EXPANSION OF DEFINITIVE ENDODERM CELLS Related Applications [0001]This application is a
nonprovisional application of and claims priority to U.S. Provisional Patent Application No, 60/693,317,
entitled EXPANSION OF ISOLATED DEFINITIVE ENDODERM CELLS, filed June 23, 2005 and a
nonprovisional application of and claims priority td U.S. Provisional Patent Application No. 60/736,598,
entitted MARKERS OF DEFINITIVE ENDODERM, filed November 14, 2005; this application is also a
continuation-in-part of and claims priority to U.S. Patent Application Number 11/021,618, entitled

DEFINITIVE ENDODERN, il %ﬁ)ﬁ ﬁg)%fﬁv i ﬁﬁl\'ﬁr iyunder 35 U.S.C. 119(e) as
a nonprovisional applica#gﬁgfg . ﬁ%gg%gr% atent Eﬁ?ﬁ?sﬁ%‘lon lﬁnﬁbiér 60/587,942, entitled
CHEMOKINE CELL SURFACE RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM,
filed July 14, 2004; U.S. Provisional PateBElEiaRRUEERRRAber 60/586,566, entitled CHEMOKINE
.5, Provisioh e, atent Aofention Lmbar C0/532, 004 antiied DEFINITIVE FNPQERM, fled
and U.S. Provisional Patent Application Number , entitle , file
DecembertQSQ@Oirﬂéﬁ@?ﬂitl%gtﬁWeﬁ‘ﬁ’thﬁ%b théf)%gggrﬁ in %%%1 %&@‘l\gﬁé}%s of
medicine apyhealhisologysHNIamaulaENDeERSNt IOZRNHN fitdte SuwecdlRpozitnsaofl definitive
endoderm cells which have heen expanded either prior to sequent tg enrichment, .isolation
and/or purifRRRISK SORRLARR 1?%@???0%?5;’8 ﬁ?gﬂﬁ%ﬁ%"g&d EBS%S' Esi%gﬁ%lé)l?é gg?: G r“gﬁ'%%ca[%%B]Human
plulripoéentNtfrﬁ(EEEs,Sﬁﬂplamisle}liTMnyﬁﬁEEﬁamf(mlgﬁb?ll?% 5@%E%mmﬁwere Ijl rst
isolated in cult vithout fibroblast.feeders i 4 £Bongso et al, 1934 it fi last feeders
(Hogan, 19% ).EE%%lgr, %Prﬁsl%ar%o elfjtﬁlﬁgf?acr%@%amblott %stablisaﬁed contin%ou;h(,:ultures of human

ES and EGPesiis usipdicnitotichiynbrictivie d mbusatided e PEEREIIRE FhBH R ERM 0 ddedhamblott et
al., 1998; Tﬁgm%@r%f'zoé%%ﬁicﬁ D004IEman ES2Rd EG eelis 118 Ge)Offtmniausapportunities

for investigating early stages of human development as well as for therapeutic intervention in several
disease steapglieisn atodibbecRratasitnal adaieHrkHEdivetigse Nasbes, SRR 4Tt dr

insulin-proguigingdaeals derved KommESCs nauiholier aMeRt impreverset OVRLUITERt cell
therapy procedures that utilize cells from donor pancrease r%or the_tr,e?}%ifﬁnt of gig%betes. However,
0 :

presently itRERBYKHOWN HIRAD GRNEr St AuRs dfin 1etubing T2 ESIPREN AEE PRSI, current
cell therapwieatenanis o dinkeatermelitsiOrINE Cilize SR EalCHTRBCERTDRFCRAZHS, are limited

by the scargity of J;‘} h quality | I rfﬁﬁ%%)-%a . eI%H%B ra gr a single Type | diabetic
patient req&ﬁé&% @ﬁ%p@n%é ﬁgﬁﬁ@ma ely 8x ggﬁarjre&;}f%’is e %e ?sx 'ﬁagﬁ%gfé“t‘%’f%ijzooo;
Shapiro et ahte200Agp Ghdpirohatraber2 GO B sustijtt cBSFING IR A HENIIROESYanglade required
to obtain SLthé%ieenlgglg cz%l for a successful transplant. Human embryonic stem cells offer a source of
starting material from Which to develop substantial quantities of high quality differentiated cells for
human cell therapies. [0005]Two properties that make hESCs uniquely suited to cell therapy
applications are pluripotence and the ability fg graiRtaigthgese cells in culture for prolonged periods.
Pluripotency is defined by the ability of hESCs to differentiate to derivatives of all 3 primary germ

layers (endoderm [#RE3hdeifibeBTEURHIVAHIER TMAEHAC fBhaifssimaftcdnn 1Hp&e bpitig&Hature

organism inagditiene, exdrpruAtaRNInlss teR{R. & RiAspaiRband Uesmualls eAdttisrghgllyripotency
imparts extraordinary utility upon hESCs, this property also poses unique challep es for.the study and
manipulatioRBFHAYS L&RY SRRt GER AR s‘fodﬁli?y’rgsl%qﬂ%ﬁlé?geﬁ% ' t(‘)fiﬁoeﬂgﬁ)/lﬁ)eaél it may arise
in differentigtinghiEGCaswhlresnib@odhsifrpajoncnghediitimeseieginduced at very low efficiencies in
mixed cell populations. 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. Summary of
the Invention - Background

[0003]  Human pluripotent stem cells, such as embryonic stem (ES) cells and
embryonic germ (EG) cells, were first isolated in culture without fibroblast feeders in
1994 (Bongso et al., 1994} and with fibroblast feeders (Hogan, 1997). Later, Thomson,

. Reubinoff and Shamblott established continuous cultures of human ES and EG celis using
mitotically inactivated mouse feeder layers (Reubinoff et al., 2000£ Shamblott et al,,
1998; Thomson et al., 1998)'. ‘



[0006]Embodiments of the present invention relate to cell cultures comprising expanded definitive
endoderm cells. Further embodiments described herein relate to methods for expanding enriched,
isolated and/or purified definitive endoderm cells in culture. 2a [0006a]In a first aspect, the present
invention refers to a method of expanding definitvé endoderm cells in culture, said method comprising
the steps of; (a) obtaining a cell culture comprising definitive endoderm cells; (b) isolating at least
some of the definifiggpgndodéimanelBSram aEdeasisothECiheffdrennizlis inphertaftiesltfse, thereby

producing a cell po _ulatiorl1 egi%geglil%nqeﬁ ié% elr}ge% er@e?fezliISS' antge@%égﬁjtlité%@ %%iﬁ' %elll population
enriched in_l&gﬁ% HEdbd Sy Cells Under conamons that permiﬁ:ne eZBansion of said detinitive
endoderm ceNsral dispaBO6tajdy suskcond dhspmotdhitsresd Rannmonon dsterss. tofan exypapided definitive

endoderm ozl poplation predyced By tne.methad ot he pkesant nyeption. (0006l g i aspect,
the present inven I% ‘f (0] etinitu ode e

nrefrerstto am of expanding d ve en Fm cefls In‘culture, said method
comprising tverstepemf.ckl) titamingyeebireultire wiinprisihy ftefinidvroerdodesscdls, thnd (b)
passaging said definiti : f il rality of ultyres comprising
definitive ersfr cgt e%{‘ggﬁg&%%%[ggi&&ﬁ %ﬁ%ﬁ%&g@? ?r%?%%iﬁgﬁ%e%%%ﬁa rel}%lrs to EE\% expanded
definitive enstodieilhgditqtiptiationbsGelucas bycthecnmestitodelf therapre sematrirenshitfon difde8Z1Some of

the methods described. herein_relate t i h, pa ion of
definitive enlggdﬁel??h ‘gglfs ihﬁéﬁezlf é%iltﬁjr%ﬁla r?f g%@h%anﬁbg |ﬁcg{l%ggbg#c%ﬁj%eﬁs%gﬁgr%%g?e%itive
endoderm dei grelpbtisisedeiTthacedd -fre tapspisntatedibdniep nfos ase g cl spnkedimtasitive
endoderm cells. A/ G.5eRA esh HAMAASSLRANEA e e eallsiin g salk GWiupsotesebY

producing a cell population that'is enriched in definitive endoderm cells. In some embodiments, the

enriched ceR$¥pdbarisesrlefftive Bhbdethielfil- cdtiutehuRbERECHHRFALR AR mit the
expansion Q@ﬁ@ﬂ@m&@iﬁﬁ%d@m&%@ﬁciwt islet cells for a successful transplant. Human

embryonic stem cells offer a source of starting material from which to develop substantial
quantities of high quality differentiated cells for human cell therapies.

[0005] Two pi'ope:rties that make hESCs uniquely suited to cell therapy
applications .are pluripotence and the ability to maintain these cells in culture for
proionged periods. Pluripotency is defined by the ability of hESCs to differentiate to
deri\;atives of all 3 primary germ layers (endoderm, mesoderm, ectoderm) which, in tum,

| form all somatic cell types of the mature organism in addition to extrasmbryonic tissues
(e.g. placenta) and germ cells. Although pluripotency imparts extraordinary utility upon
hESCs, this property also poses unique challenges for the study and manipulation of these
cells and their derivatives. Owing to the large variety of cell types that may arise in
differentiating hESC cultures, the vast majority of cell types are produced at very low
efficiencies in mixed cell populations. In order to use hESCs as a starting material to
generate cells that are useful in cell thefapy applications, it would be advantageous to

overcome the foregoing problems.

Summary of the Invention
[0006] Embodiments of the present invention relate to cell cultures

comprising expanded definitive endoderm cells. Further embodiments described herein
relate to methods for expanding enriched, isolated and/or purified definitive endoderm

cells in culture.



[00081_ In.othey. . embodiments of the, methods described herein, the. definitive" .. endoderm cells
are multipotent cells that can differentiate into cells of the gut tube or organs derived therefrom. In
preferred embodiments, the definitive endoderm gglls are human definitive endoderm cells that are
obtained by differentiating human embryonic stem cells (hESCs). In such embodiments, definitive
endoderm cells can be derived from hESCs by contacting such cells with at least one growth factor

from the TGFf3 s;@%}rﬂ? ily, such as activin A. In other embodiments, human and/or other definitive
endoderm cells ¢ taiffed Hohi P e Usigir R PR atisinie erastetheEenpandisach

embodimerﬁsﬁ@ith@&ﬁp@éﬂﬁrwfgﬁtm@fgjr@@m&gm%ﬁgﬁggﬂb@gﬁgﬂmive endoderm
expansion methods described herein. [0009]In addition to obtaining cell cultures comprising definitive
endoderm cells, s me eorgbodimerﬂts n]:rthe expansion methods described herein also comprise the
step of producing Bhricled HeiH S ERa ST ESF BB EBEm % me embodiments, such enriched
definitive endodeg%]celléniopulati?ns are produced by separating at least some of the definitive
endoderm cells frofh at f855P& 8N EbFMRe Ve E-nE hraean tiidies ankasucmetpiist least some of
the definitive endodermegelissirciishratet] fromeatieaist pomeirgf thelbthetioglisendtiel temain in the cell
culture. In some embodisaaiits Hasiisalatingstep comprises providing the cells in the cell culture with a
reagent which binds to a marker expressed in said definitive endoderm cells but which is not
substantially expregseddiaaicsathes s senhin iR Al e WiET hey ﬁ%@?&&k@&’o‘ﬂ?d definitive
endoderm cells are therﬁ‘stgpgar;t;l&?d from thef n(})%w-reaf%‘ent-bound cells, thereby producing an enriched
definitive endoderm cel 6 pll}?étloenc.xi’r&inélgﬁ?es fdai EFﬂg‘,}q‘H@ fiilirker is CXCR4 and the reagent is
an antibody with an affinity for CXCR4. In some embodiments, the definitive endoderm cells are

separated by fluorgeoessp a@{jvateggc@gwsggggga(@%@esgnkowlgoitilk ‘%gr embodimenés at least
t

" 1S 1
some of theﬂd finitive endoderm cells are separated from at least some of the Other cenh ffpie culture
by specifica 37

RJB?@S?%%%WW%“@%é@éhﬁméibmmh@lmﬁanﬁtﬁhemﬁepgrating the
labeled cells from feeosspbeled aals RpEAGR: dﬁk—%@ﬂﬂ%@@ﬁ%ﬂ'%‘?&?&} er(flllzslgé%s&?&c%ai%oduced

by green flugr scent protein ((3FP) or enhanced green fluorescent protein . In'some
embodimen

SRES EPIRATTOr ElsEp s lawsrsaitemeihad cameretinmihsf the SOX17 or the CXCR4
promoter. 1001441, samsLTMAUREN SIS erYished. definlive gndoder, el populations that ate
X | et & ¥iitd)

produced.as s Ibed aboye are substantially free of cells other than defifiitive endodenri cells. In
other embodiHh SRR ERTTER a arTrRePrAtRREetrEdinh phtrhed e spprisazfrom at least about
96% to at ledesndibornda®ossdefinitive endoderm cells. 100121Additional embodiments of the methods
described herein also include a culturing step that comprises plating the population enriched in

definitive endodenypodbapr q;pcgtigghﬁhtr@,}mﬂuIg;@;o@,rége%@rqgvgmggdi{:gpepgs,tg)h%eég%pgﬁgéalated on

a surface coated with human fibronectin and/or poly-omithine. In other embodiments, the culturing step
comprises ir(fé B eI P FebiPgBRIHOR BrsdedhcEir pephnstioftes pssshitensishin a medium
comprising about 2% (v/v) serum. In some embodiments; the medium also comprises at least one
growth factor. In certain embodiments, the at least one growth factor is a growth factor comprises a
.member of the TGFf3 superfamily, such as activin'A. Alternatively, the growth factor can be IGF1,
bFGF, EGF or another growth factor. In such embodiments, the growth factor can be present in the
medium at a concentration ranging from about 1 .ng/ml to about 5000 ng/ml. In some embodiments, a
combination of growth factors is present in the culture medium. 100131Additional embodiments
described herein relate to methods of expanding definitive endoderm cells in culture by obtaining a cell
culture comprising definitive endoderm cells and then passaging the definitive endoderm cells so as to
produce a plurality of cell cultures comprising definitive endoderm cells. In some embodiments, the
definitive endoderm cells obtained in cell culture are attached to a substrate, such as the surface of a
cell culture flask or the surface of a microtiter plate. In some embodiments, the definitive endoderm
cells are passaged using enzymatic methods. In other embodiments, the definitive endoderm cells are
mechanically passaged. In yet 5



other embodiments, the definitive endodeim cells are passage using a cell dispersal buffer. [0014]Still
other embodiments described herein relate to expanded definitive endoderm cell cultures and/or
populations produced by the methods described herein. In such embodiments, the definitive endodeim
cells are multipotent cells that can differentiate info cells of the gut tube or organs derived therefrom.
[0015]In certain jurisdictions, there may not be any generally accepted definition of the term
"comprising." As [Edherefurtired®ritre-oorthpdsinigsdisiade haraintaslatycketbe opaiteapRitage which
permits the inclysion of an ditional el ' TNl iti odi are
described ﬁ%ﬁé‘f@%ﬁ%ﬂ%’ & nul S?%%%%%%?ﬁ%s%&%@%?gﬁ .gar&%%ﬁgijglo%?(ﬁ?r?ding
definitive eadbadimems)iseh adiurs conitriviatéelibsinpaainieme setlsswsrobiaipelailig el culture

Comp“singa%eﬂ}@g@o %%ﬁ[ﬁ%%'i&@&ae'aﬁ&g atisagtsame lhe drfiniive aacadebin cells from
at least somé of the ofher cells in the cell culture, thereby producing a cell population enyiched in

definitive epdoeiéroroen tametie) ealaiihessld QEMFD RARRY-PEMHHOHRSE S HerTINAER &elin cells

under condtionsthai RerAiking epARSieR-Otaaid dafiniive endadermnes!ind08%E}RT helnethod of
paragraph 1, wherein said definitive endoderm cells bein ﬁg:(ll—f];:[f.ié)otent(%elIs th ttcan dlftfe entiate into
cells of the@ﬂ%@b@@@ér@%ﬁ&‘%i%@?ﬁ?@%ﬁﬂmaﬁoﬁ%ﬁg BB A5t a PR T Whérein said

definitive epgdoderon eelisashiivasdedaitivelandoderm cells. [0019]4.The method of paragraph 3,
wherein said definitive endoder celtlés{)ﬁerqe derived from t’{g

[OOZO]S.The-meth@&Qﬁ]paralﬁr A PERRS bb %iﬁi%g‘%ﬁ%%?%&ﬁi%%%%%ﬁ%@@g?m at
least one gepwshefactanirant theHifRd? sdietfamibn stiffg¢otistr ritedift8senidito gub frabserist some of
0 e A D e SO TSP LN ol

human definitive endoderm cells that are obtained by differentiating human embryonic

stemn cells (hESCs). In such embodiments, definitive endoderm cells can be derived from

hESCs by contacting such cells with at least one growth factor from the TGFB

superfamily, such as activin A, In other embodiments, human and/or other definitive

endoderm cells can be obtained from a pre-existing culture of definitive endoderm cells.

In such embodiments, either a portion of or the entire culture may be used i_n the

definitive endoderm expansion methods described herein. '

[0609] In additioln to obtaining cell cultures comprising definitive endoderm

cells, some embodiments of the expansion methods described herein also comprise the

step of producing enriched definitive endoderm cell populations. In some embodiments,

such enriched definitive endoderm cell populations are produced by separating at least

some of the definitive endoderm cells from at least some of the other cells in the cell

cultures. As such, the at least some of the definitive endoderm cells are isolated from at

least some of the other cells which remain in the cell culture. In some embodiments, the

isolating step comprises providing the cells in the cell culture with a reagent which binds

to a marker expressed in said definitive endoderm cells but which is not substantially

expressed in said other cells present in the cell culture. The reagent-bound definitive

endoderm cells are then separated from the non-reagent-bound cells, thereby producing

an enriched definitive endoderm cell population. In some embodiments, the marker is

CXCR4 and the reagent is an antibody with an affinity for CXCR4. In some

embodiments, the definitive endoderm cells are separated by fluorescence activated ceil

sorting (FACS).



[0022]7.The method of paragraph 1, wherein the step of obtaining said cell culture comprising
definitive endoderm further comprises obtaining a portion of an existing definitive endoderm culture. 6
[0023]8.The method of paragraph 1, wherein said cell population enriched in definitive endoderm cells
is substantially free of cells other than definitive e@doderm cells. [0024]9.The method of paragraph 1,
wherein said cell population enriched in definitive endoderm cells comprises at least about 96%

definitive endodergails. [0925k10:Tihe Baeth@echeh RAMRALARNsdMNATain daithirlk ReguUlakaN enriched

in definitive endoderm cells comprises at least about 97% definitive endoderm cells. [0026]11.The

method of FEsgPEDIRePRIE SIS At el SomaIsfidheeRtienat s defbfichBrtiBYRictRid ¥omprises at
least about §8%=stefiniiierendpdréna sl {0eRifdanm heikethediaiparay mph depadadrginigaid cell

population enriched in definitive eg%o rm cells rises at least ahQout 99% definitive endoderm
Cols. (00081 EFFEHIBHTOR o AT PG SO B ST hed W GET e
endoderm celisredinpdises gbaLfihoftelefindivia ¢GFd0ermenelisced gri@02D)drdscEtme pratiod of
paragraph ein said isolating ste. ises rovgy%g,' ing, said cell culture wij reagent which
binds to a :g’g\?&%%éx%}esgxsnée fﬁabs?é%n & |h%§€§§§c%§éorrm cells butwhic e%suﬁg%rs%%s%%ntia I)c}qlexpressed
in said othetleddioBidsartbadREREpruiteie, and separating said definitive endoderm cells bound to

said reagent from_f@dqlqtherlﬁelI&%@sgﬁh%ﬂg@ﬁgll clture, therebyrogucing a cell population

enriched in definitive endoderm cells. _
populations that are produced as described above are substantially free of cells other than

definitive endoderm cells. In other embodiments, the enriched defitive endoderm cell
populations comprise from at least about 96% to at least about 100% definitive endoderm
cells. |

[0012] Additional embodiments of the methods described herein also include
a culturing step that comprises plating the population enriched in definitive endoderm
cells or a portion of the population. In some embodiments, the cells are plated on a
surface coated with human fibronectin and/or poly-omithine. In other embodiments, the
culturing step comprises incubating the enriched definitive endoderm cell population or
portion thereof in a medium comprising about 2% (v/v) serum. In some embodiments,
the medium also comprises at Iea;t one growth factor. In certain embodiments, the at
least one growth factor is a growth factor comprises a member of the TGF superfamily,
such as activin A. Alternatively, the growth factor can be IGF1, bFGF, EGF or another
growth factor. In such embodiments, the growth factor can be present in the medium at a
concentration ranging from about 1 ng/ml to about 5000 ng/ml. In some embodiments, a
combination of growth factors is present in the culture medium.

0013} Additional embodiments described herein relate to methods of
expanding definitive endoderm cells in culture by obtaining a cell culture comprising
definitive endoderm ceils and then passaging the definitive endoderm cells so as té
produce a plurality of cell cultures comprising definitive endoderm cells. In some
embodiments, the definitive endoderm cells obtained in cell culture are attached to a
substrate, such as the surface of a cell culture flask or the surface of a microtiter plate. In
some embodiments, the definitive endoderm cells are passaged using enzymatic methods.

In other embodiments, the definitive endoderm cells are mechanically passaged. In yet



[0030]15.The method of paragraph 14, wherein said marker is CXCR4. [0031]16.The method of
paragraph 14, wherein said reagent is an antibody. [0032]17.The method of paragraph 16, wherein
said antibody has affinity for CXCR4. [0033]18.The method of paragraph 14, wherein said definitive
endoderm cells bound to said reagent are separated from said other cells present in the cell culture by
fluorescencetlastivatedioeltgartihg FeA@8ye7 (0B3%19. TiE: methpaafgpavagraph E&lwthspeinzdaid
isolating st élgomprises separating fluorescently-labeled definitive endoderm cells from unlabeled
cells. [0035?10 The method of paragraph 19, wherein said fluorescently- labeled definitive endoderm
cells are labeled aalddsult Stithetbxpressidiehentiertobddheen fludmes ce ok proteih (EGHRE

e T e T e e e i
the CXCR4sprbmaterodiments, the definitive endoderm cells are maultipotent cells that can
differentiate into cells of the gut tube or organs derived therefrom.

[0015] In certain jurisdictions, there may not be any generally accepted
definition of the term “comprising.” As used herein, the term “comprising™ 1s intended to
represent “open” language which permits the inclusion of any additional elements. With
this in mind, additional embodiments are described with reference to the numbered
paragraphs below:

0016} 1. A method of expanding definitive endoderm cells in
culture, said method comprising the steps of: (a) obtaining a cell culture comprising
definitive endoderm cells, (b) isolating at Ieast some of the definitive endoderm cells from
at least some of the other cells in the cell culture, thereby producing a cell population
enriched in definitive endoderm cells; and (c) culturing said cell population enriched in
definitive endoderm cells under conditions that permit the expansion of said definitive
endoderm cells.

[00617] 2. The method of paragraph 1, wherein said definitive
endoderm cells being multipotent cells that can differentiate into cells of the gut tube or
organs derived therefrom.

[0018] 3. The method of paragraph 1, wherein said definitive
endederm cells are human definitive endoderm cells.

[6019] 4. The method of paragraph 3, wherein said definitive
endoderm cells are derived from human embryonic stem cells (hESCs).

[0620] 5. The method of paragraph 4, wherein the obtaining step
comprises contacting hESCs with at least one growth factor from the TGFP superfamily
so as to permit differentiation of at least some of said hESCs to definitive endoderm cells.

[0021] 6. The method of paragraph 5, wherein said at least one
growth factor from the TGFp superfamily comprises activin A.

[6022] 7. The method of paragraph 1, wherein the step of obtaining
said cell culture cozhprising definitive endoderm further comprises obtaining a portion of

an existing definitive endoderm culture.



- [0038]23.The method of paragraph 19, wherein said fluorescently- labeled definitive endoderm cells
are separated from unlabeled cells by FACS. [0039] 24. The method of paragraph 1, wherein said
culturing step comprises plating said population enriched in defmitive endoderm cells or a portion
thereof [0040]25.The method of paragraph 24, wherein said population enriched in definitive
endoderm cells or a portion thereof is plated on a surface coated with human fibronectin. [0041]26.The

method of paragragg23p, wherein saidrsiriasgiéd aniggggygg;hpp,lmg}igmr@idoggﬁzgﬁlﬁmomethod of
paragraph 1, wherein said culturing step comprises incu‘batm%said po%tjlation enriched.in definitive

endoderm cEREBFLIPSIRBH RS ORI &R BRATRIHY Ssiorlis AP finh fS6HI8 The

method of par@giaéahciiyvherein said culturing step comprises incubating said population enriched in
definitive endoderm cells or a portion thereof | dium camprising greater than abqut.2% (v/v)
serum. [0044]29.1@3 thod' of parag%ﬁhﬂ?t&ﬂ?eggﬁ%%a?ﬂl riwg%{ié’b E%%ﬁ?ﬁ&%’?ﬁ ing said
population enrichetl indidhiniteccateixter veiieksrop@sgostidernthebeaf P6&; rdefiliimvcanipdaimng less than
about 2% (v/w) serum. 10045]30.The method of paragraph 1, wherein said culturing step comprises

incubating scglds‘population enriched in definitive endoderm cells or a portion thereof in.a medium
comprising at leastt¥@&]growth factor. TBe method of paragraph 1, wherein said cell population

enriched in definitive endoderm cells comprises'at Jeast about 97% definitive endoderm
cells.

jeg26] = 11. The method of paragraph 1, wherein said cell population
enriched in definitive endoderm cells comprises at least about 98% definitive endoderm
cells.

10627] 12. The method of paragraph 1, wherein said cell population
enriched in definitive endoderm cells cémprises at least about 99% definitive endoderm
cells. .

[0028]  13. The method of paragraph 1, wherein said cell population
enriched in definitive endoderm cells comprises about 100% definitive endoderm cells.

[0629] 14, The method of paragraph 1, wherein said isolating step
comprises providing said cell culture with a reagent which binds to a marker expressed in
said definitive endoderm cells but which is not substantially expressed in said other cells
present in the cell culture, and separating said definitive endoderm cells bound to said
reagent from said other cells present in the cell culture, thereby producing a cell

population enriched in definitive endoderm cells.

[0630] 15. The method of paragraph 14, wherein said marker is
CXCR4.

[0031] 16. The method of paragraph 14, wherein said reagent is an
antibody. '

[06032] 17. The method of paragraph 16, wherein said antibody has
affinity for CXCR4. '

{0833} 18. The method of paragraph 14, wherein said definitive

endoderm cells bound to said reagent are separated from said other cells present in the

cell culture by fluorescence activated cell sorting (FACS).



[0046]31.The method of paragraph 30, wherein said at least one growth factor is a growth factor from
the TGFP superfamily of growth factors. [0047]32.The method of paragraph 31, wherein said at
least one growth factor from the TGFp superfamily of growth factors comprises activin A.
[0048]33.The method of paragraph 32, wherein s&id activin A is present in said medium at a
concentration of about 100 ng/rnl. [0049]34.The method of paragraph 30, wherein said at least one

growth factor comgmgm IGH4.. [OOBO}@@Tﬁgﬂﬁagtr@@ hefpadaRr Pk Bédreh e4RINs8dGdE Fidp present in
said medium at a concentration of about 100 n glﬁ 051]36.The method of ara%%o%e:iﬁo wherein

said at leastURREISFOWEP IR IBE cgﬁ‘?f)‘?‘?gﬁ%téf BBy & AR S fle method
of paragrape), wherein said at least one growth factor comprlses bFGF. [0053]38.The method of

paragraph 37, wh said pFGF is sentl al%medluma centratL npf about 12 ng/ml.
[0054]39.The met %%&%} (graph SF()){%Where as %?ﬁgé&}b R S Rl RRgh S

labeled deﬁmtwe endoderm cells are labeled as a result of the expression of enhanced

green fluorescent protein (EGFP) .

[0036]  21. The method of paragraph 20, wherein the expression of
EGFP is under control of the SOX17 promoter.

06371 .22, The method of paragraph.20, wherein the expression of
EGFP is under control of the CXCR4 promoter.

[0038] 23. The method of paragraph 19, wherein said fluorescently-
labeled definitive endoderm cells are separated from unlabeled cells by FACS.

[6039] 24, The method of paragraph 1, wherein said culturing step
comprises plating said population enriched in definitive endoderm cells or a portion
thereof, _

10040} 25, The method of paragraph 24, wherein said population

enriched in definitive endoderm cells or a portion thereof is plated on a surface coated
with human fibronectin.

[0041} 26. The method of paragraph 25, wherein said surface is coated
with poly-ormithine.

[0042] 27. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or 2 portion
thereof in 2 medium comprising about 2% (v/v) serum.

[0043]  28. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or a portion
thereof in a medium comprising greater than about 2% (v/v) serum.

food44]  29. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or a portion
thereof in a medium comprising less than about 2% (v/v) serum.

[0045] 30. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm celis or a portion

thereof in 2 medium comprising at jeast one growth factor.



growth factor comprises EGF. [0055]40.The method of paragraph 39, wherein said EGF is present in
said medium at a concentration of about 10 ng/ml. [0056]41.The method of paragraph 30, wherein
said at least one growth factor comprises a combination of activin A, bFGF and EGF. [0057]42.An
expanded definitive endoderm cell population prodéuced by the method of paragraph 1. [0058]43.A
method of expanding definitive endoderm cells in culture, said method comprising the steps of: (a)

obtaining a cell culfggggompsising definiiive.emdadsrmelasanaubipessaang sriddsafigitve

endoderm cells, thereby producing a plurality of cell cultures comprising definitive endoderm cells.

[0059]44. ThEehaGater is aragrabriasonfiosndhs the Blepyrsrimidn ghrgyonih BeWifive endoderm cells

comprises providing@i7past pne enzymg tosaidicelf galuirpl? TheunetbadsafParagraphy s, wherein
said at least one n. The method of&aragraph 43, wherein the step of passaging cells comprises

mechanicall§remety gty SomdbesTivdiinsenrlaily vhermiinBaterssarpraphassylierein the step of
passaging cells cofgpiiges ingpbating said definiiveepaadarm 68!S/Refein said activin A is
present in said medium at 2 concentration of about 100 ng/ml.
[0049] 34, The method of paragraph 30, wherein said at least one
growth factor comprises IGF1.
[6050] 35. - The method of paragraph 34, wherein;-said-IGFi- is present
n said medium at a concentration of about 100 ng/ml.
[6051]. 36, The method of paragraph 30, wherein said at least one
growth factor comprises a combination of activin A and IGF1.
[0052] 37. The method of paragraph 30, wherein ‘said at least one
growth factor comprises bFGF.
[0053] 38. The method of paragraph 37, wherein said bFGF is present

in said medium at a concentration of about 12 ng/ml.

[0054] 39. .The method of paragraph 30, wherein said at least one
growth factor comprises EGF.
[0055] 40, The method of paragraph 39, wherein said EGF is present

in said medium at a concentration of about 10 ng/ml.

[0056] 41. The method of paragraph 30, wherein said at least one
growth factor comprises a combination of activin A, bFGF and EGF.

10057} 42, An expanded definitive endoderm cell population produced
by the method of paragraph 1.

{0058} 43, A method of expanding definitive endoderm cells in
culture, said method comprising the steps of: (a) obtaining a cell culture comprising
definitive endoderm cells, and (b) passaging said definitive endoderm cells, thereby

producing a plurality of cell cultures comprising definitive endoderm cells,

[0059] 44, The method of paragraph 43, wherein the step of passaging
said definitive endoderm cells comprises providing at least one enzyme to said cell
culture,

[0060] 45, The method of paragraph 44, wherein said at least one

enzyme comprises at least one protease.



