DEFINITIVE ENDODERM Related Applications [0001] This application is
a nonprovisional application which claims priority under 35 U.S.C. 119(e)
to U.S. Provisional Patent Application Number 60/532,004, entitled
DEFINITIVE ENDODERM, filed December 23, 2003, and which claims
priority under 35 U.S.C. 119(e) to U.S. Provisional Patent Application
Number 60/586,566, entitted CHEMOICINE CELL SURFACE
RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed
July 9, 2004, and which claims priority under 35 U.S.C. 119(e) to U.S.
Provisional Patent Appllcgﬁgh\?\ﬁ MEW%Z entitled
CHEMOKJNE CELL SURFACE RECEPTOR FOR THE ISOLATION OF
DEFINITIVE ENDODERM, fRs83UAPa!#249884  The disclosure of each of
the afpve-listethipripridytiapplicationssisti egripetateehhi pbimbyinefe refad 5
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melittus, which utilize islet cells from donor pancreases, are limited by the scarcity of high quality
islet cells needed for transpiant. Cell therapy for a single Type I diabetic patient requires a
transplant of approximately 8 x 10° pancreatic islet cells. (Shapiro et al,, 2000; Shapiro et al.,
2001a; Shapire et al, 2001b). As such, at least two healthy donor organs are required to obtain
sufficient islet cells for a successful transplant. HESCs offer a sowrce of starting material from

which to develop substantial quantitics of high quality differentiated cells for human cell therapies.



derivatives of all 3 primary germ layers (endoderm, mesoderm, ectoderm)
which, in turn, form all cell somatic types of the mature organism in
addition to extraembryonic tissues (e.g. placenta) and germ cells.
Although pluripotency imparts extraordinary utility upon hESCs, this
property also poses unique challenges for the study and manipulation of
these cells and their derivatives. Owing to the large variety of cell types
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[0609] In accordance with other embodiments of the present invention, methods of
producing definitive endoderm from pluripotent cells are described, In some embodiments,
pluripotent cells are derived from a morula. In some embodiments, pluripotent stem cells are stem

cells. Stem: cells used in these methods can include, but are not limited to, embryonic stem cells.
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embryonic stem cells are used to produce definitive endoderm. [0010] In
some embodiments of the present invention, one or more growth factors
are used in the differentiation process from pluripotent cell to definitive
endoderm cell. The one or more growth factors used in the differentiation
process can include growth factors from the TGF[3 superfamily. In such
embodiments, the one or more growth factors comprise the Nodal/Activin
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[0014] Other embediments of the mvention described herein relate to compositions,
such as cell cultures, which comprise pluripotent cells and definitive endoderm cells. In certain
embodiments, the cell cultures comprise both stem celis and definitive endoderm cells. The
number of stem cells present in such cultures can be greater than, equal 1o or less than the number
of definitive endoderm cells in the culiure. In some embodiments, the stem cells are human

embryonic stem celis. In certain embodiments the hESCs are maintained on a feeder layer. In such



factors can include growth factors from the TGF(3 superfamily. In such
embodiments, the one or more growth factors comprise the Nodal/Activin
and/or the BMT subgroups of the TGF(3 superfamily of growth factors. In
some embodiments, the one or more growth factors are selected from the
group consisting of Nodal, Activin A, Activin B, BMP4, Wnt3a or
combinations of any of these growth factors. [0016] Other embodiments
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[6822] 6. The cell culture of paragraph 4, wheremn said definitive endederm cells do
not express a marker selected from the group consisting of OCT4, AFP, TM, SPARC and SOX7.

[0023] 7. The cell culture of paragraph 4, wherein said definitive endoderm cells
express a marker selected from the group consisting of MIXL1, GATA4 and HNF3b.

[6024] 8. The cell culturz of paragraph 4, wherein said definitive endoderm cells
express a marker selected from the group consisting of FGF17, VWF, CALCR, FOXQ1, CMKOR
and CRIPI.

[0025] 9. The cell culture of paragraph 1, wherein said definitive endoderm cells
express SOX17 and CXCR4, '

[6026} 10. The cell culture of paragraph 9, wherein the expression of SOX17 and
CXCR4 is greater than the expression of OCT4, AFP, TM, SPARC and SOX7 in said definitive

endoderm cells.



[0029] 13. The cell culture of paragraph 9, wherein said definitive
endoderm cells express a marker selected from the group consisting
ofFGF17, VWF, CALCR, FOXQ1, CMKORI and CRIP1. [0030] 14. The
cell culture of paragraph 1, wherein at least about 2 definitive endoderm
cells are present for about every 1 pluripotent cell in said cell culture.
[0031] 15. The cell culture of paragraph 14, wherein said pluripotent cell
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[0037] 21. The cell population of paragraph 20, wherein at least about 95% of said
cells are human definitive endoderm cells,

[06038] 22. The cell population of paragraph 20, wherein at least about 93% of said
cells are human definitive endoderm cells.

