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Field of the Invention

{0002] The present invention relates to the fields of medicine and cell biology.
In particular, the present invention relates to compositions of definitive endoderm cells
which have been expanded either prior to or subsequent to enrichment, isolation and/or

purification as well as methods of producing and using such cells.

Background

10003} Human pluripotent stem celis, such as embryonic stem (ES) cells and
embryonic germ (EG) cells, were first isolated in cuiture without fibroblast feeders in
1994 (Bongso et al., 1994) and with fibroblast feeders (Hogan, 1997). Later, Thomson,
Reubinoff and Shamblott established continuous cultures of human ES and EG cel.ls using
mitotically inactivated mouse feeder fayers (Reubinoff et al., 2000; Shamblott et al

1998; Thomson et al., 1998).
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several disease states, such as diabetes mellitus and Parkinson's

disease. For example, the use of insulin-producing R-cells derived from
WHEB@soeuld offer a vast improvement over current cell theragyruszo0s/047175

procedures that utilize cells from dondr pancreases for the treatment of

diabetes. However, presently it is not known how to generate an insulin-

produgm3-celliiommESCand Sy chbRUNIENI 8l HRraRmsatmE S Rics for

diabetes mellitus, which utilize islet cells from donor pancreases, are '
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foregoing problems. Summary of the Invention [0006] Embodiments of t
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deridaclarnmvcellss burihey gﬂﬂﬁqamr(@)M%ﬂe@@&@iﬂ},@d%@@%%fﬁ&ﬁ%ﬁ turn,
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embadiments. cell Combiras caBIt<iAY GRERIH0R LR GBI AT atrnipalation of these
colbtainddh¥ineicelistiace thewisglatetismtbatatiagss Soamewpibaidefindiverise in
dﬁ?&?gﬁé%gq{%ﬁ’f%ﬁﬁ&%@&% f\r%g{l majority of cell types are produced at very low
efficiencies in mixed cell populations. In order to use hESCs as a starting material to

generate cells that are useful in cell therapy applications, it would be advantageous to

overcome the foregoing problems.

Summary of the [nvention

[0006] Embodiments of the present invention relate to cell cultures
comprising expanded definitive endoderm cells. Further embodiments described herein
relate to methods for expanding enriched, isolated and/or purified definitive endoderm

ceils in culture.



at least some of the other cells in the cell culture, thereby producing a cell
population that is enriched in definitive endoderm cells. In some
warmhostimenis, the enriched cell populations of definitive endoggsmealis 647175
are cultured under conditions that permit the expansion of the definitive
endoderm cells. [0008]In other.embodiments of the methods described

hereinygigrflefindivge endadenmirels arscmsiirigaLcels dhatcan maintenance,

diffeéﬁntiate into cells of the gut tube or organs derived therefrom. In
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g, delinifve.cpagdim. expansion methods described herein. [0009) In
addition to obtaining cell cultures comiprising definitive endoderm cells,
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cell culture with a reagent which binds to a marker expressed In said
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ohibeecelizprearmdn thesallrcliu o d heseagentheund @afinitive. \doderm cells.

Iendoderm cells are then separated from the non-reagent-bound cells, ‘
i, BraIERR S ars Biffich & ifinfl @ o datie conlyepurtioneimsed in the

dstnigverabhodienenispinesnankadss §XGR4edanddhe reagent is an antibody
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In some embodiments, the fluorescence
cuitures. As such, the at least some of the definitive endoderm cells are isolated from al
least some’ of the other cells which remain in the cell culture. In some embodiments, the
isolating step comprises providing the cells in the cell culture with a reagent which binds
to a marker expressed in said definitive endoderm cells but which is not substantially
expressed in said other cells present in the cell culture. The reagent-bound definitive
endoderm cells are then separated from the non-reagent-bound cells, thereby producing
an enriched definitive endoderm cell population. In some embodiments, the marker is
CXCR4 and the reagent is an antibody with an affinity for CXCR4. In some
embodiments, the definitive endoderm cells are separated by fluorescence activated cel]

sorting (FACS).



is produced by green fluorescent protein (GFP) or enhanced green
fluorescent protein (EGFP). In some embodiments, the GFP and/or

wb &G dsexpressed under the control of the SOX 17 or the C¥&RA 5047175
promoter. [00111 In some embodiments, the enriched definitive endoderm
cell populations that are produced as described above are substantially

free of gl othey, thap oﬁ?&r@msn.ﬁ&%rgi qells- dn.ther &m*agﬁhfﬁﬁ%t%?dodm
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culturing Step that comprises plating the population enriched in definitive
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ml. In some embodiments, a combination of growth factors is present
in the culture medium. [00131 Additional embodiments described herein

relatelf¥ Féthodsdstitierphedingldedinitive tbadoetbods cilisribaclitardbylso include
Qhidinipg asellgultyr PLSI initiver endoderm cells then
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sefinitiveendoderm.callsiobiained inpst! ﬂ%%@?gIl%tt%h&getto nbodiments, the

substrate, such as the surface of a cell culture flask or the surface of a
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pPassagre:usingLhrIMalicongads..4a.ether embadimants, the.definitiy@ments,
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lcare pasgagesingaicellisparsatopuliep 100 1kAL Sl Stheme mbedingMSamily,
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SHHdB P Eptations [STBEEEY By thE R BUE St b ierBlif fin Ftlersr another
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concentration ranging from about | ng/ml to about 5000 ng/ml. In some embodiments, a

combination of growth factors is present in the culture medium.

[6013] Additional embodiments described herein relate to methods of
expanding definitive endoderm cefls in culture by obtaining a cell culture comprising
definitive endoderm cells and then passaging the definitive endoderm cells so as té
produce a plurality of cell cultures comprising definitive endoderm cells. In some
embodiments, the definitive endoderm cells obtained in cell culture are attached to 2
substrate, such as the surface of a cell culture flask or the surface of a microtiter plate. In

some embodiments, the definitive endoderm cells are passaged using enzymatic methods.

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



differentiate into cells of the gut tube or organs derived therefrom. (00151

In certain jurisdictions, there may not be any generally accepted definition
wof the temay fcomprising.” As used herein, the term "comprising ctgys1605/047175

intended to represent "open”. language which permits the inclusion of any

additional elements. With this in mind, additional embodiments of the

dMeseRtinYRRbRS are dasaibed. it raleranceto ggﬁ%gn_esgg a cell dispersal

paragraphs below: [00161 1. A method of expanding detiitive endoderm

K-in culture, said method comprising the steps of: (a) obtaining a cell

culturggeqa)prising oafisitiareadadamaGelisPhisaltingatleastsoamehinitve

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

cpdndainure! heERy prodcRIg HekensBiodiarerb e fitcrsthiilenrstibed herein. In

secilodapyiaaln:anchc) @itiing said eathpoRylation entigheddl cells that can
dgfgfinitive endoderm cells under conditions that permit the expansion of

Qe Shicehn S BILbeas £rFas e ddhser BPRaragraph 1,
wherefiosaid definitivetaandodenintieells etegmultinoteny cells habeay accepted
differentiate into cells of the gut tybe or, organs derived therefrom. [0018]

o AR harisr B o 08" AP EA EelEaded o

réprnsant definitivierendgderhicbelsnii00he Indlukhe methedof parag@phedis. With

yyherein said definitive endoderm cells are derived from human : ,
e o P Rl ar A Bgfiprrived v
refiereitethdobtaitierysemaraphplisesvcontacting hESCs with at least one

growthyiagier from the TGR(3,superfapily, to permit differentiation of .. .
at Ieaét sorﬁe of said hESCs t{o%?é%f%it?\?e %ﬁ)ggﬁé]rgn (f%ﬁ[\%&[é%ﬂ[]‘%o%ﬁ% cells in
cHidtsodof paeded pte B ereih SalaPat d6aét onblagrngtls fagtorftome thenprising

diahi3suneriemily gaMerises. 8N A«{A922 L 7 inEne Meted Qo derm cells from

Eara raph 1, wherein the step of obtaining said cell culture comprising ‘
SsiREEnab der rAtFISEH T St sed! shisirn ghar povtion Sfcis axistingopulation

efigfinitive enRdadermgdldeem WD 2006/ @3&1&1@%11&@39@@%1%7&1 Biriched in
d%‘%CI)ZB 8. The metho? of paragraph. 1, wherein said cell population

HeRE T adsrigel S natee rRrekiiens Lishaemiih P fraspapsensaftrud definitive
etidad«definitive endoderm cells. [0024] 9. The method of paragraph 1,

wheri%?e'd Celﬁ populati pnricphe in definitive ndloderhm cells o
comptises at ledst about 96% definitive Endoie#P? 1. wherein said  definitive
endoderm cells being multipotent cells that can differentiate into cells of the gut tube or

organs derived therefrom.

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

[0019] 4. The method of paragraph 3, wherein said definitive
endoderm cells are derived from human embryonic stem cells (hESCs).

{0020] 5. The method of paragraph 4, wherein the obtaining step
comprises contacting hESCs with at least one growth factor from the TGFp superfamily
s0 as to permit differentiation of at least some of said hESCs to definitive endoderm cells.

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

[0022] 7. The method of paragraph 1, wherein the step of obtaining
said cell culture comprising definitive endoderm further comprises obtaining a portion of

an existing definitive endoderm culture.



cells. [0025] 10. The method of paragraph 1, wherein said cell population
enriched in definitive endoderm cells comprises at least about 97%

woehiaitivaendoderm cells. [0026] I1. The method of paragrapbdcy waneiny717s
said cell population enriched in definitive endoderm cells comprises at

least about 98% definitive endoderm cells. [0027] 12. The method of

paraggaphyL, wherein saidigellpopylatipn..eipiched ,i%%ﬁgiﬁgvs%ﬁnéﬂe@ﬁ%sgmmn

cells comprises at least about 99% definitive endoderm c 0028] 1
el ¢f cigh da (HP P asagrapie i bt ensshrppERIbo fsrtdre clarivhed drin definitive
eRlefinitiye gndoderm cells comprises about 100% definitive endoderm
cells. [0029] 14. The method of paragraph 1, wherein said isolating step _
compH¥¥¢broviting said ddIf clirthe\oitPa Fesgent wiktipingaidocs!! population

iR QXNBaaeT B saidgetiniive pdedesmaalisbilvRighdsditve endoderm
céibstantially expressed in said other cells present in the cell culture, and

barating said definitive endoderm cells bound to said reagent from said
other @alls present in the celbcuitured thiepabyxpiggucing:aresll spapsdatipulation

enrjiched in definitive endoderm cells. [0030] 15. The met of paragrap
e AR S SR R TR 603 T B b BB RgHooderm
cdidk. wherein said reagent is an _antibody. [0032] 17. The method of . ... ... ..

parag 6, wherein said, antibady, has_affinity, foar CXCR4. [0033],18. .

The n@ﬂ}éﬁ ofvégr'agraphlﬁjﬁ? W e&ﬁn@a‘f&%’é‘ﬁ%’ﬁ&é ﬁ‘aroeé‘érgﬁﬁl cecl%é population
ehatrd to saidrsagentiaderse palatedrpostsaid @thebosll9 gresefininthendoderm
~&gll culture by fluorescence activated cell sorting (FACS). WO

2006/071911 PCT/US2005/047175 7 [0034] 19. The method of

paragtv L, wHerein saidliselatiiestep reoraprides separaitinepid cell population

cflHaressenilyrlabeled.definitive-aadaderm.cells from pnialsled; et e endoderm
[0035] 20. The method of paragraph 19, wherein said fluorescently-

“tiBeled definitive endoderm cells are labeled as a result of the expression
of enl’l@md green fluoremr&h@mgi@f(%%ﬁhph 1, wherein said cell population

enriched in definitive endoderm cells comprises about 100% definitive endoderm cells.
[0029] 14. The method of paragraph 1, wherein said isolating step
comprises providing said cell culture with a reagent which binds to a marker expressed in
said definitive endoderm cells but which is not substantially expressed in said other cells
present in the cell culture, and separating said definitive endoderm cells bound to said
reagent from said other cells present in the cell culture, thereby producing a cell

population enriched in definitive endoderm cells.

[0030] 15. The method of paragraph 14, wherein said marker is
CXCRA. |

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

{0032] 7. The method of paragraph 16, wherein said antibody has
affinity for CXCR4.

[0033] 18. The method of paragraph 14, wherein said definitive

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

cell culture by fluorescence activated cell sorting (FACS).



[00361 21. The method of paragraph 20, wherein the expression of EGFP
is under control of the SOX17 promoter. [0037]_ _22.._.. The method of

wieRiagrapk 40, wherein the expression of EGFP is under contphofithgus/n47175
CXCR4 promoter. [0038] 23. The method of paragraph 19, wherein said

fluorescently- labeled definitive endoderm cells are separated from

uniabgigd gells by FACS. {1%3%%%@}35!%%%9&95p%ﬁgfaﬂhs%a%’égsﬁtﬂg step

said culturing step comprises plating said populatiori enriched in nitive
cepigsseTniepeliiae athurtereihierebel g0 028 VT adndenod of afegraphlabeled
&4 Wherein said population enriched in definitive endoderm cells or a

portion thereof is plated on a surface coated with human fibronectin.

[00411885The Héthod of basapapei piessiRsd® surrie isacddlaarescently-
1avERPabramnihiagid8O42lals Theimethedsof Rasag r@'iphlg-’ewgt%ggjﬂnsé}denhanced

culturing step comprises incubating said population enriched in definitive

SEa Sl ClIPBHE B BT Ythereof in a medium comprising about 2%
(viv) qenasy. [00481 28. Thewenathad Obparagrani lowhereinisaid Cultpiidgon of
Eggc? .comprises infugggingg)s%i&po ulation enriched in definitive
ehdodetti Ee P Cp b BB medium comprising greater than
,abpu.t[ﬂ%,’@}/_/.v),sar_um. [OOIZH% aﬁeﬂib@ .ﬁfeﬂaﬁ.ﬂgﬁfpﬂamgra!ﬂhr&_m\/\/ﬂ&er_@i{bression of
£33 cullyiing. step) cpmprises ncubating said population enriched in
efinitive endoderm cells or a portion theéreof in a medium comprising less
than dB6812% @4v) serunTHO04Sh30.of hemnetipod I6f, pehagrapbuld fluorescently-

uhelen aaieuliingsiep comerses HPANG.said poRIYn.eiched
in definitive endoderm cells or a portion thereof i & medium comprising
at leall&G¥¥¢ groth factor. WOOBGI07I 92l B@TUS 200504 A1 cBlturing step

c&%@]@%km&@9{@%9&&9@9@9@@9, WNEIRINEA AR08 OPS 199N, o ion

factor is a growth factor from the TGF3 superfamily of growth factors.
ﬁ[@@ﬂf?] 32. The method of paragraph 31, wherein said at least one growth

factorirgjthe 3EF(3 superamibiRlIWWHIACIRS CAMRIRESIACIM Aopulation
[0,048% 33. The method of paragraph 32, wherein said activin A is present
RS Metilifi Hea BORLEHr4H0h Ur ABBUTOB FigRIS[064e] 38, Ty face coated

whaetheckaffpasageaph 30, wherein said at least one

[6041] 26. The method of paragraph 25, wherein said surface is coated
with poly-ornithine.

[0042] 27. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or a portion
thereofl in a2 medium comprising about 2% (v/v) serum.

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

[0044] 29. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or a portion
thereof in a medium comprising less than about 2% (v/v) serum.

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

thereof in a medium comprising at least one growth factor.



growth factor comprises IGFI. [0050] 35- - The method of paragraph 34,
wherein- said- IGFi is present in said medium at a concentration of about
wPQhaimbE0051] 36. The method of paragraph 30, wherein spiekald@asts717s
one growth factor comprises a comhgnation of activin A and IGFI . [0052]
37. The method of paragraph 30, wherein said at least one growth factor
comprj FGF.[0053] The method of ragraph 37 wherein said.
bFGFigﬁgrﬁgsentMlh said rer?el}1 |u%er:§;\\gt()<3€!1 c%gnggn%éﬂ%]n o!?’aggﬁ{eilé Fﬁ(_‘:}E m?.t least one
0081|390 he methbd oft pahagraph BOF hareifusdid ct teastiofwetqgrowth
factor rises,EGF. [0 40. Th thod of partagraph 39, wherejn
said E@g@ pre?eght in sai %éﬁ?ﬁ}?ﬁgaga}e oncer rat‘rﬁh 3?‘ Sbout 0 naglnlﬁ.a st one
088 Tad for Themtet HSeF Of paratraph A0gwivérdintsaid@hleask angvigrowth
factor gprises a combinglion ot acivip &, bEGH, apd EGE. (00571 42, , |
An expanded detinitive endoderm cell poﬁ)ﬁifaﬁoﬁpro Ucec?r%f} the method '
poégpatagraphohe30581a43nseniethoddfabrpabingdefinitive endoderm
cellsi ure, sgaid method comprising:t of.(a) obtaining a cel
oGAdiure, s2 o4 E % !
culturg cgg‘gprising definitiveee%]deggi%%rm&c I%%?F{)@%(b Opazggg‘&%lg Ss%'it%dg leas{ one
gdevibitiretendodenseclE Lthereby producing a plurality of cell cultures
comprigipg definitive endogerm,eglls; [99p9%Ad,THe MRS Ofi4-1GF] is present
_paragraph 213, wherein the step of passaging said definitive endoderm
TRERY EBRIPHEES hrevidigrEe leaktlone Hitzyaeko said cell culture. [00601
45. Thegeefhod f paragraph 44 whe einsaid abieast ADRENZYME at jeast one
comprises at least one protease. WO 2006/071911 PCT/US2005/047175
BB T A FRR (HthGBroP paragrebtt UsnihardiH dHid at least one
proteggemprises trypsinhk0Re2bd Tha peiiodof paragm@Rphid3ar least one

whereai{n the step of pﬁ ‘gakging said definitive endoderm cells comprises
BRSO RARFANISSrSE Zﬁ htacts between said definitive endoderm cells.

10063[Det3] The 3hethod oflparagraph i, anessin Inevater:of PaSSAYINYs present

§gsfiitve pdederm cells SPIIBYisep ipgupating said definiive
endoderm cells in'a
[0054] 39. The method of paragraph 30, wherein said at least one

growth factor comprises EGF.

{0055} 40, The method of paragraph 39, wherein said EGF is present
in said medium at a concentration of about 10 ng/ml.

10056} 41. The method of paragraph 30, wherein said at least one
growth factor comprises a combination of activin A, bFGF and EGF.

[0057] 42. An expanded definitive endoderm cell population produced
by the method of paragraph 1.

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

producing a plurality of cell cultures comprising definitive endoderm cells.

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

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

enzyrue comprises at least one protease,



cell dispersal buffer, _ [00641 _ 49. The method of..paragraph 43,
-wherein. said definitive endoderm cells are attached to a substrate.

wiPQBR AR, The method of paragraph 49, wherein the step of P@fﬁ%%bg 04715
said definitive endoderm cells compriges detaching said definitive

endoderm cells from said substrate. 100661 51. The method of

paragiﬁggl?ro’ wherein saighsubstratg i@, sudace of A tissus;cultire flagkst one

[0067 he method of paragraph 50, wherein said substrate is a
psoifatecofmprsicy btiterplate. [00681 53. An expanded definitive endoderm

cell pagyiation preduced hy,the methed Rt RaraaraphAR{APEILWIE Pesaging

appreciated that the methods and compositions described above relate to
sael|  HimtireaeRAORFET HEWe FRM RHECA BB TRSHIb S THIIG Calfferknbiiteern said

L2l canpesitiens may. be used for in vivo applications. 10070] Additional
embodiments of the present invention may also be found in United States

Provisi8fgdPatefff: Applicafibh Nehe8 R G hfited ISESEINRP §)gP of passaging
N RERERV e fileddacambesddri2@0dicub&iky exisianahRateshdoderm cells in a
Application No.. 60/566,293, entitled PDXI EXPRESSING ENDODERM,
%ﬁ.\glﬂiﬁ‘ﬁ PUS6H4; U.S. Provisional Patent Application No. 60/586,566,
entitle@GHEMOKINE CELThS UREAGIE cREEGRRTOR FOREHEN. said definitive
IS éTlOl}%OFeD” I(::LNEiTtl(YaESERII\éQ )DERM, filed July 9, 2004; U.S. :
Brovigional PAtsrit f&pp ication No. %/587,942, entitted CHEMOKINE

CELL [8RFACERECEP TR FEORITH BaSOhATIONYOFEDEEINITIE passaging
E =RM, fil Jul , 2004:.1.S ligation. No

T TR RS e e e R L B0 smdengy gl from
saiSsiPateitt Application No. 11/115,868, entitled PDXI EXPRESSING

ENDO 5 fileg April 26, 2005.4L$ JAE0L ARPHEAUONNG, said substrate is &
11/165,305, entitled METHODS FOR IDENTIFYING FACTORS FOR WO

POREAOT IS ECTIYSAYTE/047175 10 DIFFERENTIATING DEFINITIVE

ENDORESHM, filed June 23;1200Ridd S0 Pravisiapal sBatent Applisatighbstrate is a
No. 60/693364, entitled PREPRIMITIVE STREAK AND MESENDODERM
CEM I FOHELBI2805; U.S. Provisional Patent Application No.

60/693 818 entited EXPANSIQP:ANed SELATRRJAERMN ToVE opulation preduced
ENDOD%E%ELI’_S, filed June 23, 2005; and U.S. Provisional Patent
RO 67756898 entitted MARKERS OF DEFINITIVE

ENDODESM, filed ®idvembep:tdia2008dheelisotdsuresnd compositions described

above relate to cells cultured in wvitro. However, the above-described in vitro
differentiated cell compositions may be used for in vive applications.

{0070) Additional embodiments of the present invention may also be found in
United States Provisional Patent Application No. 60/532,004, entitled DEFINITIVE
ENDODERM, filed December 23, 2003; U.S. Provisional Patent Application No.
60/566,293, entitled PDX1 EXPRESSING ENDODERM, filed April 27, 2004; U.S.
Provisional Patent Application No. 60/586,566, entitled CHEMOKINE CELL SURFACE
RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed July 9, 2004;
U.S. Provisional Patent Application No. 60/587,942, entitted CHEMOKINE CELL
SURFACE RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed
July 14, 2004; U.S. Patent Application No. 11/021,618, entitled DEFINITIVE
ENDODERM, filed December 23, 2004; U.S. Patent Application No. 11/115,868,
entitled PDX1 EXPRESSING ENDODERM, filed Apnl 26, 2005; U.S. Patent
Application No. 11/165,305, entitled METHODS FOR IDENTIFYING FACTORS FOR



of which are incorporated herein by reference in their entireties. Brief De n
, the n [00711 Figure 1 is a schematic of a proposed differentiation
ﬂy‘v f@lr the production of beta-cells from hESCs. The f'rsltét‘?ﬁ%'{b&%wws
pat way commits the ES cell to the gefinitive endoderm lineage an
represents one of the earliest known steps in the further differentiation of

T RN SRS NS R B8 T Poovisiona

Pataﬁ(3Afmﬁhdytwh|cmmcltﬁﬂ)é6€tﬁBt6are mtttlmlltetﬂ'}trﬁf’ahmdm‘aﬁd SakdHs K AND

M S i e R D e A R eation o
60BN UnTan SO EXP SDNIOWHIGH IGISPIATE & HoRHEHE HENPOSIERM CELLS,
fifl thfén% h'?@ﬂ?“&ﬁ&h@ EeGIoN HeGd far. ;?%Ien HUZRLION PrREPANERY entitled

GENOV 31 Figure 3 is a relation ogram |I ustrating that
MSBKIERE MbsPIdel Yeldted Yo IFONY, drddsdimesutiar 1éds 160SOX#8disclosures
o NRIAO: T BIpLeISI G MATE Llasabe related ameqg species homologs

than to other members of the SOX group F subfamily within the same
: spemes 100741 Figure 4 is a Western blot probed Wrth the rat

antrbod for human SOX17 proteln over- expressed in fibroblasts | Iane 1

and al R bf imPRIHEre 4 AP FMA e GEPR praRassst sl fﬁ@rﬁagreragtéway for the

pr@taterﬂnserr]%taagmbnmﬁmxlilrﬁeﬁﬁaxmttaﬂesBétdﬁﬁmﬂl&?ﬁ?&@eﬂa@? the ES cell
ro, SS uster of SOX17+ cells that disp yasr nificant

R Lt S S R A A A SRS 5 DT R8O Bt in the
fiBM@et1di iftushersi(b) WhEBB litlle an n@aﬁd%E’atilﬂkﬁi&ﬁé@bﬁeéﬁédm[ﬁ@7@}doderm or

E res 6ﬂ are |cro QE? howr arr tal endoderm and " E
SF ot IN e e e ARSI
f qmﬁt;emﬂmﬁ:aﬁadddé@bﬁ@@ﬁi@%ﬂ.ﬁﬂriﬁtﬂﬁw Uﬁﬁ@ﬁ)ﬁéﬂﬁﬁﬂoﬂilslﬂm&ﬂﬂaﬁﬁ%arkem for

o R K o By Tt and

CaidRS0OX 17. Panel C is the phase contrast image of the same field with
DAP dn p correlati I ed nuclei
and SO0 e 100 T e e e b eP LN oK th
pefahenexpresaicrpid quantitative ROR(DSsPOR regidrantis8§ Ol Thsogitipanization
pRia Yy BOXEeRegiic antibody. Panel A shows that activin A increases

SOX17 g7ene expression while retinoic acid (RA)
[0073 igure 3 is a relational dendrogram illustrating that SOX17 is most

closely related to SOX7 and somewhat less to SOX18. The SOX17 proteins are more
closely related among species homologs than to other members of the SOX group F
subfamily within the same species.

{0074} Figure 4 is a Western blot probed with the rat anti-SOX17 antibody.
This blot demonstrates the épeciﬁcity of this antibody for human SOX17 protein over-
expressed in fibroblasts (lane 1) and a lack of immunoreactivity with EGFP (lane 2) or
the most closely related SOX family member, SOX7 (lane 3).

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

[06076] Figures 6 A-C are micrographs showing parietal endod.erm‘ and SOX17.

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



strongly suppresses SOX17 expression relative to the undifferentiated
control media (SR20). Panel B shows the identical pattern as

wWBlhs A8 03:Similar magnitude of these. changes is reflected g-$R%bh 4047175
cell number, indicating that Q-PCR measurement of SOX17 gene
expression is very reflective of changes at the single cell level. 100781

e $Als ahasghatwhishoshaws dhata erlivre phdiffespniiatingdtures of hES

hESCs in the presence of activin A maintains a low level of APP gte
i7. Panel

celkpréasigrBuinilee KsmicaldEbERS Mot il adtlste's 1664
DR sH (BRMexhibl arstrenguvpRgalatian DIAER.bENR diffexenciiote the
in expression levels is approximately 7.-f0|{£- &)§§7 F1 Figures 8B-C are
RIRIES BB ARSI AP BRI IHAhE Hf wellBiof AFP
ExpLe?gﬁmpy agtivined BAalsoevidentchtitie SingiagceliOeiel agnindigatedion by
y the very rare and small cluster PP’ cells ohseyved. i tivin :
RN BRGNS DHET TR0 10 Lo EAS Bhe osh, TE0apE “ibody
RIgUreSs BAB ke samparativecinagt showing theguantitatidn ofithec acid (RA)
AFP' cell number using.flow cytometry., This fj , :
Sﬁﬁ%ﬁuﬂg’%ﬁe%ﬁsaﬂ%e ||}1$Aw>éigsﬁgne>><%raé;s‘}seioirg L(lé?%?ﬁé@ Ae)st%lﬁ%ﬁge%}%égarﬁie redia
(@ighnpanetica slosende: (Iééntpahehisiactiviiedl exacthjneibirespentidp of these

C ﬁlnéjsmiger%ﬂtzét‘elzcla ?nc%%(f‘?‘m&%ﬁ Sﬂﬁﬂ%ﬁ”ﬂ)dﬁ'&@ﬂx‘%'%ﬁf —'P@IR measurement of
afhakyses to indicate changes occurring at the individual cell level. 100811
Figureg@AsErassmityographilseiivich istonstsat dxposaie srhests to

nodal, [%ﬁ?gén A %@%L?&M“iﬁa(l}’&%é@?@ﬁi&smmg HNGreastintde differentiating
number of SOX171 cells over the period of 5 days ﬁAﬁC% By comparingto .
16 Gelitivecatieriancd aftBOXY MasdiE ot RASEIPhAMBEF dregifgpression while

%ﬁsgﬁg\krbn?%l?a%%@n?d%%ﬁ@% DéePlstained Rugaiain([FBR iteaivhe strong

seen that approximately 30-50% of all cells are i mnnoreactivetf [ fold
g Eirtifier fidd Hayd (U FFATEWHFRIER 0SS FigeRE T ¥ Bar chart
which ggmepstratesthat @gtvinA (Andfhs30brd0ngfog)aphs showing that the

dose-dependently increases SOX17 gene expression in differentiatin level
HEBCS e Aot SHBFASEIb IS SIREALS it afer s Hys bt aatmett ="

tment
pRisgheentiaikes anddeontihubs thsaighFSlbsBgubnt tediand b taggreatment

of suspension cultur as vtvealof}/lv 0?961[107(}9 1 PCT/US2005/047175 12
FOBESI RIS TYASC Bre ‘Bar chattg Which démonstrate the effect of
activin J1088] the ExpressionbhM UM pEtATGATAL {paih EMBY g aton of the
HNE3D {panel ©), Ac0y -depandent nereassn-aiaalan chreRvainde of
%?ﬁwr‘éee& Ig#?ﬁ)élrlg%;ﬁgﬁd% in?{?\?e?éndpder%m; MIXLI, GATA4 and Rieude o
BiNREGhIThB ARG ARKDES Ol Ereasctio B s IETf TAC 4E8BhRRIR gl sence (left

ggﬁﬁfﬁ? strikingly simiar 19.1hose absemed SRRt L FStreBwly further supporting
ndicating that activin A is specifying a population of cells that c_ofexpreﬁslevel.
dikefouligerfdd-PCR analyses to indicate changes occurring at the individual cell

{0081} Figures 10A-F are micrographs which show that exposure of hESCs to
nodal, activin A and activin B (NAA) yields a striking increase in the number of SOX17"
cells over the period of 5 days (A-C). By comparing to the relative abundance of SOX17"
celis to the total number of cells present in each field, as indicated by DAPI stained nuclei
(D-F), it can be seen that approximately 30-50% of all cells are immunoreactive for
SOX17 after five days treatinent with NAA.

[0082] Figure 11 is a bar chart which demonstrates that activin A (0, 10,30 or
100 ng/ml) dose-dependently increases SOX17 gene expression in differentiating hESCs.

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

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



(SOX17 , MIXL1", GATA4 and HNF3b). [00841 Figures I3A-C are bar

charts which demonstrate the effect of activin A on the expression of AFP
wiPanglMe3OX7 (panel_B)-and_SPARC. (panel-C).. There is@nr,aebiyigid 7175

dose-dependent decrease in expresgion of the visceral endoderm marker

AFP. Markers of primitive endoderm (SOX7) and parietal endoderm

(SPA main.either. ynchanged or exhjbit ression at,so Qrgg, .

pointslﬁlﬁé #c?ating fﬁgEecht?\j/f?ncgaégg%r r(f({)l'?l ﬂgc‘ipltg%pee%m%éastg WA B activin A
oextrasambsyoniotkddddrmaell fpes) Thik akeBsappditsiible fertekitat Activin
ffxthgol&%% ggge&%ﬁﬁ%?éﬂ?& erl?’ g?&!‘l}%%'&s&’ %f‘b‘-ﬁ‘ﬁ‘é@ Q{}gel_r_' %‘?pe?sreo‘#%ﬁnitive

to an increase In the number of definitive endoderm cells in response to

cadeidema. 00851 Kigurés - BRFS har itars shddiey thenetksce dfexpression in
8D ALRLIG fRanelALeRhBrachviry eXRIResion{RRee! B S0X17, stongly

Consistent expression of the neural marker ZICI demonstrates that there
indifinedbaeeaepentdAtBIAEIBE AGIRIHIAGA REEFHF itterertation. inoiy genes
(S NotaRiesuUPDIE A of fnesrderm. differentiation mediated by 100

ng/ml of activin A treatment as indicated by the decreased expression of

brach{#¥4 I ThishigHke e reaIb Ui there sl siapaifiaten dfect of activin A
eele;ﬁeigyﬁf@s@dqd@mffmmatam Ame%@%dq@eﬂmm : m&n@\(\@ml?x@js Ohere is an
activin A treatment (10 and 30 ng/ml) maintain the expression

g btk TG e el el B

Nuitkigre S {{QOBGL g ures diof - B are7micrd grapha shdwdegrd €8Peasey remain either

parietal endoderm differentiation in response.to treatment with activins .
RO O TR B SHIBer e U HRrBLOH 1€ CLuie (4) 7 dos pot

anthersckffesetitiateck imsanbny aloneduthilen differeptratidhitofTikercalispigts the fact
{REOIRE %E‘%%s%ﬁt'é’%”sre%‘é%h”%%% (B) andoveralkipiensity, Cﬁﬁt%b are due to an

Inumunoreactivity IS lower. Figures 16A-D are micrographs which
istroes martkemexpressior fini e soAsderm tre Btrie st abtivh iahd

activiq&yg*agscmsr@stﬁa%@ fPr FQHERSARSROUINE HRYSHVIENACIYITIA A on ZICT
and activin B and triple labeled with SOX17, AFP and TM antibodies.