The method of paragraph 43, wherein said definitive endodenn cells are attached to a substrate.
[0065]50.The method of paragraph 49, wherein the gtep of passaging said definitive endoderm cells
comprises detaching said definitive endoderm cells from said substrate. 10066151.The method of
paragraph 50, wherein said substrate is a surface of a tissue culture flask. [0067]52.The method of
paragraph 50, whel@#Kaid $abstrate i$le sndtos offaraiepotivbr fiate{0068]58dAAt expanded
definitive endot%guenC%%I ﬁggutlationnproduced by the method of paragraph 43. [0069]It will be
appreciate&jfﬁatt e metho s?ﬁ’élcbmpositions described above relate to cells cultured in
vitro.However, the[@fakie-deséribed in Viteowifferé ofipredgretiic éin pdsitinshmatep e fUsedAfgingn vivo
applications, [007Q]Additional %o% nts may also.be found jin United States Provisignal.Ratent
Applcation 5 Lo/Eub b e UEETE ERBH e e SR KR e
Provisional ®Rémnitv A pplicdtion ddlds.60/566,293, entitled PDX1 EXPRESSING ENDODERM, filed April
27, 2004; U.S. Prqyisignal Patent Appligation No, 60/586,566, entitled CHEMOKINE CELL. SURFACE
RECEPTOR FOF\&)? Ii:SOL TION o%ﬁﬁ W pﬁﬁ%&@é—%\)ﬁﬁ? “Jﬁ]f/ E3)%,‘°’5(S)EA{’;"lﬁf.asg.ultgrovisional
Patent ApplealidefiNoive0¢887JenR, cehititleunGHiEMDKINE @Eald SURFACERECERTOR FOR THE
ISOLATION&&%}DE%I%@I%@ ENDODERM, filed July 14, 2004; U.S. Patent Application No.
11/021,618, entltfgg BEFINMTIVE ENDODERM, filed December 23, 2004; U.S. Patent Application No.
11/115,868, entitld@PBIX1 EAPRESSING ENDIEDERMyfilegtahprik36, @besit. Sudbadefinitipplication

No. 117165 30Rugni Mk QR EPRIBENMLIFYING FACTORS FOR

[0065] 50. The method of paragraph 49, wherein the step of passaging

said definitive endoderm cells comprises detaching said definttive endoderm cells from
said substrate.

0066} 51. The method of paragraph 50, wherein said substrate is a
surface of a tissue culture flask.

[0067] 52. The method of paragraph 50, wherein said substrate is a
surface of a microtiter plate. '

10068} 53. An expanded definitive endoderm cell population produced
by the method of paragraph 43.

[6069] It will be appreciated that the methods and compositions described
above relate to cells cultured in vitro. However, the above-described in viro
differentiated cell compositions may be used for in vive applications.

[0070] Additional embodiments may also be found in United States
Provisional Patent Application No. 60/532,004, entitled DEFINITIVE ENDODERM,
filed December 23, 2003; U.S. Provisional Patent Application No. 60/566,293, entitled
PDX1 EXPRESSING ENDODERM, filed April 27, 2004; U.S. Provisional Patent
Application No. 60/586,566, entitled CHEMOKINE CELL SURFACE RECEPTOR FOR
THE ISOLATION OF DEFINITIVE ENDODERM, filed July 9, 2004, U.S. Provisional
Patent Application No. 60/587,942, entitlted CHEMOKINE CELL SURFACE
RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed July 14,
2004; U.S. Patent Application No., 11/021,618,.entitied DEFINITIVE ENDODERM, filed
December 23, 2004; U.S. Patent Application No. 11/115.868, entitted PDXI
EXPRESSING ENDODERM, filed April 26, 2005; U.S. Patent Application No.
11/165,305, entitled METHODS FOR  IDENTIFYING FACTORS FOR



10 DIFFERENTIATING DEFINITIVE ENDODERM, filed June 23, 2005; U.S. Provisional Patent
Application No. 60/693364, entitled PREPRIMITIVE STREAK AND MESENDODERM CELLS, filed
June 23, 2005; U.S. Provisional Patent Application No. 60/693,317, entitled EXPANSION OF
ISOLATED DEFINITIVE ENDODERM CELLS, fila@ June 23, 2005; and U.S. Provisional Patent
Application No. 60/736,598, entitted MARKERS OF DEFINITIVE ENDODERM, filed November 14,

2005, the disgies R e{ MK BRITCPIRPOIAICRSHIR BY HIRIARGSH thelt.anuresies: fiigh

Description.of the Drawings [0071]Figure 1 is a schematic of a proposed differentiation pathway for

the productiomest béapdertdronNEE SEEOFHE4irsentilsdn (RBERIMATIYEM iR IeiES4MPto the
definitive endedermtnsagR@aneIiep asen s AR 0540, eariastknouiSieRa A fhaduithefdifferentiation

of ES cells to pancreatic endoderm, endocrine endoderm, or islet/beta-cell. Some factors useful for

mediating tA% tramsitlo AR RIS B the Fr &PL  ERMPRRRRH TRYE BB OREB Mot Fltéd to,
activins andinadalse ExempiarympkersHandesinng thatdefipiiieandederomtaget celliag SOX17,
GATA4, HNE 0] i is a diagram of the human SOX17 cDNA which
displays th%%o@%%%%ﬁﬁ##%tﬁﬁgﬁﬁ%ﬁgﬁa@tﬁ%’?’gﬁmﬁr udedt8p =tﬁ1%°ifr?}<t°’ﬁ i2&tion
procedure yf GlENQYAG:ROTAEIgerdrdisraftetatioalhdardagras 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. [0074]Figure 4 is a WesterrBbiefi Destredi ovitbfthe BreamiaS0X17 antibody. This blot
I

demonstrates the ificity Isanti PURANS L7 ' VEL-e in fibroblasts
(lane 1) and a Iack%qunmlcﬁ%%éti%/ig %v%%%%%@a%%%?%% ﬁ%ﬁé}t} %géelé ?ﬁe‘?\g%?d? %%‘g(?family
member, SORIGEAR ) b rsiisifare dBICE aFeatictoteaphshsnpiting a ol sheBX ek cells that
display a sighifigaqurmne anabAnR 1i60:RbRIE dpoleAR) odd it il iNaHIKINGLARL 3R IO RthRr SOX17+

clusters (B) where little or no, AFP+ cells are observed. [0076]Figures 6A-C are micrographs showing

parietal endiBAn difgrerizgen pinep el PARGTRIEEY FBdRErRIryIoR i FRdadesmbemodulin
(TM) proteins|egpé@deslll Some factors useful for mediating this transition are members of the TGFB

family which include, but are not limited to, activins and nodals. Exemplary markers for
defining the definitive endoderm target cell are SOX17, GATA4, HNF3b, MIX1 and
CXCRA4. _

[0072) Figure 2 is a diagram of the human SOX17 cDNA which displays the
positions of conserved motifs and highlights the region used for the immunization
procedure by GENOVAC.

[0073] 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.

[0074] Figure 4 is 2 Western blot probed with the rat anti-SOX17 antibody.
This blot demonstrates the épeciﬁcity of this antibody for human SOX17 protein over-

- expressed in fibroblasts (lane 1) and a lack of immunoreactivity with EGFP (lane 2) or
the most closely related SOX family member, SOX7 (lane 3).

0075} - Figures 5A-B are micrographs showing a cluster of SOX17" cells that
display a significant number of AFP” co-labeled cells (A). This is in striking contrast to
other SOX17" clusters (B) where little or no AFP” cells are observed.

[6076] Figures 6A-C are micrographs showing parietal endodenn‘ and SOX17.

Panel A shows immunocytochemistry for human Thrombomodulin (TM) protein located



on the cell surface of parietal endoderm cells in randomly differentiated cultures of hES cells. Panel B
is the identical field shown in A double-labeled for TM and SOX17. Panel C is the phase contrast
image of the same field with DAPI labeled nuclei. Note the complete correlation of DAPI labeled nuclei
and SOX17 labeling. [0077]Figures 7A-B are bar charts showing SOXI7 gene expression by
guantitative PCR (Q-PCR) and anti-S0X17 positive cells by SOX17-specific antibody. Panel A shows

that activin &:ﬁg%@gesgh@ggg(ggf@ga@ee{mm@' niamlgigg E&ﬂdsﬁxiﬁﬁeidfé%ﬁsﬁdmglguwp{frhﬁ&iSOXl?
expression relative to the undifferentiated.control. medja .Pan S cgl&l;t i cal pattern
as well As é"éﬁﬁ'lilgﬂﬂa%hﬁtgﬁéwgfé?%nﬁ?&&%ge ggﬁ&%ﬁ%&ﬁ%ﬁggﬁ%um gﬁ' ingﬁzéz!lting that
Q-PCR megstyamephak Sontkétgengexprassiomes fieldy vofie EtvEl dibtiad gawslal thiieindghe cell level.
100781Figure 8A is a bay chart whi hows that a_cul | tiating hESCs in the presence of
activin A mé’ﬁﬁé’llr%ea??&ﬁ[?g\?& 00% %8?1%%%#&3#& whl;eegé%%ﬁg owed to randomly differentiate in
10% fetal bovine @0 (FBBizexdsibitaBteonbapdgtimtibaoharFOX he amernpEiHSXpi¥ssion
evels is apRIOXMAICI defolly pCrPOAPLFYTRY B GiRIE (IRGSS S6 o B aphsowing tha
€s

the suppresgll)‘on 0 expression by activin A is also evident at the single cell level as indicated by
the very rar@aH Ashalivs| dstbrstbfim ARRCERIS MRS 8THe SISO R BANR AT RIS RESHE (bbttom)

relative to 10% FBS.alane (1apy J9Q80Hiapas0fBrvee Lomparaliveisaged Soawigdediguantitation
of the AFP+ cell'lnumber using flow cytometry. This figure d§£‘|onstrate§%that the @ag?i&{de of change

in ATP gendBaftesdiaret Py shaveaiim dratsd Rl A5 nt parksn? B SRRERIER BAreTof activin A

exactly corrgﬁg@}gsgormgmlaesgMFPdeneHsniﬂ;ufmefcﬁcmp@rtihg tQePdilitynef@rédRtasialyses to
indicate changes occurring at the individuagl 100811 Fi 1QQ-F are micrographs

cell leyel. ur
which showIREt ExEBEFPEEREEES T 58%%?15%8%%1“%5%5& he ?v?nm%ge(ﬁf Als Vields a striking increase in
the number of SOXdFr8cellsRigaretAa e rdeofitud avis (A BB oo moalivg ©f Widematisdngbundance
of SOX17+ cells.to. the total number of cells present i leld, 2z padicated by DAPLstained nuclei
(D-F), it can@ &&h ﬁeaf)lgﬁ%l}%%)rgg%}lyﬁéﬁ%}? %?ﬁagl?(?el shgghir%%ﬁr?grégg%t%g%pn SOXI7 after five
days treatmesitsmitiowetiAe [0O8amisigliftereatiste ina08h Setal Bing spumstFR S SRAPHRISHPRE(0, 10, 30

or 100 ng/%%rg HeRgdepihriRciaRseR SR YL GRS RMIessipprik Aiffessntiasiag hESCs.

Increased expression Is already robust after 3 days of treatment on adherent quture§ an%}gontinues
A=

through subsequer#879 and&uesys P8 -SusHeniRaseuIRlr F%R WHFCFRBH ST Re are bar

charts which,demensiraie il effertQiactyindien tesexpressigmobMbXdnganeliAEvaAEA4 (panel
B) and FINF3b_(panel C). Activin A dose-dependent %&aseﬁfrg a|50d0,?5‘§{iv?d Lo&et:g{r%ee cher
355 The ﬁ%‘éemtiuaaes ofincreased. expression

markers of defisaiee BnHEHERhTaR R SRR FRAES @
in response ¢erAcvR (R AT siikingy SRS tadhegembserved for SOX17, strongly indicating that

activin A is specifyi opulation Is that co-express all_four S t o GATA4+
and HNF3b+). [008&%@? ure }fg}f-ség éﬁfeé Bar chal asr%/(lv%i%ﬁm ego%‘sotgfg?g ?ﬁ% ﬁeétag%%éé\%iﬁﬂz on the
expression ofFFRdipanelba) Si@XPipayiemBrandiSriRG dsmessoite Hialdhs megmtds of
dose-dependent decrease | | : i der rkar AR dMsgkears @fprimitive
endoderm (§8 %%a%cﬁgﬁg%aeel %Pré%gg%@ég%‘écg%ﬁﬁﬁ%ﬂhe%ttr;{r%ghlg%nfgej; gr exhibit S(Séppression at

some time ppined)inflirsting tarewtyirarearoadsior hemerahd of AEs e el SEHS SRe ERGoderm cell
types. This fyithessypperisdrefagiihab hainceasest espressioniahsGxliaMiekl 1&ATA4, and
HNF3b are due to an increase in the number of definitive endoderm ({}?IIS in reapor}%leagocacitivin A.
{0081} Figures 10A-F are micrographs which show that exposure o s to
nodal, activin A and activin B (NAA) yields a siriking 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 cells 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
SCX17 after five days treatment with NAA.
{6082} Figure 11 is a bar chart which demonstrates that activin A (0, 10, 30 or
100 ng/m1) dose-dependently increases SOX17 gene expression in differentiating hESCs.

Increased expression is already robust after 3 days of treatment on adherent cultures and

continues through subsequent 1, 3 and 5 days of suspension culture as well.



[0085] Figures 14A-B are bar charts showing the effect of activin A on ZIC1 (panel A) and Brachyury
expression (panel B) Consistent expression of the neural marker ZIC1 demonstrates that there is not a
dose-dependent effect of activin A on neural differentiation. There is a notable suppression of
mesoderm differentiation mediated by 100 ng/ml of activin A treatment as indicated by the decreased
expression of brachyury. This is likely the result of the increased specification of definitive endoderm

from the mesendoggey PregHEeLs 1bANELIE VSIS AIACHHIRINERANNENE (10 anct & Aadnh) maintain the

expression of brachyury at later time points of differentiation relative to untreated control cultures.

[0086]Figured e sxpregeiom pt SIS HHSRsII g G Erh s Bictnd dHIBHR (RRatEle fHRIGA in

response toAreatmensNilknaGHYIBEResoBR OfohhdkkRarintaherdegiermaredeusr damighthe culture
(A) when differentiated in serum alone, while differentiation to TM cells is scarce when activins are

included (Bf MR STEr Mitttdnstid Attt HiRdrealiGifi AHoWR ol FIERsd SEPTERIPS dPe
micrographseyyoieie 3bowtviarkrsexpeessiangly rasabnse thdseadtbrenteditloasthin 7 stengbtivin B.
hFSCs were E[i%gted for foutr conEecutive z%s with activin A aﬂ\(%l: %%gion B anéj 51%rgﬂe labeled with

SOX17, AFPURFH AR ASHYRS PRSP R e 3R PV BIGPR® RheI =M aRdPanel D - 13
Phase/DANSKISCE , INEXLImM eSS0 Xid7HBEENNE cells (A) associated with the complete absence of

AFP (8) and TV (Ggnungisaeiiy, JO08RAFIONR, Wt s e G B agpserance o

definitive endode viscetal endoderm in v rom hESCs. The regions of visceral endoderm are

identified bym e sexsion of AFRiEaeliftiviOshutreathBdisplaSBARE doauslde. oppasite Brofile;
SOX17hi/ABRiLinT Risifieich wesealeativelychosaR AU RPIRUMID-RhIIeSR Mikeians to each

other. However, there are numerous times when SOX17111/AFPw" regions are observed in absolute
isolation froMa8kgFs & sREBHRFPAPEem, CRLEsti Rifet padad BRdgmBAR T b F e ECTithve

endoderm Gallshatigen ovisaaba aidReRbh aclomiOa8R] piatieidSitamgliaatamidapiktingdhe OFf3
family of ligands and receptors. Factors activating, AR Smads and BR Smads are useful jn the
At SEHECrA SER oSGt

production 8F s YA B FOR KM EPRBRoTE SYBRS ¢ ¢y UpPH IS 12687:065-76).
[0090]Figurendtis: dreagacbdiréghrewiog SieSDRACHMINTL.SOBA T £xpradsiENEdle aitTdnasadesult of
treatment with indiv.idlthal and compé](?\gglc%ns ofc%%-‘,FEB fﬂctors. lg?g%llt:ii‘qgrg 20 is a bar chart

d .

showing théihcrease m%&?&%oc RUMBer o Cerm ceis 1n Tespon

[0085]  Figures 14A-B are bar charts showing the effect of activin A on ZIC1
(panel A) and Brachyury expression {panel B} Consistent expression of the neural
marker ZIC1 demonstrates that there is not a dose-dependent effect of activin A on neural
differentiation. There is a notable suppression of mesoderm differentiation mediated by

100 ng/ml of activin A treatment as indicated by the decreased expression of brachyury.
This is likely the result of the increased specification of definitive endoderm from the
mesendoderm precursors. Lower levels of activin A treatment (10 and 30 ng/ml)
maintain the expression of brachyury at later time points of differentiation relative to
untreated control cultures.

[6086]  Figures 15A-B are micrographs showing decreased parietal endoderm
differentiation in response to treatment with activins. Regions of ™" parietal endoderm
are found fhrough the culture (A) when differentiated in serum alone, while
differentiation to TM" cells is scarce when activins are included (B) and overall intensity
of TM immunoreactivity is lower.

[0087] Figures 16A-D are micrographs which show marker expression. in
response to 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 - SCX17; Panel B - AFP; Panel C - TM; and Panel D -



with time as a result of treatment with combinations of TGFI3 factors. [0092]Figure 2_1 is_ a bar chart
showing induction of 50X17 expression over time as a result of treatment with comblnatlons of TGEIS
factors. [00931Figure 22 is a bar chart showing that activin A induces a dose- dependent increase in
SOX17+ cell number. [0094]Figure 23 is a bar chagt 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 alorithafo0951FigiVes24 & mhﬂ&@%ﬁﬁh%ﬁmgif&[g:@ﬁtj;?%ggc@ﬁg%l_im;%ﬁg%?icri;rr;(;s
din low PBS ditio reatment.o SCs with activins A an in media ()

Iigg?ng)lr;/Fg}ivéglgl% B O‘frirl}ﬁlaesog‘r%%e@e%ﬁ%gs(%@fﬁ@%‘b‘ﬂt&s compared to the same treatment |
in 10% PBS media [A@&R) (pEigukeA)l'In&Jeticmiﬁi)@m:ﬂefsilitbﬂMﬁgeﬁ%@d@é}s@;mgékesﬂvl&}i@éﬂ@(@anelt B)_|ns
also affected. the pression of AE2 (visceral endoderm) (pane is greater i
29% FBS thane&iquliylagg/ﬁo? F Ssﬁ%%ﬁ%%%%’d%é%&ﬁ%ﬁr?é%”bggsésar ﬁ%&%&%&%ﬁéﬁ OB 17+
cells are diviaTAgiferifiasreS@RE Y famiinoresbtivedebiitine gnéséeﬁxatcmﬁldyﬁeﬂmtbahﬁ;g@fjge oftan
14 hESC COIQcPM)gﬁG haRd g ippelesbwith-proliferating gau%g%%acrhggé}%g&(g l\é@){ég%r‘l.e ) yet are

not co-labeled with OCT4 (panel C). In addition, clear mitotic Scanbe'seen' 1ﬁ?’abeling of
nuclei in botPSERET7 IR IIEERsWY) d8shelptistodipasy endiierentizicouiEBOs (timewhelgs) (D).

[0097]Figureszsiis i apthagshaniag 6B§‘ef$é%ti¥?a%§9fﬁési§m£&¥§'ﬁ’é&é%R?é%goQiﬁgfeﬂgﬁmg hESCs
under various H1edia conditions. [0098]Figures 27A-D are bar charts that show™how a panel of
definitive S¢S suggesting the separate ofigmation of the definitive. endoderm cells. from wisceral

endoderm cells,

[0089] Figure 18 is a diagram depicting the TGFB family of ligands and
receptors. Factors activating AR Smads and BR Smads are useful in the production of
definitive endoderm from human embryonic stem celis (see, J Cell Physiol 187:265-76).

[6090] Figure 19 is a bar chart showing the induction of SOX17 expression
over time as a result of treatment with individual and combinations of TGFp factors.

[0091]) Figure 20 is a bar chart showing the increase in SOX17" cell number
with time as a result of treatment with combinations of TGE B factors.

- {6092] Figure 21 is a bar chart showing induction of SOX17 €Xpression over
time as a result of treatment with combinations of TGFB factors.

[0093] Figure 22 is a bar chart showing that activin A induces a dose-
dependent increase in SOX17" cell number. '

[0094] 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. '

{0095) 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% 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. _

[0096]  Figures 25A-D are micrographs which show SOX17" cells are dividing

in culture. SOX17 immunoreactive cells are present at the differentiating edge of an



endoderm markers share a very similar pattern of expression to CXCR4 across the same
differentiation treatments displayedin Figure 26_ [0099]Figures 28A-E are bar charts showing how
markers for mesoderm (BRACHYURY, MOX I), ectoderm (SOX1, ZIC I) and visceral endoderm (S0X7)
exhibit an inverse relationship to CXCR4 expressipn across the same treatments displayed in Figure
26. [0100)Figures 29A-F are micrographs that show the relative difference in SOX17 immunoreactive

cells acrossyhtzecaidhe @edinseamitionsdisninyeslinmisy e820:28 A 0NF GRS oAGIare flow

cytometry dot plots that demonstrate the increase in CXCR4* cell number with increasing

concentratio® aehatR/RPicadeRieh it Qfrdd Rash TindBiaddsiom prsn Bid AT Birtharts that
show the Cxear44, CellBrisellad: fimibRihighwdassadlivin LelTe abment (As00:0>et) @creven further

enriched for d fié%%tive ,enggéﬁg markeﬁs E‘S e parent population (A100). [0103]Figure 32 is a bar
chart showintG gERE S5 Kom fromeERe d CXCR4 cells isolated using fluorescence-activated

cell sorting (PACS]¢97iell aBigere2éxivesshan uhdtteshareng phputatinne. SHiyeddmolstthted that the
CXCR4+ ce ain enti | R4 ressiqn.present in each parent population
and the CX : p%)lﬁlu?gﬁ%r%%%%{l%%\seerﬁﬁggﬁgrll%ﬂ%ﬁ a4§8%%%gen>§pression. [0104]Figures 33A-D
are bar charts that [@8#8nstrhigutiee déptélicmeobinadetierthafBRAC Myw R Yy X dsbmitizem (ZIC1)

and visceral SRHRAR{ MAROX Charene Ripusmianondhe PUGRALiGR S exipies Lo e tigh, dose

activin A treatment which is already _sugpres_s I'in expression of these non-definitive endoderm
markers.  diffremjatinpursatneniaispta k- BEEEERBwing the expression patterns of marker genes

that can be used tqgoestify dafiniye eadodeemaelsathRMARSHON Falsis Rirdafidivg,endoderm
markers, FGE17, VWF, CALCR, FOXQ I, CMKQORZ1 and_15 CRIF'1 is shown in panelgé%lga
7, SOX7,

respectiveIy(%@&égo%ﬂgl%is%@ﬂ?&ﬂomes%lr%{e)d b ageerrinardrgeme
SOX17/SOXxnltht, Z4CInagdeMEXdoisshizown DYERE | ApfessRapactvalytiRanahd sbaws:the

expression apalysis,of CXCR4, With respect to each of panels A-M, the column labeled hESC
b APy n Figwre 76 P P
indicates genepeff)ressmlﬁufrom ‘purified human embryonic stem cells; 2NF indicates cells treated with

2% FBS, no activif@déition; ghwek00iAclicate sioettsgtaphsethavith @y thePis Bt ¥ Qliffpieniaciivin A;
;@)%%isn’dli%%@]% £ :%%%gﬁlf’li‘é?%m% LhPRR R APEACHRL s e A icR g S gliRreated with
26-28. :

[0101] Figures 30A-C are flow cytometry dot plots that demonstrate the
increase in CXCR4” cell number with increasing concentration of activin A added to the
differentiation media.

[0102] Figures 31A-D are bar charts that show the CXCR4™ cells isolated
from the high dose activin A treatment (A100-CX+) are even further enriched fo%
definitive endoderm markers than the parent population (A100).

[0103] Figure 32 is a 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 little or no CXCR4 gene expression.

[0104] Figures 33A-D are bar charts that demonstrate the depletion of
mesoderm (BRACHYURY, MOXlS, ectoderm (ZIC1) and visceral endoderm (SOX7)
gene expression in the CXCR4+ cells isolated from the high dose activin A treatment
which is already suppressed in expression of these non-definitive endoderm markers.

[0105] 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, FOXQI1, CMKOR1 and



[0106]Figures 3.5A D are .bar charts .showing the expression patterns of definitive endoderm marker
genes in cell cultures maintained for 36 days under various growth conditions. The expression analysis
of definitive endoderm markers SOX17, GSC, MIXL1 and CXCR4 is shown in panels A-D,
respectively. EB and EV are used to designate to-ggeparate cell populations each from the hCyT25
hESC line. The abbreviation NF indicates cells grown in the absence of activin A, whereas A100

indicates cellSRIFaw ishdwnpiieganes @-LOGagsntvbIs. fatiey dxfzEdndicales =0 noinlepidgrmal
growth fa\cto[i %ng;Fl ure 36 iﬁﬂl%deigé_‘rangéggwingéhe cell difterentiation, 1solation and expansion
procedure for ¢ Ty |\/lé EPRIOGAH EHE blevEttdns Qe AS fNigwE M E3€! rérst MO Rliman
embryonic steshoeisndEidESGH) Eespdetisdly Uiatsiietslefnitheegndadesmmaaliss d8EAQE:DE refers
to CXCR4 anti / urified definitive,endoderm cells; | 010, FACS-DE refers to purified
definitive en(rﬂ%%?%ég:%&%r%%gg%ﬁ%n&%s%ﬁe%%%@e%ﬁ#@ BB S SRS RIS Bubsequent
to passage. RNAmiHiplebumantsiobnyanis amalyveth fANR akienexpriiksinated edth2of thBdndicated

days. [OIQBLF IR 376\ 66 DAk charts.phqwing,t gssian, patterns of variaus embryonic
cell lineage markler genes in cell cultures that ﬁavg%egg% %ﬁeﬁ%ﬁ%ﬁ%&%ﬁ‘#ﬁ?ﬁé %cn%%é?m then

subsequentlypliftideiisaing erds cxresravthid S BScdAfunetiohasitrifloresdeicdadiditaescell sorting

(FACS). Thesalpbriyiadiensars radoliows,RAGLESCAefers to mRNA from the 96th passage of CyT25
human embryonic zéﬁm cells; d5 DE refers to mRNA from unpurified definitive endoderm cells on the

fifth day of differentadiSH frorf BEEhESEL NEe e AR FaRY REniRaV ARIRESION 1ROHTEP 0o -

differentiatiodefioiive XfdeantihadyFAGS pusfied definitiveisndrdern selsacrhated i be absence
of activin A; A cgef:}alr% lo mMRNA taken 11 days post differentiation from CXCR4 antibody/FACS purified

definitive enfoderm caft HeubARH RS S SRbE 8 HoBehgHicaetipdamarazkers SONRNA taken 11
da;;]s post diffiSenhiHEdA frodnTEXBR s %dmtih@};xﬁfﬁamwmm%igmagﬂdpﬂ%m@@ﬂ$§incubated
in the prese [\ 100 n | - AF niRNA taken 11 days post
differentiatio%gfgrg}{rr?ilé){)%cl:g'g%l;l éﬁ%ﬁ%ﬁ%&gnﬁfﬁ EE %%%h@yﬁéﬁéﬁﬁ%ﬁs ] Eﬁgﬁi‘é‘ﬂ%%e
presence of XDanip#saailsBTAw R Amigmabbics efradtivinny/ whErGE AN BpindidBxds AES pefers to mMRNA
taken 10 days pRsphRassa980 SeX R4 QHfébﬁ%EA%éfp%Hi%&’ne‘éeﬁb“%‘g?rﬁo”ﬁ%‘@%“ cells incubated in

the absence of activin A; A refers to mRNA taken 10 days post passa E&ggﬁ Ibody/FACS
purified defifdGt%-endoderm cells incubated in the presence of 100 ng/m1 activin A; Al refers to mMRNA

taken 10 days pos{prEgage FigmeG¥GR4 aaag‘m@f%n@% prifiad agteliBiiRone MAARANmGE!IS -
incubated, in the Presencecpf 1%%2%%?1 activin A and 100 ré%{fr?nnl IGFI; and AFE refers to mRNA taken
10 days post pascsage i tx 1558y TRAEE, feflsq ARpacxiftione e casIsabewBated in the
presence of ERCNgiiarh activimah, chdbnginit bfeareélng AOHRIOIDEGERaBalHurdeXddiBive SC; C-
OCT4; D - Braghyury; ZICH E - .. Detailed ription. 101091A crucial stage in early human
developmelr:?‘;fr termg%/ g‘%gtsr’u Igtfli oﬁ%%:%%%i%evrvseé s@gérﬁ#er?ﬁgg?&géé&rﬁﬂﬁ‘&ﬁ igéﬁ‘?gﬁ?ely
significant befedasdsanit psli; ting tirhd th R ARS thié eqfern arypyefred|dyfirstare dirdspectfitld @nd organized
(Lu etal., 2683 Sehopnunlt psk Sl 2000 TP REIAYEITHIS SSPONSIbIe (oL the eveiygl formation
whe :

: %to assage
of the outer coverings of the body and the entire nervous syste reas the %earﬁ blood, bone,
skeletal muSETBPAFTRER HcE SRR srabESSEranaskerdanrsei torh aiwh nfgbodetivat@lafmisive endoderm is

defined as the gerppiaggr thmg'gr@sgqamsgbIg,@o;,g(grmp@ns%mﬁge%iée egcé% %LJ?&V\%Q& inclydes the
e

esophagus, stomac%@nd small and large intestines, and the organs whi rive’from the gut tube

such as the TAHYRS FUEEYARIARRL Waan prars et saney kel s asey hirbhave beemdi fensarissed
(Grapin-Bottondafitibiellamd20éiti KimelmaneanentyifinrZe@O0ustrgmhlayst@h 4 2008 0Aiells and
Melton, 19993&}/13!:'30%”(1 .l\ﬂegg&ezooog. Atveré/(%'mpﬁrtant dis 'ear(éion should be made between the
definitive endoderm and the compietay Separate e 9genss $ornidd BPPRRINAL R Btfeff. The
primitive enédtaren 9P ycfesponsiBis Aofrtanniati 06 b xise-eMDyIusitissHas bAgialy the

parietal andyiseeral eagefies Rariane ol e placenial yolivsac and ihe extragellulay malrix maerial

of Reichert's membrane. [0110)During gastrulatio & process o GETNEVE &ritiote ation
begins with ¥ &fidlfersiratiiom Evm S MRSEl: NEsehBsdei sl | o (oRlS £ oapetentsgsfpus mesoderm

or endodermwigiaia dRrRMANC X BIRACIHIR AR the REMINE.RITSRS: e&&%a; d&%’m@ gododerm is

derived from cells, which migrate through the anterior portion of the streak : roﬂg‘ﬁ & node (a
specialized Bt APECAFSHRE AFHXHOmSsTTETIoN SHRALstrkeIK) IadersigrstiGHiseaviatictefivitive
endoderm pERCRlesitss AT ATS parRioagitilkeAtshsamina s il & armnation. of (e posterior

end of the tube. -
gl"g{) ng?ml activin A; Al refers to mRNA taken 11 days post differentiation from CXCR4



[0111]Definitive endoderm and endoderm cells derived therefrom represent important multipotent
starting points for the derivation of cells which make up terminally differentiated tissues and/or organs
derived from the definitive endoderm lineage. Such cells, tissues and/or organs are extremely useful in
cell therapies. Because large numbers of cells araaisually necessary for successful cell therapy
applications, -it is-beneficial to begin differentiation procedures with large numbers of cells of a single
cell type. As;RiBPRICCH Q- FRlsdkTiat i enditRientelte thmimmmdmm afd@@xwmbryonic

stem cell is converted to the defu cell t vercpme thls fnltlve
endoderm c&HYgrdvang ikd thag [lliéﬁ%fi fggg rgeﬁs be ér%%g%&glso &d an%%r pur| J%sél)ng the
methodologﬁ&ﬁsazmwﬂhemﬁbo&ﬂémmenﬁehmbﬁtutsdaﬁudndmiviorz:pllwm@anbﬁeﬂqelteﬁlﬂtmg
definitive endoderm ¢ I C hergip Ampgrove the
ability of enr‘i’éﬁseac?s @(gna%\]/ ac m Htied #?ﬁlﬁgé%eﬁgc%xerm cells (iti(? g?:w and expand |n§cell culture.

