PDXI EXPRESSING ENDODERM Related Applications [0001[ This
application is a continuation-in-part of U.S. Patent Application Number
11/021,618, entitled DEFINITIVE ENDODERM, filed December 23, 2004,
which claims priority under 35 U.S.C. 119(e) to the following three
provisional patent applications: U.S. Provisional Patent Application

Number 60/566,293, entitled PDXI EXPRESSING ENDODERM, filed April
27, 2004; U.S. Provisional Patent Application Number 60/587,942,

entitted CHEMOKINE CELL SURFACE RECEPTOR FOR THE

ISOLATION OF DEFINITIVE ENDODERM, filed July 14, 2004; and U.S.
Provisional Patent Applicalign Msbete0/586,888paptitled CHEMOKINE
CELL SURFACE RECEPTOR FOR THE ISOLATION OF DEFINITIVE
ENDODERM, filed July 9, 2004y FEield A%lglga%j)gyention [0002) The present
invention relates to the fields of medicine and cell biglogy. In partjcular,
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defined by the ability of hESCs to differentiate to derivatives of all 3

primary germ layers (endoderm, mesoderm, ectoderm) which, in turn,
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PDX1-positive foregut endoderm cells, wherein the PDX1-positive foregut endoderm cells are



about 2%, the at least about 5%, the at least about 10% or the at least
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cell population that has been contacted with a retinoid, such as RA. In

such embodiments, the differentiation of PDXI-negative definitive
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[0015] Additional embodiments of the present invention relate to a method

of identifying a differentiation factor capable of promoting the

differentiation of PDXI-negative definitive endoderm cells to PDXI-positive
foregut endoderm cells. In such methods, PDXI- negative definitive
endoderm cells are contacted with a candidate differentiation factor and it

is determined whether PDXI expression in the cell population after

contact widhuthe cengidateddifferentiapendopteniasdaerwaseshasof ncreasing the

thgsgel B doderm
et é‘fe@?ﬁ%’r%x%ﬁﬁiﬁ%g% ﬁ’ﬁ?ﬁ%%%?ﬁ??ﬁ%ﬁ?@ﬁ%% N

th& B SUTHRESHThACAtEs AN AR ERR TS FREPERtAHOA a% Gilo merease

capasierefipromdinm e mmarefitation WP DRyaatyéeldiffigpdstion factor is
endraedioechs o bokipasitive forgLtandederm cells. In some

embodl MGRLS: PDg@d%exze%@ad&ﬁetem@ege@%ﬂm&m@;l\famme@éﬁod of

action R me e ment of the Q
fur %n%arfisl(fegfﬁ%%%g %% e%aéarmlnln PexXp i sg%nc{o*r #m %X%%gglmg&nw
an%wtﬁ% qq@ée@s a&%@.ﬁqﬁé RPéWﬁof?EﬁEﬁo‘ﬁdﬁéTB?e"%lﬁd dhartontgeds PPX-
witledhirec defiditiet ediiffere ntition factord visomesiido diffremtstithgactor and it is
Cam&%&@mﬁﬂﬁm@mm fagtatiols @ smalhimelamle: taexamplevid the candidate

fet{mdhé D 28 B! le?éﬂgc[%s %%é‘a@é&dé&'?%‘fx@"L&%F%&E!ﬁ‘t&%cf@e%tgﬁéﬁ&m before

polypeptide, for example, a growth factor, such as FGF-10

otﬁ@?%ﬁ%ﬂ‘ﬁéﬂ* “tt‘i‘&fﬁf"é%‘”’é‘ﬂ? O8NOR PSSR 8 K 8"8?“553“’“ m the cell
iderstifjapep drdiffenceritiatibn faviseteapifbietintioromaRing tiepdifepérrratiofps the
of BBxdnpasiiverinreguhendetdenn aelsnttaleh methossy ARl pasitven cells.
forgaut endoderm colsaig cantastadmith.a sandidate. Aiffarentationreacton -

factor and it is determined whether ex reség gnﬁ{é}a marker in the

popfitioRTee iFRPRHEEI of fa% X ENRE TREP O ATALT ITFTRE Ba it Ste s ermining
differentiati ohtha Sloras cafmp ate H A B eordrde SErPoTUlrkos AFfoes g ridesy contact
in thithpepuataiiar bsfossictmtacbwith dhe: canditetesdifferevtiaticitidaoteton factor
Anl.i-.nacgﬁ@ﬁ@n%&@ec HeAsgdmithe x@eﬁmgsﬁsma@fﬂ;he ﬁlaﬂeesr indicainsithatdRgiation
%ﬁdate d ffereFr&tl ion factor is cap Ie of the differentiation

15 & OF £X41ID OI' SU.G
9& CPSI oré?ut en oc?egrm C S In Some em yodiments, marker

expreSS|dP\°?§ deteRHREE BYeBesR of e B EMBTERHT fpsthod of identifying
candidatentifferéntiationtiacforisdientiz Hiffotetuien f6FEXammslavcdoretinoidoderm
suches RAwuln ethess, the candidatedifferepiationiaciorigstacted with a candidate

po'XQF@A&*&%’o fagtx?‘%el% i@ &E%J%gtﬁms%%e@ﬁoﬁ%!: allgar{-:gp Jnﬂh@populanon is

certain Jurlsdlctlons there may not be a generally acce ted definition o
the! FEYT 4B ATSTRAT 2R s O Yihéi 5 e ‘%%tfr#‘%fé% Y {Ff’maa”‘z‘a‘I f© the
to represenricpermanglisage thwmw#‘?)@rhﬁffgetﬁ@%?émﬁdh@dﬁ%fh@m differentiation
addifienal elements. d/itkuthis in mingpaeditiorfahe mibtedimeniss aidheée candidate

preganlinvent @aérq;@aga%ﬁecgfeﬁ%mg SefRrRncR.t0 ] fa@mm 9&&@@& foregut endoderm

parge%ra%hs bEIO n? l.rlé %xdczzre Islm%%llté'l & Come@rbsg bodLTnents the
Whereln a eas sal uman ce are ncreatlc ena

horFeiaR #ﬁ?ﬁ@?@fﬁnm 5O RVeig S GBI RS CoRE 5 K- in o,
P Db pasitiredtegtitten dotierm miltsiidenreuitipote powél B divatichns FGE-10.

differentigigfto Ceiﬂ%ﬁrﬂﬁ%\i@sﬁl@ioﬁ{,gﬁé}&ﬁ@rﬂéeﬁjc trorathamnigeiarierti®nn of te
of the %%%%Emgo%%ed hecall U't% SfRarRaraph & Whe @4&%};@@3{@@@@_

aboUt 5% oOf said human c ils are PDX -posmve foregut endoderm cells.
which permits the inclusion of any additional elements. With this'in mind, additional embodiments

of the present inventions are described with reference to the numbered paragraphs below:



[0020] 3. The cell culture of paragraph 1, wherein at least about 10% of

said human cells are PDXI-positive foregut endoderm cells. [0021] 4. The
cell culture of paragraph 1, wherein at least about 25% of said human

cells are PDXI -positive foregut endoderm cells. [0022] 5. The cell culture

of paragraph 1, wherein human feeder cells are present in said culture,

and wherein at least about 2% of human cells other than said human

feeder gelimpre PDXlcpositive toregsihe hdasetancella={0028)6 sdohe2elf said

cyliyre Qélfgaaf@gm&émw&ﬁﬁg' @loaﬁa@c!?{%rop@%ﬂiyﬁl PLAME ﬁrgadamm cells,
S eé?{less tm.rg oem?(e)rp oxer'?\nlc% FAQXA:L%% nt ca[}? t%éﬂcan -!d-x ere %atc mito cells,

CLfﬁﬁlrg s 2 s e T T TS ES T %W |ve oregut endoderm

ca@%@wrﬁw%ﬁ%%m%mww%‘é%ozs] 8. The ceII culture

of paragitapd] 1, wheidincshialiR Xi posgitivie foregut: endodermt dédlef said human

eXRIgsS: ﬁg)fjpzm{gpgﬁgg& Jaa.aelaulture of paragraph 1, wherein the

expressi f PDXI reater than the expression of a marker sele gtsg%h
from the[%rzo pcogr:s@%?n ﬁ(l') t]mh Inetop )%)efrnw,&%llg W eOX? SOXl ZIC e

arf@'RiE Wééﬂi‘%@fﬁ’ﬁbﬁ?ﬂﬁéﬂf‘b‘iﬂﬁut endoderm cells. [0027] 10. The
cell cultupé2af paragraiptrd] whareiirsaikeiel, ovhtrre islsubgtanialhyofresdd human
of salis-setectedfiamdthaigrasireasisting of visceral endodermal cells,

parietal dermal glls, e {0028 QUALLE Blesent in
paragra @%ﬁwhgelr?%ﬁgg%%%%w %’3’ Qjﬁ%uélj&u%%g%% (grn%%g 9{]&;%

celfiE e ARTSPREBY SHSPTO y‘iﬁ%f‘lﬁ%ﬁa Ve definithve endoderm cells
in BBl -eeitvdecnet foG29T1REThe cell culture of paragraph 1, wherein at
least abqot23) PDX-pusitivg  foreguirenaaaetmicelhisspres@nPitilabeitite foregut
every 2 RRALneaRlive &%Ié@étﬁ!%ﬁﬂﬁ@éiﬁﬁ@} g&lls in said cell culture.

[0030] 13, The cell cr,i%hure aragr phl wherein at least.aboy corequt
PDXI-poSifE forégutsSndo ch fm cell gﬁltr for:habout everyimsme oregt

PI}}(‘iDﬁ@@aﬂ%ﬂﬁﬁfﬁ%*ﬁ%é“Eﬁ%H@ﬁﬁ{Qéﬁ ﬁ‘?‘éld cell culture. [0031] 14.
The cell guitsire of8pakagrehchifurther sormmprisihg wireim bR Stesice|| foregut
6 @@%;le'gmeg@é@mure of paragraph 14, wherein said embryonic

stem cell,genved o Laehe pRetien Tomins greoar%fg&raﬁpr'p@;afm groater

the moru a t e inner ceII mass ( an embryo and

ridde8 BE £PERIS) 6. fo*@%&ﬁffslwﬁre 881%&%?‘@0“1"}3&%@%?1 FFREyen (AFD).
COIBPYIBIRGE 18 oid. NEDO B41idFD N pedisl fntenensPgaragtiaph 16,

wherein sgighretinairl 14 efiniam cichdRAgph [003EEid 8;dldek el tsliubaofially free

parg}ggﬁp ngctf ‘A%ﬁ{tﬁ@ﬁwﬁ' §$Q§s§ g!):f' leQm[Q Qﬁc@d@x%a-r&ﬁs %&H@ﬁ@d%&l celis and

paragraph 1 further comprising B27
neural cells.

-

10028} 11. The cell culture of paragraph 1, wherein at least about 1 PDX1-positive
foregut endoderm cell is present for about every 10 PDX1-negative definitive endoderm cells m said
cell culture,

6629} 12. The cell cultwe of paragraph 1, wherein at least about 1 PDXI-positive
foregut endoderm cell is present for about every 5§ PDX1-negative definitive endoderm cells in said
celi culture.

10830] 13. The cell culture of paragraph 1, wherein at least about 1 PDX1-positive
foregut endoderm cell is present for about every 4 PDX1-negative definitive endoderm cells in said
celt culture,

[0831] 14. The cell culture of paragraph 1 further comprising an embryonic stera cell.



[0037] 20. The cell culture of paragraph 11 further comprising both RA and
FGF-10. [00381 21. The cell culture of paragraph 20 further comprising
B27. 10039] 22. A cell population comprising cells wherein at least about
90% of said cells are human PDXI -positive foregut endoderm cells, said
PDXI-positive foregut endoderm cells being multipotent cells that can
differentiate into cells, tissues or organs derived from the anterior portion

of the guwwa 10Q4QL3%e1¥G9t&@lhpgaué%ﬁnl@f pategraph gg-whereiaten i

least about 95% of s Is re PDXI 0Si ore doderm, cells.
10 ﬂ‘f% ésséiél E%%%%%on 0 p ragrsésp gﬁ%%vheg}'g{lﬁ% 3%%{361 f(ICM) of

08%% e ehs s s BB Bregut endoderm cells. 100421 25.
The cell pejasiationcofiparetraple 22amwbereinfsdic RBXspositedecidregut
endodermgglls express 5@@&!@%&%&&%@ 16004312 6:id Re6RIsRaRLIALINTR A).

of paragr ;ﬂzz g §1a PDX1-p 05|v Eﬁgzu endo ceIIs
express tﬁﬁ ox\(l:\( eﬁece cu Tf %hpe ceg@ gtfé)sﬁl 0 aragraph

ene.
25, wherdiShic PEIERGEIFETO BB EETSEREPeGs SOXLT.
[0045] 28[00FTE cel%dﬁml@@ﬂﬁ@n@ﬁp&m@@pﬁ&&@@h@mﬂh@@%@sﬁbﬂ&
PDXlis gsester than theexpipssigp.afaymnackasetestetiiz@pithe group

consistingypfypFP ,S XLy ?8&3&@%!%&&‘2 DM R, SaiE BRAXGROSHIVE said celis

foregut end lis. [004 th ducing PDXI -positi
okt BBEI IS AR FEING EOn ARG RE Ao BRI oo

cellmpdipate eeile g ﬁﬂsm@sm%? w@gcaﬁﬁ/éfse@ﬁr%%aéh%ﬂ@@%&rsa@ﬁ@r portion
providiagusaid.cell population with a retinoid in an amount sufficient to

promote ﬁﬂi@fent@ilommtﬂ@mm BOpHQR-Rh 810X NELANYE: 95% of said cells
deflnlt%efndod Sép ceIIs DXl]l positive foregut endoderm cells,

whéréin said %‘lsﬁ/e(}eo ut endoderm cells are multipotent cells

that can dMfEFbntiad iR SERSPHEERAS BFERiTS ERTECHTIOM A SRR gpe ool
portisPBX thesgit ftudret {8B49136IsThe method of paragraph 29 further
Comprising(m@ stepsofrall Quingpukificientima fonPRXlpesitivefomgite foregut
ende% erm. sto for g said sufficient time for 7 PDXI-positive

foregut endo %?)r{ﬁr?:sé lIs to form has been determined by detectin %the

presence §HBDX %oérﬁfv‘édlld?‘é“@‘ﬁ??%hafo‘%@%‘?@eﬁ%‘ PETR 8 PSP URatBYT, foreeut
[0036]<3anFHE FrRetsbiicctParageaph 29, wherein at least about 2% of said
PDX1- negatire definitive @ngogeim. celisdiffetent|atierato &D XbYositive: foregut

fore&gg&gggg@%lggl@jg%l] 32. The method of paragraph 29, wherein
at least ati UL 5% ofs d PDXI- Bem%atlve definitive endoderm cells

differentiate ifto PD%(I B SRR BFa g RE I Celle fobES =T o FPX1 s
metﬁeﬁ%mwﬁﬁww WharsliT atiread ol F0% ePsERPORIT, SOX7, SOX1,
negativengefinitineshelor ennitel drelifferendiatecitito PDXI-positive foregut

endOderm[(ﬁﬁH}s- 29. A method of producing PDX 1-positive foregut endoderm cells, said method

comprising the steps of obtaining 2 cell population comprising PDX1-negative definitive endoderm

cells and providing said cell population with a retinoid i an amount sufficient to promote
differentiation of at least a porfton of said PDX1-negative definitive endoderm: celis to PDX1-
positive foregut endoderm: cells, wherein said PDX 1-positive foregut endoderm cells are multipotent
cells that can differentiate mio cells, tissues or organs derived from the enierior portion of the gut
tube. )

10049] 30. The method of paragraph 2% further comprising the step of allowing
sufficient time for PDX1-positive foregut endoderm cells to form, wherein said sufficient time for



[0053] 34. The method of paragraph 29, wherein at least about 25% of

said PDX1- negative definitive endoderm cells differentiate into

PDXI-positive foregut endoderm cells. [0054] 35. The method of

paragraph 29, wherein detecting the presence of PDX1- positive foregut
endoderm cells in said cell population comprises detecting the expression

of PDXI. [0055] 36. The method of paragraph 35, wherein the expression

of ?&&%&%@f@ﬁ@g&%@oﬁéﬁﬁéﬁﬁ%@%&ﬂ fogaag@@&éé&ﬁﬁquetg ORLtHE o presence of

q;{pi onS|st| ofa h feto rotei P SOX7 SOX1, ZIC1 and
in sai -po E'[%’%éralaemgnuctﬁen oa(lllgegrmpc0 f6056] 37. The method of

paragrapﬂ‘@@ whé%e?ﬁ‘%ﬁ@@?ﬁr‘é%ﬁ@f‘ﬁrd@@% R lepstenisiihed Bl seid PDXI-
quarditativetipoiyraerdsen chis difleaction(QPPE R)offiR5H] <38 chhe-matiod

of paragr@t@hﬁS Whel‘ﬁé(%mﬁo@%@rﬁ%%mﬁhoﬁp%}éﬁ Qﬁt@é@iﬂzﬁg sb.%/of said PDX1-
immunocytachemi wherein
sa.é°%2tt‘?’r?)§| ‘i'z%i\ OO 91 iﬁlﬂ%%gmrﬁéet 031}5?9 ragragﬁe%e %%er%}rﬁe A is
provided [ﬂ?si conc?énﬁ}é"tlﬁ’ﬁthi’érfﬁlﬂaéa%?ﬂ %dﬁ’F@%ﬁthﬂsﬁéh&Bbm/Sefl\’?F‘d PDXI-
[008G} 1 dFhd vnetddngardifraptre SreisteprRite Speottdédem gells.
concentradigsr rangingnbr amtiab i baLdpMaovabemt 2 QepMadQ 63, 42 - Fhepx]-
mefhad Rtknaaanhaad: WerenRAsReNdedina S%QE&%?QH@&&QH celis.

ranging fr&%]é?bo t0,1 M tg a§ I}Jt 10 M. [ h%OGZ 43. The method of J—
paragraph 38 whéreint RETES SURIEF R a CorlCERM 5% Pari myTraTh © )
ab@miwfm%néwml oeBs i siooB B e rrethodiotqagdirepreson of PDX1,
wherein RAsE provid atle mahcd bentratio s, keireging iromAbauii@IBIVIi{ @reater than
abaut deRedoh: J@Qﬁék%&Jéa&mt@% Eio E%Qe!iécﬂ@ 3a1h8RIRRA iFp), sox7,
prog&ad#%? gg&gﬂq&raﬂ a(t})stl?uvt3 [009 46. il[he method of

paragrap erein RA 1S p When said cuiture is about

4-days- o|H‘0T6066]317%@%@4%&6%%@%%@2@%%@@5@%r&ﬁﬁ@d PDX1 is
provdmgptd wajdciwtiree dytactorcsetectethf@®@Re group consisting of

FGF-10, kg4, astivitAnd@ivinpB:B21 360Rdianed- S Refiumpat derermined
con gg%ﬂgns ocfhgr%qryactors in an amount sufficient to enhance the
production of PDX1- q};ltlve foregut endoderm cells. [0067] 48. The

method of*piilagraph #F Rer&iPEaTFa o fEreB RIS EdrsHS fHe group
consistind8¥ G F-40 TEGRe@od efi v #agh dactheirBR {0868} Uk e conceniration

metaashef-patagiann 48 twietebn said factor is provided in a
concentrafjan, rangmgrfr[ %%99‘8% $9.0g/mkLo ghou tﬁoi%%/ Ml 100691 90: vation

The method of araﬁg h 48, wherein said factor is provide dina
coneBAtETRMEPAG iveamBAR BY ng/ml to about 200 ng/nil.

[6061) 42. The method of paragraph 39, wherein RA is provided in a concentration
ranging from about 0.1 pM to about 10 pM.

{0062] 43. The method of paragraph 39, wherein RA is provided in a concentration
ranging from about 6.2 pM 1o about 2.5 pM.

{0663] 44, The method of paragraph 39, whersin RA is provided in a concentration
ranging from about 0.5 pM to about 1.5 pl.

j0064] 45. The method of paragraph 39, wherein RA is provided in a conceniration of
about 1 pM.,

[(065] 46. The method of paragraph 39, wherein RA is provided when said culture is
about 4-days-old,

0066} 47. The method of paragraph 29 {urther comprising providing to said culawe 2
factor selected from the group consisting of FGF-10, FGF-4, activin A, activin B, B27, conditioned

8



[0070] 51. The method of paragraph 48, wherein said factor is provided in
a concentration ranging from about 25 ng/ml to about 75 ng/ml. [0071] 52.
The method of paragraph 48, wherein said factor is provided in a
concentration about 50 ng/ml. [0072] 53. The method of paragraph 48,
wherein said factor is provided at approximately the same time as said
retinoid. [0073] 54. The method of paragraph 47 wherein said factor is

B 2;15&9191? %J\é tl'j’or;l@i}ﬁ.tf&g tg'io Qi@ff&"i’&@gﬁaﬁhaééuﬁ@’ gﬁﬁ@f 8¢ Zeﬂﬁaﬂép yid %g)mc@on of

co tration rangin faom aBout 0.1% to about 20% of the total medium.

[0 B TRE %eggﬁ%‘%oo?ﬁécfaa‘raph 54, wherein B27 is provided in a
concentrdif®f rantfinGHrBAP ST rEBRW Y SSTREEVACOrtE Gt eroup
[00cH0}i5mAs SRR IROH-of foewiagr apleSdinegherein B27 is provided in a

concentragigy ranginentrqm:o%r (g.akaut 206 ahihedtolak medium. [Ad6d i o

58. The method of paragraph 54 erein B27 is provided in a

concen r%gt%%r% adbout %O%ng f%%%aﬁ%%&ﬁéﬁ%%ﬁﬁ] 59. The method of
paragrapP%4, whéPeifrB 2FHe% rohvitfEFat s fpr okifte i th &°ka e Bifyeied m 2
as saidretinokh 00761 6@uTHepmdthhedonf aragraph 47 wherein said

factor is qegditioned. medidsihed A8k Adaoll ez Meithier ahiparaghaph Biided in =

wherein conditioned medium is,pravided.ins, gencentration ranging from
about 10% to about 100% of the total medium. [0081] 62. The method of

paragrapf80! whereirtoRaifonEd #iaamHm 18 pPSTHR SH a2E8hdeRirairsh = @
ranggieRgrfresivr abwti2@%'to about 80% of the total medium. [0082] 63. The
method ofopamagraph 66, wkeseintordifened inedittahisplovided in arovided at
congeniration Rnging:from ahout40% to about 60% of the total medium.
[0083] 64 method of paragraph 60, wherein canditioned_medium is
oo T PR o gt 12 (0064] 65,
The methB&8f paréigrapebohMararTeonditibrEenReditirra bl deynggnraton
approximatelyihe SHae dne20% said retingiding. [0085] 66. The method of
S_&lf][ag rap'?o@é%] Whes’@@ﬁ%ﬁ%&ﬂ@fd@ga%%ﬁl m,ri] %%‘gﬂ)%?ﬂ ﬁp¥r&ﬁ13@fﬁti£‘g)ncenﬁaﬁen
ifferentiated hum r S {1 s) with a cell culture
medium: g%trro ‘360&1{‘ ezngr{%%é?%{géﬁ%%ﬁ%& 1}n11néthod of paragraph 66, _
wherein sBIRESCE dr& diffedAligteg s ”éb?fﬁ?‘%ﬁdﬁ% TP EER Cl fufReenimation
meditginstdectélh frahvthBupfdupddmsistimg of RPMI supplemented with
3% serumpdowy serssRRMhsypplemented withrac ieindvandJOW SeBtration of

RPM| stpplemenied. with BMP4. [0087] 68. A PDXI-positive foregut

endoderm cell produced by the method of _ , ' ,
10678] 59. The miethod of paragraph 34, wherein B27 is provided af approximaiely the

same time as said retinoid,

[6979] 60. The method of paragraph 47 wherein said factor is conditioned medium.

100801 61, The method of paragraph 60, wherein conditioned medium is provided in 2
concentration ranging from about 10% to about 100% of the total medium.

{0081} 62. The method of paragraph 60, wherein conditioned medium is provided in 2
concentration ranging from about 20% to about 80% of the total medium.

[0082] 63, The method of paragraph 66, wherein conditioned mediom is provided in a
concentration ranging from about 40% fo about 60% of the total medivm,

(60833 64, The method of paragraph 60, wherein conditioned mediom 18 provided in 2
concentration of about 50% of the total medinm.

[0084] 65. The method of paragraph 60, wherein conditioned medium is provided at

approximately the same time as said retinoid.



paragraph 29. [0088] 69. A method of producing a cell population enriched
in PDXI -positive foregut endoderm cells, said method comprising the
steps of obtaining a population of pluripotent cells, wherein at least one
cell of said pluripotent cell population comprises at least one copy of a
nucleic acid under the control of the PDXI promoter, said nucleic acid
comprising a sequence encoding green fluorescent protein (GFP) or a

biologicafsgctivesiragmanhdheresh Aficwniatiod sad:pl ROIRRL celSaa by
aSCE% r°d en%atedﬁios'%"?mﬁore&“,Ete?”dc{fje%,l% IS Sa";‘u RRIDOSINVE  pous

fore% derm cells being multipote t can differentiate Into
‘ﬁ’é%ues or organs derived from the anterior portion of the gut tube
and sep@mﬁhg sdid PBXieprositl gafepeputendodernsecel8Sfome differentiated for

PRyonegalive £alis:lR092L #6» Thawaetbadielparagrapih69: wirsneinssitdnted

enn%?‘g e” ?J%:“'arﬂ%’lw%/?{mwp ﬂ%mtsan?et l%@tﬁ gm%uk%%/?o@l;eémvs%pplememcd
fore%éut endoderm cells. [0093T71 The method of paragraph 69, wherein

saftd ﬁ?@”ﬂied cell population comprises at least about 98% PDXI-positive
foregut dfefGtlermbEesTTO0GFTR: Theswhatiiodoof palagpted Py whreragthod of
thegifiepentiating step further comprises, providing said pluripotent cell

populatiqgyysith até&%@ﬁﬂsd%%m&meﬁfpm&ﬁ%cﬁé@ﬁ@fﬁml Iyogm%regm

amo r&t suffl |eng‘£ f“p{P’c’ ote dlf]‘er rétlgtlon 1; st%;g gu% er:?tncg
a\ie veendode mcesan pro sal

Pmbprﬁﬂégamﬁ AR RIS Rl eRort EellBORIIEIon FETRISH #hISH APAGERLL & mucleic
sutittienti¢otproonoie «ifte EPiabomatsail RR2X negatverdefinitivgence encoding
engﬁgﬁm&@éﬁa%ﬁt@% GpP;SG}VE m@gu;z@n&@d@mgﬁ@#@ﬂ{@g%hﬁ@amng said

ra retinoid i
enP@ﬁ%&eﬁtggl ia |04?1t()o"?I %CX :ggl S orglaﬁu e cf r%ﬁ%e ?sdgiz))?& S by
the PRATTBIA O PatBgHap By °T@d§a7rv5dlﬁewmt%?%%%e§?ﬁg G dertve o
expiressionr pbtite FEX tgens prodwetaings:STRET-Brigredeirmyicefiritivesclls from
engosterp.aell.csmid method comprising contacting said definitive

endoder | wit f iat nn n t
increase ef?rlesszgag{ %i%%gégxﬁq&é%e%%dﬁt ‘Q[fé)g(l)%ﬁlé]E%S!tj fgr%g&n%e%ﬁ%cf oo

parSGrapH é%vﬁ‘&’%ﬁ%&’%ﬁ%ﬁ‘&ﬁf&f? | FRAP87 RS Fetinoid. 10 [0099]

77. The riféfBbd of paFeryraphry eofwieeeatphs &R difrera nsradichrfdistorrs Repulation
101003198 aif et mathaek ehpanagtap lokarwiet said differentiation

factor is %Sé@@ted fromythe grarn.eQRsising &f F&E&%E%éeﬁgmnsép further

activin B, B27, conditioned medium an comb;{patxgns of said

[Olﬁ’f}p‘?‘ﬁsﬁﬁ%‘%ﬁ%&abdf Wagﬁ?ﬁfncﬁﬁapa?fﬂerentlahon BRSPS c%owbafcct?r of the TGFP
profmstiagiths diffesntiabirers! P DxXne gainasbsn thxﬁéi@ﬁ%}éﬁ‘é% cEBf|$otBPX1-
P Diti=pasitive:feregoi-encad anmpeeisn saithEthectemrisingtieiste pais with

of Qbigining;a po auéqﬁp&mp@é@gn%%lﬁ%mw gefinitivex eRdRAR M fmitve
cells, A ntactl %ggl}% population corgg(psmngXl negative definitive

- tl t
en &8 ODe errT Se posiiive foregut en
{60951 73. The method of paragraph 72, wherein said retinoid is RA.

[0696] 74, An enriched population of PDX1-positive foregut endoderm celis produced

ps;iunpotent cells,

by the methed of paragraph 69.

[8057} 75. A method of increasing the expression of the PDX1 gene product in a
SOX17 expressing definitive endoderm cell, said method comprising contacting said definitive
endoderm cell with a differentiation factor in an amount sufficient fo increase expression of the
PDX1 gene product.

[0098] 76. The method of paragraph 75, wherein said differemtiation factor is a retinoid.

10



with a candidate differentiation factor and determining if PDX1 expression
in said cell population after contact with said candidate differentiation
factor has increased as compared to PDX1 expression in said cell
population before contact with said candidate differentiation factor,
wherein an increase in said PDX1 expression in said cell population
indicates that said candidate differentiation factor is capable of promoting

the diffey @Béﬁaﬂonﬁgﬁ%@%{&fﬁﬂ@l%&s&s&@ﬁcﬁfﬁi‘eﬁé‘d&%@&&}sm
positive foregut e erm.c said PDXI-positive .foregut endo
cells bel‘fn Erdj?ultlpgoéter?i ce?é P? Ifar%a%h Tégnmla%re) mtgoc{c %lnﬁ%%u%g{%rls seleoted

or@@mé,he@rwed%ﬁw@ EffehioF Fotti GriBp the Gt tUb & 0T0SEoRE Fhikm and
meshbrobparagiapio®9, wherein said PDX1 expression is determined by

Q-PCR. 4{}1p61 83. 4 %fm@m%ﬁffﬁﬁé%giﬁﬁ&&ﬁﬁwﬂaﬁﬁmmmSiflgéﬂﬂmg the
St%&fof %e&eg C}éﬁlﬁ%t}?e expression of the HOX 9%’3&&% 9919 £6llioderm celts,

popu Ation betore and after contact with said candidate differentiation

factis eI YT B h S EHI S TP G B 7P ARBY Em SRR SEp™
of détérminiilg theakpressionblithermOXOs Fefetrediid Saiipspuradem cels
befeiie.anghafite zepniactwithvsaitcanditate diffexentipianiactard 1 @8puiation

83, sLhe. mehed. ol DARMARRA WBEERIR: ﬁ@é%&%@d‘l@&%ﬂﬂ@é%@ﬁ?&pmmm

factor Is a small molecule. LOlO 9] 84 dTh%@] t@g r%% wgeé o increase

wHE IR Eh RPRRAT PROTEIRETE B Petioid 101 10T 85 The Method of .

paragtaBREexwbereifh SafrbarlerRe RAICTE1 ) B K HEEgRGtion factor is

pa&@g&&pbf Pohrwherein Sfsotndidet@Riffferantiatidriifactorigodarm cells to PDXI-
m%lﬁlﬁa LRESL- cIﬂesmbﬁg—ﬁfsﬁ%%é%m&ﬁdéﬁﬂ%ﬂg bRt Gruldpotent cells

candldat§1 1& erentlatlo Ja}l%ggrsls &%ro(yv ??a tordﬂOl 3 8%3—1:1%?%{‘%%“98&

ate diffe

of PRSI IRRIE WREFSIT SR AN rentiation tactor is

[01141 81! metH8dT8t RSP G PRt e SRS SO Bt s determined
pramQthag.the differentiation of PDX1-positive foregut endoderm cells,

said metlﬂﬁ@spom Riising theeteps.b-aRANRg-R RepHIBEAR: CRFTSIBGning the
PRX3:RosIIYB {6041 endodenn Gela, cRAIAGING SARLRMBNR N dia canicar

comprising posmv oregut endoderm cells with a candidate
diffeFSFREEHSA Bitor and determining if expression of a marker in said
populatiolfti¢7incredsdticontiod aseeraficl dorcompirngdiy damefidateninng the
differentiationfacion @seemnpaiecicexpressienebihefsamaanariiesad candidate
salglﬁ“g&td@gg@ctlggfore contact with said candidate differentiation factor,
wherein an increase Qr decreas expression of St |d marke

populatioll ifdicatds t#‘ nsl%{ll fe ?ﬁarlc?r alé(ﬁfferézrnﬁ iation fac o?elcs{ﬁl%ﬁ%qmg forie
pronfethgdseidifferentiation of PDX1-positive foregut endoderm cells.