(sl A - o6 BrPe IpARE| B AP PEAREICEI TM; g Pinerpyestion of the neural
06/ 91913 REIMER2005/Q4d Tn k3 BbaseDARbnNetice: t1e:NMerods neural

SOX17 positive cells (A) assaciated with the complete absence of

f
dByuRtHIRCY it dharedeblit TOUsB Righ Rt RS ﬁfi@?&i@?ﬁb‘lﬁ‘éﬁg@diaie‘i by

1shoNving theanprarance:efcdefinitive entpdernan aoekvisterahesdodembifchyury.
A SO 0 S DL Shodeh M EILPIAgY BB iERgocm rom tre

1 0 58S {178 BBRpISEE
reppadiddgpnofilecGOXE7h\LARRIOlevihifieddtivas delectivedyichbd8emdud)d ng/ml)
ntq%itn iR rgl)gmcggression of brachyury at later time points of differentiation relative to
untreated control cultures.

[0086] Figures 15A-B are micrographs showing decreased parietal endoderm
differentiation in response to treatment with activins. Regions of ™™ parietal endoderm
are found through the culture (A} when differentiated in serum alone, while
differentiation to TM" cells is scarce when activins are included (B) and overall intensity
of TM immunoreactivity is lower.

[0087] Figures 16A-D are micrographs which show marker expression in
response to treatment with activin A and activin B. hESCs were treated for four

consecutive days with activin A and activin B and triple labeled with SOX17, AFP and
TM antibodies. Panel A - SOX17; Panel B - AFP; Panel C - TM; and Panel D -



of these two regions to each other. However, there are numerous times

when SOX]7"/AFP'O/- regions are observed in absolute isolation from
waneaieng of AFPh' cells, suggesting the separate originatigizofitttmos/047175

definitive-endoderm cells. from visceilal endoderm cells. [0089] Figure 18

is a diagram depicting the TGF(3 family of ligands and receptors. Factors

RitiveingPAR Stodets drd B S0RdS @K USpHskivdNe-REOAHGR Qiated with the

definitiye endoder, u ryonic stem cells (see, JCell

5?1?5?(%1%%%0% E [%%B?)j’%agﬁ\r%@% Pl%“glﬁ}flﬂfiar%‘r‘f‘%owing the induction

of SOX¥a8kpressigmreover time asadeaplt oftiseatment wWigihinaiidual definitive

binations of TGF(3 factors. [0091] Eigure 20 is a bar chart
N e L G LR Vot o he 5é e g gperal endodem
ﬂ@aﬁﬁmﬁfmﬁtﬁldomﬁmaﬁ@i@@ﬁ'@ﬁ@& faletongti {0082 HMiguie Rdpisya bae complete

shast showing ingpction OESOXLT exprassion gver. time.as a result o .
tr%ga@[mer?t with combinations of Téﬁ@?&c\%ﬁsﬁ&%ﬁ if]ifﬁcr)éeﬁzg }lseéob{LIF proximity
ehatteBoRiing thsioattivin Aethdudes.a dosey deptndentincreasadnsS@Xes when

timceell be 4 i r ing.that addition of . hi
Wnt3a ti)ﬁgtnci,fifivir'1E %Q%%d]la%:g)\%?é%?je{?e%ﬁg)lﬁ?ugrgssg%%\?{el{;%ég} SOX17%°™ of AFF
EpheliIar ibb VR IEPRIPEICiginedenty, HctidniialdrricadederB amhefom visceral
Q95 Higurrs 24A-C are bar charts showing differentiation to definitive
endoderm is enhanced in low FBS conditions. Treatment of hESCs with

activind9883hd B Gigwedi coralinggnoderisgshy iEHS dandYimédigands and
grepterdevel.ed:5 Qo AeiP IR Sio RS:AQBRAKHLIR the SamE Fealn sﬁ}cmction of
%]Og%.FBS edia (IOAA%](paneI A). Induction of the definitive endoderm

§ ‘FR&FM%OF(’;S%‘EPE‘) STRRSHIPEYARY Hehe Shirlectiay Grid Hiesiol 187:265-76).
suppreissiny of ARBupésceralepdogdRiminpangl &) is.areatsr it %%)H??Sexpression
than in 10% FBS c?nditions. [0096] Figures 25A-D are micﬁrrc&[aghs
WIS SORL B&HETEY BVTARG VAR etrec et inpinbraift fisdors.
cells areopngsentragtbe Zhfterentiating-edgrof AmWMEL 2006074834 7* cell number
P(B {.U82005/04717_5 14 hESC colony (C, D) and are labeled with
BIONHSRSHRG CEIPH S SR BH TS SHU e RN tHarer B/ &ei9ist co-labeled

with O@TR(panetiQurinzadditian: deat endatigdiguresean P& Been 8 ression over
DAPI abeliqg f nuclei in both SOX174 cells (arrows) as well as OCT4',
ate

|
URaifferdntt Og RESEL (SHBWRERIS DY P6097] Eg6i&26 is a bar chart
showirgowsg relatiye:expression lavelioh GXGRAJnGhiferantiating hESCS & dose-

&e%%gﬁﬁyr% r1j g{l}.{%a@]@e{jﬂi 3 8%@'1'8&? number.

[0094] Figure 23 is a bar chart showing that addition of Wnt3a to activin A
and activin B treated cultures increases SOX17 expression above the levels induced by
activin A and activin B alone.

[0095] Figures 24A-C are bar charts showing differentiation to definitive
endoderm is enhanced in low FBS conditions. Treatment of hESCs with activins A and B
in media containing 2% FBS (2AA) yields a 2-3 times greater level of SOX17 expression
as compared to the same treatment in 10% FBS media (10AA) (panel A). Induction of
the definitive endoderm marker MIXL1 (panel B) is also affected in the same way and the
suppression of AFP (visceral endoderm) (panel C) is greater in 2% FBS than in 10% FBS
conditions.

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

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



[0098] Figures 27A-D are bar charts that show how a panel of definitive
endoderm markers share a very similar pattern of expression to CXCR4
weaaosthesame differentiation treatments displayed-in Figure(ABus2605/447175
(0099] Figures 28A-E are bar chartsidhowing how markers for mesoderm
(BRACHYURY, MOXI), ectoderm (SOXI, ZIC1) and visceral endoderm
hESOXF)oexhihiDanndverdebdtdtioiiship ideCKaR4 bxprssiorigend S5 He) (panel
ame treatmen isplayed.in-Eigure (0] lgures, 29A- :
BBl ALk T P R Cencs QO R fguces can be
sesllbpciuskithabe ioftid media borditioRS Hisplayels ifariguresaspgdl as OCT4,

u[%&(}l]eﬁgg% ?(lgé §%ﬁr’&fﬂ%¥‘ﬁgﬂ 1etry dot plots that demonstrate the

Increase in 4 cell number with increasing concentration of activin A
added®9He difftsentiatiors mebia. o2y eiyinesiz Adkytive sapentAy level of

chatshowthe GGR4 selsisolaigd, frem thednigh dassactivin A

treatment (A100-CX+) are even further enriched for definitive endodey,

markdf9¥8an thEigurenZ3GpbiarerbEn K0y S[O RIS F RTURP 32 AR Charfinitive
cSHOYURY YEne X EsSIonflomiXGRdeANt &XeRAbsedTsuiRieddusighe same

fluorescence-activated cell sortin (FACS§ as-well as gene expression in

dikkstsariarppasalatBis PRIV iMoNEER S that the CXCR4 ¢ells contain

essentipiy pll the; GXGRA genenexprassianPrgserihin Bachmatent for mesoderm
opulation and the . CXCR4 populatj coptain.very.little or no CXCR4

B LR oo P SER e catihs e b hiags (50X

dhergepletion atemesadershi (BRACHYBR Exh@Xikn ectodsr nthZ |@nandeatmernts

Vis%ara en odegr&(SOX?) gene expression in the CXCRA4+ cells isolated
dt’rsé’ ytﬁelﬁig}%?fose activin A treatment which is already suppressed in

expre$8i®jof thEsemoni@éfiRitare endodephimatkersoT0 105 rRigireglifference in

SPRTY Al D ERar %@Hfgﬁagoﬂz%%ef@ﬁﬁ&gnm%t;m&hm@r&@@g?&% Figures
at can be usedato identity definitive endoderm cells. The expression

nddysis of definitive endoderm markers, FGFI7, VWF, CALCR, FOXQI,

CMKQRI@7d WR 2006/97A93 1.RCHIMS2P0R(047136 ARCRIRI igsshawiace the

in panels G-L, respectively. The expression analysis of previousl

) \ . Yy
inerserbEtGiNedie RAHANGREMEED SORITIBEIRTEBIA REER7 1 fy added to the
Ll caigd:MQadais shown in panels A-F, respectively. Panel M shows the

expression analysis of CXCR4. With re pect%)e h of arkgg,%\i\dctg% solated
columiPHiled %E%@?nél?&”t@sﬁ%r?@%ﬁ%%@s‘i i ?}%W{ 68%1% ‘Hithah
embnenic steavsells 2NF ndieateseells. ieated vithr2%vBBSunoer enriched for
definitive endoderm markers than the parent population (A100).

[0103} Figure 32 is a bar chart showing gene expression from CXCR4" and
CXCR4 cells isolated using fluorescence-activated cell sorting (FACS) as well as gene
expression in the parent populations. This demonstrates that the CXCRA" cells contain
essentially all the CXCR4 gene expression present in each pareni population and the
CXCR4 populations contain very little or no CXCR4 gene expression.

[0104) Figures 33A-D are bar charts that demonstrate the depletion of
mesoderm (BRACHYURY, MOX1), ectoderm (ZIC1) and visceral endoderm (SOX7)
gene expression in the CXCR4+ cells isolated from the high dose activin A treatment
which is already suppressed in expression of these non-definitive endoderm markers.

[0165] Figures 34A-M are bar charts showing the expression patterns of
marker genes that can be used to identify definitive endoderm cells. The expression

analysis of definitive endoderm markers, FGF17, VWF, CALCR, FOXQ1, CMKORI and



activin addition; 0.1A100 indicates cells treated with 0.1% FBS, 100 ng/ml|
activin A; 1AIO0 indicates cells treated with 1% FBS, 100 ng/ml activin A;
wNBAakeq indicates cells treated with 2% FBS, 100 ng/ml aciyifeq00s/047175
[0106] Figures__ 3.5A7D are _bar-charts _showing_the_expression
-patterns of definitive endoderm marker genes in cell cultures maintained
(RB6 daynendanvaious GOWMESRLIEIGNS THCQXPLESSION ANAMSIS Yreviously
gleflnlrélvglendoderm markers SOX17, GSC, MIXL1 and CXCR4’is shown
T BAREIS RS2 ARpLRG &N ERLHI BAPQE (1520 THeQighativio &P arand MOX)
celhpopulajongseadh feapriiedCyTakhEStoinenthe abbreyiationsNEr cxcra,
{ndicates cteys %le?in thf bsence of activin A, whereas A100 indicates .
Cells Grown The Srdstitce’or 108 R GrMrtRiLRR cor N ESSE nlirsgeg g expression
ﬁgﬂgf?ﬁﬂhﬁr_m@hgr@m }_ffﬂﬂbog;e[ﬁl&ﬂ]s]:wazaﬁd&@ @.k?grg@?@t}.%mgz%q‘“lgs’ no
gell differentiation tion.and expansion procedure for definitive L
T TR A0S BT RRE hEenSeh it rmiptasovin A
biviR omec st ol s d Eh BSE-DE RS 60 unpuified @efinitivel 2A100 indicates
&ndodsrm n6lk 5 ers toa CXCR4 antibody/FACS purified
definitive eﬁﬁﬁgffﬁggﬁ%@ dfO'FACS-DE refers to purified definitive -
endod @t kells thiguran&SBebn pasbaget wicelandgrowe fomi@sion. patterns of
adgifianal daye SHRSERUERLIRPRSSA98 . R les are taken and ;
analyzed %o.r marker expres?s,sion at eac%u_io%ht‘éeI%ﬁ%é&%ltréﬁ?cf§§/s§.%[§f'5%fnder varous
ERjuieSIvatinngre bhe s SRbWIR) e ekpreisibnepattbrhsiof malioss SOX17,
@esthrvenic call dinsagr mader.aenesincel syliees ga be Jre weo
(%ifferentiated to definitive endoder§n§athen sub’squecrﬁ}?/g \ uri |e(fﬁ%é?ﬁgtﬁg used to
SERY hidss arelomprticnwiphn{iere dee hee Bhtilkied bet sbrirgbreviation
NEAL)atEhectblreviationseas: asfofaws R0 Rl JEMeISdMRNA ceils grown

i1;lro ethe 96‘1Apisi§£?3}% yT2S human embryonic stem cells; d5 DE
fefers 16 HERIA fr iffBE dasiftive-SHadibRtCeig o9/ hE witiRcaag growih
fafwdifferentiation from p96 hESCs; NF d6-FACS refers to mRNA taken 11

days qg%ﬁifferﬁ\t{?g%fggm XCR4 antihody/FACS purified definitive
endoderm cells incUbated i thé A68eH LBPaGiSoA; Rlfernisbomrighktion and
epkeIPn Heypsdost diffdrémtiation froner@XCRY antibodpe AGH putfieds follows:
raefinitive.endaderm cellsincubated in the, presence of 100 ng/ml activin, _ . .
A: Al refers to MRNA takgﬁgﬁ é?a%f/% (f)%lssf gﬁ:‘gﬁ%{;ﬁrgﬁ ef%%%t& SR Rctinitive
epdodron19dispaor/B405-1°8/041rre 75 (B &M oUYIFAIRS pUfifipdrified definitive

lefinisive endodenn cells inaubatsd i of J00.ng/ml activin A
and 100 ng/ml IGF?; AFE refelt?f :%gm%%f g@%ﬁ%{ayﬁ}géﬁdﬁ?g%%ﬁgﬁg%b that
hpsabesr prsagstisey prcEsopUified detditiva drtod stbseelisninoupatede. RNA

sithipies presange:ol 1RO RBAMLRGINIR: A2 U REGE a6l 40 ARG

NF pl-%%_é:jACSFigures 37A-F are bar charts showing the expression patterns of
various embryonic cell lineage marker genes in cell cultures that have been differentiated
to definitive endoderm then subsequently purified using the CXCR4 antibody in
conjunction with fluorescence activated cell sorting (FACS). The abbreviations are as
follows: p96 hESC refers to mRNA from the 96" passage of CyT25 human embryonic
stem cells; d5 DE refers to mRNA from unpurified definitive endoderm cells on the fifth
day of differentiation from p96 hESCs; NF d6-FACS refers to mRNA taken 11 days post
differentiation from CXCR4 antibody/FACS purified definitive endoderm cells incubated
in the absence of activin A; A refers to mRNA taken 11 days post differentiation from

CXCR4 antibody/FACS purified definitive endoderm cells incubated in the presence of
100 ng/ml activin A; Al refers to mRNA taken 11 days post differentiation from CXCR4



refers to mMRNA taken 10 days post passage of CXCR4 antibody/FACS
purified definitive endoderm cells incubated in the absence of activin A; A
@WNA taken 10 days post passage from CXCR4 any@ H}é{ dﬁ%g?%nﬁ
purlfle nitive endoderm cells incypated in the presence of 100 ng/m
act|V|n A Al refers to mRNA taken 10 days post passage from CXCR4
AR g% ﬁQ&H@ﬁQl@@J'Qﬁt&\é%erﬁpﬂﬁﬁ%mgﬁ irliGY F%Pé&%m&h@oo ng/ml

presence o ng/ml activin A and-100 ng/ml IGFI; and AFE refers to

aviRMAtaien 100 izyd HOB! paddhgeitrom cROR4mbbHPRESshaifigantation

disfinieve-gndagl %ﬁ@&%ﬁ@@%ﬁ%lndmﬁ]m@éeé}%@&kpoca%mhaegww in the
A, 12 nghnl bFGF and 10 ngc IlI EGF. Panel A-SOX 17; B -

GO HbRUhREIBIE |25 SORICBERc besikn DEoB AIDFACS
IR Sipgedn &Y @u%aw@\fﬁm@mt@rm agmugapmgqﬁmsea&nmm

weeks after fertilization strulation is_extremely significant bec

use
aderertiriel hactetictél BRMRISGR AN ISYES Are Hirkt glﬁeteﬁa%‘%ﬁom e 10 days
syaanizaddlanat afxCROknGgermolf pﬁﬂfﬁmﬂbﬁﬁﬁﬁﬁ) eflhel@atodalmincubated

IS responsible for the eventual format the ou ring oft e
5l B kLR UBLA Lyt LSS MO, R Do post passage

ﬁk&le@NMRwl@n&lbdcmfﬁel:@fbWmmﬂvéthUeB\w&déanronﬁihmcubated in the

mesoder efiniti ive endo flne

PSR é?@r‘ fafi ghfllétj%he en |re ut&jt@wqwhg%ﬁmc%s t@ R0 eken 10

éspphagupastemathand ORI andiledydfinestinesfadddefiaitigansdoderm cells

MRS LOMEE A L1495 SHA AR I0U00%s e IVTYEnd 10 nefmi ECF.
parathyrol yr0|d glan er and pancreas (Grapin-Botton

meM’eHcﬁQE(D@DB Kinsdhrfan el G;riﬁm Bredoaryekblgifet & 7 5606} -

Wells and Melton, 1999; Wells and Melton, 2000). A very important

distinction should be made between the definitive endoderm and the

completely separate lineage of@&@lﬁékﬁ%ﬂf&&ﬁmve endoderm. The

primitivg gRjodenn.is REMaLly iiespopaitiedufanmation efrmed gastrulatzon occurs
extra-embryonic tissues, mainly the parietal and visceral endode

BoriekoRHE drABAER Yol SAE LRGeS EXRBEILILERATH etatis s ot this

Reichert' s.n@rabranaai( Lo} During cgastfsdaﬁemﬂabapmo@smémennn.wet. 2001;
endoderm formation b@@bns ith a cellular m| ration ev[en in Wh|
%or\ﬁ/ % le for

RFOSSRES Y éélﬂg%c% SESH he G {Uai formation of

t16 form" 858 erm or endoderm
migeatertbreughea structuredgadiet &taeeprlmlnvas%a}@tmwﬂ)ﬁmh@ﬂ bloed,
(gl:"i-l(;/U‘S Cﬁa?/?ﬁi%?ﬁ]é&S 81 Q[ 1@?'%%%11%”909 %rgﬂ f(dgrr‘lvgg f{}ggn ESH’?WWJ] Iﬁﬁsoderm

Igrate through the anterior portion o he streak and through the node (a
Spdidlizedrskrdetures aieﬂﬁmamteﬁ@rmsﬂwgldhaéﬁhé%wé@kf; fag formation of the

m'ﬁra“o 8%0%9&';@1}5] %S%HQ%9&5{%@8%@&%@%Q&m%@qutgg{tnes and
mlnates with the formation of the posterior end of the gut
mbe)rgans which derive from the gut tube such as the lungs, liver, thymus, parathyroid

and thyroid glands, gall bladder and pancreas (Grapin-Botton and Melton, 2000;
Kimeiman and Griffin, 2000; Tremblay et al., 2000; Wells and Melton, 1999; Wells and
Melton, 2000). A very important distinction should be made between the definitive
endoderm and the completely separate lineage of cells termed primitive endoderm. The
primitive endoderm is primarily responsible for formation of extra-embryonic tissues,
mainly the parietal and visceral endoderm portions of the placental yolk sac and the
extracelfular matrix material of Reichert’s membrane.

[0110] During gastrulation, the process of definitive endoderm formation
begins with a celfular migration event in which mesendoderm cells (cells competent fo

form mesoderm or endoderm) migrate through a structure called the primitive streak.



[0111] Definitive endoderm and endoderm cells derived therefrom

represent important multipotent starting points for the derivation of cells
whighy rakg up terminally differentiated tissues and/or organsgefivedos 047175

from the definitive endoderm lineagey7Such cells, tissues and/or organs

are extremely useful in cell therapies. Because large numbers of cells are

ually necessary for, successful-celltherapy-applications,-it-is-beneficial .

B e e B C L o & dgeron of
thepiittye anks themigly i csde (e cpltsiini cedtsre differentiatentordtefinitbieegion of the

gg@gdg{gﬂ not every gmpr}ﬁgﬂp{, stem cell is converted to the, definitive , .
Send dermr%léﬁ type. 'IC'o overcorrlltévt %“‘g‘?éﬁfé“nﬁ “ﬁ‘éﬁﬁ% |\}§rsetn% 6 ePr%{ ggfl%,nor gut
tWrowidgunmistsd welh cittirusacan bétbarieckiet cisoldtetithngdiotuparified

using s fethad ol AeSRIIRRM D AL AN E RGNS T RO present

_and/or purification, the resulting definitive endoderm cells may not
UgpRyapt Grolinaenitiret g ethpd Sudberslseg e isnlisovbithenabitigpdfrminally
daniehed ipalated angigr CQEQEEGQeﬁg.{pEWﬁxQHQ%@EHHW@%%&QWI%Q{;& Such

expand in cell culture. Because definitive endoderm cells can now be

cellhAiaus At e EtibEEGisTe LHFRMB e isbraBiss artperuse large numbers

opudllicationscalis. tissves.and/ongans darives from gefinitive; endederticial to
cells .can be produced in greater numbers. [0112] Some embodiments of

DI LS IOR B FaTS T 0L thosfs BIEEsRdife detintivielidesdehme.  As

coplisdniceleaulicite idnsnmme dmbhedimentsd datinityen @ndge B IGRIS Bt bryonic
enriched by separating,th cells from other cells in a mixed cell culture.

st S U RO T et iRfre MG EB B oblenn
deihighy perruid theicékpansion: Definitidrns![0dlBleCestalre tarmsiandsolated and/or
Qg%ﬁeé% ys hﬂ h utdthi Rlication e the, meanings provided

P B R G I T TR IR ancvor
raelieidiomehtal stelges dffatiorgermsdebegififingawitivatsingle 2ygotevandoulture.

neadling with. awawlticelilar siructurg. thahpg '8?%%%9@&94%83%&@f%%}%ptpmed

or totipotent cells other than developed gametic cells. In addition to
dehibiyesadadetydlnmiaterasiomndnexard "smesijoridtureferPrsause definitive

RIDBEYRS derved by.somatis sallaydeanransiar WR2006/QA L hent, isolation
PCT/US2005/047175 18 101151 As used herein, "multipotent” or

anglonipgdise tet ratbrstttr it el e otadtcdrryive fiegdedintitegrndoderm cells

ciumbesof @ihar padietianeeiidypes. [0116] As used herein, "expression”
material or. substance as well as the level or

refers tﬁ {? proguction of % al or, : . _
amouht'd grod HiBh SFRIALRSHL SF slifshifta THygntion relate to methods of
expanding definitive endoderm cells in cell culture. In some embodiments, definitive
endoderm cells are enriched by separating these cells from other cells in a mixed cell

culture. The enriched definitive endoderm cells are then cuitured under conditions which

permit their expansion.

Definitions

[0113] Certain terms and phrases as used throughout this application have the
meanings provided as follows:

10114] As used herein, “embryonic” refers to a range of developmental stages
of an organism beginning with a single zygote and ending with a multicellular structure
that no longer comprises pluripotent or totipotent cells other than developed gametic
cells. In addition to embryos derived by gamete fusion, the term “embryonic” refers to

embryos derived by somatic cell nuclear transfer.



determining the expression of a specific marker refers to detecting either
the relative or absolute amount of the marker that is expressed or simply
weelsslingdhe presence or absence of the marker. [0117] As y$edilReigi7175
"marker" refers to any molecule thatan be observed or detected.For
example, a marker can include,.but is not limited to,-nucleic acid, such as
a trangeriph of a SpecficiIRE A RAMBERIESPRAUG QLR I8 ders to a cell type
non-gene product polypeptide, a %choprotejn, a carbohydrate, a
tepty coiipgel arinsith & MyoiSFOtEIRbEF al sHish Pasbfedee Tohvexample,
moleCW?fﬂlﬂavinﬂﬁj@%el%@waﬂ waight:eblessetiand 8090 amedR bt &lmaterial or
When used in connection with cell cultures and/or cell populations, the

subifinpoRtone i g MoriI280 rhBIRTSH e el CalfirY oF sgfFtence. Thus,
RepHation dwhishranges fromasingiaell torthe ontietyiof theneelhe relative or
culture or cells population, [01&9.1,With respect to cells i (ielltcult res or e or
afpseBiiapartons, Hhe BHKAE 4 a5 D STAREIR e B Riae Hatthe © P
spested gelkiype0f which the cell culture or cell population is free, is

present in an amount of less than about 5% of the total number of elg

preserg?}r]t the ceghScﬁf%ré‘%?nclélInﬁ%rpﬁfatlrgérfot&w\Wi%e%sep%]gg t%a%egll O?Sewm
cautuseeedivmyxasipised. herkin clowdedsrb R BMEt fefdrsdttrad owchdeueid, such
containing. medium, wherein th ancentiRy 'pgfisa Eggugl% ) duct
T R BL & QRATAD e e T B ae S B gope prod

Increased over a mple, in oné embodimént,

doivpeetiden REWtoportpinisesabebydesiesatily oflasoat ipbosdipemetineor a small

serumy (F the fi af #h®,000 :
gl o A R P ﬂ%ﬁ%h i, )

day of 6N Hrowth hararsthisy missHrRiith 67 <aviue sRPIg prigakitions, the

cancentration ot aRout,036:0RARY AR AR0ME QAo ARy (wel 1Bgsh AL which
2% on the third and subsequent days. 101211 As used herein, the terms

rRGHIURA SEEk2eR e Hetntifereh difosibi e GRERE8HEMH Cells
and Pregasses Relatedspbaraied(lia2d: Fnbodiments desgripedklieneinhe phrase
relate to novel, defined proces%{es for IEG prQLl?uction QJ‘V ecﬂntiltqiélqeif sulture or ceil
SHATaRHH EgsR CuSFa L HifftSRTEISY BRtMIsBEaRE SaHET BicHr as &iams
seiisldnte: muitipotenidefinitiverendoderai delisibas describédadibyvey@umber of
2 06/07}9111 PQT/HS 9%%/94(?@%75 19 definitive endoderm cells do not
e RARTANe Tl St RS o dUEedr B ectoderm or mesoderm, but
rather, [différentiatéiintoctipecubtulsl asiwel asedigansathasetelderivediow serum
E{thth?eg(yrtst Gb%' ilcglwcgg%lxn ?5%@%[&%%%%%&‘%@%%%%@@{%‘? concentration is
endoderm cells are derived from hESCs. Such processes can provide the
pasisafty efficisrsdproduetitsfiefd time period. For example, in one embodiment, low
serum RPMI comprises a concentration of about 0.2% fetal bovine serum (FBS) on the
first day of cell growth, about 0.5% FBS on the second day of cell growth and about 2%
FBS on the third through fifth day of cell growth. In another embodiment, low serum
RPMI comprises a concentration of about 0% on day one, about 0.2% on day two and
about 2% on the third and subsequent days.

(0121} As used herein, the terms “bFGF” and “FGF2” are used

interchangeably.

Definitive Endoderm Cells and Processes Related Thereto

10122} Embodiments described herein relate to novel, defined processes for
the production of definitive endoderm cells in culture by differentiating pluripotent cells,

such as stem cells into multipotent definitive endoderm cells. As described above,



human endodermal derived tissues such as pancreas, liver, lung,
stomach, intestine, thyroid and thymus. For example, production of

waeligitiya srdoderm may be the first step in differentiation of astam 664 der17s
a functional insulin-producing n-cell.ibo obtain useful quantities of

insulin-producing (3-cells, high efficiency of differentiation is
a@'ﬁﬁi{?&%‘%ﬁ&rd&%fbamﬁfc}iﬁﬁEﬁff_@'petﬂ'@azét%-m@h@&?mf&at%&aebmm or

the pancreatic |slet/§égell fate. Since differentiation of stem cells to .
mpsfAimve EHbetbem SElR REEifs et hasekrbat stgtoWHye dertved
rihs Rredustionof funclisnalpasseatichoetineeellsHageshane Eniigers Thils arc

high efficiency of differentiation at this step is particularly desirable. %01 3]tw ¢
dsvRSWISPINR S Sira it BTSmicRmEmIRAtRMER GIiuRp IR cRE R G eton ©

ndsfinitiveisadaderamcels, soms aspecls Gaheddiffaientjation pranasses ntestine,
described herein relate to in i/itro meth_odolgfgg ‘ att‘resul(t;%? mav be the first
BRI AatRKI80-8698 ESHVBISIIH G BIaRsOrRt EENS 6 HEfINIR &>
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efinitive

sendedenrmeatisiypicalbtesuchinethads encnmpass the dapplichtiati of To obtain
culture and growth factor conditions in a defined anc&

_ 1T f1e.mﬁﬁ\l1orallly r;,jggcified don i
urséhlioAt Friitier ehrBHHBRY BFHAD L el 5BuIANSA f6H AT v edoEsHizton 15
deelsrane: Rehieved dyrisalatiopraneferpurification-of thereefimitpyehe pancreatic

“endoderm cells from other cells in the population E%iusing acéiaagentlthat
igpeBifeHIy Bind s HERRE SRR cElS OAG LG cegiRyierm cells represents

permiodiments dosauhaghisssimegidatodalivitive @ndarerm calie agavglcells (as
as methods fortg)roducin and isolating and/or purifying such cells, [01241

shewrder kisuedanived HEABUAT BF (ERRTNE R AUDERTHRCSIRFTH @l desirable.

culturggarae!l populatiens 8 methed 0f kistingviskiagt taisreathiypefrem gheipotent
other cells in, the culture or in the population i q%sﬁ%able.@\ccordinglgé described
e BB TSR e MR ATAth 05 N RIS Hgsaes deseri

Heresengecabsence andion delafivelexpeession pyelsaratdpedifitorconversion of
efjnitiveencﬂsoder nd methods for detecting and determining the th
PR el gD et At S ncompass the
apeleinjdhe presencendigsentefartdioridiabof exprédsion ofdtemepketly specified
determined by quantitative PER (QrGil. o8 Sampley (e ameumh of
: ; i { iy 1is can be
rSaﬁ%%rigf%?g%/fuéé{éct%?%gr?ain]éeneti% @?klers,_such as 1SOXl?, CXCR4S, o
aOOF4d ARPsTN o8 PIIRC psOktiam XL ihaiTiayi vaREssleaselis @pyother cells

i WE ’pgﬁhggnrﬁ Xk GMKORL (GRIBL ARG athenmarkersidesibefhderm cells.
herein i1s WO 20 6/07]%11 PCT/USZO85/0471 5 20 determined by

Ausphtaive QePbRImrEharersddistemsciniarmiistbeneniets g cells as well
HSGEQ the.proteinsiexpressat by theigheyvesmentnned genes. In

still other embodiments, Q-PCR and immunohistoehemicaltechniques are
@sf in a cell

both ubBHF ideRRfgrariciodiisming THodRBUMP L FULHYE PHOYSHIBILE
SHERIMAKE Sopulation, a method of distinguishing this cell type from the other cells in

the culture or in the population is desirable. Accordingly, certain embodiments described
herein relate to cell markers whose presence, absence and/or relative expression levels are
specific for definitive endoderm and methods for detecting and determining the
expression of such markers.