16639 23. The cell population of paragraph 20, wherein said human definitive
endoderm cells express a marker selected from the group consisting of SOX17 and CXCR4.

16040] 24. The cell popuiation of paragraph 23, wherein the expression of a marker
selected from the group consisting of SOX17 and CXCR4 is greater than the expression of a
marker selected from the group consisting of OCT4, AFP, TM, SPARC and SOX7 m said human
definitive endoderm cells.

(0641} 25. The cell population of paragraph 23, wherein said homen definitive
endoderm cells do not express a marker selected from the group consisting of OCT4, AFP, TM,
SPARC and 50X7,



cells express a marker selected from the group consisting of FGF17,

VWEF, CALCR, FOXQ1, CMKORI and CRIP 1. [0044] 28. The cell
population of paragraph 20, wherein said human definitive endoderm

cells express SOX17 and CXCRA4. [0045] 29. The cell population of
paragraph 28, wherein the expression of SOX17 and CXCRA4 is greater
than the expression of OCT4, AFP, TM, SPARC and SOX7 in said human
definiti ndoderm cells, [0046] 30. The cell ulation of paragraph 28,
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efinitive endodermi cells, said method comprising the steps of [0053]
obtainifgfd cell3fopratigh eompHsing piaipotedt.nubisn celfs ipoes4iinitive
pravdetingegade ealbpepuation Avithrat lepstoag:guawth factor of the TGF(3
superfgyply in an amouny syficient to promote differentiation of said egiye
pluripotent cells to efinitive “endoder e‘c‘ﬁs, said definitive endoderm
el paryesarapotaitcetis thacehdifferentiate into cells of the gut tube
or orgareaglerived. thereffompanth{0d5bi-attpviryy sffitientdtifa@nfior endoderm
definitiye.endoglerm.rells i, form, wherainsald sudsientimedor definitvg
endoderm cells to form has been determined by detecting the presence
of tietihidoe @ldbderm cells in said cell population. -6 [0056] 37. The
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paragr 36, wherein at least.about 50% of said. pluripotent cells,
Cittor o e Nt QR et el 0k 90 TRE reinE apin e
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[6051] 335. The cell population of paragraph 34, wherein said embryonic stem cell is

derived from a tissue selected from the morula, the ICM of an embryo and the gonadal ridges of an

embryo,

[0852] 36. A method of producing definitive endoderm cells, said method comprising
the steps of:

[0053] obtaining a cell population comprising pluripotent human cells;

f0054] providing said cell population with at least one growth factor of the TGFB
superfamily in an amount sufficient to promote differentiation of said pluripotent cells to definitive
endoderm cells, said definitive endoderm cells being multipotent cells that can differentiate into
celis of the gut tube or organs derived therefrom; and

[0055] allowing sufficient time for definitive endoderm cells to form, wherein said
sufficient time for defimitive endoderm cells to form has been determined by detecting the presence

of definitive endoderin cells in said cell pepulation.



pluripotent cells differentiate into definitive endoderm cells. [00591 40. The
method of paragraph 36, wherein at least about 80% of said pluripotent
cells differentiate into definitive endoderm cells. [00601 41. The method of
paragraph 36, wherein detecting the presence of definitive endoderm

cells in said cell population comprises detecting the expression of at least
one marker selected from the group consisting of SOX17 and CXCR4

and a t on rker from the gr nsisting of QCT4,, APR,.. :
SPARETRLG SOX7 T daee: %%i%%%ﬁ%o%la@eﬁ%vﬁteqrgﬁtﬁ%me%gryoel\gsfigﬁld
Prdpriraikel sefberi i Bn a6 G EOHEIRy of SOX17 and CXCR4 is
greatgptban thesexpressiond off apmarker Sélectedifrom e ghowps50% of said

gxgigiédéﬂ{‘&zgfd&}%ﬁmé'?ﬁo FEMRE HRGANSOX7 In said definitive
endoderm cells, [0061] 42. The metho%o%bparagraph 36, wherein
ode

detectififthe présdite TSR ERtoderi e i &8f E8iFpdptItich
porinpriges!ddifetingrthieteipiessiondofiatledist one marker selected from
the greyaegonsigting,of SQELéranhG4E R4, andalleastonemmarkey, framaia
t?e,grto%p £o _%S{J'stirtl1 of ‘EAEIPﬂn];IM’ and%%)éﬁ in cells of said cell
POPISTIOR. WhHETSIH the exXprassion of a marker selected from the group
considfiflof SAX IfraneioXC Rl saghSat e thazin decergifegsiomagoiglelinitive

maiken seleciedifram HggpHREANSISIBYBhARP o AlMsRASO%A ihsaitier
NG, PR ORI, SR, A0 £ TR FEthof OLRARUBEN £ e erowp