[0118] 90 Tive methothofhpragl spipddl Sheremnsaidtsnrdinkelcaikpragsiomid

is determmﬁ@] by @ P&Bnethod of paragraph 84, wherein said retineid is RA.

o111y 86, The method of paragraph 79, wherein said candidate differentiation factor is

a polypeptide.

[0112] 87, The method of paragraph 79, wherein szid candidate differentiation factor is
a growth factor.

[0113] 88, The method of paragraph 79, wherein said candidate differentiation factor is
FGF-10.

10114] 89, A mefhod of identifying a differentiation factor capable of promoting the
differentiation of PDX1-positive foregut endoderm cells, said method comprising the steps of

obtaining a population comprising PDX1-positive foregut endoderm cells, contacting said poplation

il



[0119] 91. The method of paragraph 81, wherein said candidate
differentiation factor is a small molecule. [0120] 92. The method of
paragraph 81, wherein said candidate differentiation factor is a
polypeptide. [0121] 93. The method of paragraph 81, wherein said
candidate differentiation factor is a growth factor. [0122] 94. A vector
comprising a reporter gene operably linked to a PDX1 control region.
[01 95. The vector of paragraph 94, wh ereip said rep orter.gene. is

SRR RS RS The Jactil o SRR B s o
A éé‘l?‘é‘éﬁ?ﬁﬁ?sﬁi‘@eéﬁl%ﬁé ﬁtéﬁa%ﬁ% BSRABRIR KRR PDREEHREfr contact with
regiddcaj@d264: G8enfherceliaf paragraphoSiprakereiitsaichs epdren gédigpulation
oﬁ%ﬁ@%gﬁk&daﬁ%sﬂﬁlgf %ﬁt@?fﬁ@éﬂ%@nf&%@t%{%ﬁﬁ MR Bease or decrease i
chromaso ce aragra er id reporter
Qe RP S BE R 5] T pR Ayt BAAED b b Rl S R o
o PBREAL 155 A TN ST el T MRS it ol 5
hESC. [03@) 1029T Aeecrdihof poraegraph 37wivivereinl saidecetbiesaon is determined
defipiiyeendoderm cell. [0131] 103. The cell of paragraph 97, wherein
said cell '[‘EI%FDX;1pﬁé%%%%r&%%ag?&g%g%%ILELQ&%EAQ éiffafsntzatmn factor 1s
conditioned medium prepared by thé steps of contacting fresh cell culture
me%ﬁ{?ﬁlf Witrr e population of differentiated hESCs for about 24 hours,
wherein $8i#PhESEs Renvashednl riifierehfihteteon a%w@@w&ffﬁeaf@éﬂn factor is
culiyeypagditim selected from the group consisting of RPMI
supplemegyggl with:3%, SREHIE Jo:Sek dymﬁ@%a%'m&e%mmﬁgw&tor is
A and lo Serum RPMI supplemented with BMP4 and removing said
pOplﬁaW\Q/ SFdifferentiated hESCs from the medium. [0135] 105. The
condition&d X ediutfr 8f PFarAAPRIT4? WReTEiRSAiEPHFaSH EBufFiftargDX ! control
megigim. is RPMI. [0136] 106. The conditioned medium of paragraph 105,
wherein %@iﬂsRPMMS'ﬂQAMe&@JWBaBEM 91 2kQUed/ 04 oReMBtP R TP,
condltlonlfag%gedwg] al Cr(pethod risin ?the S 9;}2}5 of contacting

ult

i
fresh cell culture me um wit rés%%pﬁ ‘ét?(%oo ifferentiated hESCs for

about 24 Witils, wHerbii<SAPRES e BT sh gitfe IERT it It BTt seeion
days in a§8iFcultu?® Aredilin seteeteidforhertiesyioeny e BSis vyl R4 o said
suppiementeowith 3%satimdewhsaidnR PMI supplemented with

activin A greqlow sgruL R M&,auggg%me@a%mm BMR4 andtemaying
said popu atlon of ff%_[ﬁ from the me |u u!.101391] 108. The

method of paragra rvédé e SR IREGTm is
RPMI. [0129} 101. The ceil of paragraph 100, wherein said cell isa hESC

{6130} 102, The cell of paragraph 97, wherein said cell is a definitive endoderm cell.

[0131] 103. The cell of paragraph 97, wherein said cell is a PDXl1-positive foregut
endoderm cell.

[6132] 104. A conditioned medium prepared by the steps of contacting fresh cell culture
medium with a population of differentiated hESCs for about 24 hours, wherein said hESCs have been
differentiated for about 5 days in a2 cell culiure medium selected from the group consisting of RPMI
supplemented with 3% serum, low serum RPMI supplemented with activin A and low serum RPMI
suppiemented with BMP4 and removing said population of differentated hESCs from the medium.

[0135] 103, The conditioned medium of paragraph 104, wherein said fresh cell culture
medium is RPML

f0136] 106. The conditioned medium of paragraph 105, wherein said RPMI is low
serum RPMIL
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[0140] 109. The method of paragraph 108, wherein said RPMI is low
serum RPMI. [0141] It will be appreciated that the methods and
compositions described above relate to cells cultured in vitro. However,
the above-described in vitro differentiated cell compositions may be used
for in vivo applications. [0142] Additional embodiments of the present
invention may also be found in United States Provisional Patent

Applicatlg :2[,}4 @35 004 tltled ?EFINIT VE EN % RM filed

GI' COn 1L, SAl rising the sieps of
Decemb rOV|S|ona Patent A p lication Obg & P

60?%@%§6ém bﬂimmdwwmﬂ]@oe EWd fifet nlprife, 24 Rours,
2004ertih SsiPwEsiSipmabeatiitrppht fti eboM irye n 667586456 Gicdimtiticigoted from

CHEMOK INE:(El & RREAGEBRECRRT OREIR M eria QemT HdMlettnted with
DEF[NITJXVaRi% II\IDODER%NHIGS ‘]lurXer%ngQT% %4 PaEx(avl’alr%QQllgPs%t@EBpuiauon of

ication m%er 587 94 entltled CHEMOKINE CELL SURFA
E%%W’@?%F“é FRPSBATION OF DEFINITIVE ENDODERM. filed
July 14, 20089; and8. ShPaténd Aoyt M pitses] Bi0 5156 18] calitinl@gdivm is
DE&MITIVE ENDODERM, filed December 23, 2004. Brief Description of

the Dfawgr@ﬂ [014:3h FQAR oS %BT%@ %aemmqgﬁfm&%m
pathway for the production ofb a-cells from hESCs. The flrs ste%)

pathway ¥fhnits the £ BEIFIS R gHhimTe en 4 LR TP eesc%né qwe relate
represbymaltme s stieprGH fbef%mﬁé#e&ﬁ%ﬁ%ﬁt@ﬂbﬁfﬁﬁé‘ﬁ%‘ﬁdeﬁéﬁé?é%ws may
endededny endoecsiegndoderm, or islet/beta-cells. The second step in

the pathVY@MﬁhOWﬁé&l@oxﬁP%ﬁm@BMe%i&&%E R{ 1B Gatived in United

defj endod t ositiv %ghﬁ%e

USE %ﬁforr?f‘fem i ES‘ (% ?(?%ﬁr%l?ﬁonsgﬂa%fl CIZEdE%(ége evant mal:‘%?sﬁ JM, fled
deﬂ?ﬁ?@ﬂtﬁe%@%céﬂé a‘?@%ﬂ@‘rlﬁ?&&t [élimﬁ*tr@i‘@ GFEmSers S04 ?én?%’ﬂﬁ‘? FDXI
hUrASPREESRLTY mmmm@usmyﬂh@omﬁmr&mm@hgmwmw Number

ancté?i@bﬁgé“&ﬁlﬂedrmﬂm forthesimmurizatiopepIIcedur a1y ISOLATION OF
Wﬁﬁ% e 3.5 REIPANA denchooram. ARG Gk, Nusber

TS SR eﬁ'ﬁ@% té?&égx‘?&%ar%%é%r%%?h%t&%s?%s %r%?g?@m* oF

spesifsd mm%mmmﬁm&hmarmbmﬁwith the rat anti-SOX17
antibody. This blot demonstrgltg%gb@iﬁqungwmmg antibody for human
SOX17 pr. esse |n |br blasts

g C%SI ty Wlll%lréj ?ﬁoéaose%%%%mﬁ?y egch Ciiy %gﬁqe production

immunor ane most closely relate

fawﬁﬁ/b%éPﬁb@P‘fsw‘?S(I% 35 efma ﬁ“@?ﬁ‘é@%ﬁ@% Wﬁc‘?%gﬁaﬁﬁghe definitive
shouiingeandhisienof SO 7ol that stis ptay ta fisiynifiCarrimisempfto pancreatic
AFR gdabeled selsdiheDis st sttking, CQ@Q@&H}Q o6k S ¥dinfiay shows the

C'“Stefs AB) WP%&W'e ?tﬁvfg&&ﬁ%e%t ;'YS Y0 ‘?eercvll%gd;ml%@lﬁjﬁ%%ﬁm foregut

& are micrographs 3 owing pari derm and SOX17. Panel A cers £
showgoﬁ?fmuﬁ%@f&%ﬂéﬁﬁféﬁfwﬁfﬁ?ﬁﬁ*ﬁ%ﬁmﬂﬁ&aﬁmﬁﬁ) Ptstaf markers for
locatefdhiontihergeltSadacedgfinpdrietal endoderm cells in randomly

differentiajgdgulturgs.ef hE Ssagtisy. BanehBnis deidemticakdiele displays the positions
of conserved motifs and highlights the region used for the nnmumization procedire by GENOVAC.

[0145] Figure 3 is a reiationsl dendrogram illustrating that SOX17 is most closely
related to SOX7 and somewhat less to SOX18. The SOX17 proteins are mors closely related among
species homologs than to other members of the SOX group F subfamily within the same species.

0146} Figure 4 is 2 Western blot probed with the rat anti-SOX17 antibody. This blot
demonstrates the specificity of this antibody for human SOX17 protein over-expressed in fibroblasts

a
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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. [0149]
Figures 7A-B are bar charts showing SOX17 gene expression by
guantitative PCR (Q-PCR) and anti-SOX17 positive cells by
SOXl? specific antibody. Panel A shows that activin A increases SOX17
S hile retinoic acid, ( on res A

ar"neeszoﬁ ?2 Olgv\g 10 the Ul undv#erglﬁt%%}aﬂégnt% )fr é% et(éﬁzl rqIzil;tz'ian ?X family
sh’aﬁg’%éqgeﬁﬁﬁ%ﬁ)pattem as well as a similar magnitude of these
changedt&4fieflecléghirs SOX 4T witberaphbewnviindicatinig fHOX P Gits that display 2
Meseemeniel Sl LgapReX N @85I0hIS HetyirRlesiine: of aRasgas Atiusters

thegemli% ﬁ%ﬁg J?X@M@%@J&égﬂe?v?ﬁ is a bar chart which shows that a

ure of dlfferentlatlng hESCs in the presence of activin A maintains a

low level BFAFP JaREEXisfe S B OIS cBNY B4 Bted B IPaTraRsy O~ 7 Ponct &
differentizreniryi@vsietal ovine JermrerESid kMbrracstlenrg L psrég rbtiafce of
of At Hldedaiffenshcertoaypretaiontitevelsrs afEOsdmatety] B-folak ifdtkd] field
F'QHJ% iﬁ% %@%&ﬁg@gﬁﬁm&r@@ﬁ? r%ﬂeﬁ @h@‘ﬂ{mmmu image of the same
res: expressi activin A i in
ﬁ%ieve%as md%%% dnb ki Se"v%rt)}/l rglrrelpan%m?r%gﬁf’clus}éers o u6°1 gng SOXLT
ob@é?\?égd in activin A treatment conditions (bottom) relative to 10% FBS
alone (toi8)490152FiEugrares® AxBhrarchotnsparat\ RO ages skioving thejuantitative
qup@it@j@mf&k@aﬁsﬁmﬁﬂlp&m@ww sdfiom. gylametnbod NisehQUIe shows that

demgnséxalgqest %ts@ﬁmge%”%%%s% ﬁgf%m%@ &%ﬂﬁ @&g{&@&ggﬂm SOX17

(Figure SA) In the presence (right panel) and absence ( nel)of
e e e ) ¥t s
suppwtling himinilinpoi@:RPORankHyEe Sstoirdidane BHdh gerotberrirp s that
thegindividuak-eabniarebhi0l sk Figlsas 1Arare s crepaRh & wWhichishoMevel,
that expqgiyg of hﬁ%ﬁ%}@ 41992@lahmw&%@mﬂe@g\@a}hﬁe(e%/é@fzrxmmmscS in

strlkln |ncrea e in the number of SOX 7§ over the erlo

A PSP RORTINE TR PATA SR P G SRTF R Sa oty

nufﬁw@rnlbﬁéeﬂelﬁeeé%ﬂ"fmf%éﬁmelafﬁa% @ﬁﬁé%ﬁiﬁysmp%ﬁaﬁ‘i’éﬂ“m&@? The

(D-Ejfett-can bersetn thals approximeleli30-50% of all cells are

immunoregastive f%éa@%éﬂ@ﬁ(@&&%%@@%%ﬂ%%%ﬁ%bw%t% [&Mswn of

Flg el 1r'%sac'mb ! %h%g Qlaslpo %%gc]z%ngt ates fhatﬂqgwue Iar:!, éd ca’te]d%y%ic very rare and
}(rlll‘l e endent Yy INncreases 8%? Q? gene e ession |

d .ﬁe?él fmﬁﬁ@qﬁ éé*tgcﬂih%aew aé%?e%&&ﬁl@%ﬁ*@é%%@ﬂﬁ%&ﬁé@?@ §aye =3

of treatrigmit on adherent cultures and continues through subsequent 1, 3
and 5 dayﬁs:j SUSRASIONACK Hrr eoRsaedt HbeSinbigu a8 diAvifaiak@ MRy AFP” cell

Ch%r&r%be %m agfe thes %&%&%&&é&@s%&%&% UPEPION Al ATP gonc
MIXL1 pane ATA panel g%gnd HNF3b (panel &Actlvm

o ST TURE Tk e DA LGSR B FRBE BHE AR 55
definitiveordsdotie nrmin X F T Al AaheduiRmIEBEheTHET 94 §riRienglpes to indicate
inCraasedhexprassian inresponriatea.activin dose are strikingly similar to

[6153] Figures 10A-F are micrographs which show that exposure of hESCs to nodal,
activin A and activin B (NAA) vields 2 striking increase in the number of SOX 17" cells over the

period of 5 days (A-C). By comparing to the relative abundance of SOX17" cells to the total number
of cells preseni in each field, as indicated by DAPI stamed nuclel (D-F), it can be seen that
approximately 30-50% of all cells are immunoreactive for SOX17 after five days treatment with
NAA.
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those observed for SOX17, strongly indicating that activin A is specifying a
population of cells that co-express all four genes (SOX17', MLYL1',
GATA4' and HNF3b-). (0156] Figures 13A-C are bar charts which
demonstrate the effect of activin A on the expression of AFP (panel A),
SOX7 (panel B) and SPARC (panel Q. There is an activin A dose-
dependent decrease in expression of the visceral endoderm marker AFP.

Markerg ALRimitig. £9d9dey (ROE s aareial GRAAdeITA (BPARGL: 1o

remain either unchanged or exhijhit su preSSIOn at &%}e time %BH’&IS Increased

in QR AP EriSRRAERAY R“&%%é B 70??085% S Th&s & ex A ebryonic
erripreision iscotbagpedbust kT driasy SUpmpEIE PRoakercth SiliHesim eapdipes through
exqresan of HOXkYs dsisihdipfolifnfeds watid HNF3b are due to an

increas d{ké e W%? @Ad@ﬁw%wcﬁﬂfé%@m&@lﬁawﬁﬁmgma@umn the

o é?} A @A 4 har %sh%%ggg fifgs:t gf act|12<|crl1o é)nsndem

rac yury ex reSSI n onS|stent expreSS|on

of m@aﬁ@mfalaﬁm?kwﬁéir e RSB BB GO WXL, GALAS s
dossrdepRrdegtiefiectif@etiadrxArasion surabeifferentitidese Teerikingly similar to
n ?&%Qé%b&@@ kESSIN, @fs@m@aﬁmﬁagf@mzmm;mgm@mg Ao AR GAGHBES that
of activin A treatment expression of

brach :i/ a‘l&fs %eﬁ(e %o%?%c%gggg%s%ec ication N
definitiv é?ﬁ?lodeﬁ%*?‘ﬁ"dﬁﬁg P SRYEE SFRE T FRROREETR TSt f’g I on fhe
actiirssiotrediiiR (it2ft 0/artPB0rythi) ndimaR{tmeneipredhiemitm activin A dose-
braghyit atdaier timeppeinis af Hifferentiationdelative-tosFntroatedscanttilitive
cu ltHJ %§m[(2§<§§3 &%ﬁ%&?&&éﬁ?@&ﬁ@g F@QQ{? §ﬂ%§$gag§e@r§ae§ﬁzgﬁ SuUppression

m

parietal endoder ifferentiation n in response tto treatment with qg:tlwgcsen doderm
R R f et e H SR s Y0URG ﬂwsrpgﬁ%hry‘[ﬁg Futtare (A

whesh differ&his drsbetrepeptiniba Bridavin S arresEHBEGM & TR L GATA4,
SCareenueRraatyin aaiertae! tided riBpand dvetétt intkdsitycefsTiMesponse to activin
imrnynoreactivity is lower. [0154] Figures 16A-D are micrographs which

show may %éexpressmnlﬂ[‘ge&}tg%“sc%m% Jreatment with act l-}ﬁl o%’ﬂm (panel A)

activin B Cs rea our consecutlve a s with activin A

PR VTE er e BRIE GRS RT7SKEIS M BB cs morseaes
Pathad ere SON 17§ RarpbBenyER: PaaiCA FivreanaldiPbrqedadon. There is 2 notable

{LAR . NREGE Hh @: 4 efan SwedNd ¥ypositiyecel s osanetmtadindcated
%?k omplete absence b%cﬁgﬁﬁ (BRI £ mmyRRraaetivi ¥y ication of

[01 gure 17 is a micrograph 'showing the a earance of definitive
end6UEiHi SR TTSERTAPRRTS VR Form RESTE® THE Tagione of ™ (¢ =
viséeéred/eh duderin treideriifiee By ¥SEX Hipe. Rl difayation relatve to
endagerm displaysdise complete opposite profile, SOX17i"i/AFP' This

field was [%?glglctlveb{g(a@gsggkdéje 40 t%wltyhgm,@esg&%@gﬁg@t%nmdem
Q

each other wever, there are numerous tlﬂ1es wh%\@ox

regiibfﬁ%cﬁ%“%b%é?v‘é"&sfnt%g R S A S o any régio oG AFA: AFILfiE found
sugfgﬁésﬁh@ﬁtﬁél%@pfeﬁf)afé‘@r@ﬁ?%ﬁséﬁh%r%fﬁ*ﬁﬁ?/ewéﬁﬂ?f&réﬁ?’r‘%té’ﬂ ‘frg s i
visgenat ehdaderm eelisikibd 63 bigure! i8-isia ofialrarmaepistingy thewer.

TGF(3 fa@ﬂ%f)f |ig%&%@%@gﬁ@&%@%@ﬂ@%@ﬁaﬂ&&%mm 0

BR trseggnaie% W1{he aggvel}clu in %81'2&9% ‘ggrg gg@tég\fgr %Q_g c,oogx?erﬁ]dve davs with activin A
and activin B and triple labeled with SOX17, AFP and TM antibodies. Panel A ~8S0X17. Panel B -
AFP; Panel C - TM; and Panel D - Phase/DAPL Notice the numerous SOX17 positive cells {A)
assoctated with the complete absence of AFP (B) and TM (C) immunoreactivity.

wit
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from human embryonic stem cells (see, J Cell Physiol.187:265-76).
[01621 Figure 19 is a bar chart showing the induction of SOX17
expression over time as a result of treatment with individual and
combinations of TGF(3 factors. 10163] Figure 20 is a bar chart showing
the increase in SOX17" cell number with time' -as a result of treatment
with combinations of TGF(3 factors. 101641 Figure 21 is a bar chart
showing induction of SOX17 expression over time as a rgggl{.o&trea& ent P
with conBiftlionS BT SRt FRBRP OTREPE LT R kS B ode an
shisgrm théadarstivin irinferedFaldos Bt Bpemd oht ViiEre £8eS O 1igeridRd by
NUARPBISR 1166 Wil Wear2B3-issihamchisit:ghbwingbatopeditanos e §0ISa B FP"".
actyinsA apd antivin,Biteated QUILERSIRG 828R RQKELADIBSSIAN:. However,
above the levels Induced by actiinpuand actiin, 2. 2lone JOBT FIGNIES, ny
24ATE B8 BEr Chants s owing di erentiation to o?e?lnltlveﬁe.n, oderm Is
enfegERef iNTOWHIS SUESTHENSONS SPRESt PRI h RISt iin e FARSTR Al from
B insmetiadetintaitiing 2% FBS (2AA) yields a 2-3 times greater level of
SOX17 qgmﬁssi%@&cgmqégrgmthgﬁ@%{yQhUQ@imefd%gﬁ‘ 30%kaB hd receptors.
media (10AA). el A). In jon of the definitive en rm m I

M%ﬁog paac%‘é%ég%% é?é%dsa? éjlcjge di{:nrlla & ggﬁ%%}v@%&%ﬁra &t)lﬁgoé uoﬁ p%epé%‘cr)en 63 oderm
AFRORREaR SRR TSP F P ARs E594 TGradd e Gé'%)FBS than in 10%

FBS confiitidhs. [F168] Pigwes 28D wine theisrgiaphS@RIGrehiswpn over time as
S%Jslit%@!ﬂé‘aﬂge%f;%lﬂﬂ' '_3!911_'Eha%&%b@ﬁéé&é@‘@??ﬁ@&?@wve cells are

present ifferentiatin n .colony -and ar e
labeled i@t{?mgronfg‘ .%Z‘Baagﬁ %%%%%F%’ﬁ‘{?‘gge%e(i%%ﬁ%‘%%ﬁgﬁ B gﬁa%n%“éf nop e
co-Aabersl ofFerroe T prarhitaegns of AHER8TOElear mitotic figures can be

seen by AR labeting: of nuctet ihabatbtwBOXIHieelSSKIOwsrasavelleaime as 2

OCT4n #udifferentiated:RERGS @erhgads) (D). [0169] Figure 26 is a
bar chart showing the rez!gti\s/% %éplrgssion level of CXCR4 in differecptia 'ngndtmt

hESCs uhgéy varigﬁlsmr:nedia RonitBRs B 6 170] Eigtirds BORD arehar
chapeseeprait SRSW hesiraPanel of definitive endoderm markers share a
very similgrgspttermipfkexpressiorbio GHEGR hacrissnhé Watiigo activin A and activin

diffgrentiation. leatmentsisplayrcin Figw &80 1ilidkiguEes 280k activin B
are bar charts showing how markers for mesoderm (BRACRYURY,

M ??’ectoderm SOX1, ZICI) and visceral endoderm (SOX7), exhibit an _
inverse rBbnshiStEFTRER 476 RE SLSib I UreRs SEtHe Wlion ¢ i fgdoderm is

disptayeddin Rigiks 264id17 2 Eigunes 2B Frahawitorol rap Bt madis hepining 2%
the peiatine diffRERNCE s Gebks M RTITN EasivesRells acipssitorae ahtfiexment
medig gp @ﬂglg%ﬁggggtﬂsyﬁge@ FoW6sR6 28 dAnd 3l Floes, 3048 QL1 (pinel

flow cytometr , that demanstrate the in%e ein CXCdR4‘ c?ll 1O
nurfbér FRATHTS AT EBREEHIFKGH BPEEIIR R AtEETEThg o) pand O3
differeatetiatitin ¥a& dien 007 FPFRep#ES™B1A-D are bar charts that show the

CXCR4 caltsgsolategfeormsthe highnicrographs which show SOX17" cells are dividing in

culture. SOX17 immunoreactive cells are present at the differentiating edge of an hESC coleny (C,
D) and are labeled with proliferating cell nuclear antigen (PCNA) (panel B) yet are not co-labeled
with OCT4 (panel C). In addifion, clear mitotic figures can be seen by DAPI labeling of nuciei in
both SOX 17" celis (arrows) as well as OCT4, undifferentiated hESCs (arrowheads) (D).

[0169 Figure 26 is a bar chart showing the relative expression level of CXCR4 in

differentiating hESCs under various media conditions.
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dose activin A treatment (A100-CX+) are even further enriched for
definitive endoderm markers than the parent population (Al 00). [0175]
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 ig&gch p?i%&lts &9&%@9%@9&%@9&%&&9Q%Qf)eﬁaegﬁwmm

very little gr no CXCR4 gene expression, 017§gf ures 33'195([) arec{%;?
R AP h S S B GH TPTIRB So AT SR Erentation

M@?@}@%@@d@‘?ﬁi{@@@ #nd visceral endoderm (SOX7) gene expressmn

in the CXCRYA+ celigrisolzted fram the highdosewactiviawA tieatme itrwhichderm

%ﬂﬁ?}@w raesas é@m&%ﬁ@%ﬁ@%ﬁfﬁ%ﬂé%&%ﬂ%@%@@i@%@ﬁm an fnverse
markers Z%E ures 34A-M ar& bar charts sh é e Wgrgésmn
efinitive

paffeir &SP Rarker yanes Thar ean semﬁ%gec?%efﬁen% éndoderm
cells. Théﬂé?éresﬁﬁﬁf%fn%ﬁffslzsa&f BStROES Bt e fentetpkey Liffespop7in SOX1T
VWikn@bdeACRy BD4@bs GldOR Inaivdc@R s Bsglapiim ifiguanéfs?6-L
respectivghyahe @ém&%@m@@hfﬁsc%%ayi@btswoa&wrmgdma% increzse in
maﬁ&@ﬂﬂrg Ulhl§ T 711!10\:%&9 X7c’ §cgn)t§a actzvn;r M écﬁegtjé &”&MQ&%&? media.
shown mégane A-F, respectively. Panel M shows the expression

res

analysis &CRE‘WTHE@%& B REEHTB PAR TS AIRAHE R el fom the high
labéderHES € irintlicsidd Yeriebxp resslorbiromipetific dehuifvannérbiry Bptkers than
ste geds: piptkdndisates cells treated with 2% FBS, no activin addition;

O.1A100 jny %?ate%«* Fﬁlkssti?ﬁ%ﬂwé}t%om& Se l%e%%&ﬁ%ﬂﬁf and CXCR4

1A100 indicates cells treated with ml ac V|n A; and

oATHE MRS R SRR E R 671 l'—sﬁ@’gle%‘%%é/raﬁl BetieR [ERep e o e
Figeresmepiyiatienakiy Rieimshandbré s SRREHE edisrostpremilypiky CXCR4 gene
gengpRsaocpitie ifehdh SEaiaftpidicays ard s diy Swithtandowithoutry litle or no
activin-h the. presenge of retinoic acid (RA) and fibroblast growth factor

(FGF- IO) (ﬁdo%day 4331'1&7-131'01781 Fi%zgtjsr%éa?’ %emons a%cg &%f YVQ T Gf mesoderm
ela fhES

show the Ive expression or mar erfgenes In a culture o s after

4 AR Baapdiith SdamraGE LR Frrrthe s ree AEe%0t estmorerstfg o te
(RA)=&R-filoedb ladtig dwth Factoh (G HalYia ot édhored aybibh Thelpedyedyppressed i
Sh%ﬁ@@&gl@%h@ﬁ&i&g&@m&&gﬂp&ﬁé@e following marker genes: (A)

SOX17; (%ﬁ ‘%)eéﬁi &Da}e%%ﬂm@&!%&mea%@ow EMAQ%@QILW genes
are charts

Figures 3 IC show the relative_expression of marker

gentééI iffeaE Ut o FREE SRR AHRHT RGeS d%}% TRITSRR SOREY o ofminve
actieidoferth eaprers it oM ABs EAEERIF S RIb IFMBORS aid ERFYIds Akt RA el G-L,
fibrehlast@rowihdasteskdofs ndB)sasid-fibtabla stgred hifagio n{fkGd #)es, SOX17,
?ﬂﬁ%@n@xﬁ&%ﬂ@%& %@%&3& qg%%ﬁ L?égt ﬁé@gﬁ%%@ OfAREM shows
ollowing marker gene n

Figlte§5ERG Bf SéSh fSi:{(q?f‘nch sﬁlc%ws}f Ctet(r)e ativ g egxgﬁtl}é%%[o & e RESC
gen@élqﬁes*age%ﬁtmem@eﬁﬁmwé?ﬁdwwwg%ﬁfaﬁé&m Wﬁﬁ?ﬁﬂeﬂs reated
FGR«12ha Beinkipationdaditiore iHan $0 indicates cells treated with 0.1% FBS, 100 ng/m! activin

A 1AT00 indicates cells treated with 1% FBS, 100 ng/ml activin A; and 2A100 indicates celis
treated with 2% FBS, 100 ng/ml activin A,
{0178] Figure 35 is a chart which shows the relative expression of the PDX! geneina

culture of hESCs after 4 days and 6 days with and without activin in the presence of retinoic acid
(RA} and fibroblast growth factor (FGF-10) added on day 4.
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XM, 0.2 p.M or 0.04 M retinoic acid (RA) added on day 4. The panels
show the relative levels of expression of the following marker genes: (A)
PDXI; (B) HOXAS3; (C) HOXCS6; (D) HOXALS; (E) CDX1; (F) SOX1; and
(G) NFM. [0182] Figures 39A-E are charts which show the relative
expression of marker genes in a culture of hESCs after 4 days and 8
days with and without activin in the presence of combinations of retinoic

acid (R p}t}%roblafsp? g;[qu%togagf GE-10) ar @Oﬁgﬁ% g%gmfsosllgvgywngﬂ i genes in

serum r emen etal bovine serum BZ7. The pane
shifrHe PaRERvS 17l SBr axbidestontrh & Hsibi ﬂHé?REF@eéffe‘g TRy i
POXA) (B SOMEst (@AFR (DY GHCN;ddrd (EPNEMIO188H iyt driae Brels of
are;ghasis: which:showdhe el ative. expressi o of J0arker)OeFIeSIPROX]; (E) ZICL;
pancy %BPXl HNF6) and liver (HNF6) in a culture of hESCs after 6

days ?ﬁs rior to addition of RA) and at 9 days (three days after

exposurd tBRA). VEHBUY SonBfiBRS WaKS ﬁl}emﬁéaﬂ%“&%&?é‘mﬁé“ arker genes in
additiéﬁroﬁébf@ﬁﬁﬁ Bt devemdp TayngifhiRIDIhes asgymiy APSyBrme fghtspce of
(aaRmbmthenpresanee «af aitherhgingt iR eor BERGINNENTO)Retiviswh. facior

Th @9&5’1 Q&%Eh\%tﬁlé}% W 1?399%'5116%%5}91‘4%{4)3 lge(NE )e%&@%ﬁ %§tﬁ@?oliow1ng marker
ne atlve con 6%59 itive Werm and PDXI-positive endoderm

pr ol e Held ého% e relative levels of expression of the
following Pﬁr&?ker gEREY: Gy s )i s HIRESS (084 PRIGHRIL YAk gones in
ares chimntsofvbniflitsh emidizerr edbtivenexipt eg6i66 mfmh BEtelige nesbinatan with either 1

culfgeof .h}ﬁ&%&v'm 000 géf@'(ﬁﬁ}@@ad%@x g/l fﬁé&h&g m&h%tremm fevels of
activin Aat5s ust rlor to retln (#ﬁ; %%AB ®
day & HEPTHAT eex%losurg GEV rfeﬁesa%(é E_’l%? f§ g ?Ael’ e per ntage
Iab@%ie@ﬁ%ﬁ@%&ﬁ%r indicates the FBS dose durlng days 3-5 of
differentiatitas] Staringeatlay i celts traigtetowithe RIALIR Fxpesscgrownrkyr genes in
Rpwﬁﬁﬁddy@s}@miﬁiMS Qlé%@%@%ﬁﬂhﬁ RAGORERRIAHRMWES LoV @fbinations
day ]ﬁfIOIC aci §§?\ dthl(e)ls act la?arfa%gg L% t%Q ?Wo%ﬁ% %égﬂxygplacement

levels of expre owmg marker genes:

(C) <§@><f?ta11‘@‘[@i§§]ﬂ¢@’§ﬁé§r4% B%Fevafﬁ&rféwma?ﬁ%?%evl%ﬁé 58 gmm of fhe
expieission ofkrates: (EE5n (B) SGRIrCORFBIOSIré sty 3EWith activin
Ain low F’(&Ssqo indueg-dafinitive endosRRkaayn5)-rAe: drenswitbifiashr genes for

(A25 gt?‘dnlge?é{ﬂgm @%%Af ﬂﬁé’c%&%\ﬂ%ﬂ%& pncr 0 addition of
con |t|one medla MEFCM CM#2, C a{}d CM#4 and“I,?eAéto g%  ompare
PDRLIERHAELNG @ﬁﬁ S AN 80P oiBie SRS minets P

5, 6th a@itierbHacttia %@rﬁesrss»@ﬁéwwé %@@n%f}@% (@6% °e§<‘b?é/§§|6‘ﬁ%ff’tﬁé pressnce
follwing-mangern geres: (M) RDKIS(BrERX1 TRk8HFiywitodBaiy aehaflt or activin
Whlg] @ﬁ? Vé’év@ Eeﬂﬂti}{&mf%ﬁi&“f&f Ee@%&v&ncﬁdgﬁgﬁr%f Ph.ﬁi&gﬁmve endoderm

treated first wj actl |n A in low FBS. to n uce deflnltl oderm

foll TR By y ’frllt f%mcﬁotﬁ?prﬁlg?ﬁra lg‘é vin KX %esél?réﬁnm%%%?w&%a gemes: (&
var?ﬁ&@ﬂ%@rﬁ%@? RA in conditioned media diluted into fresh media.