[0125] In some embodiments described herein, the presence, absence and/or
level of expression of a marker is determined by quantitative PCR (Q-PCR). For
example, the amount of transcript produced by certain genetic markers, such as SOX17,
CXCR4, OCT4, AFP, TM, SPARC, SOX7, MIXLI1, GATA4, HNF3b, GSC, FGF17,
VWE, CALCR, FOXQ!, CMKOR1, CRIPl and other markers described herein is



[01261 By using methods, such as those described above, to determine

the expression of one or more appropriate markers, it is possible to
wigentify-definitive endoderm cells, as well as determine the prappitinR@fisriis

definitive endoderm cells in a cell culture or cell population. For example,

in some embodiments of the present invention, the definitive,

dniclodierd -beelsxniteelle QoplRatidnsethat endpdoduced expnessitfiechemistry is
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endoderm ce W%(Opes or cell populations. In some embodiments described

HerdifinidrinitvacdradsHh Vel B WOt Linsstahtiaiiy a¥prased spxgss-the SOX17
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45%, about 50%, about 55%, about 60%, about 65%, about 70%, about

,labout 80%, about 85%, about 90%, about 95%, or greater than

about 9694 gonversioadehphuipaieni-eallsie:definiive W W06/67k0L1 endoderm
PCT/USZOOS/Of}?l?S 21 endoderm. |fn Iherpre‘f rred emb din%-:'nts, .
EORVEFSH Y o P8R  caP PSp AR m&len SEY stendeif BopliadaRPrisng
te: Substantiallyoure definivekadoddnm gellqedpplationiencenteérplateddefinitive

endoderm cells. Some preferred embodiments relate to cell cultures which comprise
definitive endoderm cells, wherein at least about 50-80% of the cells in culture are
definitive endoderm cells. An especially preferred embodiment reiates to cells cultures
comprising human cells, wherein at least about 50-80% of the human cells in culture are
definitive endoderm cells. Because the efficiency of the differentiation procedure can be
adjusted by modifying certain parameters, which include but are not limited to, cell
growth conditions, growth factor concentrations and the timing of culture steps, the
differentiation procedures described herein can result in about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about §5%, about

90%, about 95%, or greater than about 95% conversion of pluripotent cells to definitive



[01281 The compositions and methods described herein have several

useful features, For example, the cell cultures and cell populations
wEOMRNsiRg.definitive endoderm as well as the methods for pragieighos/oar17s

such cell cultures and cell populations are useful for modeling the early

stages of human development. Furthermore, the compositions and

methods described herein can also serve for therapeutic intervention in )
enflederse staRer RERLHEHi SBRAERTE N FINETRAMfeb B Rt RoP ulation,
sRRdRAEI LS EEMaSH PSlatie: SRS IR RNl AdniteTh R bt sfctisse@Bppulation is

can be used in the development of pure tissue or cell types. Production of
CHHRRIYEENRdoderm from Pluripotent Cells [01291 Processes for

differemtEgjng pithigposenicelisdto produshoekl dulitirted radiarickesteat! useful

. populatigns comprising, definitive endoderm is descriped below and.in "
RO MBS 16 e PN A E BRI, g e Sefnive
ex[dedamber_vze’;li @0@4mhéchiisd@smﬁ!mcﬁmg}m:hhs:thwhcrated@ectéipdpylations are
ufefgrence i, s Sptrgly. In sonie, of hgss prosespesy e BlPoleRLeelsr. e
used as starting Material aré stem cells. In certain pro%esses, efinitive
cenpedeens coll outheds dersierrichediseitipaalativnsteothprising cdafimitipgion in
dﬁ@ﬂ%‘i%ﬂ?s Cﬁlﬁ;%rs‘?dﬁ%fﬁéiH&%iﬁ?&&%ﬂ?@’ﬂﬁ#f@ﬁm&8@§-n1%195%¥ﬁ{599rm serves as

method for deriving definitive endoderm cells utilizes human embryonic
therepricellomenibie Stardied nwmeherial fopsfinitos bhdotibimtirsdtieligment of pure
iuehpluipgient cells can be cells that originate from the morula,

embryonic inner cell mass or those obtained from embryonic gonadal

ridges. Human embryonic stem cells can be maintained in culture in a

PRIVERQIE I $iatm witheuidsabstantial diffepentiationupsing methods that are
known in the art. Such methg,d are described, for example, in US Patent

Nos. §'483 357 PB28FF% 7T 51 B8t YI8 BN RO, 560°d06Pangice coll cultures
a2 HiehEl thel displostisas ofwhicharé:indaeosaiedehirreiddy{ebadreeee, and in
in their entireti 13Q] In sonic pr. r.pr ing defipjtive
eI Bol R aft DS St A e e Bl ecember 23,
2phocdssess mayrteelehiayes whichaiiodshESCs tofdennraintasrnediiera In some
DP l ﬁgtﬂ%ot?o%tegta;[?tﬁg‘n lpire1 uost%n ’c%ﬁs‘? u%%)g] %T' gglxiug'%qatg%%ez{rlea&%q %I’ l?rs]e In cerlain
cultivafion of humari em ryonic stem ce Isis arfﬁyer of mouse fibroblasts.
piMores veceiiyit v fibroblabt fabides layérsiavebeeh developens fopmprising
AWRRRIAEADATANCLIERGS. (SPR b RalahAPRIGALoNNO, 2008/ mernod
- 2117, the disclosure of which is incorporated WO 2006/07191 _
fpdrrynaoobas e rrdodeHaHDY e BREE rF D it A ke s gale starting
nReRasYss fRhRIedMGRg-definityssrdadern-pepmit ioe.MmalnignanceOtelis that
pluripotent hESC without the use of a feeder layer. Methods of

OHHERREIRAG SRS PETEL KESB SRR FeedbrR e YdhaM o Hags bemembryonic

gonadal ridges. Human embryonic stem cells can be maintained in cuiture in a

pluripotent state without substantial differentiation using methods that are known in the
art. Such methods are described, for example, in US Patent Nos. 5,453,357, 5,670,372,
5,690,926 5,843,780, 6,200,806 and 6,251,671 the disclosures of which are incorporated
herecin by reference in their entireties.

[0130] In some processes for producing definitive endoderm cells, hESCs are
maintained on a feeder layer. In such processes, any feeder layer which allows hESCs to
be maintained in a pluripotent state can be used. One commonly used feeder layer for the
lcultiv&tion of human embryonic stem cells is a layer of mouse fibroblasts. More recently,
human fibroblast feeder layers have been developed for use in the cultivation of hESCs

{see US Patent Application No. 2002/0072117, the disclosure of which is incorporated



described in US Patent Application No. 2003/0175956, the disclosure of
which is incorporated herein by reference in its entirety. [0131] The

whuiman gabryonic stem cells used herein can be maintained IRCENIEZAE5/047175
either with or without serum. In soméZmbryonic stem cell maintenance
procedures, serum replacement is used. In others, serum free culture

hAREHANIAHESRSUER 38 0S8t SerIbaGriNal v PHERARPHGANCMMND e definitive
2003/0190748, the disclosure of which is incorporated herein by

endedrsmcaeimisthn iatyicaps Gselp [oimpanshdis Cetitheet thaintsinéa feder layer.

MeiHse inrapiuipRient platbkoulinecPassrgeitliiedesiteri that 38y veen
be differentiated into definitive endoderm. In some processes,

defstéhehtiatidivte ASmhitvRPERETe NP is HEHIEVE TP prdviatits et Sfembich is

irfe@tp Sidbal & @ Grath: fahareah thechak(@ superfamily in an amount
sufficient to promote differentjation to definitive endoderm. Growth factors

of thel TS H3 sub&FrAMI WHRH AR LS8Rl T8 Ihe it oRfictibioF Behitv@ined in
celndedeintareiselecteddion tedvodaliActivia emBMEhELRGMUPSI! IMmaintenance

somde FE>referred (3(!3ifflerentiattion Srcc)icelsseamtrheS%rothJ factor is_ sealﬁcied b
PRSRITRE GIBUD PSR S NGGa!, ALBVIRR SSEAATES il RSy dues, such as

- thagd disneally the (gfotedactopWai3a- Bind BID 2OV feinily: niemberns afewhich is - -

: | for.the production of definitive endod ells. In certain
m?i%%?é%%&%ﬁ&% : erggeé?? %ggrﬁglfna%}gf%g ’p%éi?\%g 6115 the above-mentioned
growt1dédors canmbeelbed:EuaBaWith respéier tolscnduointtensrosesbggoutine

p‘faQ{a%kelﬂxiHPf?ilfié‘%@{%é?fttﬁ'tu{r}]@?tﬁé‘td%ﬂ%‘i’érﬁ?i@&%ﬁ@@ﬂ)ﬂﬁi@@%998&%8.9"ﬁz some

the above-mentioned growth factors are provided to the cells so that the
PEisWIES faetbrs dratisre ket imithe culofesats cohtektdtors sdfieienthpstem cell

cREarRate diffqrentiation oft *F@FB%Q{E?HE%H@VWF stemeelie LrASIRIIYE promote

endoderm cells. In some processes, the above-mentioned growth factors
didferepriesent tin ds8tlycghdedata dorckitragomod htheabtUaBowrsrigyhy, which

Rt 828k aboul, oagé%aéﬂ%@ﬁhﬁ%&%ﬁ&%&@%@é&%@%?96%95@11/Amn

at least about 75 ng/ml, at least about 100 ng/ml, at least about 20 '
ondgiMF atheasubbolh3o0gnisesicrb stiatssiindon mersase: [dasemtisht factor is

s 20040/l 2t dgast RReUL:AA00 Y/ M atleast akavl2000 ngiml, ab east pmp4.
about 3000 ng/ml, at least about 4000 n%gfnl, at least about 5000 ng/ml or
Afibretrtn BSoTBBEEMTY WO subeloz1 't Berugsnhsipar v ighlor the

pAL3ddnln geri@inpieessas rthe differentiaticefipludpatentsiem Cellsesses,
to definitive endoderm cells, the above-mentioned growth factors are
CPBBYEE T SHhithe éﬂ“‘&?ﬁﬁ?é”%ﬂﬁboé‘cigé%ﬁ?‘f‘é‘i B4 GRIbRC ESexample,
the gri@uah ffactowsicandspae moveshwitindabgitb ongedayoabiput difidaysion of

pf’%z?%% ém es?erqlaga’isapooHgitlonlil{i\geagg&?(ﬁ%%t I:iéﬁ s,d %Shbovevmemioned growth factors
are provided to the cells so that the growth factors are present in the cultures at
concentrations sufficient to promote differentiation of at least a portion of the stem cells
to definitive endoderm cells. In some processes, the above-mentioned growth factors are
present in the cell culture at a concentration of at least about 5 ng/ml, at least about 10
ng/ml, at least about 25 ng/ml, at least about 50 ng/ml, at feast about 75 ng/mi, at least
about 100 ng/ml, at least abéut 200 ng/ml, at least about 300 ng/ml, at least about 400
ng/ml, at least about 500 ng/ml, at least about 1000 ng/ml, at least about 2000 ng/ml, at
least about 3000 ng/ml, at least about 4000 ng/ml, at least about 5000 ng/ml or more than
about 5000 ng/mi.



about six days, about seven days, about eight days, about nine days or
about ten days after their addition. In a preferred processes, the growth
wingigigAkg removed about four days after their addition. (01383 GdHuro717s
of definitive endoderm cells can be grown in medium containing--reduced
-serum.or___no---serum:--Under--certain- culture conditions, serum -

Concegﬁi‘lgfns 93%5@%@?&%@%} OhOSRPrY YR ABR WA Y Yert Qe cells to

example, Irt some tiation proqesses, the serum concentration of
dtffimithediamindarmbesibss §thalP Eborn 0059 EroRh [BssomancasBr ot Fpm the cell

céﬁ@e lﬁﬁ?sgaﬁlght"‘l?@%grzz%?dw/éﬁ: g5 hamAROULD 3w (i1YleS8SHIRBe removed

out 0.4%(v/v), less than about 0.5% (v/v), less than about 0.6% (vlv)f
wihénthenhbouitiay7 9 Tuiv)y ek thabrab BuE D Ho6 (PRI QW tAEYS AWUE Ve days,

ABATe LY Q’Qyé?ﬁ?oﬁh%@p@wsl%&w@iﬁ% b aROMLE Y (W) aless tBaBays after

about 3% (v/v), less than about 4% (v/v), less than about 5% (v/y) Iessf d
Ul 510 6987 (A TRFEESRERP G156 POGIORA 1AL THARF AHBAY RGN davs
Aessihanaout, 9% (v/v), less than about 10% (v/v), less than about 15%

(v/v) or less than about 20% (v/v). In some processes, definitive endoderm _ ..
cells i &tbwn @HHWSSF{J#FEBPW{% §§;L?r#’frélplgégsmgﬁ Y sEficathef medium

cBresRssesSdefinitive endoderm selimareigndem sarthie prelencesaf B@hsin serum - -

such processes, the concentratj f B2/ supple canr -
BT SRS U OGS The ey o e, i some

ditsinatensCells:tesBefinitiverndodentrd0136{ tihepibgressiovr dbthghan about

culture to definitiv oder itar Tl o
ORSECIE CABp oo 63, penkos vy Seemnai: o
(progdssesdhetexpedgiory/of cermaihamabaDis Geteithited Bynddeeihg® (vVv),
e presenss %ﬁﬁ!ﬁi@%‘? REIhG Markeh Aermativeltthe Sxaressionf (v/v), less

certain markers can be determined bémeasunng the level at which the

tirarkbeis presshtinatiehealhortRE I dulisfe el PO pURatih): (I subgn about

PrOCESS R NG MNEABUISME N 0f, MAKELAPERESAN(CAN), NesquRildbEOr % (v/v),
guantitative. One method of quantitating the expression

fm s that
a7 reniBoel Byl GO AR dgh QN6 O O A & B fgss than
RER)1 Methods of ey forning.Q-PER @e)weal knowmpindhecastddittiere endoderm
methods which are known in the art can also be used tto qH]a\rslmE\t((S:-ther FOcesses
HRRFKEIC GBS BXBIENUO ARG Safible > thE dXprasdion of a marker gené :
pragucicandbadetesied by usingantidadiesspecifi€ 182 WARE06I0FPeses, the
PCT/US2005/04 7.1 75, 24 the marker gene productof intere . tai
I oL et AR e e
endoderm as well as the lack of significant expression of marker genes

it ; har ok ikigbie ¢ ¥IUAS

descri%%glr therfgetrf)ero @iB&eéibﬁl'Q"P{Eﬁée@@i?Jﬁem@f!ﬁmi endoderm can be

monitored by determining the expression of markers characteristic of definitive

" endoderm.  In some processes, the expression of certain markers is determined by

detecting the presence or absence of the marker. Alternatively, the expression of certain
markers can be determined by measuring the level at which the marker is present in the
cells of the cell culture or cell population. In such processes, the measurement of marker
expression can be qualitative or quantitative. One method of quantitating the expression
of markers that are produced by marker genes is through the use of quantitative PCR (Q-
PCR). Methods of performing Q-PCR are well known in the art. Other methods which
are known in the art can also be used to quantitate marker gene expression. For example,

the expression of a marker gene product can be detected by using antibodies specific for



definitive endoderm is the SOX17 gene. As such, the definitive endoderm
cells produced by the processes described herein express the SOXf 7

winasket-gene, thereby producing the SOX17 gene product. Otherraskeis 17s
of definitive endoderm are MIXLI, GATA4, HNF3b, GSC, FGF17, VWF,

CALCR, FOXQI, CMKORI and CRIPI. Since definitive endoderm-cells

BeRRSReRen SR der oMBTkeEIGRR G ANl QYSIRIGREMNBELIBALOf of marker genes
the- SOX7 marker gene, which is characteristic of primitive and visceral

%}m%%l%séé ﬁﬁ}gvﬁ ﬁ‘fdgg?ﬁ’@ p’ﬁ)(\}éﬁggég {hee Mréagswgio&afhexpressmn of

DA zand SQAX%ésisenitaresingihar-prenaspes: Lapeession of the
both the SOX17 marker ?ene nd the OCT4 marke gne which is

charact®ftic of AE TR MitKEd A BHibHARP Bo sl d%fﬁ‘?ﬂﬁpee marker of

acladeraeriisexp ass 3K SOELE. nmwls&ﬂgeﬂe@tfaﬂ&velehtghﬁrrth&his{ produced
tha of the AFP, SPAR or ;I'hrom §‘&&({1}M marker éb { ducine the
¥ e PRSP s § R BT AR HE idmitore af&fégf%hoffﬁfer T Brqdyeine

SOd@mgmepndddetrm 3thee @XERY gén@fﬁhev@b@@mbgeneeddwbe,aGATM,
rf iqe‘,&%c an e tfract "
éeélé% ?ﬁ?ﬂﬁ%% roles tjg% d@%ﬁec@@%%n?%@h iﬁé ce definitive
adidtians believeprtessbalfdmigratiohwftrematopsettloelisitthtmethmd the SOX7-
Mag geJ;é”m%ﬁygec%f&qwl@eﬁ she.ifferantiation of é&ﬁib%ﬁﬁg%"rabie 1), in

and macrophagebood cell lineages [Kim, C., and Broxmeyer, H

BEDROBYIEESIE, 65 GX5eesDooy) e SRXRA reckSOrdlst furmaisnedas & other
PIECERIOE g[;e%?oﬁrﬁfyﬁg G- %@@D&@@”&&ﬁ@?%e% B SO marker gene,

72, 872-877 (1996)]. In an extensive series of studies carried out by

INhibrath, KR BSibdy 21.21m50Hsb (1966 AHe exphesdion gpfinitve
theogbemekine £prePtal QXSR4 andiis phigue 4gand, [BEer Ll &L of the AFP,

and Broxmyer, H., J. Leukoggcyte Biol. 65, 6-15 (1999)], were delineated

éﬁﬁnlﬁgfe%‘rlgaa(}@%‘aﬂ?é%‘f'a% dﬂﬁ”ﬁf-’fé%ﬁ“ﬁf’eﬁ ﬁé%mﬁ%i%‘bi RSk can also

tieraatiorsin development became apparent when it was demonstrated

that |f ene,wa |srup edi enic mic a saw

Nature, @% 635‘%%% @éif %aqd% m% al mmén%t%/r," iﬁ%aﬁ%‘?&%g@“)‘]e The

[EP@éRHecﬁmeIa¢eoe|¢d3rymnr@ﬂbthaﬁﬂgpd\ﬂc@raﬂkeibalr@en’mlnswhted thigend 1s the
%3%83 élrsag;[pdntr%?ﬁ; bUﬂ(lja m% ngp P(h'é!;e 'ie{f‘l%pé?[@ﬁ? %‘F‘Jé ?Jr%Né?‘m% cells in the

defecte uring eary gastr atln embryos (E7.5) using a combinati
Rivdsepréditiod dadhin it hybridizatioh methodeégieslh thethe bone marow,

SARNIAUNG BRIV GEE RY/ 31k L 8idRAling ApREAIQR AR MAIBYcrophage blood
|nvoIved in mducm%(‘3 0O 2006/071911 PCT/US2005/047175 25 migration

selhritnnteesstidak Gertdydioseneyandis expresestcor gkfitivel > (1999)]. The

encofarie émsage maml%yeemwgmg 1HeRASHRY BIESEN! RIS -cells [Feng,
time. In E7.2-7.8 mouse em Qyos CXCR4 and alpha-fetoprotein are

mut?faffiy %9&8?19&\?&%»&?:%11%35 f In an extensive series of studies carried out by
[McGrath, K.E. et al. Dev. Biology 213, 442-456 (1999)], the expression of the

chemokine receptor CXCR4 and its unique higand, SDF-1 [Kim, C., and Broxmyer, H., }.
Leukocyte Biol. 65, 6-15 (1999}, were delineated during early development and adult
life in the mouse. The CXCR4/SDF1 interaction in development became apparent when
it was demonstrated that if either gene was disrupted in transgenic mice [Nagasawa et al.
Nature, 382, 635-638 (1996)], Ma, Q., et al Immunity, 10, 463-471 (1999}] it resulted in
late embryonic lethality. McGrath et al. demonstrated that CXCR4 is the most abundant
chemokine receptor messenger RNA detected during early gastrulating embryos (E7.5)
using a combination of RNase protection and i» sifu hybridization methodologies. In the

gastrufating embryo, CXCR4/SDF-1 signaling appears to be mainly involved in inducing



expression in visceral endoderm [McGrath, K.E. et al. Dev. Biology 213,
442-456 (1999)]. [0139] Since definitive endoderm cells produced by

ngg&[&mil@tf'pg pluripotent cells express the CXCR4 marker gerey 52005047175
expression of CXCR4 can be monitosed in order to track the production of

definitive endoderm cells. Additionally, definitive endoderm

sellsRrpdycetnibye iramnpthads cdeatibed ihemgifssednsassefothar endoderm,

markers of definitive endoderm including, but not Iiéprited_ to, SC{{)é]lg i mouse
RSAIE TS ATALA KRN BT PRSP WP AL GRS FORQ1 TRk GRS

ans-GRIR1x Since.definjsive fergostern aellmaxpiessethie GXCRAicmankes lack of
gene at a level higher than that of the S arker.gene, t Xpressjo 47.
S X RS S EHN B G T ufbn T sebigloly 212 haz-a50
espression of both the CXCR4 marker gene and the OCT4 marker gene,

is monjtored. Addlitionally, because definitive endoderm cel ress,terinotent
CXCRK I Ghor éﬁ%egiteﬁ‘fg‘/‘é? i Oceg?t an ﬁq%llt?’%g fﬁ’é%%}%ﬁ%ﬁm_ ogrB rpoten
Fhiroaxpemodidia TN mmarker genesxiessivpres$idn Biitivendegenag s in oxder

fispbe montoieel (%01l B Appraealerl 1ol FARIEEHONRKER ERAdoderm
IH enaode rﬁa(fl

r cells "does not preclude the expression of SOX 17. As

stith, rdefinitdebontioderethodiisdsrodbobdicrgithexprose ssber quaekige el definitive - -

Q&@@M'lﬁ&@& tially, SXRIRSSSO S EAANENE RADMWH 18EF3b, GSC, FGF17,
substantially express AFP, TM, SPARC or PDXI. [0141] It will be

APPFe it adt XX LAHEF CRERER arkeirax sideuidrrisninggeagetls express
aveaERge.of different Iavelsdndefipiiyerendeserar ealissispengingongene, the

the differentiation conditions, As such, in some embodiments described :
FepEsps iieo Ehpte SSISrRAr RS KA M EREPAHRIEH tHE BRI RTAFRE ShPTession
definitivacntedermsealls e calpopuiationsisailgast about Bfold highértionally,
to at least about 10,000-fold higher than t ession of the SOX17 , .

AN AT KR R O e SRS g e than
paRuatiensFlarsaerple (wdpaienisidn CBNE. tmddregemsnsbdiengntssion of these
the ex%resfio% of the SOX17 marker and/or the CXCR4 marker in

SERRIE BR0denT 8l or cell populations is at least about 4-fold higher,

at leastjabtijt 6-fold Hiidiverpatdeasiiatietic8risksinighE S ¥CiBAstapyindermal cells

0-fold higher, atleast ¢ igher,.atleask t Righernroduce
e e 2 lonctabont

1O0ifoldbighres, dtsksischbrain 50 Mg Hal Y ariesss 250G 7206 foftf-R4 but will

W&%@&&Aﬁ%ﬁé%@%ﬁ%?‘%‘ﬁ?‘%!mw lgasbalpout 750-fold higher, at
least WO 20061071911 PCT/US2005/047175 26 about 1000-fold higher

at least[8bblk 2500 6lHbsigRRicAt b G2E SO Sbe@dfsiocﬁf&%‘e‘%,fs%flfsggfp’fessm is
ahauteAo00:fald highesrari atieastabruinl 8080 feldhighemihanithepending on the

ecﬁtpfreergiggic?g conditions. As such, in some embodiments described herein, the
expression of the SOX17 marker and/or the CXCR4 marker in definitive endoderm cells
or cell populations is at least about 2-fold higher to at least about 10,000-fold higher‘than
the expression of the SOX17 marker and/or the CXCR4 marker in non-definitive
endoderm cells or cell populations, for example pluripotent stem cells. In other
embodiments, the expression of the SOX17 marker and/or the CXCR4 marker in
definitive endoderm cells or cell populations is at least about 4-fold higher, at least about
6-fold higher, at least about 8-fold higher, at least about 10-fold higher, at least about 15-
fold higher, at least about 20-fold higher, at least about 40-fold higher, at least about 80-
fold higher, at least about 100-fold higher, at least about 150-fold higher, at least about

200-fold higher, at least about 500-fold higher, at least about 750-fold higher, at least



the SOX17 marker and/or the CXCR4 marker in non-definitive endoderm
cells or cell populations, for example pluripotent stem cells. In some

wBRhRHents, the expression of the SOX17 marker and/or G4 2005/047175
marker in definitive endoderm cells @& cell populations is infinitely higher

than the expression of the SOX17 marker and/or the CXCR4 marker in

an-definitive endoderm cells or tions, for example ipojent
S S S g B BRSSO Mo
Ideseribed’hétefn]d thglexpressionst ofimarke/$0Gdtédtagheframethie: grqupssion of

tl%(())g@gli?%ﬁ/{u%éx‘-rﬁé/ow Rl%‘k’? 531?1’ %eSrC%h %\% F—'(Zéé{l\ﬁ/i::é %@A@ﬁg\;m cells or cell

. KORI and CR_IPI in definitive endoderm cells or ce
PpPpalmisnsorsarEreds e HBotoTh pare delts thio expre ssibnbn@AT, Al expression of

f %ﬂ( g, Nfa%feer%&oi @Eéfzdf %WE@&;?&%KEJQ%&%E&W&%‘ dl?{:}%lg Y ﬁté]rations

in non- definitive endoderm cells or cell populations. [0143

15ifipHe)p Prekratddnihn eharession paHyeSo dlfermnesapbon e tRER4 marker in
nEXRISHRION: eYe @l the SO LEMAaneLand the @%B{ﬁﬁémﬂf?)\é%éﬁt%&éﬁﬁcens_

OCT4, SPARC, AFP, TM and/or SOX7 markers in definitive endoderm _
cells. GifAhry, HhEi dxsshs anpiseeted direre seas sethrstiments described hercin,

uexpigssionievel af e CXERAMatkar ardotheLxBrRssIAR Isvealsafile mixry,
E&C@I’bdf SPARC AFP, TM and/or SOX7 markers in definitive endoderm
IS,

e G $0me Bhnbitdind RO Bl thrdesiskigh dfinitive
elided S@ X s addr hiheicGR4dRarke kiscatdpastiabaut 2dalehigher thTA4,

S t 00- hi t io 4, SPARC, .
N T o S e e S e KIS L St non-
dthei§@xbdqdankercds the IXGRAatmasker is at least about 4-fold higher,
at lea ut 6-foJd higher, at least about 8-fold .higher, at least about .
ool FaRer At R e e IR T BT R piggernces
b@t{%lé@ﬁsﬂhbgﬂ}pll@“f@lﬁ higtler] ethteé@c}éb"bmesﬁeio@ﬁig&mr@m’w&smamms of the
okoRsfalg Aigheryat lagst abui dR0-fRld Dighe i ahleASE 4RRWL A0SR ooy,

higher, at least about 500- fold higher, at least about 750-fold higher, at
thers<pays at 2000 ol figners heTsast ot sty hightre §ieRet marker and

tRRAESQ0A- Rl Righear. adgastaleut 750P-fold Rightr @HRY 18aXAPAUefinitive
10,000-fold higher than the expression of OCT4, SPARC, AFP, TM and/or

er8dernatkers h Ws d et RBS iRy o sIBRR & AP NP ERegPD of the
SORXT maKkersr are I Significanity: expnesseahin.definiily RPN least about

1@3@ i&ggquﬁl It will also be %%%rgqjatedéhﬁt in some embodiments ,
135 Fath, B & ESUTI B s Seiichibt o the grbupdior SOX
neokaisting aftheA EAd oMbxdoks, HNFSIpr €86, BGHE B OMMF, Gak&Rir the CXCR4
F X%]-%Igé(gfﬁfl an _§R P1 in definitive WO 2 1911 _

S bEI0AVE o 39 dibendh dee A TR Aa G B 1 iH o1
higtpressioasb kROT 4)-SRAREHAFRP |&EM about 15-fold higher, at least about 20-fold
higher, at least about 40-fold higher, at least about 80-fold higher, at least about 100-fold
higher, at least about 150-fold higher, at least about 200-fold higher, at least about 500-
fold higher, at least about 750-fold higher, at least about 1000-fold higher, at least about
2500-fold higher, at least about 5000-fold higher, at least aboui 7500-fold higher or at
least about 10,000-fold higher than the expression of OCT4, SPARC, AFP, TM and/or
SOX7 markers. In some embodiments, OCT4, SPARC, AFP, TM and/or SOX7 markers
are not significantly expressed in definitive endoderm cells.

{0144} It will also be appreciated that in some embodiments.described herein,
the expression of markers selected from the group consisting of GATA4, MIXLI,
HNF3b, GSC, FGF17, VWF, CALCR, FOXQI, CMEKORI and CRIP1 in definitive



and/or SOX7 in definitive endoderm cells. Enrichment Isolation and/or
Purification of Definitive Endoderm [01451 Definitive endoderm cells
wiroslidaesblpy any of the above-described processes can be epgghedons/na7175
isolated and/or purified by using an affinity tag that is specific for such
cells. Examples of affinity tags specific for definitive endoderm cells are :
GIIROHIPS.11IANER Q5 QINGE G&ﬁ%\&@@@ﬁﬁé thakygotPeEific 1 ATPARE! AFP, TM
molecule, such as a, polypeptide.. that- is-presenton.the cell surface of
Hefiphteehiodrdimtes R BRASHRIEH s-- not substantially present on other
cell types that would be found in a cell culture produced by the methods
described herein. In, some pracesses, an antibody which binds to CXCR4
Lfpnegndionbunhicatanel Dlimbye HBAoSe M rification of
definitiyg 4gndoderTigals. dndihenprenessesiiha chemoking HBFRHore-described

other molecules based on SDE-1 can alsg be used as affipity tags. Such .
ARSI hERER DU BP0 SR Tl RO ST b sPecii
BDEudimiaisticEAR1464 Metifbdsyforgy alieg fantibodieSandeusinigdbmmcells are
for.cell.isolation are known in the ar S ca

B AT 10 Wt T b LA R ECAT R ol uch
adpsbrﬁueddmetbm1i$mt§tsazpmc@ss;®éimmfﬁ¢5D@I§/%ﬁ@ﬁﬁr@ﬁwée@@mb@ which is--
@%}%@?&&Rﬁf@%‘&tﬂ%@%ﬁ%&% D, flaweslia bind 4 Aefinitlecutture produced

erm cells in a cell culture which has been enzymatically treated to
vedbeaiibededetaribebhegbstracomthasiorssThartaldmbogyireainds to CXCRA

gomelexes.are anexRosed 102 movahle . masnelis figlduhichds Msgddennitive
separate bead-bound definitive endoderm cells from unbound cells. Once

il enioaiich BERsare phySleangapaiated Rorstharicenstrbased on
Soiture, therantibedyPindinmis disrupies anddhgcalisiar repla@diifited to, SDF-

appropriate tissue culture medium. [0147] Additional methods for
bibtagrg e rehddEsmen U i MiERe Hefinitive endoderm cell cultures or
populafinag can alkehbasusednlarexaniple;dn sameiemidedinients)ithelaton are
CXCR4 antibody is incubated with a definitive endgderm-containing cell ..
TRtk BELA R ARSIV 6LCE IBICENIS? dc Sb St o odies and
adhesioneihel eells diredtren wd shedp ceintrifugedhasrd  resuspendedyliftie binds to
I pension is then incubated with. a.seco tibody. s - .
R e AR e
aﬂtkbbdymﬂiewéﬂugeaw@th@rhwmd@r@efmﬁmggﬁj érnmést@sﬁém@dmwceﬂular and
Mﬁ%&tc@ﬁu&ﬁu;?USPEQ%@UA&‘%@:(}%Q&Y é@ﬂm@i‘é%@%@%&!r&?wed o a movable
fluorescence activated cell sorter (FACS). CXCR4-positive cells are
solteeiétl Beldarality frioraiXoremegatieedming edogsio ergegderm cells from
Reb{d32009/06017 %28 dhereRy seriting tRinesqlalion ofstghGell from other

types. If desired, the isolated cell compositions can be further purified b

|
E@iﬁd%ﬁ”&tﬁé‘?ng’l‘c’e %h%ydag%%ﬁ%fﬁﬁalﬂp%ﬁnd the cells are replated in appropriate

tissue culture medium.