- Because def&fﬂw&oenﬂd)dﬁeﬁak@e“@ @m nowisesaxpahBEECRcutiheds(isved maniderd dlefaiivent,
isolation an Gl RYHI R L?e&'%?‘t’ﬁ‘éa%@&(@é orgensiAlatved inm definive andpderarpells can be
ers.

produced in greater num Some embodiments of the present invention relate to methods of

expanding d@fﬁﬁlﬁ%@%@@rﬁﬁw rnEbadiakeS PrESTEdshBsnmBArcTantsdsHhBE rm cells
are enriched by, sSeRAIAING RPN Harnohenselsls @mmcﬁhk&ulwraaﬁhﬁﬁnﬁﬁaegk definitive

endoderm cells are then cultured under condéé)ns which permijt their exg\f}anslon Definitions

[O113]Certaﬁﬁ°€é‘rn%%%ﬁ?&§8gyé§ﬁtg§dw O S HOSTOR HAVE tlﬁrémﬁ!?eanlngs glrovided' as
follows: [Ol]lﬂ']aé\&jﬂ§@ﬂ herelpmiemironiahdefedsntgal i@Fle afdaVE opie mahdbidesiofratiorganism
beginning with a si zygote and e W|th lar struectur Qlan orpprises
pluripotent o‘gat%stu?&% %gégﬁ t%%?th@%@%ve EB%CI;H é\t‘]r%(é%é %ﬁ dh dﬁu []l%?lé]tc?%%m %EB?S e'?rglved by
gamete fusidncbeidérin ienbeyartic' ofef6fs1tg/mnbnyds den%d&dylbbﬁféf‘cﬁnélﬂﬁuwéal #&dsfer. 18

[0115]As us%d h$ |n I?pgte@s rdn%pieﬁt cglll %tg az:ﬁltlityipe @an give rise to a
d

limited number o other particular cell’types. 101161As used herein, "expression" refers to the
production of a material or substance as well as the level or amount of production of a material or

substance. Thus, determining the expressigjgfiaispaciismrrker 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. [0117]As USE8%ereir crigialetege Bl ANPRIGEEEIRPIRER CEITM5E BHLBIIEILY Hofcted.
For...examplg zarearkerie ARt b UGismnotinite digeardlyidRici Acid: deckuas A framstript of a

cbrbohyoratGiE A5 P BTt b ST F A R L having a
molecular welighteafiegsidamit, J0@mMUhe ectoderm is responsible for the eventual formation of
the outer coverings of the body and the .entire nervous system whereas the heart, blood,
bone, skeletal muscle and other connective tissues are derived from the mesoderm.
Definitive endoderm is defined as the germ layer that is responsible for formation of the
entire gut tube which includes the esophagus, stomach and small and large intestines, and
the organs which derive from the gut tube such as the lungs, liver, thymus, parathyroid
and thyroid glands, gall bladder and pancreas (Grapin-Botton and Melton, 2000;
Kimelman and Griffin, 2000; Tremblay et al., 2000; Wells and Melton, 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
primitive endoderm is primarily responsible for formation of extra-embryonic tissues,
mainly the parietal and visceral endoderm portions of the placental yolk sac and the
exiracellular matrix material of Reichert’s membrane.
[0110]  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.



[0118] 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. [0119] With respect to cells in cell cultures or in cell
populations, the phrase "substantially free of' means that the specified cell type of which the cell
culture or cell population is free, is present in an amount of less than about 5% of the total number of

cels present i, el i 'Rl pOpuRIoN, (012NN iESRES i a2 Sle iR os used

. herein, "low serum RPM?" refers to a low serum containing'medium, Wherein the serum concentration

is graduallytifcreeseanvrangiothtcipdieie racidized sencinplel theomcambaeltriesonoyd ferum RPMI

comprises araRseRiationphatuti, 2%deial beyinasarumlBe) aRihelitslidayehseikgrowth,
about 0.5% PBS on the second d% of cell growth and about 2% FEBS on the third through fifth day of

cell growth. e &#utraiammeuiibihe fratiens Rbtnoskmpriers of tsraeiwfion of about 0% on day

one, about 0.2% oday twoithiake whddeem thedthiigdbangrsuhise duend tse ok Hp%dsed herein,

the t "bEGF" and "EGF2" dinterch hly. Definitive Endod Cell dpP
Relatel TheTBE O SHERURIAEHRS BEGLH R TG FERR A B IARe PRTEatalor the

production dfftteémnitivel aixdosesnd/oe isgme dévred frdiffahendisfiiig yal eripodent dirltagsuuals stem cells
into multipo efinitive endoderm cells, As descripbed abave, 19 defigitive endoderm cells do not
iferentiate s g o R e e HEr AR AR the ur
tube as.-welPhsebiganssutvatlsireedesisdifromncireshielt calbahdrepy repplipattandt-srhtdioigts, the

definitive erdareleRIy A6 SHER A I Sose SHEBALOSLESRS 61 BEMEIED gsigyfor efficient

production of human endodermal derived tissues such as pancreas, liver, Iting, stormach, intestine,
thyroid and ¥pEYQBIFHeR eaHfTe cpvBELisrcatidefinidoBraive aednderayos ene fieseyegnin
differentiatiepaf Risteraceitie Al nrtigralinsuliniprednday iFseellrd @ ahtaindiaeiylayantities of

insulin-producing.13-cells, high efficiency of differentiation is desirable -for -each of the differentiation

steps that GEE priertedrER Gliene Pariemtrdisktsslbanssns. W sasdhebrsatiibang{Stem cells to
definitive endeidetusislshiepraketsiope trapstifitieadicshsiantewarndsihrmnredaiionabivnctional
pancreatic islet{13-cells. (as shown in Figure 1), high efficiency of djfferentiation at this step is
particularly &SI e ffﬂ@ grné\e/fféﬁ}v“é? ﬁ?éj ??e%PaBﬁ@“&P }éfﬁ%ﬁeﬁt Hitere N oh 8\1%“ﬁgipotent cells
to definitiveMﬂdodl‘erdascéﬂ@ds@mémép@m@ftme aijﬁﬁyenﬁaeiuﬁnpedpéme@uﬁmuﬂdne@heﬁem _rglgte toin
vitro methogeiaer DAk Ralih 1 ARPIRAICk PEOCANIPIaN B pRlEL cRllpdg defintive
endoderm cells. Typically, such methods encompass the application of culture an growfh factor
conditions itdagerineteEnd- e nmpdt iRy srrsadisd fashibiwreFsbRetusntichraencioheht ¢ellasispulation for

definitive endaderpuealisean daachiaugdhysalation aediunysiicabionefdhs definiivegndoderm

cells from other cells in the population by using a reagent that specifically binds to definitive endoderm
cells. As sutht RoRIEURTHIRIRTEANEE RBaB%Bed herein relate to definitive endoderm cells as well as

methods for prodyenepnd isehéingnaneiiaeRtrifyingesyek aells: {0d2H | neprderdondetennige the
amount of definit(iive endfgderm cells,in a C(ﬂl Qultue:ﬁ or cell paopulation, a mg_thod of distinguishing this
cell type froRHHS BYh S HRIY i TREEETRIETET 18 (! sOP Ui AP S RS BPe IR S Bt tain

- embodimerasdddecribetiherciemnrizixé by ceflansire heah osiis pkeae nde:rakdenacsaniled htive
o e L e e O L e B e

expression of such mar N some embodiments describe erein, the presence, absence
and/or permit their expansion.
Definitions

[6113] Certain terms and phrases as used throughout this application have the
meanings provided as follows:

[0114] As used herein, “embryonic” refers to a range of developmental stagés
of an organism beginning with a single zygote and ending with a multicellular 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 nuclear transfer.



level of expression of a marker is determined by quantitative PCR (Q-PCR). For example, the amount
of transcript produced by certain genetic markers, such as SOX17, CXCR4, OCT4, AFP, TM, SPARC,
SOX7, MIXL1, GATA4, HNF3b, GSC, FGF17, VWF, CALCR, FOXQ1, CMKOR1, CRP] and other
markers described herein is 20 determined by quantitative Q-PCR. In other embodiments,
inununohistochemistry is used to detect the proteins expressed by the above-mentioned genes. In still

other em bodimentﬁn@Sf’CR @%@m&gh&%gmléﬁmﬁﬁﬁ&ﬂ gchothfesed wdgenily and

determine the amount or relative proportions of such markers. [01261By using methods, such as those

described afeveandidemdsaima b e groass ATt Bt Sshif@Sfiate markers, it is possible to
identify defmitive gggoglerm geliseashueihascdptesiine dferpronaipn afsefinitiveneneidaiesm cells in a
cell culture or cell population. For example, in some erybo.dime ts of the, pres{ént invenilgn the
definitiv.e, ea8idBTAAs el 5 L1 SEH HRABIThat BRRCHFEH L SRR ERL SRR andiot the
CXCR4 geng-qiailang!hi akprs0ordéns pheitignitukie geéatentdaramy-deficitive strtogeem cell types
or cell populations. In other embodiments, the. definitive endoderm c e i hat are
produced e%ﬁgggethaéngw& aﬁc%‘r%ﬁ%%%éﬁ?% reersiséecgt%g leve fgrr%%%rcg{t aérill%%?r%égtr&s'p%;f% flaagnitude
greater thambanedefinttemehadoderm cell types or cell populations. In still other embodiments, the
definitive endoder or gell lQns 5 a@gy&gggemqgga@ﬁgtogamggeogggmanarkers
selected from the glrlgﬁplfcongll%t}"r?g%%%gg’(l#l%?c%& GSC, FGF17, VWF, CALCR, FOXO1,
CMKOR1 and deRéFet.aF arlexanpleap srarken 40 dRe uiS ntR GRS BRHSd g Pt BIeE e B P Aurf

non-definitivg, engladerm calltypes ey celepepdatiepsddpsame enbodieentsdassibad desein,
definitive endoderm cells do not supstantially express PDX | . [OlZ?IEEEigdiments described herein

also relate t8UEAHTE ariiBeRITH EBn IR e 30 s RN <D FRI% A LB ARTRIAE FeAts s cell
cultures compsising: dRfiniivanadademeyheings pitlecslm!aiddh ofllpofiatatiofseariohed in
definitive endoderm cells. Som?ebeﬁrefe red embodime%tbs r?]:atﬁ to cell &).(J}Itugﬁs \{/)vh&?a .copﬂ{eise

! 5%t the Cendin culturd Are detnitive endoderm
cells. An espegiathopieferme:amingdineniroeiaiesttoofalls ceilturdsomprbimgihuatian, celiishwherein at
least about 50-80% of the human cells in culture.ar finitiv 5. .Because the efficiency
of the differdftétio Opr)l}gcsé%%Fecggnobeea%}ﬁlﬁgcfeg%gncoﬁig}f%fggﬁg%ﬁ%%?n%%%, which include but are
not limited to, cell §8dh&th corfitionespgeovptivefdeioreslrabesioninas #r iAo CLR®Steps, the
diffefentiatiof%bw&s e deseribed erpincan mslinAbouL S¥oxaRAUR 0%, ahaw 35%iabout 20%,
about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about
65%, about PORRLAEEBE F55%6 IR BEIEE0% 2R BBRLBE 9, ISt50hrB OS 5GhPE 58 tPLFERBFHPAN about

95% conversign Qlfegéld[igp{@é‘l&@pﬂﬁﬂ@rggfimﬂ\éﬁ)@iaﬁaﬂodeI’I‘n. In other preferred embodiments,
conversion of a plur(i}potent cell population suc[gas a stem cell ogulati%nhto S#bﬁfgw“tiag ure
definitive endoderrh &5ﬂlpopl}|{a‘ﬁbﬁq§p88tnl€8n?§ oM oa] cOmpPositions and methods described
herein have rRewgrakefsefublaalvweserkor exanpleg thedbeth culherem ahel selipopukeitrasionnsprising
definitive endoderm as well as the methods for producin ulfures apd cell. papylations are
useful for m(%a(g}fhaéi hlgcé%arf)?(ist%lvfészi (%e %%re'rélaftﬁm e%ll_‘?gfn%:r%g%rt eigfn%xré, the cgmpositions and
methods deseribeREbdibirpoamisisa senventoatipre efpabont (hidefetaldreiingiserise GtBIDsOB BN as
diabetes Meyiss hOYXAIRIGEERAIUA YBSTHANENB.E0ES 3 LR 3R et enbuesinied

number of tissues,’it can bé& used in the development of pure tissue or cell types. Production of

Definitive Entidsiomnifeothird) thijssabnf e fayfoiib gsewth e 1A REF SRR PbTOBESTEBIIS to
produce cell gpfirresancandchadeaglrapulations onnarisinddefimtve epdpse@ayisdesaidded below
and in US Patent No. 11/021,618, entitled DEFINITIVE ENDODERM, filed December 23, 2004, the
disclosure oPRMIER o ERs SrariiTabafvuitefdfence in its entirety. In some of these processes, the
pluripotent cells usgghasjstarting malieriakaia,stans calidn CEFEHT pragksSESiRISfinitwe esdoderm cell
cultures and enriched C%| populations comprising definitive endoderm cells are produced from
embryonic st‘@f‘ﬂé@&geﬂ eferred method for deriving definitive endoderm cells utilizes human
embryonic stem cells as the starting material for definitive endoderm production. Such pluripotent cells

can be cells fhat originat fiom, Be Maria. cRRHE IaRaleA&l mass or those obtained from
embryonic gﬁ%%ﬁﬁﬁm maintained_ in culture in a pluripotent
state without substdMt#ldiffe Banbedisieuisideseribasb bereimrdaeekioonay th BRIaF BIGERsST8tFds are

described, fogexampleqin 44 SARIAN MRREAPRRS T Suftth 3721 BE00:98R5:4H A1 6:290,806 and
6,251,671 the disclosures of which are incorporated herein bé reference |Rsth§|r entu;ftl S. 101301In

some proces¥is it srRRILRSHE HEANTIVRIRAGRIJ AR R Fells- escribed above,

definitive endoderrP &Lk, whé| Rt AB5t b {EEREH

4



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 IESCs (see US Patent Application No.
2002/0072117, the disclosure of which is incorporated _22 herein by reference in its entirety).
Alternative pragessesiasdarasesingddefisitvieraetiode ipeatmikthprodatud fam edbdtmmpotent hF,SC
without the use of a feeder layer. Methods of m 'ntainiggbpluripot nt hESCs ngggef gl%re-&ree

" conditions HARAGEEN Bty AR IR ST B SRR 8S 2803 /5198885 the disclosLire of which is

incorporategigrein Qi raferencediils enifeeiyd tOL3AiTdnesh draatefnibry eniodtem wdlsarged herein

can be maintained |n cult either with or without serum. 0 som I -éﬁ %ng)pgywtenance

procedures?%‘é‘fﬁ%#@%’lak&%@ht s ?pégldqcfﬁsg%%ar%,psrg‘rﬁrﬁ #‘?ge gﬁ%tﬁ%%e%ﬁ?ﬂqﬁés, such as those

described imtSaP atelhidipplicatonetci20e8/0k0 24 Gattvsedis clsordusigw RieR#slin dBigidizged herein

by reference,ip i3 cpineti.ALe waed-[0A3eI Asanlc Bradmalpneddachlts bodalpgtent state
it that t

by routine pagg%ge untilit'is desire hey be differentiated into definitive endoderm. In some

processes, differentititiontatidefisfitiveiendodden @%méﬂeﬁlwlwmﬁlj%&ﬁé‘%téﬂ EQFFHhItu_rg a
growth factoy. of e v Mol IR IR 8L ADONAL ALMiEien! derRiarmote dlfRtentiataod cifleliniive

endoderm. EfoWth H5eors of the superfamily which-are useful for the production of definitive
endoderm atesisebbetiod-teohn af éh GHr AR ATOM BT HULRIB RN Ao Bt iB e R rBRPf&HE ntiation
processes, the growihfactar is selegied, & GHOUR CONSIRING O NesiRimaeiNiT Aragiivin B and
BMP4. Addﬁ%@lﬁ%@%éﬁﬁefaﬁgg\%ﬁ%ﬁgﬁd other Wnt familly members are usg%ljl for the
production gleftefisitive ceridtstisten tellsrdntbe peidugiifaraftfunohoprd cesswslieRRR-ISSt any of the
above-mentigned growih 195'atecam Benised it AN esaRclin sompielihe ReaagsRes for the

differentiatiosn%Wp urlp%lﬁra% stermn cells to definitive endoderm cells, the ‘above-mentioned growth

factors are providel#1d3he céilsviniedt e dpovbil i irsBid atcddhrsntindcaurl RIL IR UM centrations
sufficient to prompte. differentiation-of AileashR pqitian af thessirpmelinicpesfinilvaaodeserm cells. In

some processes, the above-mentioned growth factors are present in ;]h?ﬁ é:g gculture at.a cofncentration

of at least abesiBrAto 4F ast WSS Ryl BEILs IR BBTRIEH C YRGB S ng/ml, at

least about ZRRgdRahialleas dbauiileQnm/Rinatierst RhelhRAOBEMisibkinst ainpis30Beng/m, at
least about 400 ng/ml, at least about 500 ng/ml, at Igast about Oo%%gnlbat I%gﬁt %bgc%g@oo ng/ml,
at least abo@PBHHE HyAhF LS A B8N ST h G T IR AL aB ot ng/RT or'mobre than about
5000 ng/ml. 2% Spiithes dailtprrae sdabeforlihepiffeientiatidaiuf plerpeiretsalicens & definitive
endoderm cells, the gboxsmentioed araniiadpIAetamAEhinm bagalg e suisequent to

their additioA“ ST &x ple, the growth factors can be removed within about one day, about two days,

about three tags; pimustonbyaysnalboatsin tayspembealbidindrsloafidin4eyeRd945an A558t eight
days, about ping days, o abaut fen dave aftersheiraddiion dnaamnefa el aase ssas ahe growth

factors are removed about four days after their additio%O_lSS]Cultures of definitive endoderm cells

can be growes meihedafor coplamnsgredeRiaing AR P HEEBR FURIYT certain culture conditions,
serum concentratio{mmn range-fanmabkauh-0%0e ¥ivoieaboué A0y badoderexastipl, incslbme
differentiation processes, the serum concentration,of the. medium c¢an be.less than about 0.05% (v/v),
less than abé‘éﬁ‘ﬁ?l% AFORNERIL, gﬁg%ﬁgog%sg}}%){li%g@t é%%@%?ﬁeoe@%' &?v?r,&fgrsgétifg%ﬁl about
0.4% (VIV), less dhairabout BHperviadoleissitsaibiaat @ fiiadlyvictess thindibwut0lzseded), less than
about 0.8% (v/v), less than apout.0.9% (v/v), less than ab ) les ahet£%6 (V) less
than about 3% WA} ,i?é%g)tﬁe %ﬁ%ﬁ 54"300(8\}3/\}/5)fef‘grsl§efhaarsle§g§%% /ﬁ%%ﬂ%e%sﬂitlﬁ%ﬁ about 6% (v/v), less
than about 78petific), fessdéfantalownsdewiv)addssugthedabbut doteehing, sk GrieraBELg 18% (v/v), less
than about 15% é}{é}@nogf'?&ﬁl%%&%@Ut 20% (v/v). In some processes, definitive endoderm cells are

. SXPr . ..
grown withoUt B&rum or with serum replacement. In still other processes, definitive endoderm cells are

grown in the preseri@t251 B2 Aninome ephedungas, desrdentbereiRidRcOPBE RS SRsREMIHM range
from about Opd2%4 Wiy 19 akeut 26 ¥/ nMepiteringethadeifferenfiationel S RORO(GPOR)S tBdefinitive

Endoderm

example, the amount of transcript produced by certain genetic markers, such as SOX17,
CXCR4, OCT4, AFP, TM, SPARC, SOX7, MIXL1, GATA4, HNF3b, GSC, FGF17,
VWF, CALCR, FOXQ1, CMKOR1, CRIP1 and other markers described herein is



10136] The progression of the hESC culture to definitive endoderm can be monitored by determining
the expression of markers characteristic of definitive endoderm. In some processes, the expression of
certain markers is determined by detecting the presence or absence of the marker. Alternatively, the
expression of certain markers can be determineddgy measuring the level at which the marker is
present in the cells of the cell culture or cell population. In such processes, the measurement of
marker expressignisan be gualitative @-§URNtitativehoOrenelitoshef Guaniieiisg dhenaxpreksion of
markers that are proFgucetiI&E ma{ker genes isdt ro%%h tlgevlé:se of.gua(gtitative PCR %}QFE} e) Methods
of performiné‘s(f)-F;& A& T RIOWR i RS B SthelniethSde SRR Are®Riown Th tHe art can also be
used to quartithtelimarks (AR exgressiomFopexanplactheigrgr essisnhofsadiaikeng®rmproduct
can be detec&ggrgx n%sﬁgﬁnﬁb%?gﬁ%lﬁﬁgggl%?ﬁigé%}esﬁgﬁ‘%gﬂf_ ene product of interest. In certain
processes, the expression of marker genes characteristic of definitive endoderm as well as the lack of
significant expressifi #ilmarket gengsudibrasterchicoiimEs desenbedtiabe v ltey peisrimiaetéimined.
[0137]As deggihed Hrenin e REAMBISRBRIOY R fRlRDIR rzaaﬂs@gisied%'n&%ﬁnqmﬁws the

e

SOXI7 gene. As such, the definitive endoderm cells. produced l:%/ the processes described herein

express the SOxdePMsaHRerGEAG 2B RGEH)IBFIbE ERIBIRIB eHerfngtive mdnfisen eatleimiflbrs of

definitive endQagrnaRiIMINtulaoAT Ad; B3R, GSGCmEGRbZLMT SALER R EnGMKOR1 and
CRIP1. Since definitive endoderm cells express the SOX-17 markeri?ge%%aat-a level. higher_than that of

the SOX? mg?ﬁé%ﬁg’feﬁ&w%ﬁiemﬁg% CREFEHCRSPBIAIE & 1h dTiRRerair et RSt (o8 Fable 1), in
some procesaeiptheeIEssiofees hoth BRXLT and:iSD Xrdds nadniiaraiiude gbaeprhessses,
expression o&tPe. oth the SOXlYilpagéeor ene 8‘”19 &tg&o TAb hearrkgnrbggrﬁ% ﬁ’t\'hi&xh g e)%h Eggteristic of
hESCs, is monitored, A 8&?6%&‘16, CAude defrive endoderm ceffs explress e's marker gene
at a level higbmtottram thelisobtheeARPRPSRURE thetT o prodnved 4 ip (M XimdBkEX Genad/chéhexpression
of these gen b ' 0 initi 4 XCR4
ene, The CX R e B B P e
chemoattracende$mp- et HanskiruiprelkorenwitinesC Xio R leetisio apbadirpeialisha grdiatinm are
believed to bg, Haadnigaion-AUeNehARRRAIGLR ISR R RANG RAT Qe RO iraffiakdng and the

differentiation of various B cell and macrophage blood cell lineages [Kim, C., and Broxmectyer, H. J.

Leukocyte BRSIBSddro8: (oI KAWSIKER AFXedibh &8 Rifrch FOF ‘cjorgéggto(;‘fgr Re entry of
HIV-1 into T-eetkgFeoptRORat ald SREPCa: 3 1evd 62-4b6GH(2Wabrditan exiansiver seiastedstudies
carried out b McGr%th, K.E. gtaal.nDev. Béol %%121 442-456 199@%&% etxgressi n of the
chemokine r&E&htr BXCRPAAE R cﬁ% d, COFPIRIM S ankPBISRYer, H2 3518Tkocyte
Biol. 65, 6-1={ibee8)tnwealescéline ateeidudfmeadyedévidopmeid dodnaduiibfentidthe axprese. The
CXCR4/SDFRJirteraction in development became apparent when it was demonstrated that if either
gene was disrupted in transgenic mice [Nagasawa et al. Nature, 382, .635-638 (1996)], Ma, Q., et al
Immunity, 10, 463-49%271 999 fmbedmratsirdtarsierdbhpesiic rIpalivlatn ¢ defntizg. qedegerated that
CXCR4 s th%&?ﬂ@%&i@i@ﬂé‘.daﬁw@ﬁ}%@,‘e J&E@pé%%ﬁﬁﬁ%%%ﬁé'%d%%t@nﬂtqwéngoﬁ%!ﬁéﬁ strulating

embryos (E7.5) using a combination of RNase protection and in situ hybridization methodologies. In
the gastrulatifiBitipryendescareardisteas Sgisatinglate pRarsionsa kRN imvitbed i iAsfieitie 25
migratiog of eﬂmﬂ%;&m&k Wﬁyawffﬁuﬁ SRBE R sERE QD daﬂimguar@m@d&rmoﬂn?mderm and
extraembryonic. mesoderm present at this time. In E7.2-7.8 mouse embryos, CXCR4 an

Siphafeton EHTTE FRATGP okt iR e g8 A5 r b LehsTontTh i EHATHEH (McGrath,
K.E. et al. Delefidiahagynddderdd 2166 AD0GK {83818 kosi definitivasandadesmecedlss pradireed by
differentiating pluripotent cells express the CXCR4.marker genpe ession qf CXCR4 can-be
monitored in%ootr)ral r%nﬁglgf? ﬁgec%iégﬁﬂ%ﬁrgﬁnoz%jg?%i |v%%e?%ﬁc%é:r%f%(ﬁ)éuﬁéaiﬁ%%w,c le?lrr%t'fl\r/(:é
endoderm pall@ipi@'dmmdmﬂmeﬂmdsﬁdé&ﬁﬁédeha’eiﬁﬂ@(@iﬁ@@rétmkedsrgﬁdemtive
endoderm '“Q%QA% BXtrHQcth 1?%&9@%% afn VUKL LnGA iR a NGB G R Ffalh7 10V i, CALCR,
FOXQ I, CMKOR1 and CRIP1. Since definitive endoderm cells express the CXCR4 marker gene at a
level higher & thatoaeiHens OXHEfestog i b ationse BT BoMm XCRIHRFSPSX thean be

monitored. InAtBRILREAEASSRS SXRECasioAttibRtRthe m XeRr Mmaskengsne awhineQCdbhanarker
gene, is monjtored. Additionally, bec USSE}S definitive_endoderm cells exprﬁifthe CXCR4 marker gene

at a level high2fieathat 6r AAUA B e IR E G PRANNE DM 8BHH A0 2RoMAdE P8t e xpression
of these geneboaa s ik ahansoniiariesht [©I%ONboul 70e; aspreciatedalinail 0P easian 306 46d3d in
endodermal gells dpes reclude the expressi f SOXL17. As such, definitive endaderm cells
produced bystﬁlé'?"p?o%%ts%gé%’ed%rs%rrﬁjﬁe% ﬁ-‘ealfle?lrg3 Wi Igs%/ﬁjég%%\rt?étffﬁlleg?) egrslrg’% 1Qflla?1(tjp W But will not
substantially express APP, TM, SPARC or PDX1. 1014111t will be appreciated that SOX17 and/or
CXCR4 marker expression is 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
thea ENOYXY 17 markar and/or the CXYXCRA marker in non-definitinve endodaerm celle ar cell nontilatinne for



26 about 1000-fold higher, at least about 2500-fold higher, at least about 5000-fold higher, at least .
about 7500-fold higher or at least about 10,000-fold higher than the expression of the SOX17 marker
and/or the CXCR4 marker in non-definitive endoderm cells or cell populations, for example pluripotent
stem cells. In some embodiments, the expressiorpef the SOX17 marker and/or CXCR4 marker in
defmitive endoderm cells or cell populations is infinitely higher than the expression of the SOX17
marker and/or,.the CXCR4 marker in non-definitive endoderm cells or cell populations, for example
pluripotent SRERFERNs. In otheq Dis{SirGd FRRB R RAISEEANR AL if RIRRO RIS PRI ER%s cribed
herein, the gx¢lyesaiermicabplspitatielcetedbianiithepgre dpMonsistn et dopdixdch &INF3b,
GSC, FGF17, VWE, CALCR, FOXQ1, CMKOR1 and CRIP1 in.definitive endoderm cells or cell
populationsc%nfﬁ%ll%%%e t as compared to the expression of GATA4, MDCLI, HNF3b, GSC, FGF17,
VWF, CALCR, FOR8] CMKRRbapdsEitdl Lid mosthdedinitheeienil beleim lealts eveaell pagfulations.
[0143]Additignally, it will b reciated that there is a range of differences between the expression
level of thetfg%%f/ 'mgr rer‘?%arﬁﬁ?ﬁ’e iegépgggsﬁ)uﬁltgssel%gf %ﬁegé?i’P t@ﬁ%ﬁ%n%ﬁwg%%}ﬁg}’& 50X7
markers in gedptitve enwoldesrheaishsinitaryrotheregexisise rarigoesiaiffeedopslptoneers the

expression Jevgh ofshe XGRS MR kerANd RS WesHnn sl hibe OCEAuRRARS. AEP. T™

and/or SOX7 markers in definitive endoderm cells. As such, in some embodiments described herein,
the expres<SBRRASHES @G HeketcsFHReddRSIA AR SR VS TSRS RSRIVERIHEY ® at least

about 10,0QGstakd bigbersthandlnpnpressinmoFoGEnSiRAREe MRiTM Hadhts Qxeimarkers. In
other emb(;%iments, the expression of the SOX17 marker or the CXCR4 marker is at least about 4-fold

higher, at 1883556 %Eﬁfﬁ? RIFed PHIRRE R R o Il FRy RE 5P B LeAsS SlopmeBlPhRKer, at least
about 15-fotiksuigheceAtipast about 20-fold higher, at least about 40-fold higher, at least about 80-fold
higher, at least about 100-fold higher, at least about 150-fold higher, at least about 200-fold higher, at
least about 500- fold higher, at least about 750-fold higher, at least about 1000-fold higher, at least |
about 2500Hrsidu PefastiveBodb&a00fotd Phgimrent €kt about 7500-fold higher or at least

n

about 10,000-fold i . ths% %‘?S&itt 1%@% ﬁéﬁgtg'g}%%éoge %(lzlﬂr]r}arkers. In

some embodiments, OCT4, SPARC, AFP, TM and/glps markers are not significan yegxpressed in
definitive efd8dsarirhed relipnuirtions apsansiesiap desisiute ardadersondeseribodibstnsadddoribed
herein, the exprassional MAUENS BelesiRt I BELIRITIND ERIRSEAN, GAEASeMR! HNF3b, GSC,
FGF17, VWE, CALCR, FOXQ1, CMKOR1 and CRIP 1 in definitive 27 endoderm cells is increased as
compared #fKe BRHSEGSIOPIOEh I8 PRRipoTRIBP RIS toNe At B R dAGSESM cells.
Enrichmenip f sedediproesiedor tRepficaiioamot diefiniive adaderm [l 4aRefiniig endagdasm cells

produced by any of the abave-described processes can be enriched, isolated and/or purified by using
an affinity tg that i1 s%&“f% Y e.'[ %('Ij%ﬁlse?gf S?ﬁ}'ﬁlﬁ?%a JUHRIPEF SEHETE Endoderm

v

0o :H X

CTIGOGLTIN]
c fof such cells
cells are anditfodies, tgaridsocdiherdmdivgagiots ¢hirpreispeeificsiis a markfrmibleetie] such as
a.polypeptige, sthat.is Rreseit. W dhe. el shitfas initive.endoderm-cells but,which .is not
substantially pre‘sent%oneom'e_r ce% typees tﬁga%gv%ﬁﬁ?{)%‘%%ﬁlg%ﬁ rggc%% %:tﬁ tu?gi%r%%%ggéaﬁt§nﬁ1e methods
described HepésRal o Aeditbice sadedam praguetiewhiShdbirmduripcGRCRlsscande aslin thifinity tag for

the enrichmgiselaia &t ausicaaalaelinlive GRS erlls dn@ifle REAFSERGSole chemoldne

SDF-1 or other molecules based on SDF-1 can also be used as affinity tags. Such molecules include,
but not limi@PEaSBEeEragHiEnta SPRYPRGISKRoFBISFan hienstrataieeil dvetioss foramaking

antibodies ndipsiag Haeiameell seniaipniadaknawiith ham haambayehmath rasaAhhE.
implemented fo%u e with the an'gbo?jééggd definitive endoderm cells described herein. In one

t
process, arf&ntB: SN siaethie] FiEXATTRRD FSa AR betrf andy tPréh Bhdived to bind
to definitiveSedadcRer 5 86/280, 4,260, 806tune WhithdTasie ey atfoaticrapdantopadige
intercellularhgr%gn%ubsél&rate adh%gie?rné The cell/antibody/bead complexes are then exposed to a

by UIEtes. 7
movable magnetlc}{‘llé d which is Gsed f{)eslg%arate bead-bound definitive endoderm cells from unbound

cells. Once the defiiifle entivslenn etissaze fohysichiltingejsditoc fodadstine ceidd|hESCIslaree, the
antibody binding,is HYHRIRIAPLIE 'SR FERAGT IR, ARRIRPIIS URRUP SHIW GRediym
be maintained in a pluripotent state can be used. One commonly used feeder layer for the
.cuitivation 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, the disclosure of which is incorporated



101471Additional 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@zhen washed, centrifuged and resuspended. The
cell suspension is then incubated with a secondary antibody, such as an FITC-conjugated antibody
that is capaple of hinding to the, rlma%anti ody. The cells are then washed, centrifuged and

resuspendedTRBURE T eFHETERIIBL LD ALIBYL thet ERUScHTarRISSoa FERgyCinauBFEZiBKRe activated
cell sorter (FABSInE XERit-esiihieteniivard philosietdSepstaiamdrmmOxe Brafegriiveyeells, 28
thereby resylting in the isolation of such cell types.Jf desjred, the isolated cell compositjons can be
further puriflllg1t ! y(%sfh?g %ﬁ“gﬁlenrlﬂgté’lfgﬁ%?%%a%%%dﬁwe Scé%r oFf ﬁﬁﬁﬁiocr?gﬁf‘gfﬁwsd?%‘fesg’ﬁﬁ‘i’g using the
same or diffégesmiberhrierd3h8eant dumdifiatitor deinRRAS ANd6REF MO W&o sttll ofhehilpdesses,
definitive qugg%ggtggli,%é{g }?)Df}:%‘r%g éqglﬁ%ee%éfg Jor purified using a ligand or other molecule that
binds to CXCR4. In some processes, t?le molecule s SDF-1 or a fragment, fusion or mimetic thereof.
[0149]In some embidibhentsTbe thenpro casaerie sttibeerHereied defiritiverehdadanaicetisiare
fluorescently,labeledithenyiaplated figun: nnslabeled eslls. bmr}g]g-fg{%e%gn%ﬁgg Aled cell sorter

(FACS). In such embodiments, a nucleic acid encoding green fluorescent protein (OFF) or another

nucleic acidPEETHISE SFERPIFERSHREALBraSEknino4iIREr SERE T eret isq AR ss1 pekitve cells. For

example, intsospiariedimers paidaashpna sopwefl aonanieinasd ercadingRraradiglogically
active fragment thereaf.is introduced into, a.pluripotent cell, preferably a human embryonic stem cell,
downstreanﬁngf"fﬂ%@%)@f‘/%‘r%ﬁ%?ﬁ%ﬂgﬁ&lg{?% HEEHE- expression of the GFP gene product or
biologically active ffag@jent threneetis unteraboninel dhthel QX1 4 glE¥6IRE prasBiaiodingome

embodimenis ire. coding reg) f the nycleic acid,.whic cades SOX17 or, CXCR4, is
replaced b&s asn g%ggcﬁhiseéggroﬁ%%%%egr%ae tﬁlo 8@%5?]%%&%%%56‘%%%? ?ﬁg SOt Irirbﬁ%'?e
embodimeritEaprsasuélélierensiationcodiefin®FE exdadsivicgiedilyadtive fragdiegtdhbeatdis delsed in frame
with at least. g portion af the nucle| id-gagadin §8§ 7 or CXCRA4. ther, enerating a fusion
protein. In such emb%lgiments, the uqsﬁon pro?elgn ggtalnsﬂ% ﬁlug“lr’egrélgﬁ%l éé&@%y%‘?’m??aﬂ?)‘@ﬁfp.