Total voluasaf medigris B mtiratheasess {187 Figatis44pisssions sy genes in
blot shewing 1&@@@' Wmeneprecintaied fram Rintteatedudstmiiven A at 5 days Gust

endpdern Galls dvatitl And 42 (HPVAIGY e A0UHRR.BERAAAD, wma 11,
rgspectwely) The percentage label directly under each bar indicates the FBS dose during days 3-5 of

differentiation. Starting at day 7, cells ireated with RA (R) were grown in RPMI medium comprising
0.5% FBS. The RA concentration was 2 pM on day 7,1 uM on day 9 and 0.2 uM on day 11, The
panels show the relative levels of expression of the following marker genes: (A} PDXI; (B} ZICL;
{C) SOX7.
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activin A. [0188] Figure 45 is a summary chart displaying the results of a
fluorescence-activated cell sort (FACs) of PDXI-positive foregut

endoderm cells genetically tagged with a EGFP reporter under control of

the PDX1 promoter. [0189] Figure 46 is a chart showing relative PDXI
expression levels normalized to housekeeping genes for sorted

populations of live cells (Live), EGFP-negative cells (Neg) and

EGFP-pgsiiye cells(GaDitn. 40 180) Rigi endv i aahas tahQuingrialatty @enes in

PRk eXpreEsan levels pOITAlec R 1Pk SSESINOBRNS LR RTEL, 5 o

lons of live cells (Live) atlve cells (Neg), the half of the
A A O L VLA AL

(LOYBRHAEhENTR CMitiearE GMP4pasitiBe delindorsulRiorethrstdnaseadechigheliprker

EGERssignatiniensiedHi. {31 31 sFiguwesd8A-fhammachassshaning thels of

re%%%%’%:%%f@f%%%’&x@é&\é%ﬂ&&’@@%@4’%&9?&9}: Qeselgeping genes of five
pancreatic endoderm markerﬁ %E)rte OQ’O uIa ions of live ¢ JéngZ

EGFP-nE3tive cEIRTING) 4R EEFPIRESITVE 3% Vs TEFPY). ane 3 i\cu}mm of
NKIRSES red U VI SV N PRy E5S RRdE Sofairs oimm pd folippec by fresh
Figiste 48naiaiaecharts shawiaintheassl fiviRexpressigrisvels «fotmalizedhitioned

to Aaeﬂ%ﬁ!f@mm @aﬁﬂsﬁao&%@v@mma@a@ag@ sngledesm. markers in
sorted p tlon of liv ce ﬁgt %GFP tlve ceIIsF&)
Detal

EGFP- p e ce é‘% anes o DR mAen R, e
De@éfwe)m@ﬂgaa wlkrd s e b4A ﬁ%a%ea&ve%%?ﬁ*éﬁf t%‘?‘n’?ﬂ%l 50 ng/m!
gastistation occurs 2-3 weeks after fertilization. Gastrulation is extremely

SignifiCa@ﬁﬁ%ausﬁé&@@tlmi&liﬁﬂﬁythmm;ﬂam@ (R RAY germdayensearfvated
f'fj@} e fiasand a1aanieet, Gt of aloof0d e RANREMNOLANG SBUbGEP reporer

ectodermi onsible for the eventual formation of the outer
@%‘%qlﬂfé%%]a‘ﬁ * 19 entire nervous system whereas the
heart, bld®#sboneFiskektainubsetesherdnstirigtizo RREC tRFErsiondevelfraormalized to
dervedfam: theesadasmpdaefinitiver and e fLic d eflifedastthecgiriies) and
Iaygélgp%é%@gggraé _for formation of the entire gut tube which includes

the esophagus St% ars\dsé ara‘z” %qu Iar S mggﬁgpes Casglg)ntqgfe 98 tized 1o
which defV&%rom F%rgugthbae tich Tt‘ﬁe Ve

paretirsRinssraea T efes Mﬁﬂéﬂt&aﬂf&m’& %ﬁ’a) p%‘r“rfé’ré%%ft@ Fé%‘i AettBrPall of
anchd/ ity RHe0 4 ipaplman tan daGrffirve2CRIFF Fiemi aysar dlo) 2000 half of the

Weligrang M@Qﬁpé&%oﬂﬁl'&@ﬂglﬁéﬁmﬂ%&)ﬁ Avary dmportant
d'St'”C“OTgf&e?U'd ?e mangbﬁeth%ep sehg,ef'n' tive endodermandhe, . aiized o

complete para neage ot cells termed pr|m|t|ve endoderm The
oriHETESERBERR P <P AATI T BT P ToffRTGPon o i ool L)
extEsBmbgybricisSimsanh B tbrti parbtdFERd ieedrat entdodels — GLUTZ C—
porﬁg@%c)ﬁthml@qg@tal pyelggac and the extracellular matrix material of

e et oo a0l OA9L Dutng Saions B Bipeess AR M= o

endoder atlon egins W|th a cellularmigration event in which

megﬁﬁ%ﬁfé?ﬁqgé’éﬂfsofd@ﬁ’sﬂ%mﬁﬁm ?Bd?gﬁrﬁ Irﬁggga é?rﬁo%?’d populations of Hve cells

(Live), EGFP-negative cells (Neg) and EGFP-positive cells (GFP+). Papels: A — ZIC1 and B -
GFAP.
Detailed Description
[6193] A crucial stage in early human development termed gastrulation occurs 2-3
weeks after fertilization. Gasirulation is exfremely significent because it is at this time that the three
primary germ layers are first specified and organized (Lu et al., 2001; Schoenwolf and Smith, 2000},

The ectoderm is responsible for the eventual formation of the outer coverings of the body and the
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endoderm) migrate through a structure called the primitive streak.

Definitive endoderm is derived from cells, which migrate through the

anterior portion of the streak and through the node (a specialized

structure at the anterior-most region of the streak). As migration occurs,
definitive endoderm populates first the most anterior gut tube and

culminates with the formation of the posterior end of the gut tube. The

PDXI Gene Expression During Develgpment [0195] PDXI (also called .
ST O SR BT O P SR O S L ELSapgPRgpe s
deverspinéArpinagseitereReiaiiie @sadtra ifiotféntins POERmdappsthat is responsivle
exfrcbsadiin thcepaner eatiobe didicenaiydahioh @sitesfr erpdstedienall and large
fo HREMEHEN %Q%mgaﬂde&u aducs hethithe. axactine 1@1{@9, BRLQEHRR, 68U wroia
staring.at P840 he motise, aler. Ol Besomes 1SRl igPa 1y o
ceﬁré.a Sofme defta-cells. This expression pattern Is maintained in the

ad TP ARy e e S84 W&H&e‘ﬁ%@n dGe sy Hpton, 2000). A very
devalopm dntinvicickhisldtaren btovthe fordpingramdréas, athdie iothistely separate
dupglenalenirresyie srand e pigsaendoarneeais, Aliiahs 1o RAaGRIARGIMsivle for
the, COMMmaR il LYsiG AR Rl dugEs }Jrlé'éx & %%cgiagéﬁ’c{@a%%%‘o%% of the

becomes limited, at the time that parcreatic expression becomes

reSUARTEY Vo4 SRS AR NG PES P HtBL SRR P O RIS ive Cells
and Prod8Esés Rétamag sFieiciyy Ot 98 - Enmb gefimiarntendidine forasagn begins with 2
inventian melatedcnavel, detinecdpiockssesiorike proshtelion et mesoderm or

POXIcRORH¥GARAAARHT: GRlRWhRte IR RE R GROSIMEGRAOIRIT NS erived

are. multipotent.cells that can differentiate into cells, tissues or organs
B P T IR TR T o Pt (b TR gigere moe G
forEytitfitat GEERe Gt EMnTriaer BasU rRirRiAl TPAUTHPSte A" BIEHIN ffsEte rctmitive
celéhdefers sopaiael| fiypeithabcantgivegisato aniimifedhnumiier ©f déheation of the
pagisar 6Rlbpes s used herein, "foregut/midgut'refers to cells of the

an ric]; r(t]ion f the. %tub as well as cells of the middle portion of the

e e o388, éveloniment. . .
gutEFth‘FQEu e, mLHCU |En§_héce? sr o%%ei%oregé;u‘ Urmid ut junction. 20 [0197] Some ,
preferred®fitbodimBrits Bftifafte ﬁ%iﬁ??éﬁtiﬁﬁ‘ fefate foipFersaduion farehda i

prodestan fof @BXkpositléforeges endoderhiwetismin BBieis first expressed in the
emhadinrnisidheseRXIpasikyve piregutiebdo deitacelleargt produce boih the

multipotent sells.that can differentiate info.calls, HgsUesof praans derived, vee.
from_the anterior g%ortl%p of the gut tube QtPeDXLf%osmve foregut

) u .
endBde) B 98 A itional BF SfeTred embodi PO o RS o PP s s alse
for ThEepe ductieslsret cpRARmptsitiVedatripaermyidisitdiaes P 0s teriBrpoptisRcTeas,
of thenfarsgdtottnsiome@p atiimenishdhese cE) Xl G8itive: entodersommon bile,
cellg@remyltipptantcelts thah cReHeIeiate It Colls ISP UR AL ALY Reatic

derived from the posterior porti n.olé?e forequt region of the gut tube.
[01 %%%ﬁ%fresg?mdtf‘g%ﬁwn gcf}é?ﬁgsg%ﬂlé%ogﬂngﬁl as those produced
L' 2 - R elated

ac i Bea-trerein, can be used to produce fully
differentidéetbinsulimpréduuing Becelisnt Ivedimerémbodivéritsiofithrecesses for the
Srgﬁemcmemi@Dxﬁ’%ﬂw@é&ﬁ&&ﬁpEewtv&iaﬁad@;rmmkspamx@re&hém B¥fis are
[ ntial initive t o_not anti .
B o LR e b L el

as &M ﬂ{‘/@g eﬁa & r(ﬁ%xsl C'P%tsétlf(s %F%W§ endoderm). As used herein, “multipotent” or

“multipotent cell” refers io a cell type thet can give rise to a Hmited number of other particular cell

g
atrld atia S Tt i o w2 e

types. As used berein, “foregut/midgut” refers to cells of the anterior portion of the gut tube as well
as celis of the middle portion of the gut tube, including cells of the foregut/midgut junction.
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positive foregut endoderm cells. PDX1-negative definitive endoderm cells
can be prepared by differentiating pluripotent cells, such as embryonic

stem cells, as described herein or by any other known methods. A
convenient and highly efficient method for producing PDX1-negative
definitive endoderm from pluripotent cells is described in US Patent No.
11/021,618, entitled DEFINITIVE ENDODERM, filed December 23, 2004.
[0200] gﬂbﬂssess()f 9 roqergelg] gngogxen 5 o?ltthve for Ut endoq t’é”{‘o Creolfl:%sses for the

I’OVIde asls fOI’ e C|ent I’OdUCtIOﬂ o) aﬁcreatlc tISSl,IeS suc

P AN ARRPRENG AEFHSBORTE i I EHGHEPRBENE: PR AR Posiive
préfeere chéndro ditrartonkivarancRB i vosiiffe-fotgutcantiotderm Ccelgrnaferived

degrive dhdcanripaas B Innesative definitiveepdegeansells, which in
turn, are &@ﬁved KQ&OQE%&&I&%M@%@WE Qx?(t!op&%géégs fe&egg roduction of

endoderm célls can then be used to produce functional insulin-producin

30T P BL BT RCEREL FElf Rl AP RRSETSF AP PSATRERTEy [3: EBMR CHpGRmensS: these
efﬁ@@h@ysemdﬁﬁeﬁem%ﬁﬂﬂémsrﬁewéﬁ leelipibatreh Sfftrretdiffate Atlatioetepyeans
tha&@mLﬂfomrﬂmiméﬁ&qhhﬂg:tdsfeheﬁana@magiﬁmskehé(@amﬂefate Because

diffe re”“fdi'@" of P[@Q%ﬁ?—g@g% ﬁ! gﬂ&mg%r@&c%%gﬁh@e produced according to
PDXI |lgosmve fore ut endoderm cells re rese[l‘ltsﬁ%n earl steﬁ tow rds
[

em c ne used tcs ifferenia ucm -cells.

ctionat pancrea é’fetf(lcye ass own n | ure gl?
huglh emveﬁe@a%ﬁé@rﬁmﬂﬁnnawﬂ% Bep TBOSﬁa’ﬁﬁi‘Eﬂaﬁ)?rﬂé‘iq?alﬁF@S o2 gguced
In welrratife derifaiilityrabeficiantidifierestiatiomol P Bt @galiveDX 1 negative
definitive.endoderm.sells Lo RRXlpastivefureamt endRdarn Gells(SRMErDX: -
asgect’gge the %eggnt |m{ent£%< enlgte ‘tfo %m ro me h,odolo%;/ thaggesrylglee it
% oxfﬁ%‘ely » Corversion of PD prep v

pitiEs U pmdetlipoertivi tERBTICETdD a‘é?w%é?rgnwmealﬂsﬁ%&w other
meumdsneme@m{aaesvmerappl icgltip afficu ieteod fra wrdvethefBIRIOrnegative definitive
copglitiens a sefinedant: lempasallyspeeified fashiar bW @fied DEFINITIVE
ﬂ@‘ fl;:e%ﬁe” Haﬂ%g for PDX1-positive foregut endoderm
ells can be achieved y isolation and/or purification of the PDXI-positive

foreg ut 3P dod BT EE SEPEHTEER & P B ROTHIYR S S PUTRIRS By LSRG v @ basis
redgesflitieat spdusiitcatrehadasitoithiss REXdspobiies foregiat erdonibrmgt cells from
cellsu-HsandaiternativeinPR¥sitiva-fere gul-en dodarmseldsieait Beloderm cells
'abﬁLeM@ﬁ%%% %ﬂﬁ@% tgu%%%%ﬁu%m LRI %G&Eaea@d from
as to ena%? e det I?XI exe%re sion Suchtflu%rescdent ¥8§be dtl |
cellE&ah HER %’“?Fuo?‘ée%‘éen KR SRR SRIY (B eHona
Furtihdinasprseing 8f°ﬁHe pre@éwz aeerienived afe%leﬂma%s@scdhoblgh efﬁcwncy of
enl’dﬁhﬁﬁtﬁﬂﬂn pOpeslainns:campsisingdibitpasitive faregoteensied@sifeaching the

cellsazelgaaihndsdon dentiving.Jaciess yssbin e differniatann «
rom P

to an Xl-positive foregut endoderm. [02021 In order to determine

the" BRIGPRITLEE BRI FELHRR 1T Or At GHETH SanLoRres SEPIIRTHE ot “metional
celbpopatatisiet/facetie thodofdistiFiguis Aingithistietntypel fidfrettiatigtherthis step is
cellsdit-thay eeditse or in the population is desirable. Accordingly, certain

embodimgnts, of the preseqt invention.Lelate 4&&34! RIS WD OSE P 1 pegative

presence, absence and/or relative expression levels are indicative of

PD%PB‘B%?t“i?S‘i‘%S’FE‘g?ﬁ%ﬁ"dSBé OB S AL B RO B JatEktiRg e present
andrmemmﬁaﬁﬁgqhewexmw@%ﬁ%m%mew%eaﬁ%éwmm of PDX1-
"exprgsstonchrgfer stacthenpsaduet D frastetetab@r endoderm cells.  Typically, -such

methods encompass the application of culture and growth factor conditions in a defined and
temporally specified fashion. Further enrichment of the cell population for PDX1-positive foregut
endoderm cells can be achieved by isolation and/or purification of the PDXl-positive foregut
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substance as well as the level or amount of production of a material or
substance. Thus, determining the expression of a specific marker refers
to detecting either the relative or absolute amount of the marker that is
expressed or simply detecting the presence or absence of the marker, As
used herein, "marker" refers to any molecule that can be observed or
detected. For example, a marker can include, but is not limited to, a

nuc'c?l aCI hjom gt e?‘ ctg nsqu ! Ol;fatwg 9":1%3% a?e&%%??p@éi%&ﬁ? rt%g&l(f the

ene, a non-gene pro Ct O eptide, a cop rotein, a
ca’f’ggﬁx?ﬁ?’&t’é o) BT koA BRGSO SPERHAY (HORCTHOAFER ol e
exXarbpted mdleceteshevimnepd meterodlarweiy asfild SEPHhwristo 08t mnfigfection
[0208d:{n semambedimentsafipsprsantin ventteuiRqre seneesnt activated

absence. andier Fg'%lh%{ %&@ﬁﬂmfmm@g&% IS0 teriNGERY and enriched el

guantitative PC Faore amp le, t e a unt of transcyi
prem}&asanwﬂe&ﬁaﬁ% 58??&?85}%‘5" R e S - S g or g
SCxtbrs R Wﬁf&rmww@t@ﬂm %’Aﬁ@y%mém m‘éfmomls)
homeobox@H (H@Xi6) adreatinotitenmarké BDde sorbedivegaimiiderm cells in 2

defeimingd £¥%& 1obRudh Qmﬁﬁmmgdﬁgﬁmﬁzg me&n%mﬁhﬁmwcgﬁs in the

used to dete tthe roteins ex he above- mdeintlone enes.
£ 0T 111 atl n 18 e CF n}fv L}J ﬁ'tam exﬁ ments o Tesent mventmn
stiffother em ens ¥ an nohistochemical techniques are

botRatis Bt WW&W&P@ TRRSERSN ﬁ%mﬂeﬁ%aﬂw AR IBHS B AT of
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cells, as well ag defer Yévsrtabn%&%pggag&giQP%LEH%%&%G%% determining

enéubég??ﬁ Celfs in a cell culture or ce population. For example, in som
emBoeREHE Bﬁﬁae‘aﬁééaﬁﬁ‘f%éefﬁ.%r?f’ﬁegnﬁ BT P6SRRETSreGur armoint of the
endederthacetsmysed| bpoppiadrirsra e rrensrod aeer espre stkre PPyeyd herein,
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cfosmve foregut endodoerurp co r&d cel 0 U%U%nﬁm; e a giyootipd, 2
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FROM PLURIPOTENT CELLS [02061 Cell cultures and/or cell

populations comprising PDXI-positive foregut endoderm cells are

produced from pluripotent cells by first producing PDXI-negative definitive
endoderm (also referred to as "definitive endoderm™). Processes for
differentiating pluripotent cells to produce cell cultures and enriched cell
populations comprising definitive endoderm is described briefly below and

in detail in US Patent No. 11/021,618, entitled DEFINITIVE ENDODERM

filetl °EIEE e BP9 B1ASI &8 & S HESE pFole S 5! REPHRIPotet St other
celzipdatimas Sradtingl esieréafeget ﬁmmllselm Terthinprbtiowstigt are produced
detigitive.andastes it eelirﬁmw&&amﬁemrw@dugauﬂa@m atioDE 1 COPNPYIHINE A 13
defakﬁﬁti-i@;&@%?%% GEllR,a8 Produeed M EMANORIGSRIMEANS: A negative

used_herein, dem ryonic" refers to a range of deve opmental stages of an
ord SHsH® B RIS TS 8REAE Kgote and ending with a multicellular

structurel$A%H no 18y ereEwriiisead prafpttdncEPablipsie At satrgcisptl features.
tharmdeveloped gamaiiecallscahpasidition toramitry 0B Xiephatrosndaemetes weil as

fu %@ﬁ@&@%ro@mpg M Qelf@{l%st%mwgb%lmy% RY-80 ’f@?ﬁ“@d@ﬂb the early
nuc@ear tg%nsfe refe{r ethod for derlvmi% d I%‘ml;[g/%s dog% er cells

4 devel men the ¢ 10 can also
UtI|IZgS ﬁuman OnIC S em ceﬂsé tqhé) star ﬁg@materlal or Itive

enddtefth tb?%&f&éf.@ﬁﬂ%&ﬁlmuﬁw&ﬁ?ﬁal?%ﬁ k&&?ﬁﬂﬁ%ﬁgmﬁ*@ﬂe since
froRDhierpsovafaremhrbdydmic sanerctl smassiordipsérobiaimetfroitissues, it can be

eMBEYQNic. 00RRGALTdORS. htkanampryonic stem cells can be

m?ﬁﬁﬂ{i Eéf’d&\@ HiYEg, N @%ﬁ?ﬁ%%ﬁw 'E_ﬁtﬂ:&%ﬁéﬁﬁ gﬁ% ENDODERM)

differentiation usm metnodads that are Known in the ar ucn metnoas are
BREE G b US Patent Nos. 5,453,357, 5,670,372,

5,690, 92@@@43 7@@1 @@@@%@Gd@ndc@%qp@@nfoz@m}ﬂﬁ%orﬁ'@%m@%e@w@t

for prpdieingidefintivmendodesmieals; RESEySianex -tiaiiarFEd aBefive definitive

fee%&&%@(m&&éﬁéﬁ& 2 %ec’?e?ﬁﬁw@wdéﬁ%ef laygLauh k‘&bd@ﬂ%&!\&ﬁaﬂﬁ%ﬁﬁﬁ&w cells

be maintained ﬁa pluripotent state can be used. One > commonly use

ed
fee T IEUE FF5 I R RN SHEAS 1ﬁ’ﬁ%ﬁ“@rﬁbC'mcg’ni%u R S R ) e
mobrsdibronIasty fneldurSsdit H&rﬁﬁ??ﬁé?%%@%@%%@ﬂﬁw fiied
beeamedeuelopedfor kisenn théaaulivation, dhfiSs{sediSPatemnting material are
Application Ne. c%@xg%alg@;ﬁgé& 14kt RSP eE €S58S MU PERMMSINGL populations

definitive .en it th malnte of pluripotent hE thou

theﬁusg 0’1}%’? (?ner Ig %’E% Sof malnteéﬁ“lrﬂllnng l{Tprim{é)tsént hSé%CsSu‘ﬁe eirlmm’
feeRERVEUCEHTRB ﬁéaﬁﬁ\ig ‘Efé@ﬂpﬂ‘é‘%‘rﬁi‘éif i @Sr%’ﬁéfh‘fe&'ﬁﬁﬁéé{ﬁ%ﬁ gl zveote
2008/C175958h {0208} e turtamtemibiyuriccstensceligipred heririoasslis other
be maintaingddnesuiiuregither withion Witheuhse sl SOReGRMBRRANIGe term
ste %&&Uﬂ@'@éﬁ%ﬂ%%ﬁﬁ{%&%&&{f%ﬁ%&m f@ﬂ%ﬁ%@e%&eysﬁ%xéﬂr%‘%&ud for

serum free culture tech niques, SUC as those described in U

ApESTS ARV SRISHETO B S s PHEsy FOTRRTCTEM: Ehna°apg Startms material for
ma#w"a}ﬁé@iendm peofiicaiqplu Fipsdtelntastarechls sntin ecBadsaepeinsiordhe morulz,
desirpalythatiheyche gifferenliateddntd detinitiveendaaedin rilgesOrfeman embryonic
progesses, .dife Fﬁiﬁ&lﬁﬁ%&%ﬂ&%ﬂ%’ﬁﬁﬂ&&ﬁ%{m R k%\é@gl@f cﬁfﬁ’x‘é@f&gn using

to the t%) %:ell Iture a tgrowth fehctor ogthe TGFQ}B ds%eeriaén 9/ @@Pmm Nos.
" amdtin icient 10 romoe d|f erentiat on%(r') nitve  endoderm

Growth facte Qaﬂ%é %%@%é‘%ﬁﬁﬂ?«?\%é‘?ﬁ%@éful for the

productioftzf7gefinitiveome processes for producing definitive endoderm cells, hESCs are

maintained on s feeder layer. In such processes, any feeder layer which aliows hESCs fo be

maintained in a piuripotent state can be used. One cornmonly used feeder layer for the cultivation of

human embryonic stern cells 18 2 laver of mouse fibroblasts. More recently, human fibroblast feeder

23



endoderm are selected from the Nodal/Activin or BMP subgroups. In

some preferred differentiation processes, the growth factor is selected

from the group consisting of Nodal, activin A, activin B and BMP4.
Additionally, the growth factor Wnt3a and other Writ family members are
useful for the production of definitive endoderm cells. In certain
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{02121 Cultures of definitive endoderm cells can be grown in medimm containing

reduced serum or 1o serim,  Under certain culture conditions, serum concentrations can range from
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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 determined by
measuring the level at which the marker is present in the cells of the cell
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is the most abundant chemokine receptor messenger RNA detected
during early gastrulating embryos (E7.5) using a combination of RNase
protection and in situ hybridization methodologies. In the gastrulating
embryo, CXCR4/SDF-I signaling appears to be mainly involved in inducing
migration of primitive-streak germlayer cells and is expressed on
definitive endoderm, mesoderm and extraembryonic mesoderm present
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bead and then allowed to bind to definitive endoderm cells in a cell culture
which has been enzymatically treated to reduce intercellular and
substrate adhesion. The cell/antibody/bead complexes are then exposed
to a movable magnetic field which is used to separate bead-bound
definitive endoderm cells from unbound cells. Once the definitive
endoderm cells are physically separated from other cells in culture, the
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usedmyithasueskee cturemsgivany stage of differentiation. [0223] In addition

to the propegires justittescribedddefinibenendedern, cetiswmay alsaidiedesnitive

isolgied iy afhenischnighesdohcall islation.Aaditignally, qﬁémi\éaboamm the
end(g}gﬁ ceIIs may, al o he %nrl%g d O ISAP ed b methodﬁ eri
u

2 incubated. wi itive encpde 1Ty TS %at hag been
subciitire M growtH CORations WHICH Promote fﬁﬂe CE e &SGR al ST

seldtetive f@)(ﬁ%\’ﬁ% isisestivie eerRTRTvE et iaeBInT- %ﬁeis[ezéhﬁlueﬁ%dtﬁemﬁlged and
methadsaiescribedehongimsenrichedinsdlaté oridne feropdmifiedipdputatiensn FITC-
of definitive engdesasn ﬁ%ﬂ&ﬁ@ dramlissues.canhe Rrashicedin MlEQul @Fh washed,

DO S S, OBl BOPHIRN %, U S I Ll EH ISR v «
popula S w |ceh“ﬁ)ave unde% ne at least Some erentlatlon In Some

MetPRSEREoTE RETHEth R SRR NI diffr e tiRRR eI el grararhatd ieapay Fom
howe/ek4 tivestied|schrahgivectenltoadifférastistien v metriblinmee e Hrvithited. the isolated
endgglermpaamecprefered Radehmenteisolation-amdior-patificatiano by additional
methods relale. 19,408 4R yifro,predicrian:of . definit C}é&&@@&@@ﬁ%ﬂ&%@m

human embr onic stem cells. Using the methods described herejn, cel
2/ In shll other processss, deﬁmt?ve endoderm cells are enriched, 1solated and/or

purtfied using & ligand or other molecule that binds to CXCR4. In some processes, the molecule is
SDF-1 or & fragment, fusion or mimetic thereof,
[0222] In preferred processes, definitive endoderm cells are enriched, isolated and/or

purified from other non-definitive endoderm cells after the stem cell cultures are induced to

27



populations or cell cultures can be enriched in definitive endoderm content

by at least about 2- to about 1000-fold as compared to untreated cell
populations or cell cultures. COMPOSITIONS COMPRISING
PDXI-NEGATIVE DEFINITIVE ENDODERM (DEFINITIVE ENDODERM)
[0225] Cell compositions produced by the above-described methods

include cell cultures comprising definitive endoderm and cell populations
enriched in definitive endoderm. For_example, cell cultures which ,
cotifrreEatraiHice defekr il irrareid At PRt e EA ST gcrioed
cetsittroultlisdzire defipitiieendocedmesalis, tsand evicuiciceduBeenepyestage of
the;efficieney of the differentiation process can be adjusted by modifying
conein PRANCCS, WRigh inglude but are el Jimuikes i 6o L e keiis may also
conditions, growth factor concentrations and the timing.of cylture steps,

the&® PG R ATE HTEERa e HENE B A PV BT et PESL R eTS SB L Pl aobe
abouichd%, mbed bt 5ohdbefseriFghr Al 25960 stiSiieBOvHCRBSEp B ysclective
abgi 40 % saeii 4530 0akoft 3O ebaudaloclabout 60%, about 65%,
about 70%&2@1“”%@%% AP QRQAY0 . 200 88 AbQULRAY0: ARMULAB, Rkified

greater than about 9 /3 conve{siog of {Plurgpotebnt c%géo,d%y%iyg Jcinptent celi
enBRAEHTS 1 STBEESSRL T WIRTCh TEoTation of “defifitive endoderm cells is

erRulByasr ok BOIFSRS; By ISIE e IS RS ABRIPETACTITRIEHS HhFreons at leas
CXGRdifieapiaiona Sukstantigtibiptire wifinitiveendodedifccaifigopufatioprefered
Ca@n&ﬁoﬁ?ﬁ%&@,%e%B@M&@%%@%% Bﬁ&lﬂ_}vﬁd: REG@ W doderm.  Some
ENDé)T:%%RM'cFRe?mMiSE)Q%L—%} ﬂrA -Il_Jlr\léléatP nEFISI}H(;ELVrglaENP gp ER/MJ%@lﬁon of
Thé" D) %?)Sl Ive foregut endod%rm cell cﬁ’ltures_ and populations _

CorBrE eSS RAE D U B R P e S At dPEIEB g Perern cel
henginatienp roceit edtfroneP B)étrighed)atifedintiet ritfodorn dodhal vl §kieh dgout 2- to
genssateshirem phsipatant sellaascdeseibechabaveatnpreferred method

“t”@é' &E{fﬁ?& YRRIERISPREIIREsHhe SBHRG TACEIhABIONRE (DEFINITIVE
embodiment, S are Irst converted to -negatlve efinitive

en%ﬁ#@%@s, which are then converted to PDX1- positive foregut
endodernt®@lls. It GAll isempiiiemsiated b wever mraraeshating itdtefange et
for thprpyosietion efRPX knpakitvenforaDuipendeodennvisdnotilifnitae soiodern. For
def@%e?&ﬁ%qm cells pragucedsisingRlRotent calkdiftenentiationso-sov of
methods, Ratfer, any EDX1 negaive defntie endoderm cels eapbe e, or e
used’in Fe methods &escrl ed herain regar Iesg of their origin. [02271 In

sonE e mABEIMPERES GRHTE Wéggwm RSB ’cexézﬂncmggr% FRigh melude but ars not
popitations cebprprising R meghataredefinidiveiendod vl Tanitlye steps. the
usegldarfutberdifferentiationineel Guliurasarsiareyrished @sllbout 15%, about