[(}id’?j Additional methods for obtaining enriched, isolated or purified
definitive endoderm cell cultures or populations can also be used. For example, in some
embodiments, the CXCR4 antibody is incubated with a definitive endoderm-containing
cell culture that has been treated to reduce interceliular and substrate adhesion. The cells
are then washed, centrifuged and resuspended. The cell suspension is then incubated with
a secondary aﬁtibody, such as an FITC-conjugated antibody that is capable of binding to
the primary antibody. The cells are then washed, centrifuged and resuspended in buffer.
The cell suspension is then analyzed and sorted using a fluorescence activated cell sorter

(FACS). CXCR4-positive cells are collected separately from CXCR4-negative cells,



additional rounds of sorting using the same or different markers that are
specific for definitive endoderm. 101481 In still other processes, definitive
wBHpdss [, cells are enriched, isolated and/or purified using agigandsQ8s 047175
other molecule that binds to CXCR4,¢dn some processes, the molecule is
SDF-1 or a fragment, fusion or mimetic thereof. [01491 In some
im f o} d ibed herein, definiti o] 0=
B oAt T nO g oale e e

Weimgations coffubrebedireeanivdibn seinscner!(FACSRiffngudrsed method or by
SIBBBHIN G2 HrclpicnacidifnoRd IR eeNHHFERCANI-RIAIAIL(GRPIREfic for
another nucleic acid encoding an expressible fluorescent marker gene'is
dedevitreel apdadoX|-positive cells. For example, in some embodiments, at

least qpeAqPY ofAnHARIcrasit aReQdingEHE aldd RinlpeishlbrastiMehed, isolated
fragment thereof is introduced into a Pluripotent cell, preferably a human

BRyBKIESlemingal sns et igrale B Pdt XCRA Frofnstape processes,
SYehothatithe srrassianiakihenG RRicaenermraducterdiplogically active

fragment thereof is under control of the SOX17 or CXCR4 promoter. In »
Some UHhbkime S GHUTE Loy Pt BP e RucIStEAcrd, e defnive

. . @nicgdes SOX1k dhCK R jsdeglacedbysal madleicracidentetidg GFBy using a- - -

r a biologically active.fragment eqf. In other embodiments, the . :
R e BT ooty BT WA GnE Iy g encoding
dused flufrastenvithratleastGaDortioruoftttte nudleic acid encoding SOXdpressible

oL GXCRA, thereby generating @ fisiarepseteln. ds sughiembadiments, dhe,
?SS.IS%CBE’E&%‘%%%E%(S% alﬁuorescent accti;)r??[{/ Si |I§;1r 'FQ GEP. 101501 Ee’ ‘ Sofm
hborbssettlpimerkeencelirn saEh asdlses albslerdederbed Plaripdtanegically active

gels.aredifferentiated.fo.definitive gndederamas descibed RIEMRUMNY ryonic stem

above. Because definitive endoderm cells express the fluorescent marker

PhEowneress ofibr ENHPes A8 Nbt, et Bt BRethe Caseatbel the GIP
sspappiaddremdecetbarcallilypasdnsameremhodinaeniss el of the SOX17 or

suspensions comprising a mixture of flugrescently-labeled definitive .
bR B an ARSI ORIt SBHA S8 Cen a8l biftdggeleic acid,
WaitE ankAES sOEfinitire@ndaden eplis atehsoleste e parntalydsam GFP or a
nop-fluorescing cells, thereby resulting in the jsolation of definitive . :
OISO, TP DL B e (S5 ol B SO Ei L o acid cncoding
porfiachbyddgitidhakcduads ghsorting wdingithedsanfenredifférenenarkekstion of
hat ar steci ic_for efing'%%w%g R[fplall In preferred progesses

the nuclelc ac ncodmg ereb neratl Usion protein. In
efinitive ‘en odﬁerm ceﬁs are enriche , |so1ateé Jﬂ&for puri rom otner

noh-dafinitive endbdduvicefgiterdheste fucatb ity dresiWar to GFP.

2006/G4134.1 P EH@&%%%ZM”c&%,irgqyﬁe& taégim%@%e%tﬁw&%ﬁpmem

i
the definitive en%zderm lineage. It will be appreciate
cells, are differentiated to definitive endoderm as described previously above. Because

definitive endoderm cells express the fluorescent marker gene, whereas other cell types
do not, definitive endoderm cells can be separated from the other cell types.” In some
embodiments, cell suspensions comprising a maxture of fluorescently-labeled definitive
endodérm cells and unlabeled non-definitive endoderm ceils are sorted using a FACS.
Definitive endoderm cells are collected separately from non-fluorescing cells, thereby
resulting in the isolation of definitive endoderm. If desired, the isolated cell compaesitions
can be further purified by additional rounds of sorting using the same or different markers
that are specific for definitive endoderm.

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

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



that the above-described enrichment, isolation and purification procedures
can be used with such cultures at any stage of differentiation. [0152] In

iti he procedures just described, definitive endoder I D&Y,
ng(lz%(}é@ ilé%lsated by other techniquesfor cell isolation. Additiorﬁ?agff;r/},ﬁ‘S 4717

definitive endoderm cells may also be enriched or isolated by methods of

e G At S TR L tpa%g_e'?ﬁcwf[ﬁ be, appreciated
survival of selective expansion of the definitive endoderfh cells. [0153]._
tluginige thizn ymetivodbedeseritfatienar éinlat i ciiddpisdlasdid mptiosdyapifieen be used

W%@H%ﬂﬁ %9?1“5}& 'Vs‘?a Q@‘que%?ﬂﬁi&ﬂd or tissues can be produced in

vitro from pluripotent cell cultures or cell populations, such as stem cell
culturd8162 populatisdéionrich e avecehtetgbifelstiehed sephiaitive endoderm cells

Hifferentigion, 1asewe methads, fhfcetsunderagiandon diffesgatiatiaBenitive

In"a preferred method, however, the cells are directed to differentiate

P oS it e P SaBARC S Bmis Prétd R apiodmanh s seBlatithe uiture in
AbdHar Rirdfication methedsralatadothe i vikepradustioncefidefinipvaion of the

endoderm from human embryonic stem cells. 10154] Using the methods
debairibetriedei eeiepopulations or cell cultures can be enriched in

- _definitive ssndodersmgantenthy & Rastiehbbitrinocatioltd 000 et asl/or-purified - -
compared to uynfreated cell populatjons ar cell.cultures, In som o
RO Al AR RO A ReT e B S sl e o
Huiip@bout8DQdeldeasoearipaxgalitaiamireate calepopalatiohisres oelpopulations,
cultures. In other embodiments, definitive endoderm_cells can,be
R R Tt S P ol RS e cets undergo
randkeateliffeet populations o mrefkuattuneghid stilb viher ethbotitents, directed to
dIgipitive endRdail salscanhe.caihemhirogaldadstanait AR AR blaion
100-fold as’compared to untreated cell populations or cell cultures. In yet

willer embodimentsidediiglascdadbeérniceliredir ben ehiched frosidederm from

eashabout AQ: to. ahQuf;80-fold as compared to untreated cell

populations or cell cultures. In certain embodiments, definitive endoderm

cells cHHBH enriétivg thsninsthedsdststhes- 1 eBobe b OB AR Riperb gultures

donwiraatesk-eell nepkiatioasdaisell Gulttesy Gomposiiiang CEnapsising0-fold as
Definitive Endoderm 101551 Cell compqsitigns r?ﬁuced bé/ tge ments. definiti
UBRE S HBEF R ETE RO LRSS CAIPRLIRIEE CoribPG GRtrlignts, definitive

endderntdndeaslbeopuiatiahs enricked ibdefihitiveatendddenioldes compared to
e Rk e S
cslis dmcuitene cirel definitivécesiddaern Calisaizan BeO-fold as compared to untreated
cell populations or cell cultures. In still other embodiments, defimitive endoderm cells
can be enriched from at least about 20- to about 100-fold as compared to untreated cell
populations or cell cultures. In yet other embodiments, definitive endoderm cells can be
enriched from at least about 40- to about 80-fold as compared to untreated cell
populations or cell cultures. In certain embodiments, definitive endoderm cells can be
enriched from at least about 2- to about 20-fold as compared to untreated cell populations

or cell cultures.

Compositions Comprising Definitive Endoderm

[0155]) Cell 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 comprise definitive endoderm cells, wherein



produced. Because the efficiency of the differentiation process can be

adjusted by modifying certain parameters, which include but are not
wiondeeldnocell growth conditions, growth factor concentrationsand;thans/447175

timing of culture steps, the differentidttion procedures described herein

can result in about 5%, about 10%, about 15%, about 20%, about 25%,

ab deisB ey v bHE 8% faieu 409 tinabeluird 534 alodini b/ enabduirbbetis, can be

about 60%, about 65%, ghout 70%,.about. 75%, about 80%, about 85%,,.

R oc TR e Gt et s BTG Rerinap e wusted by
pladifptent celis:to gefimitives, endoderimctnlprocessesdntwhicktedotatioreibf growth
definitive endoderm gells is employed. for example, by.using.an atfinity
R B e T e, he
difftodetinticelppopdlatonicanibedrécovareth 1156 In St éivtbodionenite’s, about

‘i‘%;&&@%%ﬂh%%l%%ﬁﬁt%%C%‘BB%H%%&H% a5 ol Papylations wg,caed&m 50%,

cultures, that comprise both pluripotent cells, such as stem’cells, an

dediviithid e Ablod it cahs uros ‘exahople! Usirg tHe Thathdus dedicripagnt 85%, about
BEIEINy, GRIIROSILIPNSLAMAISING MPE99e S AT MERGS R MMV ells to definjtive

endoderm cells can'be produced. In some embodiments, compositions
eBfngaEmy Brnesrssstsot staehialRiBrRidtdmicaIr S pBIeEsdpcaployed, for
Rlurinateniicelis ke RIPRUSea iR Ate @IRBOWMBAISKX CRMRESHIENS a substantially

compyrising. at least about 95 definitive endoderm ceﬁgns for about every 5
BRIFSSEHT e RO dpeHb el RAP RAOHAIRE K 56&tions comprising other

ratios of tifjnitive @neleseslieelis daiplunpataniresliscite: qoniempiatans, such as
For example, compositions comprising at least about | definitjye

LGB Lt LU, 100 60t GO, B 4 agr bt cels
definitaferehdodedmieet forlabouf@vernand;06, 000uy utipotentodisdatdebst heren,
about | definitive endoderm cell for very 10,000 . plurj nt cells
e R S b e A P P s oo e
celiduatdeabt abost drdefiitize tendodermtcel forapounavinesgoabout 5 definitive

RILEIRQIGNE A6y %Bm%égogﬁ | definitive gndoderm cellfor 3PAUEVEMNodiments,

100 pluripotent cells, at least about I definitive endoderm cell for about

SOBHOTD PIripOTOREEIS! dtdsasbabolt Hdutitii erdndederssibelifopbout every 5

PhosiavRNeaRlUrPaieaLeglls, ﬁﬁ@ﬁéﬁﬁ?%&fgé@i% sndpeerB eReiofatios of
out 2 de

about every 2 pluripotent cells, at least a finitive endoderm cells

o HBBYE eV urfsdentcal SPRIESt 506t S'defifftivE Bl thernt eng ample,

ferrapetiticpvery hphyipotenteal, satdaast abautdQ defiiivererdndgimabout every
for about ever about 20 definitive

o R PR GH R A 1S40 BBl for abou every
definiivepantedar del] s focabauie Vedyfhptivépoténtcell call IRasbabawery 10,000
e oIS TEs A D LMo L ey o
pluripotent cells, at least about 1 definitive endoderm: cell for about every 500 pluripotent
cells, at least about 1 definitive endoderm cell for about every 100 pluripotent cells, at
least about 1 definitive endoderm cell for about every 10 pluripotent cells, at least about 1
definitive endoderm cell for about every 5 pluripotent cells, at least about 1 definitive
endoderm cell for about every 2 pluripotent cells, at least about 2 definitive endederm
cells for about every 1 pluripotent cell, at least about 5 definitive endoderm cells for about
every | pluripotent cell, at least about 10 definitive endoderm cells for about every 1
pluripotent celi, at least about 20 definitive endoderm cells for about every 1 pluripotent
cell, at least about 50 definitive endoderm celils for about every | pluripotent cell, at least

about 100 definitive endoderm cells for about every 1 pluripotent cell, at least about 1000



definitive endoderm cells for about every | pluripotent cell, at least about

10,000 definitive endoderm cells for about every | pluripotent cell, at least
Walbae/400,,000 definitive endoderm cells for about every | plubp@teRt@alN47175

and at least about 1,000,000 definitit%e endoderm cells for about every |

pluripotent cell are contemplated. In some embodiments, the pluripotent
defilisiate hupanplwinetest st callsyIn caiaip.embadimentribe M6M 10,000
d6§IIS are derived from orula the inner cell mass of an embryo or the

S5 FRARSETSR 67 bR 8O CaHEN StROFERABHifntat thiast about 100,000
dpfuﬂpoéem@euanwaideﬂyedeﬁomme gpnspoegan HsgueIakaabout 1,000,000
rE.uItceIIu tructur %ﬁ E sdevelo d} ast the embr_y_onic. staa
T"s% R sHib St Fad sty hé’B%P?é?&E R} G EatisraBlaiedelm some
epfapdlatmms cmhm prising feomcatlleast abmutlﬁo/pkﬂ;eifﬁimﬁdme engdedesrm celis teertain

least a % initive end rm cells. I me embodiments
AhiEaR Ao, It Al aer i
ell cu tfjl}é;s or cell populations C((()%mprlnéé1 rrﬁg\rrﬁrrfa IS UHISSGh PReRld: crbryo

Oembc&mmém&sld@@ c¢lhsudtuhes or loetkerpop witito rmboipriaes himahcelis:nt cells
ofE LS RlEn L AN SRSFE AMRIUNSUSGIRLE IO LI SR, s developed

comprising human cells, wherein from at least about eas
- PuBdhorIHEmsaEells are definitive endoderm cells. Other embodiments

relatertg &6l culiyres compiisingnumaRCalIsergin at jeast ahout D%, . .1

at least about 10%, at least about 15%, at least about 20%, at least about
POBERUSHRSRTRESREIOUS 3t ReasehmE Y 8 Tsfinkive satedwit 20bs lapldest about

9 shou bt cahlerrARAUE SO eoaldeat RPOUARINE AlllearhaPOUE8DBpulations

at least about 65%, at least about 70%, at least about 75%, at least about

CHBBE LT AHB §4b%, arllbdREHBHG: SORBHGFEste Ran o drie or cell
phnhaieelsmapeisdefiniive-andodsirexalise] v afbogdinentsewbate e eliate 1o

ltures or cell populations comprise human feed r cells, the above
C(‘%(;rcen ages a atpp a]Ta’fré?ijwﬁW ﬁ'@éﬁ@cﬁ ?&ﬁ‘é st Pletfar Cetfsfigst about
9the ceiheditures o l}aeblx pdpi]faﬁw:en[sz]:ﬁ&hl%&tmemmb@mmem&ms relate to cell

Clﬂ?{? %nt%%gﬂgggler{n ]eult%taen o ﬁOfT\\)H}OSItIOﬂ% I Qlabsulcﬁl CU|t ree %8?1‘%'280 omqt least

population prising hurran cells, such ad human d’jeflr‘?‘hs\t/ea
alpalls! Whetelensheboxp AdiSsion Igmlﬁbentﬁé‘ls,@xtb‘a'sonblnetomm aatkdois 35%,

f a, d fcez}s pr Ct)%ln ca
O S A TP T o

altff% Hurilbl4ee R8O S6thet!dptpotimenty) s erprekeivn Bheithisathebout 80%,

arS@L 4y the LX GRERaMRIS greptgr M&E%W@@;S!ﬂnt% thﬁn%ETéns are
SPARC, AFP, TM and/or SOX7 marker in at least about 10% of the

defiiag cRmoder 1658t dBothedsrine BerhdRccend SHIBY RSt aplbpopulations

caaprief enbumanceelssiniat 18ast abruhZad% efdhigiluman ealisuinabect w the
least %?%ut 3(@/0 of the human cells, in at least about 35% of the human

higg Hredsen Sl HhBGAYFM BHIRROIAS RUBIEF98%1 PCT/US2005/047175

[G158] Further embodiments described herein relate to compositions, such as
cell cultures or cell populations, comprising human cells, such as human definitive
endoderm cells, wherein the expression of either the SOX17 or the CXCR4 marker is
greater than the expression of the OCT4, SPARC, alpha-fetoprotein (AFP),
Thrombomodulin (TM) and/or SOX7 marker in at least about 5% of the human cells. In
other embodiments, the expression of either the SOX17 or the CXCR4 marker is greater
than the expression of the OCT4, SPARC, AFP, TM and/or SOX7 marker in at least
about 10% of the human cells, in at least about 15% of the human cells, in at least about
20% of the human cells, in at least about 25% of the human cells, in at least about 30% of

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



32 human cells, in at least about 45% of the human cells, in at least about
50% of the human cells, in at least about 55% of the human cells, in at

W o458t160% of the human cells, in at least about 65% of RE&/HEM047175
cells, in at least about 70% of the huthan cells, in at least about 75% of
the human cells, in at least about 80% of the human cells, in at least about

h8B%e et tReihumamscetioun Bt leasiahaniP000:0the RIDaRL GRS iNbthe human
I(ﬁast abiu't 95% of %E/%%ng%n cells oain_greater than 95% of the human ,
BN R STABSHRENIS W &N tHECeiPtttlleld B Letrpbltand e duHiRSENs. in
ahlsmantieedercelishthaahove!peicentagasbset talcWatre mithoudells, in at least
espect to uman feeder cells in the cell cultures or cell populations
G 4o et S s BB PHEIRS SR Bt st ebout
8hreitirelateta chinpositioas, duch ¥ cell telturesoedsl poputatioatsyut 95% of
afRRIAINA AN GrliR. SHEl 33D PAR ARG POARASIR CEMR s where the
wherein the expression of one of more markers salected from the group
cbnslsting of GATRAUMINLS cHINF3E, IB8EN FGR7: VIV eCAbBGRyercentages are

AR GHMEQR lr&Bgcg%PtllléS mgﬁ@r&%@rtk@al@(qﬁeﬁﬁgn@ fl tr%elt%r%g_%r cell

SPARC, AFP, TM and/or SOX7 markers in from at least about 5% to
- Pepekérhan at least about 95% of the human cells. In embodiments

wherggigogell cultuies of £RUPAPYRLP RS COMMIEBND AN (88 I8 ERIR relate to

the above percentages are calculated without respect to the human
COBBRSH (Rs MM TER CETES 6F c&ll pepuitiRis (ool tetmen cells, such as

hempogimearnts dagedbad hereinHaatede coResHTSNSUENNER: 6Bl ikers selected
cultures or cell popu_latiogs comprising human cells, such as human

fraBFifheive SRS e RS, bt B Lyl prHaGiGR BT tHE b 1 MR CALCR,
FOB@X CRE DRketdCRreatezthan thaexpression ohthe RCQIATSRAREC, AFP,

P, TM r SOX7 marker in at_least apgut 5% of the human cells. In _
T e e B cracis M thiotesca D5% of
thmarkeniscglsatdn thahdtienenpredsiontbf thei QU Tde SRARIC pddkiR1idh comprise
hANHORSRXTarker In atleast about 1% of the bman sells, in at least

about e15% of th’eqwman% %s,ein 8éll%ea_st §%8lunta§6 A;ng ﬁ%‘g ﬁelfﬁweé;%n E@eﬂgj human
faprlax teHstmboue2boslpheter Relhiapeetionin at least about 30% of the

humag calis. in afiieagi-akai3axeat tnlﬂ%cngEﬁ%&?ﬂ%’ei@t@&&e@tﬁk?iggﬁgns, such

40% of the human cells, in at least about 45% of the human cells, in a -
a9e48t SBBHES 0% ST kRO MIANAH S Il i fe HY B Ot BEOH UF tiehivnmritictinitive

cif@llfortl adlleastirbaut 6% ethauman erllssdnatileast akoub@5%a ofiaiker is

the human cells, in at least about 70% of the human cells, in at least

ELRIS YAl SBTFRNRAPES Qi Bkt Bbout P Bodd\brakoRn SRR denger in at
ldnahieastabait Beeithediman cells: ihableashabant WHREidhes both the

e i ol S e
o of the " hu . S il :
ApBpllstiony @ofipxisenathe@in at least about 10% of the human cells, in at least about
15% of the human cells, in at least about 20% of the human cells, in at least about 25% of
the human cells, in at least about 30% of the human cells, in at least about 35% of the
human cells, in at least about 40% of the human cells, in at least about 45% of the human
cells, in at least about 50% of the human 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 {east about 75% of the human cells, in at least about
80% of the human cells, in at least about 85% of the human cells, in at least about 90% of
the human cells, in at least about 95% of the human cells or in greater than 95% of the

human cells. In embodiments where the cell cultures or cell populations comprise human
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percentages are calculated without respect to the human feeder cells in

wieselh-aulfyres or cell populations. [01611 It will be appreciatggthabgos/na717s
some embodiments described hereigzelate to compositions, such as cell

cultures or cell populations, comprising human cells, such as human

initiv d th he GATA4, MIXLI
A B R Al G B Bt feeder
qﬂéﬁrk@tbqggi@aﬂ@mmhcﬂhbpenpmwan of the OCT4, SPARC, AFP, 1'M
and/or@%iﬁ mq&@rﬁﬁgmasté%%ﬁaea%% %g (88 e&é@& hTeéfn relate to

about 95% of the human cells. In embodiments w ere he ce tures
oPpeElPEpulsliors €Oniphsehontel feuwddstslis omemmmmn cells, such as

RERSENIRGESAE &%QH@%ﬁdc‘éﬂEho%E?éHeﬁEéo Bgﬁégymé Ef SIERISIN nMixL,

the cell cultures or ceévpopulatlons 01621 Additional Iments

HNESRDES heFSiR Té1afehb: otpdiitims QudMELCER] editriatPdrreatkers is greater

tRAPWRtIONS5ABWHSING mammaliarendodermiy Galis, SYeikas WBAN: from at
endoderm cells, wherein the expression of either the SOX17 or the

IEACRA I EGERiOr A Baitedaisrrbtisdrapcais kicembodiments

_ARR M ma_eg/@u&@aé?omaékep¢@@§tlea§t@bﬂpl&sfz%anﬂﬁe endedermal the above..
cells. In other e bodiments, the ex ression of either the SOX17 or the
R AT R S T, R L A B e S el cuttures or
ce\FBoﬁmﬂtmaHor SOX? marker in at Ieast about 10% of the endodermal
cells, i ast ab ut 150 of th oderm Is, in at Iea t about 20%
of them%d‘ic?denr?%l cell?s |n Ieas en%ou?sﬁg%fg%ﬁ%el%ﬁe Sfferom%%ﬂsm%m such
agttelstdboet 30%¢!birteretidodermalicetlg, maatrtedxsmabmndawedomhe, such as

kﬁfﬁgﬁd%ﬁ%&ﬁ éﬁsatv!/%%lsé Ee %It }Ac' ﬁfgs%llihg‘fe eﬂ?e?e{f‘% m a%he CXCR4

least about 45% of the end rmal cells, in at least about f?h
rapyederraEtaellshm dbtearabioon %%@f@@én&@d@%@amﬁsm amnd/or SOX7

rifastapoul 6RYeoffheerdodermal sellsadmal Ieagt abeyt G720 %Hggdmems the

endodennal cells, in at least about 70% of the endodennal cells, in at

TERIEEAUDO G OO RS ERtITR Al CER4 imakis A5t mBwar 80% Bethepression of

tE@@Q@M@I&QR@ insgtieagtabewt 8396 Rf the.gndodermabellsddiaios, of the
F?ﬂ% aboyt 90%, of the endodermal cells, in at least about 95% of the

CIEHNSFUBIL G 535H et thart 859 OIPRIeTRR desiial calike 4 pbgL 0% of
tmlbmaﬂmebt&ﬁe{j that semetembbiimants: descdbec:hesal) #elatR4a about 309

oqqg]ep 0 tl cnha Dlgslged! UItur %&r?%%&ggﬁlatlo <§%g§?r%ng\§ rﬁb?{i‘ least about

mamma |an endo ermat ce(f X erein
%rhér@lsamedrfn@hndﬂe gmatpleamnﬁ}sungiﬂﬁ)@é\wcd‘dm&lmlal]l\ﬂéab,, in at least

a@(ﬁ?ﬁg‘g (\:‘/ Xgﬁoé:fﬁﬁkq CSEI ugé& lﬁ&ﬁ 5?>G/d oqj% E%Aﬁ%gﬁﬁ%{ cells, in at

than the expreSS|on
least about 60% of the endodermal cells, in at 1cast about 65% of the endodermal cells, in

at least about 70% of the endodermal cells, in at [east about 75% of the ;fendodermal cells,
in at least about 80% of the endodermal cells, in at least about 85% (;f the endodermal
cells, in at least about 90% of the endodermal cells, in at least about 95% of the
endodermal cells or in greater than 95% of the endodermal cells.

| [0163] It will be appreciated that some embodiments described herein relate to
compositions, such as cell cultures or cell populations comprising marmmalian
endodermal cells, wherein the expression of one or more markers selected from the group
consisting of GATA4, MIXL1, HNF3b, GSC, FGF17, VWF, CALCR, FOXQi,
CMEKORI and CRIPI is greater than the expression of the OCT4, SPARC, AFP, T™M
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at least about 5% to greater than at least about 95% of the endodermal
weelsich0i641 Still other embodiments described herein relategor/us005/047175

compositions, such as cell cultures &t cell populations, comprising

mammalian endodermal cells, such as human endodermal cells, wherein

dheearsesianribohibe QA anshine G GRAtM@HELIFH5eabRItEY: of the

the expression of the OCT4, SPARC, AFP, TM and/oer SOX7 marker in at

qedesdenmal g8y of the endodermal cells. In other embodiments, the

expresgiajof bahithetSOdbanek e dexG R4 mar&iarrkaegéet@tebﬁimms, such
expressmn of the QCT4, SPARC. AFP. TM and/oa@ rker in

SRSt b RL L BRI S0 GRPRE P LSS R Bt e&EEB ?‘1‘%68%%3“‘*‘ as
}em@deﬂimleﬁaﬁs dellat enstcabont 208t ofiche ebdadeimslrells, andathe CXCR4

t about 25% fth endodennal t 0 he
Sﬁésrrﬁléﬁaéeerllé M AeaRshit Qée }1 ¢ f@@ agﬁdﬁééqr?faggeglrs¥¥a ALigLSOXT
rﬁimhﬂt AD% dédhe ﬁ:mhbd@fmaf GhHSﬁmld(aieieafﬂt ald(.’m.lt 4B%oaiﬁethe:mbod1ments the

doderm ;] t a %ﬁg{ PH? denqal Ils,
f
St out the é%n aalermal ina ' ast ou{i}rG?(% #‘ the xpressmn °

ibﬂd@ﬂéﬁné!‘fb‘éﬁé; imdtedSylaboliv65% $F- th‘@aekﬂioderﬂrhdle@e‘tllslbwtaﬂ 0%-of the -~ -

As&&& QHLJ; /%95 he.sndodersal cells, inatdeastabawt 19% bty our 20% of

ermal cells, in at least about 80% of the endodermal cells, in at

ti@a@t@ﬁ@mﬂ%@f ihatderio @bz S Kens e ardederanoiriaoms drigaat about 30%

andedgmmal sells, dnsatleast-aho.96%s af drenerdadermal celis 0h iR least about
L?reater than 95% of the endodermal cells. [01651 It will be appreuated

Rt sbthe 'éwﬁaéfamférﬁgﬂaegaﬁbé%fﬁeaﬁéqﬁtréﬁa&fe 6 Romstositang, stk sat least

LRI coliures ol-callipapuialioBs:CoMPIising Mmammsliasy erdadrimahselsls, in at
wherein the expression o[ the GATA4, M:lXLI HNF?:% };SC FGFI7

IGARIEDEA PR O SR S FelRd ek B AR TS gfdhtarafadetms! cells, in
axmﬁsﬁwmGb%ef&l@%ﬁd&%ﬂﬂlpémﬂnmmdmom%mﬁrkemﬁmdm cells,

atle st ab ut5 0 greater natle tabo 95% pdoder
el e[ﬁiéé) Usi gtﬁqfﬁ"met‘ﬁ1 dt ecIiI(}.;ls(l:r(fB erenileaéi)mposetgg/jog?he Sdodermal
aaﬂmpmsmgledetfnattma eéidoderheelisisdbstahtialilsfree of bt dellityps¥ of the

b pigyeed insems Ebadiments destibsdhergin, the definive

erm cell popurations or cell cultures produced by the methods
descrlt@(ﬁﬁbrelri(ai'«e‘ié%é@m@ﬁﬁ%ﬁé@@@@l@ﬁﬁ@@ﬁgﬁ%éﬁ%@ﬁr@@@ relate to

E[Qﬁl g%"nssos?&Zh AP, P ARG EM, £1GL 107 &%ﬁ&%ﬁ@a%‘x&gﬁﬁﬁé mam_mahdn

1671 In one embodiment, a description of a definitive endoderm cell

wesdaron idexpresibhornakaphehts i/ Miigh MIXEmiGRC. FOF17,
PR lovk SRARG @YY, dmemRemedoiinriows PRX 7 0WeLX GRE H8Bxpression of

the OCT4, SPARC, AFP, TM and/or SOX7 markers in from at least about 5% to greater
than at least about 95% of the endodermal cells.

[6166) Using the methods described herein, compositions comprising
definitive endoderm cells substantially free of other cell types can be produced. In some
embodiments described herein, the definitive endoderm cell populations or cell cultures
produced by the methods described herein are substantially free of cells that significantly
express the OCT4, SOX7, AFP, SPARC, TM, ZIC1 or BRACH marker genes.