[0150] FluoféEerentiptinarke defaligyswoticderthe &howthdastibed pieMibFsntupetiandle diffekentiated to

definiive endpdese a5 s ARSI AE iBHsin ARR G BBsaNse defniiveendadarm epls express the

fluorescent marker gene, whereas other cell types do not, definitive endoderm cells can be separated

from the otif&rBMPrpsberawpsonte semsoriefered, diéfbrntistingiomsceenripribingrawthixfaceofs -
fluorescentiyiaheledrdafinily cengdrdemmserils apdnydabelednondelipfivg epdodermngslls are sorted

using a FACS. Definitive endoderm cells are collected separately from non-fluorescing cells, thereby

resulting in SHELERa{ISN the GEAwiVacTlas Amant adsrol nhEmiby-meanbers comipsiiidps than be further

purified by pelstitionel reundepiisesingesiegtheaame anditferent nakessihaiArgspasiic for
definitive endo%erm. Olcglzln ocesses, definitive endoderm cells are enriched, isolated

omplnatio n Bégl;grrggvg-r i
and/or purificd HSAT SR EF Aoh aSHh oS BREBHEDRd ELmy AT S @Rt BSfCcultures are 29 induced to
differentiate towarti 3¢ defiiitiverendadesmsdimeag. thewpkdeappragiafed thittheiahayesfescribed
enrichment, jsglatio purificati e can be used with such cultyres at any stage of
differentiatitgn. [EC:;L{S_Z I%{Egrclj(:fi%yﬁt ?o%ﬁég{ﬁ?‘g%ggégrg‘%%&e se’s?;lrl 0, ,Vaerﬁﬁ?ﬁl\?émen 88”e%?n$a>égff§ may also
be isolated #§ dHidetHAidheschbis cedl idelation gruddhidiaaltys definfiveesndodbentaeiiematy also be

enriched orsisalasd ivnaneteris olsmial abrHIR RSt SRrIipRS WISV UBRE s selective

survival or selective expansion of the definitive endoderm cells.
to definitive endoderm cells. In some processes, the above-mentioned growth factors are

present in the cell culture at a concentration of at least about 5 ng/ml, at least about 10
ng/ml, at least about 25 ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least
about 100 ng/ml, at least abéut 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/ml, at least about 2000 ng/ml, at
least about 3000 ng/ml, at least about 4000 ng/ml, at least about 5000 ng/ml or more than
about 5000 ng/ml.



101531Using the.methods described herein, enriched, isolated and/or purified- populations of
definitive endoderm cells and or tissues can be produced in vitro from pluripotent cell cultures or cell
populations, such as stem cell cultures or populations, which have undergone at least some
differentiation. In some methods, the cells undergezrandom differentiation. In a preferred method,
however, the cells are directed to differentiate primarily into definitive endoderm. Some preferred

enrichment, isolatigg) ayydlor elicationseluods et e-eiBo'a pradubanseksletniive endoderm

from human embryonic stem cells. [0154]Using the methods described herein, cell populations or cell

cultures caripiniivicerdpderaeaeiieythe APRoRAntioRasHEsyY i factersBsaemoYshBEt: P6G6Mtold as

compared to4pfreatrd.callRapulaionsaigell Fuiteias i sapeemiodirnrteapiniivewddoderm
cells can be enriched by at least about 5- to about 500-fold as %%r%pﬁared to unltéreat{ed cgll opulations
| Fi Ve

or cell culturBihim Zipidr @ BBHiARSHES IRy UHIBHERE T Ce BE AicARHERS SF12ast about
10- to about,RGR-fpldiass CarpRasediaislranietenalt popydilnain: dellseulibes tén dtijlsotfier

embodiments, definitive endoderm cells can be epriched fram at least about, 20- t%? t 100-fold as
compared tégfﬁtfégfgance?f“p%fﬂfﬁg] o 6?%%1%’3#&%%9%%{1 Vet Sier em SUEhEn s&?(% mﬁia g endoderm
cells can beaarichuedafidmoat least about 40- to about 80-fold as compared to untreated cell

populations or cell gyliyes. |8, geaIN GTRAMINANS, ASRH v ABIadeHD Gl Gambeeglghed from at
least about 2- to al@)!t lgZjo-fo% as compared to untreateé cell populations or cell cultures.
Com_positicrst@iomprisitiSefinitive Bnaodermn015sdsecesmposiivrs prodinass biemHe
above'desc%’;f?é%mﬁb%@%imlé}&% eikCaibiies eomPRSIBgBlinitveandpdesmapr, callsegieulations

enriched in definitive endoderm. For example, cell cultures which comprise definitive endoderm cells,

wherein 30 difRraBHalRLPBESE BriRereBIcoReiRienaps Bermransadreless dBrR B he
produced. Bggause e elficiencyveltne differe)tisdionpresessocan bewdiustacdyivpadiigig certain

parameters, which include but are not limited to, cell growth conditigns, growth factor concentrations
and the timify o é‘iﬂi&F@%t”é‘ﬁé‘F&é%iffé?%’r}ﬁﬁig}%ﬂl?ggﬁ\grgééég ’r(i% sd‘%ﬂﬁ%ﬁ%‘é%’%&?ﬁ/ﬁ about 5%,
about 10%, rlo k5% 0 @002 0M;) alees tin%balnolis B0%6/vabless 86 abdout. 48y/aholessi5%, about

50%, about 55%, .abo %, .about 65%, abouyt 70%, about 75%, t 80%, %, .about 90%,
about 95%, *i“r‘ar%ba‘i%ﬁ%%\%"; bgetsé 0 c%jr?\]}éc;isbl%lgg (/)/}('))b L?ﬁsp(t)i}gl?]ta c%%[;s)%%’ §§‘Y ’|t1|€\él/%o§r%1 o%é.dr?%. In
processes -itwhith,iselatiomofbdefiftivier/ahdesethan cbiisis e mpidyteds threrbowp €/ (8ing an
affinity readelit ALbIBdR BANG CXtBALRR GBI HobIANRINBLIS AR OB ANdRAE Ll

population can be recovered 61Some embodiments described herein relate to compositions,

such as cell Poptibifonsanecigscihanedowth o hiprise Boems iprsesat Gafityeradodem cells, and

definitive engggerm cglis.ForexamplanySnaie sathodsdessiibed herin, sempagiarsscomprising
mixtures of hESCs and definitive endoderm cells can be produce%zg,n some egmbodiment ,
compositionSEBHsFRG e SEHB Gt SRS ETRIGHRASH QEIR%Gr \%W@%e&uﬁ‘ﬁotent cells
are producegoiBeathaicarbpdimepittampesitions ampbiaing. i easteatbout 3FHefinitive endoderm
cells for about every 5 pluripotent cells are produced. Additionally, compositions comprising other
ratios Qf_defl etdot(g f%gt;[gtigltyloctll AR.G91 8{“}11{%8 oy xample, compositions
comprising atteast atod e 6 luripotent cells, at least
about 1 definitive e{dé@grm dait fprogbssivevefyito plitrirsote rieolidy aehsdsierb ot efinitive
endoderm cell for abput evary 10:000 pliringtent gals (3t leastabout.l,defimifiveendagiarpecell for
about every?%(?%%og lﬁiéﬁegt ccéﬁé, atleast about 1 de_f?nitive endoderm cell for about every 500
pluripotent cetidodarioastinbiuee proRettce driGaRIRSEE fir emtin svakerol platspotest Riis, at least
about 1 defif&i@%@zﬁ%dmg%fé&&ﬁlé far aboeeane Hapleripatenhasisyatieashabauh bredititive

abo

endoderm cell for ut every 5 pluripotent cells, at least about 1 definitive endoderm cell for about
every 2 pluriBBRERTSCEAR bedEEREISE R A HIRE WA R Fh WBIRE 18P BBl PaRPERIdRBtent cell, at

least about ¢lgfipitive emladeans el fpsmidaidreveryutiphrapatent e inedsleasteabofiihekeefinitive
i ?efini iv%.enﬂ_loderm cells for about

endoderm cells for about every 1.pluripotent cell, at least about 20
every 1 pIuriWéW@&l?ﬁ%@a%§%§%% %ﬂ&%%ﬁ‘ﬁ%‘%"%n@ ReY "&ety TPlutipotent cell, at

oderm ce S0 gru%%gﬁ e%/

least about MIGmiafinitiveendguetnrably foarkbogarevesyiiqigii dotest obHusntidaibtealioBt (GO0 31
definitive en(il,%q?ir Is for I _p&glib tentieelAtdeashabautd@Q00.definitvg gndoderm
cells for aboutevery %ﬁfaé%gt? %}%ﬁ,{%%/léast apdgut 1p0,080 definitive endo_olerrrtl3 cells for about every
1 pluripotentace kaewinain| dxestr st OO D td cTiaiiate R HET Be e PRSP UF e erIPHuripotent
cell are contgmRaiRd JoxSoMmeERRPmeRiS: {beRl HpaRat el At B uman Bbyipatent 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 germ tissues of a multicellular structure that has developed past_the embr_yonic. stage,
10157]Some embodiments described herein relate to cell cultures or cell



populations comprising from at least about 5% definitive endoderm cells to at least about 95%
definitive endoderm cells. In some embodiments the cell cultures or cell populations comprise
mammalian cells. In preferred embodiments, the cell cultures or cell populations comprise human
cells. For example, certain specific embodiments salate to cell cultures comprising human cells,
wherein from at least about 5% to at least about 95% of the human cells are definitive endoderm cells.

Other embodipeniatelaiep 6allauiies comprisna ARSI NISHEIR A I3aslalpyL 2% at least

about 10%, at least about 15%, at least about 20%, at least about ), at least about 30%, at least
about 35%, AREASIEHB 4 Od it spdosiaur g9ovell lendhatien 6% saifleanit etrseasBBYRfat least

about 60%, aflenst ARRUERSYe:AslRRst Mbees ZQ06Rk BaBkROM 75%nakIpast about 80%, at least

about 85%, at least about 90% or greater than 90% of the human cells are definitive endoderm cells.

In embodiments whiiS the ceftc iR fthpiob difo i eariprids Rimarr skigdler Bemker it above
percentages duinéaleLintodeniihiovie sepect tedbe Avman taedensrils ithadksllculweangell
populations. %O 5;%Further gmbogli nts describefg hgégﬁfr}jelat to compositjons, such as cell
cultures or celf pOpRiIZtBRe CBMprising nuriar €81ee TRRETR S WG HIFRAD L RPSHERS B,
wherein the &Xp¥éSsigmofpeittart the B@X iadeih o C KGR maaskaodergreate Mg thesegxpassion of
the OCT4, S otej . ' n OX7 marker in at least
about 5% of ﬁlﬁ%ﬁﬂ%%ege Is.ﬂwbiﬁ@é gg‘gg)’gﬁen s,%@%g%?g%“%éﬁff téé“%ﬁo%?@%‘r’?he

CXCR4-markafosieps sadistaaprese i HRX3i0 mofktregene Aa-2 SevalRaghar Bl Nhatnd/ dreSSOX7 marker in

at least about;1A0% gEARe AR cRllScinRleash AR LAY a&éa%lm@cge&ﬁ' &é’f*@fﬁﬁt;ﬁbout 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 ab¥RBIYHGFHRE HifnEFPERNOTN0A RostHBBLT 40% SRS Bomentiarréelldnimereast about

45% of the hpbasseslexpestilenst akoubR0Ke Aoia NwhARCESS. ihatipasialopRRY Lhthe human

cells, in at Ieajﬁ,g bout 60% of the human cells, in at least about 65% of the human cells: in at least

about 70% oF tH&hdtn SRRLSIET %96 S SHuisr 588 BHRe - nuidiiiendlyn serauss AsSimiBovs of the
human cells smad¢easteis auipBaioind t@t1mMmanieeligeaia st crstabiputO0M ahibehwareells, in at
least about 959 the human cells or i ater. than 95% of the human cells. In embodiments where
tho ool cultume AR oSl LSRR A R, FrLBh1d b SR P S ST o
calculated whhoriésgdct to the human feeder cells in the cell cultures or cell populations. [0159]It will
be appreciated thatg empaodi j in G 0 %@% such as.cell cultures
or cell popuIations,t[cgrjhggarisin‘g%%ﬁrﬁggﬁgggglﬁ%%%ﬁk{ﬁém%%%ae%ﬁti{‘/é)er%%d% ern$ c%ﬁ?s?,' wsﬁgl?ein the
expression of Sh&dr &idfe AEALSES deleble QIEBRT b YPOkie OFRsIERey OFiBATT AigaMiXisl, teNF3b,

GSC, FGF1 thyéitiadhke RDTFOX QT he GMIRR - G06 &Iﬂi?tﬁcﬂi@%@@éﬂ%%@%ﬁﬁ?m the
OCT4, SPARC, AFP, TM and/or SOX7 markers in from at least about 5% to greater than at least

about 95% of tHE ATBSRRIR. i BfnRSHEREDh e TRaRPELif FEES oloc Siep BRRAAIHE Bomprise
human feedéymeliscthe wdffivkingraentagdsirecaliotated witheus reapest taibppripanitagder cells in

the cell cultur, r cell ulations. [0160]Still other embodiments.describ rein. relate to
com positiong ,%Eu%%eaé%egg# Icndhuer'ésangr) %éqgﬁngﬁﬁial}%nfsﬁegmoﬁ%ﬁ%lﬂﬁ réén{t%rﬁg%%ias hlfnan
definitive endetieR wetiptomhlsrefnnttenx pressiorm dpotn fhetBCxiry andIthd GXCRdEemafReatgs greater

than the expf@’sggodrl]‘ g@%&)%g% g}( ?@Z@igﬁéﬁdgg{%%%@%%ﬁ% least abo%S% of the

human cells. In other embodiments, the éf“%na?[ker is

greater than iMe@sathe I5ibn 6f tAe DT 4BBIMERCIAFPAZFF QN AR9BO X7 neapkessiomatdBabt about
10% of the hymaBIGRYSed ﬂ@@@ﬁ&%&l@%@&&@ﬁg&am%b%eilzxdﬂxefd.eﬁmgyﬁ@gﬁ%ef jhe human

cells, in at least about 25% of the human cells, in at least about 30% of the human celfs, ih at least

about 35% oftHECRvimAIdefs; ifrit B0 HnsRradsiintaked Rurimgncadysdencienment 286 adH% of the

human cellsife & tashabeut TYCEURE/ SDMAMeelRiN Al lRaslahrut BA%nRS ipsumanegells, in at
least about 60% o['jthe humaeg %efills, intgt least about,65% %z_the human cells, in at least about 70% of
the human callEa SR EL AL R SR Sens As L SBIR et in fRnsee RS JTte8 diRgtsEa fdlan cells, in

. at least abou{ 8584 382STHA3&N LRIE)]iMVaL I9ast abauiRiy of thedsumaces] in REleratiabout 95%

of the human_ce inar .tha % _of the human cell e iments where.the cell cultures
or cell popuIrgl"it]icf(:)rgllgl g%%s%qﬁ;& an 3@%@ érﬁde#é? je ééeo%véeg%tegc%% gglég%rglgglgmﬁ%ﬂ’bvithout
respect to thehPaptaRefaedetasainssseaser RN dufieiretodrdosing cpdlatiestsd [0ig1§tnbvitbb&Bibfreciated
that some efff@&gﬂm%mﬁigmi9?@3*&‘%@&ﬁg@&l@&%ﬁ?mE’Hﬁﬁﬂ?@&dﬁgﬁ&%&ﬁﬂ&% (s of gel

populations, comprising human cells, such as human definitive endoderm cells, wherein the
expression GAiTEHERE LM X RSB d stenpite errearo bar@RYFDRD S @nNmdorizand CRIP1
markers is greater than-the expression of the OCT4, SPARC, APP, TM and/or SOX7 markers in from
at least about 5% to greater than at least about 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. [0162]Additional

embodiments described herein relate to compositions, such as cell cultures or cell populations,
comnricint mammalian endodarmal calle c1irch aec hitrman endoderm celle wherein the evnreccinn nf



[0163]It will be appreciated that some embodiments described herein relate to compositions, such as
cell cultures or cell populations comprising mammalian endodermal cells, wherein the expression of
one or more markers selected from the group consisting of GATA4, MIXL1, HNF3b, GSC, FGF17,
VWF, CALCR, FOXQ1, CMKOR1 and GRIP | is greater than the expression of the OCT4, SPARC,
AFP, TM 34 and/or SOX7 markers in from at least about 5% to greater than at least about 95% of e
endodermal sageiéil 64 jSiithiitestendbgdimiyts delbcribd dshexpinssefate tdefmitipesitidodersych as cell

cultures or cell populations, comprising mammalian endoder cells, such a endodermal
cells, wheroTERERS A e R A R e S i T B LT e
expression oérﬂbeyﬁx;ﬁxwm,_ﬁlﬂ%ﬂﬁﬂmnwm SQWMWeﬁnimﬁeamﬁmim%%leckhef _
endodermal gelis |, gUer SDROIRIS GrpranEIo0 e BOID BSOXTognt e GXCRA marker i

greater than the expression of the OCT4, SPA -APP, TM and/or SOX" marker in at least about
10% of the efi@88Hrmal cells, in at least about 15% of the endodermal cells, in at least about 20% of

the endodermal celfg; 3yt leagiakaihad% Sldhrancadepalcallsy i atieash ARLIRSRAS the

endodermal cells, in at least about 35% of the endodermal cells, in at least about 40% of the

endodermal &8l c¥RTaEIhS Cab bl 4B9rkET 858 % FUPEETIMLPELIE CRAF 18RS M9BiIPSsIPATtse

endodemial gelisicin @t Igastirbon B f4ialihe @adaedeainalcellsddriohignsiiehauive Auiedihea
endodermal cells, in tlecg%é( about 65%(§f1}£e e@dé)ggrmal cells, in at least about OoofOf. the
endodemial &8 AFPAPFERPABGtERS Gt HREBRGO FHET EXRESH UL BRHSET (BoIEBHUYE -
endodermal esdisidmaindadinbbut B5%noit¢l eos SAGtIS,VIDCRISGIA BA I 48N BBio UG S0%F GF e

endodermal ¢glls, | _ t 950 ee gl cells or in greater than 95% of the
endodennal cells’ B‘%@?i&iﬁbe d&%%g#e?da%ﬁtegﬁé g%ﬁ %§F§%§§§é‘?§ﬁ%‘é‘a %zlge?r}%prlé Bte to
compositionghe ek GR 4 atiackrtusssortell ipogulationsteomiasing tharbviiamakeodenmabeells,

wherein the %Bé%f@sféﬁiﬁ%f)ééla? Lt M X0k I INF B0 3 3itor 68 Th ol m%&g%yfx%%’

CMKORL1 and CRIP1 markers is greater than the exEressmn of the OCT4, SPARC, AFP, TM and/or
SOX7 marketshpthdin @XleB4tapbar sncengr&mShimatienstuh stimysvpsrnd dhitemibmal cells.

[01661Usingyhauneciladside seHbesh 280 « £HRp aRtioRE RAMrIsip g SrfinitivevenRRasr MR &EIlS
substantially free of other cell tyges can be produced. Ir{nﬁs}ome embodiments described herein, the

definitive endifi&iPEdBopt & GrERiP OGRS O DEBATEY e e o BPERsSiitd Hsfein are

substantially fepes ek alks hahsiginsieantly express the OCT4, SOX7, APP, SPARC, TM, ZIC1 or

BRACH marker ge 1671 In one embodiment, a descripti .definitive endoderm cell
based on the expretgs%w of ra%mlelrl,%eeﬁggr% %ﬁggﬁ% ﬁ?& ﬁ?ﬂﬂ?ﬂﬂ%‘%ﬁ @v%?%ﬁ'ﬂ ¢ olesw,
Throm bomoduﬁmdomrwmé' m\pm@m hfgﬂQ)EH-E&Qan@bdajmﬁl@ﬁrﬁtj@edElm odérprdietisd
[0168]Accorqing, [9:30me f dbe. i it M ReRIS AEsaHbRg Dereln. qeinkive FedRqerp.eeliy are

maintained, grown, passaged and/or expanded while in cell culture. In'some embodiments the
definitive endetiathsteatizlyrexpissatdiiod roWnsassBEed and/or expanded without any significant

differentiation. In otfayjordsyig, sued gmbedisienis Jox deliniive erdedernesspalsiainghe

definitive endoderm phenotype while being maintained, grown, passaged and/or expanded in cell
culture. 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 SOXI17 marker and/or the CXCR4 marker in non-deﬁn'itive
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 populations is at least about 4-fold higher, at least about
6-fold higher, at least about 8-fold higher, at least about 10-fold higher, at least about 15-
fold higher, at least about 20-fold higher, at least about 40-fold higher, at least about 80-
fold higher, at least about 100-fold higher, at least about 150-fold higher, at least about
200-fold higher, at least about 500-fold higher, at least about 750-fold higher, at least



[0169]In some embodiments, definitive endoderm cells used in the expansion methods described
herein, are multipotent cells that can differentiate into cells of the gut tube or organs derived therefrom.
Such cells include, but are not limited to, cells of the pancreas, liver, lungs, stomach, intestine, thyroid,
thymus, pharynx, gallbladder and urinary bladderzas well as precursors of such cells. Additionally,
these cells can further develop into higher order structures such as tissues and/or organs. In some

embodimen fiRitiv; 0 I n . definitive endoder, 4[0170]Some
em bodimen%gc'(%1 &dg)%rﬁ%@téﬁé@é%gz%%&%%é?%?%%‘m%%%}sléggeé‘tgﬁ) 8?586 gitr!?’l %@%}:@I‘I‘l gfktgucrllé zgomprising
definitive erletstiehoned i 0Thid duthailruret deasthabaup Uk0O0inid biglefinltiveten diptessivoes or a mixed

cell culture {hatseomprises deURBYE GRASEHM Gells ASRUAS SR A AibSiMPeRnE QL gxample, the

cell culture can be a culture comprising both definitive endoderm cells and human embryonic stem
cells (hRESCR)PHrEpRsefanshatpioRtE BREYatpmivellendpders eobedimaetsstebeanietiop afferentiating

in vitro cell %Wl@%@@&%ﬁ)&@%ﬁ%ﬁ@ﬁﬁﬁ&?@%@Ex%&eﬁ&?e@ﬁﬂ&?@eﬁ%?@m%wa, the inner

cell mass of an embryo or the gonadal ridges of an embrﬁo. In certain other embaodiments, the

pluripotent oIS ighs AT S BRI o e R i danarkrand(nn e GEF B JretkeriRat has
developed pastdbeneinbrrdoidesiagels or cd0béphivaihgdsrekdiffereptistataRascensas to produce
cell cultures comprising, human definitive endoderm cells have been described thyoyghout this
application and in U.S: atgl?tWApﬁx?8a?%??ﬂ8?lff%ﬁgﬁ%f§°3ﬁ?iﬁ'§% T&Eﬁﬂf‘l&?@éﬁg’@ﬁ’ERM filed
December 2i%; 2007ksthe difcinstrarofelbici iSrmmotiporaime hevasistiyy efereéndesid itdBititety. -
However, it Ci h y m f ing h definjtive.endoderm cells
from hESCgﬂ&kﬁgﬁtﬁe’erﬁg’n cell t&%ﬁ”\?}ﬁ bﬁegaes §d %I%Egggqem %Lgrir%épr%ts}ndé%%:{ﬁﬁ%g herein, the
cultures of gafiereva eeldfoererell penylpiotuscddssasifarcrninpirghBSiBscspressomikstrdetihitive
endoderm ayires, iaieh coRtRrisesefinive aaRedarEslts AR RT TRF SRS pLather cells,

enriched definitive endoderm cell cultures and/or purified definitive endoderm cell cultures. Some 36

methods foleBriNmePdedrmm e Lheloe ity RPREALIASM hESCs comprise contacting or otherwise
providing the hES{es 43ith at Aeristiengigrawihi Belgiptmtaa ke 8l superfanmiy.Sugh-aiewth factors

can include, but are pot limited to, Nogal ctivin Aﬁind activin B. In some embodiments, the growth

factor is pro!?ﬁa’é%e’fot e Iveh ol et YRGS SRty APIE HBB I WGPt Eertain
embodimerCiie §RVRE, fAdBr Bvpradide8OX thediESEmidetiditive aidodancesisatRimniay, least about
5 ng/ml, at least abqut 10 ng/ml,.at least gbout 25 ng/ml, at least about, 50 , at least about 75
g, & e o B R L RO P2 about 400
ng,/ml, at |estexbragsisoderiglhmf the REIHabBARCOADM JM| aadleaSOXonedec0mdéittdeast about

3000 no/mlAadaash abas 400000/HsahleasbaRMRORE AR L MOIE AR ARRH! 304Q naftnl
oderm cells

[0172]In other embodiments of the methods described herein, definitive en can be

obtained frotR & pr&vasksting thatlrd R amikricieati kst mbean 2 -faldusshemisoslineesitabelther a portion

of or the entipgoopltule mak-pernseehis the-salitive encodespaxpansion methads.desesied herein.
101731In addition to obt ininglgl?ell cultures_comprising definitive endoderm cells, some embodiments

of the expafEiBiTThe Tl He SBEITRIIP LI SEPLEIBR S (96 SBF bF iEbitnPatiedsF SHite of the

definitive entatleris eelisftarhoiitedclidchighee, 4 RaahaboubGdipIenizhat, learsomewriglsidefinitive

endoderm ¢ells are separated f east some of the o Is in the cell culture, thereby

producing a(h ¢ ﬁ rpgf)%?g?o%%%nfc%rg{ﬁn %ﬁﬁiﬁ%eaesﬁ tga%trr%@%%ﬁ‘g.l'ﬁ%%maéqéaﬁ%ggfﬁﬁ% t'g) least some

of thg dgfinhi\géeendddwtrabwlﬂ Hcfolhhogted, f:mirem;hebpaﬂ g0dfold higtike, att Ibagt@mmd of-flakdother _ce_lls

remain I inggeh chftie: U Selis halke, RiaseR N BB ko IR 6 'TC'L#]d%bbyB&S? not limited
d aerm, Tb e‘ﬁ 0

to, hESCs, primitive endoderm, trophectoderm, mesoderm and ecto In’ Othér embodiments

described h@tdihigh.igblat geap B¥hiplddeshsrovidingtthleoutl 9GA-flod dighenl teirisasithbaueagent
which bindg sp@ markesmexpiessRe iBsaidodeliniive aneogermsealhs Rus ubieh dsyigls Whsiantially

expressed in said other cellsrgrese_nt in the cell culture. As described previously herein, in some

embodimerf@St Rt EsfPldeRrt dra e cXnmarianr oh 25T StitRle duliinithd ardeBerm cells.

One such nsaykerthetdss descohrdethbodghais, thiSrREkaton fgee eapasialy duxiaanalgs below) is

the CXCR4arrn%roktesr.. A§.de%cribedﬁprg§i.o?2( herein, th reag%nt-bound definitive endoderm cells can
 be separatéd from the HoR-reagentBond CENE S PAIHETBIE 87 methods. For example, an antibody
against the CXCRi@té¢E ptoftthallisl selectymisciated dntt on soe senibodinfdafittivid ehHadeim cells, can
be provide nitive.e I Il culture. Antibody-bound definitjv, rm cells can
then be segggaggé%%\fﬁnotﬁgcr}%e S ﬁ%ﬁgﬁ turg%y, or%?(lél?‘nﬁ?n, ﬁgig&sogeﬁt‘k g%‘\ga ed cell’ sorting
(FACS), birféhHe? b L ttib B 16,2 ¥W¥Iid SuppER.oF 3¥R1ingG Xppidbriamly tRdDedmmbodivin a
magnetic field. In some embodiments, the antibody is released from the definitive endoderm cells after
the separation process.