PODAaNS, SOl RSN A L ORI ORISR IOACHILCRNE: B0k 552, soowt 0%,
example, a cell cu I

ture or Ce|0 popu at|9n com I"I’Sln hurr;}an 950 &
P DREHAG USSR TG bR EEICATRI s B 82/ R
sonzkoemiBibdimerse; thelwwliouldieoidaiipopdriaon fnajpoatss B oriprigeation of
diffexeintiatierifastaraisiChnon aeliinspoEals attlan BiflRs, reerainingids 1o the
from-{he, Areyieus differentiafionssiepthatds-the siepafdiffersntiatieg..
pluripotent cells to definiive endoderm calls). lnglherembpdimants,

dalbsbiidtion prior to the addition of factors used for the
10226] The PDXi-positive foregut endoderm cel! cultures and populations comprising

PDX1-positive foregut endoderm cells that are described herein are produced from PDXl-negative
definitive endoderm, which is generated from pluripotent cells as deseribed above. A preferred

method utilizes human embryonic stem cells as the starting material. In one embodiment, hESCs are
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differentiation of the PDXI-negative, SOX17-positive definitive endoderm
cells to PDX1-positive foregut endoderm cells. In other embodiments, cell
populations enriched for PDXI-negative, SOX17-positive definitive

endoderm cells are used as a source for the production of PDX1-positive
foregut endoderm cells. 102281 PDX1-negative definitive endoderm cells

in culture are differentiated to PDX1- positive endoderm cells by providing

to a cell culture com rising PDX1- neg tive osmv definitiv
eriBFRPHTESIS AT E ntﬁ'ﬁt#ogﬁgfactor% 36/1 romOtes |ﬁrereﬁntlat|ongofttﬁ FPxl
castigeHmoRtL q&éstﬁ%eréﬁedw@rta@%ﬁ%e Royrera gl dinsrEiiRg el for the
fagtat)cton 90 PiEkembodinenis ofithenpiesanimirdentidvtirefdrdguicells produced

d 'fﬁgﬁ%@%&!%{égﬁ%ﬂﬁéﬁﬂﬁ%%ﬂ&b agireli pReBRINERAYe HR SR ndoderm cells
embadiments, the

ed in conjunction with a fibroblast growth
t Lngt
facfmr “dtich as” {E—l g 36’” ﬁg&aﬁﬂéf’gr%%o&n%}gms the retinoid is

used in ¢ nctld’h RAth e&?ﬁ‘@ﬁ?ﬂ@%ﬁ’ﬂ%%ﬁ@“@ﬂﬁéﬂém RGPt RRpHations
factonsisingl FOXE -contlitchédiveadiopumiGaR0dBYe soh fitibrbd Alnptozto cell
Meahked Muadisinthatis %@tﬂﬁ@s@@m@rwm eosbaseofa@d Hamdadr@rcells. For
exa rg l% theéﬁopugungrgp gef%f % “tﬁfﬁgh“'i% t§UC§b§@i7 -positive

nutrients’ an or growth factors to be added to or decplsted

i e TR T BESe TBB T A B E R SRS {itputionmay
mediurerisrsoriioRad By RteimStc I BYive maRi PR SR gieRpF from the
Majptaine dir-the.medivmmnder eertain eontitiensiioy aloanain peikiod Géfnitive
tlm%d(!:dgtltne %@i@?pl%‘t @h@%ﬁ%ﬁﬁ% Q@c&ﬂﬂﬂiﬂ&'ﬁ%ﬂ @l}é 94%@@1&@&%&1@ siep are

be expa ded ifferenti ted or alnt edi ina m d|u g rg g
d for the
coFﬁ’B%W’% BtE ope? %r?trpcenr]la Ufe for a‘defin %’num er 8f Aours, AS

W|Iﬁ1§@fea‘iﬁ§PEGétéﬁthh@§@‘Cft SIRPrpRE SRR BRI BT d’t?%{b?m"e
celfseprediactype s;etiurationseardb@iveron rintebdetvditionsiod i TEe degative,

to RrgeYcENRAMYFARDERite AR ay:okcorditionadnedide HokoBE of PDX 1-positive
em odlme gcoft f present invention, a medium is conditioned by

aIIown%Lé cf?erentla ed 29 pluripotent cells to be grown or maintained i

medium d5ARbrisingPab36EEY% Bﬁﬁ‘%ﬁ“ﬁmé?‘ﬂg BYRE: ttﬁ%}ﬁ&tt“t?t%] R

emizsitim entsicanmeibnrisrdonditioPrIc sl Rewimgi fEFStaedEr. SOX17-positive
plugigatent.caRllst0be gomRAkiaiained jpoadeedintempsingalboupDX -

1 n%{srlrtlllvte oreg%{J én%gé%gurtg IP&Q‘E&Y'&EM@H'%S r m@ﬁﬁeﬁ of the prcsent

medium is conditioned allowing dtffterentlataedlﬁlurl otent cells ta bgwg
or TSRS ERF iF PSS TR B IR SBB e T i ookt 0

BM@sbodimantpribfeigie i Bid imemtus s it @ﬁ@@#?ébﬁtﬂ*ﬁttsfaﬁtepeﬁédsbﬁﬁm or
allopring odiffe tentiatesh BESE sHOrheogrows:O imatntainedbor 24dour sitha TGFR

memu%‘%{b 23Rl drg%&rgsg%gggg%@&g/ml activin A and about 2

In some embodiments of the present invention, the.cells ..
used to c8Haition the RIBHIIRR RINER i TEEE (o &ARANCE the P

différermiedion. GioP BRI GRrtRABionigives cPRIGHRRIY (G B RePERiTiR 2 nurions
foregut-encodemmyas eeliidhatatedifictentiatetfromepiipotentiseitss medium.

such) ashERGEmaVer,ahaukA ol e Reioniin amedisnisuehas ve grown o
RPMI col?%rlsmg ab&)ut O‘V to a out % serum a d/or ONE PLMOTE o vample, &

QFOW% r%lntfnatlon facto re” e 16 %psu erfcammf1 "B ferentiation
TnctOFS S B SRR e ERRP AESYe € Bp (ERRHF o RBFRTARD foamiet =

rangiaufiefitefined composition at 2 defined temperature for a defined number of hours. As will be

some

appreciated by those of skill in the art, numerous combinations of cells, media types, durations and
environmental conditions can be used to produce nearly an infinite array of conditioned media. In

some embodiments of the present invention, & medium is conditioned by allowing differentiated
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about 1 ng/ml to about 1000 ng/ml. In certain embodiments of the present
invention, the cells used to condition the medium are differentiated from
hESCs over about a 5 day period in low serum RPMI. According to some
embodiments, low serum RPMI refers to a low serum containing medium,
wherein the serum concentration is gradually increased over a defined
time period. For example, in one embodiment, low serum RPMI

rises a.concentration of about 0.2% fetal bovine 1
BBt R e AR 08 e ERES AT of ooy e
an@n%BﬂPQWP@S BRPOREEHRrc PTG I fﬂ%ﬁlwddweén@%wwmwm
emibdirheptwWow seiuameRR Miebmprisessagarroe hirgthd m ebab e 0%6mdpetivin

day o ek b dareRsOay e andnalionti 2%60h; daysr3nddegtiaiicells to be
preferred embodiments, low. serum RPMLIS %ch@%@&ﬁdﬂé‘ﬂ&m NERes. ma

more dlfferentlatlon factors, such as activin A and B In addition to its
usESTrLFERTHERELIE CROSH TP cBTtON Trrased Wéﬁ@mﬁﬁﬁﬁ?ﬁwﬂa@&%%&‘ to be
usedvascanriadieahifo R4hediffer antiatio o BRYLsosipandereyaf ng/mi activin A
engdesmceltsirom PDXI -negative definitive endoderm cells. [0231] It

will be appygeiated) iy h0se.LRIRIIRR SKILIR M A1k Rl GO0AIONSTiion e

media can be p repare from media other than R provided that such

M HEtinterfefe witfiae ﬂ&rSWfﬁW‘?ﬁ&ﬂf&’P&Hc@%FWﬁ“ﬂ% fEederm o
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freﬁ ¢ differentigreg,cells are. i G dp.eRNAINRM, 2 BEAIUMR. BHCRER!S 8Rmiy.

rentiated In a medium other than RPMI provided that the medlum
do@éfﬁi‘it“?ﬁ‘?ﬁ%l’i"ff?ésg%% S PSR Faege fom
skiHewhtdrtigah thilioap PrciateltHacpaitherbisétiesti Gve ofemaitoidnghserlls used
thewdisation:af prapal ationmfealisiused Pscopditianing is segpired t01be serum

24 BOWS QLR HAYS, @%&Q%ﬁb‘é@!ﬁéﬂéﬁ ibeLtime:poriqdswil qu%uﬁa%%mmmg
ach|eve the effects reported herein. 30 ng 2] en&eral th
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consdbingEBp) of dn\firafdyeseddpegyiit, differeatiafith dattoss:caiube sigratenth and
| diﬁ@&&nti%i@ésqs‘nﬂﬁm%r@%a&yedﬂewtb\f%ezeg@merrm IR RRXBOSHME low serum
for?ﬁgaeg%t’ndsgsxnat;‘g%égo u abou%} reting] aloorﬁg JAhapreferred, and sbout 2% on

are oth rowéie to the PDXl negative

oA o G PEET A P bTh SRS SRR o or mor
P D fferveiativédefinithhe entodérmdddidark: didferertittet in meeuingrestls used to
" COMpRISIRORENNEHIGRERMEMLHB: Belivin Acackivit B-ameEMatb 388D 1 -positive
W'tﬂlf ?&%&&d@%?&ﬂeﬁgﬁl% T&%@%@ﬁlﬁ%@%@ﬂi@é&%!ﬁ?on processes

descri herein, the above- mentlone foregut differentiation factors are

provided [Fihe ceffs™al thATRREEE P AR PR RRESEH I AR L R o) media
cellcpo putatorsdaf oo reasitrditio g s BiRéiertidsp rorhsieh @ﬁ@eﬁréﬁﬂa‘t‘@ﬁfﬁf“—‘a‘tﬂﬂl the
leagtaportiamehiihe HBRXnagail endefinttive-anciderwitetkc ttufeecinedihat the
PORLYRIQR, R, R D&&h&%&l\ﬁ%&%% sodedermCalles WRERMSEHdR: where freshiy

congllffctlon VXI eII cult res aESd/oglcel opul tloqls the tedr@eregr)mcl)am mamedmm
ch

S are used o Con fﬁﬁ SUC ian ]I
means any non Zzero amount of the ce ture or cel population, w

rang§®e frenRaMgAgnaded ibth R @@Hﬁéﬂ?saﬂﬁéﬂéénheﬁrﬂw@ oy padfgnance of such el
popidatomoert) 2 3K ler soiise eribadintert$of thidprésedtitiventiomdgioning nor the
retigRidits RrOVLeaHe: the BellSsed for conditioning is required 1o be 24 hours or 5 days,

respectively, as other time periods will be sufficient to achieve the effects reported herein.
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of a cell culture such that it is present at a concentration of at least about
0.01 MM, at least about 0.02 pM, at least about 0.04 MM, at least about
0.08 uM, at least about 0.1 MM, at least about 0.2 gM, at least about 0.3
MM, at least about 0.4 MM, at least about 0.5 MM, at least about 0.6 MM,

at least about 0.7 uM, at least about 0.8 MM, at least about 0.9 MM, at

least about 1 MM, at least about 1.1 EuM, at least about 1.2 MM at least
about 1. east bout 1.4 MM, a least bout 1 M

about 1@% a aI % Lts"lm;al\/lfl{ﬂml eas M egé%vtrm factor, 2
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ngm SHEARLANNL R0 DOUPLALIBAR ADHLLPAY ! ISR 190, o
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inclEfatAg  but ot E'mslted”'fozt %é%’ % &h lan(glali—lféFéI g\Eon(r?exatrpnp easl at g1t Ebout 5
emiBddintreriEboudhuil Atnel/Soacil AN B lsah dyeupr sbhel FF"tﬁébééq H&atttﬂ@f feast
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leagt about 25 ; (%y Lgtc!r%agt“ t, 32 A @té%%§t 1 Aot 73 @gtmttc%d

least about east about 200 ng mI at least about 3

at least ali&t®l 400 @fhﬁr %tttrg%igt%&at%fowatwstﬁ% SR B‘Bﬁtdiﬁﬁﬁ‘“am
ng/fattotn it Brenab et ftgo fahéypre senethipahtion, @leondivopagrle, i some
megispais-npresent ik theyeethcil i esat-aeence Biratinntah af icrst abheut) ng/mi,
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abaut 30%, at Ie?psaf ahout 40% tlea t bout 501 Ieasig alaspchntIt ?%ngj Jerl, or

at 1SALPaR T Ae0R- arastepab Yl HrTe4epy abou'tl ’6{’/3 Ot afieast
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ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least about 200 ng/mil, at least about 300

31



cell culture along with RA. In a preferred embodiment, PDX1-negative
definitive endoderm cells are differentiated to PDXI-positive foregut
endoderm cells in cultures comprising about 1 uM RA, about 25 ng/mi
activin A and low serum RPMI medium that has been conditioned for
about 24 hours by differentiated hESCs, wherein the differentiated hESCs
have been differentiated for about 5 days in Iow serum RPMI comprising

about 190 no/ml achivin &, 1n arolier iaferied erbodinen Agiv rﬁn in some

are als fesent in the cultire at 25 ng 50n
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coniigntration BHBR Zincthegh édiure ishbdutOsiSea@wiv hboeddiRys {y/eampic,
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(v/v), less than about 6% (v/v), less than about 7% (v/v), less than about 8% (v/v), less than zbout 9%
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medium supplemented with 5X B27. The concentration of B27 supplement
in the medium can be about 0.1X, about 0.2X, about 0.3X, about 0.4X,
about 0.5X, about 0.6X, about 0.7X, about 0.8X, about 0.9X, about IX,
about 1.1X, about 1.2X, about 1.3X, about 1.4X, about 1.5X, about 1.6X,
about 1.7X, about 1.8X, about 1.9X, about 2X, about 2.5X, about 3X,
about 3.5X, about 4X, about 4 5X, about 5X, about 6X, about 7X, about

8X, about 9X, about O 11X, a bo X
o T e SR Gt B b s 13O pPE e AR A e come
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mabkerg06Hearacieristisroftheiincots|| thypenccSatiemb RRO fingepesfii o aeotp0- 1%
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conditions, for 8xample, one or more dif grentr tion, fa /Oé ‘(i:?)] cet C%Vi) ?mﬂ 0%,
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tinde/ thabds: S0HiCiehtehorthE proa wEbcI0H @'é@rré&egrﬁt‘ftiﬁt%t concentration of the
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ambet%aeséwnneaw we%mrn&%t&?&%%ﬁﬁ%@%t@%& progEfre e
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AS ‘{fSC ined aboys, a pref £E@%b@u%m9 of QUaBHtating dhe, SXRI8SSIORbow: 0.8%,

mar erst atare roduce marker genes Is through the use H%& % | 16X,
In Bae¥ctifdr @Pﬁtbbtﬁtﬁt’éﬁté %’ BER 1980 mioritor the progression ol

celkbot B PDXI-hEgative, ISOXIR: posHive SeRnkive @ﬁaéaértﬁ?émtarb% about
PDX}spasitivefareguisersiedexmieatsshyguasRitaiing 1 (X pbessior, efout 12X, about
maﬁ%g geneseharactesistic,oh BRXRosive ipragut ARodembanddiend grea:

expressron of marker genes characteristic of other cell types.

Fifeth o

whrch are known in the art can also be used to

0 uantltate
DERM TO

pro DEB{E@S}EEJH@@DMM usmg antlbodres specmc for the marker gene
product ofgsfgrest.An,seme erokadime Btsialthe. RraseRh ine BliaNpithigoten: cels,
eXpreSSrI(()) nesosl:tog]afk(? t:f gnngtts 1(1: Q:? é\ th% %L\%Dgg}{?’?%g\{ﬁef% %%Le endoderm fo
endBuEFHTES e nifican ression of marker genes _
chaFPRetkmetiErofperk Fnrréaa.re FRER B BT RES 8 BRI P
cell dypesis:idefamnetiyfe2 4t At befia chp framoiRamapag: of time that
belqwy Bk igAhRa %ﬁk@r[cg@n@fth akis. @ ssosialetPyi hRREaXE- pasiiivendoderm under

fo re‘%nt endo(g t?{ﬁp f&%}%’ﬂ% AQe%Q EQ&%%Q%QHH%Q%%%&%@%H& and environmenial
invention, ‘the expression of PDXI is determlned Ig other%Bg(? ime Pr{%\mm of s

the eRRTAESi o B‘F‘Cﬁfﬁgrﬁ%"ai?ﬁ’é’l’g T AR S
fore@:;tr@rmuetmﬁ 3ﬁ&h§ﬂﬁ@vebf§feﬂ§t Wé@@t@ determined by detectmg the expression of

PDX1. In some embodiments of the present invention, the expression of certain markers is
determined by detecting the presence or zbsence of the marker. Alternatively, the expression of

certain markers can be deterrmined by measuring the level at which the marker is present in the cells
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SOX17, HOXA13 and/or HOXCS6 is also determined. Since PDXI can also

be expressed by certain other cell types (that is, visceral endoderm and
certain neural ectoderm), some embodiments of the present invention

relate to demonstrating the absence or substantial absence of marker

gene expression that is associated with visceral endoderm and/or neural
ectoderm. For example, in some embodiments, the expression of

markers, which are expressed jn visceral endoderm and/or neural ,cells
InEAGER S BRIETGE AP PR S RO AP SORY, TG ST NLRFLLE chresion
deterinei{0R 42) AT embé@nﬁ@ﬁ@bqyaw%%@m% gf quantitating the
endaeen cell-aulitres practuced rayiéhecnae th desiglesenived RETEn arearticular
subsiantialy feeLfoals SXpIeEIRg g;@gﬁ.gé? o VR, &3@3(%13)@ L@lgarvgl 1 7-

marker genes, In csr&am e‘gpb(goltl0 he PDXI- ?Sltl&/% by quantitating
erfdBde erm Y GRUYES produced Processes descrived herein are

SUIBTERIERIR] TREw 5 apnse ShaTeiRtva é-‘r%?%éﬁ@i&lr"é rfersee r?ﬁda‘??a“/’o?fﬂe‘ﬂffa%“k of
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PRXLE Q3 Y& E%%Ra%@@%ﬁ%&%ﬂ-cﬂwﬁﬂd aspeetdRion of a marker
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derm cells can r d, 1solated and/or purified. In som
o SBATRRSAEESB (P EEEETBHH R BRI HE ARG SR IR e of PDX-
PDiskiposithget fofedrum enddtierhs bel sfaimifeothssegssioy pSokiigaaciEaiyistio
frammposil culture sefRRdddhdnsame Embadime i pidhedresent. invention,
PDX! -pasiie foregL ERARUGHT: GeHS Bl e sapen ta0e e AN cen: i s

isolated from non-labeled cells b Lcuni%a fIuorescer;ggeactlg/%}ggntgoyﬂm present

SOFESTFHARA Y HRA R BT B v S H et 3 Gl SRESHING Graen
fluonresiten the retehs(@ PP 3 daEReS- nabrékere?e?@éﬁ%f&n% gpression of other
expegssiblefit are sepadke arkearXjeneiisubedghiodalodi-R Dxdxdngithne noelimited to,
e ey e remont terBL S et p o
encodin r a. biologically active, fragment there introduce

- a p%?fpc%em’e e‘%‘ et elsr%cgl‘ Jﬁuman e?n%ryonlc stcéor% cell; Sﬁﬁ% r%%%% of the
of EREPDRERBNIET @uéﬁnﬂ%afﬂm’é 560 PRSI B FHREREIED e prattiy 2o
or biplegiealy activeiftawnie nisthel eoldGureaiccorr legpdbm PPXdample, in some
PrI G Fackiic Sﬁm%p%%bﬁ’qm e RN 606180 FegioR0tieinuclaier neural
aC'%g!VPsc hﬁ%g ofles Bl Israplaced bya ﬂé@'ﬁl&/@%ﬁh@ﬂ%@%@zp or

a bioldgica Active fra merit thereof, |n other ?e'?bodlmgzréts % cleic dced
acid encotffy GFP 6‘?“5‘ 5?318%5‘&&%%8“@3" EREtharesTs fusedin: P

frametwitirtatdedsseabep detitmnaot tstintielsiéwchd shcomisgimoik ?%re’b‘iﬂ SOXI,
gengratingenusigrpiatein Hneueh-srahadin e SHNefusion foreieimdoderm cell
fet@bﬁ}érés %%%%%%9%Cﬁwéésam&%ﬁ@d%é’m [Q24R)sEiare see vty matKethoderm,

cells, such as the above- chﬁrl bed pluripotent cells, are differentiated to

deﬁ’ﬁﬂ?\%%ﬁ?ﬁ%’iﬁ‘é 4id thén to PDXI- -positive foregut endoderm as
des¥iHeHManliolaSh .‘15\- ,J’J-, Rl AN ;’.}n PRl !_;".ﬂ_ BOREGUT
celm_the fluorescent marker gene, whereas PDXI-negative cells

do not, thgsgsfwo (W{ht}f%émc% &&m@@&s W seme:sembodimegntsnaeibsitve
SUS R A3 RO cj i?ﬁ mixtyre of fluotes: FXSF‘QF'%Q EB%LIED%E H\fs of the
cells gud Uniabelec negativé cells are sorte usmg
PDW%’&%&W@“&H@I&?@’%thChe& for PDX1-positive foregu cndoderm ceils are produced

by isolating such cells from cell cultures.

[0244] In some embodiments of the present invention, PDX1-positive foregut endoderm
cells are fluorescently labeled then isolated from non-labeled cells by using 2 fluorescence activated

cell sorter (FACS). In such embodiments, a nucleic acid encoding green fluorescent protein (GFF) or
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separately from PDXI -negative cells, thereby resulting in the isolation of
such cell types. 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 PDXI-positve foregut endoderm. [0246] In
addition to the procedures just described, PDXI-positive foregut endoderm
cells may also be isolated by other techniques for cell isolation.

Additionally, PDX | -pgsitive foregut endoderm ceIIs may also bg 1% P
e S e R e e R
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e ARG P B U A S LR P STRRRtiohY By L coRearas e sndodemn

certelin embodiments, PDXI-positive foregut endoderm cells can be
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Ce'g( %%5 5305 SOl OIS S QM BEARIT A%z&%ﬁ!&%n
e Vo ENDOQE 10250] Some embodimer

ent
the preselitfiVentiOiikIiie BBt cSHpssIicHS. Sué’ﬁ1 as "cell eu ture%of) purified
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andrm BpX1 pcsmve feregut endodcrm ceils. Some preferred enrichment, isolation and/or purification

methods relate to the in vifro production of PDX1-positive foregut endoderm cells from human
embryonic stem cells,

[0249] Using the methods described herein, cell populations or cell cultures can be

enriched in PDX1-positive foregut endoderm cell content by at least about 2- to about 1000-fold as
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preferred embodiment, the definitive endoderm cells are human cells..

[0251] Other embodiments of the present invention relate to compositions,
such as cell cultures or cell populations, comprising cells of one or more

cell types selected from the group consisting of hESCs, PDXI-negative
definitive endoderm cells, PDXI-positive foregut endoderm cells and
mesoderm cells. In some embodiments, hESCs comprise less than about
5%, less than about 4%, less than about 3%, less than about 2% or less
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cultures or cell populations comprise human cells. In some embodiments,

the percentage of PDX1- positive foregut endoderm cells in the cell

cultures or populations is calculated without regard to the feeder cells
remaining in the culture. 102531 Still other embodiments of the present
invention relate to compositions, such as cell cultures or cell populations,
comprising mixtures of PDXI-positive foregut endoderm cells and
PDX1-negative deflnltlve endoderm cells. For example, ceII cultures or ceIIh
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ab%} \(%%989 zPPXAeQS%Q@&h\(@o@efMI%@a%QQQ%r@ ﬁ@é{%@kl%ta@tm&tﬁm

OSItIVE foregut en oderr}@ ell geryi

PD&(n@d?ﬁV@’%’éﬁWﬁ\%}%ﬁﬁ% erm Ce"‘i ?e%%t out Tsﬁﬁ%?l)?’% {3 ast about
forégataderdodierin Eeltsrarinut EVes) kt@oab@wéﬁ sy ea rtigidenst about 7%,
endoeRrameels, atdeasiabmut:diRDxtu3% positivesforattiéndotiencellt least

for ﬁ@&‘{@eifﬁ% %Qsﬁ@&r%g%@e%ﬁ@lﬁ'v%%mr%%eﬁg Jeastiabout cen

1 PDXI-positiye ut endoderm cell for about every. 5 %ﬁl Negative .s ppxi-
deffRiEE & oaoéjrm SIS Bt A oé 1%%% pos%ﬁ?g SraabE ¥o

r
end’@ﬂ%ﬁﬁ%@ﬂ%’ﬁ%’éﬁf@%‘r?‘ﬁ@Uﬁ@?ﬁ‘é@éﬂ%‘%@‘?ﬁfﬁl%°‘éﬁ‘8%ﬁ@??ﬁt6%gﬁ to the
at |east abib uinkiRiXH Ppositive. foregut endoderm cell for about every 2
PDX1-neggatije deéﬁ]%r%@@ﬁi@ﬂﬂls@”ﬁa AtleasheRodrdaRERcopositheesuch as

fo reglygu Qndsogi'e [ t Coelt,!d; rggn%%ﬁ %}nﬁe@ Xfl ﬁﬁgaﬁﬁ\é%@%gh\{%ndodm gells and
od a

en erm ce east a out2 PDX1-positive fore qeut endo erm cells for .

abd’ﬁ’@\f&%?ti’eﬁiﬁ%“ﬁ%@?ﬂ%“d%eﬁﬁtﬁfé eé%‘&%lae"F BTe5 PISHsP A BTy comprising
PDX leagabitivé TBrecraseindierhreefigtorhbiutioveryer PDBOR aysilye defmitive
definitiverendndern selhatlaastabautf-RERXtpositive foretptrehiedermprising

cell forahaule Ry, prQ%lf&eg%wcﬁaéﬁy oliive.endadsem sqiiﬂxﬁﬁelgﬁq% definitive
about 10 PDXI-positive fore ut dod eII for abgL% ”etj)é L comprising ofher -

PDRISRETRAM HRMRiITIE S0 erlﬁ?nce {t18ast about -positive

fOrégWéﬁd)éa@rﬁqsé@Hst‘éﬁéﬁﬂdé%ﬁ% tp @&}F}n@gﬁmf; SefsR R\ Fadodern celis are
endedermiaeall, FoteastnalbouidnORINX | cpositing foregutdndod & cedkifior foregut
abo&h@é@@’c&lﬁ@&ﬁdﬁ?%@@(ﬁ@ﬁmtm&g@@%%ﬁﬂﬂﬁ@éﬂ&ﬁmwaﬂﬁ&t about 1

PD %LE%%J re ﬁi Odefmfcelé%ipé abayt eyERLk! n@g%mgam endoderm

defini |ve endode ot cenl easta out 10 PDXI-positive fore

encEerth GBI TSr LB GOSN 5B PREGED o6 BT R el
at |édistizb enipd@r0Q0sPDXspbsitiV ENSlaysitizndudermndedis fof &b&mﬂi every 1000
evepnk RkRivaeertive definitivecendasermdsell ratieastinl doiedHen00Bm csil for

PD)&;‘O& %EW?O@P%%%MQQ%H&&@ Iéqggﬁeﬁgqglﬁsegﬁgsk about | PDX!1-posiitve foregui

endoderm cell for sbout every 100 PDX L negative definitive endoderm cells, at least about 1 PIIX1-

37



PDXI-negative definitive endoderm cell and at least about 1,000,000
PDXI-positive foregut endoderm cells for about every | PDXI-negative
definitive endoderm cell are contemplated. [0254] In some embodiments

of the present invention, the PDX1-negativp definitive endoderm cells

from which PDXI-positive foregut endoderm cells are produced are

derived from human pluripotent cells, such as human pluripotent stem

cells. In certain embodiments, the human pluripotent cells are derived
fromsiarpierPaTS CeERisAR P CRTIRIST BT AR RRIRBIAE S tHE B ataPirg aalppe: oo
anwembox 1peertairaihendiebodifnienisoutherdm ARDKplomipotediticails edederm
degdyedfiom 19e.00ndat Qf.gRETHSY %@&Muiq&lIuiamswb@turemb@tnegm

hac"is ”devel egi r%aStllshgt ?easp aryout IP ﬁ%geoi%%gsﬂl B&H%bc%ﬁ'@%%% Iﬁlrvery 2

the resen nventlon relate to comp OSItIOFlS SucC as ce cultures or ce

pd’aaféﬁsﬁngﬁ%%ﬁ Rf PSSR et éﬂaﬁ\ BRSH g ROTh BPFBYS XFSgBRRserm cell for
forbguteendbdEm;mdidveifeiiht e xpdedsiorrdt tifeld@d Xiom 2 RER S psiire foregut
th%ﬁh&hﬁr@wrseﬁ%wu@tmﬁ AR B SEMyZAEdbansl/ esiNFE Masnside 1 iPDX 1 -

at lgsgf?ve regu %x@ﬁléﬁ“é‘eﬂuf&%oﬁ?ﬁ&ﬂ gﬁj?@{ n@éﬁprg %@ﬁ%m@ mﬁﬁé‘dezm celi at least

expression of the PDXI marker is greater than the ex reSS|on 0 tih
Jf g}éj chunhve cndoderm

sa¥t > BB YRt fﬁﬁé%?lﬂf&ﬁ%é%ﬁ%&ﬁ% (AR

cetidl, iet dribabrabd RPTORaith dorhmmaEdodens, cﬁ%f%é@ﬁh%@t 1 S9p¥gfnegative
thadmimangelsrin-al ierst ahaut@OYK ohdhevhman eeligein afldéasbout every 1
ab@b‘.’k?é @e%@rﬁ%@oﬁ%wép ?z%é@é’%%ﬂ&?@@lﬁﬁﬁ%&mm&éQB@ﬁu&@é olllis for

at least al out o of the human ceII in a ut 40%

hufRSH &its? ik |n% Xf B VE’b&%J HLoLSF %nﬁﬁrﬁan cc%%)s %W %%{ Iltz-,(Ha}sH]g%Sltlve foregut
50%de¢emvecﬁifn#§rﬁ’eréﬂ§"ﬁ$alt R A ST 4 HaR AT Aele il IR gpont 1000
lecrsiabeuticOforent thépdomaisdellboin atde S0 owtE596abhitie tndndemm cell, at

Cellssiual: Immtng%qurg%@t BLagRm: CellSiord8ain atieashaoui-fodctmitive

of th Qumamf%“rz natl W-80%6.0f 4 t%r%ﬂmaossuﬁnéﬁs Jea%ﬁat every 1
abou §!§5/c uman ce In at easta out % Oft e uman ce S

in 5%5&?@&%@%%%?{14&&%}% PHIE P aPTEad LA B854 BITRE fores
humedmizellslifosgmis emboBREnte: et raisdeot PiraRowaididhe
'~ cell cultuggsqr populatiorapwheseintha-expras siomeh PRXPIS geeptere definitive

thap 108 eXRressIONQLIRe ARR« RO K fern Qe LANGLOL NEM: aIkEbed from
is calculated without re%ard to fee er ceIIs J;EQZS(?S] I V\ég| bg al}lgl)upreua,[tegne —

that SR GRS R Es P (N Bt B SERE TRV SRTI SR FelBtET6 ceom oartions.
sucfrsretss] Felts| e esivd dempoptika S8 Sueoalb e 6 AT ﬁﬁ*&ﬁ’%%&zﬁﬁéﬁw@w of
foreguetendacermncaills cnherainithie: éxpre ssiopreficois ar droredriarikiay gondal or

Se'g&&ﬁgsm@mﬁmﬂ%aaqmﬁmpﬁaé@éyed%ﬁé&ab@m&g@gs% is

?r:‘zﬁi[g: It @%ﬁ:eate é%rs S;IOOU fth% P Sox?ﬂﬁé X]félgt(la 10(?‘1'5]13 smons s as cell