[0167] In one embodiment, a description of a definitive endoderm cell based
on the expression of marker genes is, SOX17 high, MIXL1 high, AFP low, SPARC low,
Thrombomodulin low, SOX7 low, CXCR4 high.
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Endoderm Cells [01681 According to some of the in vitro methods
wdesesibedhherein, definitive endoderm cells are maintained, grows200s/047175
passaged and/or expanded while in &ell culture, In some embodiments
the definitive endoderm cells are maintained, grown, passaged and/or
Fexpatided idiouti an ¥ sigdifivafitctifferentiation. In other words, in such
embo(j:id[i%%nts, ?i]?cgreJ{r."“@ s%rr}geogﬁ i S’ﬁ\l)lﬁrm%@{ﬁl&%g%s%%%gg%grein, definitive
endoderm bhenotype While being mamtametf, grown, passaged and/or
eespdadectils eelloaltizndO 1BV n sowgambovnsanenddéfinitigen cell culture. In
sgpdodRmaRlnLaRCUENIR xaRRYan, MANBdsAesitad BN pAtRiged and/or
multipotenLeells_that can differentiate into cells.of the gut..” tube or _
esrgateiduiived tsrefamiiosiich Termintierie pribse Hotdmitetrtd, @afigdiments,
Rf g RANCTERAS YR LIS Stemaah, IBSiNG HytRichthyRS PRI being
gallbladder and urinary bladder as well as precursors of such cells.
IdfRio I LotBseasRIEsd anHatsepaasbiB S SHE HYier order structures
such ggjtagues pgliRl-QRaBSHHIRIOMeRMPednasatsm higidatinitivahe expansion
endoderm cells are human definitive endoderm cells. [0170) Some
naHiSSinTerS Bt BSEHeib I HR At otih %&#&@%@fam cells.of the gut..
obtaining & cal et lRecomprisingcHeliniive eddotermeals litie:del, cells of the
culture can be a pure culture af definitivs—ﬁ end dt%rm cells ora mixeaq ﬁﬁxlc!lder and
RATATHE AHA CorgSe S GBSV ST HS P ehs B WaI BRSNS of tRGs
ypes. Hetddxamplelithe methosbiurefcantbesis cultddeicoahlyrishegebeths can further

PRSI e A A SRR STl RESEEdmBodinents

e ents, efinitive endoderm cell culture is obtained
thlifibrentioting doddtro cdlscuttbresafdsESCys: ndedtain @mbodiments, the

hESCTg% de”%%?ng%mb%m%ﬂ'@b%é@H&ﬁ&&é'J@@&?@Q& A EMBLYQASe a step of

the gonadal ridges of an embryo. In certain other embodiments, the
Qitsipoentebliliracderivet fm theigon 48 dsFy el tissties 6l leutture can be a

ﬂ@%ﬁﬁ%@fﬁ%ﬂf@etgﬁﬁm&%‘éﬁﬁﬁegr{?ﬁﬁﬁtbﬁl%ﬁ‘QﬁYQmth%rises definitive
[01711 Methods of differentiating hESCs so as to produce cell cultures

BRI uAan b ARivEs doder v eeils hat & Bauadbe fsdgeuiture can be a
dhraughepithisn anplisationnane inddScRatest ApplicatignNemb/0dik 618y cells
entitled DEFINITIVE ENDODERM, filed Decemper 23, 2004, the . .
(sefodurd bARRRPRY %?B%?até\é d@?é’?ﬁ“ﬁy% aréh eﬁtﬁ?ﬁscue{h\f{Fef?. obtained by
diavevesiiitonil berappieciatesethal apgEnolm caethodsifadipradsicthg hESCs are
uma Cpefinitive endoderm cells fl'om hESCs or frgm o{gtgc%[ humarg1 ell

P dEHE U n S6mE e m SO s P S naray %u%urrlgges of an
ohbstnitive endodeim coslisdirenucetepiuifferentatinghEsteddrrbethe gonadal
S B A, YA PTAORG SR SRSt

[017%] Methods of differentiating hESCs so as to produce cell cultures
comprising human definitive endoderm cells have been described throughout this
application and in U.S. Patent Application No. 11/021,618, entitled DEFINITIVE
ENDODERM, filed December 23, 2004, the disclosure of which is incorporated herein
by reference in its entirety. However, it will be appreciated that any known methods for
producing human definitive endoderm cells from hESCs or from other human cell types
can be used. In some embodiments described herein, the cultures of definitive endoderm
cells produced by differentiating hESCs can be mixed definitive endoderm cultures,
which comprise definitive endoderm cells and one or more types of other cells, enriched

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



definitive endoderm cell cultures and/or purified definitive endodenn cell
cultures. Some WO 2006/071911 PCT/US2005/047175 36 methods for

wobisipingwdefinitive endoderm cells from hESCs comprise congagiinee@is/oa717s
otherwise providing the hESCs with &t least one growth factor from the
TGF(3 superfamily. Such growth factors can include, but are not limited

testhidaloAcivim paneictivin &dbisamesamieeinems sthe.gppsehcontacting or
factor is provided to the hESCs at a concentration ranging from 5.n /mé to

00t nRrE AH E8RalieMBO Ui SR te GRS tagloris pfavied Bitng'e TEFP
KpSEsincultue atewenneentation pbaldeasteleuid NeirYd ab, INaghl, activin A

about 10 ng/ml, at least apout 25 ng/ml, at least about 50 ng/m], at le
AR 79l SPTEBGEBEE 05 AT AL oAy AL 20 Rt B Co at o

leastabolsn300ngintioat kagtrahoWd0thpeiml, latdeasinahinbis Samg/the, growth

-at least-abayt 100Q-ng/ml,.at least about 2000 ng/ml, at.least about 3000
A, AL b AUD0 g A6 U AT Or acr harp el <
BhouitsR00 hgfrih! [0l T2& 1 niathe? ©mijodimehisoftihet hethgds,deseniethout 75
herein, definitive derm cells can be i fr re-existi

3 3 h 1 <
Aot e R S
plortoh06f oy the atntive ebiturd tHayzivelsiddat-aheutiéfivitivg ehobdersh about-2000 -

ﬁé@?ﬁﬁ@ﬁ%@&ﬂ%é‘@@%ﬁ%ﬂﬁﬂ Rerein- 1034350 agdifion R APAINRG 6 ng/mi or

cultures comprising definitive endoderm cells, some embodiments of the
expadsioninetiBds Bstribed herein also comprise the step of isolating

at least of thefpfinitive sndrdarmcells fremdbe gellGUlE@etBin, definitive

such embodiments, at least some of the definitive endoderm cells are

sednderac iy e abtdBRd oMM RotEY aNg sHItHE Qdiretiftree sy cells.
produsingd salporulation ensichied inrdefinitiveenrdodaimecealls, Ip.samee i the
embodiments, at least some of the definé{}i?\é%egndoderm cell are removed

e eBflod s EXRATR R e Bp Lo tirac DtHEr cells remain in the

cell cultore3 Pthemcetisitioat @representdal theicakcutttneicany drtludeebitdoderm
are not limited to,. hESCs..primitive endoderm, trophectoderm,.mesoderm .
BB TOT 2L T4 bOher SR DO R A e e Ry ot
isalatin gStepgcemprises mprovidinglthe ¢olisdndthizre b clidtinewitle aell culture. In
Elelafge’mbvﬁ\)l lI[(%lh nqlsr,]%% fga% q}o%[nlée# Bﬁ@rg‘?ﬁﬁﬁh{% %Q&g%n&lﬁ? %@d&: GMed from at
ce‘fsbutw ich is'not substantially expressed in said other cel's present in ‘
thescetivalnirahnsYeseribedprévicaBhyeHérein tersbmerefisodinierts, Heeulation

Qﬁ?{&?\:{dcﬁp Q&l@ﬂ%geélnﬁldgé% G@@?Gf{Eh%%lﬁé@%@é@%ﬁ%%@!”&tﬂ%asc some of the

endoderm cells. One such marker that is described throughout this
dpprtitiopdusswsseliang fieesesdimngs theigh) e cRER A ngetome of the
A desaribashprevious!Lhewinuthe (eageniiRaundhre present in the cell culture can

include, but are not limited to, hESCs, primitive endoderm, trophectoderm, mesederm
and ectoderm.

[0174] In other embodiments described herein, the isolating step comprises
providing the cells in the cell culture with a reagent which binds to a marker expressed in
said deﬁnitive endoderm cells but which is not substantially expressed in said other cells
present in the cell culture. As described previously herein, in some embodiments, the
marker can be any cell surface marker that is specific to definitive endoderm cells. One
such marker that is described throughout this application (see especially the Examples
below) is the CXCR4 marker. As described previously herein, the reagent-bound

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



definitive endoderm cells can be separated from the non-reagent-bound
cells by numerous WO 2006/071911 PCT/US2005/047175 37 methods.
“Fd){{;%)%mgj an antibody against the CXCR4 receptor that is gg?%@g&&{m 47175
present on the surface of definitive egpgdoderm cells, can be provided to
~ definitive endoderm cells in a cell culture. Antibody-bound definitive

cells can then be separated fro ells in the C ture
RS TR oA Erd AP LSS (e TETsl R ™ electively
pankbodynteha salifhse pﬁodeﬁnimmtmghatﬂmmprtamlwmggedpmmmﬂyd ndafinitive
acf"%ﬁe“%@ﬁ'%'g 2ang mbo‘ifﬁ %”tﬁ nie a”tcP%%%'S re'%@?%@éﬂs $n then be

efinitive 6ndodérm cells after the e ara Ion process
sabtema‘hﬁeunems of sepahativituat leasosoramplet i definitivecendodieshhsorting
r f egst o] &cofhe Ils in the
&? }cﬁﬁg(?a goéggge%%y?lo;ba:%r%?%hé fflnltl\B/IPe ésr?%f Hqgrrﬁpgeﬂg%ig{éﬁ? tagged
d@uhgéef anad tﬁé@iﬂ@ép&?éﬂmdrth@a@%@téhﬂéeM@ﬁtam%ermMI@d@eﬁ@@ftom the
EAGS Asdrrerbeg PrevionsYe RS anddn he Examples, in such

embodiments, hESCs are transfected with a vector comprising a
quore{‘,‘éb?ﬁ}repoﬁ%la@é‘Héfﬂﬁdﬁ‘r thereoRir PR Brémetet fEmArider definitive

c8enSHhatdsshighly.pxpiessediin definitive.andederm salls BUENGS the culture by. . . .

S|gn|f|cantlﬁ expressed in other cell types. In some embodiments, the

speRsHealiant HpEER GEabR e Hind SrebtingR SreamGelsstbrtpibteind then

séEHR)i gL anh%@ﬁsa geepiuorasaanipeeR (EGFPh A8 SO Iescribed previously
g%lbodi ents, the GF and/or res nder the (i:ontrol of the

R hec ‘E%ro%éf‘é P RAB S8 476 fn iR @ vector
coulfuignp thidupresence:pbacidifecantikticn:fanionihatspecificaily diduaasker gene

the .pr |on of defjnitive en oder ref dem odlrm nts, the
tlgtff Q l? %/ d te m?’ nénc{én% ?lrs %ut n s TuILc n‘tlgc? vPressed in

erent "factor Is activin er preféerre ents
ofis eddbegde thesoeibmélatatadhcéhwmwmmfd;ﬁ@tﬂggnﬂe @16 dne encoding

?94&'?185?&%9@8;%@9%%?1‘&?& r@&('% gegc%frlxmtly fef| @Qgﬁgm In some

ceII populations that ar as a rgsult of the |sola Ing step are

eiisstamtinythe &oF @éﬂé@@tﬁ@ﬁ“ %wwed@rmwbt@ﬁdbﬂ@rm wells ofrfletHEp X 17 or the
cerehodimentiethergnughed dgfinitive-endadermeelLPQRHIANIANSHEOMRNIS . of a

from at least about 96% to at least about 100% definitive endoderm cells.

diffasmisther dissdinerres i bnietids dbfiRR ditdotefisggive endoderm. In

pRapHitionsieampise fim atlaastiabouti96%, & leashiabaut A% @ preferred
least about 98%, at least about 99% and at least about 100% definitive

eRIRAIHBRHS IE FoA 77 PAdbiuihg 6 HeHRBE A b oS TEHR 6P ! 00 ng/ml.

expanmmmetthsd@ﬁcrHa@ﬁbdiﬁrﬁm a@eurawm rEeseap ISHK)FEQHth@iedlefinitive
i? xamgﬁ o) embodi ents |ncI culturln atco rlses
en

|ng § the poﬁﬁ%“flgtﬁ%ﬁrl{ e d) itive endoderm e ol g step are
substantially free of cells other than definitive endoderm cells. In other embodiments, the

enriched definitive endoderm cell popuiétions comprise from at least about 96% to al
least about 100% definitive endoderm cells. In still other embodiments, the enriched
definitive endoderm cell populations comprise from at least about 96%, at least about
97%, at least about 98%, at least about 99% and at least about 100% definitive endoderm
cells.

[0177] According to further embodiments of the expansion methods described
herein a cell culture step 1s contemplated. For example, some embodiments include a
culturing step that comprises plating the population enriched in definitive endoderm cells
or a portion of the population. In some embodiments, the cells are pﬁlted on a surface

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



or a portion of the population. In some embodiments, the cells are prated
on a surface coated with human fibronectin. In other embodiments the

ng%ﬁ?fﬂﬁf:loaf[ed with poly WO 2006/071911 PCTIUSZOO5/Q%%JJ§SZ%§S 047175
ornithine. In still other embodiments sthe plates are coated wit

poly-ornithine and human fibronectin. In preferred embodiments, the

lates are JVF plates coated with bot oly-ornithine and human fqs
i3 -ornith d
df%%lrhgﬁnee(’:tin{.nlts\g\ml B?éleépﬁ?e%&g%@&‘% Satﬁé?[tjﬁjtl)%gﬁ ﬁﬁem(g)r? ?I r%ﬁec%on%oén ' %ne an
lpreferfdtoosting forptvécplatesiiedoribes, ey @it divaonBétin iomwified with both

pzéu IGER R TICIeRL L CORIDGLIRTeS {04 810 o ‘?-e&Q??&q'HHFQEﬁxJG&” human

turing step comprises incubating the enriched definitive endoderm ce
fpuputationior posfior: theredtsnfentbsparisfofesradivhhecomphilsipgeatipftom other
Q%) sermLItSaRg:embediments, the serum concentration can

range from about 0% (v/v) 10 aboUt 20;/0 (v/v)-For example, mm some
methotf¥ #kcribld othereirbaiiaertim (Boricd HFftor 8 theREarneabating the

D& AU AR M (VAL RBAULD: B¥b i¥lin 2R P Qed%nt¥Abk RbAHEL:3¥ion medium
(v/v), about 0.4% (v/v), about 0.5% (v/v), about 0.6% (v/v), about 0.7%

WRYiaEU S Hog (VA)Y Y ASETD. 9B (0105, ABBRI HaR  CatORE BRI (EA o can
r(@%ﬁk)ﬂﬁ%%ﬁ W) eéﬂ;n@;m,;@(w\amm?e)nr(a%@wmtmﬁxs@,%g(wme &bﬁhl;oﬂs%escribed‘ .
v/v), about 8% (v/v), abaut 9% (v/v), ahout 10% (viv), a % (\/v).or 0
5tk S0P, 0 G B NELE A P SinEHc o W iR 0.1%
(thre)madiutr), ALFN) | ruissit other @rbodione its %6f(the)exipandididniethiodsout 0.6%

cribed in. the ex Tolp) ium alsg gomprises at leas D8y about 2%
TRy h SR S GB OO, T SCIG LI gl Fhckay s 2pout 2%
(@rewtibfactovicomprisesua stienvier abthe TG (3 )superfaitilyy m)saetmt 7% (v/v),
z%@qy%mﬁ’ a%‘c‘?u%*l}%‘ﬁv ”&95‘??’6%“69@ A 4he 5ERG sUPSERITMN, (v/v). In

includes, but’is not limit 0 Noda , activin A, activin-B an combinations
oithesebgrovwen tactors: rvtaeranivelys incsedpé iarfisodirfaes, the at least

one grayyy;factqr can b dCELOsacambinaton Qi ARt @ APWribed herein,

factor of the TGF(3 superfamily. In other embodiments, the at least one
GRS e B BEGETREESGE A7t growih Bittr. [hapsrstatbodiments,

®hoqimentse the,akieastone sowhtactoncan HaRieembinatien: bt me TGFB
bFGF, EGF and a growth factor of the TGF(3 supertamily. In each of the

awevasitibodimerme areber menss ofthise Yrow fatforsedfbéprdseht de TOTD
ﬁﬁ&@&%ﬂ?@ﬁ%d@ﬂgmgsfw;mw do %ﬂﬁl}%@mHté,OQQi PRY/m 2l SHGkbinations

embodiments, the concentration of growth factor in the medium is at least

Afobises A Abqkast abBEREE YN SPRAIRO8IPSY hdhhi2alsihgtne erowth

AbRN R Rotmh BlieasiAbaL v JTAHH 28k 12356 RBPHLAQQ NEEFGRBISAR family.
about 200 ng/ml, at least about 300 ng/ml, at least about 400 ng/ml, at

Teihab P SBORBImMItS fedstsinvii BT hARIC R BabE A0t 2660 or another
AYnh atdeast aboyt3QAR: embodiments, the at least one growth factor can be a

combination of bFGF, EGF and a growth factor of the TGFB superfamily. In each of the
above embodiments, one or more of the growth factors can be present at a concentration
ranging from about 1 ng/ml to about 5000 ng/ml. In such embodiments, the concentration
of growth factor in. the medium is at least about 5 ng/mli, at least about 10 ng/ml, at least
about 25 ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at feast about 100 ng/ml,
at least about 200 ng/ml, at least about 300 ng/ml, at least about 400 ng/ml, at least about
500 ng/ml, at least about 1000 ng/ml, at least about 2000 ng/ml, at least about 3000
ng/ml, at least about 4000 ng/ml, at least about 5000 ng/m! or more than about 5000

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



ng/ml, at least about 4000 ng/ml, at least about 5000 ng/ml or more than

about 5000 ng/ml. In certain embodiments, a combination of growth
winciossiisgpresent in the culture WO 2006/071911 PCT/US20Q%/0462785/047175

39 medium. In such embodiments, eéich growth factor is present in the

medium at a concentration of at a concentration of at least about 5 ng/ml, ,
nRtilgast ahoutdD Rebphinkdeasiahouoabinginbratdeastaholt 5 ngkdium at a

at least about 75 ng/ml, at least about 100, ng/ml, at least about 200
C‘Pf&ﬁﬂif%ﬁ%ﬁta&%ﬁ?%@tﬁéﬂl,Ogtafelﬁgfta%boqﬁtgobg@ﬁrﬁf St abo il pe/ml at
1200-080MD 24 peast alieat: LOOG: 10/l |eaktabaiii2080nah | aatdeasbout 100

about 3000 ng/ml, at least about 4Q00 [, at least about 5 /ml.or
e ST HB T S06 I TS SO oS 2L S AL fsst
abxpasioymethodssintsomedEnpodine itssdelbioiti 2o @hdgkern delis about 3000

are-expanded by-fir taining- a- cell. gultur mprising definitiy .
" lodont Eo e i e BABS it d s AN L U, sbous so00
nphodluce a plurality of cell cultures comprising definitive endoderm cells.

These,ms hodrﬁl?f apding definitive endodeim cslls Y hasseaing e some

cells can be performed using any definitive endoderm culture regardless
ewbhdimsushdstitiriedseobesipe cFdy Bratnpradadele-iesthobigiagspe cell culture

cPf 85%%%%19@5%%‘1&%&%@&&19&%@9@8 AQllows the deethigolation&iem cells so

in the above-described expansion methods, or alternatively, this methods

agdp BESPertoPnIbE UG DeTthitve srideRB sk SehRE R S iodrTetHly.  These
rshifferentipted SremEsGs 1 QL demactrrdanaeswithceranespads pérformed

the expansion methods described herein, the step of passaging definitive
OB SN o FIPRET PO EF BETRAS G Sh3y et el SRS For
ckempEsingsdafivilivesendose pa eelifdor pxamplae tha @tigastepieat follows the
enzyme can be one or mare enzymes selected.from the group cqnsistin )
B pABAHTrtacd, e P EUTRGENALE, SHET EOIAGENae, Gpe i s i
rgallagenase biype b cotdhgenaseiciinjusin, dymldeonidasie, dlastase, been freshly
d[%}\las%l, gne diﬁ&as%. In some embodiments, the at least one enzyme
iiterenliate 1.1)m . S. .
comprises at least one protease. In preferred embodiments, the at least

one piBt8ke comprisedatypsiith Fortaraiplesinidbeaipemisodimdad described
rdgfinitye 9{%@0 ’ %@%ﬂ%ﬂgﬁ\ﬁ’m%i%I?d%‘é%ec¥§§%%hﬁfﬁsg§§§§ﬁ@%£’ghieast one

trypsin by firstr e culture_medium from the cells. Next, a sterile _
etrypsin LGRS s \viasa e RclgBRHI ST Rdd ff eel Kofop @it the at least

JRNLHESAL FQQMBIRMPEFAHYR- chBSHRASHE SN ERAISHE @R G BN ISIREUEChapain,
so as not to disturb the cells. After the trypsin solution has been removed,
RIS efinitGd eNisdBRaT-cens HreoHRsEE Wit A bERUPRSaI MRS ch qgsenase,
(RPN, With 2% (Av), SR anNvHe Colhuliysvessebisdhan agiteied, 30e at least
as to disrupt cell )

one enzyme comprises at least one protease. In preferred embodiments, the at least one
protease comprises trypsin. For example, in certain embodiments, definitive endoderm
cells growing in a culture vessel are passaged with trypsin by first removing the culture
medium from the cells. Next, a sterile trypsin solution is provided to the definitive
endoderm cells for several minutes at room temperature. The trypsin solution is then
gently removed so as not to disturb the cells. After the trypsin solution has been
removed, the definitive endoderm cells are provided with a culture medium, such as
RPMI with 2% (v/v) serum, and the cell culture vessel is then agitated so as to disrupt cell

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

comprises trypsin inhibitor to inactivate residual trypsin.



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

culture medium comprises trypsin inhibitor to inactivate residual trypsin.
WO/@@006/0i71911 PCT/U820 05104 7 1 75 40 [0182] It will beT/us2005/047175

appreciated that trypsin can be provit¥ed in a variety of sterile solutions,

for example, trypsin can be provided to the definitive endoderm cells in a

baland®d8dlt solutioH, s mpipresiked isbatarsoedasdiegohitided Mitemagguenf, sterile

incanb id -th inij erm | u ith ar .
e e L A L T e i

e b pets fithe wipandioninbts dedtAvetionerdlitte il tofpsin can be
PSRN Fefinibveiendadesm::lis.GaraRtines e A ncAID ISR PR G xample in

contacts between said definitive endoderm cells. Such mechanical
Wisreption’Bdniques should be

sufficiggigapubstaniially disturtpelbranigetssandiih e gunsikateethods described

however, these. techniques should not be so harsh as to affect cell i ,
Reatmitgh MVisEhaReat N arSHitSR SRECHRTRUES | SERIRRIS tittcetian cally disrupting
nnuvasteethese of arebnantskihindberaebl9 184k inmaetardencswiftiytechniques

ther aspects of the expansion methods described herein, the step of

TG U6 ST AR B S e ABORG SO Herigaer, hese.

ennodecmnstelisiing telkdisparsad butfEkecT hellceibiisperddkbiufférataribdisruption
tanr\{ndispersalhbufftertkn(t)wn in the art, t1‘oglexam le,.com e[f:ialfl av?ilable
Chemital GiSotiat SnTuie?s: [9185) Th'some etnbodiments of the
expan$idi@d4hethdds descodived heitbinydhethefinitiretendddbemesplissawe methods

rown in a cell cylture vessel. u .vessel [ d are :
B T R L A ol M RIS Al

plutals S isonte dvbodirpkénis alsel Héifpmisd Brbetedmecedls dhsperisaldlfer can be
altached 19 asistialewin gedainamBedimans, theteRhiPASIaginge chemical

said definitive_endoderm cells comprises detaching said definitive
neRsering LeliSTom the substrate. In preferred embodiments, the

substrajg g surfacenqf aniissugeriwefliaskpthathemdreter®deribed herein, the
embodiments, the substrate is a surface of a microtiter plate. EXAMPLES

{6187 MARg kiR eStEniples BERW dbSEHDE tHEUSE S plirbféiEfurfasets can
erlisddViethods: of prankicsag plutipatert: hura amackdlsiage wvel daneven ghaihiesuch as

all and have been described nymerous sci néific. ublications, in¢ludin

IS BStehPiios. B aRS5eT S ETE o T GGHEIE CHOY B G ob ok e
andi6;25%,67daswell ds UeBaiRatenbdpplicatibn Ruplidatiensddmg said definitive
29&%{3%283?%&%‘9 Sisclosures, LR SIRAR D CORARIE NI e substrate. In
reference in their entireties.

preferred embodiments, the substrate 1s a surface of a tissue culture flask. In other

preferred embodiments, the substrate 1s a surface of a microtiter plate.

EXAMPLES |
[0187] Many of the examples below describe the use of pluripotent human
cells. Methods of preducing pluripotent human cells are well known in the art and have
been described numerous scientific publications, including U.S. Patent Nos. 5,453,357,
5,670,372, 5,690,926, 6,090,622, 6,200,806 and 6,251,671 as well as U.S. Patent
Application Publication No. 2004/0229350, the disclosures of which are tncorporated

herein by reference in their entireties.



0 WO 2006/071911 PCTIUS2005/047175 41 EXAMPLE | Human ES

cells [0188) For our studies of endoderm development we employed
wiatsRan egpryonic stem cells, which are pluripotent and can diviggisaooso4717s

seemingly indefinitely in culture whilg maintaining a normal karyotype. ES

cells were derived from the 5-day-old embryo inner cell mass using either

immunological or mechanical me&g%d%ypggwation. In particular, the

human embryonic stem cell line h - as derived from a

supernumerary frozen embryo frimman Ebwitridsfertilization cycle following

infor nsent by the- patient.- Upgn

o ol OBl R sheloBSR! rgRigyed human
efifrolokistst@MER) |in FSanedéupiuinEM ,220% FEBSy ensesséntial anhifioitely in
cﬁﬁm‘é»Q%EQ'.%%%RIH&@%%@M{G?&% Egecglrl.@%%?ea epﬁre fttgr}lht%e S-day-old

culture dish and after approximat weeks, regions o
cOrhdiferiiarlineEs CE weeréwaimfersdogictiew tisHes wihmagids for isolation.
il "pRsfanyasiRceamplisbed yimeachanigal ghiting @nd 3 brief digestiansom 4

with dispase, followed by mechanical removal of the cell clusters, washing
SUPRIN I BIIN G OSTHC O atiom RESCY{S fradlsenrsenielty lodosdpadniormed
- cONRRLAR timepauéar empleyed {hgDESC R h MUMBRLIARIVORIG B’ 68 lmouse -

g&f as our starting material for the production of definitive endoderm.

eiTaest Whr ekl d b thexdisrskitiiie AN hEBSenvrangestial amino

agithebaluipeignuetlimeanaispbrrysethasestariing.amatediab fagdh& wure dish and
fifferentiation Elrocedures described herei .B(For example, cells obtained
agter a lH’H:PI '

o B BME GO A dX P S5 2 IRATCR ¢ rRBiakel %@Srﬁétﬁ’c%‘ls {eARRlFHTed to
nitvtdés ey, wah bEETsedlasiplerripetentoetjtisicstariingnmateiinll EXAMRLEa brief
hE 1:29.Charagterizatiogn 101901. The human embrygnic stem cell . .
e e B S S RE e rtyme ans
rantisedf-rémewakpropentdovan 15 monthstinscoulturessts el dink00 times. We
SisRIaVe SR fmUnpreactivity for the. 1 Pmbay d.and, [RA- 1-60.
ear}%ig%%:]s, all of which, are charactgriéticséﬁgéllf eﬂrlgn&t?aqtgasﬁaé%sngﬁgnai for the
PERGPraS Hikalime ivheaphatase activity as well as a morphology identical

to othgyygstablished IESEplings-FuinesRestheiRiman stem el g or owmer
hESCyt-25, also readllg}éorms embryoid bodies (EBs) when cultured in

PRSI GRIASER iR difstisstots ot s pumpistéHt Pathie dikieseyjation procedures
deliigrentiatemintavakiaupleelepesihatirepre sam e th IS NP IS h can

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

material.

EXAMPLE 2
hESCyt-25 Characterization o
[0190)  The human embryonic stem cell line, hESCyt-25 has maintained a

normal morphology, karyotype, growth and self-renewal properties over 18 months in
culture. This cetl line displays strong immunoreactivity for the OCT4, SSEA-4 and TRA-
1-60 antigens, all of which, are characteristic of undifferentiated hESCs and displays
alkaline phosphatase activity as well as a morphology identical to other established hESC
lines. Furthermore, the human stem cell line, hESCyt-25, also readily forms embryoid
bodies (EBs) when cultured in suspension. As a demonstration of its pluripotent nature,
hESCyT-25 differentiates into various cell types that represent the three principal germ
layers. Ectoderm production was demonstrated by Q-PCR for. ZIC1 as well as



layers. Ectoderm production was demonstrated by Q-PCR for ZIC1 as

well as WO 2006/071911 PCT/US2005/047175 42 immunocytochemistry
wifedder Restin and more mature neuronal markers. PCT/US2005/047175

Immunoeytochemical staining for 0-134 tubulin was observed in clusters of

elongated cells, characteristic of early neurons. Previously, we treated

ERsiRSUzpansiesyith icetinofeaCigsif induge diferentiatier Oheuronal markers,

pluripotent stem cells to visceral endoderm (VE), an extra-embryonic

IREagR crrediericalisaiirgs i thidh teveis ofa-rebsprotdinn @rpyramf clongated

SO cRMAMARIS PleMiy RYRdnloupsQidieaiment ; Cals differantialedifion with

monolayer expressed AFP. in sporadic patches as demonstrated by

iFRfRGHodgtbcHeinidate sEaifrg AR bl HEREHBE Fi5BlotF ithé Visceral endoderm
REECWh-easelhling yuas meeeapalinof Lorming delinitvereRdodesMy. fewoprotein

-as-validated-%—real-time'-quantitative polymerase chain reaction

(OIPE RYBAR inftieoR\HEEHemtiSty For BOREE Mt apgindechs Alferentiated in

exPieRSIaN.RAamonstr atessifferrntiation to masedarmedifeiantialing tochemical
EBs were analyzed for Brachy r}/ﬁgene exgression at several time points.

BIEHRury ‘et A6 (et BES S Rogis dvely Bliér tig' b dtirsevaf thigo capable of
éxpemyehiitiviewnabthenioregemgathe HWESAWTnRSding: iBplsipoieiaass e -chain
shown by lity to form cells representing th germ, layers.
SNt 5 Rl r SBRAT ARy 0 S R o G s toof ATP
terepidemtification déwefistitive difffodeintion e SCcuitures dsffhedackiaf EBs were
a priate taols, We therefore undertook the production of antibody .
G R S8 Vi ata R AR SRR opression
exprasségranagiolt therdbfinitivisceridbdermneaisnébforimsvitwing the foregoing, the
gRalaten ANd LS eXREeSRIn JednaipiAe I e QULIDS AIRPHIRne he he
Ievel'@of expression vgry along tr?e A-P axis) unl%l around the or?seto g The e
&gahgeriesis. SOX17 is also expressed in a subset of extra-embryonic
endoderm cells. No expression of this protein has been observed in

mesoderm or ectoderm. It has now been discovered that SOX17 is an
appropriate marker for the definitivE&Addernd lineage when used in

conjunction with markers t@ gxelite, extsargmbayaniedineages. [01931 As
describgd in detail herein, the SOX17 antibody was utilized to specifically ‘
examingﬂi#?écts d%v%ﬁ%éytr%%ﬁ%céﬁtéoaﬂﬁ df%#&?‘t?é&%h rotdtiives endoderm in
aifted atittihe probluciidnodfap@%lTarpositive Wefthittverandoglerme cells production of
(E?thaemrtiggt'b(;)iti;;i%cg1 geagjs\{% to aﬁFS% PAr'%(t: .%nd Thrombomodulin were

also emp gyeé fo Hle out the produc ibn’of Visceral and parietal
endodelh9&ixtra-Ehsbnpokic BRdddesmypressed throughout the definitive endoderm as

it forms during gastrulation and its expression is maintained in the gut tube (although

levels of expression vary along the A-P axis) until around the onset of organogenesis.
SOX17 is also expressed in a subset of extra-embryonic endoderm cells. No expression
of this protein has been observed in mesoderm or ectoderm. It has now been discovered
that SOX17 is an appropriate marker for the definitive endoderm lineage when used in
conjunction with markers to exclude extra-embryonic lineages.

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

visceral and parietal endoderm (extra-embryonic endoderm).



WO 2006/071911 PCT/US20051047175 43 [01941 In order to produce
an antibody against SOX17, a portion of the human SOX17 cDNA (SEQ

WD WO1)9¢brresponding to amino acids 172-414 (SEQ ID NOPQ}/ s 21047175
carboxyterminal end of the SOX17 ptdtein (Figure 2) was used for genetic
immunization in rats at the antibody production company, GENOVAC

(FreibgrmztGferrmaﬂydmampmﬁﬁﬂget@npi@ﬁ@&g@fgﬂﬁéé@m@gﬂQeﬁ@rtion of the human
tic, immunization can be found in US Patent Nos.

Sg,f&g,éﬁﬁ%%ﬁé}%@TQ,@%@%%%%&%&WW@H L2t EGhEP NO: 2)
iPdtentAppligatiomEublidatidntN aSOWO0 HR442 @neh-WOP UL ARdtHer genetic
IRSAIRS oL HED YRR RSN Slerenee SN pfrefFrebers
Gy metiodtifer geneticchimenizatiolaed atserdescrineceinuthe for genetic

Falelorfet l € ample, Barry.et a ibe roducti
1monogllz()%l%'}lll Egr%%tyc{d%ﬁsgquge?gi%?r%?n{uﬁ?zsat%g%ﬁ%}i?)tec’ n%éﬁgg ]?56%50’593 and
6646-88D 21 994! thdrdpseitiswed Bitanhishrdncongtrbliedtivardinsbyv000/29442 and
WeSeUeNag ) its.CHUEAN SPEATiG: | IF JDmunization oo i thei
methods to proeduce antibodies ag&;}?r:g{%%%%{%gpﬁ%gi}ﬁ?%nqge rf??ﬁ?le&c for" theix
CRYE e, -in-Costaglia-et-ak-(1998) Genetic-immunization-against the - - -
humaiewiotromihdiesaRIor GaLsea LRy Qiditis and allaws REPIHCHRR Blscribed in
monoclonal antibodies recognizing the native receptor, J. Immunol. 160:
R PAKEY KifSAWICK EPRFI008 Bam gl deirdiethprAdBaEesof monoclonal
aiipadiiz atigna mediatarapidaradpaiiomef marng Menosionad anibediessure of
o the Fit-3 receptor, H%/.tx)lggjom 17: 569-576; Schmolke et al., (1998) o
Identification of hepatitis'G VifGe [5afTclBS i HURAHL sermiy BompstinE senetic
imyowoetoinal raritibddiespgeherated tyd BNA #BIUPiZAtioNHrdtWEOtad Be found, for
4 4545; Krasemann 999) Generation of monoclonal )
e%%ﬁ%dué’s fgﬁﬁ%% grgtlé’iitéev&\f/ﬁw a%nﬁ%ccgﬁl\}lé}ﬁﬁﬁaﬁgin AGRIBRE BGdpageyrotropin
rapamenization birateltys dBicléchnelor8rdd0-dR28oand diivieri®bdles recognizing

ion of cl I Jo] 0 a defined porti f the
e A R R L L
deliyteehAdN 4 Pateh ipgnumictigistibsdiels ohpidicheahe ivcorgonatedtereinclonal

aniibeRfREE RS theis eptiy @P: ﬂfﬁ%,%))ﬁa@@gﬁ@é}%@{ﬁéﬁ%%sgﬁ (1998)

Sox family relatives to SOXI7 as” depicted in the relationa ogram
ldepbireiPRighie R (e @iy Ber telshimEH SO XFupo R Etee e monaclonal
amegative opttldo demonsiratadhatithe OxL7 antinogy. psadugedibv, /1 ot al.,

{ 58 tic immunizatjon is specific for SOX17 and does not react with its ‘
L oINPT BB R BRSO e E RS IR Protofis ietacomentional

nesipreseedhimshlimanfibrablasisaand them analyzed fan otess; reacivier er /.,
(B REH SFbedy S DR 6 R L,
pylori vacuolating cytotoxin by DNA immunization, J. Biotechnol. 51 191-194, the
disclosures of which are incorporated herein by reference in their entireties.