[0175]As an alternative means of separation, at least some of the defuntive endoderm cells are
separated from at least some of the other. cells .in the culture by specifically fluorescently labeling the
definitive endoderm cells in culture and then separating the labeled cells from the unlabeled cells by
FACS. As described previously above and in the BExamples, in such embodiments, hESCs are
transfected with a vector comprising a fluorescent reporter gene under the control of the promoter of a

marker gene:ifaghishighly Rpessed I3 delipihe fraedaprasis brbeatisigpiirantyrpxpressed in

other cell types. In some embodiments, the fluorescent reporter gene is the gene encoding green
fluorescent prstehSEEPleERksadERhctliBrescent protein (EGFP). In some embodiments, the
GFP and/or EGFP is expressed under the control of the SOX17 or the CXCR4 promoter. Transfected
~ hESCs are then grown in ¢ ce oj_j ; glifferergiaiiog factor that specifically induces the
production ofFdefiritire-eride Jetime i ehts; rentiation factor is activin A. In
other preferred emipadif)entDrefitivine cisiadidad dol heodhaudtbie atya adrice atratedesdriiid ng/ml.
10176] In some embodiments described herein, the enri definitive.end %% ogl : ations that
are produced SeR TRl 7 HiS Lo re i S e bR M e R LR
endoderm cétis. sicbthelisemBuatinisatof thfieityidhet] shefiniby Eoe rtkbddtine calfpdylaerdiss gomprise
from at east,ahgyhR6%Jn.al Ieashahanld 0% e ilve epdade Srllnlp sl embgaiments,

the enriched definitive ehdoderm cell populations comprise from at least about 96%, at least about

97%, at least RBHREDEYS, heldaBtBBHRDEScsHdHiaeaet debuitivogudeismtrd chdariaieh Eells,
[0177]Accordingiastdringr,amiesinentsptdeyexpans Rouneibegsmdas e hed-brieinaaslkgulture step

is contemplated, For example, some embodiments include a culturing step that comprises plating the
population eRVidhRAPALHARSGERS A BeiRmSRIAsEH R 25r tRRYS G TR ShO RES Ehrfe ¥riBodiments,
the cells are ipitigedonsassu et ¢ oage dowitheheriah-difironiectimioln othpirtfoihdineéndsfingtiptates are

‘coated with poly-, 38 ornithine. In still other embodiments, t lates are coated with poly-omithine

and human f%'éc%ﬁggﬂnc.%s‘pr%fé’rtr%a Bﬁ%eggﬁ%élﬁ S %néo%fg eg%lr?éﬁ\c}fz%f‘a egl%%g gé’ \?V#ﬁ%g%

poly-ornithin82Fd hemeso filsroswmicsinaffinill agsaSprbaatkdilsatiatindedhutmrnbimiitt doc8hf-is a

preferred coztp%_}‘gé n@eﬁg@g%ﬁqﬁgi&)%ﬁ[%n@g&nectin from other sources i sufficient for coating
In ’ '

plates. 1017 other embodiments, the culturing step comprises incubating the enriched definitive

endoderm cell popdfddéh or pérthedsHerastiing rresbraisiomutingiieomisrsiag Botatiorostey/v) serum.
In some embadimeientheSaIUEGPRLARIIRNCR S8NHANRHieBPAM QYY) iRisbakL 2030 (vIv). For

example, in some methods described herein, the serum concentration of the medjum can be about
0.05% (v/v), KBt FOREdRRR 58885 9R 10T dbo IR PROPIOATSS atibat iP2dy (WRISL B 8506 (viv),
about 0.6% @R audtthatidl (Y nadpauti® B (wid) iR oitdh 8dadWind abatidfibvévénliciaaut 2% (V/v),
about 3% (v/v),, about 4% (v/v), abput 5% (v/v), about 6% (v/v), about 7% (v/v), aboyt 8% (v/v), about
3% (ule), abSTRAGHE GA, LR YA TR PR Y BOHE A P e SRR L ettt
replacementssbincitededhisite mMadigoll/{00Fa]rbstll otingrlexnb adintientsopdbel expamsiontieethods
described herein, th ansi ediym.al i I .0L0 r.Jp.certain

em bodimentéalﬁggctelgégt gﬁé% g r@wgéggéﬁ)g%%% gér%gv%h- gé%gcrﬁ% %fgés%%%%ecrég? tﬁég}G FP

superfamily. inbsusid ephisodimenthe Wefiaitiea sndedegrocetis ferstohpsicad T SPPateh &dantithdncludes,
but is not limigd g Nodal, ARKbGBHIE Andcaminategs Qlﬂ‘ﬁé%&i&%ﬁ‘i{?&ﬁﬁ{ééﬂ@mat'vew’
in some embodiments, the at least one growth factor can be IGF1 or a combination of IGF and a
growth factof8The s ediyBtfamily. In other embodiments, the at least one growth factor can be

bFGF, EGF or anotmaggowtmm%hﬂn ¥eRUuRiaer BMRBtMRRSctbRIRUIe 35 1058 ggpvgﬁrfﬁg@or can be
a combination qf bFGF, EGF anga growth factor of the TGF@ES perfa i%(. In each of the above
embodimentg‘,e%wé“ber ROPETFA lg?B{»ﬁ?sfé’EtB?glgﬁ%OBE% ﬁtg:ft"éf“ég]n &h Falligiftifrom about
| ng/ml to aberbbBbe:mg/MHe ICXUEH antitedingriguliedonitk rirasibmdfgeaddtetactontaitiggmedium is
at least about 5 ng/ml, gt least.about 10 ng/ml..at least about 25 ng/ml, at least about.50 ng/ml, at least
bout 75 nwish St el R 658 R R e e OB P RS RO PR ot et
about 400 ngtmthen ke?aﬁte!dbmmﬁ@@mbdnd resurestiabolihd 080 smgperisian lsdbeaboub@006vith/ml, at
least about 3P0RAY. A46AR, 20K, 4A0 ALURLAIEAY ARAULSRR RUBALY SFRIRAgRAPOut 5000

ng/ml. In certain embodiments; a combination of gr factors is'present in the culture 39 medium. In

such embodifeptineachigredih Teeris pre devm rashednteaitii gadrad nesnnenisd o hufer.
concentrationof alj|aasp @RV B BEAThHA688hAbOMEANY M dlRast ALY R NBMboalleast about

50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least about 200 rig/ml, at least about
300 ng/ml, atiédsthbdut 4BOREFHF A f RS T EHestE EPRirtel|E¥Pab G RroBesALY I Steast about
2000 ng/ml, at least about 3000 rig/ml, at least about 4000 ng/rnl, at least about 5000 ng/ml or more
than about 5000 rig/mi. 101801In addition to the above-described expansion methods, in some
embodiments definitive endoderm cells are-expanded by-first_obtaining- a. cell, culture comprising
definitive endoderm cells and then passaging the definitive endoderm cells so as to produce a plurality

of cell cultures comprising definitive endoderm cells. These methods of expanding definitive endoderm
ralle hvy naceanina the celle can be nerformed 1icina anv dAefinitinvie endodarm criltiire reaardlace af how




[01811In accordance with certain aspects of the expansion methods described herein, the step of
passaging definitive endoderm cells comprises providing at least one enzyme to a cell culture
comprising definitive endoderm cells. For example, the at least one enzyme can be one or more
enzymes selected from the group consisting of p&8ain, pronase, type | collagenase, type I
collagenase, type lll collagenase, type IV coliagenase, trypsin, hyalumnidase, elastase, DNase I, and
dispase. In shenebgnebadinnerits, thee iatlaast afesecizyreik coppaprisés dediadt dre podtsseclin preferred
embodiments, the at.least one profease ises trypsin,.For example, in_certaj lments,
definitive ena?)la‘g?rsﬁ%ﬁcéjﬁsca?ovﬁ %r%ﬁeé EUC%%P \r;)é(slsfsé}f1 r%npaaigeégga%gda?vgﬁﬁ%¥F§6§?é % wﬁ l:r%)((a}rofgg‘lving the
culture medieddifioml theundds:fNextirg singethy psinesofudifeleny madiers tthehagesitetife datloderm
cells for SeV%@MUQE%ﬁ&fePﬁ?m temperature. The trypsin solution is then gently removed so as not to
disturb the cells. After the trypsin solution has been removed, the definitive endoderm cells are
provided with a culi@d$hedidmstilefhersPraomssnigeiopixg wrdedam el are euirbeduireledsel is then

agitated so gg,2,AistRt£al R0 heions-AReheeABIaE AR IHEPRNSINR N SAMRRHEisgNts, the
cell culture medium comprises trypsin inhibitor to inactivate residual taypsin. 40 [0182]It will be

appreciated TaRPlRsaTs BE6 b aitiagman Susien oorurarts hskstbns, for example, trypsin can be
provided to the defipiiysy endpdesmcelipiniarkatandedsalieelstioniestithedshariksdadieneed salt
solution. Alternatively, trypsin ¢an be provided tq the definitive.endoderm in a medium with or without
serum, for efﬁfﬁﬁ%’ﬁﬁ'ﬁ%gﬁerur%o&ﬁ%? Eb%gﬁiﬁg] 'égzeé]dlrs %tgée\grv?tﬁ %nélragg%g&gﬁgf e Sé‘%ﬁhsidrj |
methods deéhﬁﬂ:wbdmmmtiﬂaeegtml gbp_as@@ﬁﬂ;},déﬁmﬁh@mhdwmwﬁgt@cmpcié@lméﬁganically
cisrupting coniagts heyeen Saie ST oA ol Such meshanisal dinalindsgpriaues

should be sufficientto. substarft ly disrupt'cell contacts and the substrate, however, these techniques
should not b8wpasessh merkstatfens telsAdBRitabkcBREA reRisEBIE ishIptibATtCERMRIG &) $QBIE as

trituration, argIowRRthess.af rdingry skil indRe-alti encol@RSH 1P BFGOECARERAhMeIOther

aspects of the expansion methods described herein, the step of passaalng definitive endoderm cells

comprises inGaBaGRR DisARRRBEHIGH FrAlEERS HREF e AR FERY) D PRRRMAErsal buffer
can be any dispessathirlinn krenesionthe sriCiocRxIRRIeEITINaisIaly avnitahin cienaicap

dissociation buffers. [0185]In. some embodiments of the expansion methods descri rein, the
deimitive onGGRATPLRTS S BORAAN 215 ARERER) eSO PR PSR AR but are
not limited taCHSRie pislinreflasksane asbatitherespihteosnehcadingcogiterqflgie sultlcorasd,
embodiments, the definjtiv er in.culture are attached.to a.substrate, | rtain
embodiment\sv,hfﬁg gﬁacﬁdgfs [%31852%3?% r%%? gfiﬁ?ti%%%ﬁﬁ%)%grr% cel glgo%gries%cg%lgégﬁfgoga%d definitive
endoderm célistégimiihesiinssiramnent ghefepded lombwsdiendradinhpts ubstrd s agdracedvia tissue

culture flask dgiher Q@B%ﬁE%HﬁE@QQ ERS IR RUPNAIG SR Surfecal A MicrtiterRIAts:
EXAMPLES [0187]Many of the’examples below describe the use of pluripotent human cells. Methods

of producingtBuAPBEHERGNTaFPEENS BREIPK ot (heraby #talesoe dRsisseFtied ndferous

scientific publicatipRss dnelding e iRt agamstp Budhdscan® 46312 s R0 826516,090,622,
6,200,806 and 6,251,671 as well as U.S. Patent Application Pullication No. 2004/0229350, the
disclosures of whickoar@lincofd BRI HE! TR FetEantRcth thdhce Atrutdescr s RN ERY

cells, are differentiated to definitive endoderm as described previously above. Because
definitive endoderm cells express the fluorescent marker gene, whereas other cell types
do not, definitive endoderm cells can be separated from the other cell types.” In some
embodiments, cell suspensions comprising a mixture of fluorescently-labeled definitive
endodf;nn cells and unlabeled non-definitive endoderm cells are sorted using a FACS.
Definitive endoderm cells are collected separately from non-fluorescing cells, thereby
resulting in the isolation of definitive endoderm. If desired, the isolated cell compositions
can be further purified by additional rounds of sorting using the same or different markers
that are specific for definitive endoderm.

[6151] In preferred processes, definitive endoderm cells are enriched, isolated

and/or purified from other non-definitive endoderm cells after the stem cell cultures are



Human ES cells [0188]For 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 karyotype. ES cells were derived from the 5-day-old embryo inner cell mass using either
immunological or mechanical methods for isolatiore In particular, the human embryonic stem cell line
hESCyt-25 was derived from a supernumerary frozen embryo from an in vitro fertilization cycle

following inf%m&d&%&%%ﬂﬁ@mmeLaeﬁﬂim@vze}rm%mﬁ%@ga bjagtacyet ayrscpiated on
mouse em%%%nic fibroblasts (MEF), in ES medium (DMEM, 20% PBS, non essential amino acids,

beta-mercagtEetHEnBio¥HdEERY . SRSTERABEy & datier et doniaicaliorerinsisduses S48 ro5oBTkimately
two weeks, reglonghtultsitiencntiaindd s dCemweanetisansferred to new dishes with MEFs. Transfer was
accomplished with anical cutting and a brief digestion ith dispase, followe mechanical
removal of the cell ﬁfﬁlrs, v%gﬁéﬁ%%nt ?}é‘?ﬁ?ﬁ‘fﬁ’f ! Wgto%,ﬁ% | ,qf?gg’@‘)’/?-%gﬂgg“ﬁ'e%eﬂ\l%erially
passaged overyl @Gdirhessdlitedrhployiest thehhkBey FR5chllntanaembry dridistaat golidife ts our
starting matefial fo oduction of definitive.end 8911t will be appreciated by those of skill
in the art that stemﬁclztlgl%%r %%%er_ p ursfgo{ﬁ?fé%qlsgagﬁ%?a%gg E)%l unélét 0;gsgs ate;r?ier?lgg{msauﬁecﬁa gr e
differentiatioBr ok cxpnebBase seHisddprensiis. her ssientipsiesuceiialbobtasnledtive negrisivoni€ genadal
ridges, whichgapdie iselaied.ymethods known in the art, can be used as pluripotent cellular starting
material. EXAMPLE 2 hESCvt-25 Characterization [01901The human embryonic stem cell line,
hESCyt-25 has matflaHed afire@emsiBrdiclscrbrd st gisishedriscbumd endarpwrdisdrties over

18 months ipepiteriend bis &athline dspiayssEong R nekeestiiyfoniRaRd T4, »okAdkand
TRA1-60 antigens, all of which, are c%%rlscterillstig of undjfferentiated hESCs and displays alkaline

hich
phosphatasé& Eﬁ’\%@“éﬁ%\éﬂ“ S ib ORI SHES GhherstsbliSursrgcPREteb thermore,
the human stériclcalJineydurgaay b2baalsonte atiiyrtarmsoambiyoicdatias & B yienmstbsed in
suspension. As.a demeonstration of ifs pluripetent nature, hESCyT-25 differentiates.into various cell
types that reﬁlgg&t%eﬁ}g?éhgﬁhciénalaggrlghgﬁgﬁérg? ?l:é(l:?gﬁeron‘?’ r%fdutgﬁoﬁegigsasaﬁe%ﬁ%%t@d by
Q-PCR for Afferastistellrasndymnte detyitehemistyrtiC Sofoe pestirahdmicismengtivelaipmronal

markers. Imgupacylnghemical sRNG LR dirkth WY WEsRRSERNn clusigrs of elongated cells,

characteristic of early neurons. Previously, we treated EBs in suspension with retinoic acid, to induce
differentiatidBRBIERBBIRHE S8/ &lfs to visceral endoderm (VE), an extra-embryonic lineage. Treated

cells expressed highileyels ofiageRraleib i RS, e Paseral YE Y Sadaurs of

treatment. Cells differentiated in monolayer expressed AFP in sporadic patches as demonstrated by

irnmunocytd@ReTfiET IR G HRIRA Flodeseh FRRf Bl A ttfesh Brsel 3-3% 2Ra1id 80RH81d13b capable
of forming dedinifaredendarteued. adl-papdatesdyrreal-timergyantitatieaphIREASE tGRaIN Leaction
(Q-PCR) and immunocytochemistry for SOX17, in the absence of AF ssion. To demonstrate
differentiation’ ég%%%ggg?rﬁ?%i er%ﬁ%ﬁ%gg %@tsi\?vaé;}eﬁé%uéléeta f’g’PB‘ri’ﬁﬁg GEAEBRHEKon at
several timeuptimisdBrdt hypwjetapyagsiell ndrease diprobee ssibelinvers e fintitseatitieraxperiment.
In view of thg.faregoi T-25 line]s plusipot qwn by the ability to form cells
representinge?{hfge %ﬁggﬁrﬁl I%E)%% Ei)z(%%\élpPglf;éug Eérog)u%qé)‘%n%éesc}g@la%&%%%ﬁ)% 1 Atepé:imary
obstacle to #¥ inepiirEans otk finitiesentiosidimthehedodnitatesdslihit vackdddgpraphiate tools.

We thereforg,HndesierkdieBrodt elian #ban antiboslyfrisndaeeiesiuman RQXhl e -
[01921The marker SOX17 is expressed throughout the definitive endoderm as
populations or cell cultures, In vet other embodiments, definitive 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.

Compositions Comprising Definitive Endoderm

[0155] Cell composttions produced by the above-described methods include
cell cultures comprising definitive endoderm and cell populations enriched in definitive

endoderm. For example, cell cultures which comprise definitive endoderm cells, wherein



- 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 has now been discoverggl that SOX17 is an appropriate marker for the
definitive endoderm lineage when used in conjunction with markers to exclude extra-embryonic
lineages. [0193fAst dsaiibadsmalesailinerainy the SRXd dantibesiiwasilizad teapecificaly examine
effects of various treatments and_differentiation procedures aimed at the production_ of SOX17 positive

definitive endBadifidelBeeste: BatHIGIER e A6t (S APBLEBNRRIGHH T R SHIBHEIn Y ere also
employed to seifthihepisdustinmelyiscetatandgadictahende ogsm igstsa-ap)beginigrendoderm).

43 101941In order.to produce an.antibody against SOX17, a portion of the hyman SOX17 cDNA (SEQ
ID NO: 1) coﬁ%’%‘ﬁ%%ﬁ%gglr(?‘g%ﬁir%ca{gdscci%ffgﬁﬁl?%ﬁz@nl I{%p %eogafﬁgg&‘fferﬁﬁ?ﬁ& eld of the
SOX17 protediffdrigutizeid) \waswiseck fdegaheddbrammuciz attenlinadbat thts anbibadiptoabotion
company, G VAC (Ergibe rding,toJaro res,develo here, dures for
genetic immﬁ%&ﬁ@ﬁuégé éé o&rﬁﬁ% &%%é?g’ﬁ/? dgs%‘sgg%%87%&52@/]?7%3?{)%&{%5%%%%\%6261281
as well as In@hesttiitial arsriOkpphontichRubliua B NbouVT6bO /e 3008 50t BIhe
disclosures cfyhich afeingoraratad herelihhy ieferenseitieloniiplics. (QA9RQths! switable

methods for genetic immunization are also described in the non-patent literature. For example, Barry
et al. describ&fd§ddeisRcstSFFoRciBFRuIsaRIuRE deRndbrretRdpdrmm bt oh maebaiques 16:
616-620, 199 .ihei4lisglosiHe of uhieh/iscipeatnaiaigddiateindoy xefRiERGejbil antteiignecific
examples of genﬁi%immunization melihods to, produce antibodies against specific proteins can be
found, for exBHPRETRIEFtAARACER Al RYBRIESR AR RIATIRYTSAtion against the human thyrotropin
receptor causes thyjeiggis anSoatiowsprdichatiodativeddoeial rahiib osiesnipesigoirngutheagative
receptor, .1. Immunal. 160: 1458-1465: Kilpatrick et al (1998).Gen n delivered DNA-bgsed
mmanizatio LA ORS A L DR OT PO AT B e e e Bror,
Hybridoma 1#ndb6RBi8y S cndwlkanctalls. (1508) deenpific atongotie paitisds dirsrsipedtiblesim human

-serum by EZ&%&%@E&SBQ”@ 'iﬁtg‘ fifs ashared %PN&%W&’%&‘&@MQ&{%@ £-go41-4545;
ICsasemann et al., (1999) Genheration of monoclonal antibodies against proteins with an
unconventioPapfiséeic B a ssabrarngnizatiommstsiterfy complotaghtioters: abkgt1 PSleindtivg livieri et
al., (1996) Gengsadian Qfie mensipea-aeihadyeradelined Porsianof. the StsiobackaRuey

vacuolating cytotoxin by DNA immunization, Biotechnol. 51: 191-194, the disclosures of which are

incorporated REIRATHY T ASFEBRESE deifashabalibe > 18rfo SoRISraStseL R e €1688st Sox

family relativemutip&SiehX téins depiaiectba the dalatanay, dengpegitamsshauwsiingiguier Jabde employed
the human 89{;7. onpe%tige as a ﬂegativek%c‘)nt‘rﬁ_ol to dﬁmonstratetthat the, SOX17 antiboi%lproduced
by genetic imMuniZation s 5%%if|%e 5r SORTTRAGG0&Y ﬁoﬁgag?{}vﬁﬁmgt%‘il()se %rﬁ’m ber. In

partic_u_lar, ES_ONﬁlamitharcpméisisgNaréeaxpmgedlirﬂbﬁntﬂémfihtddleasts,caﬁdfdtembqﬂa@mﬂ for cross
reactivity with the aXl %&%&Q&dégﬁz VHeRIRIN BIRk AN G ke LS a%ecéﬂefég”%mge%?g@ds were

utilized for the production of the SOX17, SOX7 and EGFP expression vectors, their transfection into

human fibrobl88:8%8rRiurinetanrplis Bylear ke bidefimigyreasiodvactolisfenpoyeddor thd§toduction
of SOX17, SeNGtnétesk A wereaClY (©riaeTechnlngiRs-dc Rl M) 1000
pCMVSPORTS6 (Invitrogen, Carlsbad, CA) and pEGFP-N1 (Clonetech, Palo Alto, CA), respectively.
For protein pPHItRIIER teintélsee AbRRbHARDBHIKArsRAPHRFRFTIbiBb RO fsry A BIERIYFainsfected

s e R ot
ysates were collecte urs pos transfection in n - . m a 1Y
205. 0,556 dSER AL B TSR REL F PR B BT HeB S B R AR o poraton.
Indianapolis, défin¥ilestarvidatasdlyiis abohi0@vesyos ghiititritmotel s, ssdpataiboubyl SERFIASE on
NuPAGE (4-12 %, dradientpolyacrylamide, Invitroge rispbad, CA ransterred

blecto biotte S L B S oA s o Rl A B RS Eieern e rar
SOX17 anti-wﬂgﬁvtmhmlhﬂwfml_shﬂiﬁmwtﬂ),, axsmakma@gi,eﬂg%mﬁp@aos ool Fvierb@0 (Sigma,
St. Louis, MQ)fgllowgdiBy Alkaline kFhesphaize 0Rsaied aiiidahl oGy 26K SaRmmioResearch

Laboratories, West Grove, PA), and revealed through Vector Black Alkaline Phosphatase staining

(Vector LabobhtBResnberlinghlienst ebrpt PRpHBiENfseaied stantralt fasabowiag aindéd Piwdeetstor markers

(Sigma, St. LeutisatNKag: 48dQ73tndemtR<eniodeim ¢liacss mastelrag ihpimanfiarokiasitqells that were
transiently tra[%fsg}flected with, SOXI17, SOX7 GFP cDNA's i\@re, robed gn Western blots with the

SOX17 antibBRH AP BBt EREeErRL E RSP R &R ¥ Eah EBhEhtIeass PP -51Kda
which closely matched the predicted 46 Kda molecular weight of the human 80X17 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 celli transfected with EGFP alone. As such, the
SOX17 antibody exhibits specificity by ICC. EXAMPLE 4




Validation of SOX17 Antibody as a Marker of Definitive Endoderm (01981 Partially differentiated
hESCs were co-labeled with SOX17 and AFP antibodies to demonstrate that the SOX17 antibody is
specific for human SOXI7 protein and furthermore marks definitive endoderm. It has been
demonstrated that SOX17, SOX7 (which is a closgly related member of the SOX gene family subgroup
F (Figure 3)) and AFP are each expressed in visceral endoderm. However, APP and SOX7 are not 45
expressed in definitive endoderm cells at.levels detectable. by ICC, and thus, th a é) mployed as
negative mgﬁg‘é}‘é‘\f& Boni %gd(é?lf%ti%% ee"r?g%%gyr%r%e ISV aéeghgﬁ?r?tﬁét%g@ ﬁ;nz §8§ labels
populationsdefinifiketizatiedistasalis drstegrupings bf pulfpoient eaite aiegdedlwith NEROPOsitive cells.

In particulal g hsiens J APRANRRIS MAKILERl Wer G agalaheled Vil however

regions were also found where there were little or P+ cells in the fie (Figure

5B). Similarifisitive padnsteme salde&arrbrl Beay lepbripsianiesglass soxxPldetibdepeddabeling with
SOX17 togethss dibniRe prrigiakmaskersBPARCRAMOT fikrpmbRMadiindi) ogn ediged to

identify the SOX17+ cells that are parietal endoderm. As shown in Figures 6A-C, Tluombomodulin and

SOX17 co-IiBRISHAR Y saberlteferiet &proadRetr 3y heaam erfidrestiatioh SRABS cells.
[0199]In vieyy olcthermbava el Bhelisgmyperimentsidhehdentiboaiiearlinitva.endadersgell can be
established by the marker grofile SOX171"/AFPI0/[TMIO or. SPARCI]. In other worgs, the expression of
the SOx17 HISREYTS Gt R BRSOl § EAES (M AR FRPRLRREER of viscerel
endoderm, pastl tiecemibh-ponSRdREC markers, which are characteristic of parietal endoderm. Accordingly,
those cells positiv 0X1Z hut negative for AEP and negative for TM or, SPARC are defjnitive
endoderm. [OZOO]i?gﬁthelr%(\)/?qdper?gegél#hrggrggm |éﬁ€/la%?%1gl§89<f7k\t/%ﬁopi6%ﬁ |§)r5\§?q¥1ﬁe<{:i marker
profile as predicihens dufipittueedraiodeleast SBX P Ynde ArR vyemd alqme ssitsiova degetaattitattively

compared t9dhe;Epiaiing BHiBRGHPEARINAYYIRAGIRI SRl AS SEANMUIRFION SeiopRRtc reated with

retinoic acid (visceral endoderm inducer), or activin A (definitive endoderm inducer), resulted in a
10-fold diffe/&RBESH MaTEpeiar Seikl17 MrNafEtesabpdimsrisedh wHoruslus 10-16fd difference

in SOX17 apiigsiolabelahesd MmMAkIKIgHR HRnbiehatmP s shawpdikigyrafé @ctivin A
treatment of NESCs suppressed AFP gene expressjon by 6.8-fold in comparison to no treatment. This
was visually e R R Ra W Hae e Ee T HEh e JeaE BOA et Cefls Frthale ultures as
shown in FigitesfaBe Guiamuentifyethid finithemdodamdiinnsitaie enibatthisappraxinaialy 7-fold
decrease in AEP gene expression was.the result of a similar 7-fold decrease in antibody-labeled
cell mumbe e S R B e TR L C B o L TR B U, Sitant i et
indicates thatapid Afikativieashabge20Ygenesekpressidiastdesn Sy QRCR, mileast ehanig:®4n cell type

spectiication, ag,aParieddy anibacsiainig, 4addzatineubation phi 3G Bshe priggnce of

Nodal family members (Nodal, activin A and activin B - NAA) resulted in a significait increase in

SOX17 antiudy 29kelaid st shows Ahitheat Bipst thays Hi'eontilrasabewtilf rades abepre8886.than 50% of

the cells weye (abelasburitisSO XA TeiEiciEas I0A-F)- Ehate wate Sow Uenacalslabeled with APP after
5 days of activin treatment. 02021In summ% the antibody produced against the carboxy-terminal 242

amino acid ST hEHIHES ReLs: piBtEMeRREIMSALY Mifrath e sl PrIBrSR i GAVPEBIH®BIBES but did

not recognizengne/hikSatldaak Selksfaneilb selopvecdiages X i antikadyinesegaiped aubset of cells
in ,different'i?tingqt}E%C cullfure thatlwe{temprimari% SO{(l7+/AFPIO (greater than 95% of labeled cells)
as well as a SRl SERERTHY R @) OF BEAE ST EBARBAISOX17 and AFP (visceral endoderm).
Treatment of hES{@ti#jureshuithenctiviiogiresil eldseria o drkcenh etéatatio rcahpeXibdsg e expression as

well 85 SO%G! BRRIRY O e diaImaHe Y RHRRHE REthHI® R SRR L i SRR e
number of cells labeled with APP ‘antibody.
endoderm cells, wherein the expression of either the SOX17 or the CXCR4 marker is
greater than the expression of the OCT4, SPARC, alpha-fetoprotein (AFP),
Thrombomodulin (TM) and/or SOX7 marker in at least about 5% of the human cells. In
other embodiments, the expression of either the SOX17 or the CXCR4 marker is greater
than the eXpression of the OCT4, SPARC, AFP, TM and/or SOX7 marker in at Jeast
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 human cells, in at least about 35% of the human cells, in at least about 40% of the



EXAMPLE 5 Q-PCR Gene Expression Assay [0203]In the following experiments, real-time quantitative
RT-PCR (Q-PCR) was the primary assay used for screening 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 @aPCR. Marker genes characteristic of the desired as
well as undesired cell types were evaluated to gain a better understanding of the overall dynamics of
the cellular populatigns. The strengt -PCR analysis .includes its extre ensitivity and relative
ease of devg\%%?ﬁgc % %%ggggr%%%%%s?as ﬁwﬁeuréleng%%’snéc% eﬁéteaﬁéo}'égﬁ@ %?v%a’ﬁa %Eﬁl'—’urthermore,
the extremedglhigh selesstiuliyno SPACEpbumits detgctiehlefsgebeucipiessitie nomzmomlatively small

number of oglis a2 sSuchiaoRLRAPUIRIOR: I adeian: el o, deteghien laleyels of gene

expression provides indications for rentiation bias" wi e population. las towards a

particular diffesentiztor! geehwapn sebs o tid eaverbentiéFA3hwdtiba lnfrdaossibelinlel sk ibsipes, is
unrecognizajale, uging iMMENQAAaNeRISALREN DRSS HAAMIEAR0N R1BERI¥eVes gemethod of

analysis that is at least complementary and potentially much superior to immunocytochemical

techniques fBF SeiBanpRYeRE & ezeter shamrénahin . By amabrdiments- peseptisvides a
mechanism &y WhitRetoordde B YRIp@Rithe ssteeass pidadiflerentitinnpeainsn itraanitative format at

semi-high thrQughput scales of analysis. [0201The approach taken here was tq perform relative
quantitation‘i?iﬂ% Pée’fﬁﬂ?@%‘ufgtr 8nWE o e@d(fﬁecﬁg?)d‘?né}fﬁjrﬁeéﬁt':(‘g%’m%tt"he‘?garch) and a
two-step RTpéiuRtiommat. Such an approach allowed for the banking of cDNA samples for analysis of
additonal marker S 1 el aatan el iy e exerae fpnsa pjan effcioncy
between samples. |Primers were‘designed 1o lie over exon-exon boundaries or Span introns of
.at least 80CtprwhiEnnpswibles aslthisl hiass e enl Enopidettiysd eterprisieg . Horetinvielitesachpiification from

contaminatigg,GenaUpiG NG JYIE MAUSARRERIEIBRTIBIOYPGL AL do:0al sonialinygns or they

possess pseudogenes, DNase 1 treatment of RNA samples was performed. 102061We routinely used

Q-PCR to nfEdBuRe e e Aensispngs8loH AT it fBI& i adtdiE3bf Gt BBl Ao YiFydi 46 Rpes in order
to provide apysgast prafiteciesarptione! geneemeasirneineslisapmigsofie ppers weevant for the

early phases of hESC differentiation (specifically ectode[)m, mesodemi, definitive endoderm and
extra-embrybM EHBIoSRA) BHE SO v HRH ohlristehginTa e greaire tanth ireshrB PR Adeatbelow in
Table I. Thetwnmansreniicily efibeimaimehaetshbasialeaiasnedesopspiaiednd Bisigrae important

fact since the hESCs were.often grown on mouse feeder layers. Most typically, triglicate samples were
taken for ca P b St 1 Be SR SR G T AL B o AR ity
gssociated_\fﬁ@deeachsquﬂgﬁitatlwhe@rmi«:ﬁtimm{ﬁﬁ@ﬂs]?rp generate PCR template, total RNA was
isolated using RNggpyefQiaasn) sadupaiiated vang Riberresn (MRlssulah EIghes). Reyerse

transcription from 350-500 ng of total RNA was carried out using the 1Script reverse trér_ls_crlptase kit
(BioRad), whictsoreires LTasibPenyistirnafamerdes brmerselsactchods biaastidrfinitiye

subsequently, gllsiad WRO HARME tatakyplumenel Mb wox vredin RaceM LnRER feaction

containing 400 nM forward and reverse primers and 5 MI, 2X SYBR Green master mix (Qiagen). Two

step cyclingS A Taas & SFeTestianenf shsy g L s fid AEhatife at o5 598 1pakic Miyiselected
according tadhie seltinydan el tieampliconfobeschmbitaphast) lalowetyon 45 5esOnd

ey PO HISERILS i s coloqed g e e s Shagen crersen
cycle threshalls AS and/or SOX7 marker 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 hurmnan cells, in at least about 30% of the human ce_lls; in at least about 35% of the
human cells, in at least about 40% of the human cells, in at Ieast about 45% of the human
cells, 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 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 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



(Ct's) were convened to quantitative values based on this standard curve. The quantitated values for
each sample were normalized to housekeeping gene performance and then average and standard
deviations were calculated for triplicate samples. At the conclusion of PCR cycling, a melt curve
analysis was performed to ascertain the specificityf the reaction. A single specific product was
indicated by a single peak at the T. appropriate for that PCR amplicon. In addition, reactions

performed wjithout reyerse transcriptase served as,the negative control and%o ot amplify. [02081A
first step in efé%é&)% igﬁ%g "eac%?ﬁ% }r%ee ag?:fo%8yc%%u§\t/%§i%gt{l%%u%f%885%ﬁcf*ia8 %Ilﬁléuelk%é(:{:ﬁ g genes
(LIGS) in thecedizpe thrm etifadubysten cSinpeptiiaibiG. was used to normalize across samples for the RNA

o e BT SiseRexhangl vt LIRS Hiz.euUaled s Gonali Rl o

expression over time in all sample ty in order for the normalization to be meanin & measured
the expressiefTEa s Gyelophiith GulkypbRasE MepRUIpHotbogyisiagdfemnasect!|$ PR Jasheta-2-

microglobulipy Rydrexymetey hiansavnthase GFIMER) mEAIAQRLANG PR AFRE). @itdL 1,

glucoronidase beta GLéS in differentiating IESCs. Our results indicated that beta-2- microglobulin

expression 1ENiStn Ve rMME e GUtEE B Bt ntatdiPiaambrdtdbe warksielisdEaaise use of this
gene for normalizadierprEbigoatberige oesrexisibied CAFFSER SxtRSSIOR 1aveleRy ek irpe as well as
across treatments. We routinely used both Cyclgphilin G, and GUS to calculate a normalization factor
for all samplgg‘ ?H%’gﬁsse%f%ﬁf%fﬁ?é }g@saé,i}ﬁ%rtg%%gﬁ/ ‘Pé’g&?@ WA 5L5iP i ARPSHR S the
normalizatiowlgrectss @hid inktneesses thedl rebabilitiond treniatativieugene fexdyessity) valusse[P209]After
obtaining genge-IRERSD ALmALAAeR, RESRMABINERUIReR I dremipe e ipiallve, oene
expression levels of many marker genes across samples receiving dierent experimental freatments.
The marker ¢@heepehatplosed have been chosen because they exhibit enrichment in specific

populations represfge ok Y SRIAANGIS ARKBIYETL NS DARSH A o' genes

that are differentially expressed in definitive endoderm and extra-embryonic e ese genes
as well as tHSirCfel AN BEH REntRR RITEAla S remgRiET cRammeine sndederng | Ells, swhraki-4)2er- -

Yer. 00 aPiaasidiOaiiadieien Jelmslofaemi®@¥ldkpression of either the SOX17 or the CXCR4
marker is greater than the expression of the OCT4, SPARC, AFP, 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 CXCR4 marker is greater than the expression of
the OCT4, SPARC, AFP, TM and/or SOX7 marker in at least about 10% of the
endodermatl pelis, in at 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
about 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 ffsndodennal cells,
in at least about 80% of the endodermal cells, in at least about §5% c;f the endoderrnal
cells, in at least about 90% of the endodermal cells, in at least about 95% of the
endodermal cells or in greater than 95% of the endodermal cells.