S(E:; &8ter than at least about 98% of the
hureHRreens o RS ISORRTERNE &xPre&SiBHingt BiE O Horaesiive foregut
matkéréselettedh fterxthesgrojthe SHSiS timgkof SOXET HOXALBaw of the AFF,

HOXGE isakeatarthan hemxpression of el SQXT 1SQXAanZdll. In other
and/o &an "h%fbfpégs@u?& leastahqul 2% %%l%%é?%%&%ﬂésé{&@é#%@%@ SOX7,

uman cells, in at least a éS%o he human cel

in a?@é%s%‘&ﬂad‘tﬂ’ SO PSR ST ERAE o STis. S5 least gbou: oo of the
hurhemnzeetls, insitchsbarabdli SosomanechitiahiesiRbon Hiteatednet ools, in at
35%0f tha:hemanteallsaineat e astabouti40% oftihiehimnedn, eliSedn dbut 35% of

lea%% é%%@ltﬁ@&‘sﬂumt%%%ﬂﬁm iﬂlﬁ&l%@iﬁ, %Q@HLS%Q%{H 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 celis,
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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 at least about 98% of the human

cells. In some embodiments, the percentage of human cells mti e cetlll ot

- cultitdEDABpIAR S %ﬁ@t@ﬂhﬁ%ﬁé&?ﬁ §f8|§00/f BB OP RS B rEst ot

setéttetifrommiheclimou B loorsist A6 offSOMNDED XA #Rlufdrn Rt ei e human

greales-thanithe axpressioniefthe-AkRs, SOXH: SONiAIChapehiarabdhumn

marhg QHI%C%L%UL%{EQG:S\N&}.'S&E{M dye.iaeder %Uém&zéﬁﬁ@'ﬂ'ﬁ%}@&er than the
mbod diments of the present iny ?I&?n rslat&;&c osm ahte%l ch, O%t %eard w0

cht’t?FE?‘?i‘r??e‘ﬂe HOPUIAHShs: ComBsing Mammalar an en Sdermal cells, ¢

suéhderrtilaman endoderm cells, wherein the expression of the PDXl

marker isigsgater khaill Haemxpression ofthenBieRBOX The 86, i@ ton relate o

an %%J&EM nggEker é&laéuiﬁl?e%t@l%gy EM&%&@ %&ﬂﬁ%g e Cels: b athe foregut

embodlmen the expression, of tge PDX1 mar. tﬁg fing of
exﬁ?%sdg%‘nceo I81 ° SR 7R andfo PM marker%t()% Tons e

AL ét?&ﬁ&’é%léﬁtf@t%hﬁ* ﬁﬂﬁa&ﬁaﬁbﬁtﬂi iF o the SO%L 8 i
endwmmrceI@mmﬁbéﬁa&bﬂ@%@%@nﬂﬁ@éﬁ@@d@m%%eﬁ@ﬁﬁt%%%‘ﬁ- In
about20%.afthe, erdederBakealls oinmileast-ahalt2dblvalthbgroup consisting of

en g%%ﬁg%l?%@}s ﬁhﬁ}ﬁjt ap 0 tth%Q 1@3 Q)quggsm%rbg %g Fadd 3&(9}%?' S‘Sdﬁlakl(:l and/or

lea e endodermal cells, in at ast; L{t 40% of the

enABNEHRTET dbhsiont AEa%t SRR TES SF b Lot Al &2 tém Pﬁ‘% §ag
abdrat: 304 Uit the haoatenalitainge flesstipbettt I%Fé@b@%%lbf% ieast about 25% of
engiedermal-aells inat ieasteherhefdnatthe 138 padaderaizd dellsinimatoslls, in
least,about 6200, oF é@%&l@a@%@ﬁrrﬁ% féé‘slﬁbél}t %B%@%@QQ%ZQ%J RE R8st about 50%
odermal cell lIs, in at least about 75% of the endo er S Qlat least
S}J 1 Em% %3 Of t

abd’ufhgé'é}“’f’ﬁfcfﬂ% AT ERAT RIS TR S A Bt
endoddspicbedl & Y hibronsrasels DeYkHt tﬁeu éﬂ‘i{r&é&ﬁﬁw"&%ﬂé}s HRef: 1east about
leastaboit 9504 ofithenendadarmmsiitelisiohimmat telxs tradh bratt 98946 B tlebthe human
endgglermal.celse[0R98d: Stilptherembedine fis 05 #1016 SeRkd BV Gt least

relatbe 9%9 P %S”hons Slffh %S Ce” C It Jnee%tgr e"eP %%@%?ﬂ&mn ce]is in the cell

comprls ng Mammanan endodermal ceﬁs such as human endoder

coll G WL FERPIHE Mo BT 1 S S S REFS OB GEHPEin fo o s
groupstainsistifgXot, SOXIV I HEXIRS and soX tenghyremrersitial the AFT, SOX7,
expEession oLl AR SQ% s SOXddAHibunbgtardNEbmitker in at least

about 2%pf.the e %&%ﬂ%ﬁﬂ%ln%sé Sichd Qt%rﬁét&a%ﬁmm@% @m;e?mﬁ such as

of one or more markers selected from the gro éjé:cgny "I—%Oé endoderm
HO SR $8 A" 15 REBA LGS ST s T re%5|5hrn8 5%

SOXlis Zi@tcanittorNENnoA e I bradeds sseat B9 B ﬁiefféﬁﬂbﬁéttn%‘ff’ SOX7,
cellspign atzieasirahe i@ dekdhe endede smal collsyfinhat desdtrad owtid 5% other

of the,adRrerpALo @J Solftabieast Ahou-20%Ltbe sdadesal eels.iv, sox

& hinnan cells,

at least ahout” 259 he ndo ceI t least about.30% qf tgg o
cel bout 10%
endodarniAt cCE Iré%rsfra%ouf t e%n o% ér?nngl ce ‘“ils“‘ﬁﬁ S oo

|easqfaﬁaaﬁm%abfq¥feleﬁwéaéﬁaﬁat ]ée/tl§f Thp A eSS aSUR ot BT Hhaut 20% of the
endededmalicells, in atilessialbclit 660thofetiiedendbdeimul deltsst irbeit|8gfstof he

abo%d@ée%}é?fcgﬂ@, in at least sbout 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
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endodermal cells, in at least about 60% of the endodermal cells, in at least

about 65% of the endodermal cells, in at least about 70% of the

endodermal cells, in at least about 75% of the endodermal cells, 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 at least about 98% of the

endodermal cells. 102591 Usin thefEfocesses described Qere r{j ¢ 70% of he
cSATpRsERD ALl I Br iSRG P St e TR SRt de i galigoout 70% ©

sishétdmmtiall lselire@ of dvertmull Tipes dhn éopramtlicel: With Fegpbertdtelns b

ineﬁa%!ieﬁhdtt&ﬁ.s & i el papuEBoRs b ededatsubstaniiatiyeireeboft 90% of the

adngexlmﬁt ehl? ﬁp%qgﬁgpaﬁgﬂ %F}eoptﬁagvm@&éﬁﬁaPQhQH%tﬂ{%tqgagﬁ%out 98% of the

popu ation is free, Is present in an amount of less than about 5% of the
tofRIHGHYSFBF cells present in the cell culture or cell population. In some
embodirt#éiills of il q@r@%ﬁ?@ﬁ%‘ﬁﬁfﬁhﬁﬁmﬂiﬁﬁlfﬁ%ﬁf@r%ﬁ%ﬁsmmﬁ such as
endpdermselt pepulasionpol cethtistyrespredeuceddojerting mBtheeb as human
dhe&%%ﬁgaf@ﬁg ' Q?}@;gr;?tﬂp &ﬁ@f@%} 188 ofesl Sn%(ﬂéi'@QEH{éﬁ %ﬂgﬂ@@ﬁﬁq& Sonsisting
the and/or NFM marker

oS o BIOLRRE b s Capee T, (0 oA 5, 2t
foragiot ¥Rdoreks EeRbesbaBH Ate @x*aFe fidttker Y 8HES TEOPHRL @
higlprésER lg\wnS@ Xiprtomark8 Os¢tboleiVir ZHCHe [owranehiing RWOXY7, HOXALS and

IN%@%‘ %tgéﬁxm%@ Ef%@&FWS@W}P@SIH&/& NFM marker in at
LTS ENDOREGM, CRLL 40201 RaMeas0ral QeI RsRt: o et

|nven ion are re ate to me ods Of mcreasm th ethex ) SSIg{']chthe Elca)g about
getReprodu T edndml el oP L IFEORIALS socor%erl‘s) ng.

SOx% péositirsertefivriivin ahigestigny seef ﬁh@é@%éﬁm@ﬁ%@aﬁﬁ @pout 35% of
St LAdpasitivecdefinitiviesentoderm celle argodeontastadiwithiast about 45% of the

differ 5@&&%&&0%119%0&%@ M@lﬂ@%ﬂa@tmc% %ﬁ&@ﬁi?s@um cifezﬁslgaﬁhﬁbout 55% of the
expression o he ene SILIV eTlnIiv % of the
o GORBFPLEHE o LA S TSR E b iy e of

Wlt erentl aflon actor can b

eitiatoRmnd]-prlig cifives b‘PﬁlbW‘Fiﬂ@sﬁtﬁfeﬂ%e%@ﬂ%“@hﬁ%%é‘ﬁ@aﬁth@°m 8% of te
differ@ptiatio relacto acrasbebaur Elitioid tn eekidmenbibdimenissst about 85% of the

SO@é&onemﬁiUMg %fimim enAooerM  GRllsAbeaaNtaate dtheasT @ERBISEEL of the
a con ntr Or%[% dL né%yo%geod% M ta.about 50 M. In a preferred

em% ment e re n0| 0262 In (l)nher embodiments of the

present int&8tion, RBECRH RESSIT GFHHRTP PG GREP T PRl PDX1-positive
cultarestondoépopialativasicbirprigivlycSEXTRros throdediditVéh respect 1o cells in
endgg armr@ed}sni@eﬂrgﬁpeam Ryt cantactingithe 5O X1 hpasitiverealiscifitthee type

dlﬁe{ eg}hﬁ%’?n %B&u:g ylgll 4%%593&%%%&&%%@%@Mmﬂ%ﬁ%@@ss than about 5% of

dlfferentlatlon actors can either be used al one‘lor In COﬂjU{r]lCS%I,IQng Vt\é1 h&gétc of the

In <BHIRAL BB Tt P e S R S B & Gl R BVE SR Cue s calls are
coraeteidaysition HOPBBasesovierefecusiofnTa el RoBHeND Ar PaR GG T SFRcuced Y
abau 380! Rebdavabatin 80 Aihginillintee referiedsenbadimentswiePEF SOX7,
growdk fagtor isisGin 0.:10263)in some embodiments of the

present- Inventlon {rr\]e ex%e 1%1'1%1% OE heegg%l}%ezr}u procp cf‘rrl%ulc\r&ncgya PDX1-positive

cultures of 2N popu tIgtions comprisin osmve efinitive
end@wﬁq@@weﬂ based on the nxpressmn of marker genes is, PDX1 high, AFP low, SOX7 low,

80X 1 low, ZIC1 low and NFM low.
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increased by contacting the SOX17-positive cells with B27. This
differentiation factor can either be used alone or in conjunction with one
or both of retinoid and FGF family differentiation factors. In some
embodiments, the SOX17-positive definitive endoderm cells are contacted
with B27 at a concentration ranging from about 0.1% (v/v) to about 20%
(v/v). In a preferred embodiment, the SOX17-positive definitive endoderm
ceIIs are contacted Wlth RA FGF 10 and 827 [0264 Methods for

po@tlons comprising SOX17- p05|t|ve deflnltlve endoderm ceIIs can be
carried ogidy growth mediver @QQ&@&E&&B&J&Q@%@ RIAQ BEHHELINLER@sing the
emobﬁeér&infﬁeﬁk[n &%n(r:c%gttatlonlscﬂ%r or 08{?)( E{Qﬁ‘ tng) cgglé}ts(}{é\@dgl’]-posmve

vIvV). In's Iments, t

i?B’_’SI'[IVG cells are
grdﬁﬁ’tﬁv{ﬁtﬁ’@émﬁf?‘&pl&bﬁﬁﬁ’e‘?ﬁt T e gloderm cells are
CAPBEED: BROMOTINGOT HEDIORE REN FHATIOND O case the expression of the

P DN EGAT O DER| BERIME R QBERM Skl 0 REDGPOEKIY Bif the
- Wi HRORE RM Gk bR 1RGART AAMRINALARP CRIN A Ubodiments, e

present invention relate to methods o |dent|%/ one o:,r u £ itive endod
CiPERTST O TRETOPS EATEIE o Ao SR e S agR e inve ndoden:
P DXilspegativecd sfihitivenad dodermretion terBadoposiive- %né‘@tﬁabout 30 UM, In
endedesricalisaln-sush-mesliasdsaa cell culture or cell 41 population
comprising £ fx' pegabvedefinitve.endoder. cells is;ehiained.anciex: gene

expression of PDX1 in the cell culture or cell 8Xp1flat|on |§c etermlrgegrm cells is

AREP SRR TR R K BERBHBT BRI the Cell P B the el ChIfireS
celinswsprafatio poatretios kg cted Viipksa Caprdiid st diffeferriation Raiop! e robtas
someveihadimeints, hie atpression HERDh istdetermidetbat ¢he timnerofion with
gﬂf@tﬁctiﬁt%&té&@{&&fn%ttg;ﬁeoé@etmstt;etqettm%na&amd@tem contacted with a
ifferentiation factor expression is eter more

GRS B ST T s A TSP s S . o
thePré"kﬁFéé%ﬁ“ﬁ‘f‘P g%f%@?ﬁ&éﬁ%é? SfEr tontact with the candidate
differentid@isp] factor sesccorhphredts td BOX-axprestoripriarteioonidetiih sene
thecandidater Qﬁfi@i@ ki aélpﬁbﬁﬁﬁt%s%ﬁﬂﬂ%l date! differentiationd agiedeis: cells is

identified a5 capable 002 SgrenbAtan ol ERALNRCAN Gy it e
definitive ert/dco erm ceTIs to P ositive foregut endoderm cells. [ﬁl c}
UL S Ll el L

capaizke cofpiiorittinty theXditreraitrafohior-POinegmliyerd efinfies with B27 at a
endeslermcelisHonk Botd apesitive foreguinadodemcelis:algteinaludbdiment, the
dettﬁtﬂa 'alllggttﬁtgc@éﬁa%@l?tﬁghe%tt@eﬂ%ﬁtﬁa%g RAGEE. m{%ttﬁa%% gene

1IN the cell culture ce ulation sSucn em e expressi
R el T TR T s I s
areontapeedaisth tpepremsoﬁ%éwﬁtétentmeréeta?ewtPf‘é‘Seiﬁﬁrées%ﬂeéf‘m m
P D %batdnkiX AbR has iacred seth after.chntant swhitliithets andideateentrations range

differentialion fa5taras.CamPaselda P AR dHeNALS @XIESSIORN KR elis are
to contact Wlth the ([:andldate differentiation factor, the candidate

dlfféTemtlwtlon?’ac%pr |SE|d¢ent|f|ed as caable of romotln the .

hasang@a@ed CELLS

[0265} Additional aspects of the present invention relate to methods of identifying one

or more differentiation factors capable of promoting the differentiation of PDX1-negative defimitive

endoderm cells to PDX1-positive foregut endoderm celis. In such methods, 2 cell culture or cell
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after contact with the candidate differentiation factor as compared to PDXI
and HOXCG6 expression prior to contact with the candidate differentiation
factor, the candidate differentiation factor is identified as capable of
promoting the differentiation of PDXI-negative definitive endoderm cells to
PDXI -positive foregut endoderm cells. In a preferred embodiment, a
candidate differentiation factor is identified as being capable of promoting
the differentiation of PDXI-negative definitive endoderm cells to
PBRESEEIIRISTRE FPE aﬁaiéwﬁ%ﬂ%"swg%@mﬁ?ﬁﬁ& (iR PRS i pgfession of
P DK, KO A Butel oH@XCH iothihésforaizedd Affte duminiotithy thcensdPDX1.
th%&?éii@bﬂ'&h’é’@c@%xﬁ%@@&ﬂ|§5§ﬁﬂﬂﬁi&$h&tﬁﬁé@dﬁ&mﬁ%ﬂtf‘&ﬁ@iﬁlafitﬁtﬁﬁtor In

In sp ref%{r[@o% %mgotgé%nets%iom% 120) 1§%QQ‘B% flgéqegle %@%é&a@&%’ of ghortly after

6 Is determined [0267] It will oeaé)reuated that | g&ne

enﬁﬁ}t&%fﬁﬁ%ﬁf‘sceeﬁewa%r‘éﬁ&%ﬁ 8’?%??8‘:‘8?% B of BOXTRISRAT S g ermned
HOXC6 sare baeetdrmipeiagtihs tale sitechtaenfidets: dffomyeanefactor. I the
coptpsting thercelisohtheserlfeudtures athaed pojislatdhewiitioa fsandidatepared

d'ffgr%m@t é}?réémp r{alhf@rcmaa} Riier %c&ga@&tmgﬂa@&fu&m&oa fhe candidate
candidate entiatign factor. In such embodiments, .the expre .
oS P, FOKATS SR FOXCE A Rt i A B e
shé?fﬂmﬁﬂ@?‘@éﬁ%é}é‘ﬂﬁf@%@@é‘ﬁ?‘\ﬁlfﬁ%éﬁ"ﬁ%‘:&f@ﬁ}ﬁerentlatlon factor is

comparel#aésithe expressiorhofone, 48:orbnversofiteD Xkitd@® XoA i@ uiridng factors
HQXGHR- ad: QR fD Qe diraafier mpmagmame gedlsavdtbnaodeandigiate PDX!-

differentiation fact In.some .emb r N
J%OJS ?F'IguOne OerxL cells Jlso mccfms det ;mmu SX pg}%p%sg:llag %%%%9 ég%%df

r more times at which PDXI expressjon is determined

aftéte G CHBC e el WHIFFES 8%1ha?a%}e8°&ff@}éhﬁaﬁ8??d¥£8’%8r g fepression of
rarfg@ioaalioUHDXuis téemhomtd] trthaysor onéxéien fhe, PP XE expreisdipin the
caRhgcdeterminedo.n ot Ihnsaiteieortantingtheosplls withthased after contact

cangidate dif %g?y&ﬁ&%a&@&%@my%mg% pitex %@ﬁ@mgat%g@él& pro to

with the candidate differentiation factor, about 4 hour after cofntactln

ce PSRt HL esariaTATe SFrEP PR 8ot M P i B RS s Heties o

cortagtingiimoneliks Wtﬁlﬁ%@&ﬁ@dﬁt@%ﬁéﬁﬂéﬁ?ﬁ%&oﬁdﬁ%@t sioargPxt-

aftepeontacting dhisdeat ssiithsthesgandidatercifferaritEAtoNfea ik b but id@eased

hg%@%&@#&%@%@ @&&t&%&&%&xmsﬂﬁaﬁ@p&i@%@&?dﬁﬁm;;gmﬁmrmmm
out ours after conta cells. wit andidat ren. 0]

fac grora %ticé vHO Utrgé §ﬁlé§:rgé%§n%%ffﬁ§ﬁloé cectﬁs V\%/l"ljt e%éEISn %%rem; % @dcmr .

d.ﬁ&f@ﬁﬁ%ﬁﬁ%&%?‘f By AP St T REon S ﬁ%&%bﬁ@gﬁ\é@ et g oells o
carmitiatsdiffe fentiatividamton]saboup2ieeis abrdeoh taetifigath d fetgiation factor
Withbah&l@@aqm;ﬁgQQH@I@m&&a&@q@m@a@ﬂﬁmaymtefegmmm@mdoam

Ce”éSel ith IEB%IC}()?SI]I Ve 10 e%@%ﬁg&%t%%ﬁs Qﬁ%&%‘g‘ tﬂedﬁgésglﬁg‘ f PDXI HOXAL3

contac |n S wit e candidate ditferentiation factor, a

P RE S CE AR P ECRE ARG SUOPE AL PR o
dayswEftere dbfatedititiey theicellb witfse eabrilienremes, di%?@ﬁﬁﬁt?@rﬁé@?& HOXAL
abaut/é-dayscafai-gamtactinerthe cells with the candidate differentiation

factor, abgy dayg @{ﬁ%re pévzag&e%% cells eﬂgmmengamgge;@m of one or more

differentiation factar, % 315% ays aft contgct r}?e:he ce}l%uvr\lltgl%ﬁl ﬁhorﬂy after

can?hd)% dl%%?%‘h?a?n or abou ays contactin
witrpepectagmBidenls ﬂfffé‘?éPﬁlaﬁBﬁe?a‘t:tﬁ?”o?"ﬁﬁ‘é‘@‘fh ko) %@%ﬁé@mmm facter
coniabiirigaihe e el somithi-thecaindidate cdiffénentititionifast drctor. In such embodiments,

the expression of one or more of PDX1, HOXA13 and HOXCS6 at the time of contacting or shortly

after contacting the cells with a candidate differentiation factor is compared to the expression of one
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[0269] Candidate differentiation factors for use in the methods described
herein can be selected from compounds, such as polypeptides and small
molecules. For example, candidate polypeptides can include, but are not
limited to, growth factors, cytokines, chemokines, extracellular matrix
proteins, and synthetic peptides. In a preferred embodiment, the growth
factor is from the FGF family, for example FGF-I0. Candidate small
molecules include, but are not limited to, compounds generated from
combinatei I XheRigAl SypHERS aadoRamiralopr ot s Gereds i@ gigls, with @
isepiannidsidespanaifisophenylpropanoids, alkaloids and flavinoids. It will

ble apprg ﬁ@é?td bﬁﬁ;@%@eﬁjﬁ@:ﬁﬁgﬁw ﬁ?ggtégethéﬁgem%m%uﬁlér&%%@tnme fimes at
class S atural ana synthetl all mo es are aple on
Wwhis (ﬁ)}ﬂ Erefsmn 1s&{ % é;ﬂ comiac I‘Ft{% alli 6%%1& cand%) g%‘i;cnﬁaﬁ

the ‘small molecules contemplated for use | e metho s descri erein

aré+igs CRritass t@"fﬁe'*tﬂ‘&s%é%%bi‘ﬁ‘ﬂﬁf|1=Pddﬁﬁové%‘?ﬁiﬁ%ﬁﬁyf@ﬁﬂaﬁ"p@s‘m can be
malesnlesiwikihavew sholesuainyvbigitsless thraemtiio Giffmutiatvrmiactor, about 2

DGR ChEMBRUAE he tggﬁmglmo&mgsmman fobexamteRurs sher
Dlﬁﬁﬁﬁﬁ\ﬁe % C\)m% he ¢ I 8‘5& éé: en'u son %ac(? EDRJQMQISI N%r I&ﬁgchng the cells

DX -P
C E’Eﬁ‘éhfo‘??@?ﬁtﬁ@erﬁ%?iﬁﬁé %?HP@O& és@ﬂﬁ ﬁ% r&?&ﬁc%ﬁa?g f"gl}sn\gtﬁ Ot’&ﬂs csxfdl date
idetitifyangtondotrmbee differentiticnfasiessisagsiblai®ihr o derentation
difiesgntiatian DHRE Xip asitiveniore gullis 4diend edelimtc alferdtisiehfactor, about 16

meifedssa callault tﬁcoscﬁseuvﬁp@w@gmag MeRKSINGRPXR0sie ﬁsargsm; after

endoderm cells is o ta ned (;P expression of Ouﬁrger in,the cel

culteEBpEEf E)gf)t”ﬂlgh ﬁ?%n e Giferen PR & QeI MINInG rT'heeéﬁomc fpe celis
of thé: tharredidgreddEneérigdacel ehﬂm Pedgyscifr @ﬁﬁfﬁ’ﬁdﬁeé@%‘ﬁ‘ﬁté}&éﬁ@dm
withi-eandidatetdiffesentidiiomiactascinesbnrelle mboblimerits ¢ dferentiation factor,

exaﬁﬁﬁ%%ﬁfafﬁ? Qarket isdetrrmined abmedmenhconiacting Hoshoulys aser

aft%nl;n%a% g mg]ﬁh%&e % c\é\gt%a?a%:afﬁrenq]a%e dga-xfc%re, N at n faC I‘T Iebl%chng the cells
expressmﬁ 0? e same mar eris 3e ermin a one OI‘ more times

afteiedraetityatiamssimime: @Qﬁ‘ﬂuﬁéﬁé’%‘?ﬁ%‘ré‘fﬁ’ﬁaﬂ%*&&f&? Yffiple candidate
expitéssioatiof faernabrkerdansincressdct drccelisedbdtf aftdideodifioentiftion factor,
thecandidate Q@ﬁ%ﬁﬂ@t&ﬁk fanienascamparedtodheinamker @xpresrant days

Prioglo.gantact wilihesandidate difereniiationdagtor the candidate

dlfferentlatlon actor ISI ent| led as caé)fable of romotln

differentiatisitiof PERIIBHEIE IR, HESRASIERT &5 gtf‘r? 05 1 57STRsd herein can be
emistdiedeins, eumrsdiomdl theremkiseisekrsithimetrely QPT Raygky ppndidate
In sememimbedimeanis aftﬂi&nﬁtbﬁh&&:dﬁiﬁﬁ@‘ﬂ*b&(fmﬁh@dﬂaﬁb@@ﬁﬂohﬁm@REacellulal

timesal piuch the ma RIESSION inAetarminedallehCQRMRARIAGANE from the

cells WI[{‘I the andldae ntjation factor can range fro outl h

to %} %ydagfl%ef Hexam Fe r%aéké‘rﬁe%ares%?gﬁ%c%ﬁl {%Jgegtgrarﬁﬁnneo | iied
abowmpoHesis ﬁ&fﬁéﬁt@&ﬂv&eﬁwg%ﬁ@i@éﬁweﬁ reresiratsRE diferufitighghes steroids,
facterpreabioy t2pamids aftericontactingktivdcetls fwithdlie ¢damilidatepresiated by those

diffgg %@9 RiEAGIONAROMEArDOUES: AiteLcRNARIING the callgivithhihanolecules are
Ca”d% . d ﬁa £ g%%r 0 facton. about FIQQ&J S gse %%%aﬁmgasg%b%%%m are not

with the can entiation facto about 8 ours after contactin

ceugfvmﬁ e R SRR Rt PP F Lo Fah SSPE i ST P & ™o IR i
contaeting theoteths. viith tistsrod vaiddinediffor emeihiolyc fisctGretisbifor srample RA.
hounsm@ftericantastiog thevells it e cmdidatedifiersRiaiFRHRERTIA TION OF

abOut LB posITIVE FOREGUT ENDODERM CELLS
[0270] Ofher aspects of the present invention relate to methods of identifying one or

more differentiation factors capable of promoting the differentiation of PDXl-positive foregut
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hours after contacting the cells with the candidate differentiation factor,
about 24 hours after contacting the cells with the candidate differentiation
factor, about 2 days after contacting the cells with the candidate
differentiation factor, about 3 days after contacting the cells with the
candidate differentiation factor, about 4 days after contacting the cells
with the candidate differentiation factor, about 5 days after contacting the
cells with the candidate differentiation factor, about 6 days after ‘
condedstingethe lestichwithatrescath et THFERBRIIos FOMBRTTRE AP S wystiss oregut
aftedoeantaating dheies|iscwith-theseand dateriffier entialicnifactokehipopBon is
daysafter cartaciing the cellswithdhecandidate. differentiatiend@ctftie or cel

?a%%)gt 9 g(;ibaog/s after contacting the cells with the candidate differentiation . .

it 1 ‘étf/ds after'contac ing j6 Col gnv_vlt the candidate ,
differeminnabiTaresy ot SHeraltpm ot cararRa RTabey 1R wamstiF e clls
theitandidate: differentiatidetacioe 02PN theseribediprayibugigiermmned at one
C%%&@Eﬁﬁl@éﬁﬁé@%@ﬂg@@@ﬂ@ Jah useuthe nethass desarbethbemiision of
can be selected from.compounds suc \ i dsgmall.. as
molecu S{éeg. 52%]]6%?%8{19 ?Tgeéséu a&?tﬁh%ﬁrﬁ%ﬁ%sﬁgigﬁ%%% herei 1111%?\1%{&“0}7
beARGRSE (PSR rEEpeer UK 12PBLiNE: MBrehit ehuSYSAT a2 ™
witktsidap diioratatch &cier cerdeniifehib stlitherns pyresine e tifersnstivhel PDX1-
uSRAR: BERAGRIGAMP 0&itiORSHRAME isibg thent RXePDSitiMe marker is determined
forb%y(%dgut 44 endoderm cells that are described herein and/or the
PDX1-positive endoderm cells of thg 1E)o%teri%r i;:).(%%t'on ﬂgf h(ﬁl;%ge%y;[n %Qg%mes at
are descPHel herBifP ERRHRBIE CHRy ST Re PDX 1 Positive endoderm
celfitigheed et gXmehie se EHREaWeN e8fT enirizedHh thdlsscrlefifgrandidate
methadsidrsarine ddhesain (0254 Having gencralyydclerthaigarker expression
invctag]fqi@@ct@n%ﬂ{él@%&ﬁ!@ﬁ@m@ﬂ' %&&%ﬁ%g@ﬁ@i@ﬁﬁi @yaﬁ@fala@fg@n%_@mimm
specific examples whi e provi erein for. pUrposes

o O3 PATE 5% SRR e (R e S O RARES: B B ot
exaPrpIEaE sl 6 sd g e SR L BT paHmO RS HERTARA R iR ettieasspe ool
predticiagaplidipoiehtdntrmantostisibre Wedhiorrdwnrintitieniteanats abdhb eryidate
deggiihegh:pymaRusaeientifiepublications NGl ueis guh SheRataiitNgiFerentiation

5’4{5%:3,’ 5312%5%5 @719533 %ﬁéz&%%c%%h&%%ﬁﬁ 252084806806 8:en 1OLL Adut 16
welfas U.S. atent Application Publication Ng, 2004/0229350, EXAMPLE

1 PRIFHAFRE TR E0DY 6F Ror Bt P Lt SRgSHaH dBUgopms A we s &
emplosrstk il sifibiyonididrerifoentistinhierioare pufifeteticarritedns te cells
divigde seemingly ndefimnilaby ncetsean\yhiles naintaining ot efinafith the candidate
ka%&&@lﬁ&ﬂ%? f&?&?a\é’cﬁﬁg qgll}ﬂ \a{ﬁg £59Q3t£h’geté'9@1¥ '\Qiltg ﬁ%‘t@ @@fﬂ@%ﬁc}n factor,
2 A pte cortate o 96 o MECRANEE (MOS80 BRI, Ulys et
partietAr AR G R ERbRonic Stem céff ine NESTVEDS was derived

fronemeesingarnentreraly hearadidembFrsiaraiicir RO e dit Al TR the oclis
follawing: infciitae dicBrasniochyathe, patic Atiddpdinthavarigaiie baiichddthe candidate
bla@@&mﬁm%@%@o@ EQAUSEr 6‘6&%&%% BQI@H@&B% EMEL): i¥ESitiation factor,
megalgg]l SQMS%MS'?: %Qr?t/g,cEnt%lnglps %ﬁﬁ%@%@éﬁé&'@ e%n Mtion factor or more than 10 days

after contacting the cells with the candidate differentiation factor.

10272} As described previously, candidate differentiation factors for use in the methods
described herein can be selected from compounds such as polypeptides and small molecules.