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

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



SOX7 and EGFP expression vectors, their transfection into human
fibroblasts and WO 2006/071911 PCT/US2005/047175 44 analysis by

wegiew llkgt. Expression vectors employed for the productionpek@6hé/047175
SOX7, and EGFP were pCMV6 (Ori@ene Technologies, Inc., Rockville,

MD), pCMV- SPORT®6 (Invitrogen, Carlsbad, CA) and pEGFP-NI
A% 9nRtechwRalg Al CAkprasractvely:sFon proteinpradulieBuction of SOX17,

telomerase immortalized MDX human fibroblasts, were transient|

fandretid Filth SifperolbuloNRGRe! provelosiess mbof%e'fm#e g pCMV-
Lroitrg e GadghadCaApadota celudar hsaras werectoliectary 3Glaoutio, CA),

ost- transfection in 50 mM TRIS-HCI (pH 8), 150 mM N % SD
By RSt AR SR or TSTBABRSABK Tgagatbroblasts
\RiagnasticsiGorpofatien Witlanapcbised NN WVesterphbletanalydin dtdBine 2000

of cellul oteins,, separated by SDS-PAGE on NUPAGE.(4-12,%

o e e o R N R P MR G s pos-

tedecteotioloiting) omid PRISFHMmYréhds (Heké dfeS 1A ynEns pbdbiedigeitlycholate,
000 dilutian : ti ' HC| ( :

SR CUaR LR Ieh SR AT R AB M SRR naporis,
3howréestsynaikalipeabybiosphHif see obrijtidgdee darieinat: Jgpr(daekBpr DS-PAGE on

NBPRBRRESeaICh, LABOrALIRS IMRRICIRYE o A BREbhavealed iy @ubtYerred by

Vector Black Alkaline Phosphatase staining (Vector Laboratories,

BerpgARHEC AY TR BibtBIR izees AR s de Wad Wi ialfge wafara 1/1000
ANarkers{Blgma. sOK oS- M (187 1 FigwerfEInGter) epBstst NaCl, 10%

made fromohuman fibroblast cells that were transiently transfected with
X 17 VS X T BFECERBRA S8 Ytobdd o WSt rAsbIGEE WA theesphatase
S aniinody. ROy e EiotehextRetdom hR@XldidsanstectaeheellgA), and

roduced a b f -'51Kda which closely matched the predicted 46 Kda .
RS ORI R TS DIGRRTH e 4 Wb Gt g ories.
el SEX6E7 Cantibtidy it exiradts madifioneeithenhidnean SQXHomBE&FP(Sigma,
§Ea[115fect ells: Furthermore, the SOX17 antibody clearly labeled the

nuclel of human fibroblast cells transfected with the hRSOX17 expression

constrigt®iut didindtimbelGelity tesmstecied withie HGRP laloe. Areblght cells that

JJE?@SQ;%S&ZIRI}IIQ&QW&Q&b'&%&Dg@&q‘w %@POEWP Lc'%)ﬂlx E?sliwgnp%bed on
SOX17 Antibody as a Marker of Definifive Endoderm [0198) Partial

|
Wierspantizirds H@éd@%@%ﬂl&ﬁéﬁéﬂiwm@@xﬁ%ﬁm&weéﬁ@rﬁoé@@tésom7
ssrnepstialgithabite FQXA{antibodyds SRREITGIRENIMBRS A bledicted 46 Kda

protein and furthermore marks definitive endoderm. It has been

el atrathat Be kamangoke WA alOFSe PRIt pikiRbat die SOX17
1hers@X gensdanulysubgraum FdfligtBudln SOX7 or BGFP transfected cells:

Furthermore, the SOX17 antibody clearly labeled the nuclei of human fibroblast cells
transfected with the hSOX17 expression construct but did not label cell$ transfected with

EGFP alone. As such, the SOX 17 antibody exhibits specificity by ICC.

\ EXAMPLE 4
Validation of SOX17 Antibody as a Marker of Definitive Endoderm
[0198] Partially differentiated hESCs were co-labeled with SOX17 and AFP

antibodies to demonstrate that the SOX17 antibody is specific for human SOX17 protein
and furthermore marks definitive endoderm. It has been demonstrated that SOX17,
SQOX7 (which is a closely related member of the SOX gene family subgroup F (Figure 3))

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



and AFP are each expressed in visceral endoderm. However, AFP and

SOX7 are not WO 2006/071911 PCT/US2005/047175 45 expressed in
weEtinitiye gndoderm cells at levels detectable by ICC, and thug, they £aR047175

be employed as negative markers fqgbonifide definitive endoderm cells. It

was shown that SOX17 antibody labels populations of cells that exist as

discrete groupigg_s of cells or are_intermingled with AFP positive cells, In

Shrfistnd inpdgtind s e Qrioieth e Sk Isvshndatec Bl b - Eergdvdis, they can be

&aplabete With.MFPhbawe VR, K68iARs W lSQiRYacWNEIR therRa@i@yn that
{(ﬁlﬁ ar no, AFP+ cells in the field of SOX17' cells (Figure 5B). Similarl

R RRT @%@%CF&%&%&%S&%%@%W&Wlaﬁﬁsﬁ’a_e}is or are

inciabeding with OXidsitogeihiar With it paricfadmase i SPARE andiatumbers

T, dulin (TM identify--the SOni=i lIs- that
oflpg’ggal??r%?]suwlgr coja%?f_peisyg Eoe‘el‘(\j/}?ﬁhﬁ&%%\}r T %’&?1_%1’3 %‘)ﬁggtg{eﬁ)(fm&a% nvrpere there

-are-pariet=ai--endoder
and SOX17 so-kbRled raiietht didoddriOeals welle (FodueeiBhy Jandoty, since

differentiation of hES cells. [0 In view bove cell labeli A
O e e R e S e TRy sox17
thgetthermatikéngppofile S @Xkz: I AFRIR EMIOr dhSeaRGsHuhrofhidf)\wends; used to

g EPIESSIRROING FOXL( mar 5%&1?%9?%?&8&%@@[‘- the, SXPISSSIOORINE 64 c,

AFP marker, which is characteristic of visceral endoderm, and the TM or

‘Bparemdiksrsahichald dialelstsdstiersipadetadendogdimwere produced by

Aceordinaiv-thessncglls:rasitive for SOX17 but negative for AFP and
negative for TM or SPARC are definitive endoderm. [0200] As a further

eviden@ Bththe petifitiny biinedmx 71 ApP BT MIOrS PiapE | Bmieatty of a

Qehilgas-pmrdigive af definitiveandadeny, tRQekitcanslohkPwener "/ Arp /[ TM"
(gx%ressiqg was quantitatively compared to the relative number of
n

body 1abelBcCEails MRESHERPIERGING PATRESES frdaidtPvithgrgaitaithan the
agitt{viscefaihendadenTk nduber), oroaetidn A (definiueaneedersin, and the TM

in resulted in a. 10-fold, difference in the level of SOX17 MRNA, )
B P R IR (e T ol I BnGR i B peordingl, those
htibpdyvable d O&lll Aumber riguréor BAHPunthenmgieyasgshdh dn SPARC are
cﬁaﬁ‘%ﬁ%@%ﬂ g&gi{yin A treatment of hESCs suppressed AFP gene

IT14, . . . .
expression by 6.8-fold in comparison to no treatment. This was visually

reflecté@PBYla drématie@gc%‘é@‘ in thiederpaberodf ARFElabefedibellyin of  the
dopseoulivies By sROWR ieFigures 8B 0. ayantify fhis JUrgh; it Washdodemn,

demonstrated that this approximately 7-fold decrease in AFP gene
HRPrbS&ish WHS gRRCresRIesSTA Sl SR LAGIH Rk rersRdishPRthe relative number of

anfiRedydsheled:gell AUMber s magsuredpy oW CyIAMethy:(RIBHEES d (visceral

9A-B). This result is extr_emelé significant in that it indicates that )
GuiAftativaERgSE it feme e oRdEuIH £odedsByimsiucen), resulted in a 10-fold
difference i the level of SOX17 mRNA expression. This result mirrored the 10-fold

difference in SOX17 antibody-labeled cell number (Figure 7B). Furthermore, as shown
in Figure 8A, activin A treatment of hESCs suppressed AFP gene expression by 6.8-fold
in comparison to no treatment. This was visually reflected by a dramatic decrease in the
number of AFP fabeled cells in these cultures as shown in Figures 8B-C. To quantify this
further, it was demonstrated that this approximately 7-fold decrecase in AFP gene
expression was the result of a similar 7-fold decrease in AFP antibody-labeled cell
number as measured by flow cytometry (Figures 9A-B). This resull is extremely
significant in that it indicates that quantitative changes in gene expression as seen by Q-

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



PCR minor changes in cell type specification as observed by antibody

staining. WO 2006/071911 PC171JS2005/047175 46 (02011 Incubation
wef AlsSH63%4y the presence of Nodal family members (Nodal, aggiyigdasds s

activin B - NAA) resulted in a significant increase in SOX17 antibody-

labeled cells over time. By 5 days of continuous activin treatment greater

than 50% of the cells were labeled with SOX17 (Figures IQA-F). There

were f O(ﬂ no ?:Iigﬁls}l:fg%% eﬁ%‘%@gﬁ Har %eﬁca%/%%%%(gl\%m}gaﬁﬁgﬁfm (Nodal,
4@R02 1Al nustimmiaity, Rhe ldatbody: pratl iice s agaiinsh thecasbo xy -BIMirmaintibody-

mino acids. of the, h n SOX17.protein identified human SOXI7 0

e R R A b @y fan 50% of
ey etativbibThd SOXID ¥hiilibdynreeddgnizedThere were few or no cells labeled
Srubsst-of- I@é}; q&,\r\ggq?e ESC- cultures -that were primarily
Soﬁ'f/%%gs (i re%ter than 9%%%‘?Iabeled cells) as well as a small
percedtd@el(< 598) ozt sotiabbl fopSONd FzamdtARP Qriseeydbrminal 242

a?ﬂggda%fﬂg) DF@ﬁ@tMnog6%@9%&@#?@&%@6@%%r@@%f"fj ;%rx]o"f'ein on Western

marked elevation of SOX17 gene expression as well as SOX17 labeled

Rletssbahdidravh atreanisupipressed thesestpresdinibirPvinRNE &ttheantibody

. rBLspheeef celiplabelpd wwith AFR;antibedy EXAMPLERL:PERGRBR primarily. -
Expression Assay 102031 Inathe following experiments, real-time
TUANIGHUS R PR (2P GRS WAt rebiiay kel ool Bereaitidg (< 5%)

dhegifeats ofvarieLsdretRents:on KES G, igitfencptiadionnin parigilant of hESC
al-time. measurements qf gene e sion were analyzed for multiple

r f e

T GBS e TP TR BETFRE ) G PESFE by SERHpTesson as wel as
Shanactesistic ceflthandesired:aalvelbasrasideshed galfipe WRFP mRNA and the
evaluated tq gain a better, understanding of the overall dynamics of the

“é*e?% 5?%?3%%%%%%63. 'Fﬂt[e% S rtle%n% f?bc?fg @5-PCR analysis includes its extreme
sensitivity and relative ease of developing the necessary markers, as the
genome sequence is readily avail%lg@;h/lf itﬁu%rmore, the extremely high
sensitivity of Q-PCR permits detection of gene expression from a relatively
small number of cells witlnPA-Fa(ehddinpresaermiasiy. In addition, the

ability fg>gefect yeny lowilgvels QhAGRS-AXPIEsSIARAIRYIdesINdICAlaRg (o-PCR)
for "differentiation bias" within the population. The bias towards a

"B AF R SHEAY O SalRivaT SpRBEL ith S 1Evrdpt efifferanratie Grenfoga BESC

digluat phenotypesds.unlecounableHsiog UNNesYasheMICal were analyzed
techniques. For this reason, Q-PCR provides a method of analysis that is
I

FaF TN LRGSR TS A PBte HIRAIP ARG RYsHpltir thiarker genes characteristic
dimmundeytiedhemicalitechnigidesfal seieening the:rUCERE608d o gain a better

differentiation treatments. Additional -P rovides a mechanism by
uvr\}g?éﬁat%ﬁng eft t?xe overa c@\namics OHXhSceigﬁrppopu ausonsm e strength 3/{ Q-PCR

analysis includes its extreme sensitivity and relative ease of developing the necessary

markers, as the genome sequence is readily available. Furthermore, the extremely high
sensitivity of Q-PCR permits detection of gene expression from a relatively small number
of cells within a much larger population. In addition, the ability to detect very low levels
of gene expression provides indications for “differentiation bias” within the population.
The bias towards a particular differentiation pathway, prior to the overt differentiation of
those cellular phenotypes, 1s unrecognizable using immunocytochernical techniques. For
this reason, Q-PCR provides a method of analysis that is at least complementary and
potentially much superior.to immunocytochemical techniques for screening the success of

differentiation treatments. Additionally, Q-PCR provides a mechanism by which to
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differentiation protocol in a quantitative format at semi-high throughput

wasalesofi@nalysis. [02041 The approach taken here was to pgifarikoeso47175
relative quantitation using SYBR Green chemistry on a Rotor Gene 3000

instrument (Corbett Research) and a two- step RT-PCR format. Such an
applicacihalloweekfosthedidnking.ed.cpNAsdnples lentaaalysB @iat at semi-high
%%:lditiqg)al ma[ker%;en s in the future, thus avoiding variability in the

revers Lf%ﬁ%gﬁﬁtioaﬂaeﬁgﬁlcs?ency between samples. [02051 Primers were
design¢@itbtlie ovEreexpmexbndeuntatessr spamfintrondaf.at ipastit80 using

._possib.le,asthis - -been irically detepmined-to- -

R o e DO L SRR R sy o o oo
geeneB IWB(ER donpleyeButtatdenpotcbntiviedr dmstbe thankpassEsBNA samples for

%ﬁ%ﬁ@%x@&@?%&&gﬁ i%@tif?fti@%?é%?sa%?&gf U%qigﬁity in the reverse

. We routinely used Q-PCR to measure the gene eXpression of
RGP inTapkBeecns Yarejatcan dapttictarget cell types in order to provide a

broad pifie; deseriptian QtAERREHRIESSIORINGEH SABMRIESH THEMBIKE Sor span

relevant for the early phases of hESC differentiation (specifically )
Sfsde it hdetdetiy, BrermitierontiBedth-HHe -Gatrdcempmiiaally determined. to..
endegarmhandifanwhishyalidaiedRime: seisareavailamearapiwudsshes were

below in Table 1. The human specificity of these primer sets has also
GEECHEMEALHARY. SRS HFP I Sb R Rt cshREc s g e D Naie ofietiment of

REWRanpReONSs feetlendayers. Most typically, triplicate samples were

taken f h copdition and indep tly analyzed in duplicate tq )
assess éﬁ}%}aﬁologlcglr\(/)gﬁfellf)9 itvté%grg(aetgagvﬁ}ﬁagéght fUgRtatpacssion of multiple
detdrmindtioncf0RUroTagenerdteyP&Rutendplate ptotall RINBrsua pisdliatéck cription
using RNeasy .(Qiagen) and quantjtated using RiboGreen, (Molecular ’
g e e e SR ST Wl pr s
dufursingtive i Sepipt hievbrse: ttadsTriptasedkitr(Biofdu) which dotteinsaad cxtra-

@%W@%ljg%r%r)mgaﬂgp%rp@mgﬂsvﬁgﬁlﬂegop%%agg%nal\gazﬁ/ailable are provided
subsequently diluted up to 100 pL total volume and 3 L was used in each
bolovgn Pelrerdadtiorhesiftanivg B0 pMbRsSuIm sinte eley sép Hpsardearstrated.

Tutd, i2%m KRR GrRencMAKIEN R fQageR) TR SIBR GYCIRIRAIaMELRrs layers.
were used employing a 5 second denature at 85-94C (specifically

Mrstibpsebsrdlfg Hertfes Aty Yakp B thefamptdor ol Bar rprintegependently

sebljedoweauby @aracesendmn R EXieRerab IR JEluoreseenae datiquantitative
\gas callected during the last 15 seconds of each extension phase. A three

SIRE Y8R dilution series was used to generate the standard curve for
each ryoary cyclethyashmtdPCR template, total RNA was isolated using RNeasy

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

dilution series was used to generate the standard curve for each run and cycle thresholds
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guantitative values based on this standard curve. The quantitated values

wioneaeh ®ample were normalized to housekeeping gene perfeimaneg@nds17s
then average and standard deviatiogs were calculated for triplicate

samples. At the conclusion of PCR cycling, a melt curve analysis was
@rigrmed dmasaedteinthatapeciiciivolihedrenationwAdinDlerspediie quantitated
roduct was indicated by a single pegk at the T. appropriate for that PCR
Gtcti, TReGEHIBI ALEE e AT oA R PSR R AEBAS ond ther
senved asdthembghtivei sontsol ard doutatdfoplifyplio208pAuiikst stephiaconclusion
e['s 'Shing the _F}?cﬁng tapn% alo Wagr\‘azl’gd;g&i?n Osfc tain the specificity of the
% riafeHodse eeeplng-gené/sm_s( égsfln €. exﬁe?lmeerr?tlgl. sysPem. 4
SirntethetHGiwaspuséd torormakizorsiiratss sanaplegfoptak RN ifipugpropriate
'oy é}é{ltﬁ?ﬂty r%nﬂcl:(}q. eflfrllcla%ﬁﬁyéét .x\flf\elz?‘csﬁiglfl V@'é{‘?oshaetcfh\%tﬂ%te %(ervpxlt%qr%xscriptase
constant level o?expressmn over time n all ample typesin order tor the
srovabdiy Htiore totbe nredihgididoywe rmeatifired the expression levels of

Cyclonfin. MRatanbipe phaspharhesianlsased (BT Ae rfsuion of

microglobulin, hydroxymethylbiane synthase (HMBS), TA TA-binding )
protens {rEPyEhecIgiicBrenidadeheta (G S HEifE et ting RESEe HG was

QUi st indicateds thahheta13r MICLAZIOMYIn SXRICSHORHEVRIS RT efficiency, it

increased over the course of differentiation and therefore we excluded the

e o tRld Ak hr A ATARPAELA CTREBIEY e e it 8 Eo Tk dhpll sample
ws&g&sﬁmwellmﬁ@hﬂﬂi@a?%m@basr@iefm;igfmcaakmeﬁ&lss%é@ FREtRENYssion levels
use th Cyclophilin G and GUS to calculate a normalization f r

a s%ﬁe%ﬁ@éf%ﬁhe%se%ﬁ%%ﬂffﬁrg HELSHiT Wé’éfagwr?r@éaffcef m?fgm beta-2-
i iapility.divh ereiicig thentinnalizatibns prdcesss) ald Tncieedes thercin (TBP), and
reliability of the relative.geng.expression . [02091 After. obtaini

B R b R R NS, R e A R, peca-2-
metarug@ge&rve ceo;pﬁes'shz)kf:@kelsomamjrmmahmogene@f aletrsentsaimplesi therefore
{f@cgﬂ Qge%lftfig %E %Eqﬁig [Pgrﬂat%}rg ?{:}Eﬁlt‘;{lh eTrﬁ'@Qfﬁér ﬂ§§ g{ﬁ%@é{f gonsistent

ave been chosen because they exhibit enrichment in specific
papetatonsershesatdtive of thslleatlyagenh lEpérecaid infpantivtiiagibavesd both

m«?ﬁqiﬂpée}ﬁ@tﬁ@ﬁ?ég@ﬁ%@ diferantialt Sxressed in qglfliﬁi}tli:g.e The use of

endoderm and extra-embryonic endoderm. These genes as well as_ their
PartiRie SbicHBHRSOES sHacRIgRRGRIGDTH T AT e PG BOmeIoY 1 tien process
BATASRA0%104 14511400 T MBLE L v e bayrkGanexikepression

Domains Endoderm SOXI7 definitive, visceral and parietal endoderm ,
{0209] After obtaining genes for use in normalization, Q-PCR was then

utilized to determine the relative gene expression levels of many marker genes across
samples receiving different experimental treatinents. The marker genes employed have
been chosen because they exhibit enrichment in specific populations representative of the
early germ layers and in particular have focused on 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.



MIXLI endoderm and mesoderm GATA4 definitive and primitive endoderm
HNF3b definitive endoderm and primitive endoderm, mesoderm, neural
ndoderm and mesoderm Extra- SOX7 visceral e _
W?r%ﬁ;%ﬁ%zFP visceral endoderm, liyer SPARC parietal end%%%?r&g%ﬁm””s
parietal endoderm/trophectoderm Ectoderm ZICI neural tube, neural
progenitors Mesoderm BRACH nascent mesoderm [0210] Since many
genes are expressed in more than &@&h layer it is useful to

Cuuaniigaely CORIRATe PRAGRsSImIBYaIs;al Many genes within e same

experiment. SOX17is éxpressed in definitive endoderm and to-a smaiter

CRABRHR VISCERSRNG Hal@Tak 00BN »@ 54 Afb R, expressed
in visceral endaodermiat| thigioaanly developmental time point. SPARC and
TM are expressesna parieiaheRAQCarsy ane BIAshyAHy is expressed in
early mesodefmnNG2d 1] Befiitive andadeinhagisneaie pradirtsed Qesoderm,
express high levels of Sl pdNA and low levels of AFP and SOX7
(visceral endddesm), SPARGIRaTiataleestagerm) and Brachyury

Efmesoderm). irsaddition, dics wasdsseehhere to further rule out induction

erabeantycectoderm. Finally, GATA4 and HNF3b were expressed in both
definitive and lextTB-embryisatiebodtdierm, g thus, correlate with SOX17
expression in| §€frive endedermi¢lable 1). A representative experiment
is shown in Figlids 11-1gandmchrdeiomnstragibschalw:ihe marker genes
described in Table | correlate with each other among the various

Egtagpiles, thus Bighlightineespe eific petterhsrof differentiation to  definitive

Meyeiédrierm and Bikié-Hniorgoic masiolterm as well as to mesodermal and

neural cell types. [0212] In view of the above data it is clear that

increagjpgefloses;af.aciiviny, eulteddn.increasing SOX1 (98N8 it
ex resﬁgiogr??Furthler this é%g% exp?es%gljon pre o?nl?gnranzt@ge%rrlgs ehr{gcf ayer it 1s
Yiefinitife BHEDHEYR ascopposed toiestieelbtionic Badpdasnss PHigin the same

SPBGIMSIAN Stemg ermeEt}ﬁé%Q&?ﬁ*@ﬁ@ﬁ:ﬁﬂ%%ﬁ&%ﬁﬁ%@&Br%%}%n‘ééa%xzent in
inversely correlated with AFP, SOX7, and SPARC gene expression. WO

v%@wm%lﬁé%§%/§g}ﬁ77@%éFP are expressed in visceral endoderm at this

early developmental time point. SPARC and TM are expressed in parietal endoderm and
Brachyury is expressed in early mesoderm.

[0211] Defimtive endoderm cells were predicted to express high levels of
SOX17 mRNA and low levels of AFP and SOX7 (visceral endoderm), SPARC (parietal
endoderm) and Brachyury (mesoderm). In addition, ZIC1 was used here to further rule
out induction of carly ectoderm. Finally, GATA4 and HNF3b were expressed in both
definitive and exira-embryonic endoderm, and thus, correlate with SOX17 expression in
definitive endoderm (Table 1). A representative experiment is shown in Figures 11-14
which demonstrates how the marker genes described in Table 1 correlate with each other
among the various samples, thus highlighting specific patterns of differentiation fo
definitive endoderm and extra-embryonic endoderm as well as to mesodermal and neural
cell types.

[0212] In view of the above data it is clear that increasing doses of activin
resulted in increasing SOX17 gene expression. Further this SOXI17 expression
predominantly represented definitive endoderm as opposed to extra-embryonic endoderm.
This conclusion stems from the observation that SOX17 gene expression was inversely

correlated with AFP, SOX7, and SPARC gene expression.




EXAMPLE 6 Directed Differentiation of Human ES Cells to Definitive
Endoderm [0213] Human ES cell cultures randomly differentiate if cultured
under conditions that do not actively maintain their undifferentiated state.

W B&EBdeneous differentiation regults in production of PCTAUS2005/047175
extra-embryonic endoderm cells comiprised of both parietal and visceral
endoderm (APP, SPARC and SOX7 expression) as well as early
ectodernal and. mesodermal derivatives as marked by ZICI and Nestin
(ectoderm) and Brach yury..(mesagenw)pexpression. -Definitive

endoderm cell a rance has n een ined ﬁr Eedﬁig for lack of
specific a:%&mé%ﬁﬁjjermuﬁtgg ?ﬁﬁ%ﬁrﬂ §?{“H}) P

early defitidye edﬁoﬂmnﬁﬁro&:&hbtmﬂtmESmﬂl@mﬂﬁuﬁﬁdnasmt béemwedzld under
siched Sipce aalisfactonnanibody reagenta far defiyive endoderm,gelle oy
have been unavailable. most of the ¢ aracterlzatlon%as ocuse
é@ﬁ@dﬂﬂmtm@uﬁ@wmm@mﬂen@f%d@wwwk;rthcederare@lg pificanshyd of both
greier numbers of @%&@a&@ﬂb{wc%@a&%&%@ﬁ@f ma ? 'é@éﬁea%'%n as early

comparison to SOXI7" definitive endoderm cells in " rand

EffetenidtagdEmcsetlnia rdaiToR 14 ﬁsfﬁﬁ&ﬁf’ebé’nﬁgfédahégﬁsé@ldﬁwem) and
exRanden@bedoffibieblast feedsss  the.calls,at the 8085018 CalAYo1 been

take on altérnative morphologies that are_distinct from those cells residing

FAHOE bR fefief st tf?é I?éibﬁ&sma\ﬂf apiivedy BisrredyEeany caluses. As such,

digfipguighed, Ry hekk fass e iaudetar gRIIGe! ROBYEH REINQICMY2RE: N6t been well
the e%{;ressmn of higher levels of OCT4. It has been described that as ES

SBI e gt 16° dRTSTRRBA AR AHF BRENSVIS SHEETS SRPEERRA TS BRve been
damlrabaﬂvm@t uﬂﬁﬂﬁ@}@mﬁl@tﬁ:&&ﬁmﬁ% fAdtekation aﬂ@féfm leMels tra-embryonic
ab or bel t} dlfferentlate(ii thr sholdtma f[% Ts initial b q
sPag ngf differentiath ﬁr%\vx?ﬁy fiém fﬁ%ﬂ 5151 é:ﬁt S1sj g bryonic an
uauhéfeodnna&dceﬁlmym Werecexaﬁmmﬂbymw definitive endoderm cells in
rgf?l}?egtpft%pe%@lﬁwﬁgc |0Rall(y small 10-15-cell clusters of

pos ive cells were detected at random locations on the periphery
| and at tRéltinctiofs betidennuridiffdieriiatetbhESCxgolohies. Adndted fibroblast

ARAUE, these acalieird e‘a(?,@é%ﬁ fl.oMiRRLGAQNY oﬁdaﬁﬁﬁn%%%%qpﬁ?o%%ms that are

some of the first cells to differentiate away from the classical ES " cell

FEBHolEy AR vbigny dxgarden ihsiecHAl Hebsrme! prore Mrswdddhese outer
Younasfs ampdardulysndifferentiated.colonies, (= dgmeﬁ&@ YSPiblogy and by
es

showed no SOX17 %%osmve cells within or at the e of the colonies

e BIg OmAd BB Hisey Lo rhidhiitebecs éa%&f%ﬁd SR as S relle begin to
'kwfa;tad;@&tch@@ ohiEDXh{ pesiiyeoAKR Nagatiye-ealls atgherpadphentlative to
of Same. colonjes.or [ regions Interionta ine edoghat did 00t e 2 MM rentiated

threshold may signify the initial stages of differentiation away from the pluripotent state.

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

periphery of some colonies or in regions interior to the edge that did not display the



classical hESC morphology described previously. Given that this was the

first development of an effective SOXI7 antibody, definitive endoderm
weellwgenétated in such early "undifferentiated" ES cell cultur@sinase05/047175

never been previously demonstrated?{02161 Based on negative

correlations of SOX17 and SPARC gene expression levels by Q-PCR,

tﬁ@ﬁ’f@lst}m rity S S P ne b ir
¢ 8io &{ngdé%ri&ribﬁer ggdﬁﬁ? galive Galls WilkPGas the first

gatlve for parietal body co-labeling. This was

S
ERRRsy© mmafe%Q&ITW@Méséyﬁf@wﬂ@m@#Wﬁﬁ gellrsaed in such
empwmmfdg%aﬁé@%§ odEDROSKES AR Qe %@Eﬁr?‘z@%\ﬂﬁ‘lf‘&%&nated

resulted in a dramatic decrease in the intensi

expreb¥oAl andﬁtﬁ%%eﬁﬁﬁéﬁtwﬁfw&&iﬂ%%‘iﬁgwﬁl}ﬁi@%@%g@ﬂg.ﬁ@rewon

1SAXbY Q-AER and Fid antjbadies aranstsivin jiaated cuitp r@egdg%eda 9fwill be
s %)g(vﬂégosmve eIIs t at were also negative for AFP and TM w

 (BRG\GIES P Wfﬂ%ré‘érér*éytﬁétlhi)&yc%‘ﬁd?é’FH%ﬁnoﬁ%tﬁaﬂ@%WPﬁm
dSiFpasite Ddfinitivesengqdemicelgdieciffespntinting Wa SE Eultiiees SA-B.
FI HI&s ?C(F)f %nc Ojfs ac 10\/2191-71 Wt trbﬂg ?O !% gntlb%?gé%a?ﬁ%gpgcégﬁ:irEISI}Slty

(folsuresc ove we have exp oréd'anumhb
~obfl dfficientbpiprogrammingribESCId beoomeccBO XL Ytk shkling using SOX17;

A%B%g&:lﬁi\b{l lagﬂgggigg &‘pggdd%[mlgqygatgx p“e clu f%‘getY gz)aillrerg?sstwe cells

differentiation protocols aimed at mcreasmg the humber and pr
thedpemalse tiest veller dsfihengdurbt wethebgsoputh it lesel by OGP CReer are the

AROX AT gste XRIassiRR AN, At w?ve';%m%“%ﬁ%ﬁ bzm&%ﬁ%y cells i
labeling of SOX17 protein. [02181 We were the first to analyze and

dif&eenbuitHelERdce Bt rerEs sarey o gréwrdfadiors, such as

Nodaj@etinin/BMRifardise iioreatingidefiitye eRdeder Mecelscdrafve we have
. r’pbr yonic stem cells in in vitro cell cultures. In typical experiments, activin

ORI BB G REFABTRR GARAD bt thedBoirBivth ragtara s B Gadadrecome

SG){tm@stx@fP‘Eerd mpa{matﬁd" hagranistermneedline SESCYR25 1pRAIN: thariety of
erent!atlon rocess [_52%91 As shown | | Flgur 19, add|t|on of activin A
At TOU ARG PRS0 Mo $'rdne FrMicheoF e # e RECHKPrEEGcTRASILY of

th@mddé@mﬁlatadm%ﬂmwday!aixoﬁ ﬁﬁﬁé@n@aﬂdtﬂ. Addiog a'Ctg‘é@a Bxpression and

f the activin f ther tlvm A, resulted ina
atgt@gfqo d mt? ctlc])"ﬁ1 o‘i/aer ufr}ld%) ea}rég? (%géach%%l $ %ﬂg{}( ? Cdmblned
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wpseforgned joxpay stegpeell line hESCyt-25 to begin the differentiation process.
[0219] As shown in Figure 19, addition of activin A at 100 ng/ml resulted in a

19-fold induction of SOXI17 gene expression vs. undifferentiated hESCs by day 4 of
differentiation. Adding activin B, a second member of the activin family, together with
activin A, resulted in a 37-fold induction over undifferentiated hESCs by day 4 of
combined activin treatment. Finally, adding a third member of the TGEP family from the
Nodal/Activin and BMP subgroups, BMP4, together with activin A and activin B,
increased the fold induction to 57 times that of undifferentiated hESCs (Figure 19).
When SOX17 induction with activins and BMP was compared to no factor medium

controls 5-, 10-, and 15-fold inductions resulted at the 4-day time point. By five days of



triple treatment with activins A, B and BMP, SOX17 was induced more
than 70 times higher than hESCs. These data indicate that higher doses

wanehdgnegyireatment times of the Nodallactivin TGF(3 family gagmRelss oa717s
results in increased expression of S@X17. [0220] Nodal and related

molecules activin A, B and BMP facilitate the expression of SOX17 and
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increased SOX17 gene expression in samples that were treated with
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medium containing 10% serum with added factors. Surprisingly, we

alisépveradtiatihencoRdBitrahie i orseruRRaL an drdenoreapeibUébofold over
uniehEXRIeTHAEN the WO 2006607 1R RGNS QA JL 93X 3. positive

presence of added activins as shown in Figures 24A-C. When serum
cqllyerasyalee [dersoksgronsive. activin A doses of 100 ng/ml or more were capable of

potently inducing SOX17 gene expression and cell number.