. [0163] It will be appreciated that some embodiments described herein relate to
compositions, such as cell cultures or cell populations comprising mammalian
endodermal cells, wherein the expression of one or more markers selected from the group
consisting of GATA4, MIXL1, HNF3b, GSC, FGF17, VWF, CALCR, FOXQ1,
CMKORI1 and CRIPI is greater than the expression of the OCT4, SPARC, AFP, TM



definitive, visceral and parietal endoderm MDCL1 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
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and/or SOX7 markers in from at least about 5% to greater than at least about 95% of the
endodermal cells. '

{0164]  Still other embodiments described herein relate to compositions, such
as cell culfures or cell populations, comprising mammalian endodermal cells, such as
human endodermal cells, wherein the expression of both the SOX17 and the CXCR4
marker is greater than the expression of the OCT4, SPARC, AFP, TM and/or SOX7
marker in at least about 5% of the endodermal cells. In other embodiments, the
expression of both the SOX17 and the CXCR4 marker is greater than the expression of
the OCT4, SPARC, -AFP, TM and/or SOX7 marker in at least about 10%-of the
endodermal cells, in at 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
about 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 Jeast about 65% of the endodermal cells, in
at least about 70% of the endodermal cells, in at least about 75% of the endodermal cells,
in 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 in greater than 95% of the endodenmal cells. |

[6165] It will be appreciated that some embodiments described herein relate to
compositions, such as cell cultures or cell populations comprising mammalian
endodermal cells, wherein the expression of the GATA4, MIXL1, HNF3b, GSC, FGF17,
VWF, CALCR, FOXQ1, CMKOR! and CRIP! markers is greater than the expression of
the OCT4, SPARC, AFP, TM and/or SOX7 markers in from at least about 5% to greater
than at least about 95% of the endodermal cells.

[0166]  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, AFP, SPARC, TM, ZIC1 or BRACH marker genes.

[0167} In one embodiment, a description of a definitive endoderm cell based
on the expression of marker genes is, SOX17 high, MIXL1 high, AFP low, SPARC low,
Thrombomodulin low, SOX7 low, CXCR4 high.



APP visceral endoderm. liver SPARC parietal endoderm TM parietal endodennitrophectoderm
Ectoderm ZIC1 neural tube, neural progenitors Mesoderm BRACH nascent mesoderm [0210]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=gxperiment. 50X17 is expressed in definitive
endoderm and to a smaller extent in visceral and parietal endoderm. 50X7 and AFP are expressed in

visceral en%@; this aaivdeuaiegmantalitime point. SPARC and TM are expressed in parietal
endoderm and Brachyury Is expressed in early mesoderm. ) . "

[6168]7 According to some of the in vitro methods described herein, definitive
endoderm cells are maintained, grown, passaged and/or expanded while in cell culture. In
some embodiments the definitive endoderm cells are maintained, grown, passaged and/or
expanded without any significant differentiation. In other words, in such embodiments,
the definitive endoderm cells maintain the definitive endoderm phenotype while being
maintained, grown, passaged and/or expanded in cell culture.

0169} In some embodiments, definitive endoderm cells used in the expansion
methods described herein, are multipotent cells that can differentiate into cells.of the gut..
tube or organs derived therefrom. Such cells include, but are not limited to, cells of the
pancreas, liver, lungs, stomach, intestine, thyroid, thymus, pharynx, gallbladder and
urinary bladder as well as precursors of such cells. Additionally, these cells can further
develop into higher order structures such as tissues and/or organs. In some embodiments,
the definitive endoderm cells are human definitive endoderm cells.

[0170] Some embodiments of the methods described herein comprise a step of
obtaining a cell culture comprising definitive endoderm cells. The cell culture can be a
pure culture of definitive endoderm cells or a mixed cell culture that comprises definitive
endoderm cells as well as cells of other types. For example, the cell culture can be a
culture comprising both definitive endoderm cells and human embryonic stem cells
(hBESCs). In some embodiments, the definitive endoderm cell culture is obtained by
differentiating in vitro cell cultures of hESCs. In certain embodiments, the hESCs 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 gonadal
or germ tissues of a multicellular structure that has developed past the embryonic stage.

[0171]  Methods of differentiating hESCs so as to produce cell cultures
comprising human definitive endoderm cells have been described throughout this
application and in U.S. Patent Application No. 11/021,618, entitled DEFINITIVE
ENDODERM, filed December 23, 2004, the disclosure of which is incorporated herein
by reference in its entirety. However, it will be appreciated that any known methods for
producing human definitive endoderm cells from hESCs or from other human cell types
can be used. In some embodiments described herein, the cultures of definitive endoderm
cells produced by differentiating hESCs can be mixed definitive endoderm cultures,
which comprise definitive endoderm cells and one or more types of other cells, enriched

- definitive endoderm cell cultures and/or purified definitive endoderm cell cultures. Some -



[02111Definitive endoderm cells were predicted to express high levels of SOX17 mRNA and kw levels
of AFP and SOX7 (visceral endoderm), SPARC (parietal endoderm) and Brachyury (mesoderm). In
addition, ZICIl was used here to further rule out induction of early ectoderm. Finally, GATA4 and
HNF3b were expressed in both definitive and extrggembryonic endoderm, and thus, correlate with
SOX17 expression in definitive endoderm (Table 1). A representative experiment is shown in Figures

11-14 which gdemonstates hpunihe-matier aenrrdeselibesin Taltlesl eaipplseciiiceaghpther
among the various samples, thus h%g&ing specific patterns of differentiation to definitive endoderm

and extra-enWiSyoritccREUERS e 1ot st deRshl Aid Eewd CentdypEemo P HRBw of the

above data ijg,clearithat dnereaeine dasess Afachinde st NieARIAG.S N¥dal, gefieigpression.
Further this SOX17 expression predominantly represented definitive endoderm as %%ggﬁed to

extra-embry SRR &R Em TR FTRILIBIFEte e 1RnY th 45N RERdah IS B & & pression
was inverselygogiakainsh WitEAL oSO/ AdeSHAREEUENEIaXRIessionbaREANRLEG Birected

Differentiation of Human ES Cells finitive, Endoderm 0213).Human ES cell cyltures randomly

difforentinte PETRRGR G oSG WA LR RN A P AT B fate. This

heterogeneoltadiffesentiatignmb silisin groduzfic/oflextrisasnibyerit egicdetieasibovtifrised of

e i aCRERl ST AA s BRARSAMIRSHEMIERT A RISl AR OB RP el
a I ecto

and mesoder derivatives as marked by 1 and Nesti erm) and BracRyury (mesoderm)

expression. Bedittithdd optiddetiasentaupeBPaaimhat et bent dRaMmhedalopislsadirbaror 988K of -
specific antibady markers i &S00 Suiures. AR SHsiL AR SeiRY Ga bbeefisHeghdpgerm
production in ES cell cultures has not been well studied. Since satisfactory antibody reagents for
definitive endBeférrBabeHAROBBEMnavailable, most of the characterization has focused on

ectoderm and extrajgijyonis epdadembo@yrial, dfele anecighficartib e cRépinU aupRns @f
extra-embryonic and neurectoder%al 'ng[ es in comparison to SOX17" definitive, endog?rm cells in

randomly difEFEHRIREES wIhey AR RS UBIB RO SIBRAH B a bed of
fibroblast feelegcthemebgiaiche eftges ofiheiavlonyiake cnblcrniiive morpholegiésithateare distinct
from those Cfl”% r%sidinl%vgthin the interi%egr]‘, tgse 8%9!:%%. Iglarg%of these outer edge cells can be
distinguishe Byﬁ’héﬁ 2se lfrlﬁ?o?)lgﬁ??glr%%r cellbo y morp()jhoﬁogy' and by the expression of higher levels
of OCTA4. It has beel¥tidcribéul thditias ESobtdisibegielitowitfraeceniansising difonitive rdeideonOCT4
expression up.gr down telative-teungitarentialed ESealluAliciation pLAE Tadeyals,aR0 g.0r below

the undifferentiated threshold may signify the initial stages of differentiation away from the pluripotent

state.  [02stex) WHEp! alingiffe Feast ater | Shetelia iy e sadsrred sl Grrarthe AtineBesehdinistry,
occasionally sipRlldBskpelChistars sfrlPtikapasitine callRivvers detrcies Rphane@mdacations on

the periphery and at the junctions between undifferentiated hESC colonies. As ngted ahove, these
scattered podiists OFudr BEIGNPEAGES TpPEarst B BeroMETRIHREIETBRIR 5 LIRS away
from the classierhe® peliefarptologivasihedtioninexpandadbinisizerandibeamemore cileavded.
Younger, smaller fully undifferentiated colonies (< 'nup; 4-5.days old) showed no SOX17.positive cells
within or at th%%ﬁ&gg ST RECoIonIes vevﬁﬁ%l%‘fa%rfrfgflggirec%?gnclgrs%u(rf-%v %}ﬁ 3?a9r?13(§ esr?rg%afa@%eold) had
sporadic isolatber pattheseinS@ Xt cgbsitite e ARRhae gelliv thak s arebenparitisersilofwoirecanlonies or
in regions intgrigl4o §ig GO ARLHdNQ! diseray he,pil ClasnisalERG R4 dsgerbed
previously. G%\{/en tg’a?%is was tEe first development of an effective ’soi 17 antibddy, definitive
endoderm cetgstisleiad in such early "undifferentiated" ES cell cultures have never been previously

demonstrated. @244 Basgd @eaardienceid dladiens ohaGX 1hand RiRicgeRmeKRession
levels by Q-PCR, the vast majority of these SOX17 positive, AFP_negative cells will be negative for
parietal endoBfGHGRE Y B ANLBHY WD RIiMy? THECHEPATLRIR %F&%Wgﬁ%ﬁ’%%‘?m
TM-expressirgipddgiat endodrismceddsasishoin is fdgsubsLnaiB ckppesdrinteaadhtfaeltrs activin
A and B resulted in a dramatic d?creasg |(rc11 the.igetsnsié}/. oflT e)ég)ression andb-tHle-nu nberofTM
positive ceIIsPﬁf/eﬁ}p'Ilé béfi g(:’ stFﬁfj efc ¢ &NG TV AntiBodres on an Sctvin trea

odres onrgﬁ activin treate c?ulture,
clusters of S@Mikzpasithveanglsthatrfacreraidembgatsve forfik P dehidifiké weteiohsenisd Gigures

16A-D). These are the first cellu ' . ' it 0] lls in
difereniating HESE R IS [ o RACE DAL OFTE I SO ooty ShbG PR
tools describbdemdvie Wee Haw& R4 marker. As described previously herein, the reageni-bound

definitive endoderm cells can be separated from the non-reagent-bound cells by numerous



explored a number of procedures capable of efficiently programming hESCs to become SOX17hi/AFPI
/ SPARC/TMI definitive endoderm cells. We applied a variety of differentiation protocols aimed at
increasing the number and proliferative capacity of these cells as measured at the population level by
Q-PCR for SOX17 ge e expression and at the levgt of individual cells by antibody labeling of SOX 17
protein. [0218]We were the first to analyze and describe the effect of TGF13 family growth factors,

such as NoflalfaeiviniEB o i Si6AURY SRR G-Erdgdesn gells pomemhgalsaiem cells

in vitro cell cultures. In typical experiments, dctivin A, activin B, BMP or combinations of these growth

factors werdragfidcdrto theltgrethest @hdiFERtivRteeipdermancsiian ¢l haepnevStegt-25 defsbbis the

differentiatiopprResSs1s in EAPLARRNONRIEIgHEE S At ghaatiin Al dPeg/pl resulted
in a 19-fold induction of SOX17 ﬁene expression vs. undifferentiated iIESCs by day 4 of differentiation.

Adding acti$fRa0sE fdherfelbes - fA R etREp e RarirRIcd edl IS a 37-fold
induckt)ion OYﬁAmt;l,iffﬁmﬂg\itﬁib hgﬁg@pyéalaly 4&@@3@9&@%@%}&@@@%@%@{@@Mahgga;'ngh a third
member of the TGFi3 family from Nodal/Activin apnd BMP subgroups, BMP4, together with activin A
e mctivin BRI ARTRETERS FIOe B, TRO D O GRSt B FESL AP dife 10)
When SOXddfiriduebadodétimaetieiagcanik Bédi alas penypared to no factor medium controls 5-, 10-,
and 15-fold inductj esulted at the 4-day time point. By five days of 52 triple treatment with activins
A B and BMIP, SO oras L AL AR Dot Thioh s o e B lcate that
higher dosexdritiongaistraatisepatatied kool thie kst alfwetivih (G FlRdansills ivethberd resuis in

increased QLeRei Afuiisidy 1:0520) Medalanaelaigdamplecies Actiiine. MangRMP

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

addition of BIHPatE b iebaiamsidy Bars X pplrheldionip S3stithrotyRease fedthesviaueiztion of

Cripto, the hiodal sorrceRrten iRt Weshavedermnnsiiates teat thewonmbinationphacdiyins A and B
together with 8MP4 result in-additive increases in SOX17 induction-and hence definitive endoderm

formation. ERIERAISIAEiE AN P5T BBl SRR ERS L sn B sy el eEmpiramaishRhRas £9d B may
induce SOXhtins dgietinleapetasst ehiod @ndocie undagens | bassdafinidveignindeny ekpeareg gmbodiments

of the present invel ion, it Js thereforg \éaluable to remove BMP4 from the treatment within 4 days of
addition. (0935715 U R SRR R S AN TR B ST BTV CTIFRVE  tme
course of TG&R faciorsaoditioneva&ERa i retlans kiggSEX fldoarstbmdyr dadie | (g RS, pieweusly shown in
Figures IA- - I ic.ncr. in the relafi ber of SOXI7 | cells over time.
The reIativegﬁgg%r#t?ﬁ%%t%o%%égﬁé%&?s%%vﬁsi?n%qg%%gﬁ %%fo d ?ﬁgr’é’a%’g f%e X -Pgbleised cells.
This result frdicBtbavraeisath ThenrarttsehE dEe s, henme sORIulfBiteiestheersiondeved are

increasing with e, 061 GEb3 &@ﬁt%&m@wmﬁ%hﬁw&a&ﬂ%e@?&cﬁtﬁamﬂd%yﬁ@f fxposure to
Nodal, activin A, activin B and BMP4, the level of SOX17 induction reached 168-fold over

undifferentiBie@Fs ebedinrats, SRotiEeratigtioref36tAs daniBayisr Soxiy -posiivecéanedvas also
dose resposgsivediaaivi)AtHosesiohdd agimelRmatervarecapaiiainentinducing SOX.] 7

gene expression and_cell number. [0223]In addition.to the TGFP family membhers, \Wnt family of
molecules may pli@“g le inspediication’ W?jpm?ﬁﬁ%%%%c ‘b Befihiftiv Me&%ﬁ:“%‘@ use of Wnt
molecules waindtso beiefjeiphfaidive thiffe rentipidncel hisSEs¢miletifitive antincgrntas melicated by
the increas e ex an | les that.were treated with activing.plus Wnt3a over that
?%i%ﬁ%ﬁﬁféz‘eﬁ? f%%fﬁ}ﬁr 8%:2%@%&&% AT c%%é nBEEer Embodiments. (he

of activins alor 2 e experiments descr above were perﬂ)?r‘ned using a
tissue culturarivkafidaiodiivainintpdan sdiurapniatientdedtfosorsosunprisisighbone MWikcdveated that the

concentratign &fseRHMdtRe asseiing aieAaveliRf SEHf SREPSHBRdMUEs, the enriched
definitive endoderm cell populations comprise from at least about 96%, at least about
97%, at least about 98%, at least about 99% and at least about 100% definitive endoderm
cells,
[0177} According to further embodiments of the expansion methods described
herein a cell culture step is contemplated. For example, some embodiments include a
culturing step that comprises plating the population enriched in definitive endoderm cells
or a portion of the population. In some embodiments, the cells are pf%.ted on a surface

coated with human fibronectin. In other embodiments the plates are coated with poly-



53 presence of added activins as shown in Figures 24A-C. When serum levels were reduced from
10% to 2%, SOX17 expression tripled in the presence of activins A and B. [0225]Finally, we
demonstrated that activin induced SOX17+ cells divide in culture as depicted in Figures 25A-D. The
arrows show cells labeled with SOX17/PCNA/DAR4 that are in mitosis as evidenced by the
PCNA/DAPI-labeled mitotic plate pattern and the phase contrast mitotic profile. EXAMPLE 7

Chemolcinegecseptor 4, (GXGRA) exysasioncoislaiasvith. Rakersfar safnitvenisadederm and

not markers for mesoderm, ectoderm or visceral endoderm [0226] As described above, hESCs

can be indubgies Girersriiate R PIREItiAMbe EREIH RJalsh 15 &Y BPiHes £9pIRRTaN 8P8 tokines of

the TOF/3 famifyoanehinerenapaaifiealiabHaeiactivin/naglad s uiplaeiveA daitiosialky: gie haxashown that
the proportion of fetal bovine er}#n PBS) in the djffere tiati.%n ccl#ture rglgdiumueffgcts the efficiency of
definitive enHBEBRTHBiffeeRiESHTEH FORNRESE Dol ST SH P A h doncentra

505?\7en concentration of
activin A in thernediitthighefolemeitinf fFRS will inhibit maximal differentiation to definitive endoderm.

In the absence of ous activin A, differentiatign of g]ES s to the definitiv ineage is
very inefficient andﬁﬁgg@és S([:%nogg%rtrg |oﬁq§r§i§n}ﬁ0(§%emcﬁl er e%e%:ttte oﬁogﬁ%}%%fl?e?%%%%o%rrgr%cess of
hESCs.  d@a2i#fiidemseesphioronts)iEptsine s gifftrentistedliy spowiagsivRPEIERdium
(Invitrogen, Cay 5909, 61A7Q036) SHPRIRDeRIBS LA 5% 20% 054036 EES and either
with or Witho%)?%%%gr%i%@ggﬁnqA%gggQ%gy:yﬁ%ddition, a gradiént of FBS ranging from 0.5% to 2.0%
over the firstahgedtaayabentifife @i Wetvise F R esmpmienthsame PotredyAnssritedivin A. After

the 6 days, igplicate sampleswRiEFalss et HOMBaeh cHilre sandivasand.analireed toryglative
gene expression by real-time quantitative PCR. The remaining, cells were flxtéﬂg%g@é%ﬂuorescent

detection of §OX12PeRbEAe (0281PRY Sxdireaidrr Rt R HrE X BRPOLHEG t f8ss the 7
culture condiiignys dberel e[ e/20 )atbuger X GlRAEXIPESRIGN, WBGIRIDY i(vastivtiow teated
cultures (MOGC})?agg low g]( ?6 hich gi%emdtvr@?c(eivgtye ogenaus a%j)/in ,!A (NE))[. lnﬁ/,dgt} n, among
the A100 treBted ﬂﬁrre}sg QéR%%%pﬁe@ Yggp’\/\%g‘ﬁigh‘}e@vaﬁ@n% eShicniration was Ivest. There
was a remarksiuestie (voasebbuCHCRA )evedin b (099, ShRBS%dmditionabach2¥iat(the)relative
expression was more in line with the conditions: i iva.activin A (NF). [0229]As described
above, expré;gg%ﬁnég?éi%%&fef}lgé@, 1\%_%(66? aln%iﬂl—?ﬁ% BE%ge%\_é%%%éonsistent with the
characterization of B8l as dufitiivsbeneobiesimentreoidhaivenerprassiohuistieseipsthigesies across

the 7 differetiatign conditions MirQrsdhptiel GieRAutfeigrsesntd?) il bisidrraaBstiaieadhat CXCR4
is also a marker of definitive endoderm.
the at least one growth factor is a growth factor comprises a member of the TGFB

superfamily. In such embodiments, the at least one growth factor of the TGFB
superfamily includes, but is not limited o Nodal, activin A, activin B and combinations
of these growth factors. Alternatively, in some embodiments, the at least one growth
factor can be IGF1 or a combination of IGF and a growth factor of the TGF] superfamily.
In other embodiments, the at least one growth factor can be bFGF, EGF or another
growth factor. In vyet other embodiments, the at least one growth factor can be a
combination of bFGF, EGF and a growth factor of the TGFP superfamily. In each of the
above embodiments, one or more of the growth factors can be present at a concentration
ranging from about 1 ng/m! to about 5000 ng/ml. In such embodiments, the concentration
of growth factor iﬁ the medium is at least about 5 ng/ml, at least about 10 ng/ml, at least
about 25 ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/mi,
at least about 200 ng/ml, at least about 300 ng/ml, at least about 400 ng/ml, at least about
500 ng/mi, at least.about 1000 ng/ml, at least about 2000 ng/ml, at least about 3000
ng/ml, at least about 4000 ng/ml, at least about 5600 ng/ml or more than about 5000

ng/ml. In certain embodiments, a combination of growth factors is present in the culture



[0230]Ectoderm and mesoderm lineages can be distinguished from definitive .
endoderm-by-their-expression of-various markers. Early mesoderm expresses the genes Brachyury
and MOX1 while nascent neuro-ectoderm expresses SOXI and ZIC1. Figures 28A-D demonstrate that
the cultures which did not receive exogenous actiyin A were preferentially enriched for mesoderm and
ectoderm gene expression and that among the activin A-treated cultures, the 10% FBS condition also

had increas&%%ls %‘brgse oderm apd.ectoden @Egefaggg)qrﬁsﬁ%eﬂ‘pg;%ag@mfﬁxp'ression

were inverse to that o R4 and indicated that CXCR4 was not highly e;g;essed in mesoderm or

ectoderm dervesttisiothEfSCe apnpeatmrsina eimclerst BhoRpLEMSIML 32 3eat A9 WEREMEnfhalian
developmen, differersiation 0 axian SHRDANIGINE A0 RRAIT8RE W SgRiiParicitanxalevapce here is

the differentiation of visceral endoderm that shares the expression of man%f/ f‘gﬁ"nez igco mon with

definitive erffsebrAt 19ag1 aBAYG DO RIMITY IRtingay Yeraimleat frastehey EriBVonic
visceral endggiansoana,shouldaseising FI00atkehllhatissdisingoooNeeRhe sesvmoSCRITuepresents

a marker that is expressed. in the visceral endoderm, but in the definitive nd%%erm ineage. Thus,
culture condi§6hks ﬁﬁa{%‘%ﬂﬁm‘\ro% §%‘%lllftg%ﬁgr§>t<’8%§§é¢1 f tﬁ’g g8 gleeﬁ%g}b bl éu)ggt?ession are
likely to contgimtlefinitive and not visceral endoderm. It is shown in Figure 28E that SOX7 was highly

expressed in cultur t did not.receive activin I I ibited i d expression even in
the presence of aci?\}?%t Whgnn B 1\9vna§ fnc L?deaé%g? ?%%@ﬁ?s%%@r% ?§ t’fﬁéﬂl%\%/%’rs?og %r?g CXCR4
expression pattodinzedsstefgotive thaddxeORels ne-sipandek drssiesd thizisiesal- sAtgdBRFe [0232]The

relative num ; [ NRISRELA CBUS REBRLI R 2ATH Rl diffgrantiagion
conditions m%%%’%&?g ;ééig\r;%vgiﬂ gllggo@ﬁﬁde\%giﬁr%%éd. Wr?en h E?és were dilfferentiated in_the presence of

high dose aéfivin Iastee P PBS Fopcesitrawisiree aupRrising, ey e crdmdeie S ibiqihesly

distributed thromahou? the. R8s ke aE MR oaR 8GR AnaTHisat DeiPRSWhRSdUded at

10% (v/v), the SOX17+ cells appeared at much lower frequency and always appeared in jsolated
clusters ratﬁéqﬁﬁ%%ﬁwtmgtﬁ’b‘éﬂgmhFG&&Fﬁ)Eﬁaﬂgﬁﬁﬁlgﬁl‘fgﬂg&cﬁgﬂéﬁ% (%%??/gell a8 B and E).

A further deeggagenIREYChERRUS washeesfoten ne paogenbesueitig AtspahashiloWnder these
conditions the SOX17+ cells also appeared,in clusters and.these clusters were smaller qﬁd much
more rare th tﬁé@?&ﬁ&a i %et% g?‘?’%mﬁsﬁﬁg{i/v PBEHAMEN 'igﬂfe%tgré%‘r(l%%lt). ese results
demonstratertithblhecaX GR b efpnesdionipatidsisitmot eniodemespiiadtietdbivitibesentiosldym gene
expression %’ttfgzjésngit?egﬂ'ﬁ %ﬁ% _f definitive endoderm cells.in each condition. EXAMPLE 8

Differentiation conditions that enrich for definitive endoderm increase the proportion of CXCR4 positive
cells [0233]The dd8&8df activnaccerdenseradth BeeaanirsRerey o Wn RipEBiRnIRE e Hatferbedn be

derived from,BESC. T SrynRisidemansiiatas fatincrensinehibadopeol@metivinddneipases the

proportion of CXCR4+ cells in the cu ture. 102341hESCs were differentiated in RPMI media

supplement&8AXR & Bogell culture comprising definitive endoderm cells, For example, the at least
one enzyme can be one or more enzymes selected from the group consisting of papain,
pronase, tyj)e I coliagenase, type Il collagenase, type III collagenase, type IV collagenase,
trypsin, hyaluronidase, elastase, DNase 1, and dispase. In some embodiments, the at least
one enzyme comprises at least one protease. In preferred embodiments, the at least one
protease comprises trypsin. For example, in certain embodiments, definitive endoderm
cells growing in a culture vessel are passaged with trypsin by first removing the culture
medium from the cells. Next, a sterile trypsin solution is provided to the definitive
endoderm cells for several minutes at room temperature. The trypsin solution is then
gently removed so as not to disturb the cells. After the trypsin solution has been
removed, the definitive endoderm cells are provided with a culture medium, such as
RPMI with 2% (v/v) serum, and the cell culture vessel is then agitated so as to disrupt cell

adhesions and generate a cell suspension. In some embodiments, the cell culture medium

comprises trypsin inhibitor to inactivate residual trypsin.



2% PBS (increased from 0.5% to 1.0% to 2.0% over the first 3 days of differentiation) and either 0, 10,
or 100 ng/ml of activin A. After 7 days of differentiation the cells were dissociated in PBS without
Ca2+7Mg2+ containing 2% PBS and 2 mM (EDTA) for 5 minutes at room temperature. The cells were
filtered through 35 um nylon filters, counted and pgjleted. Pellets were resuspended in a bmall volume
of 50% human serum/50% normal donkey serum and incubated for 2 minutes on ice to block
nonspecific antibody finfling sites: feoappincikilaRiiBopss aRtise HeRA-aNHROMY (ARSRmTatH
ab10403-100) was added per 50 IA (containing approximately 105_cells) and labeling proceeded for 45
minutes on isRlERNS fRsrexfaBIfe dTHYSHH RS ﬂ%ﬁ@é@cfﬁ%é}ﬁfﬁﬁt’é’% ?ﬂﬂ?ﬁﬁ‘%&%}% Bffer) and

pelleted. A segenekyvashoithc rihaf bufferiwasisarepiateddhascelswrisvasispssitlednns0 ul buffer
per 106 cells. Se,condar% antié)n(idée(FlTC conjugated donke) anti-m}ﬁtﬁée; Jacksfon Immupagesearch,

cat# 715-0967PEIfe(, % e g8 FGARICHRAR RSP NP AR E T 2T F3758 fiRutes
followed by twe veashasPRibuffer as above. Cells were resuspended at 5x106 cells/nil in buffer and

analyzed and sortegu ing a FACS Vantage (Beckton Dickenson) by the sta e Leviometry
core facility (The S rli[?p‘ﬁl Resﬁledar%cf?ﬁns ﬁ%%&t" et%%rvﬁs r%ccsoﬂ?e%%cf )({)é/f%%%fi/n E%‘?}‘E%ggé%%%@g buffer

(Qiagen) for iseresy guesitpsol gisagihtoiefiBNive fodgdnm expsassipnisayatysicabicsBy BERwEREANttative
PCR 1023511 Ao, SXER A RIS A8 A mIRE IR IO OB Pl gLl ncrease

dramatically as the dose of activin A was increased in the differentiation culture media (Figures

30A-C). The shyudiRur suficivatéotrestansinty distnt ta8 ron'geifcand thi Rikps herhd§a
secondary apdibady:Qnlyseatel i whishid 2% ofrrvents waisiiacated dnatheaRé D aerubien

dramatically increased numbers of CXCR4 cells correlates with a robust increase in definitive
endoderm gAFRANABFESHEh 4 SHRIRTATA HbKRAY R best o fRitinack ﬁ-‘ﬁ)ﬁh%‘?‘(’hMPLE 9 Isolation of
CXCR4 positive celjgigajichem fokeaiiaiii¢e enrogearnipanapspressiomhanspdagieiemeitgslexpressing
markers of mgsoderm ectodg{%r/n and visceral. endo erm ngeZ%LéI'IE]Se gégg%sé; ane g%éCFM- cells
identified in EXSH T’g geé%’&/ 8P B AR 5Lr’1‘f'gllly§eed3 Hor Terative gecne Xpression And the gene
expression ofdidedpfnéntepadotiions:iian dateindispassirhuffanedbslyelloRgrThdlativen deels of
CXCR4 gene expressio I [cally,i aged with increasi il igure 32). This
correlated vearrf)’v@elﬁg\?\ﬁ%ﬁﬁ]t ?%g%%%d%ségggéfiﬁg%% %3%@“&95?%%3 té%%s%%ié%r%?%%kcy It is
also clear th&idsssiiation biffses CXCR4+ cells from each population accounted for nearly all of the

CXCR4 gene exprﬁ%&%} in thatpRR WAl 4iA demensipaienihe affitieacyahthe. &k Swaethod for
S.

collecting these ce 38]Gene expression analysis revealed that the CXCR4+ cells contain’ not

only the maj@einBi R Endsdsra tRllic s SFaRE R, HEEIhEY B vEsHainet gBHE X BFaeofffor other
markers of dafinidée sndederst AmihOWs) ifshiguseRusd Atidkihen@ XCIR4dee!IPates estisithar enriched

over the parent A100 population for SOX17, GSC, HNF3B, and M1XL1. In addition, the CXCR4-
fraction conté‘i’hcéat\;grrf?ﬁ?é‘giﬂe’;%r g’sﬁl’l%(ﬂrf’c?ﬁﬁe & 6%%&&.\78 &l I%ee Crergérﬁ%rgﬁ%ere%%er, the

CXCR4+ ancaxzR4e poplisitions displapbd ¢hbaduarses pattestemiodgnesegime ssidrdédinitisekers of
mesoderm, ectaderm and extra-embryonic s - s thatthe, GECRA+ cells
were depIete%ﬂl\%’F%(ﬁf:}?\(%ejlelﬁif)’rﬁg1 ion ocig r%c %%%C/&d (I%I:rg{xtlll: gz%é%i%%%% gegggﬁati%%g&) the A100 parent

population. Tinefoxkd0eperedimsosulttfo Auisirigirisag\sioiacn efkpréssisncoltine ddaskarkdaroWsitive to the
low dose or que?&féyéz%mmmﬁa%hém?&%%%%&}% mtmgrm@%@ge 57 of CXCR4+ cells from
' io

hESCs differentiated in the presence of high activin A yields a population that is highly enriched for

and substantially pure definitive endoderm.
EXAMPLES

[0187] Many of the examples below describe the use of pluripotent human
cells. Methods of producing pluripotent buman 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 US, Patent
Application Publication No. 2004/0229350, the disclosures of which are incorporated

herein by reference in their entireties.



