim 1, wherein at least 20% of said human cells are definitive
endoderm cells, :

The cell culture of cleim 1, wherein at least 85% of said human cells are definitive
endoderm cells.

An in vitro cell population comprising human cells wherein at least 90% of seid human
cells are definitive endoderm cells, said deflnitive endoderm cells being multipotent cells
that can differentiste into cells of the gut tube or organs derived therefrom.

The cell population of claim 5, wherein at least 95% of seid humen cells are definitive
endoderm cells. ' |
The cell population of claim 5, wherein at least 98% of said human cells are definitive
endoderm cells.

The cell culture of any one of claims 1 to 4 or cell population of any one of claims 5 to 7,

whetein at least 2 definitive endodsrm cells are present for every 1 pluripotent cell in said
cell culture,

The cell culture or cell population of claim 8, wherein said pluripotent cell comprises an
erbryonic stem cell.

The cell culture or cell population of claim 8, wherein said pluripotent cell is an

‘embryonic germ csll.

The cel! culture or cell population of claim 9, wherein said embryonic stem cell i detived
from a tissue selected from the group consisting of the morula ard the inner cell mass
{(ICM) of an embrya.

The cell cultwe of any one of claims 1 to 4 or cell population of any one of claims 5to 7
firther comprising 2 medium which comprises less than 2% serum,
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13.

14.

- 15,

16.

17.

18.

19.

20.

21.

22
23,

The cell culture of any one of claims of any one of claims 1 to 4 or cell population of any
one of claims 5 to 7, further comprising a growth factor of the Nodal/Activin subgroup of

the TGP superfamily.

The cell culture of any one of claims of any ane of claims 1 to 4 or cell population of any
one of olaims 5 to 7, further comprising a growth factor selected from the group |
cunéisﬁng of Nodal, Activin A, Activin B and sombinations thereof,

_ The cell culture of any one of claims of any one of claims 1 to 4 or cell population of any

one of claims 5 1o 7, wherein said definitive endoderm cells have a normal karyotype.

The cell cuiture or cell population of claim 15, wherein said definitive endoderm cells are

non-recombinant,

The cell culture or cell population of claim 9, wherein said human embryonic stem cell
has & normal karyotype. '

The csll culture or cell population of claim 17, wherein said buman embryonic stem cell
is non-recombinant,

The cell culture of any one of claims | to 4 or cell population of any one of elaims 510 7,
wherein said definitive endoderm cells adhere 1o & surface of & culture vessel.

The cell culture or cell population of claim 19, wherein said definitive endoderrn cells are
present &5 & monolayer.

A method of producing definitive endoderm cells, said method comprising the éteps oft
ctb'tainiilg 2 cell population comprising phiripotent hurman cells;

providing seid cell population with at least one growth factor of the TGFp
superfamily in en amount sufficiént to promote differentiation of said pluripotent cells to

definitive endoderm cells, said definitive endoderm cells being multipotent cells that can

differentiate into cells of the gut tube or organs derived therefrom; and

allowing sufficient time for definitive cndoderm cells to form, wherein said
sufficient time for definitive endoderm cells to form has been determined by detecting the
presence of definitive endoderm cells in said cell population.

| A definitive endoderm cell produced by the method of claim 21.

A method of mrodusing & cell population enriched in definitive endoderm celis, said
method comprising the steps of:
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10 24,

differentiating cells in a population of pluripotent human cells so as to produce
definitive endoderm cells, said definitive endoderm cells being multipotent cells that can
differeniiate into cells of the gut tube or orgens derived therefrom; ‘

providing to said cell population a reagent which binds to a marker expressed in
said definitive endoderm cells but which is not substantially expressed in other cell types
present in said cell population; and o Lo

separating said definitive endoderm cells bound to seid reagent from said other
cell types present in said cell population, thereby producing & cell population enriched in
definitive endoderto cells.

An enriched population of definitive endoderm cells produced by the method of claim 23.
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