{0223] In addition to the TGFP family members, the Wat family of molecules
may play a role in specification and/or maintenance of definitive endoderm. The use of
Wnt molecules was also beneficial for the differentiation of hESCs to definitive
endoderm as indicated by the increased SOX17 gene expression in samples that were
treated with activins plus Wnt3a over that of activins alone (Figure 23).

{0224} All of the expeniments described above were performed using a tissue
culture medium containing 10% serum with added factors. Surprisingly, we discovered

that the concentration of serum had an effect on the level of SOX17 expression in the



from 10% to 2%, SOXI 7 expression tripled in the presence of activins A

and B. [02251 Finally, we demonstrated that activin induced SOX 17’ cells
wdivigle v gpiture as depicted in Figures 25A-D. The arrows shew §&S0s047175

labeled with SOX17/PCNAIDAPI thatare in mitosis as evidenced by the

PCNAIDAPI-labeled mitotic plate pattern and the phase contrast mitotic
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orrelates with markers for definitive endoderm and not markers for
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in the medium, higher levels of FBS will inhibit maximal differentiation to
definitive endoderm. In the absenmﬁﬁ%e@ous activin A,
dlfferentlatlon of hESCs to the deflnltlve endode{m Imeage IS very
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were differentiated b}/ growing in RPMI medium (Invitrogen, Carlsbad,

CA; cal¥282B70-0d6) sipbrshbing Wit ©:5080 2oonercedor FEEasiate to the
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e rfratist wels fsactisdnrdabapirady- wi igo et hetiithan that the
Afipsihe G dassr eRlicale sANPIES Werscollested fiom aachCultintm effects the

condition and analyzed for relative gene _expression by real-time
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was more in I|ne with the conditions that did not receive activin A
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gradient of FBS ranging from 0.5% to 2.0% over the first three days of differentiation

was aiso used in conjunction with 100 ng/ml of activin A. After the 6 days, replicate
samples were collected from each cuiture condition and analyzed for relative gene
expression by real-time quantitative PCR. The remaining cells were fixed for
immunoflvorescent detection of SOX17 protein.

[0228] The expression levels of CXCR4 varied dramatically across the 7
culture conditions used (Figure 26). In general, CXCR4 expression was high in activin A
treated cultures {A100) and low in those which did not receive exogenous activin A (NF).
In addition, among the A100 treated cultures, CXCR4 expression was highest when FBS

concentration was lowest, There was a remarkable decrease in CXCR4 level in the 10%



HNF3[3 genes is consistent with the characterization of a cell as definitive
endoderm. The relative expression of these four genes across the 7
fg%%y%u?n conditions mirrors that of CXCR4 (Figures 27A-D%;4]I'his _—
emonstrates that CXCR4 is also a marker of definitive endobi& .S[@%/BT :
Ectoderm and mesoderm lineages can be distinguished from definitive
rm-by-their- on. of-various markers. Early mesoderm .
e Rl A msatb e sugions tha
ehpresseseSOXE andZRIN) Figures 28A-D demonstrate that the cultures
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mesoderm and ectoderm gene expression and t%at among thé activin
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) e , rker expression. These patterns of,. . .
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s developmental time period. (0231] Early during mammalian
development, differentiation to extra- embryonic lineages also occurs. Of

particuld? #8levanke Hkraans engrrdramtiig of cosberdisengodberhfinat definitive

%H@é@ér?ﬂ%@%ﬂéﬁﬁ@?b%éﬂ&%ﬁ@@@zﬁhﬁ@?ﬂmmwtﬁxgﬁme&xpresses the genes
ndoderm, including SOX17. To distinguish definitive endoderm from
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distirot hetvegnthese tve.a Sy (eREasEats & makes haldsBxRressad A were
in the vitscl?ral en%;)gefrm but r%ot in th defir_litive endoderm lineage. Thus,

BtGFE 8 hdi RS ol SRBR I OB S G 7 GBhec i FFRESIR rifidethat among the
absence obSQXTexpredsian ar € Hkelyridicantain definitive.antleatls of mesoderm
\éi&?%@) gndodenip. It is. shown inrlgicggreaggrE tk}&t SOX7 was highl

expressed in cultures that did not racdive aetivin APEGHF a8 elhiBiR&do that of

sreBS et @xpiesssiontianepf Hie waressnogldf activin sédvinen SB& mrast ectoderm
nelvdeqah kecl lisipatien B 0e IvERe ofie CXCR4 expression

pattern and suggests that CXCR4 is not highly expressed in visceral '
endodéfd? [b232f ke rduatie Fuvmbeieh SOXeppmaninodéfiotnsiation to extra-

eamrgdhicalisapreseny maach ofthe differentiatian copditiqnsmeniengd aion of

above was also determined. When hESCs were differentiated in the - _
BRESEHCE DT High H5de ety AREIBRTFEI BN ESARRID FYDH98 athodylinitive
&QXdeth Crltsuamie Sbiquitous)y distaisteddmauanai dBGWRom extra-embryonic

2006/37199)1]? PCT/US2005/047175 55 cuflture. When high dose activin A
WASTH et B BB SWAS TN a8 B 409 RATSCTHE2 S8 xAFancL ke bpisdathese tvo.

dOXUclepowvet i equeinky: ahe alwaysappearethin iselatadslisiers: Mhebt in the
e e SRR LR AR R ST R RABN IS5 A2 8% 17 gene
expression in the absence of SOX7 expression are likely to contain definitive and not
visceral endoderm. 1t is shown in Figure 28E that SOX7 was highly expressed in cultures
that did not receive activin A, SOX? also exhibited increased expression even in the
presence of activin A when FBS was included at 10%. This pattern is the inverse of the
CXCR4 expression pattern and suggests that CXCR4 is not highly expressed in visceral
endoderm.

0232} 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
cancentration (0.5% - 2.0%) SOX17" éeiis were ubiquitously distributed throughout the



E). A further decrease in SOX17+ cells was seen when no exogenous
activin A was used. Under these conditions the SOX17+ cells also
W %&%f;gm clusters and these clusters were smaller and mygh-Hese ka6 175
than those found in the high activin As low FBS treatment (Figure 29 C
and F). These results demonstrate that the CXCR4 expression patterns

OefuRNeResRanshi@ defititive GRJQLeins aer8 X RIESHAPYTRISOUO(v/v), the

the number of definitive endoderm cells-in each condition. -- - - - - - -
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hESCs were differentiated jn RPMI media.supplemented with 0.5%-2%.
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Lortamivg 296 FBLSRE 2 tfé eFR) £S5t nutes at room f)emperature.

. ddfieicetswrdefilierdts threudghc@xdmanylon filters, counted and pelleted. - - -
Pellets were resuspended in a small volume of 50% human serum/50%
normal donkey serum and incubated for 2 minutes on ice to block non-
specific antibody binding sites. TokMgMPl-Effnouse anti-CXCR4 antibody
(Bheamy said ahld03 100)-was addedipe e & iSRRG se the proportion of
approximately 105 Cells) and Tabeling proceeded for 45 minutes on ice.
Cells were washed by adding 5H:Bfpai¥ssdifing 2% human serum

(bufferjpangy pelletgd. Aseepngwash with 2sekaf uffarwas: pompieiaddefinitive
then cells were resuspended in 50 | buffer per 105 cells. Secondar

%pﬁi(ﬂ%a? C(‘?’I'IE@ é8ﬁ}ifd’a¥8%]’u8ﬁ§€§-aﬁ&%&’;ﬁ@@?%@ﬁ%ﬁmﬁm iha%/ increasing the
deynsngaiResearaheaith MHbpeSeddbh)ovas @rldededt oppaol.final.

concentration a llowed to Jahel for 3Q mi followed by two washe o
2 bo&gl?‘%%lév\ﬁfgré&g%ﬁ%%ﬁ O RS s S e i .50
2naiirediandassodtédusing’a PACBMantdge (Beckierfibickehson)hyiffvecntiation)
staff at the flaw cytometry care facility (The. Scripps reh nstityte) . e wer
B R e oo TGLt POt DU LIOL A gets were
deRarFdysishBifferi(Qiagén) 1o sUbsedrientdslatibhohistal RNA (BPTA) for 5
SEGE RIS §{gnte§ﬂ?é¥§d§;gy r’?ﬁéf%@% %‘8%“%%&%&3 %J&?‘%@] B]r? avion filters,

number of CXCR4+ cells as determined by flow cytometrg were observed
tounabasd drdfaiptdcallydlsthevassecat@etidigd Atvassiere asbemns e 50% human

serum/50% normal donkey serum and incubated for 2 minutes on ice to block non-

specific antibody binding sites. To this, 1 ui of mouse anti-CXCR4 antibody (Abcam,
cat# ab10403-100) was added per 50 pl (containing approximately 10° cells) and labeling
proceeded for 45 minutes on ice. Cells were washed by adding 5 ml of PBS confaining
2% human serum (buffer) and pelleted. A second wash with 5 mi of buffer was
completed then cells were resuspended in 50 pl buffer per 10° cells. Secondary antibody
(FITC conjugated donkey anti-mouse; Jackson ImmunoResearch, cat# 715-096-151) was
added at 5 pg/ml final concentration and allowed to label for 30 minutes followed by two
washes in buffer as above. Cells were resuspended at 5x10° cells/ml in buffer and
analyzed and sorted using a FACS Vantage (Beckton Dickenson) by the staff at the flow
cytometry core facility (The Scripps Research Institute). Cells were collected directly



differentiation culture media (Figures 30A-C). The CXCR4+ cells were

those falling within the R4 gate and this gate was set using a secondary
waniipedy:only control for which 0.2% of events were located ipdha,Raigs/04717s

gate. The dramatically increased numbers of CXCR4+ cells correlates

with a robust increase in definitive endoderm gene expression as_2ctiv;n
. Ad s i.ncreased (Figures 31A-D). EXAMPLE 9 Isolation of CXCR4 ‘
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aglépletey callsiexpressiigtivalErs of mesoderm ectoderm and visceral
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CXCR4+ cells from each population accounted for nearly all of the

4

OCSERY gepids srprdatsio i i thir Pspinemsere s fitioneradehaene expression
. a£iigiency aidbe hACRMetad ot collscting these cells. [0238] Gene
expression analysis revealed that the CXCR4" cells contain not only the
majority of the CXCR4 gene expression, but they also contained gene
expression for other markers of gefiniiye grdoderm. As shown in Figures
lIs iched ove parent A100

' defuritive endodanm cene expregsyon and

fradﬂpmmmnwmeobv&r&dﬁﬂeaﬁme(ﬁxéeemlﬁ,femk@sﬁl :dﬁfi{ﬂi"ib&al endoderm

endo arkers. over, th R4 and CXCR4- ulation

displ yeg& e irlfl\?éersé% tgrnagég&‘e}%%(pcr%ﬁlsssibdﬁ%%ﬁ?a}ﬁ%r%a&p e'8 above were
cotedod e seetpaer ivardsextizesmspyenioendoderpedguresssdA-6Y the parent
pefiRRhaLbaCXpRAT SRl s dopleted for gene expression of

rachyury, MOXI, ZICI, and SOX7 relative to the A100 parent population. ,

This A0 lparehipoisiatiion! v areddy (4 izexpressienionithese dramatically
inBRBkar S felative 49 theilrw dos;onne astivin Axondit SUIS ) v
ot e WO 2000/07 1911 QT%ZZZE%@%%%7%?§§7‘;§? well with
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thyteldg-aiopopulrtionibauis highlyentishedJonang-subsamtiabb PUS y all of the
C%(gllgltlve endoderm. EXAMPLE 10 Quantitation of Defmitive Endoderm

: it ESTBEPIAIbh DYRPENERY (580 terpesiiih the efficiency of the
F ganiitalion fof thelpropgrtiest otriefinitive endoderm

[0238) Gene expression analysis revealed that the CXCR4" cells contzin not
only the majority of the CXCR4 gene expression, but they also contained gene expression
for other markers of definitive endoderm. As shown in Figures 31A-D, the CXCR4" cells
were further enriched over the parent A100 population for SOX17, GSC, HNF3B, and
MIXLI. In addition, the CXCR4" fraction contained very little gene expression for these
definitive endoderm markers. Moreover, the CXCR4® and CXCR4 populations
displayed the inverse pattern of gene expression for markers of mesoderm, ectoderm and
extra-embryonic endoderm. Figures 33A-D shows that the CXCR4" cells were depleted
for gene expression of Brachyury, MOX1, ZICI, and SOX7 relative to the A100 parent
population. This A100 parent population was already low in expression of these markers

relative to the low dose or no activin A conditions. These results show that the isolation



cells present in a cell culture or cell population as determined previously
herein and as determined in United States Provisional Patent Application
W%). 691},&;)13;21004, entitted DEFINITIVE-ENDODERM, filed Decem/besr 23/,
6039 the disclosure of which is incogporated herein by referehce in a0 47175

entirety, cells expressing CXCR4 and other markers of definitive

SHCEEMSIR AMAVEREY FAGS 02401 IR BEIPRRUSHASA yiclds o

thosé describe e above Examples, hESCs were differentiated to
provilmeu diirtitivi i caeehydl fop andoubrtars i br et deaniist e B ity
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 chifdr&iErtsorted by FACS using

three gpll surfase SIHIREEY EnRARAHT SXGR4A AndsphremharsagulibiCR 4
Sorted cell populations were then analyzed hy Q-PCR to det

rmjne. .
relativel &pthssiohPISOBIE B Ra kB e fifhitie BIRROTHO of defititive endoderm

¥iraembsyoRiciariadesireas well pspathesical ipasniGdCiRévanrtedicels and as
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sho

! < f . .
AR riBo bt oS Shal WerS el Blr e T Toife 3 Choma e " 1ed
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resHls Df i MarkEr@nalysis foted dediritiver ebdlodedih chiturBstiatwas ! which is- -

differentiated from hESCs using the.methods deseribed herein. Table2 .14 othe
é‘bcr%%)c%?ffbgn Bi'Bafinttive Eﬁ&%%é?mi &uﬁ?uirre?Pcercentheréer% Percent
Resdent ciidD@dinitiv enExtraembryoniel WES WErkérs) culture Endoderm

endOde(%zﬁggs ?r(xé7tgeo'r§9tl}c9g EQSQ”&?%‘QQ"H%&%%?ﬁ AePisdyP g’,§ampies,
CXCR4 7/0-80 100 O ECAD 10 0 100 other ECAD ne 10-20 Total 100 100

10 CO0WOLTESI0PISH P POTRISIBdS0FTa T ST DU PTG kRidqI g crease the
Table 2.indicates hat G GRAANAIBANEHoasiver6alISo(RBIEAGSMBS the medium

comprised from 70%-80% of the cells in the cell culture. Of these SQXlg-
expressingledirs, Riantah 204 Blpresked TV (paRetareRIcugRfhy dry™ DS on days

lasg thanl ¥, expIessas-ARR (isseragndaderminAftarsaubimstingcthepitopes, E-
proportion of TM-positive and AFP- osité've cglls fcom ined Joariet?ll1 and
V%g]l%%g&%a@/g‘%?ﬁyb oL Sotte cell populations were then analyzed by

Q-PCR to determine relative expression levels of markers for definitive and
extraembryonic-endoderm as well as other cell types. CXCR4 sorted cells taken from
optimally differentiated cultures resulted in the isolation of definitive endoderm cells that
were >98% pure.
[0241]

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

Table 2 shows the results of a marker analysis for a definitive

Table 2

Composition of Definitive Endoderm Cultures

Percent Percent Percent Percent

of Definitive  Extraembryocnic hES
Marker(s) culture  Endoderm endoderm cells
SOX17 70-80 100
Thrombomodulin <2 0 75
AFP <1 0 25
CXCR4 70-80 100 0
ECAD 10 Q 100
other (ECAD neg.) 10-20
Total : 100 100 100 100




proportion of SOX17/CXCR4 positive cells, it can be seen that about 67%
to about 77% of the cell culture was definitive endoderm. Approximately
w0k the cells were positive for E-Cadherin (ECAD), Whichli%%ﬁg gg,[]
for hESCs, and about 10-20% of thesgcells were of other cell types. %24
We have discovered that the purity of definitive endoderm in the
differeptiating cell cultures that.are.obtained priqr S on
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amxpmebed of FBt4y dedinltival edrdoderifice i tthagtie Bropracedi o4 44M-positive and

%@éﬁsi&\{ﬁ\%n, 9@?Q@g‘?ﬁﬂ&@&ogkﬁgﬂlb)ﬁﬂ@eﬂ?&gﬁaﬁe&ﬁ%%ﬂeBGJ@ RAXS from the

maintained and expanded in culture in the presence of activin for ,
RiRpaRsiotheh SOX 43S thbe dRpreclbIE aifche et ditIAbSUER Thsiesabout 77%

TR Lo XGRA MAKlLiRATAGINER(3 Rppessiends manfainedovens were
the cultureé)rerlod. Additionally, TM, SPARC, OCT4, AFP, SOX7, ZI

Cl

RsHERICE (ke bl Hed Bibavinithdsa matre LTt ShigaRrthab Stich eié of the

&an Q@rm@@@t@g}q@a%@xpanded in culture for substantially.longer than e
50 days without appreciable differentigtio . EXAMPLIF a%ﬂAdditio%%L d in th
MarkeFBFBkfinitlé BATOJETHEEIS (6248 IRTHE QloRfHE Experiierit™ 1 the
RiAnagisolaieduramspuiified odeflndiverendodergs anphbutioanan be improved as

embryonic stem cell populations. Gene expression was then analyzed b
%’éﬂ%g{é?ﬁp t3nél{'??sié-:‘bgfe %geﬁﬂﬁeéo%%aﬁﬁr%ﬁriﬁé%%%ﬁIalfi}(’) n@@ﬁ%}ﬂnf\’)va%ée FBS
@alsoepediosmed 1@ filthérdnybstigdte thé pdtontidkot geresepprasked inHowever,
definitive endoderm.but not i ryoni m.cells, for ,
e e b T B g groceaue
rhaintaihednin RMEM/EIRbmedinlgplenentee adtipooblkhetk@uroduced.
SerumRepiacenent, & Ngiml Seombinapto itian Parig freRlashlonthin have
factor {bFG ), 0.1 mM 2-mereaptoethanol, L-glutamine, WO 2006/071911

e S a5 474 75 PuiAd Aleswlital a Hifner s dtfrotivin for greater than 50
epicllip{sirepiRnytinhEe e differenfiated igedefinitive, endadesmmIx L1,
by culturing for 5 days in RPMI media supplemented with 100 ng/ml . of

Cet b AbinaNE A AR eI A TP B Yo i i) psrgd:  Additionally, TM,
penicitinfatreptamy cim xXThe ronsenationiphRBSwasiatied cachdayl@ses. It is
follows: 0.1% (first day), 0.2% g,decond day), 2% (days 3-5).%02471 Cellﬁ |
W@%ﬂé&aﬁ%ﬂ‘tﬁ?@ﬁ:&?&i}f’eﬁ’@éﬂ fiod i Ut ene fRr substantially longer

than 50 days without appreciable differentiation.

317175 |

EXAMPLE 11
Additional Marker of Definitive Endoderm Cells

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

[0246] Human embryonic stem cells (hESCs) were maintained in DMEM/F12
media supplemented with 20% KnockQut Serum Replacement, 4 ng/ml recombinant

human basic fibroblast growth factor (bFGF), 0.1 mM 2-mercaptoethanol, L-glutamine,



order to obtain purified populations of hESCs and definitive endoderm for
gene expression analysis, Immuno-purification was achieved for hESCs

wsingere A antigen (R&D Systems, cat# FAB1435P) and for definifive .-
endoderm using CXCR4 (R&D- Systegns, eat# FAB170P). Cells weré )

dissociated using trypsiiVEDTA (Invitrogen, cat# 25300-054), washed in

phosphate buffered saline (PBS) containing 2% human serum and _

s GEsaHak ATH 088K AP SURIRGHIREOmY 96 miRGRéS toVBlB fifferentiated to

dednitipeciiito binging. c Staitipgor a1 Sal et PA TRl 30 BUPMIESARICE Y 100 ng/m!

Qgtddin%%.oo qu@g%goe%thrin- onjugated antiboﬁ%) 5x 106 cellsin 8001
GRSSH SRV " BT Ti8rd sty RREEC S Mot P s g reptomyein.

Tesuspandadan bifkE thessamel LAR Seisalalion waD. Carigduihynhe; (second

dcéogezfgﬁgg/ ogg-ue Scripps Research Institute using a FACS Vantage (BD
1dscienc s) glls were collected directly into RLT lysis buffer and RNA

was is8ldfdd by(RNeasyeacodrain @ jofthersmanufactuiersinstilciens, (FACS) in

(Qia n)tg 48] Purified RNA was submi in duplicate.to Expression ‘
OAnaI?/%iso gaﬁ?hélr%ﬁrﬁ@)d%?“g%‘ﬁ%‘?%ti%% g#ﬁ%eﬁ%ﬁsd&%g‘ﬁﬁé‘%ﬁfé%r% Slsify sene
ctscAfiymaetaly platformuneduil 83t Plus 25 Highae isityEsligonsiole 668a 4 antigen

(R@%ﬁ@&w@wﬁq}im9?59%0%9p@J%ﬁeeJDaédggﬁéEE@%gg;%xcm (R&D-

differentially expressed between the two populations,

Syefrifvedndati PG e hed e difshettiadobing upnandEnbhdéritrogen, cat¥
283DIESSIOMWaVR PUEPRBIHRUIR IR 3G S WErB SAIBRIBL A% B8Whuman serum and

candidate markers that are highly characteristic of definitive endoderm,
rEuRpErgeh s 108re huaspenioperad Heupkisadublosk renvesifisdinding.

Sganmexpiessian-ahanges: foundanithesgene W%Q@Qx@@@d%ﬂrmegﬁg%@rythﬂn-
the ex%rffssigbn attergw of thes genl\%iduring a time course of hES )
CORFRAISHAtIB TR A0 Pighite SSRAIM Chil iR Yo WRpréstion rEstitshed tvice

waertdimafkers Résulimaredisplayed foricell aitresanalyzed s 3@8Gon was
C5 dg s after eegddi;ior&.&nf 19C}hng%ml acti%éin A, ‘CR4-exg)r.essinr€
detnitve ehdoderm calls putified at tHRPERtT T8 VB HKy SRR rAtition’ antage
(Brbdbdere{GXDEY cindwnrpunfiecdtiE SCs1IA tanFdriBdpsaf Hriffuresi340NA was
: : IX rker genes, FGF17,.VWF, CALCR,
R e O st
identi¢&F48 WO PooBrd7R4A PET/U8R008104Y KitH | 66iedch Btherssind Analysis

whishisalspridentica) EXRIEsSion.of GXS o
ORI 01 ol Rl YR AR o

bt FH G ri disdrrsisaHarm SeRTe gpibssind estraresmissfomica group

cEngedesM (RINCRHAXY jenRoUaxReseY Inxhedelintive-endrdeny gmﬁulations,
hk%t:‘%of SOX17/SOX7 provides a reliable estimate of definitive endoderm

ifo B HIE SEHLF EprediiBRtwitfbssdtPithe robust upward change in

expression level over that found in hESCs were selected as new candidate markers that
are highly characteristic of definitive endoderm. Select genes were assayed by Q-PCR, as
described above, to verify the gene expression changes found on the gene chip and also to
investigate the expression pattemn of these genes during a time course of BESC
differentiation.

{0249} Figures 34A-M show the gene expression results for certain markers.
Results are displayed for cell cultures analyzed 1, 3 and 5 days after the addition of 100
ng/mi activin A, CXCR4-expressing definitive endoderm cells purified at the end of the
five day differentiation procedure (CXDE), and in purified hESCs. A comparison of
Figures 34C and G-M demonstrates that the six marker genes, FGF17, VWF, CALCR,
FOXQ1, CMKORI! and CRIP1, exhibit an expression pattern that is almost identical to



population as a whole. The similarity of panels G-L and M to panel C

indicates that FGF17, VWF, CALCR, FOXQ1, CMKORI and CRIPI are

j ers of definitive endoderm and that they are not significant! }
“)ék)((%%rxeg)s%%rgliln extra-embryonic endodgrm cells. [0250] It will b%CT/US203/5/€}47173

appreciated that the Q-PCR results described herein can be further

confirmed by ICC. EXAMPLE 12 Generation of SOX17 Promoter-EGFP
ciaAdyenidhBS ks At GRICRthProttiotce! BEREsPranbgEiRABSThe ratio

Einex1025dkAs an.alistative g purificatipneh definiy 1 UG finiti
Othe CXCR4-specific antibod)e/i,) EGFP %st\lions to eithe{#’teﬁsé%%m% or the miive
cesedimn prorsbierdn dap HaXiseupisspagtiotrarcrhsyBREnpiy dastribiy engO X7 is
nSPRSPCONi A AVEGIAN ARSI BRPAIIS! SESERLE WHISH CRIRTISES Rliable

reporter gene under the control of the SOX17 regulatory region. _
eﬁ%%ﬁgl%fw@%ﬁgﬁ%%%h%ﬂglbéef& Koprisiagld eeporaieTcaddrgeed in the
pYRIGHGRIPHSQAA € POTiesi faRRYNFesdha controlRf MeCELRAC indicates that

re ulato% rg(?ion Is described. This Example also describes the
L barSUBR i Alcel: Seh b & WH R fbryRMic stertie Tiatkersabgetiniive
edid @ne aidnae ofcdihese veckissiaswell aspresrli Naviraihisone &k b8l derm
Cgf these reporter cassettes integrated into its genome. [0252]

5‘X17-'exp‘ressing definitive endoderm cell lines and CXRC4- expressing

definif@zséhdodermiitelt lipeseganetidaltytiagyetRit @ e pReeiigEne:a%a can be
ﬁﬁ%nét(r:%%lﬁgngx Q'%({LEQ a GFP reporter gene under the control of the

regulatory reglor?/ promoter) of the SOX17 gene or the CXCR4 gene,

respectively. First, a plasmid construct in which EGFP expression is

driven by the human SOX17 or GXGR#g§Ne, promoter is generated by

replaci?_g the CMV promoter of vetor PEGFP-NI (Clontech) with te

LERHEALSOXF 5 OXORIOESAtkal Febiais SFRedE e ntrsicrctiio
the characterized regulatpyyrglemgnts,of aither the.oOX17 or the CXCR4
gene, and they is sufficient to confer the normal expression pattern of
thesel§&rls in tPandGeHIBTHRATES 1P WEIiSoai 72D fefinitive endoderm using the

CRCRAISROGRIOASISy 6dChe rasuling \wear 1exBesIPROfERQR I8 promoters
driven by et'Ltnher the SOX17 romggéef%rt e CXCR4 promoter. In some

L PBHTENt BRI Ao e B R SRE IS R RS 1o o5 3] VPRigT comprising
a SEXttZrpramoter/iBGdhPocagsaite ortpe X GRE premote EGRR casseiesOX 17

REAERPAAM (e hOVS JREIOL Al (D SbeloReq i & Seieclon
acior cortaining the neomycin phosphotransirase §eRe GRHEHE KDl GPorter

cthreiphogpbbgliyugmates kinagedipgemoter et hbesetectiono¢abseftE (R4 regulatory
rJEi‘S‘K%Q Bé(ssfrlﬁ)5§C0mﬁ§ng§gnggpeo%gl%s%ﬁ s the preparation of a cell, such as a

human embryonic stem cell, transfected with one or more of these vectors as well as a

e

cell having this one or both of these reporter cassettes integrated into its genome.

(0252} SOX17-expressing definitive endoderm cell lines and CXR(C4-
expressing deﬁnitivc endoderm cell lines genetically tagged with a reporter gene are
constructed by placing a GFP reporter gene under the control of the regulatory region
{(promoter) of the SOX17 genc or the CXCR4 gene, respectively. First, a plasmid
construct in which EGFP expression is driven by the human SOX17 or CXCR4 gene
promoter is generated by replacing the CMV promoter of vector pEGFP-N1 (Clontech)
with the human SOX17 or CXCR4 control region. These control regions contain the
characterized regulatory elements of either the SOX17 or the CXCR4 gene, and they is

sufficient to confer the normal expression pattern of these genes in transgenic mice. In



to allow removal of the cassette. This selection vector is linearized, and

then introduced into hESCs using standard lipofection methods.

Following 10-14 days of selection in G418, undifferentiated transgenic
W%%’?:Tg%és is isolated and expanded. [0254] It will be appre% Ly 047175

reporter genes other than GFP or EGFP can be used in any of the

above-described constructs provided that the reporter allows for cell
tiseprsrdtion ycfoA CSPEXAMPIE TG A ednative isoltittorihef BieKnitipeomoter or the

5] The f i that hESCs

e Ty e L SR AT e e e B

differdfi#addd intbhaetiditlé erdoeterfiGBliscasneltthen SubSatuBntyromoter/EGFP

claeiateds by lereacanGaAtvAleGal SONALM R {0298 SORTLOEn vector
CXCR4 promoter/EGFP transgenic hESCs are differentiated for
capisiaNimAe ReaYoia A Hbins ir gro arpcriE Rl rragislamifty Posphgehycerate
KAV Aréndee wwmz-elmdjﬁfs%ee@ti@tﬁghﬁeﬁwrﬁﬁhe&hﬁﬁ\ﬁ%@&q@&sﬁnmon sites
Y

trypsin digestion and sorted on a Becton Dickinson FACS Diva direc
St RNATNSE BhART BBl ThiatAlshiien SFR R/ansenyd ardihanptpduced
igatingsos Eﬁ@as&ﬁild!:ﬁiﬂlgiﬁdﬁ’@t@m|ﬁleﬁ{6d§at$@timil§§5hﬁﬁ Rogitivedn@iection in
GEP negative popuylations. In a_separate experiment, the EGFP positive
b SRS Bhsonty Goas CoHEIBI St to.
fluorefizige intengity {Hupmddia}d Q25 7 kettowiagsoriagieallGFP or EGFP can
opulations are.analyzed, by both O-PCR and i ocytochemistry, For
B R PO R PR R S Bl o
sthentconbeiddt® cDNA. Q-PCR is conducted as described previously.
For immunocytochemistry analysis, cells are sorted into PBS, fixed for 10
minutes in 4% paraformaldehyde, and adhered to glass slides using a
Cytospin centrifuge. The primaryEZatd8dFEIOX17 or CXCRA4. An

appropriate secondafy. aninedy. RN EHR: frld EnlgiRen) O
Rhodamine (Reszls used to detect binding of the primary antibody. WO

2006/870811 PARASSIOID E1a T8 60 S et dehs nrernpagme a SOX17
osubjected i QoREREMalysis: Ritfarastiatgd: sellsahons aseniglationelierm cells

EGFP fluorescence with endogenous SOX17 or CXCR4 expression gene
% 95%%1@%%&}%&&{8%%3@6?&%%%@1&%@9@%@@&%%@%a|s

show p1gepter taN PAoldincEasedn SOXARQrHORAGKRIREFIONKESCs  arc
R S o o o o RSB GR waing 100

expressiontievel correfates Wi 1'8%
ngfyd|.abi sigdd i omor®GXmor T¢CRAermRMAdanalysis; shetetaelisarey trypsin

d?g‘é?{?o%%%%@éﬁ%@ﬂ%g&gﬁ'B'x%ﬁ%é"o%afyz&?@sof)%?ﬁlrgc% into RNA lysis buffer or

PBS. A sample of single live cells is taken without gating for EGFP and single live cells

are gated into EGFP positive and GFP negative populations. In a separate experiment,
the EGFP positive fraction is separated into two equally sized populations according to
fluorescence intensity (Hi and Lo).