EXAMPLE 10 Quantitation of Definitive Endoderm Cells in a Cell Population Using CXCR4 [0239]
To confirm the quantitation of the proportion of definitive endoderm cells present in a cell culture or cell
population as determined previously herein and as determined in United States Provisional Patent
Application No. 60/532,004, entitled DEFINITIVE s£NDODERM, filed December 23, 2003, the
disclosure of which is-incorporated herein by reference in its entirety, cells expressing CXCR4 and
other markers of definitive endoderm were analyzed by FACS. [0240]Using the methods such as those
described in the above Examples, hESCs Wemzé thated to produce defmitive endoderm. In
particular, to increase the yield and purity in HittasaRigigs cell cultures, the serum concentration of the

medium was cont[ﬁéé%/bas fallows: 0.2% FBS?an d&a(i 1.0% FBS on day 2 and é.O% EBS on days 3-6.
st X

Differentiated cult ere SSM&F by PRES %Iélcgoﬁvs?u?f’é’&%“bpl & pBUPIESHHII T CX CR4,

and Thrombaonboyhslin. sGarted ise vpahu bt grisripetenthen analydiedd ye@RER tndefierwipamrelative
expression levels of.markers for definifi extrae ic-endader | as_qther;cell types.
Oxcr sor B e S e
endoderm cetibritainnesrecHgBass pistes [othet [Mubkeglagienh stmechaniksl shethnds ket mpkijels for a

definitive engodenim, siltuic thatyasHiRranbaled.Tom e GEsig e meiboesidesaringd herein.
Table 2 Composition of Definitive Endoderm Cultures Marker(s) Pércent of culture Percent Definitive
Endoderm PepeERumerary frozen embryo from an in vitro fertilization cycle following informed
consent by the. patient. Upon..thawing.the Ahatched,biasto‘cyst-«was plated on mouse -
embryonic fibroblasts (MEF), in ES medium (DMEM, 20% FBS, non essential amino
acids, beta-mercaptoethanol, and FGF2). The embryo adhered to the culture dish and
after approximately two weeks, regions of undifferentiated hESCs were transferred to
new dishes with MEFs. Transfer was accomplished with mechanical cutting and a brief
digestion with dispase, followed by mechanical removal of the cell clusters, washing and
re-plating. Since derivation, hESCyt-25 has been serially passaged over 100 times. We
employed the hESCyt-25 human embryonic stem cell line as our starting material for the
production of definitive endoderm. |
{0189] It will be appreciated by those of skill in the art that stem cells or other
pluripotent cells can also be used as starting material for the differentiation procedures
described herein. For example, cells obtained from embryonic gonadal ridges, which can

be isolated by methods known in the art, can be used as pluripotent cellular starting

material.

EXAMPLE 2
hESCyvt-25 Characterization .

[6190] The human embryonic stem cell line, hESCyt-?.S has maintained a
normal morphology, karyotype, growth and self-renewal 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 &8 morphology identical to other established hESC
lines. Furthermore, the human stem cell line, hESCwyt-25, also readily forms embrysid
bodies (EBs) when cultured in suspension. As a demonstration of its pluripotent nature,
hESCyT-25 differentiates into various cell types that represent the three principal germ
layers. Ectoderm production was demonstrated by Q-PCR for- ZIC1 as well as
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immunocytochemistry (ICC) for nestin and more mature neuronal markers.
Immunocytochemical staining for B-III tubulin was observed in clusters of elongated
ceils, characteristic of early neurons. Previously, we treated 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 VE, by 54 hours of treatment. Cells differentiated in
monolayer expressed AFP in sporadic patches as demonstrated by immunocytochemical
staining. As will be described below, the hESCyT-25 cell line was also capable of
forming definitive: endoderm;-as -validated - by realstime quantitative ‘polymerase chain
reaction (Q-PCR) and immunocytochemistry for SOX17, in the absence of AFP
expression. To demonstrate differentiation to mesoderm, differentiating EBs were
analyzed for Brachyury gene expression at several time points. Brachyury expression
increased progressively over the course of the experiment. In view of the foregoing, the
hESCyT-25 line is pluripotent as shown by the ability to form cells representing the three

germ layers.

EXAMPLE 3
Production of SOX17 Antibody

0191} 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.

[0192] The marker SOX17 is expre.ssed throughout the definitive endoderm as
it forms during gastrulation and its expression is maintained in the gut tube (é]though
levels of expression vary along the A-P axis) until around the onset of organogenesis.
S8OX17 is also expressed in a subset of extra-embryonic endoderm cells. No expression
of this protein has been observed in mesoderm or ectoderm. It has now been discovered
that SOX17 is an appropriate marker for thé definitive endoderm lineage when used in
conjunction with markers to exclude extra-embryonic lineages.

{0193} As described in detail herein, the SOX17 antibody was utilized to
specifically examine effects of various treatments and differentiation procedures aimed at
the production of SOX17 positive definitive endoderm cells. Other antibodies reactive to
AFP, SPARC and Thrombomodulin were also employed to rule out the production of

visceral and parietal endoderm (extra-embryonic endoderm).
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[0194]  In order to produce an antibody against SOX17, a portion of the human
SOX17 ¢cDNA (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. W(C00/29442 and
WQ099/13915, the disciosures of which are incorporated herein by reference in their
entireties.

[0195] Other suitable methods for genetic immunization are also described in
the non-patent literature. For example, Barry et al. describe the production of monoclonal
antibodies by genetic immunization in Biotechniques 16: 616-620, 1994, the disclosure of
which is incorporated herein by reference in its entirety. Specific exampies of genetic
immunization methods to produce antibodies against specific proteins can be found, for
example, in Costaglia et al., (1998) Genetic immunization against the human thyrotropin
receptor causes thyroiditis and aliows production of monoclonal antibodies recognizing
the native receptor, J. Immunol 160: 1458-1465; Kilpatrick et al (1998) Gene gun
delivered DNA-based immunizations mediate rapid production of murine monoclonal
antibodies to the FIt-3 receptor, Hybridoma 17: 569-576; Schmolke et al., (1998)
Identification of hepatitis G virus particles in human serum by E2-specific monoclonal
antibodies generated by DNA immunization, J. Virol. 72; 4541-4545; Krasemann et al,,
(1999) Generation of monoclonal antibodies against proteins with an unconventional
nucleic acid-based immunization strategy, J. Biotechnol. 73: 119-129; and Ulivieri et al., .
(1996) Generation of a monoclonal antibody to a defined portion of the Heliobacter
pylori vacuolating cytotoxin by DNA immunization, J. Biotechnol. 51: 191-194, the
disclosures of which are incorporated herein by reference in their entireties.

[0196] SOX7 and SOX18 are the closest Sox family relatives to SOX17 as
depicted in the relational dendrogram shown in Figure 3. We employed the human SOX7
polypeptide as a negative control to demonstrate that the SOX17 antibody produced by
genetic immunization is specific for SOX17 and does not react with its closest family
member. In particular, SCX7 and other proteins were expressed in human fibroblasts,
and then, analyzed for cross reactivity with the SOX17 antibody by Western blot and
ICC. For example, the following methods were utilized for the production of the SOXI?,

SOX7 and EGFP expression vectors, their transfection into human fibroblasts and



Total 100 100 100 100 58 102421In particular, Table 2 indicates that CXCR4 and SOXI 7 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 AFP (visceral
endoderm). After subtracting the proportion of TMgpositive and APP-positive cells (combined parietal
and visceral endoderm; 3% total) from the proportion of SOX17/CXCR4 positive cells, it can be seen

nt cbout O34 24004/ CELGUM Ve AN SPOOSRE ARG of

erin (ECAD), which'Is a ma about 10-209 of the
cells were ofS6tier eedl BER. {ora 3f\lyeVisdieridisee acaelegithelperiBook ddfiniiie) epddtiérm in the

differentiatingmeefl -yl g Ibabare aisiaedionia K PEPATAERN L85, Pe lprensd @gompared
to the above-described low serum procedure by maintaining the FBS concentration at 50.5%

throughout tHEESEIMely-difierdptsid ATpruckeRr lpwesseimmaniiaahyHPE demanififehlass 50

throughout thesR-Geasiferanialion PRAGOE QAR RAUIS i 3rackeesk nﬁmﬂ%fa%@qb@@ﬁnitive
endoderm c ils that are ro%%cger [021;?)4] Dgag itive endoderm cells produced by methods
X

d.
described hetBIATRSGR: bEaH i Sibd arfiilx d WFRSRUPEIR FRYIFEderCe MR IBATOr greater
than 50 daysruvithatioappreCiablcTRIBISOLALIIS),) N FUSHVERREY, SOXEDS EGRUMNLbIGATAS,
HNF313 expression is maintained over the culture period _Additionally, TM, SP OCT4, AFP,
SOX7, 2101 T IR B el g e o e B e R e
maintained ahg eXpeatetecbintautalysisef S@fstantibitiiiviay erdhams SSpaysdvin @RS EHaie .
differentiati LE 31 if] init] | I he,following
experiment?%ﬁgﬁvglg s%aé?%%gnﬁgﬁ é#(ﬂi%ﬁ%ﬁ/%%\%%g ?’rﬁ %gr% %lﬁ@%é%%%%%%ﬁg% cell
populations.c&setie-biegiagsraronel YHe mamhivpet GYcguies ciip hrufysieubete RkbAZrdMM0®8ch purified
population. QiRGR wemakR Q@mmq.gertﬁﬁtwmmt@mlﬁeggmjah% gEReRfPaFsed in
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definitive endoderm, but not in embc?/qnic stem cells, as a marker for defmitive endoderm. [0246]

¥ r R
Human emb%icosqgrﬁ/ e dIREARESS) Fde Thakmbin M th-Diftaviad: Binelialieg fihemmaaiss with 20%
KnockOut Sestjngaeplasemens padinbictambioetdihanbasicfibyohlest grovdhHagianbFGF), 0.1

niM 2-merca{%€%gltgl ntgxl'btliégl%acrc%r}esiack Alkaline Phosphatase staining (Vector Laboratories,
Burlingame, CA). The proteins size standard used was wide range color markers (Sigma,
St. Louis, MO).

N [0197] - In Figure 4, protein extracts made from human fibroblast 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 a band of ~51K.da which closely matched the predicted 46 Kda
molecular weight of the humén 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 cellb transfected with
EGFP alone. As such, the SOX17 antibody exhibits specificity by ICC.

EXAMPLE 4
Validation of SOX17 Antibody as a Marker of Definitive Endoderm
[0198] Partially differentiated hESCs were co-labeled with SOX17 and AFP
antibodies to demonstrate that the SOX17 antibody is specific for human SOX17 protsin
and furthermore marks definitive endoderm. It has been demonstrated that SOX17,
SOX7 (which is a closely related member of the SOX gene family subgroup F (Figure 3))

and AFP are each expressed in visceral endoderm. However, AFP and SOX7 are not



59 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 (PBS), and penicillin/streptomycin. The concentration of FBS was varied
each day as follows: 0.1% (first day), 0.2% (secord day), 2% (days 3-5). [0247]Cells were isolated by
fluorescence activated cell sorting (FACS) in order to obtain purified populations of hESCs and
definitive endoderm for gene expression anﬁ sis, Irrununo-purification was achieyed for hESCs using
SSEA ant SER TRED SRR AR AT CA UL B YT G e oIS R (RaD
Systems, catthpidd H3m}gaibhs merkerdifsdniatfdeudsfigitiyp sl (dhyitmeen, $et#25300-054),
washed in p te buffe aline QZBS ntaining 2% human serum and resuspended in 100%
Poman sor RO S e g OB B R 2 A S G e S b For 30
minutes on iséctyingldinyiB0A TR pbpitiyesehsthiinpanioyatell aneiod ghons tha06red sumB&S ul human
serum. Cellspgsx weshrasmica il Baulel RES hllerendesuspended i auplibgsame. FACS
S R ga %

isolation was carried out by the core facility of The Scripps Résearch fnstltute usin Vantage

(BD BioscieHeasJittens iredlolktieindhedin/drmb ¥ §/sksbefBigard BN ASWaiadyl fisdey RNeasy
according iR EnaRacky RES y&amﬁsm&a (Q@g%%l-é@%éﬂﬂ?dﬁ%%&ﬁ%‘&ﬂ%ﬁ%ém Higg |/ duplicate

to Expression-Analysis (Durham, NC) for generation of the expression profile data using the Affymetrix

platform andg¥8% Piiis So BaEHA SIS RS HYEI 8BHiaE Thrairbamedulipddevicdisbs BretPcomparison
that identificig geifesisifisrsotiallyaxpiaases hakwandiie dsenpopuadinns hE$Gsepdkdefinitive.
endoderm. GGenes that exhibite stu d.change in expression level over that found in hESCs
were select? ad} 8%%%?%@5@ E\é%tjgrscﬁ%%{% Fﬁﬁﬂl%%h%ﬁg%{aﬁgtiﬁ%fg dEERIRO DG dBYm. Select
genes wererasdayeatl iyr@tRRR od dFdastlibed above, to verify the gene expression changes found on
the gene chip and 0 investigate X i ttern of these genes during a time course of
hESC differentiatio@. 0249] |gl?r%q§ 3‘?&% %givgtﬁglgzarﬁ%ﬁen%r%x sion r’%tsstjIpsglei‘olfii é:lé%gino?ngrkers.

Results are dpitiye ¢ndpdeimcentlices hnaijreishedband s raysafrofiln S QAUiTOMEP LATMY/mI activin

A, CXCR4-expipssied definifivr.endnderm celirpusiied aliResng ofdhe fie gay.diffareqiiation
procedure (CXDE), and in purified hESCs. A comparison of Figures 34C and G-M demonstrates that

the six markEPHEReE e Y wrkearbirh sobecscterioiconr vistaabrirdemnmsid te Sression
pattern thatds siraeat igRAtiGs) ihith sachathesrand wihiehisalsaidepticahiathanaliemyef expression
of CXCR4 and the ratio o S§)§17/50X7. As described previously, SOX17 is expressed in both the
definitive eroadRTHE WS 29 the EIREES §s1°h"£;Ip R RS AR ot rRABIHCESOX7 is not
expressed idefe tilefieritivécendoderm, the ratio of SOX17/S0X7 provides a reliable estimate bf

definitive endoderwtribu i(S)n toathelfs e%? eé%r %%L’on Wifne;sﬁ}gd in th(ggao ulation as a whole. The
similarity of panels G-L and M to panel Cindicates fat FGF 7, F, GR{ K'oxti, KOR1 and

CRIP1 are IB@KIMAAES/ EMIYSRNRE Endedenpesfilthat theyinte nofsigeiicartlyeadpdessed in
extra-embrenie ndRiepp Lells-1A2a001 il e ARRISEIa e iRA G (iR SR lsgibed herein

can be further confirmed by 1ICC. EXAMPLE 12 Generation of SOX17 Promoter-EGFP Transgenic
hESC Lines*aHbrexettledrsHiords seespim Fagiggeidic HSSE treated with retinoic acid (visceral .

endoderm inducer), or activin A (definitive endoderm inducer), resulted in a2 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 8A, activin A treatment of hRESCs suppressed AFP gene expression by 6.8-fold
in comparison to no treatment. 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 quantify this
further, it was demonstrated that this approximately 7-fold decrease in AFP gene
expression was the result of a similar 7-fold decrease in AFP antibody-labeled cell
number as measured by flow cytometry (Figures 9A-B). This result is extremely
significant in that it indicates that quantitative changes in gene expression as seen by Q-

PCR mirror changes in cell type specification as observed by antibody staining.



[02511As an alternative to purification of definitive endoderm using the CXCR4-specific antibody,
EGFP fusions to either the SOX17 or the CXCR4 promoters can be used. In particular, this Example
describes the construction of a vector comprising a reporter cassette which comprises a reporter gene
under the control of the SOX 17 regulatory regiong@dditionally, the construction of a vector comprising
a reporter cassette which comprises a reporter gene under the control of the CXCR4 regulatory region
is described. This Example also describes the pregaration of a cell, such as a human embryonic stem

cell, transfected withe8hk or FEFRa5PMALRER afrge of Sdadab {amilvremRers iedalof these
reporter casgaties Kiagialad iAte itsNeAYTRulted (@20 Nt iR ssingndermiivibegdoderm cell
lines and CXRC4- expressing definjtive endoderm cell lines genetically tagged with a_reporter gene
are construclfg’aq?ﬁl ‘fﬁﬁ%ﬂ@cﬁ P Igeﬁgif?@? 38 8%8?%@%g'ﬁﬁ&eﬁﬂﬁgtréﬁﬁﬁ{%?&?gho({)romoter)
of the SOXlikgeille axibiabBXGRA SR idsjiegiive VO AR, Tipasmigedensiiuet teluHaielsFP
expression is dri by the hum OX17 or CXCR4 gene promoter is generated by replacing the
CmV promo?gr oﬁgc o?rng%ﬁD‘?ﬂaff ojtﬁ?ggﬁf%(tv’lth the human SOX17 or CXCR4 control region.
These control regi@@ébntaihi_t&}mmdimiwdwégmm@y@@tg@msthf:eiﬂﬁsmﬂw@@ﬁ))ﬁll%@_r the
CXCRA gengy By LIRGYdp aidlianh WRD e AakeaNERRlP R AR1OR kNP weRes,

transgenic mice. In 61 the resulting vector, expression of EFGP Is driven by either the SOX17

promoter or BEsEXCRUnstRte ez S5 HTe iEXsdontie et farsiliteintivan BeerdSidctatitndy hESCs.
[0253] The 3Qechi-RIOMUMEE GFRgasSalte gLl Lk e B romeierE GRR Gasseligdmaxsised from

the above vector, and then subcloned into a selection vector containing the neomycin :
phosphotrar%?é"?g’éé‘ﬁgpé?we (FaRerditol-or eI raR ae gl pna sl BgRsBtaTe fhe%élection

cassette is flandetd byatfipregemiynaSEEL gaitioFPS{iascto-dliadamn)al Dithasasseegsthis
selection vector is linearized, and then introduced into hES ing standard lipofection methods.
Folloning 10 asyE B EOER A AT TR AR S C L PSP SRR Erev G e and
expanded. [G2540T lalkibe apisrendadechtitatibpoergencthothertbhonGFR BP BRRR ead tie used in
any of the a - i Jet Vi hat the reporter allows for cell separation by FACS
EXAMPLE ﬁ%ﬁfﬁ%ﬁ?&?@ﬁ%ﬁ% %g%%%@eg ndoderm [0255]The following Example demonstrates
that hESCs comprising a SOX17 or CXCR4 promoter/EGFP cassette can be differentiated into
definitive endoderm cells and then subsequenily isgated by fluorescence-activated cell sorting
(FACS). . [0256] SOXI 7 or CXCR4 promoter/EGFP transgenic hESCs are differentiated for
approximately 6, 12 and 18 hours in ¢t AHERRIRPEBISIMARSAED0 ng/ml activin A and no serum. The
differentiated cellsjgge3pen haikeSarbiny ¥Rpirpigrs!ienianf-sqiiadiama Recor Riskioggn FACS
Diva directly intohRNA lysis buffer or%‘l%S. A sample of single live cells is taken withoutgatlng for
EGFP and S5 & VB B S HAREIntY B PR8I SHRG P A i Ve BBt 8nEEH 2 separate
experiment,diffefe@ikiopo it yefiiactio)reistparatecirdadue efpally sipedspapwiatiensigeadrding to

fluorescence | ity (Hi and Lo). [02571Eqllowing softi opylations are analyzed by both
O-PaR and T b e A B R R M R BES AR ey
columns an@fthéa cissivedtess tovellNis. @ifesiRds edhdipesd werelesoribaadpriovigainlys Fentter

inununocytagherstnl ANAIVRIS, &R Q&%a’%f?i@?@ﬂﬂ{@ é%ﬁaﬁmﬁésﬂ;f%&@@%%&éﬁé}ﬁ% Q-PCR

paraformaldehyde, and adhered to glass slides using a Cytospin centrifuge. The primary antibody
SOX17 or CHREIRES ARGt olbTiatdTs@eotaatyvittinshitshe gase Plodeyrioniga 1) veriseamine
(Red) is useddadetactiingingned HagueHfBary:fliOfilable. Furthermore, the extremely high

sensitivity of Q-PCR permits detection of gene expression from a relatively small number

ROAAER SV 3

of cells within a much 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 a particular differentiation pathway, prior to the overt differentiation of
those cellular phenotypes, is unrecognizable using immunocytochemical techniques. For
this reason, Q-PCR provides a method of analysis that is at least complementary and
potentially much superior to immunocytochemical technigues for scresning the success of

differentiation treatments. Additionally, Q-PCR provides a mechanism by which to



62 [0258]Sorted cells are further subjected to Q-PCR analysis. Differentiated cells show a correlation
of EGFP fluorescence with endogenous SOX17 or CXCR4 expression gene expression. Compared to
non-fluorescing cells, the EGFP positive cells show a greater than 2-fold increase in SOX17 or CXCR4
expression levels. The separation of high and lowyEGFP intensity cells indicates that EGFP expression
level correlates with SOX17 or CXCR4 expression level. In addition to SOX17 or CXCR4 mRNA

analysis, soréeglefl sy asiRiacied teifrarmingeyioehetaisiny anaklmisaatsQxia ar taxiRipolypeptide
(in embodiments where CXCR4/EGEP fusions are used, SOX17 polypeptide expression is analyzed

and in cases PRI HLEER ¥iSions are used, CXCRA4 polypeptide expression is analyzed).
Substantial expressizo4f eitheethepbéail TabeCheiREap olypepfidas einibe geaniistite wimiched in the

EGFP positi cilon. In.contrast, little, expressi either the 17 o CXCRA polypeptides is
seen in the é%rgg #gﬁearﬁ\?gefpalséttri%r??[é T&@%I}\%;begséeur%gu siné?%;ﬁé %%{35 473 oafl%ﬁé/ %é S present in
the differentisitgdRBIPCRtdirenabridiuch sortippgreach SMwer Gt CiR4bpuisitiy o Ccfihitiveamptisdiorm cells. At
least about 900 ot dRdng aeriegkealipopuiatipns ate RO GXERpasiive defigitive
endoderm ce%éyg%,gf/léﬁgﬂ Passageéj%f D}eainitive Endoderm Ceilﬂsgin Cultutr% [0260r]This Example
demonstrateBatfaripteod effiticns e hedgemisaatssdescribed herein can be maintained in cell culture and

passaged without fygsaa differgniialion. 0 e iAeliniveecadaderancsliswesendifreentiajgehfrom two
related passages, designated EB and EV, of the CyT25 |ESC line in the presence of 100 ng/ml activin

A in low-ser RN o1 -2t Heamhy§ L R e Pessiiein gy i, (7%) resa  BBRin el r drterelsidh day 1,

0.2% (v/v) FEgmRatayhwhRadcaY6:68 Wehameaahdamthateaiten Afendeundays ghdiffergetiation, the

cells maintained,in c'%I#fre in either the presence or absence of 100 nrglm %:tivirf f?r a total of 36
ik i : A Shniive

A
days as mea¥lP&f B8 RO R RO R D B G He SE BB P R et
endoderm ceils AvereyflassagedfivoedFurthermore, on days 29-36 the cells of the group designated
EV were additionall tactgg with 50 mg/mj EC -days 4,9, 23, 29 and 36 of.culture, QPCR
was used to meaSLﬁréeE QQ exrf‘?é%é?é‘ﬁ“oe %ggp&legg%e%%zg;r%%é%etggf%?g m?ﬁ{)/%%esﬁo 00 exrlﬁg. 8
[0262]Figurem@BasD» Elogetiand, hoeddt guiingtbtyproviduden ith rovidgyanbreadiphefile dsgsiion of the

definitive endode &ﬁ{éﬁﬁnsi%e%aﬁ;%s.M%%aﬁ@s%%twwwgyf%ﬁwz day

culture period subsequent to the derivation of the definitive endoderm cel [IESCs (days 4 to 36).

Little expres§idisrentiatien nisnrafcolys 656ErIEd iRtRRIeBLcHESEE MofPaderE aaer@Em8f activin A.

Addition of 5ehna{ai &l sisHRot-aRPRAr RisIORHICRRY IsrRASetherewerRsien.Rf ary pfethe

definiive engoperTt BaTkers X AMELE A5 RBRIRRN oL ulied Refinfive Endoderm Cell
Thjs is an important fact since the hESCs were often grown on mouse feeder layers.
Most typically, triplicate samples were taken for each condition and independently
analyzed in duplicate to assess the biological variability associated with each quantitative
determination. |

[0207) To generate PCR template, total RNA was isolated using RNeasy

(Qiagen) and quantitated using RiboGreen (Molecular Probes). Reverse transcription
from 350-500 ng of total RNA was carried out using the iScript reverse transcriptase kit
(BioRad), v\‘fhich contains a mix of oligo-dT and random primers. Each 20 pl reaction
was subsequently diluted up to 100 pL total volume and 3 pL was used in each 10 pL Q-
PCR reaction containing 400 nM forward and reverse primers and 5 pL 2X SYBR Green
master mix (Qiagen). Two step cycling parameters were used employing a 5 second
denature at 85-94°C (specifically selected according to the melting temp of the amplicon
for each primer set) followed by a 45 second anneal/extend at 60°C. Fluorescence data
was collected during the last 15 seconds of each extension phase. A three point, 10-fold

dilution series was used to generate the standard curve for each run and cycle thresholds



[0263]This Example demonstrates that the definitive endoderm cells described herein can be
differentiated from hESCs, purified and then regrown and expanded in cell culture. [0264]Figure 36
shows the design of a definitive endoderrn purification/expansion experiment. In particular, definitive
endoderm cells were differentiated from the 96th ##&ssage of hESC line CyT25 in the presence of 100
ng/ml activin A in low serum RMPI. The low serum RPMI contained 0%(v/v) fetal bovine serum (PBS)
on day 1, 0.2%revA:RBSh08rEaYd WA R GRIDaBdeaC thilayathiRraaliere Aftes diventiayaiof
differentiation, the cells were sul?é(?cted to FAS&%:S : Eurifﬁatio% using antibody.against C)éC 4 as

|

described in FHE§o R £% REBUY PPt HATRH e RERE D PSRRI s coated
with poly-omatiirag cunetl Gyt Hdviatiens finrenadtil dedRibMbiplinisirsng286 PB Shandeslosienof the

following four th factor caonditions: dded fact 1100 na/mi agtivin A (A, 10 /ml activin
i and 100 NGO, SoT5b At Sl ko pel e Y R SR Ip e PO T S0
11, the expardededefititingiergodfmpraistvere ipdisstedcel ushingth@stantidel Try BEMRIIGA method.
cach of the g} BUIWER WEISLBRN SRoMBilRhRadstiienaiAfiday s aflstinRssRga@IaipAL 2] days
subsequent to the first contact with activin A). Samples of mMRNA were obtained at days 0, 5, 11 and
21 as indicatesdvef Riglieensgative cpotrebamd gareet smrlEyshow the expression of marker genes for

various embryonic gglbijres At ackgf theaampigine RRPLRI Rt Righ & stliiiggRadions. As
shown in Figures 37A-B, the definitive end@ferm markers SOXI7 and GSC were E‘I‘ér; expressed five

day old unpURREePHERnIRASERERIAR BAMES TS i We IR RBTBSHAL I8 npREs: eXftession is in
contrast to thakotshekbee macke saflFAGE il RIA Gp3pRAGY Sradteitthan p Rifieffitdenof definitive
endoderrn cells 1) the .6 pression of SOX17 and GSC expression remained high in each of
e cell culturt HoSt U S P e AR ¢ R A oo T civin
(Figure 37A-BheAisimilar oatisr nofrekzetesi onby ascasgfuk dWor titese sd dikerpESstaywfier passage
(day 21) (Figuse -B). No exp j ] Cs{(O egodesm

¥ %C'%det%%)ngl 4 aﬁfﬁ?&i&)ﬂrﬁ’z RIS PR KA. R1BRR S A ﬁirffgrﬂ‘ E%‘Z

(brachyury), or e r SOX1) was observed in any of the cell culturés subsequent to

purification. THisagistilindiodtenmepibigretsrehais 13680 drd Edisdiervrtern TS @a%br cells of
the other two,gmBryomic LELINeAIGS L BRIABRRRSERSE O arivViBAHMERS thatFdeA02661The

methods, compositions, and devices described herein are presently representative of preferred

embodiment&SrerkerEsSHRIRsRPREV it RTERfd RIS B firmstiohd Brreriaes R bR ention
Changes thesgiandiednie usesimiisqesirfte Hopselsilies imheae\ybith atRisreDeopassad within the
spirit of the invention and are defined by the i:o e of the disglosure. cordirégl , it will t%e pparent to
one skilled i TRESFPTh AT ATy Y rsﬁ‘B’setitﬁiC‘fﬁez afd S EEORE Ray B mad ?X?'tl%el vetition
disclosed hefiriapiiiouGleph Gd§ fromithiasceperarndizpint dithe foveliticamples. [0R&7tsAsfused in the
claims below hr. Q is.disclosyr Jconsisti j ‘i nt
including anﬁﬁfgﬁﬁgrﬁﬁ&éﬁé‘gﬁgg ﬁé{ rg%rg%é},) %%%%ﬁn%@ﬁg%%ﬁ%gg?e@rlngeﬁg% %%%§%§%%§rfere with
or contributearitineraetpsithoretiebdiyspidbmivipity hecersepRgroforaeslisted elements. Thus, the
phrase "consisting %?ﬁﬁj}tim%‘?féﬂ'”%%mﬁg“@éﬁ&e fstedelemenis Ale.fRauiteser mandatgry, but that

other elements are optional and may or may not be present degending upon whether or not they affect

the activity oPReESh BrdpeTRe BRFRENS BER EHEESIIDI6BTN hERamy ekt S PHRESNt -

references haagpheer e indbRpre septhatent appicstian. Erchmandeyeans refgronee that is cited in
this patent a%plicag%n is,incorporated py referepce herein in its entiﬁg}%{OZG%For som%references,

the complete EtafiBA & RPHEs ERD BB PPERPSRIBY AR TS HBHPDF the text
is by author aadyygatnthey@empicie itdtioiardieing e faitbws spi? 60 rlexathdenrd diRetheiligrg, M.,

Henry, G. L"e%{a‘%s%é%'?ﬂegéf?nit}{vb endoderm and extra-embryonic endoderm. These genes as well as

their relative enrichment profiles are highlighted in Table 1.
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visceral endoderm. liver
SPARC | parietal endoderm
™ parietal endoderm/trophectoderm
Ectoderm ZIC1 neural tube, neural progenitors
Mesoderm BRACH | nascent mesoderm
[0210] 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 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.

[0211]

Definitive endoderm cells were predicted to express high levels of
SOX17 mRNA and low levels of AFP and SOX7 (visceral endoderm), SPARC (parietal

endoderm) and Brachyury (mesoderm). In addition, ZICT was used here to further rule

out induction of early ectoderm. Finally, GATA4 and HNF3b were expressed in both

definitive and extra-embryonic endoderm, and thus, correlate with SOX17 expression in

definitive endoderm (Table 1). A representative experiment is shown in Figures 11-14

which demonstrates how the marker genes described in Table 1 correlate with each other

among the various samples, thus highlighting specific patierns of differentiation to

definitive endoderm and extra-embryonic endoderm as well as to mesodermal and neural

cell types.
{6212}

resulted in increasing SOX17 gene expression.

In view

of the above data it is clear that increasing doses of activin
Further this SOX17 expression

predominantly represented definitive endoderm as opposed to extra-embryonic endoderm.

This conclusion stems from the observation that SOX17 gene expression was inversely
correlated with AFP, SOX7, and SPARC gene expression.
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[0285]Hogan,, . (1997 oten em cells, and met s of kln

Vanderbilt U ‘Tﬁ)%gﬁlg dtt.li’ verCFr ré)r%?mgawmgerT réﬁlﬁte s %egllr#b%’t@and
Strickland, _&oﬂ&%}n&msmbm@d&ﬁﬁ&@hsﬁ@ﬁi&@tﬂ;ﬁr&@éﬁlptmemwrmheae m@ﬁy& eanty gonads.
leferentlatloenct%ge%%lzéﬁd mesodermal derivatives as marked by ZIC1 and Nestin (ectoderm) and

Brachyury (mesoderm) .expression. Definitive endoderm cell appearance has not been

examined or specified for lack of specific antibody markers in ES cell cultures. As suéh,
and by default, early definitive endoderm production in ES cell cultures has not been well
studied. Since satisfactory antibody reagents for definitive endoderm cells have been
unavailable, most of the characterization has focused on ectoderm and extra-embryonic
endoderm. Overall, there are significantly greater numbers of extra-embryonic and
neurectodermal cell types in comparison to SOX17" definitive endoderm cells in
randomly differentiated ES cell cultures. |

[0214] As undifferentiated hESC colonies expand on a bed of fibroblast
feeders, the cells at the edges of the colony take on alternative morphologies that are
distinct from those cells residing within the interior of the colony. Many of these outer
edge cells can be distinguished by their less uniform, larger cell body fnorphology and by
the expression of higher levels of OCT4. It has been described that as ES cells begin to
differentiate ihey alter the levels of OCT4 expression up or down relative to
undifferentiated ES cells. Alieration of OCT4 levels above or below the undifferentiated
threshold may signify the initial stages of differentiation away from the pluripotent state.