[0273] Although each of the methods disclosed herein have been described with respect
to PDX1-positive foregut endoderm cells, it will be appreciated that in certain embodiments, these

methods can be used to produce compesitions comprising the PDXI-positive foregut/midgut
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beta-mercaptoethanol, ITS supplement). 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
ermisiojomicdietiticet dreibes deristendierh e thenfed ¢Gbnobfre posterior
defiritiy eremcdodemmf0ay Fsttvil| teriappiatiatec bystho te 8DEkillosithergntierm
th@éllsc%gg &ellRa E%@MAQ@@Q@&%%Z@@& Alse-ReMs %@t@&i§§@§&m&1 herein.

material for the di aevgrc?ntlartlle(r)a Qr&ce% (%e deSCé{ ed h(gm%Eser it a[‘ggl%én be
cells obthme from erﬁb%yonlc’ onadal ridges, w lich can be isolate

melRIS naiFmCLR %ﬁ%aﬁ%@%?@ﬂ%@s a&ﬁb@f@rﬂfﬁsﬂiﬂm&md’wows of
maitestiatiobofA&Midleke 2ot i@V et Ehdmmcterization [0278] The human
embryonic stem cell line, hESCyt-25shagrmaintained a normal

morphol s karypt eﬁfg{%w@,argag %%mv[eam@!: REQRELUES AYERLAS numar cells.

months i ture. 1%?5 cell'line displays strong |mmunoreact|V|t for th

Oéﬁeﬁ’°§§ﬁﬁ°ﬁuﬁﬂ%ﬁﬁﬂ°tﬁn%@lﬁ?ﬂ|§ggﬁ§m HeBrRmRA S alegngﬁa T8 QFsSHEoed
of umdiffereritiztéd WESSHwNddishinyssalRelkne Phosghaiide attiity as890.926,
wedlees e morphisio gnidertical to athenestablisheetdaE SGplinsion  Publication No.
Fustherneie, the human stem cell line, hESCyt-25, also readily forms
embryoid bodies (EBs) when cultug ension As a demonstration

of its pluripotent nature, hESCyT-25"di erentlates into various cell types

that represent the three principal de#auES£¢8s Ectoderm production was
demonstategl by E:RaRtidks Af€licierethedspmmuacaposlemistryn(tG@)c stem
for c@ﬁss%ﬁn@ip gré?ﬁﬁ@pﬁ%%% REUERAR! ﬁlﬁﬁkﬁ%é&ﬁﬁﬂ&@ GeiochemiGalintaining 2
z;a;?;n%% It lglull Jwas af bs‘%gved Wclygters1 é)f gmngr d.gells.. using sither

oo
ry neurons reviously, we treate BS INn suspension

wﬁﬁ“?@tﬂ%%c%ld?ﬂ%h%ﬁaﬂé?@ﬂ%f%ﬁﬁﬁ@ﬁ oFiEiptterRs IR ERE g stom cel
visteraBeRdodeniévE), famextiavembryoiicedipabye ITremt i ge| fertilization cycie
eXI%Q&%@Q iﬂ%&e\&ﬁ&f asfetopigiein (AdnR)anst SO Xt omatkereaiplated on

E-’S‘ %ﬁnbhows E?%%%ﬁ d»%?i% %ﬂ?ﬁ%ﬁ\q D eRel AL EXRLESSa  acids,
INns

por dic patc es as _demonstrated by immunocytochemical
stah‘?ﬁl&eﬁ@’iﬂﬁ el BEw, e nggé aI‘H]ffoE ceﬁ/ g'I)nne ﬁas S lsh wmd =
Capabl@iigﬁ%}‘mn@e@ﬁm@m@@ﬁﬂ@@éﬁﬁn@@@éﬁ&%ﬁeﬁy@aﬁeﬁ?ﬁ@ new dishes with
quantitativexpRlymerasaghais resictierhiCed? ChRnanald a brief digestion with dispase,
Idm %&?&l ?Cg%ﬂég%f i?&&?%f]tﬁe %ﬂ%@ﬁe@%ﬁlﬁi AR 7 8KPRESSIONe EQivation,
emonstrate differentiation to mesoder ere [ er

anaﬂ% ? b3 3R hyUny deﬂagga gg‘éeélﬁogi%evgryf F;ﬂ;élz S?n\%é gﬁac f&r)}/mman
expTELRoN Histedsis Hrogsdnsen By dr the Relirsenof draniRp &Mt In

view of theztmegoingyihed bEEyF2 hilifess @lukiiotetitcast shidwwiarbyeilseor other
abilg%&wr&ﬁeéﬁ ISR 6SQRINg thatbresaermorlayerschXAMIP blscdiures described

.P I’OQUC'[IO of 59 GAlp (?D(% SEO 79]é %x%‘h%ag%%§%§ t%ﬂ@ﬁ car be isolated by
|denﬁﬁcatlon O?aéﬂé) ﬁltlve en oderm in C cultures
methods known in the art, can be used as plunipotent cellular starting material.

EXAMPLE 2
hESCyvi-25 Characterization
[0278] The human embryonic stem cell line, hESCyt-25 has maintained a normal
morpholozy, karyotype, growth and self-renewal properties over 18 months in culture. This cell Ime
displays strong immunoreactivity for the OCT4, SSEA-4 and TRA-1-60 antigens, all of which, are
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is the lack of appropriate tools. We therefore undertook the production of

an antibody raised against human SOX17 protein. [02801 The marker
SOX17 is expressed throughout the definitive endoderm as it forms

during gastrulation and its expression is maintained in the gut tube

(although levels of expression vary along the A-P axis) until around the

onset of organogenesis. SOX17 is also expressed in a subset of
extra-embryonic endoderm cells, No expression of this protein has been
obseradiife niesdfferriveicbiSfenn Himbsndipte ehosbeeverdinithas well as &
SQ¥IhIB SN RRRED RS i st arkmiariher dﬁmitmm@lemm lineagewhenline,

us &}&‘gﬂl o tkersa exeind tr@ﬁsmpﬁxgguqnhg\gg&%n 5 a
10%%S As d%ggc%lgg&eg%ﬁﬁrem th %7 antibod was uthEdt A

SpSTHIBSR B i B EREEE BTWaHB}a e S RAS differantaticR. Yo ot
proeseigre faffrrscrrercie prod iR aontsoSm PIT S e d‘é‘ﬁ‘ﬁ?ﬁ%"'d by Q-PCR for
endndesmn el ss @therantibedies rdact viertasdiP;8 PR CGramnc: neuronal markers.
ThiambomailinWRISAISEEMRIRYEMIR rHie QHLING REOGHEHQN.Of JISERIA celis,

and parietal endoderm extra embyyonic enddog rm). 46 LOZ §%é§< n order tod ;
prﬁaﬁﬁ‘&eﬁﬁ%ﬂilﬁ%ﬁf% ?\stPgﬁ [g/ X5pbttion’o tﬁl SRS S e adid. o
cDRMSE G s of) Riwiresporierheells Snifiseracradonao YR SE erfpembryonic
NQin2iein thetaadnowpessainalicedobiReiSXdR prrpind Fievd) migsrs of VE,
US%9 ggﬁlg&gp%l&e%gﬁy n&ﬁ‘i&'%ﬂ‘i@eﬁ%(@k %cﬁ%pggﬁle&%gqﬁﬁn&@pomdw paiches as
conipany, GENOVAC (Freiber Germanxz aﬁcborglncg to %egce%r

deVETSBEtH there T BYER }‘5&“1? : JERfC hMUmzatoh canbe ot ?gsqi’gés cell
Palisnt WoSI5B, 8300576] BB, @SfF‘IYSVEGBdm"arfd BDted Y Al gyanttative
IntenationakRat entwp phastiorfdubhcatiomiies;sty/ 0 82944 &: siwckbsence of AFP

WOQ/4391 510283 Athek:suitakiemethadaider aanstisimmenizatio rh:ﬁfﬁzcd for

o B R SR RST &f b cIBe Aot By Resa it el progivcty
imrpvRiBateRsH P BkseakTRe s 81816 626 18E; %‘b %%%H?ﬁré%?m‘m e
genibier inteuhizatiofrm etfodstspraduceartibodies against specific
proteins can be found, for example, ix Ayostaglia et al., (1998) Genetic

immunization against the human thyrotrpin recepliqr causes thyroiditis

and aIIowsProductlon of mgnoclonal antibadies recognizing tpé

receptor, §*"FhmuAdrEn IEE PARE R AP ECE A 6 o85 éxﬁén\{%ﬁc cultures
oD AP R IR aeioios. Ttihateive PR HSELSE O FBROT S sesis

mongslaratantihedies to the FIt-3 receptor, Hybridoma 17: 569- 576;
Schmolke[gzhé]t ﬂ%ﬁ@%éﬁ&@ﬁ&%ﬁ%gr&%qwgﬁawwdeﬁ%%ammﬁnfm

serum by E2- specific monoclonal antibodies ner: ted

TSSO oy SRS T A AR A 1 A1 g tevels of exprssion
Geepation: Sioh ssR BT HTBRY dRsBiGathSE %?Pﬁgé?ﬁ?w@ﬁ%w is also expressed in 2
uncanwe nti ered-aticleidcagithdsas edlimminigaticirstiafiey yrakiB istcslan ohserved in
73: 119aL29s-a0e d:Hivietiatl Rk $4298):6a08FaticR AimanesiaRak marker for the

anti fined portion of th Hellob%gter‘p%orl yacuolating, "
cyto goxmvﬁye‘if?ﬁi |m9m%%|za%on“5 B e S el X [G384] EE%F o

and"8WR18 are the closest Sox family relatives to SOX17 as depicted in
[6281} As described in detzil herein, the SOX17 antibedy 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-erabryonic endoderm).
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the relational dendrogram shown in Figure 3. We employed the human

SOXT7 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, SOX7 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
SOX17, BBA7 arld EGFRP rexjvre ssionibedr tapsnst HEIK tan sfcigion thduman SOX17
huwpra filrgbipstsoand a&eamag Westemn ok ExpresSEIQVETIONS: 2) in the
emQrL egmfrg‘l)r';aﬁ1 e%dogp‘;qy gg%@? §Q )%éur %Zs’ @Q@fﬁ%&@;é"’ gﬁuﬁ%\(@n rais at

Or| e eTec nologies, Inc., Rg IE; pCMV-SP RT6 nV|;Kfogr D ures
Cef?&lﬁ‘%m@’AB’T&%“ﬁ’EéﬁﬁaW (@‘?gﬁ)e NSNS CRY raSs ety ely P Eor

prd@@?&ié@{ﬁ:ﬂ&qcﬁmﬁf@ra@@immﬂéﬁ AKX it %Wﬁﬁlé% v@éﬁg 876,
tragsiemtly, tassfected with superediled RbdAimth@apresgntiestddn Publication Nos.

Lipgiseiasmine.29Q%éinttogen, Carlsbad, CA). Total cellular lysates were
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detectable by ICC, and thus, they can be employed as negative markers

for bonifide definitive endoderm cells. It was shown that SOX17 antibody
labels populations of cells that exist as discrete groupings of cells or are
intermingled with AFP positive cells. In particular, Figure 5A shows that

small numbers of SOX17 cells were co-labeled with AFP; however,

regions were also found where there were little or no AFP' cells in the

field of SOX17- cells (Figure 5B). Similarly, since parietal endoderm has
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toggifierwith dbarsrasigialnmarkers SitdREs gaetard irabomohsinsgiEM)1/1000

R b sl g et v
enja‘éea‘é é”ﬁ%ﬁ were” %‘f%dugggl ymrggn ‘%gg]f‘ r(gfr?lk('lu %tr?sofchﬂggac % éamt IeG
[0fi8dkom iR e CaiFaBEin GTeY S cfts ATl SRty R rior Black
defimitive Penpiecermatell cserlbelebtedslishcBindintiree nfirk et iprofiteins size standard
SQXILAARR EEM c%x%%%%@ﬂ @hesuwerds, the expression of the

SOX17 '{‘d?%éi r 'Slgr?ater Q’ %Q%‘ 97%%80?55'0&% %‘i@%{%&ﬁ %%Kﬁ&« WHICH iSwere

characteri of VISCG al en erm, and the TM or SPARC markers

O
TRy sraafartre i S OF 465 i St BR D VRE RSPITHGHy THOR S i toe
POSIIK/E fotiS@X 1PnbuthnertivefocAEm @R ey atviEckst Fii @T"MR‘C’PW" of
areﬁﬁﬁ@W&@m@p@me[ﬂeﬁﬁm&m@wamﬁdnecsmeeafmxofpmm
thO)‘%S?Ip /éaEE 7/ T“’M%'Tg%ﬁ@ askerougfile %Ec&fﬁgz%‘e%ﬁi%%ﬁf igiiveor EGFP
erm an ene expression Itative
co ﬁ?ﬂgf’&tadtﬁelfﬁe wBW@rﬁdPﬁ%gF%? e aVAEL Vé'a%bé:l tﬁm TR RO, foreblast
F|gnnemxeﬁ@s@§m@ﬁ%lwwreﬁme%ﬁ pyishitral %?ﬁﬁ&éﬁ‘i‘f‘???&%éﬁh EGFP

or aetivinAdaefintive e adbasramniidueeisiresulted in a 10-fold difference
in the level of SOX17 mMRNA expressiappl Rig result mirrored the 10-fold

diference in SQULT anibodylebled coll gumber CIWS 1B,
Furthermore

suppress@epaFP d’éﬁé“é)@&f@%%fﬁdB‘F%CS"fﬁlﬂ GyiepelfA SERSORHG R AFT antibodies
tre atrmeohs Tt siwas ST hniefie cteskditc dodhamati©UE Tt redse drd fhghermore marks

numbehef AfRlabeleshcalis: iBthase.culiesas shoumy itvigures 8ReG. related
To ,ﬂcrgb“t'%%g%ji gg%en@ it was. demonstraied atsaaagah@@@grggam%y@ fRlelscera

dedréase in e expressmn was the result of SJmllar

decéadein RewafnibBayTaseled %%I??%Lfﬁ%ﬁeasmmea’élﬁl% r%rm cells at levels

cytsrety BigliesagARS). tRivis¥e by letplesdern apasng et fﬁfth%w*ﬂde definitive

indigatesthaliguantitative cha BgRSTIBgeile Iexpressinnassetinty @idPE Rscret:

g h gfe%ﬂ@o?%lL ReSRRaleation aspbsenedb.ARIbod I8 niag: ha
a

[02§9flncu tion ofhES sm th sen [:[ﬁ’f dal family membeI\ found w
(NOHAT BERRAR X S5Rd % res% 5 in A Signit S |f°1r5raéséosé}u|1r11 e

SORET et b@wrlatbé%’d Qs@ﬁ%%*?@iﬁﬁés%% ey P EOTRIN FETERERAT Porie!
tre atmeBingresen thama0¥eaf s 083, weitedabelat witlviBGREY? together with the
(Figures 10AR) sThereweredemonaaiseisdahelrdedil MRrafiesSxdaysils that

of activin ”?at?&;“t- l%%wlédb'@%“iaéx éhﬁ&%%%%é(uﬂﬁ%g&‘E@%ﬁ%@'ﬂ%&&@%aﬂmz

—bo%?y‘iermlna amino acl he huma 7 protein identified

hursededSoxal? B W ST BGTE B Bf ﬁ}c:)% "Fgf‘:ognlze SOX7,its
closest Sasesamily beleitiveo! The SOX ¢ dritbogl prretogriz det ASsuiliset @f definitive
cellSydoderm cell can be established by the marker profile SOX17AFP/TM" or SPARCY]. in other

words, the expression of the SOX17 marker is greater than the expression of the AFP marker, which

is characteristic of visceral endoderm, and the TM or SPARC markers, which are characteristic of

48



in differentiating hESC cultures that were primarily SOX17~/AFP"™"

(greater than 95% of labeled cells) as well as a small percentage (< 5%)

of cells that co-label for SOX17 and AFP (visceral endoderm). Treatment

of hESC cultures with activins resulted in a marked elevation of SOX17

gene expression as well as SOX17 labeled cells and dramatically
suppressed the expression of AFP mRNA and the number of cells

labeled with AFP antibody. EXAMPLES O-PCR Gene Expression Assay
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has also been demonstrated. This 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

guantitative determination. [0295] To generate PCR template, total RNA
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exhibit enrichment in specific populations representative of the early germ
layers and in particular have focused on sets of genes that are

differentially expressed in definitive endoderm and extra- embryonic
endoderm. These genes as well as their relative enrichment profiles are
highlighted in Table 1. 51 TABLE 1 Germ Layer Gene Expression
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have focused on sets of genes that are differentially expressed in definitive endoderm and extra-
embryonic endoderm. These genes as well as their relative enrichment profiles are highlighted in
Table 1.
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52 EXAMPLE 6 Directed Differentiation of Human ES Cells to Definitive
Endoderm [03011 Human ES cell cultures randomly differentiate if
cultured under conditions that do not actively maintain their
undifferentiated state. This heterogeneous differentiation results in
production of extra-embryonic endoderm cells comprised of both parietal
and visceral endoderm (AFP, SPARC and SOX7 expression) as well as
early ectodermal and mesodermal derivatives as marked by ZICl and
Nestin (ectoderm) and Brachyury (rrm@rm) expression Definitive
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never been previously demonstrated, [0304) Based on ne ative

corPRTTSE W@Wiﬁf%ﬁdd@ﬁﬂﬁéﬁ@ﬁ%%‘}eﬁ%m@? 1S byd?s B el &
thevastsrajentyoftreB&BOX 17 positive, AFP negative cells will be
negative fozgoprietat wrdetiasrmomadkers byliantibo dyresidaldetings Iuisnvesited in

Speﬁ@&@#ﬁé @65@9/”@55@%@4’1&5'\/' m&@%ﬁ@goxw expression predominantly vepresented
definitive endoderm as opposed to exira-embryonic endoderm. This conclusion stems from the
chservation that SOX17 gene expression was inversely cormrelated with AFP, SOX7, and SPARC

gene sxpression.



53 parietal endoderm cells as shown in Figures 15A-B. Exposure to Nodal
factors activin A and B resulted in a dramatic decrease in the intensity of
TM expression and the number of TM positive cells. By triple labeling
using SOX17, AFP and TM antibodies on an activin treated culture,
clusters of SOX17 positive cells that were also negative for AFP and TM
were observed (Figures 16A-D). These are the first cellular
demonstrations of SOX17 positive definitive endoderm cells in
differentiating hESC cultures (Figuega#6RED and 17). [0305] With the
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hESC morphology described previously. Given that this was the first development of an effective

SOX17 antibody, definitive endoderm cells generated in such early “undifferentiated” ES cell
cultures have never been previously demonstrated.

{0304} Based on negative correlations of SOX17 and SPARC gene expression levels by
Q-PCR, the vast majority of these SOX17 positive, AFP negative cells will be negative for parietal
endoderm markers by antibody co-labeling. This was specifically demonstrated for TM-expressing



54 the present invention, it is therefore valuable to remove BMP4 from the
treatment within 4 days of addition. [0310] To determine the effect of

TGFP factor treatment at the individual cell level, a time course of TGFP
factor addition was examined using SOX17 antibody labeling. As

previously shown in Figures | OA-F, there was a dramatic increase in the
relative number of SOX17 labeled cells over time. The relative

quantification (Figure 20) shows more than a 20-fold increase in SOX17-
labeted celisiemhisiresi dhindicaresuthatbeth theaumbeisdef ells asivielh and B
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(1{35312] All of the experiments described above were performed using
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[0308] Nodal and related molecules activin A, B and BMP facilitate the expression of

S0OX17 and definitive endoderm formation in vive or in vitro. Furthermore, addition of BMP results.
in an improved SOX17 induction possibly fhrough the further induction of Cripto, the Nodal co-
receptor.

103097 We have demonstrated that the combination of activins A and B together with
BMP4 tesult in additive 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



55 inefficient and the FBS concentration has much milder effects on the
differentiation process of hESCs. 103151 In these experiments, hESCs
were differentiated by growing in RPMI medium (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/ml of activin A.
Afterthe8 deysoneplichtebuamplebiwe rersoldBBd fronihsatntaetuyihin 4 days of
condition and analyzed for relative gene expression by real-time

quantlta R..Ihe remaining. ¢ I; evel. 2
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had increased levels of mesoderm arker. expression.
eva fds%%l{n
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endadeem from extra-embryonic visceral endoderm one should examine a
marker that is distinct between thesgtwamrS©X7 represents a marker that

Is e&res egrlercl:eﬂgne" X exng Q&r@ &&E&%&Mﬁﬁei f'ﬂi@%(ﬁa%@@%@e@m and not

line S, cultureé con ||ons that exhlblt robustSélgl%ene

expressmn in the abs&fRte ontain

definitive #t#hot wgéemibehdwyﬁﬁsl@ﬁé’@héww%?ﬁdﬂ%@Eﬁﬁf’a‘t‘)%)@?ﬁl‘m"e
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eXhlng%tqulm Eea‘gte nul?szz[S§ % ?,V%Q ﬁ@v’éhﬁlm SR %Eo%g&‘&p & fetal bovine serum

(FBS) in the differentiation cultore medium effects the efficiency of definifive endoderm

differentiation from hESCs. This effect is such that at 2 given conceniration 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 defmitive endoderm Iineage is very
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56 when FBS was included at 10%. This pattern is the inverse of the

CXCRA4 expression pattern and suggests that CXCR4 is not highly
expressed in visceral endoderm. [0320) 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 ubiquitously distributed
thisdiyirou ethdhe TRreoipghietidnidghs dose addeirikdaias techifoirERS wagsss of
inghgded at 10% (v/v), the SOX17' cells appeared at much lower frequency
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differentiation the cells were dissociated in PBS without Ca2' gm .
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anti O(Lifl COI’] ugate ey antl- mouse SOI’]
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congedtratiorivahiioal livetht iadret dorad! fimuiodollowed by two washes

in buffer ggafjove paellsmerefesuspendediaind 06 Belialmbnind ulferembryonic

anqm%ngéﬂﬁg &%S%%&iﬁgr@%&%e\@mg uEReskion @f%%a%pabdmém that
the staff at the flow cytometry core famh%lg e Scrlé)gndo esea

o) EVERR L BB BRI LT g olodsn kg SOXL7. To

distinguish definitive endoderm from extra-embryonic viscera! endoderm one should examine 2
marker that is distinet between these twe. SOX7 represents a marker that is expressed in the visceral
endoderm but not in the definitive endoderm lineage. Thus, culture 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 cuitares that did

not receive activin A, SOX7 also exhibited increased expression even in the presence of aciivin A
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lysis buffer (Qiagen) for subsequent isolation of total RNA for gene
expression analysis by real-time quantitative PCR. [0323] The number of
CXCR4' cells as determined by flow cytometry were observed to increase
dramatically as the dose of activin A was increased in the differentiation
culture media (Figures 30A-C). The CXCR4' 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
draieatiedlyaincredsed HnbigisrefGXCRArcetls cohelatERApithressiolnagern and
ingigase i:dsfiniivenendadermgene wxpressionas activin A dose is
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CXCRPELE SR ARG SRISTERP U it gktﬁaﬂb@éﬂ%deﬂm"e endoderm
expyiggsion; butlifvey also contained gene expression for other markers of
definitive endoderm. As shown in Figuges 3 A-D, the CXCR4" cells were
LB RAHERGE GG RNl A R ROPUIANON LAV b
HNF3B, ition, the raction contained very little
gene expressmn for these definitivePSHB5EEn markers. Moreover, the
CXCRA4' HRHLC X CRy' dsempeil atimsol iyl alfesr the shilesnss ﬁa’t’%%déﬁ@‘éﬁeﬂnd“dm
expiessiaaien marketsmf Mmesedenn, aioderm andiextraentBrioniof activin A
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population &p deiesningd previansiyihepirandias Méters e diaiddpieekded for

Stajes, Rrvisional RatentAnpligationde s69/53@0 4 SRHIeY numan serum (buffer)

DEEI!cll\l pg;lleyte% %l\ég)cgllt:i)\?\'ﬁ‘l with 58 ml of buffer was compieted then cells were resuspended in 50 pl

buffer per 10° cells. Secondary antibody (FITC conjugated donkey anti-mouse; Jackson
IrmmunoResearch, cat# 715-096-151) was added at 5 pg/ml final concentration and altowed to label
for 30 minutes followed by two washes in buffer as above, Cells were resuspended at 5x10° celis/m!
in buffer and analyzed and sorted using a FACS Vantage (Beckton Dickenson} by the staff at the
flow cytometry core facility (The Scripps Research Institute). Cells were collected divectly into RLT
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filed December 23, 2003, cells expressing CXCR4 and other markers of
definitive endoderm were analyzed by FACS. [0328] Using the methods
such as those described in the above Examples, hESCs were

differentiated to produce definitive endoderm. In particular, to increase the
yield and purity in differentiating cell cultures, the serum concentration of

the medium was 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
FACSPHEhitREs f&‘eﬁ?%ﬁﬁ??ﬁ‘@é@ﬁ‘??&ﬁé?‘%‘%@d%?ﬁ’?e ERERF FRef's by Teal-time
Thremilsoradd®lin. Sorted cell populations were then analyzed by Q-PCR

to determpins relativeraxpeessinrievals af mankees M oetinitheaantk observed to
exagm fmgﬁgﬁp9@5&@%&9&%&@%@3@e%%és@épﬁ%%&%m%&eIﬁma

taken from opti gge[;en ated culture resu ted |n e |sola
defitfitice 8n(§§drq£m cells were g’@?fo;a &

Pt was set

remadﬁomér@rReﬁib&ﬁ‘aw§%roéferéﬁﬁwe2‘érféét}efweﬁ&eﬁaéﬁdtﬁa%%ﬂsgatﬁ The
differeniiste thiremdhSGssusing dre” nthadsdesceribbed hareimcFabla Refitive
Compesitign.of Defiitive kndadein: GuitiwasRarsentBsrcent Percent
Percent of Definitive Extraembryo%%gﬁgl\glarker(s) culture Endoderm
endoderm ceIIs SOX17 70-80 100 Throm .omodulm <2 0 75 AFP <1 O 25

SOX17 pesitjve § C@@&Idﬁ@@&mkcmnwll%@ﬁﬁ@@a M&/mb&hem&lsmm
the e" %zlt&l r%r g{ H}Q Qn?gé;s;o%xﬁﬁeﬁ@g&e e?&l:l%s %% mﬁlpp%réﬁt populations was

ex resse ™ arleta endoderm) and less than 1% expressed AF
(v@?‘f@?‘%ﬂ‘céﬁa’ﬂi Pafter subtractlng the proportion of TM-positive and
AFP-poditpzé! cellsThearkibinderelo afi et Riretnr seprati ehdeobrmrisyly toeegsed with
from-iaanprepe o nefi:S @ Xdidie XGRApo st el lerit o8 vl seentiiats dose-
ab@émzréo&%eowc%ﬁ@4etéﬂ%aﬂeggw 18 s defl raisaé%eng&%ﬁmf the CXCR4"
Approximately 59 10% of thedc;fe S %?lt Eg E-Cadherin L(nEﬂ?,tAD h} "
whigh 1% RAREP IR EE aﬁﬁn%%(‘ﬂuﬁ %) ig%gc % fe CellSware of other

ce [FWG@@PT@B@HWW&W ehdedérenthst ‘T‘ﬁé%‘ﬁﬁt@%‘?eﬁf‘eﬁ?ﬂﬂive
endodermarsthe differentiating :cojbisuttiueaes thattar €X0RAINets prioritowot only the
FAGRSERAMIGREGANDR LHRIQKE A%t aNIRe:iRARe.aBeY sion for other markers
of definitive endodernt. As shown in Figures 31A-D, the CXCR4™ celis were further enriched over |
the parent A100 population for SOX17, GSC, HNF3B, and MIXL1. In addition, the CXCR4
fraction contained very litfle gene expregsion for these definitive endoderm markers. Moreover, the
CXCR4" and CXCR4 populations displayed the inverse pattern of gene expression for markers of
mesoderr, ectoderm and extra-embryonic endoderm. Figures 33A-D shows that the CXCR4" cells
were depleted for gene expression of Brachyury, MO, ZIC1, and SOX7 relative to the Ai00
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 resuits show that the isolation of CXCR4"
cells from hESCs differentiated in the presence of high aciivin A yields a population that is highly
enriched for and substantially pure definitive endoderm.
EXAMPLE 10
Quantitation of Definitive Endoders Cells in a Cell Population Using CXCRA
[6327] To confirm the guantitation of the proportion of definitive endoderm celis
present in 2 cell culture or cell population as defermined previously herein and as determined in
United States Provisional Patent Application No. 60/532,004, entitled DEFINITIVE ENDODERM,



described low serum procedure by maintaining the FBS concentration at
<0.5% throughout the 5-6 day differentiation procedure. However,
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. [0332] 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
withabeappreziablesdiftyentietion MCRIch Cabesn8BX 17 IGHDR 4udoderm were
MiXhiaeG4 FAds. HNF3[3 expression is maintained over the culture period.

Addition O@%TM SEARCGTA AR SOKLACA 00, AR a%l%lwe}(ﬁs@%m

detected In these c res Itis that such cells can be m ine

anﬂﬁﬁﬁ‘ﬁ’éﬁﬂiéﬂ‘ﬁ’i’%ﬁﬁ&?@‘?ﬁ‘?’%ﬁ%ﬁﬁﬁalf? P(?ﬁbc&%’ﬁnu%%&%yse\ﬁl pumy "
apfifeititatifferantititn sEXAVPERERM/AE ditorénm areprriein ﬁﬂ}ews: 0.2%
Endsaders, Cells, [8833] da thadaliowiBg @xpesisre n;RNAwdsisatatede sorted by
frog pupified:defing 'X%ﬁegﬁgsém@@ﬂﬁzme&embw MG SR,  Sorted cell

populations. Gene exp lon the analyz ene .c naly

of FREHER FER §gé’ﬁaﬂm dsneyd%opuIatloﬁr%m@% Wad 1'ess(gimﬁ)lerg)‘(r)g}rm(één s fo
furt@rtiHivet e tREROTBid ST EHES 865 s Sas (dfiitgaed cells saken fro
encapamgitittmetitanby yoniedstahn iseHs abdafinitrk erdfderdefifistive were >98%
en ggglerm [0334] Human embryonic stem cells (hRESCs) were maintained

’\ﬂél‘o'zéf mexI‘j 3“5%9 I ent ugﬁw%th 7 /e% algg %&‘IE §§{H{Qe endoderm culture

Replac recombinant human a5|c last growth factor
(b F@Wﬁsﬁhif?ﬁwa?%rﬁ@%%‘fﬁﬁ%%F ’Ti"@?&fzfﬁ?ﬁ?aedr%ﬁl@sse ntial amino
acids and penicillin/streptomycin. hESCs were differentiated to definitive
endoderm by culturing for 5 days in Ri#élxmedia supplemented with 100
ng/mi of recombinang AR At RAn{RIE ERRIIAS AREUREBS). and
penicillin/streptomycin. The concentration of FBS was varied each day as
follows: 0.1% (first day), 0.2% (second day), 2% (days 3-5). [0335] Cells
were isolated by fluorescenéé”ﬁ’@ﬁvhtea%@qﬂéortlngF(WA@S) in GreIefo
obtain purified populations of his5Cs andtiritatinitEresdogerin forgene
expression %Wé}léé?@} ImmunosQupificatiRiNas acmegg@gfg,r hEsggﬂsusmg
SSEA4 antigen-(R&D Systems AB14 defin
endoderm u Ré EXCR4 (R&J%?/%tems, cat# FABl70P). Cells were
dissociated USHRgeaRRIHIEDTA nvitrogeh, cat# 253062054), washed in
phosphate baffered saline (PBS) containing 2% huma&a serum and
resuspendedsipcHi0% human ggratm on igg for 10 mingtes to block
non-specific %ng Staining was carried.out for 30 minutes on |e§0by
adding 200 g)hycoerytTln conjugated antibody to 5 x 106 cells in

800 p.1 hum&ifiss FMP Cells\were washed twice 60 with 8 ml of PBS
buffer and resegspended in 1!mi®£¢he same. FACS isolation was carried
out by the WNWH#WRQ‘@‘@arCn INSHHGe UsiNg a foBCS
Vantage (BD Biosciences). Cells were collected directly into RLT lysis

buffer and RNA was isolated by RNeasy accordln%to the manufacturers
mstructlorﬁ%”:{@lagém particular, Table 2 indicates that TXCR4 and SOX17 postiive cells

(endoderm) comprised from 70%~-80% of the cells in the cell cultare. Of these SOX17-expressing

cells, less than 2% expressed TM (parietal endoderm) and less than 1% expressed AFF (visceral
endoderm). After subtracting the proportion of TM-positive and AFP-positive cells (combined
parietal and visceral endoderm; 3% total) from the proportion of SOX17/CXCRA4 positive cells, it can
be seen that about 67% to about 77% of the cell culture wes definitive endoderm. Approximately



[0336] Purified RNA was submitted in duplicate to Expression Analysis
(Durham, NC) for generation of the expression 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

caoidlictabe ailarkes patititesine Bricadheoh@&@btorishichos eofirkivier Rde apfrpbout 10-
Sglaciragnas wereragsayedyhy. Q-PCR, as described above, to verify the

gene ei@iﬁfs'onv&hﬁvg SI0u0d QN IS ARG IR ANt AlRaI0HNNE SHgRIRating

the ex slon pattern of these ﬁgenes durin 2 tlme course %I;n hEe d(%o fhe above-
dffte lsjif afﬁﬁ??ﬂ“ﬁ@[}?ég@ RONFRRERIHE G R e rasSion results for
cartaitehBrkeTsmReseae m@m@ﬁ?%@m@mﬁﬁﬁg arﬂr%etaﬂiug@a%e >6
5 daysrafierte pedition afboten gimtasctyino sl GNOR 4tepiéshinghout the 5-6
defiiine SHAoH D&m&@élm%ﬁiﬁm thagndeftherfive dawsifferantiations ha
procedure CXDE), and in purified hESCs. A comparison of Figures 34C

arftf B monstrates that the six marker genes, FGF17, VWF, CALCR,
FOXQ1 JIMIK O P iy CRADerm, s tar iR 0T SHTATH ARSI ApTan heve been
almastidenticakimarch other amdhwitchnis afsotidenticalduethbapaftelaisofithoxt

ewgﬁaﬁygﬁgﬁé %Mﬁ%‘é@é@@fcﬁ@k@ﬂ@mw@mms ex%imon is
previously, IS expresse e (0] an
adTHIRES 5R - éxcbrté%%lgwg é{?(t%dé] 6n|c éﬁg%grrr@gngggnﬁ)%%s Cl and
N He¥ge A Th AR erbin v éﬁ?ﬁf&e%ﬂstWéelryaﬂBt&f’%d?@if%(%(‘?ammm and
prexigasianeliabler estinraitdbaefihihig drdodvhrronatidbaddisrotien.