10257] Following sorting, cell populations are analyzed by both Q-PCR and
immunocytochemistry.  For Q-PCR analysis, RNA is prepared using Qiagen RNeasy
columns and then converted to cDNA. Q-PCR is conducted as described previously. For
immunocytochemistry analysis, cells are sorted into PBS, fixed for 10 minutes in 4%
paraformaldehyde, and adhered to glass stides using a Cytospin centrifuge. The primary
antibody SOX17 or CXCR4. An appropriate secondary antibody conjugated to FITC
(green) or Rhodamine (Red) is used to detect binding of the primary antibody.



CXCRA4 polypeptide (in embodiments where CXCR4/EGFP fusions are
used, SOX17 polypeptide expression is analyzed and in cases where
i P fusions are used, CXCR4 polypeptide expressign.i <

W?r%al@zzf{é%?ﬁSubstantial expression ofsgither the SOX17 or CX%%? PSOSIATITS

polypeptides can be seen in the enriched in the EGFP positive fraction. In

contrast, little expression of either the SOX17 or CXCR,4 polypeptides is

seen [#2F8 EGRPtHbGsHyetratitibier [OA5 VN @nBER rertllysisat laifErentiated
caROYEave Pl celby Presentin Mg difierentaiedoalh cUles BRar%, cxCRr4

sorting are SOX17/CXCR4-positive definitive endoderim cells. At least
CAH5ERIO004HE HPTEALTh thesbred CetrpdbinstisHeadls, the EGFP positive cells
sSIRIAXA TifeXGRArpoStheeddalinitive endagerm eelleEtMBlRd40RaR%30€ The

of Definitive Endoderm Cells in Culture [0260] This Example demonstrates

SSRYRIHE Rt e uhdBlerTdelintaeide sty HitistcsathBelitbRanneestipn level
celiauremisdHassagekwithoutfuthen @iftarentiatian: d028tlPRefinkivex Cr4

derm cells were djfferentiated from two related  passages, .
R AT I B9 o 8 B5H WS TP SRAE BH1 0§SOX 17 or
QXIRE aotiviepfide (ow sehodirRME | wTbe: |0N SB/EBCEPMgontainedised, SOX17
0%(vlv).fetal bovine .serum (FBS)on day 1, 0.2% E day two
P R ST e Al A P QA LR v vsea
GKERéliw naiptain egpiresittuie dnadythd). tHibiprestatexprestise néeidict @B SOX17
p Agtiyi 1 S, AS ed from.indyction, of .
Od?gg}gntj;&t’éo . gﬁﬁ%sg%t e%%%%%uﬁ%ﬂ%%% ﬁ-uéhgrg?ildh:}%%ep 8%18885%} tion. In
cerfiastyarélepagnagreentwiceltimurtherfidrd /oty dayié-Bd- 36 e pédlesostisecn: in ‘the
pgrepRdesigngied sV were additionally contacted with 50 mg/ml EGF. On

days 4, 9, 23, 29 and 36 of culture, Q- PCR was used to measure the .
expreliBtl of nfar@r Jaiiestittitative lstdetiftiveS Gnabdbenteliropresent in the

dA00MA4%A1 L ACTHIS 20054 7Ly SobBnlD262] Kionres SRAD shRwithaticfinitive

in, cell cultures provided with 100 ng/ml_activin A, expression of the .
SRt ENtodeiCATarkS St%er 7F A8 CeRiiXE| HiasERema! wagpulations are
SosinmdneEckdusingithedds day-celiseperegssubsequent to the derivation

of the definitive endoderm cells from hESCs (days 4 to 36). Little

expression of these markers was observed in the cell cultures grown in

the absence of activin A. Additiof SR BFhE/Ml EGF did not appear to

significantly incregse fhe SBLRSHIRN Bhameqh Pendsipiivg gndoderm

markers.
[0260] This Example demonstrates that the definitive endoderm cells

described herein can be maintained in cell culture and passaged without further
differentiation.

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

endoderm .



EXAMPLE 15 Expansion of Purified Definitive Endoderm Cells [0263] This
Example demonstrates that the definitive endoderm cells described
herein can be differentiated from hESCs, purified and then regrown and
WEARRIEE A cell culture. (0264] Figure 36 shows the design o%%%’é??r?ﬂﬁ?%‘””s
endoderm purification/expansion experiment. In particular, definitive
endoderm cells were differentiated from the 96 h passage of hESC line
CyT2%itete prégance 35A0D sighwl thaativin 4elin dolwusergno RAAR | withellwdvng/m!
RPMI contai %(v{v)-fetal bovine serum (F d , Q.29
o oh G g g S BN SRS, S RS anc
(delyB bhdifferentiatichdwiag diis Wedeysubjeotartto FAOS: gurificatibn digingtion of
uRHRRMY ASRINRICACRAST AESHHRR] JuReWqysExamplas: The BUIICH: g
cell population was then cultured on | ishes coated wit po)fy-ornlt ine
IERERTOMG G/ AYISRLISRH HisreplbetHUrPREIMT Eohthinitgcpos PRStimdek oAddfion of
sthadaliowing feur geowihiactey sonditions: mf%qggqff‘@%gﬁ@ékﬁ&#QP any of the
ng/ml activin A (A); 100 ng/ml activin A and 100 ng/ml IGFI (Al); or 100
dRgmHMEERARAT SRR DFGF and 10 ng/ml EGF (AFE). On day 11, the
expanded definitive endoderm cells were passaged using the standard
trypsinization method, Each of the_cell cultures were then grown for an
additional 10 days after‘passageEE&AtMEFgf‘ba days subsequent to the
first contact with @giviisidh oBRuIes DEMRNA Ryeiriobtaingd at days 0, 5,
11 an s indicated in Figure 36. [0265] Figures 37A-E show the
' expre@sglcg)%?of m%#f?er g’é%%%por VAt ga%ar%‘ubﬁ%ni G R clidhdgrm  cells
detherisamh pler¢cime poihts foffeachoédhéeulthES Congitiofisd Asdshiomwnriggrown and
e}ﬁ]&gﬁ?ygg 37A§f3du§he definitive endoderm markers SOX17 and GSC were

eypﬁféssed five day old unpurified definitive endoderm cultures but

were HB68xpreBsaudan RESChoPhis ekpreskivpns infcontrasefonthat of théoderm

I T4, (Fi 7C).,.Si fte ificati f
PIERGIOGSET e OB ROTEIAL e o

dpereAtsEaOBIon 117 86 6 P espesseid SLSORI£ Bhef Gs trexpreasiom! 100 ng/m!
adgmainedhhigh ineachkeirhe ¢l qyltuses: freaiad Withgrwthe Pi%:;tguﬁovine

not in cell cultures grown in the absence of activin A (Figure 37A-B). A

SEHMAF BakerBY dxBredsisi WER DBRERIE fortHesE PREMREPS For8
| Agfteripassage dday2igfriguresh37AiB) WNe: expiesei@noFARNAH E ation usin g
m r%&%ﬂ?E?%ﬁggCT% mesaderm (bra hyuryl, or_ectoderm (ZICI

it SORT Was ObSeriad RHAY of! Hi"Le “SuddEdiigtite ocll population
wasrificationltdiaib tesulf Ihdisates thakpuvifiad gefinitivehieadadernn gelfsndthuman
B SO RGP SRS O R O PE R SR OPI SN RALER 8V 8wty factor
conditions: no added factor (NF); 100 ng/ml! activin A (A); 100 ng/ml activin A and 100
ng/ml IGF1 (Al); or 100 ng/ml activin A, 12 ng/ml bFGF and 10 ng/ml EGF (AFE). On

thereafter.

day 11, the expanded definitive endoderm cells were passaged using the standard
trypsinization method. Each of the cell cultures were then grown for an additional 10
days after passage (a total of 21 days subsequent to the first contact with activin A).
Samples of mRNA were obtained at days 0, 5, 11 and 21 as indicated in Figure 36.

[0265] Figures 37A-E show the expression of marker genes for various
embryontc cell types at each of the sample time points for each of the culture conditions.
As shown in Figures 37A-B, the definitive endoderm markers SOX17 and GSC were
highly expressed five day old unpurified definitive endoderm cultures but were not
expressed in hESCs. This expression is in contrast to that of the hESC marker, OCT4
(Figure 37C). Six days after the purification of definitive endoderm cells (day 11) the



in the absence of activin A (Figures 37C-F). [0266] The methods,
compositions, and devices described herein are presently representative

Wca]ﬁreferred embodiments and are exemplary and are not intended as
AfAEEAY bh the scope of the invent jn. Changes therein and®StheSgyeg4717s
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.
epigsTdingly, SOl bandpp&fe gy ov s kitied iredHeghrtithadokanfine cell cultures

tiL et invention . discl o
bt ST i T NS

(IRguieed e Qlaimdasdeieanet grpissHoutthisodiseissuie, byshaapkesst) days
afeonsisting essentiaihialrds meaphingudinganw glsMmerisAisted.afterther npscs

(@hrase, and limited to other elements that do not interfere with or

Gl s syt aoe ABERARY UP asticie e pecTiéd! fnl tHacRORB &L Msafos ther Yistda any of
urlemesisulhus.she Rivasepiconsising essentallyofindicates AIDE definitive
listed ele néfoare required or mandato%/, but that other elements are
SRR é% 2% ?ﬂwlﬁéﬁaéwégémf e e vREtREF b liRErEES even
ithiey abftect theaadtilvity OFigatiensgCtirg. listed elements. References [0268]
Num r&%so#iter re and patent references haye been cited in the present

patent application  Each And TS TarERaaRe tdiGe drearifedifefratetie presently
Tc@pplfvddiore i inporporatedhiby deferen centheraineire i intiretyt. [R26)tFolended as
. ferences, the ¢ lete citationis in the body of the text. For other
e Sl e ST A ST el our o
thesmigieied diatiornehir hofollowen[eRR0] AléxartiersplrjtRétthenineeg i and are
aHEBAY b Bk 898 SHAN s BloXoro(1999) vaplsaneatyand o

essentig rolgéi)(rg]}%ndoderrﬁ(fé)r%aﬁion in Egga i’s%. %%%XB%P%T { )éo4§;-1§5<‘§.1 led in
thiy@rodle/ 071008 PEVHIUSE005/04 717965 (927 1 e exarteds Jio atbd invention

di@@&i@é@%@ei%-u@ﬁg@)dﬁ)m%% RRiBwAY lerdi giﬂ@f?ﬂ@ﬂ]@%ﬁ@on.
formatign in zebrafish. Curr Biel 9, 1147-1157. 102721 Aoki, T. 0.,
MathiBlF®J] saifttetiehng, t RetatRate i 2rd, tpeyreras iNs, disdlmeta, by the

pliradd. €00R}iFRegsdation,of madahsignalingimapdmesendadarS JUmMAIAN phrase,
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9. The method of claim 1, wherein said cell population enriched in
definitive endoderm cells comprises at least 96% definitive endoderm
cells. 10. The method of claim 1, wherein said cell population enriched in
definitive endoderm cells comprises at least 98% definitive endoderm
cells. -71 11. The method of claim 1, wherein said cell population enriched
wins definitye pogageun cells comprises 100% definitive endoderm cells.

— T2 Tnemethod of ctaim 1, wherein said isolating step comprises

préviding said cell culture with a reagent which binds to a marker
expressed ih segthafeffitivpentingetafivsiebandadomiscabs substantiallysaid
& il i?‘?’% _IIs present in the cell culture, and separating
mesal dge I |tlg/}(la1 en gglgfrgmggells bound to said reagent from said other cells
present in tise detivireciherdyerotisigaddinipvpghdislemnaehsad in
definitive %%QQ&%xgéﬁeéé s tﬁ%@Fmgge%rﬁw&xab%?&r%ﬁﬁ%@m.at least
X C w

marker is CXCR4. 14. The method of claim 12, wherein said reagent is an

antisegie a5tirasherecpidsiioftbraiel 1Quivme rdierebidpdedinitivg seerlbpepmation
cells.pgund; 19 &&iﬂifﬁ%@ﬁ%ﬁé@rﬁ%@_ﬁ&aﬁ%‘é from said other cells present in

the cell culture by fluorescence activated cell sorting (FACS). 16. The

method of ¢RiifvITINgeraih el dhedleriing swpcborprideiznissaredintprm cells
fluorgseenilyiabsled.definifivef0 Q%gﬁ%ﬁ%kssgﬁrﬂe‘fﬂﬁi{%' %ﬂd?f%léﬁnlgefﬂs

The method of claim 1, wherein said culturing step comprises plating said
popdlation @h?iéﬁé@qﬁ @éfi@‘iﬂl% énmﬁn ceiit defznporeomdedeent ceds are
muldofBethedofgleinm Lisuphereitsaid %%ﬁag'%&*%eegﬂ?%&'&dsigyﬂy%emd
endoderm cells or a portion thereof is plated. on a Surface coated with
thergirean fi_bronectin. 1_9._The method of claim 18, V\_/herein said_surche is
coatgd W'thrﬂgll‘ﬁé?ﬁgﬁhﬁ}?clgﬂnTﬂev@@fQﬁdﬁi&lﬁgﬂﬂﬁ%hgﬁg'&g 'cells are
culturing step comprises incubating said population enriched in definitive
hursprldaBmt e rBdsdarportbn thereof in a medium comprising 2% (v/v)
serum. 21.Hhe matad,ef glaim 4 wherein said QUG SIORCRMPTIRES are

incubating said population enriched in definitive endoderm cells or a
derpindi&iomh Brsein iprbrijedic sieso SHH<ESE9% to 20% (viv) serum. 22. The

metiod of gigim l.wherein saif,CUlUripgRlEp GRMRIEERHECURANNG SRldses
population enriched in definitive endoderm cells or a portion thereof
contacting hESCs with at least one growth factor from the TGFf. superfamily so as to

permit differentiation of at least some of said hESCs to definitive endoderm cells.

6. The method of claim 5, wherein said at least one growth factor from
the TGFP. superfamily comprises activin A.

7. The method of claim 1, wherein the step of obtaining said cell culture
comprising definitive endoderm fusther comprises obtaining a portion of an existing
definitive endoderm culture.

8. The method of claim 1, wherein said cell popuiation enriched in
definitive endoderm cells is substantially free of cells other than definitive endoderm
cells.

5. The method of claim 1, wherein said cell population enriched in
definitive endoderm cells comprises at least 96% definitive endoderm cells.

10.  The method of claim 1, wherein said cell population enriched in

definitive endoderm cells comprises at least 98% definitive endoderm cells.

-71 -



in a medium comprising 0% to 2% (v/v) serum. -72 23. The method of
claim 1, wherein said culturing step comprises incubating said population
enriched in definitive endoderm cells or a portion thereof in a medium
comprising at least one growth factor. 24. The method of claim 23,
wherein said at least one growth factor is a growth factor from the TGF(3
superfamily of growth factors., 25. The method of claim 24, wherein sajd at,

least bne g tFREtRas Rbrlatfe +GW@%%H§IBfWH%C?BF§hed n

defROMRY §RP A&t Bofls 26mpRs-E"EIDRHdRIEIRIM: 2BdvdererBaid activin A is
present in said medium at a concentratjon rangaiar;g from 1 ng/ml to 5000 ,
i

ngimE-27. THE mREHE oP BI&HH™S3 lwhehsheta el 1dslrtne giemaaapses

pro@@;m[% iﬁad@ﬁ bul8rd hetinethagkat %@i@hZ?inM Gl r}h&ﬁi@rl %%B&QEE%? Bhid
in said medium at a concentration ranging from 1 ng/m1 to 5000 ng/ml.
de g YHETRARBR GF Lot PAUGHHSBRY SR AREL SrHESREN R fatdopther cells

preSENPpTigRScAICOMBIARHAN efhaativip danddGihEodmrmaiioshetataimsaid

23, wherein said at least one growth factor, comprises bFGF. 31. The
reagiEin BB WAy 867 LTS Bte @Brégmn@ﬂsr&‘%wm%aa cell

poilagentationingisgd ftone dnagdaioce090 ng/ml. 32. The method of
claim_23, wherein said at least one growth factor comprises EGF. 33. The
et of QPSS HLAATOAN B SRR oA Fabm at a
congantratipheranghdg fdehibanDl MvbeeQ0k it tedds Fhantibtded of
claim 23, wherein sai least gpe growth factqr _comprises
combination B REHA At HECH At K0 S50 ARG ETRGR Bl pls bound
to whereinctie atbespaliadd themethnllbiheareliexpiaembryotiie eslloglgtie by

cells. 36. The method. of clai herein the other cells in the cell culture
ﬁu‘érreé"%’?ﬁﬁW&W‘ét%%eﬁ?cﬂfgn%fr?%?g}hethod of claim 1, wherein the step of

cultuing saiti«dletieitive efidodarm Gelishenger conditionaihat pesmilihiprises
cepfaaneion o said defiuve, 13, endodery cols pomprises parspgig sad

17.  The method of claim 1, wherein said culturing step comprises plating
said population enriched in definitive endoderm cells or a portion thereof.

18.  The method of claim 17, wherein said population enriched in definitive
endoderm cells or a portion thereof is plated on a surface coated with human
fibronectin.

19. The method of claim 18, wherein said surface is coated with poly-
ornithine.

20. The method of claim 1, wherein said culturing step comprises
mcubating said population enriched in definitive endoderm cells or a portion thereof
in a medium comprising 2% (v/v) serum.

21. The method of claim 1, wherein said culturing step comprises
incubating said population enriched in definitive endoderm cells or a portion thereof
in a medium comprising 2% to 20% (v/v) seram.

22, The method of claim 1, wherein said culturing step comprises
incubating said population enriched in definitive endoderm cells or a portion thereof

in a medium comprising 0% to 2% (v/v) serum.
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producing a plurality of cell cultures comprising definitive endoderm cells.
38. The method of claim 37, wherein passaging said definitive endoderm
cells comprises providing at least one enzyme to said cell culture. 39. The
method of claim 38, wherein said at least one enzyme comprises at least
one protease. 40. The method of claim 37, wherein passaging said
definisive eqgoderm, gellsrcamprises rgchanically disuRting CANaCtinprises
between said definitive endoderm cells. -74 WO 2006/071911

incPl@iing SRE0BMpYRLPS ey ERCEvSaidert TeHsEY FHERIAD (ereof

in S8Rl BAS e FRmantel -nGarpenter, Melissa <120>
EXPANSION OF DEFINITIVE ENDODERM CELLS <130>
CYTHERATBOWPBod150slals 83/ adsssin saibatloatus gewil gy s a

aro WY B GP R BTl slderdm AP hoR 163,018 <151> 20041223
<1.60> 2 <170> FastSEQ for Windows™Version 4.0 <210> 1 <211> 1245
<2125 DNAReesshpbaic-tpielts “Wagei Futyagleagcersogateyipytor from

the HRIICCAN, BRI HEGAGRESCBHBHCOCHGIHA Cccgeggtga

- tggccgggct gggecectge ccctgggecg agicgetgag ccccatcggg 120 ) )
gacafyaagd tgangiindyaiogedecggcaastancid peariygedggpresent in said

me@ﬂﬁﬁ%g%ﬁé&@ra%ﬁ%ﬁc?%%%ﬁg@%g%gt@%@%&cgmga&cg

ctttcatggt gtgggctaag 24
27. T%qe method of claim 23, wherein said at least one growth factor

comprises IGFI.

28. The method of claim 27, wherein said IGF1 is present in said medium
at a concentration ranging from 1 ng/ml to 5000 ng/ml.

29, The method of claim 23, wherein said at least one growth factor
comprises a combination of activin A and IGF1.

30. The method of claim 23, wherein said at least one growth factor
comprises bFGF.

31. The method of claim 30, wherein said bFGF is present in said medium
at a concentration ranging from 1 ng/ml to 5000 ng/ml.

32, The method of claim 23, wherein said at least one growth factor
comprises EGF.

3. The method of claim 32, wherein said EGF is present in said medium

L2

at a concentration ranging from 1 ng/m! to 5000 ng/ml.

34, The method of claim 23, wherein said at least one growth factor
comprises a combination of activin A, bFGF and EGF.

35. The method of claim 3, wherein the other cells in the cell culture are
extraembryonic endoderm cells.

36. The method of claim 3, wherein the other cells in the cell culture are
embryonic stem cells.

37. The method of claim 1, wherein the step of culturing said definitive

endoderm cells under conditions that permit the expansion of said definitive
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gacgagcgca agcggctggc gcagcagaat ccagacctgc acaacgccga gttgagcaag

300 atgctgggea agtcgtggaa ggcgcetgacg ctggeggaga ageggecctt

cgtggaggag 360 gcagagcggc tgcgegtgeca gcacatgcag gaccaaccca

actacaagta ccggccgcegg 420 cggcgcaagc aggtgaagcg gctgaagcgg

gtggagggcg gcttcctgca cggectgget 480 gagccgcagg cggcecgcegct

ggccccgag ggegececgeg tggecatgga cggeetagge 540 ctccagttee

en%ata@ﬂ CHEBRIHRE oGEresttdc &%ﬁlaxsc&f&@&rgoowﬂ& thereby
prEehRcASuATEROINCIR GRaIel0gusBRGRG SensiPaRsIua RCegitgcee 660

aagcccgaca cgtccgeget ggacggegtg gaccccgacc cggctttett cgecgecccg

720 Srgoc B ERRbEGUE Byt ol DREe RaREt5ERIRg SHEABE e endoderm
celaganiastet ABOvidagCeckegtngasiceelaeggidceaigi tagecccgac

tcggcgcaga, geeegeg %8 0. cgetecgattc cgggegtect ggcgecacce agcgecctte

acqtdtacta LGB B0 By She uRei BG0LbB0ETY CTuGEGEREE OmPrioes
leaticem@pige@gccgcaaca ccagcaccag 960 caccagcacc agcaccacce

ccecgggcece acagccgt cgececgiec ggaggcactg 1020 ¢getgecgog

acggcacgg &%@aﬁi%@&c@%@?@ﬁ%&@ﬁ@?%ﬁgcéiﬁf%éﬁ endoderm
celacogagitigaacadiaiiaiioaditegig igcangscty BaalgggesiicaetidocagAddderm

ggcatgact ccggtgtgaa tctccccgac agccacgggg ccatttccte ggtggtgtec 1200

cel acgccagct ccgcggtata ttactgcaac tatcctgacg tgtga 1245 <210> 2 <211>

414 <212> PET <21.3> Homo sapiens <400> 2 WO 2006/071911

PCT/11S2005/047175 2/2 Met Ser Ser Pro Asp Ala Gly Tyr Ala Set Asp

Asp GIn Ser Gin Thr 1510 15 GIn Ser Ala Leu Pro Ala Val Met Ala Gly

Leu Gly Pro Cys Pro Trp 20 25 30 Ala Glu Ser Lou Her Pro lle Gly Asp

Met Lys Val Lys Gly Gin Ala 35 40 45 Pro Ala Asn Ser Gly Ala Pro Ala

Gly Ala Ala Gly Arg Ala Lys Gly 50 55 60 Gin Ser Arg lle Arg Arg Pro Met

Asn Ala Phe Met Val Trp Ala Lys 65 70 75 80 Asp Gin Arg Lys Arg Lou
Ala Gin Gin Asn Pro Asp Leu His Asn Ala
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8590 95 Glu Lee Ser Lys Met Len Gly Lys Ser Trp Lys Ala Leu Thr Lou
Ala 100 105 110 Glu Lys Arg Pro Phe Val Gin Gin Ala Glu Arg Leu Arg

wdab@iniidiss 115 120 125 Met Gin Asp His Pro Asn Tyr Lys TyefigsRER 047175

Arg Arg Arg Lys GIn 130 135 140 VskLys Arg Leu-Lys Arg Val Gin Gly
Gly Phe Lou His Gly Len Ala 145 150 155 160 Glu Pro Gin Ala Ala Ala
Lou Gly Pro Glu Gly Gly Arg Val Ala Met 165 170 175 Asp Gly Leu Gly
Lou Gin The Pro Glu Gin Gly FhesRreAlR Glyro 180 185 190 Pro Lou
Leu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys Gin Ser 195 200 205
<i10> L@T@W\Ala@m Pro Leu Asp Gly Tyr Pro Lou Pro Thr Pro Asp Thr 210

218

Eiﬁsﬁ

235 24

r'Pro J_O%Asp Gly Val Asp Pro Asp Pro Ala The Phe Ala Ala
Met Pro Gly Asp Cys Pro Ala Ala Gly Thr Tyr Ser

Tyr Ala Gin Val 245 250 255 Ser Asp Tyr Ala Giy Pro Pro Glu Pro Pro Ala
<120> GRFPYOINEtHIPPTEN DB 268! 270 Bt g"EERSGly Pro Glu Pro Ala Gly Pro
Ser lle Pro G1ly Lou Lee Ala 275 280 285 Pro Pro Ser Ala Lea His Val
<130> BrEyRGhsAaMet Gly Ser Pro Gly 290 295 300 Ala Gly Gly Gly Arg Gly
Phe GIn Met Gin Pro Gin His GIn His Gin 305 310 315 320 His Gin His

GIn His His Pro Pro Gly Pro Gly Gin Pro Ser Pro Pro 325 330 335 Pro

<150>
<1l51>

Glfy i3 Lok

<150> 365 860 365 98

<151> 2005-

<150>
<l51>

us 11
2004~

<160> 2
<170>

<210> 1

<211> 1245
<212> DNA
<Z13> Homo

<400> 1

atgagcagcc
cccocgeggtga
gacatgaagyg
cgagcecaagyg
gacgagcgea
atgctgggca
gcagagcgge
cggcgcaage
gagccgcagg
cteccagttcee
ggccactacc
acgeccecgaca
atgccogggy
ggeccececegy
ccctogatte
ggotegeccqg
caccagcaceo
cectgecyggg
acggaatttyg
gggcatgact
gacgccagcet

<210> 2
<211> 414
<212> PRT
<213> Homo

<400> 2

11-14

/021,618
12-23

sapiens

cggatgceggyg
tggeeggget
tgaagggcyga
gcgagteccy
agceggetgge
agtoegtggaa
tLgcgogtgaea
aggtgaagcg
cggcogeget
ccgageaggyg
gegactgeca
cgtccoccget
actgeoccgygc
agccteococogo
cgggectact
g9g9cgggcygyg
agcaccacaoe
acggcacgga
aacagtatct
cocggtgtgaa
cegcggtata

sapiens

atacgccagt
gggececetge
ggcgecggedy
tatccgacgyg
gcagcagaat
ggcgectgacy
gcacatgcag
goctgaagcegyg
gggccccgag
ctltccceegee
gagtctggge
ggacggegtyg
ggccggcacc
cggltcecatyg
ggcgecacee
cgggegcegge
ccogggeaco
ccccagtcag
gcacttegtg
tctececgac
ttactgcaac

FastSEQ for Windows Version 4.0

gacgaccaga
ccotygggceey
aacagcgygag
ccgatgaacy
ccagaccige
ctggcggaga
gaccacceca
gtggagqggey
ggcggccygcey
ggeoecgecgco
gcgectecgeo
gaccecgace
tacagctacg
caccocegac
agcgcectte
ttcecagatge
ggacagcegt
ceegocgage
tgcaagccotyg
ageeacygyggy
tatcctgacy

gocagaccca
agtcgctgag
caccggeegg
ctttcatggt
acaacgccga
agcggeooctt
actacaagta
gcttecctgea
tggccatgga
tgctgcoetceeo
tcgacgygcta
cggetttett
cgraggtetc
tcggecoccaga
acgtgtacta
agcocgeaaca
cgecaccton
tcetecggygga
agatgggcct
ccatttecte
tgtga

gagcgoegaotyg
ccoccatoggy
ggccgagggce
ytygggcotaag
gtitgagcaag
cgtggaggay
ccggeegegyg
cggceetgget
cggectygygge
gcacatggge
ceegttgece
cgcocgcoecacy
ggactacgct
gccegegggt
cggcgegatg
ccagcaccay
ggaggeactyg
ggtggaccgc
cccctaccag
ggtggtgtce

Pro Cys Arg Asp Gly Thr Asp Pro Ser Gin Pro Ala 340 345
350 Glu Lee Lea Gly Glu Val Asp Arg Thr Glu Phe Gin Gin Tyr Leu His

60
120
180
240
300
360
420
480
540
600
660
120
180
840
900
960
1020
1680
1140
1260
1245



The Val Cys Lys Pro Giu Met Gly Leu Pro Tyr Gin Gly His Asp Ser 370

375 380 Gly Val Asn Leu Pro Asp Ser His Gly Ala lie Set Ser Val Val Ser
WEBBEIU B95 400 Asp Ala Ser Set Ala Val Tyr Tyr Cys Asn TyrroRsgs/047175

Val 405 410 22

Met Ser Ser Pro Asp Ala Gly Tyr Rla Ser Asp Asp Gln Ser Gln Thr
1 5 190 15
Gin Ser Ala Leu Pro Ala Val Met Ala Gly Leu Gly Pro Cys Pro Trp
20 25 30
Ala Glu Ser Leu Ser Pro Ile Gly Asp Met Lys Val Lys Gly Glu Ala
35 40 45
?ro Ala Asn Ser Gly Ala Pro Ala Gly Ala Ala Gly Arg Ala Lys Gly
50 59 60
Glu Ser Arg Ile Arg Arg Pro Met Asn Ala Phe Met Val Trp Ala Lys
65 70 75 80
Asp Glu Arg Lys Arg Leu Ala Gln Gln Asn Pro Asp Leu His Asp Ala
85 90 . 95
Glu Leu Ser Lys Met Leu Gly Lys Ser Trp Lys Ala Leu Thr Leu Ala
100 105 110
Glu Lys Arg Pro Phe Val Glu Glu Ala Glu Arg Leu Brg Val Glp His
115 120 125
Met Gln Asp His Prc Asn Tyr Lys Tyr Arg Pro Arg Arqg Arg Lys Gin
130 135 140
Val Lys Arg Leu Lys Arg Val Gliu Gly Gly Phe Leu His Gly Leu Ala
145 150 155 160
Giu Pro Gln Ala Ala Als Leu Gly Pro Glu Gly Gly Arg Val Ala Met
165 170 ‘ 175
Asp Gly Leu Gly Leu Gln Phe Pre Glu Gln Gly Phe Pro Ala Gly Pro
180 185 190
Pro Leu Leu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys Gln Ser
195 200 205
Leu Gly Ala Pro Pro | Asp Gly Tyr Pro Leu Pro Thr Pro &Asp Thr
210 215 220
‘Ser Pro Leu Asp Gly Val Asp Pro Asp Pro Ala Phe Phe Ala Ala Pro
225 230 235 240
Met Pro Gly Asp Cys Pro Ala Ala Gly Thr Tyr Ser Tyr Ala Glmn Val
245 250 255
Ser Asp Tyr Ala Gly Pro Pro Glu Pro Pro Ala Gly Pro Met His Pro
260 265 270
Arg Lew Gly Pro Glu Pro Ala Gly Pro Ser Ile Pro Gly Leu Leu Ala
275 280 285
Pro Pro Ser Ala Leu His val Tyr Tyr Gly Ala Met Gly Ser Pro Gly
250 295 300
Ala Gly Gly Gly Arg Gly Phe Gln Met Gln Pro Gln His Gln His Gln
305 310 315 320
His Gln His Gln His His Pro Pro Gly Pro Gly Gln Pro Ser Pro Pro
325 330 335
Pro Gilu Ala Lew Pro Cys Arg Asp Gly Thr Asp Pro Ser Glan Pro Ala
340 _ 345 350
Glu Leu Leu Gly Glu Val Asp Arg Thr Glu Phe Glu Gln Tyr Leu His
355 360 365
Phe Val Cys Lys Pro Glu Met Gly Leu Pro Tyr Gln Gly His Asp Ser
37¢ 375 380
Gly Val Asn Leu Pro Asp Ser His Gly Ala Ile Ser Ser Val Val Ser
385 390 385 400
Asp Ala Ser Ser Ala Val Tyr Tyr Cys Asn Tyr Pro Asp Val
405 410

b
&
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