[0215] When undifferentiated colonies were examined by SOX17
immunocytochemistry, occasionally small 10-15-cell clusters of SOX17-positive cells
were dstected at random locations on the periphery and at the junctions between
undifferentiated hESC colonies. As noted above, these scattered pockets of outer colony
edges appeared to be some of the first cells to differentiate away from the classical ES
cell morphology as the colony expanded in size and became more crowded. Younger,
smaller fully undifferentiated colonies (< Imm; 4-5 days old) showed no SOX17 positive
cells within or at the edges of the colonies while older, larger colonies (1-2 mm diameter,
> 5days old) had sporadic isolated patches of SOX17 positive, AFP negative cells at the

periphery of some colonies or in regions mterior to the edge that did not display the
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Exposure to Nodal factors activin A and B resulted in a dramatic decrease in the intensity

-of TM expression.and-the.number.of T™M gﬁositive cells. By triple labeling-using SOX17;
AFP and TM antibodies on an activin treated culture, clusters of SOX17 positiv-e cells
that were also negative for AFP and TM were observed (Figures 16A-D). These are the
first cellular demonstrations of SOXI17 positive definitive endoderm cells in
differentiating hESC cultures (Figures 16A-D and 17).

(0217} With the SOX17 antibody and Q-PCR tools described above we have
explored a number of procedures capable of efficiently programming hESCs to become
SOX17"/AFP® / SPARC/TM" definitive endoderm cells. We applied a variety of

. differentiation protocols aimed at increasing the number and proliferative capacity of
these cells as measured at the population level by Q-PCR for SOX 17 gehe expression and
at the level of individual cells by antibody labeling of SOX17 protein. #

[6218]  We were the first to analyze and describe the effect of TGFB family
growth factors, such as Nodal/activin/BMP, for use in creating definitive endoderm cells
from embryonic stem cells in in vitro cell cultures. In typicaiiexperiments, activin A,
activin B, BMP or combinations of these growth factors were added to cultures of
undifferentiated human stem cell line hESCyt-25 to begin the differentiation process.

{02191 As shown in Figure 19, addition of activin A at 100 ng/ml resuited in a
19-fold induction 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 in a 37-fold induction over undifferentiated hESCs by day 4 of
combined activin treatment. Finally, adding a third member of the TGFB family from the
Nodal/Activin and BMP subgroups, BMP4, together with activin A and activin B,
increased the fold induction to 57 times that of undifferentiated hESCs (Figure 19).
When SOX17 induction with activins and .BMP was compared to no factor medium

controls 5-, 10-, and 15-fold inductions resulted at the 4-day time point. By five days of
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Dov Bl 215, Uty [0SO KU s i PO P
Tachibana,tbgethekekir BMB4 kisidikiavaddiByve increases in SOX17 induction-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 invention, it is therefore
valuable to remove BMP4 from the treatment within 4 days of addition.

[0222] To determine the effect of TGFP factor treatment at the individua) cell
level, a time course of TGFP factor addition was examined wsing SOX17 antibody
labeling. As previously shown in Figures 10A-F, there was a dramatic increase in the
.relative purnber of SOX17 labeled cells over time. The relative quantification (Figure 20)
shows more than a 20-fold increase in SOX17-labeled cells. This result indicates that
both the numbers of cells as well SOX17 gene expression level are increasing with time
of TGFP factor exposure. As shown in Figure 21, after four days of exposure to Nodal,
activin A, activin B and BMP4, the level of SOX17 induction reached 168-fold over
undifferentiated hESCs. Figure 22 shows that the relative number 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 cell number.

{0223} In addition to the TGFp family members, the Wut 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).

[0224} 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 expression in the
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EXAMPLE 7

Chemokine. receptor. 4. (CXCR4) expression correlates with markers for definitive-

endoderm and not markers for mesoderm. ectoderm or visceral endoderm

[0226] As described above, hESCs can be induced to differentiate to the

definitive endoderm germ layer by the application of cytokines of the TGFp family and
more specifically of the activin/nodal subfamily. Additionally, we have shown that the
proportion of fetal bovine serum (FBS) in the differentiation 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 concentration has much milder effects on the differentiation process of hESCs.

(0227} In these experiments, hESCs were differentiated by growing in RPMI
medivm (Invitrogen, Carlsbad, CA;.cat# 61870-036) supplemented with 0.5%, 2.0% or
10% FBS 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/mi of activin A. After the 6 days, replicate
samples were collected 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.

[0228] ‘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 treated cultures, CXCR4 expression was highest when FBS

concentration was lowest, There was a remarkable decrease in CXCR4 level in the 10%
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{0236}  Ectoderm and mesoderm lineages can be distinguished from definitive
endedenm-by-their-expression of-various markers. Early mesoderm expresses the genes - - -
Brachyury and MOX1 while nascent neuro-ectoderm expresses SOX1 and ZIC1. Figures
28A-D demonstrate that the cultures which did not receive exogenous activin A were
preferentially enriched for mesoderm and ectoderm gene expression and that among the
activin A treated cultures, the 10% FBS condition also had increased levels of mesoderm
and ectoderm marker expression. These patterns of expression were inverse to that of
CXCR4 and indicated that CXCR4 was not highly expressed in mesoderm or ectoderm
derived from hESCs at this developmental time period.

[6231] Early during mammalian development, differentiation to extra-
embryonic lineages also ocours. Of particular relevance here is the differentiation of
visceral eﬁdoderm that shares the expression of many genes in common with definitive
endoderm, including SOX17. To distinguish definitive endoderm from extra-embryonic
visceral endoderm one should examine a marker that is distinct between these two.
SOX7 represents a marker that is expressed in the visceral endoderm but not in the
definitive endoderm lineage. Thus, cuiture conditions that exhibit robust SOX17 gene
expression in the absence of SOX7 expression are likely to contain definitive and not
visceral endoderm. It is shown in Figure 28E that SOX7 was highly expressed in cultures
that did not receive activin A, SOX’/‘ also 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.

[6232] The relative number of SOX17 immunoreactive (SOX17%) cells
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 ubiguitously distributed throughout the
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Differentiation conditions that enrich for definitive endoderm increase the proportion of
CXCR4 positive cells

[0233] The dose of activin A also effects the efficiency at which definitive

endoderm can be derived from hESCs. This example demonstrates that increasing the
dose of activin A increases the proportion of CXCR#4" cells in the culture.

[0234) hESCs were differentiated in RPMI media supplemented with 0.5%-
2% FBS (increased from 0.5% to 1.0% to 2.0% over the first 3 days of differentiation)
and either 0, 10, or 100 ng/ml of activin A. After 7 days of differentiation the cells were
dissociated in PBS without Ca®*/Mg” containing 2% FBS and 2 mM (EDTA) for 5
minutes at room temperature. The cells were filtered through 35 pm nylon filters,
counted and pelleted. Pellets were resuspended in a small volume of 50% human
serum/50% normal donkey serum and mmcubated 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. Cells were washed by adding 5 ml of PBS containing
2% human serum (buffer) and pelleted. A second wash with 5 rﬁl of buffer was
completed then cells were resuspended in 50 ul buffer per 10° cells. Secondary antibody
(FITC conjugated donkey anti-mouse; Jackson ImmunoResearch, cat# 715-096-151) was
added at 5 pg/ml final concentration and allowed to label for 30 minutes followed by two
washes in buffer as above. Cells were resuspended at 5x10° cells/ml in buffer and
analyzed and sorted vsing a FACS Vantage (Beckton Dickenson) by the staff at the flow
cytometry core facility (The Scripps Research Institute). Cells were collected directly
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gastrulations; MapHe. 364 cafdredledl (Figures 30A-C). The CXCRA™ 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 CXCR4" cells correlates with a robust increase in definitive endoderm gene expression

_as activin A dose is increased (Figures 31A-D).

EXAMPLE 9
Isolation of CXCR4 positive cells enriches for definitive endoderm gene expression and

denletes cells expressing markers of mesoderm. ectoderm and visceral endoderm
[0236] The CXCR4" and CXCR4" cells identified in Example 8 above were

collected and analyzed for relative gene expression and the gene expression of the parent

populations was determined simultaneously. _

10237] The relative levels of CXCR4 gene expression was dramatically'
increased with increasing dose‘ of activin A (Figure 32). This correlated very well with
the activin A dose-dependent increase of CXCR4" cells (Figures 30A-C). It is also clear
that isolation of the CXCR4" cells from each population accounted for nearly all of the
CXCR4 gene expression in that population. This demonstrates the efficiency of the
FACS method for collecting these cells.

[0238]  Gene expression analysis revealed that the CXCR4" cells contain not
only the majority of the CXCR4 gene expression, but they also contained gene expression
for other markers of definitive endoderm. As shown in Figures 31A-D, the CXCR4" cells
were further enriched over the parent A100 population for SOX17, GSC, HNF3B, and
MIXL1. In addition, the CXCR4" fraction contained very little gene expression for these
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
population. This A100 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



WHAT IS CLAIMED IS: I.A method of expanding definitive endoderm cells in culture, said method
comprising the steps of; (a) obtaining a pell culture comprising definitive endoderm cells; (b) isolating
at least some of the definitive endoderm cells from at least some of the other cells in the cell culture,
thereby producing a cell population enriched in defmitive endoderm cells; and (c) culturing said cell
population enriched in definitive endoderm cells under conditions that permijt the expansion of said
definitive endedermrceliseils Foe MESdadiifaiaitniedvinetietnpseichde fifitiveh extivide/myéals Being mutt
potent cells that can differentiate into.cells of th t tub [ ' m. 3. The method
of claim | or BORWR ALl tie\il‘ien%%é?o%lé%%g;?g g’%ﬁ@&r%\agr?g%e wﬁgggé‘%%m cells. 4. The
method of claim 3, wherein said definitive endoderm cells are derived from human embryonic stem
cells (hRESCs). The method of claim 4, whereig{hg,epfainigg step comprises contacting hESCs with at
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markers of definitive endoderm were analyzed by FACS.

221

[0240]  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 d.ifferentiating cell cultures, the serum concentration of the medium
was controlled 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. Serted cell populations were then analyzed by
Q-PCR to determine relative expression levels of markers for definitive and
extraembryonic-endoderm as well as otber cell types. CXCR4 sorted cells taken from
optimally differentiated cultures resulted in the isolation of definitive endoderm celis that
were >98% pure. _

{0241} Takle 2 shows the results of a marker analysis for a definitive

endoderm culture that was differentiated from hESCs using the methods described herein.

Table 2

Composition of Definitive Endoderm Cultures

Percent Percent Percent Percent

of Definitive  Extrasmbryonic hES
Marker(s) culture  Endoderm endoderm cells
SOX1i7 70-80 100
Thrombomodulin <2 0 75
AFP <1 0 25
CXCR4 70-80 100 0
ECAD 10 0 100
other {ECAD neg.) 10-20
Total . 100 100 100 100




said cell culture with a reagent which binds to a marker expressed in said definitive endoderm cells but
which is not substantially expressed in said other cells present in the cell culture, and separating said
definitive endoderm cells bound to said reagent from said other cells present in the cell culture,
thereby producing a cell population enriched in defnitive endoderm cells. [l.The method of claim 10,
wherein said marker is CXCR4. 12. The method of any one of-claims 1 to 9, wherein said isolating

step comprises sepayasing fiyoreseantly-aheled definilve.eneqdasmn selisdror polabeleggells. 13.

The method of claim 12, wherein said fluorescently-labeled definitive endoderrn cells are labeled as a

result of the(esréasidrenersshEem g% dtorédee selbtdtcthe el epiay. PhdsseRoddf claim 13,

wherein the gxpregsion o EREPianMNter Sprial o e Xl Rianelen) kadThesmeihogef claim 13,
wherein the expression of EGFP_is under control of the CXCR4 promoter. 186. %’ﬁe method of any one
of claims ItofXBresnRe bR Saiscetl FHGSTEN O RIPL FERR SheRIPBOTINR S H MAPRHEYS A efinitive
endoderm calfe glogipastioahesenbibéd Theisngthad oficlainl kadudeeeirssaidopdpUiatontenriched in
definitive endoderm cells.ar. jon, thereaf is plated on a surface coated with human fibgonectin. 18.
The methodPBTRMAYY %}&8&@&@%@?{ P\?Vsﬁé‘feeﬁ}eis%iiég & uﬁﬁ&%@%@%%’ﬁ?é@iﬁoﬂ%ﬁﬁg é)aid
population esfritteedeih ceifiimitiveaendkithérive caitpderan portippreliemest in Hiheufiuhe cedlprisirg less than

bout 2% (v/ 19T laj In.ga '
about 2% (viv) Serum. %%acﬂ%n?i%ﬁ%!ﬂic BNg dé;%%ﬁdgﬁo]ré%géérs%ﬁrﬂﬂlﬁﬁ'ﬁ-%%%méteF’

comprises iﬁcﬁbgtlng said popula edin itive en m cells or a portion thereof in a
medium compltisingaefethiren tiesath factor. 20.- The method of claim 19, wherein said at least one

growth factor is a g faciy, et I RS Rar AR LAl IARHRRIASend3ddim THE tethod of
claim 20, wherein said at least one growth factor from the TGEP superfamily of growth factors

comprises adif{aremtiaping Tl suksetbt AmiRPRIRS RERSI P SAF A VTR prROEHMATNS Aledium at a

concentratiogghakautd OR N0y L3esthsaelbhod Rheiaiprddnhensin saidwainieastisnergowth factor
is selected from the group consisting of |G

K fIGF | actg'\_/' , DFGE and EGF, or a combination thereof. 24.
An expandefPOetHGe At SY et LER ikt p&ﬁfé’e&%@r é‘?ﬁ%ﬁ]%"%?dé?ﬁ?/ one of cfaims Ito 23.
maintaining the cell culture at <0.5% throughout the 5-6 day differentiation procedure
also results in a reduced number of total definitive endoderm cells that are produced.
[0244) 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, SOX17, CXCR4, MIXLI,
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 50 days without appreciable differentiation.

EXAMPLE 11
Additional Marker of Definitive Endoderm Cells

[0245] In the following experiment, RNA was isolated from purified
definitive endoderm and human embryonic stem cell populations. Gene expression was
then analyzed by gene chip analysis of the RNA from each purified population. Q-PCR
was also performed to further investigate the potential of genes expressed in definitive
endoderm, but not in embryonic stem cells, as a marker for definitive endoderm.

[0246] Human embryonic stem cells (RESCs) were maintained in DMEM/F12
media supplemented with 20% KnockOut Serum Replacement, 4 ng/ml recombinant
human basic fibroblast growth factor (bFGF), 0.1 mM 2-mercaptoethanol, L-glutamine,



25. A method of expanding definitive endodenn cells in culture, said method comprising the steps of
(a) obtaining a cell culture comprising definitive endoderm cells, and (b) passaging said definitive
endoderm cells, thereby producing a plurality of cell cultures comprising definitive endoderm cells. 26.
The method of claim 25, wherein the step of passging said definitive endoderm cells comprises
mechanically disrupting contacts between said definitive endoderm cells. 27. The method of claim 25,

wherein the step of saging said definitive endpderm cells comprises incubating said.definitive
endoderm é’é’l?s"gisr?eél% I%%B%grggﬁu%u ér.pfg}cﬁfg&grggﬂg%%ygf%ny%eg %f“(’:%?m%%%)u@ d’ wherein said
definitive enidfidéive eslisiana bitacheditg arstibsysateRPY IThedmathpibnkotadwiB 10Mhegtml the step of
passaging said definitiv: e Il rse [ i finitive: lIs from said
substrate. 32’3 . %%?)?&aﬁ%gg’%%%f{f{{l}\yggeﬁa%g@%?é%dﬁ%%ﬁa@nggr%ngf gﬁfl\o{y@%qér)rgegtﬁéqgf any one of
claims 25 td k@ condeExmang] BREORDERH FrrEaNDDERM Chlfissidst Ditdewet herein are

cell culture%gﬂnﬁaﬂ J Seggggmded definitive endoderm cells as well as methods for expanding

definitive enddoderm cells in culture. Figure 36. 1/2 SEQUENCE LISTING <110> CYTHERA,INC.
Kelly,Olivia [0247] Cells were isolated by fluorescence activated cell sorting (FACS) in

order to obtain purified populations of hESCs and definitive endoderm for gene
expression analysis. Immuno-purification was achieved for hESCs using SSEA4 antigen

-~ {(R&D Systems, cat# FAB1435P) and for definitive endoderm using CXCR4 (R&D
Systems, cat# FAB170P). Cells were dissociatéd using trypsin/EDTA (Invitrogen, cat#
25300-054), washed in phosphate buffered saline (PBS) containing 2% human serum and
resuspended in 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 pl 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 1 ml of the same. FACS isolation was
carried out by the core facility of The Scripps Research Institute using a FACS Vantage
(BD Biosciences). Cells were collected directly into RLT lysis buffer and RNA was
isolated by RNeasy according to the manufacturers instructions (Qiagen).

{06248] Purified RNA was submitted in duplicate to Expression Analysis
(Durham, NC) for generation of the expressién profile data using the Affymetrix platform
and U133 Plus 2.0 high-density oligonucleotide arrays. Data presented is a group
comparison that identifies genes differentially expressed between the two populations,
hESCs and definitive endoderm. Genes that exhibited a robust upward change in
expression level over that found in hESCs were selected as new candidate markers that
are highly characteristic of definitive endoderm. Select 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.

{6249} 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 purified at the end of the
five day differentiation procedure (CXDE), and in purified hESCs. A comparison of
Figures 34C apd G-M demonstrates that the six marker genés, FGF17, VWF, CALCER,
FOXQ1, CMKOR! and CRIPI, exhibit an expression pattern that is almost identical to
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each other and which is also identical to the pattern of expression of CXCR4 and the ratio
of SOX17/S0X7. As described previously, SOX17 is expressed in both the definitive
endoderm as well as in the SOX7-expressing extra-embryonic endoderm. Since SOX7 is
not expressed in the definitive endoderm, the ratio of SOX17/SOX7 provides a reliable
estimate of definitive endoderm contribution to the SOX17 expression witnessed in the
population as a whole. The similarity of panels G-L and M to panel C indicates that
FGF17, VWF, CALCR, FOXQ1, CMKOR] and CRIP] are likely markers of definitive
endoderm and that they are not significantly expressed in extra-embryonic endoderm
cells. .

[6250] It will be appreciated that the Q-PCR results described herein can be
further confirmed by ICC.

EXAMPLE 12
Generation of SOX17 Promoter-EGFP Transgenic hESC Lines and CXCR4 Promoter-
EGFP Transgenic hESC Lines
[0251] As an alternative to purification of definitive endoderm using the
CXCR4-specific antibody, EGFP fusions to either the SOX17 or the CXCR4 promoters

can be used. In particular, this Example describes the construction of a vector comprising
a reporter cassette which comprises a reporter gene under the control of the SOX17
regulatory region. Additionally, the construction of a vector comprising a reporter
cassette which comprises a reporter gene under the control of the CXCR4 regulatory
region is described. This Example also describes the preparation of a cell, such as a
human embryonic stem cell, transfected with one or more of these vectors as well as a
cell having this one or both of these reporter cassettes integrated into its genome.

[0252] SOX17-expressing definitive endoderm cell lines and CXRC4-
expressing &eﬁnitivc endoderm cell lines genetically tagged with a Teporier gene are
constructed by placing a GFP reporter gene under the control of the regulatory region |
(promoter) of the SOX17 gene or the CXCR4 gene, respectively, First, a plasmid
construct in which EGFP expression is driven by the human SOX17 or CXCR4 gene
promoter is generated by replacing the CMV promoter of vector pEGFP-N1 (Clontech)
with the human SOX17 or CXCR4 control region. These control regions contain the
characterized regulatory elements of either the SOX17 or the CXCR4 gene, and they is

sufficient to confer the normal expression pattem of these genes in transgenic mice. In
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the resulting vector, expression of EFGP is driven by either the SOX17 promoter or the
CXCR4 promoter. In some experiments, this vector can be transfected into hESCs.

[0253]  The SOX17 promoter/EGFP cassette or the CXCR4 promoter/EGFP
cassette is excised from the above vector, and then subcloned into a selection vector
containing the neomycin phosphotransferase gene under control of the phosphoglycerate
kinase-1 promoter, The selection cassette is flanked by.flp recombinase recognition sites
to allow removal of the cassette. This selection vector is linearized, and then introduced
into hESCs using standard lipofection methods. Following 10-14 days of selection in
G418, undiffereﬁtiated transgenic hESC clones is isclated and expanded.

[0254] 1t will be appreciated that reporter genes other than GFP or EGFP can
be used in any of the above-described constructs provided that the reporter allows for cell

separation by FACS

EXAMPLE 13

Alternative Isolation of Definitive Endoderm

[0255]. The following Example demonstrates that hESCs comprising a2 SOX17
‘or CXCR4 promoter/EGFP cassette can be differentiated into definitive endoderm cells
and then subsequently isolated by fluorescence-activated cell sorting (FACS).

[0256) SOX17 or CXCR4 promoter/EGFP transgenic .hESCs are
differentiated for approximately 6, 12 and 18 hours in growth medium containing 100
ng/ml activin A and no serum. The differentiated cells are 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 is taken without gating for EGFP and single live cells
are gated into EGFP positive and GFP negative populations. In a separate experiment,
the EGFP positive fraction is separated into two equally sized populations according to
fluorescence intensity (Hi and Lo).

[6257}  Following sorting, cell populations are analyzed by both Q-PCR and
immunocytochemistry. For Q-PCR analysis, RNA is prepared using Qiagen RNeasy
columns and then converted to cDNA. Q-PCR is conducted as described previously. For
immunocytochemistry analysis, cells are sorted into PBS, fixed for 10 minutes in 4%
paraformaldehyde, and adhered to glass slides using a Cytospin centrifuge. The primary
antibody SOX17 or CXCR4. An appropriate secondary antibody conjugated to FITC
(green) or Rhodamine (Red) is used to detect binding of the primary antibody.
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[0258]  Sorted cells are further subjected to Q-PCR analysis. Differentiated
cells show a correlation of EGFP fluorescence with endogenous SGX17 or CXCR4
~ expression gene expression. Compared to non-fluorescing cells, the EGFP positive cells
show a greater than 2:fold increase in SOX17 or CXCR4 expression levels. The
separation of high and low EGFP intensity cells indicates that EGFP expression level
correlates with SOX17 or CXCR4 expression level. In addition to SOX17 or CXCR4
mRNA analysis, sorted cells are subjected to immunocytochemistry analysis of SOX17 or
CXCR4 polypeptide (in embodiments where CXCR4/EGFP fusions are used, SOX17
polypeptide expression is analyzed and in cases where SOX17/EGFP fusions are used,
CXCR4 polypeptide expression is analyzed). Substantial expression of either the SOX17
or CXCR4 polypeptides can be seen in the enriched in the EGFP positive fraction. In
confrast, little expression of either the SOX17 or CXCR4 polypeptides is seen in the
EGFP negative fraction.

[0259] Given these results, at least about 5% of the cells present in the
differentiated cell cultures prior to sorting are SOX17/CXCR4-positive definitive
endoderm cells. At least about 90% of the cells in the sorted cell populations are
SOX17/CXCR4-positive definitive endoderm cells.

EXAMPLE 14
Passape of Definitive Eﬁdodenn Cells in Culture

[0260] This Example demonstrates that the definitive endoderm cells
described herein can be maintained in cell culture and passéged without further
differentiation.

[0261] Definitive endoderm cells were differentiated from two related
passages, designated EB and EV, of the CyT25 hESC line in the presence of 100 ng/ml
activin A in Jow serum RMPL The low serum RPMI contained 0%(v/v) fetal bovine
serum (FBS) on day 1, 0.2% (v/v) FBS on day two and 2% serum on each day thereafter.
After four days of differentiation, the cells maintained in culture in either the presence of
absence of 100 ng/ml activin A for a total of 36 days as measured from induction of
differentiation. During the 36 day culture period, the definitive endoderm cells were
passaged twice. Furthermore, on days 29-36 the cells of the group designated EV were
additionally contacted with 50 mg/ml EGF. On, days 4, 9, 23, 29 and 36 of culture, Q-
PCR was uséd to measure the expression of marker genes indicative of definitive

endoderm .
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[0262]  Figures 35A-D show that, in cell cultures provided with 100 ng/ml
activin A, expression of the definitive endoderm markers SOX17, GSC, MIXL1 and
CXCR4 was maintained during the 32 day culture period subsequent to the derivation of
the definitive endoderm cells from hESCs (days 4 to 36). Little expression of these
markers was observed in the cell cultures grown in the absence of activin A. Addition of
50 ng/ml EGF did not appear to significantly increase the expression of any of the

definitive endoderm markers.

EXAMPLE 15
Expansion of Purified Definitive Endoderm Cells

{0263] This Example demonstrates that the definitive endoderm cells

described herein can be differentiated from hESCs, purified and then regrown and
'. expanded in cell culture.

[0264] Figure 36 shows the design of a definitive endoderm
purification/expansion experiment. In particular, definitive endoderm cells were
differentiated from the 96™ passage of hESC line CyT25 in the presence of 100 ng/ml
activin A in low serum RMPI. The low serum RPMI contained 0%(v/v) fetal bovine
serum (FBS) on day 1, 0.2% (v/v) FBS on day two and 2% serum on each day thereafter.
After five days of differentiation, the cells were subjected to FACS purification using
antibody against CXCR4 as described in previous Examples. The purified cell population
was then cultured on IVF dishes coated with poly-ornithine and 10 pg/ml human
fibronectin in RPMI containing 2% FBS under one of the following four growth factor
conditions: no added factor (NF); 100 ng/ml activin A (A); 100 ng/ml activin A and 100
ng/ml IGF1 (Al); or 100 ng/ml activin A, 12 ng/ml bFGF and 10 ng/m! EGF (AFE). On
day 11, the expanded definitive endoderm cells were passaged using the standard
trypsinization method. Each of the cell cultures were then grown for an additional 10
days after passage (a total of 21 days subsequent to the first contact with activin A).
Samples of mRINA were obtained at days 0, 5, 11 and 21 as indicated in Figure 36.

[0265] Figures 37A-E show the expression of marker genes for various
embryonic cell types at each of the sample time points for each of the culture conditions.
As shown in Figures 37A-B, the definitive endoderm markers SOX17 and GSC were
highly expressed five day old unpurified definitive endoderm cultures but were not
expressed in hESCs. This expression is in contrast to that of the RESC marker, OCT4
(Figure 37C). Six days after the purification of definitive endoderm cells (day 11) the
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expression of SOX17 and GSC expression remained high in each of the cell cultures
treated with growth factor(s) but not in cell cultures grown in the absence of activin A
(Figure 37A-B). A similar pattern of expression was observed for these markers 10 days
after passage {day 21) (Figures 37A-B). No expression of mRNA for markers of hESCs
(OCT4), mesoderm (brachyury), or ectoderm (ZIC1 and SOX]) was observed in any of
the cell cultures subsequent to purification. This result indicates that purified definitive
endoderm cells do not form hESCs or cells of the other two embryonic cell lineages even
in the absence of activin A (Figures 37C-F).

[0266]  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 therein and other uses will occur to
those skill'ed in the art which are encompassed within the spirit of the invention and are
defined by the scdpe 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.

[0267} As used in the claims below and throughout this disclosure, by the
phrase “consisting essentially of” is meant including any elements listed after the phrase,
and limited to other elements that do not interfere 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 are 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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WHATIS CLAIMED IS:
1. A method of expanding definitive endoderm cells in culture, said method comprising the
steps of;

(a)  obtaining a cell culture comprising definitive endoderm cells;

(b)  isolating at least some of the definitive endoderm cells from at least some of the
other cells in the cell culture, thereby producing a cell population enriched in

definitive endoderm cells; and

{c)  culturing said cell population enriched in definitive endoderm cells under conditions

that permit the expansion of said definitive endoderm cells.

2 The method of claim 1, wherein said definitive endoderm cells being mukiipotent cells that

can differentiate imo cells of the gut wbe or organs derived therefrom.

3. The method of claim 1 or 2, wherein said definitive endoderm cells are human definitive

endoderm cells.

4, The method of claim 3, wherein said definitive endoderm cells are derived from human

_embryonic stem cells (hESCs).

5, The method of claim 4, wherein the obtaining step comptises contacting hESCs with at least
one growth factor from the TGFP superfamily so as to permit differentiation of at least some
of said hESCs to definitive endoderm cells.

b. The method of claim 5, wherein said at least one growth factor from the TGEB superfamily

comprises activin A.

7. The method of any one of claims 1 to 6, wherein the step of obtaining said cell culture
comprising definitve endoderm further comprises obtaining a portion of an existing

definitive endoderm culture,

g. The method of any one of ciaims 1 to 7, wherein said cell population enriched in definitive

endodermn cells is substantially free of cells other than definitive endoderm cells.

9. The method of any one of claims 1 to 7, wherein said cell population enriched in definitive

endoderm cells comprises at least about 6% definitive endoderm cells.



1200 gacgccagct ccgcggtata ttactgcaac tatcctgacg tgtga 1245 <210> 2 <211> 414 <212> PRT <213>
Homo sapiens <400> 2 2/2 Met Ser Ser Pro Asp Ala Gly Tyr Ala Set Asp Asp GIn Ser GIn Thr 151015
GIn Ser Ala Lea Pro Ala Val Met Ala Gly Leu Gly Pro Cys Pro Trp 202530
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10.  The method of any one of claims 1 to 9, wherein said isolating step comprises providing
said cell culture with a reagent which binds to a marker expressed in said definitive
endocderm cells but which is not substantially expressed in said other cells present in the cell
culture, and separating said definitive endoderm cells bound to said reagent from said other
cells present in the cell culture, thereby producing a cell population enriched in definitive

endoderm cells.
11.  The method of claim 10, wherein said marker is CXCR4.

12 The method of any one of claims | to 9, wherein said isolating step comprises separating

fluorescently-labeled definitive endoderm celis from unlabeled cells.

13, The method of claim 12, wherein said fluorescently-labeled definitive endoderm cells are

labeled as a result of the expression of enhanced green fluorescen: protein (EGFP).

14.  The method of claim 13; wherein the expression of EGFP is under comrol of the SOX17

promoter.

15. The method of claim 13, wherein the expression of EGFP i¢ under conrol of the CXCR4

promoter.

16.  The method of any one of claims 1 to 15, wherein said culturing step comprises plating said

population enriched in definitive endoderm ceils or a portion thereof.

17.  The method of claim 16, wherein said population enriched in definitive endoderm cells or a

portion thereof is plated on a surface coated with human fibronectin.

18.  The method of any one of claims 1 to 15, wherein said culturing step comprises incubating
said population ennched in definitive endoderm cells or a portion therzof in & medium

comprising less than about 2% {v/v) senm.

19.  The method of any one of claims 1 to 15, wherein said culring step comprises incubating
said population enriched in definitive endoderm cells or a portion thereof in 2 medium

comprising at least one growth factor.

20, The method of claim 19, wherein said at least one growth factor is a growth factor from the
TGFB superfamily of growth factors.
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22, The method of claim 21, wherein said activin A is present in said medium at a concentration

of about 100 ng/mdl.

23, The method of claim 19, wherein said at least one growth factor is selected from the group
consisting of IGF1, activin A, bFGF and EGF, or a combination thereof.

24, - An expanded definitive endoderm cell population produced by the method of any one of
claims 1 to Z3. :

25. A method of expanding definitive endoderm cells in culture, said method comprising the
steps of: (a) obtaining a cell cnlture comprising definitive endoderm cells, and (b) passaging
said definitive endoderm cells, thereby producing a piarality of call cultures comprising

definitive endoderm cells.

26.  The method of claim 25, wherein the step of passaging said definitive endoderm cells

comprises mechanically disrupting contacts between said definitive endoderm cells.

27.  The method of claim 25, wherein the step of passaging smid definitive endoderm cells

cormprises incubating said definitive endoderm cells in a cell dispersal buffer.

28. The method of any one of claims 25 to 27, wherein said definitive endoderm celis are

attached to a substrate.

29.  The method of claim 28, wherein the step of passaging said definitive endoderm cells

comprises detaching said definitive endoderm cells from said substrate.

30.  An expanded definitive endaderm celt population produced by the method of any one of
claims 25 10 29.
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Arg Lou Gly Pro Glu Pro B¥& Ef¢1r8 SELIF PR IEKEIGH RO ARREE286285 Pro Pro Ser Ala Lou His
Val Tyr Tyr Gly Ala Met Gly Ser Pro Gly 290295300 Ala Gly Gly Gly Arg Gly PM Gin Met Gin Pro Gin

His Gin His Gin 305310315320
Abstract

Disclosed herein are cell cultures comprising expanded definitive endoderm ceils as

well as methods for expending definitive endoderm cells in culture.

Figure 36.
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