SOX17 expression witnessed in thexpopelatian as a whole. The similarity

of panels G-L and M t el %‘/Iarl(dclgg S hat EQELL, MMYF, CALCR,

FOXQ1, CMKOR1 an are likely markers of de |n|t|ve endo%egné it

and that &3} are%o?‘%@ﬂﬂ‘?&‘ﬁ%tﬁ}“??ﬂ’r@ésgg% B EUHD QR ed demitive

endgoizrm oéHemfo 388 nwitidvecsib predititet mm@msﬁé%ﬁ@ym by gene

deggribeghherein.canbeadurthar pandsmeddnyd CG-PEXAMRBILE dfdretinoiurther

Ak angLE GE ARndicgs-P D Specilalhl o Relle odesBie sen et
u

tures The following experiment demonstrates that RA and
FGELTHATE %ﬁﬁ’fgeg%’ldgggion of PDX1 in definitive endoderm cells,

[0340] Hifdh enibryen e cas R SRR St TTBRRAHD AR i mede
for feukndays winoagfothod MivihRRApandnS0. i FE R Gy brasadetcityoblast
thegﬁ%”h%ﬁ%!ﬁbﬁﬁ)ty reighthous.Altemnihg, RANHEEN Onaslaitionalthfino acids and
e e S ngwe%mm%@ﬁﬁsmsgcqmﬁ%ys in

to fofe gu & rm were uan%tsze -PCR. 610

apBﬁ’éﬁti@?ﬁ’éfSP?N%eH"éﬁ ﬁ’ﬁﬂ’/e“?é]n%‘aje?ﬁfe@%rl‘i@lﬂ%?u%‘aﬂﬁ ?8%% neTEasa R S
PDXXBgjens sxpitissioniseetigore @S iptitoof TRErewmsirisdiec dprassiyys: 0.1%
of Vigeets! andQeersy ﬁp}&ﬂd@ﬁ@h)neural (SOX1, ZICl), or neuronal

(NFM) 93 %s w?gu l{%ﬁi@d@? %IJ: {g&é&%g@éﬁvf E)d E&? &W@ACS} in order to

expression ced 0 | evels approximatel 200- fo 6(%hé—:'rt

\
obSERB PR e RARTEBh @S dEmtrafity S8R TS ex%osure 18 SRR g™
50 hgimﬂo@@fﬁm}ﬁpnFum@gln@q@ tleedESCs using SSEA4 antigen (R&D Systems, cath#

EAB1435P) and for definitive endoderm using CXCR4 (R&D Systems, cat FAB170P). Cells were

digsociated using trypsin/EDTA. (Invitrogen, cat# 25300-054), washed in phosphate buffered saline

(PRS) containing 2% human serum and resuspended in 100% human serum on ice for 10 minutes to
biock non-specific binding. Staining was carried out for 36 minutes on ice by adding 200 ul of

phyecoerythrin-conjugated antibody 1o 5 x 10% celis in 800 pl human serum. Cells were washed twice

60



results show that substantial PDXI induction occurred only in cell cultures
which had been previously differentiated to definitive endoderm (SOX17)
as indicated by the 160-fold higher PDXI expression found in the activin
treated cell cultures relative to those cultures that received no activin prior
to RA application. EXAMPLE 13 FGF-10 Provides Additional Increase in
PDXI Expression Over RA Alone [0342] This Example shows that the
combination of RA and FGF-10 induces PDXI expression to a greater
extensthnst FRA altiaend0S48risdim the! pf dvicus E5&PR fetatiE Sesiisfout by the
C%&E?&&W&%&@&Hﬁm@i@a@m s:feRioun days.cON Aay: Iy Pleesks) WerEs were
trea ed wit e owi 1 a Nation, e
ﬁelttﬁ\él Eé% Xor Fé(l):lyil(s) %%rﬁf pQI\A}IQ REA]e‘?n l’g%r%ﬁfa\%%fﬁ 'L\}v{ftbﬁaﬁﬂi&béG Fg34
an’ﬁm’ln%?f“% ‘“FH@%F@?%FB% of PDX1, SOX7 and NFM were quantitated
by Q-PCR3dhety BixfidBiss afte rRASE RAPRGHS [@ﬁMTS?H‘éAtFéq]é{f Bt NC)
h Efé%&l%%@amm}@@m felioweth byretisoifacithintitioedzad SD3fokts 2.0 high-
NCIeaze | uzfe%%p% “‘«‘55{9 Q@e@qgilgograag FiGihfiontheRbentifies genes

ga%%egﬁamg}g;s o m°fe 16, DX (approximately 10l QYLRA Gees

n0|c “acid together, the
mchahtﬁ?@rd@fr@E}mPWﬁé cmmzreﬁ EFmREFiER &@b@f@{dhw@?né}& BiSHe vEE &°leRyias nev
37 AhaiTiseeys iph ust IRDX thinuetion ol dsigisateddrm. 1300 folebhitfrrogssayed
th aa;};%gl;t% 8399&\!1‘1%&2 raﬁ:fet{ ﬁggen:ﬂseﬁg;@%gét eéﬂ@ﬁ@ﬁ tyﬂg-lggfs adldﬂf; (;‘Eg ?{éﬁi&ﬂp and
an simyltaneously abolished the icj =100 stion.
prc?&i‘]é?ﬁ&vﬁsﬁﬁ?t?h fode Smfy ﬁ% wﬁgrgsg gngsttruﬁn ggl?g If%%%l L addition. :t Its
[0345] Ad#ffENn of%ﬂﬁéﬁ%%ﬁ@ﬁ“i%ﬁﬁ?ﬁﬁ%ﬁ?ﬁ Aot Wcrease

thearexpoassicir oflimalier gehes!riod asddoiarediwithe feidgtn ¥ndbaerm 2tvn 4,
wh @ﬁ@@%é@& loseglignahasxpasadteRAYE G Freamtbitatiofise(dae differentiation

Flgure 7B- A PL@rjl élR Ol and G-M demonstrates
Anterior L150 %ﬁ%ﬁﬁwﬁﬁ Poélf}ohr?%kr?sv%gg %Fg&%éﬁ% e W?lgﬁe? t%;t tan
doderbfR Aaedts BN pBSkidn TN i % cel Ure o owing

exprarimem yeiToRGrsiCet! [037 FURTARERB A &8k EETRH e P o
culyedithrerwithend activins: ftouscday sssQealayd ioevioRB R OB GtisGpressed
ngllm(')b"‘{ﬁ‘%é‘&%ﬂﬁ 01 HE SR i COMP IR R R At §:8408MnBodea Since

The expression oft e PDXI mark € ¢ | vides a yeliabic
mark&is ﬁd’[(’ts‘:ﬁgéff%iflgrﬂforeg Xt \?\%?Iea%ua?r%tﬁgﬁ%ﬂgﬂ 5 fabt

52 $0046] FH SOy STHSEREIHEE AF SO UBERE THESHER AL BFPson =
with: FiGde 1 Ot Sty ol pimelcet aiffévientiahgcnadsqiredsiditPateris, CALCR.

thay (ﬁla(tﬁdfmttﬁlSﬂx@%ﬁ@?@%ﬂ%ﬁ%&@@ropwﬁﬁﬁ%bﬂaﬁﬁﬁnmﬁ thet they are not
highest dose of RA (1 pl |Or erentlnéydéprgg&gd expression of anterior

T8

endSEEIR aTker (HOXAS)Y and also produced the most ro% l§th|ncreasq3e cocther
in PDX1 (E¥ite 38AMH). bel"l‘?@‘:ﬁ‘i’iﬁﬁﬂéhabg’@ OFiRA Y MTSHGGCE
endedsrmedmaikers (CDX1, HOXC6) (see Figure

EXAMPLE 12
Refinoic Acid and FGF-10 Induces PDX ! Specifically in Definitive Endoderm Culfures
103391 The following experiment demonstrates that RA and FGF-10 induces the

expression of PDX1I in definitive endoderm cells.

10340] Human embryonic stem cells were cultured with or without activing for four
days. On day four, 1 pM RA and 50 ng/ml ¥GFE-10 were added fo the cell culture. Forty-eight hours
after the RA/FGE-10 addition, the expression of the PDX1 marker gene and other marker genes not
gpecific to foregut endoderm were quantitated by Q-PCR.
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38C and 41E), while the lowest dose of RA (0.04 .iM) preferentially

induced a marker of hindgut endoderm (HOXA13) (see Figure 38D). The

RA dose had essentially no effect on the relative expression of either

neural (SOX1) or neuronal (NFM) markers (see Figure 38F-G). This

example highlights the use of RA as a morphogen in vitro and in

particular as a morphogen of endoderm derivatives of differentiating

hESCs. EXAMPLE 15 Use of B27 Supplement Enhances Expression of

PDX| [0383LP DX Fexpriissiion dhtdefinfaleton doinem cdli pasriffishise frpsese in
thewse gfa Rpesber eidaviaes AEndtelgrewikidiferentiation cOmgitiehsododerm
In E@}@,‘%5?&%9@6&‘@%%%;@8%3@?%@@ &%@&ﬁ&@d iZnﬁHél%@%fI}:@é;gigm 36A-
enhances the expression of. i Initive en S e
B S T A o T T b G B e
endguiiTh byceanfiet spunermerEodied ReSeeigriRtoH nittagmore, these
embsyieNnisdfib bl asifeadersxwithihigin deseractivip A (400:208:ng/nvhirhad been
0. -évg/&uﬁga%‘@%%é%&@ﬁ%v% S NEoRQ BEH IR £ PO E898/RGher PDX
O ool R LIS S e 110U OB IS, o
repiaeeATRR eSS 50 ng/ml activin A together with 2 pM RA and 50

ng/ml FGF-10 in 2% FBS/DMEM/FEZANGHE, 13FBS, +B27) and similarly in

2% Serum replaceBentdoR R supplameant, (Gicalid Bl masi@dded

as a 1/50[0%ﬂ.lrtion 'Plljgs? QXU%]EOSE%%’)SFgg @M&Mﬁ'l:a%gn(ﬁﬁ%z )an) %@B%t%&?cﬂs PDX1
samples where taken for each point, and total RNA was isolated and

SUBTEEREPISC O EPER AL B (ABescribed. [03511 Figure 39A-E shows

that serui@sfi@e supplethent-BA? BrovidedESEadetionacbeniefit fothout activins for
indygtion of RRALGEHR SARKASSIRAMITNOULNEURINGIAMIRCT RISRARIBAE 1 1M RA
exprega%llgn a%gnmaﬁ{;kg Srgl%v}g? OFTIC%IG%Q%CI&Q 1%\5%%%%%’?&8385%%%& FGF-4 and
compared 1o Such marker gene expression in cells grown without serum,
EXARFAPE Ts exsesrmetitiiB O smEM it A BHEDX R 535 pehidx hows
Exampliesshawddiat the use of activin B enhances the differentiation of
PDX1-negafixe celigd@RRXLopRsitivaaedss:in Biitrorol ctiuein i35 Induced 2
Human.embryonic cells were induced. to. differentiate 0. defiqitive. .+ mduced
en%ﬁﬁ%ﬁfegtg&e%?%ﬁ‘nﬁﬁ}éﬁﬁésﬁgﬁtiatéed hESCs grown on Er:nou e e

nouse .
emBigEREIBFOBTAStREHRIS Witk YR BORCREbAT A 50y ALY i gnd e
seraniy REN-fereondayisr THOKB®aifvsbenabanos SPrigkyptnBA eoodshiimye 374
twoand:2Yesidays: kb ihenegatiraanmioolios definitivevendodeivin or RA/FGF

P rog:gag}lln%&. (I\fr@regr%éﬁc gﬁﬁgnzt%@§ / 518 Mbﬁ‘!i@ s%ﬁglgﬁglf‘g%ﬂghé_%- tHB beneficial
order to induce PD exp,ressloql, eac,h&jﬁtg? mcugggergs_ggcglg%% ,gtlar%&%:m

acid SeHGR To FBEHBMI SR YRy 6 The cliftires reated with activin A

on days oR@4hroughiitenvesrBAFSHdetr viHTRSiTdPe MERSRTHG C it itfatirrase the
of agtjvissibnanidnaciivienB abtresmainad iittaditein: Andtcme attsOmgimpde e cells not

no ackivim: f fQHER! GG ANRI RS -raxided neither activin A nor activin
B. This RA/activin treatment was cag%ibf% 3 days at

Retinoic Acjd Dose Affects Anterior-Posterior (A-P) Position In Vitro

[0346] To determine whether the dose of RA affects A-P position I in vifre cell
cultures, the following experiment was performed.

[6347] Human embryonic stem celis were cultured with or without activins for four
days. On day four, FGF-10 at 50 ng/ml was added to the culture in combination with RA at 0.04
uM, 0.2 uM or 1.0 uM. The expression of the PDX] marker gene as well as other markers not
specific for foregut endoderm were quantitated by Q-PCR.
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which time PDXI gene expression was measured by Q-PCR from

duplicate cell samples. [0354] Figure 40A shows that the addition of

activin B at doses ranging from 10-50 ng/ml (a10, a25 and a50) in the
presence of 25 ng/ml (A25) or 50 ng/ml (A50) of activin A increased the

PDXI expression at least 2-fold over the culture that received only activin

A at 50 ng/ml. The increase in PDXI as a result of activin B addition was
without increase in HNF6 expression (see Figure 40B), which is a marker

for liver asmsell asTpamiditas tiktihis: inbaivaievedopmertorinsirastft FGF-10 at 50
suggests ihab themranomanehealls ditere nﬁatuaga@t@&nﬁr@a&ﬂaadtbﬁeﬁomnor
it doio, Dl KA L OF SEIRASE 40,LaHANE S

e exp ressm DX |n |t|ve endoderm

cekaduiimimurkeBIBY-t9é cahalse gt i pTeRy fﬁ%ﬁ%ﬁd@ﬂ’%&ﬁh&?@m 384-E).
thr%@tﬂﬁ%t&t@ediﬁwemtnanan iphecessigihedoliowingkex yebimeHOBEOW < Figure

& c?X@ Of SRIUMIN&: luredUFng Ul% IfereninioRRIOERESAS! hindgut

PD - neg atlve definitive endoderm ha: an Eton the ex re sion

PW?@%%@? itrekistraifn o I P BB hasitve e cetuive
endudesitn (08581 mmﬁéﬁp&ﬁwy@me@t@ﬁﬁbébnefwﬁé@tﬁa t%{?oa tB 8. This crampic
diffecantiatentousiefinitives erdatderm by treath énpofiaidifforentidiesn of endoderm

hE§&§agg%\/gfh%m%$mWonic fibroblast feeders with high dose
activin A (100 ng/ml) in Tow serum/ @%ﬂggt% ays The FBS dose was
0.1% on day one, O. 5% on day two an er 0. 5% 2% or 10% on days
3-5. The no activin AlebRsl Suricres 534 ’
dosing, bpBuwith na’aﬂdedp&etmmm&%wcempoésmcﬁwmgﬂﬂme@dby the use of 2
beginning,ah.day 8 HYthecadditionabid «uribe daysHioliofulibiPaiment, we show
recj,é%% “et"}% aCIdlgr;[tez MR Qs %%eFB%&%‘YH&'%%@%%@@%&N

y

fivin A was lowered to 50 ng/m| danng T%mmc acid

treatmentf'&%@wasﬁéﬁaéb%?ﬂ’%nf‘tﬂte ok &Wﬁn%‘&% £
FigendodebA shiowisithicf e B8 tdtos it delHraeveos @ww@?@f ﬁbmbiast feeders
defipitiviesendodenn inductiangaays ;-4 arSphaalapting alilityitoo activin A
Cha“&&the '”9 8@%%5’5%&@%?2 SXPIESSINR ARG the FRURQIE afides received
treatment |s was without si |f|cantaz ratlonnlj §p§n X @ESSSI n I\ﬁ)q n&ea&m A
of ZIEH AiATITEnA B) G ORIl A 1C T HenE B prassion P

18 yseisf €6nditbnit mediurs e Efhhse thdaSMBIBEXaqsEFS tBZ?) and
Oth@t&fﬁﬁmﬁ Ancgrewtiiaenditicsrs. Wiichipfluence e @RRIessondEd as a 1/50

PD)S!]}!lg(md WBV&WWZW%% Iﬁgpﬁt"é@&g &Hﬁai%@glﬁ&n for each point,
experlment "shows the effect I@’f 64 CO@EE&?”EO} me on tLt
[

diffePEtAOY oF B IS HEGAIRE FEA Ve SRt %?Pn cells to PDX1-

positive efi#6term Hetiss. FUSE SHORR BRSBTS O HEP SR &eilsryrgd an additional

indusgektasd ifferat aterord eftritivercansodenmt yitreatamentreie in the expression of

u Mtﬁ&t@t@@@&&%@ﬁ&@ %%%e@mwmma i fibrohlast fardepRihin cells
high dose activin A (100 ng(ml) in low serum,RPMI for 5 days. The FBS

dos&Was 0.2%" %H%jay one, 0.5% on day two and 2% on days 3-5.
EXAMPLE 16

Ty definitive

Use of Activin B to Fnhance Induction of PDX1

[0352] This Example shows that the use of activin B enhances the differentiation of
PDX1-negative celis to PDX 1-positive cells in in vitro cell culture.

[0333] Human embryonic stem cells were induced to differentiate to definitive
endoderm by treatment of undifferentiated hESCs grown on mouse embryonic fibroblast feeders with
high dose activin A (50 ng/ml) in low serum/RPMI for 6 days. The FBS dose was 0% on day one,
0.2% on day two and 2% on days 3-6. The negafive contro] for definitive endoderm production {NF)
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[0360] The definitive endoderm cultures generated by 5 days of activin A
treatment were then induced to differentiate to PDX1 expressing

endoderm by the addition of RA in 2% FBS/RPMI containing activin A at

25 ng/ml for four days. The RA was 2M for the first two days of addition, 1
sM on the third day and 0.5 gM on the fourth day. This base medium for
PDX1 induction was provided fresh (2A25R) or after conditioning for 24
hours by one of four different cell populations. Conditioned media (CM)
weakte:geneyared/ fom either akdseiembryioniddibr diskas BORV BEEM)rorach of the
fro&&&%ﬁ%ﬁ%ﬂ%@f@aﬁ&% giﬁ@rﬁﬁﬂf@;@@m Qﬁ&é@ by nReihieated with activin

conditions; 1) 3% FB /RPM ii AC b
morpqnocgc‘énlé2 T téf’eﬁﬁ N‘%\/Ig % ghA%tlvi[ﬁnAdcc)’? éM“%%%gtl’cglﬁs&vEgm A e

pr@QM@dBa?ff%aﬁﬁ‘?ﬁﬂ i‘fﬁa‘érf‘tﬁ&%%% - O PEGTREN"BEL iSRG (NF) wes
abpveidl 20400 S0 orhidge BhrEdsdiféaaivindiffurenti atio prpatatighns days st
yield thres. very: gilfaserispapiations-af HuaR colisdayivdhickl thedRDX 1

induction,goegia ca. be gandlioned et ERSinout added il 10t
factor (NF) yields a eterogeneous opulation_com osgﬁ é A_#ﬁrge %m AAncreased

extty o BB R BT T RE S et hi & e activ
tre &bl mmecfAtO0 Jeapididd dotar e propo i Fcet té fltiveiaidoterhae/ml. The
anghthe:BM PB:treate chauldre(Bd 8Qhyisiel sap rittat e ph ec OB rx@medon (se

SO'BW/%%? 'QEEXQPA%%%&W&: 1036115 p%f&%ﬁ@ hews haliPRetd Wasresult

induced equwalent |n fres con itioned m(ﬁa:?ﬁ over the flcrlstlt\é/ .
dayeeBR RY BapRRALe o%\’/‘é]\%r B tha g i day PDXI expression had to fiver
started to decrease in fresh medla gﬁé‘l\'@)@ﬁ b70nd|t|oned media

treatments. The differéi 556 pfiBR&EH media that
resulted i ﬁﬁllnteﬁﬁ@%ﬁp%sﬁuﬁtlae@mre@semmmeﬁ&&hgm IEXETRSSIONY the
at 'eve's 9ﬁ$°'ds%n?at “c eshymedia. T ﬁf@&&%@%@gn% folowizg

h|g expression |n ESC-conditioned medla was further a{hgl led

on erammt SRR ETBVIAG W B 0 N RGFEP Py © PO
freshomied afimEiyared@B she wsetiat th éicomditimed FHEd]durine Afrferiferentiation
resgitggkindnuchigwssleualsal&DX1 gene expression, a gene not

expressefageﬁﬁhe "gaion Qf B, eXRressing,rRAQHEL. a;hmagaﬁa;e%tm@ﬁnm
the overall purity of PDX1-expressi k|;%endoderm was m

e B T A B SRR G OREA LS STEAar e oo i
diffrerdiatedine SO @utairdsh o8 ey PRIME g §W§WWT’*§@&€“ on day one,
EeXPISSS N AXRib etk RSty evl osBvespose-stoThenamgintiofontrol (NF) received

C?n‘g%%%dggdﬂ g@%ﬂ%@%@é%ﬁ@%ﬁw %@@Qﬁ%ﬂ&i@fxzﬁ@i@km WG induced
omelaa each pla ml a indicated vo see

FigifE 36t & ($ tioné d]i}gé%‘i/as (tgl E}et;o F?é“s?? ﬁcggléy Eﬁgcﬁ BY s e
of noi&tRaRISHY P BA POl FRRARETHT B s R © 50 neid
mediaivgasistill abledonaducevantintdinmnfyherRBDX kexpresSioh levels

than 5 ml @ggFﬁSh @?59&34@1@%“;?@& suggssisdhatihadbanefigiabettaciaffinitive
Condl Oned f{ IQCJ’UE tl!?(P 59 Eﬁ%ﬂsﬁx%ﬁﬁ'%ﬁiﬁg@ %@rﬂhﬁénon of PDX! gene
depenaemP the re

ease of some substance or substances from the

cells .
into e%ﬁrésﬂ%me‘aerﬁ%tﬂ’ﬁcaﬁbdtﬁéa{“fﬁfg subitaiEeld) 8‘5“3%%%36%%&%&%“% i the
enhamces ProdetidAI6T FiRNd 4 BerEE5IA Fantdd ersFEXRFEE 19
EXAMPLE 18

Use of Condioned Medium to Enhance Induetion of PDX1
[0358} Other factors and growth conditions which influence the expression of PDX1 in

definitive endoderm celis were also studied. The following experiment shows the effect of
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Validation of Antibodies Which Bind to PDXI [0363] Antibodies that bind to
PDXI are useful tools for monitoring the induction of PDX1 expression in

a cell population. This Example shows that rabbit polyclonal and IgY
antibodies to PDX1 can be used to detect the presence of this protein.

[0364] In a first experiment, IgY anti-PDX1 (IgY a-PDXI) antibody binding

to PDX1 in cell lysates was validated by Western blot analysis. In this
analysis, the binding of IgY a-PDXI antibody to 50 g of total cell lysate
frovmdwioned 2opivrrantiftofiisransision MITRT2weehs e dpsTEtroen e selis to PDXI-
provigus bravitinacR X expression vector was compared. The cell lysates

separateggy SDSr,RACEIaRsIered a8 mambiane by elgcablotingerniive
and then prob ed with fth Y a- P l%% nma antls%rung forllgvivg (?Xt feeders with
al RS BrRS SSAGEEES %njugafleﬁ f grn SV iRb & secon

antisb éhesacintieté MO AR R SAmERMA I g&%niﬁ%“rﬁ%ﬁﬂ%&?@& g day one,
appliadicseparatestoipdefithe membrane in the following combinations:

A (500x %%ﬁpn OfrREIRRBAYve QA ABLAR Qingaeondar Dy B2000X4s restment
10,000%), G, (200%, 40,000% %b (31??803( 29.000);45:(8, 000K, 40:090%F R4 in 2%

“ée'gﬁ inding” edin

[03 Ing was detect ce trans ected with the PDXI expressmn
veERYRIDD SeuFBEa vVt ARGP ST SiAB oLy SonTBRrathEr i fERhE
was eddifiahsaMeth it tiritdaiasfected (MOX et dpib ik fets weiiap for PDX1
using.the highest eaneantsationssoidaotbopiioar foardsecon dar yraniidotlen: cell
tO et@%né%"”@'x@?& n@d’agmé M%épg%ﬁéﬂﬁéa 'ﬁq@%&@m@%&@ﬂ%bhﬁs
etection of an_additional éa}% ata noIecuI rwe| ht S“%lﬁgé hl&?é 5 3%
tha@@ﬁ@ R EBHTRES HNETS AFSHAISE n“‘ﬁ’fransfecfiéd brob T
a SERGREMEX(SMMhentitreibim i g6 oIyl ieat rapBie st PORR ’GRBI‘QP (CH4).
PDXh)antibodyvie PRk was testdeiby mimuteicyioeh@mistey FBS dosing regimen
P r%%%%ﬁcﬁwz%g ggp Ess! @tgo)ceﬂmf@ LSUCheXDe Hﬂ?@ﬁf@a&!{%&&gﬁﬂ Sield three very
ere transiently tran an .expressio
vec‘%‘gl;rg?tlﬂff’;\i gﬁy onsq}fsjsc'é ec%sw%f‘ 1fn&on tec esm Celdioned, The
Tra}r@f&‘i@ﬂ%r@dmr@wﬁefﬁcraﬁ%@dww g‘ﬁ"&"ﬁgﬁ% DoAY eoppPsed in large part
antisexazhransie cteddeatlswerenisd alizebychibth TRG P orestcbmiiora st 100)
We%éés%ﬁﬁf%ﬂéﬁéﬁiéﬂ%y&@&h@mia&w@ﬁo&&h #hepise; afat @ yinre (B100) yields
coriygated. secondan antibody. ERXBInmuAofluorescence was

V|sua OU e use of an a-R conjugated second
g J d %g h and conditioned

antibody. {8867 Bﬁié‘?ﬁg‘%‘f fﬁ%wﬁzﬁa&l) PES ‘Iaaﬁﬁ‘ﬁ%e EEBE A fes
co-loeilized ithire PR ExpréSeior B8 EXRMIPEELRthe third day PDX1 expression had

IMrauReGY RehemisnkohtumanRanereatic-d isalier368]:This Hxampied hESCs

Sho"%’%&*@e%t AnEgdies having SREEHIGINLIRRER! SaR-Re USedda JOBBMHYX gene
human PDXI ;osmve cells by imm no&/tx?chgmsﬂy J’g G§9} In a first

expBHIFERT, BaTEHiIn ehbeldEs Co i8S B Riifian pancreas wers Stai ey !
for wrststiFiow tHBRrReadisien et rrieirsHRNIEE ATTAS o OR 475, foti (75 By epmaent achieving
1/2@Qklatiory-faloviget ooy Busti-grdte a HigreDit Giprsebaniarpnditioned media
antip%%eﬁtg @Hs'zgéﬁeﬁl %%v@ @ew]e[lg-(g@ @Hﬁﬁi%ne expression, a gene not expressed in the

region of PDX! expressing endoderm. This indicates that the overall purity of PDX1-expressing

endoderm was much enhanced by treating definitive endoderm with conditioned media generated
from differentiated hESC cultures.

f0362] Figure 43 shows that PDX1 gene expression exhibited a posttive dose response
to the amount of conditioned media applied to the definitive endoderm cells. Total volume of media
added to each plate was 5 ml and the indicated voiume {sec Figure 43) of conditioned media was
diluted into fresh media (A25R). It is of note that just 1 ml of conditioned media added into 4 ml of



In a second experiment, the same paraffin embedded sections of human
pancreas were stained for PDXI with IgY a-PDXI primary antibody at a
1/4000 dilution followed Rb a-IgY secondary antibody conjugated to
AF555 at a 1/300 dilution. The images collected from the first and second
experiments where then merged. In a third experiment, cells that were
stained with IgY a-PDXI antibodies were also stained with DAPI. [0370]
Analysis of the human pancreatic sections revealed the presence of
Strigaslgy etz vimctdT dblets Dfilcamyorhiatin Kitiso BERK tserstvmdesispipxf ml of fresh
sighal.anpeanask in.ssletsiin sl nndFositire); veakisisiningeliadaissesnfiiADX
aCéQ %Ests!i?l% légdgc{é%% “ngb%g?e‘iWS:) ﬂ'Q éﬁ&@@%&@&b@@n&t&l @\!19&3§Q‘;@W§HI Rateelis into
DXI was mostly but not exclusivel I I|z Se nulcl;neusS EXFAMO LE pox:.
Zlﬁf?‘rﬁ‘?ﬂ‘}ﬁ’t‘iﬁ%ﬁi Bieafshst 359&’ rom e |n0| Y rasted calls 371
Tofontdsee eolefier- PDX1 expression in deflnltlve endoderm cells that have
been differentiated in the presencexdfA.amne the lack of PDX1 in
definitive endoderm ceﬂglmggM@mglgaﬂgngﬁggQ@ﬁgj@d with RA, a

rabbit ant-PDX1 (Rbh.a- P t was us i it
36%% uéx* 168 )b13% ar?fuse tools Wrm m%'ﬁ&%&{ﬁg l&é %chon of

PDX1 fr eren |at erentiated definitive

enHOUEFIPTEEIrs. anﬁl%om@aﬁ%ateﬁlﬁéwa%é‘f@*@fe%y%&s?%%%}%% and IgY
analysigiessoRPK) ta-RDXd mritlscdse 10872 of Grsbteinrundifferentiated and
differentipigg definitive-grdoderm gell dysates fopyimmigpiesiaitatiang to PDXI

hESCs were treated for days with activin A.at. 100 na/m}in low s
(GRS FIB AT EY U SRt i A A g’v‘é‘?ﬁf& aPox1

2 MotitoteingRia dbrotirelduss, e W&ﬁ%ﬁmﬁ%ﬁszr&ﬁ%?a §§ pggfected 24
(PX bRasilivesiarequsandedsion veéis- avzp osithaeCofitrotditshisatasatarey SDS-
alsg prenared oM MateW £ Sl iAkGGH#,CGRE A G translestes witha primary
PDXI expression vector, PDX1 was immunopr c tated ggbln(g RB sccondary
a- PERTYR JYL5H51]- @p@@ﬁﬁ%@@ﬁ%ﬁﬁ/ &WWSﬁles o &tk éra e
pregigitdie Walrarddsion pipctommfubgatoda mesepre ﬁm{%@%@}%wﬁe strips of
disgglveshin:e RS o raining embrEihen Aogded dintoradd ahyaery|ahidde dgaliion of
Aftel, §§£@§8§'%d&e RIRIEING WRKE HARGIFES3S 0 IAMRERRAY. 40,000,

electroblq and then pro wjth the igY a-PD 1 apy.antibody. ;
followed BY fabele 8 RES15Y sefaegftgé ary asn oaies. [0 % CRpTSsSion. veoir

Imrﬂ’@ﬁ@p}@@]&ﬁia‘t&@b@ﬁé@feﬁ#?érﬁ%ﬁé%Si’t“‘?}‘ﬁwﬂve%ﬂﬁol‘”ééIfgllés‘\WéWTCd in
as thesddeim iy Sdiane) d8rdbinge diaysusifie iths dtartcofBhikatieratpidnt) primary
and day.3:dan %@%@Hamy&oaﬁ%ﬁb@@tamg{ RA)cels WareDosiiNeafarized by
PDXI protein (;F'%““E recipitates ol a'&@%hftr% R rnditeresmiaied vom me

deflnltlve en?:ioderm cells (that IS, day 5 cells treatelghwnh activin A -

desgrEaes tad Wf’&’lﬁfﬁi Wfﬁ?’f&“ undifferentiated hESCs (that is,
untreatedekagl5 celis= desidnatetnas, (NF pimiEgof ecldpwerdhegutRig b Rb o-

P D%b)gwg)d'y%o %ﬁ%%@@%@%ﬁ Eﬁgﬁdﬁ@@m’llﬁxpressmg cell
NESE Ines 1%3;%‘”?535&;{ {guogihe PO Mk OLIOL SRS IIRRP wits
geneﬂca‘i AET Sitiv

ut endodéerm cells with

exp\?ﬁggﬁﬁ?@ Y@ﬁﬂgﬁéﬁ’%hg&% (Copsfy Esxa%g@ﬁgg y {hglontcch) Transfected cells were

then labeled with Rb o-PDX1 and o-EGFP antisera. Transfected cells were visualized by both
EGFP fluorescence as well as o-EGFP immunocytochemistry through the use of a Cy5 conjugated
secondary antibody. PDX1 immumofluorescence was visualized through the use of an a-Rb Cy3-
conjugated secondary antibody.

18367] Binding of the Rb o-PDX1 and the o-EGPF antibodies co-localized with GPF

expression.
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construction of a vector comprising a reporter cassette which comprises a
reporter gene under the control of the PDXI regulatory region. This
Example also describes the preparation of a cell, such as a human
embryonic stem cell, transfected with this vector as well as a cell having
this reporter cassette integrated into its genome. [0375] PDXI-expressing
definitive endoderm cell lines genetically tagged with a reporter gene
were constructed by placing a GFP reporter gene under the control of the
regulatory region (promoter) of th&EREMRIgEHe. First, a plasmid construct

in which EGFP eXpr%ﬁk&H&@@&ﬁmﬂgﬂmyﬁymﬁ@eﬁmx&@ne promoter
was genﬁ; L tﬁﬁ{lh Cm hgwg:MaYaB‘Egodlgg%%\Qng &%&%cﬁf‘% P%X'l\u:an be used to

(Clontec uman PDX| control region (Genbank Accession No.

AR FOETAR IR RS RELS S HRRStgE E8sEence ranging from about

4.4 kilob#séShairsitkbupsteaimetd apolingsnisads 5evientop) Boweh Srweems were
of thenRDX! HkanseHptiams! ant Sife-inkhis (egiomeppiaing thebelyaractetivediution

regialony, c%?a%'atgtﬁfeyb%%PM%%WM&W&B@@@E&@@W%JhﬂOO dilution.
normal PDX| ex I’ESSér: quE)ﬁyatternﬁm tr nat%%nlc mlce Ln the resulti

n

vedidr S‘i@%‘té ABt SR BY e BRI romgFe? ?lmg%‘r%re stained for
ex;?&aﬁhé'fﬁsIaﬁleﬁ@&bl?ﬁ@ﬁfbéﬁﬂ%ﬁ%féfcteﬁ‘tﬂ% F‘eeeesfo_ﬂtt)?%&bm@b pysopdary
prombten dahRieasselts vas sxeistidtfronTthérabovelizeetoiparig threrpnd second

SUQ%Q%&M&%Q%@&&/ eglQrERNtARING AN NS AMWER stained with IgY o-PDX!1
phos&hgtﬂransfe{as gene, é{q)%; control of the phosphoglycerate kinase-1

CIC aisl
promoter. The se ection cassette was flanked by flp recombinase

recognitié®BYtes 143G Erts oGP RE Rt et oPRi T LRiat dh Rysgtey of swone
wastdineanysiisanid duerhantrddboat ihtchESE PDEIng o Arheptdipofdet Gnsuln-
meﬁbﬂﬁ%,%&@%&%&éﬂ@}@s&f@e&ﬁmsﬂt @48 nundifferamimtest PDX1 co-

tfa”a%e”'g? ESG slaneswersisglated and.exnanded- EXAMRLE 23

Isofation DXI -Positive Foregut Endoderm [0377] The following

Example demonstrates that hESCsW&Eﬁ% the PDXl promoter/EGFP
cassette can be differsntige ofPDXUTpa digirciedddarirdetis and then

su bsequqmwllsolatedzhyetlmmmecﬁewm wﬁﬁma@(&ﬂ@@ that have been
[0378L R RremQter EGFRAansaenic hESE syess siferentatedifortuave not

days in activin A-cont | med foIIo y fwo d
corﬁ‘fﬂs.%%‘ RSl wrﬂjc A at%tld cflffan erentiate ells%vé\%re the %%‘i?&rv"‘éaé o

by wviﬁetﬂpm@%%ﬁ%idfgmté%% Bstirelnh SBR RS e DRFHE o™
iNtocBRIN Anlysiseiifeniod RBSisAesamiie Wissindlotlivacellsivgdstak@X ! antibody.
without g%@g} 68 Fﬂ:rtg@g Ruéletvenand singie-live.calls weke gateHial iysates for

EGEP positve (GEP)apd GEP egaiye (Neo) FORMAUINS I 908, i o s

exp erlmeﬁ’f FEEE osmve raction was separated into two_equall

sméﬂeﬁﬁtﬂ’fﬁ %ﬁb‘ﬁ’g’%@&f’rﬁ?ﬁ FtF ﬁﬂ’fﬁ‘%%@ﬁ&@‘?ﬁt@ﬁéﬁy PEPLAY o s RA for
FollowifgsdrtiMgiocetipbp iatibA s dre analyy EPBY-poiivQIPER deicrm). As 2
IMNYdNEYIQERERaISERkds Gl ARECRephal Yais, NAINA/ \wlls (IEPRFECRUSIMG) transfected

Qla %%?%L%@O&:t@p df’ﬁ% %%@e@pﬁyé}l&r Q&Egﬁ)\y@@}il and rabbit-

con cte as described prewousy For immunocytoch em{l

cell ST SORETY fBIPRE M6 mikut I‘§°|1 "4 Baraio malc? eﬁmfugahon

andimgiemebygtates were dissolved in SDS-containing bufier then loaded onto a polyacrylanndn gel.

After separation, the proteins were fransferred to a membrane by electroblotting, and then probed
with the IgY a-PDX1 prirmary antibody followed by labeled Rb 0-IgY secondary antibodies.

93731 Immunoprecipitates collected from the MS1-V positive control cells as well as
those from day 8§ (lane d8, three days after the start of RA treatment) and day 9 (lane d9, four days
after the start of RA) cells were positive for PDX! protein (Figure 44). Precipitates obtained from
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glass slides using a Cytospin centrifuge. Primary antibodies to
Cytokeratinl19 (KRT19) were from Chemicon; to Hepatocyte nuclear
factor 3 beta (HNF3(3) from Santa Cruz; to Glucose Transporter 2
(GLUT?2) from R&D systems. Appropriate secondary antibodies
conjugated to FITC (green) or Rhodamine (Red) were used to detect
binding of the primary antibodies. [0380] A typical FACS sort of
differentiated cells is shown in Figure 45. The percent isolated
P Dxdiffositivel defistive trdaxansiicivas, dpproxitzridy 7ib aqiMich vaRisgated (A)
de&@?ﬁﬁ@g@%ﬁhﬁd@lﬁm&%ﬂgasﬁmk@%&J&@Wﬁ&%e@ﬁiﬁﬂ&k 2Q%n Figure
lw:Smg’)lrlgeg1 e{l e further subjected to Q-PCR analysis,
rentlatg wed a correlation of EGFP fluorescence with
endogenous PDXI gene expressm d to non fluorescmg cells,
the EGFP positiveieedtatishollbE hnsemale 2R paiise
expressiqisigvels Iﬂfdgwe) %)m?hem&taﬂm @fl kngﬁan@dwﬁ@ﬁﬂagged PDX1-

NSNS %Jé M&%Eﬁﬂ that G EP exprassiandeyelcorretatewith RRNbes te

igure 47). In addition to PDXI marker analysis, sorted

eXpresson lPl\SI %F cas mse y%rté gene under the
celfERFEB MR GEF (BT BR analysisor sever Sthat

expresgethy P%efre&ﬁevewe@wﬁas W@%@ﬁ%ﬁ Br tiegertmpkapel such as
genRafiKXBrin st 201K REFLSHNFdatandcdNE3{8) werad [bevinic fredreporter
in msggggggggg@tgr@gggg (Figures 48A-E). In contrast, the neural

markers P were n nnche ort FP s )
EJ é}49 A an(f ? Byt;lve engocrér% ﬁldi%g n@@f&ﬁ% é%gd with a

cells (Figur Immunocytochemistry, virtuall the

isofﬁr%e’P@‘XI"ﬁE?s‘in‘t? %@Pé%éé???&%’?ﬁ%%@’kﬁﬁééﬁﬁ‘@tﬂ%{% reguiatony
Thisges(itisexpethe 8781 eetts Girthe PamvicatitrehtodurnE Fiicagesitaityirven
of thegewalls Werealse-NNESWR: pasitive byanibedy siainingndRPa6kIheEGED-
mefhogs..com %%tﬂ%nn%m%”%ﬂﬂ”g%ﬁo‘?‘?%&ij SILIN AL I R8ENHY 92496), which

rep resentatlve of preferred embod|mentsh e xemplar rgx é&nd are not

|ntéﬁ8’8’as%fsalﬁ?fﬂfﬁﬂ8%§e%ﬁ“ﬂ’?ém§ﬁ‘&§p%°8ﬂ RS, gream 16 2bout 85

4]
e |nven 1on.
andwtherinsés) withotsartothes K g thtoartwh R ar"éiﬂS regwn contains the
encompassadithin themspisisobd peinventandnd audctefinednlly freormal PDX1
SCO&‘E&%H&%&!&&'Q%&&@QQJQ'@QW@ %%@Q@QPQ@%W%N%MW by the

the art that var | substitutions %Qd mod|f|c$tlgns ¢ npehgé%de to the

invetion ¢ 8|scfosec?(ﬁnerejﬁf Vitiatelt Gﬁﬁfﬁa rom the scope and spirit of
the inverifidii [0383F B@i}%@qﬂ%‘%}&aﬁ%‘tﬁeﬁw&’ﬁaﬁﬁ?ﬁﬁbﬁﬁﬁﬁﬁ?§t"r and then
disclosisred by thelptirasectic onsstimptisssenticit piokiborrasmein chud mgeapmpirol of
elemenisdstedafignaoh rle&eo@n diimitedita @thar elemratsithatgadabbinase

interfere with o S0 contnbute 1o, thy %tﬁggavggxa& ion SRR 108,89z, and then

disclosure Tor listed elements. T rase "consisting essen |a
of RS R HEE R RS S s G RAIBatDrs Bh thd
othé&rdlemdéiitsatimcd ptiveaiaid Grtopormaparsidsad presseet dependlng
upon whether or not they affect the agtiityr@rzaction of the listed elements.
References [0384] Numgpous litesturs.angd B;@E&tggg‘e{ggces have been
cited in the present patent application. rsom erences, th
complete Eﬁ? fon |sTIf)ﬁ tHABE% ST eSS ReSCE SRRl S 2o
promoter/EGFP cassette can be differentiated into PDXl—posmve endoderm cells and then
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[0236] The methods, compositions, and devices described herein are presently
representative of preferred embodiments and are exemplary and are not intended as iimmitations on the
scope of the invention. Changes therein and other uses will occur to those skilled in the art which are
encompassed within the spirit of the invention and are defined by the scope of the disclosure.
Accordingly, it will be apparent to one skilled in the art that varying substifutions and modifications
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2. The cell culture of claim 1, wherein at least about 5% of said human
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claim 1, wherein at least about 10% of said human cells are
PDX1-positive foregut endoderm cells. 4. The cell culture of claim 1,
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the expresgign of admarker seleeiedfomthewr Qﬂ@t&%&si%w%@fevoluuon of the
alpha fgﬁgg@tem @P 8%)X? SOX1, ZIC1 and NFM in said PDX1
-posmve ndo erm cells 10. The cell culture of claim 1, wherein

said cell é@ﬂ%ﬁ?’e is BHoBERAniAt O BTN <SR & o g iy STiersiel I
corisidtimghaf Wscaratefaleddrnhél G8NS; farietelie ndudetimigeselfsiaddiom human
newiaho.eatssdidncd e, aedbqulture of claim 1, wherein at least about 1

PDX1-pogjtiye foregut, endogerm agilis Prﬁs%ﬂ{{cfﬂrﬁt%@%r%vﬂ%&%n E. J. {2000).

PDXI-negative definitive eéndoderm cells in said cejl cufture. 12. The cell
culltUFE BB ST A e tRAITRR St BBEE L PR BT f’é?%éﬁtD“"’“‘k’Pmm 127,

endd@d@e?Aikell is present for about every 5 PDX1-negative definitive
endodernpesi]s in sait:eaip-rulture. ae Therealnc Bl Boepef Eldam Royye @irPacpe,
at '%asin% S ‘él%ﬂmﬁ’ E%th@%ﬁlgws‘%&%g%ﬁnﬁ%meﬁ{@&%&% Qﬁ&ﬁ@ﬁkﬁ%@?@gtdﬂa by
ever negative definitive, endoderm cells in saj

et e e A= ]

15. The cEilture BletldirhliEngindretf SHbFEIhAoNIE StBneds) Fgpression in the
deriredifromddtissisegeiedtél fronfithegrdupecansistings ofutivg monglgastruiation.
themgggﬁ@utmsmﬁqm; of an embryo and the gonadal ridges of an

embryo. 16, Jhe cell %éﬁ'%reno“ Slaimy frther compriging ay eﬂ'”&&‘x%@eﬁson, E. 1.
The cell ¢ Iture of claim 16 wherelh said refl inoid i3 retinoic acid (R
{2003). Cell fate decigions within the mouse organizer are governed by graded Nodal signals. Genes

Dev 17, 1646-1662.

[0443] Weiler-Guettier, H., Aird, W. C., Rayburn, IL., Husain, M., and Rosenberg, R. D.
{1996). Developmentally regulated gene expression of thronbomoduiin in postimplantation mouse
embryos. Development /22, 2271-2281.

’ fo444) Weiler-Guettler, H., Yu, K., Soff, G., Gudas, L. J., and Rosenberg, R. D. (1982).
Thrombotnodulin gene regulation by cAMP and retinoic acid in F9 embryonal carcinoma cells.
Procesdings Of The National Academy Of Sciences Of The United States Of America 89, 2155~
2159.

{0445] Wells, 1. M., and Melton, D. A. (1999). Vertebrate endoderm development.
Anmu Rev Cell Dev Bial 13, 393-410.

J6446} Wells, J, M., and Melion, D. A, (2000}, Early mouse endoderm is pafierned by
goluble factors from adjacent germ layers, Development 727, 1563-1572.

[0447] Willison, K. {1990). The mouse Brachyury gene and mesoderm formation.
Trends Genet 6, 104-103,
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18. The cell culture of claim 1 further comprising FGF-10. 19. The cell

culture of claim 1 further comprising B27. 20. The cell culture of claim |

further comprising both RA and FGF-10. 21. The cell culture of claim 20
further comprising B27. 22, A cell population comprising cells wherein at

least about 90% of said cells are human PDXI positive foregut endoderm
cells, said PDXI-positive foregut endoderm cells being multipotent cells

that can differentiate into cells, tissues or organs derived from the anterior
portion of#48l gut Zhbe C28. (THE)cEimpraperen of kopdkiarnupBME erdingde the mouse.
leask@leeys, 5% 0f said cells are PDX1- positive foregut endoderm cells.

24.The pU|%H8[1 ff Q@aﬁ@ I@ZLmeﬂelﬁogMe@% QQQHB%%IQ{ %@63} Nodal is
cells are smve fore Lét endoderm celds 25. Th cellzg%glgjop

clafti®?, \ﬁﬁereéﬁn S PTRT BOR S TS e bif SHASHETh Colls  expross %9247
HOXA13 gene. 26. The cell population of claim 22, wherein said
PDXI.-positive foregut endoderm cells express the HOXC6 gene. 27. The
cell population of claim 22, wherein said PDXI positive foregut endoderm
cells express SOX17. 28. The cell population of claim 22, wherein the
expression of PDXI is greater than the expression of a marker selected
from the group consisting of AFP, SOX7, SOX1, ZIC1 and NFM in said
PDXI -positive foregut endoderm cells. 77 SEQUENCE LISTING <110>
Novocell, Inc. D 'Amour, Kevin Allen Agulnick, Alan D. Eliazer, Susan
Baetge, Emmanuel E. <120> PDX1 EXPRESSING ENDODERM <130>
CYTHERA.043VPC <150> US 11/021618 <151> 2004-12-23 <150> US
60/567942 <151>2004-07-14 <150> US 60/586566 <151> 2004-07-09
<150> US 60/566293

-1
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<151> 2004-04-24 <160> 2 <170> FastSEQ for Windows Version 4.0
<210> 1 <211> 1245 <212> DNA <213> Homo sapiens <400> 1
atgagcagcc cggatgcggg atacgccagt gacgaccaca gccagaccca gagcgcgctg
60 cccgeggtga tggecgggct gggececctge cectgggecg agtcgetgag ccccatcggg
120 gacatgaagg tgaagggcga ggcgccggceg aacagcggag caccggcecgg
ggccgegggce 180 cgagccaagg gcgagtceccg tatccggegg ccgatgaacg
ctttcatggt gtgggctaag 240 gacgagcgca agtggctggc gcagcagaat

JCasidendega gttgagcaag 300 atgctgggca agtcgtggaa
ggcgctgacg ctggcggaga agcggcecctt cgtggaggag 360 gcagagcggce
tgcgcgtgqa gcag atgcal%gaccacccck%%%%gl?a%aergcggﬁggg&%ﬁ% of said human cells
cggcgcaagc g ct aagcgg agggcg qgcttcctgca cggcectggcet
S L S ol o
cggostyg @w@m@@d@agmb bogayeliggt tdbctgcey dfeoytidg g ceectenss or
gcaeatggeef0hndae castiacsgics actgeaa@rgictgggc gggecteecge

tcgacggc_;_a CCCQE@C%E lgtgxg AEPEE ?%&?eﬁ%ﬁ‘é&? %9%%9&%9}%:5}1 cells are PDX1-
gaccccgacc ngCtttCtt cgccgccccg 720 atgcccgggg actgeccggce

goleybEer IRy ¥ caggtcete ggactacget 780 ggeccccegg
agcctcecge oggibecdtgdtrecetelgiic tchgretagdgecdyegiyt shepid buman cells are
ccatpgatiesagg eaetacigegaeascc agcgcccttc acgtgtacta cggecgcegatg 900
gCthCCQa 99954999 GA9GGEA0C HG6R0210 € RO BELCAD GREEATells are

% caccageacc glg[ca(ticglccc gecgggeece ggacagecgt cgeeeeetee
ggcabcotg 1o 53 EcAGecg99 acggcacgga cccca?tcag cccgecgage

tcctcggggsa gotgGaceheuse’ Gegya A Rde AR G T R R gE G g e
agatgiggeeticedetaicbay 1% 40gegcallg atectgy gl hantotEedeogals are PDX1-positive
agqg@ggggg,mmgggtc agtggtgtcc 1200 gacgccagct ccgeggtata ttactgcaac

tatcctgacy tgtg #er 25t B%&PW%“ 141 Bﬂ&?f&ﬁeﬁ%{le ] Ek%ﬁgm cells

sapiens <400> ASp A y Tyr Ala Her Asp
HeP@i?f#h?h%°Wfé3 (HOXAL3) gene.

7. The cell culture of claim 1, wherein said PDX1-positive foregut endoderm cells
express the homeobox C6 (HOXC6) gene.

8. The cell culture of claim 1, wherein said PDX1-positive foregut endoderm cells
express SOX17. ‘
9. The cell culture of claim 1, whersin the expression of PDX1 1s greater than the

expression of a marker selected from the group consisting of alpha-fetoprotein (AFP), SOX7, SOX1,
ZIC1 and NFM 1n said PDX1-posifive foregut endoderm celis.

10. The cell culbure of claim 1, wherein said cell culture is substantially free of cells
selected from the group consisting of visceral endodermal celis, partetal endodermal cells and neural
cells.

il. The cell culture of claim 1, wherein at least about”1 PDXl-positive foregut
endoderm cell is present for about every 10 PDX1-negative definitive endoderm cells in said cell
culture.

12, The cell cultmre of claim 1, wherein at least about 1 PDXI-positive foregut
endoderm cell is present for about every 5 PDX1-negative definifive endoderm cells in said cell
culiure.

13 The cell cultre of claim 1, wherein at least about 1 PDXl.-positive foregut
endoderm cell is present for about every 4 PDXI-negative definitive endoderm cells in said cell
culture.
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GIn Her Ala Lau Pro Ala Val Net Ala Gly Let Gly Pro Cys Pro Trp 20 25 30
Ala Gin Her Leu Her Pro lle Gly Asp Met Lys Val Lys Gly Glu Ala 35 40
45 Pro Ala Asn get Gly Ala Pro Ala Gly Ala Ala Gly Arg Ala Lys Gly 50 55
60 Glu Her Arg lle Ara Arg Pro Met Asn Ala Phe Met Val Trp Ala Lys 65
70 75 80 Asp Glu Arg Lys Arg Leu Ala GIn GIn Asn Pro Asp Leu His Asn
Ala 8590 95 Glu Leu Her Lys Met Leu Gly Lys Her Trp Lys Ala Lau Thr

Leu Al%.looﬂﬁ%ehmlﬁmokmﬁmﬁeﬁfa&b@pﬁa@ﬁ &afbAlacGikinAeg Leu

Arg V in His 115 120 125. Me In,As Si1 Pr T TyYI4E om &
Pro A%S,C;\rg r% E%j/ﬂs cé‘%r? q §26 claé]g i%on}{?_aﬁ;%%,%% é%&Ly%&A'er a\I/a}{(l cél{r?ed f
GHPEI PR s OigresR coRir B oG SH 815 TE wilreib & AEampbrye and
AladossiSHidfsaiGietyGly Arg Val Ala Met 165 170 175 Asp Gly Leu

Gly LeyGin Rhe Brefalk Gt RAgPIa-Haitay £SO 185 190 Pro
Lau Leu Pro Pro His Met Glgy Gly His T r‘AS'g)%iAst Cys GIn Her 200
Kf;igiﬂ‘ ¢

205 LAt Gly BECBHE S Ea"GFIKgE@ TR ¥ rhr
210 2155220 THerel ryliusg pAECH i ASPIRFPPESTPY® Ala Phe Phe Ala

Ala Prgy225 280486240 MBI @81y Asipiysz By Ala Ala Gly Thr Tyr
Her Tyt Ala Gin Val 245 250 255 Asp TYLAIR Iy Pr Gin Pro
Pro Ala5 ély Sfrgel\cﬁ}e{tc is ?gc%glol g‘lé% %%%gﬁﬁ%o%ﬁ%%ﬁﬁ% Ala
Gly PréHer 178! eprcest dam Al dusescomgrsis B870 Pro Her Ala Leu

His VakIyr Ty ély phlalhiet Glybdeind rolls yi28in 29 5:38¢bala By GlyaB|yells are
/M%gl)f’ﬁfﬁp@éﬂ\}m %r%'xﬂ Eﬂ&c@xlﬂ 'Egﬁgﬂdw@ﬂ%osiﬁve foregut endoderm cells bemg

multipotent cells that can differentiate into cells, tissues or organs derived from the anferior portion
of the gut mbe.

23, The cell population of claim 22, wherein at least about 95% of said celis are PDX3-
positive foregut endoderm cells.

| 24.  The cell population of claim 22, wherein at least about 98% of said cells are PDX1-

positive foregut endoderm celis.

25, The celi population of clzim 22, wherein said PDX1-positive foregut endoderm cells
express the HOXATL? gene.

26. The cell population of claim 22, wherein said PDX1-positive foregut endoderm cells
express the HOXC6 gene.

21. The cell population of claim 22, wherein said PDX1-positive foregut endoderm cells
express SOX17.

28. The cell population of claim 22, wherein the expression of PDX1 is greaier than the
expression of a marker selected from the group oconsisting of AFP, SOX7, SOX, ZIC1 and NFM in
s4id PDX 1-positive foregut endoderm cells.
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305 310 315 320 His Gin His Gin His His Pro Pro Giy Pro Gly Gin Pro
Her Pro Pro 325 330 335 Pro Glu Ala Leu Pro Cys Arg Asp Gly Thr Asp
Pro Her Gin Pro Ala 340 345 350 Glu Leu Leu Gly Gin Val Asp Arg Thr
Glu Phe Gin Gin Tyr Leu His 355 360 365 Phe Val Cys Lys Pro Glu Met
Gly Leu Pro Tyr GIn Gly His Asp Her 370 375 380 Gly Val Asn Leu Pro
Asp Her His Gly Ala lle Her Her Val Val Her 385 390 395 400 Asp Ala

Her Her Ala Val Tyr Tyr Cys Asn Tyr Pro Asp Val 405 410 212

z11¢>

Novocell, Ing.
D Amour,

Kevin allen

Agulnick, Alan D.

Eliazer,
Baetgs,

<120

<l130>

<150
<151

<150>
<151l>

<150%
151>

<1505
<151 >

<160= 2
<170>

<210> 1

<Z21l> 12453
<212> DNA
<213> Homo

«400> 1

atgagcagcc
cocgeggtga
gacatgaagg
cgagocaagyg
gacgagegea
atgoctgggea
gcagagegdgo
COgUgCangc
gagecgoagyg
ctecagttec
ggecactace
acgooagaca
atgoecggygy
gacacocecdy
cecteogatthc
agotogeoeg
cacaagoace
ceoctgeoggg
acggaatttyg
gggcatgact
gacgceaget

«210> 2
«21li> 414

Susan

CYTHERAR ., 043VPC

US 11/021618
2004-

12-23

US 60/587942
2004~

07-14

US 60/5B656E
2004~

0769

U8 60/566253
2004~

04-24

saplens

cggatgodgg
tggocggget
tgeadggcga
gegagtecey
agoggotgge
agtegtggaa
tgcgogtgca
aggtgaagceg
cggecgegot
ccgagcagdy
gogagtgoca
cgtooeegot
actgeoogge
agecteeage
cgggectect
gggeggucas
agcaooacec
acggcacgos
aacagtatct
cocggtgrgas
cegeggtata

Emmanuel E.

PDX1 EXPRESSING ENDODERM

atacgccagt
gggeococtge
ggegeoggcy
tatcogoogg
geagcagaat
ggcgctgacg
goacatgrag
getgaagcegg
gggceocegag
cttooeagec
gagtotgggc
ggacggegty
ggooggoace
cggtoecaty
ggogoeacee
cggacgeggc
auegggooeco
ccoocagtcag
gecacttegty
toteecocegac
ttactgcaac

SEQUENCE LISTING

Fast3EQ for Windows Versiom 4.0

gacgaceadga
ceotgggeeg
aarageggag
ccgatgaacy
coagacctge
crtggcggaga
gaccaocesoa
gtggagogey
ggoeggeegeg
ggooegeegc
gogootocge
gacccrgaco
tacagetacg
Ccacccotgac
agegeectte
rrecagaltge
ggacagcegt
coggecgaygoe
tgcaagectg
agecacdggd
tatcetgacg

12

gooagaccca
agtogeotgag
cacoggoegg
cttteatgglt
acaacgocga
agocggecett
actacasagta
gettoctgea
tggceoatgga
tgetgectee
tegacggota
cgygekttatt
cgeaggtetc
toggoccaga
acgtgtacta
ageoegoasca
fale talaatalefatale:
teooctegggga
agatgggect
ceatbbocke
gtga

gagoegogety
cococateggg
ggeogeggdce
gtgggctaag
gttgaygcaag
cgbggaggag
ccggeegoedy
aggectgget
cggectggge
geacatggge
cecghtgece
cgccgeccey
ggactacget
geocgegygt
cggogegaty
cCagoaccay
ggaggcacty
ggtggaccege
cecotaccag
ggtggtgtcee

&0
120
18¢
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1245



<212 PRT
<213> Homo sapiens

<400 2

Mel
1
Gln
Ala
Pro
Giu

€5

Asp
Glu
Glu
Met
val
145
Giu

Agp

Leu
Ber
225
Met
Ser
Rrg
Pro
Ala

305
His

Glu
Phe
Gly

385
Asp

Ser
Ser
Glu
Ala
34

Ser
Glu
Leu
Liys
Gln
130
Liys
Pro
Gly
Leu
Gly
210
Pro
Pro
Asp
Leu
Pro
290
Gly
Gln
Glu
Lau
vVal
370

val

ala

Serx
Ala
Sar
35

Asn
Arg
Arg
Sexr
Arg
115
Asp
Arg
Gln
Leu
Leu
185
2la
Leu
Gly
Ty
Gly
275
Ser
Gly
His
Ala
Leu
355
Cys

ABn

Ser

Pro
Leu
20

Leu
Ser
Ile
Lys
Liys
100
Pro
Hig
Leu
Ala
Gly
1B0O
Pro
Pro
AED
Agp
Ala
260
Pro
Ala
Gly
Glin
Leu
340
Giy
Lye

Leu

Ser

hAsp
5

Pro
Sex
aly
Arg
Arg
85

Met
Phe
Pro
Lys
Ala
165
Leun
Bro
Pro
Gly
Cys
245
iy

diu

Arg
Hig
323
Pro

Pro
Pro

Ala
405

Ala
Ala
Pro
Ala
Arg
70

Leu
Leu
val
Asn
Arg
150
Ala
Gln
HEie
Leu
Val
230
Pro

bro

Pro

Asp
380
Val

Gly
val
Ile
Pro
55

Pro
Ala
Gly
Glu

Tyr
138
Val
Ly
Phe
Met
Asp
215
Asp

Ala

Ala
Val
298
Phe
Pro
Arg
Asp
Met
375

Ser

Tyr

YT
Mel
Gly
40

Mia
Met
Gln
Lys
Glu
120
Lysg
Glu
Gly
Pro
Gly
200
Gly
Pro
Ala
Glu
Gly
280
Tyr
Gln

Pro

Arg
360
Gly
His

Tyr

hla
Ala
25

Amp
Gly
Asn
Gln
Ser
105
Ala
Tyr
Gly
Pro
Glu
i85
Gly
Tyr
Agp
Gly
Pro

265
Pro

Tyr
Mat
Gly
Gly
345
Thr
Leu

Gly

Cys

Ber
10

Gly
Met
ala
Ala
Asn
99

Trp
Glu
Arg
Gly
Glu
170
Gin
His
Pro
Pro
Thr
250
Pro
Ser
Gly
Gln
Pro
330
Thr
Glu
Pro

ala

Asn
410

2/2

hsp
Len
Lye
Ala
Phe
75

Bro

Ly

Pro
Phe
155
aly
Gly
Ty
Leu
Ala
233
Tyr

Alas

Ile B

Lla
Pro

is
Gly
Asp
Phe
Tvr
Iie

385

—

Asp
Gly
val
Gly
g0

Met
Lsp
Ala
Leu
Arg
140
Leu
Gly
Phe
Arg
Pro

220
Phe

Met
300
Gln
Gln
Pro
Glu
Gln
380

Bser

Pro

Gln
Pro
Lys
45

Arg
Val
Leu
Lau
Arg
1258
hrg
Hig
Arg
Pro
Aep
205

Thr

Phe

Ber
Gin
3658
Gly

Ser

Bsp

Sexr

Cys
39
Gly

Ala

Thr
110
Val
Arg
Gly
Val
Ala
1s¢C
Cys

Pro

Ala

Mest:
270
Len

Ser

Gln

Gln
15

Pro
Glu
Lys
Ale
Asn
og

Leu
Gln
Livs
Leu
hla
175
Gly
Gln
RAgp
Ala
Gin
25%
His
Leu
Pro
His
Pro
335

Pro

Leu

Thr
TIP
Ala
Gly
Lys
80

Ala
Ala
His
Gln
Alsz
160
Meb
Pro
Ser
Thr
Pro
240
Val
Pro
Ala
Gly
Gln
320
Pro
Ala
Hisg
Ser

Ber
400