%ﬁérem the e>‘c<zf)ori1 ssion of at least one of s markers is determined by

eyeiging D063 F AL TR NS B parabia s A o diterelrP tHEp rekErih e
efpatkieast ane0ksaidctdarkersd sdetemminsd: by S0 uaaetgotheinistmer than
00641 45 The methodiotnaragraph.36, whelsln detrelingdheriresenteans

of definitive endoderm cells in said cell population comprises detecting

XL SO BT Ag i marker selected from the group consisting
of FGRI0BI VW HCRleGRMOX 031N RO R card @RWE dnd rettteast Gheitive
marker framithe.group.sensisti0g-0f QG AL fhe EMSRARG:ang: SO Xbiker

in.cells.of said cell populatio rei ression of a marker "

T o o e e R e R O B e o
EMIKORY 4F8-CRIPPdSHieate it i esthrepsrsivtofasiaribe  serscrod «
framithe:-geo -t ansisting af el &, SARP] ENMCSPARGrand S§QXGE ttpsaithn of

Q%M&V%egt@&l %q)ﬁ{ 'EHng%lx% LQ&%@]}? gf ;[lbte, fﬂ/ﬁtg%dsgwq{asgﬂfaa&tﬁr%@e endoderm

wherein said at least one growth factor is of the Nodal/Activin subgroup of
5" TGF[3 superfamily. -7 [0066] 47. The method of paragraph 46,
whereift§giid at #8astoneigioitarigetor vdeleottd fromsthrecrblapst one of said
cansisting:qfNedal Agtiin A, Activin B and combinations thereof. [0067]
48. Th thod of paragraph 47, wherejn said. at least one growth factog .

. 42 élh.i_ 9[51 B a% %, % %16 exXpression gf aiyyeas one z[ said
is NO(@&L{% 068] 49. Aé rﬁeﬁﬁgﬁlﬁgf Baragvrva%rﬁnzl “wherein said At 16as
BHEGTSWeHTaEte g mmunocytochemistry.

{0064} 45, The method of paragraph 36, wherein detecting the presence of definitive
endoderm cells in said cell population comprises detecting the expression of af least one marker
selecied from the group consisting of FGF17, VWE, CALCR, FOXG1, CMEOR] and CRIP1 and
at least one marker from the group consisting of OCT4, AFP, TM, SPARC and SOX7 in cells of
said cell population, wherein the expression of a marker selected from the group consisting of
FGF17, VWE, CALCR, FOXQI1, CMEKOR! and CRIP1 is greaier than the expression of a marker
selected from the group consisting of OCT4, AFP, TM, SPARC and SOX7 in said definitive
endoderm cells.

[6065] 46. The method of paragraph 36, wherein said at least one growth factor is of
the Nodal/Activin subgroup of the TGFR superfamily.
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Activin A. [0069] 50. The method of paragraph 47, wherein said at least
one growth factor is Activin B. [0070] 51. The method of paragraph 36,
wherein a plurality of growth factors of the TGF(3 superfamily is provided.
[0071] 52. The method of paragraph 51, wherein said plurality of growth
factors comprises Nodal Actives A and Activin B. [0072] 53. The method
of paragraph 36, wherein said at least one growth factor is provided in a

conce[rayf%ﬁion %fﬁ%%a;%&ﬁ%of&i‘iﬂa@ﬁ%flﬁ'ﬂﬁ,[%?%l?éndm%@a%ﬁ@ &If@h factor is

paragraph 36, wherein said at least one growth factor is_provided in a
CHACRAFASFOrRr 1BErPaBtUR 0t hgTn:. {6072 58 9 RidtHb eGP
paragi@phi 36, wheieinnsaid af femstapnd grovetkifacitbrtseaprovidedvih fctor is
goneentration of at least about 500 ng/ml. [0075] 56. The method of

paragraph 36, wherein said at least one growth factor is provided i .
concelfti%fion o@a@f@a@f% %O%Etrffféﬁpr?g‘}rﬁI‘."’tﬁﬁ’%?@%ﬁﬁﬁﬁm Gk gfg‘cml ®

€ metho
petragraph 36, wherein said at least one growth factor is provided in a

concepy@tion ofatiieastahout 5ACRNNIM I [RR LY 128 Tihaimethed @ftcror is
g%%g@ph 36, wherein said cell population is grown in a medium
comprising less than about 10% serum. [0078] 59. The method of
paragféiize6, wherkimsand plarpstehteeiicomprlys dierheestis oy of the
80rThe-method gbparagraph 59, wherein said pluripotent cells comprise
embrygnic. ste s. [0080] 61. The hod of.paragraph.60, ,.wherein
said e@ﬁ;}r?;]/oni(r:Yg siigr{rllec%f%ogrff erivec f?é’mwée%Fésﬁg sé?egtgﬁ ?fogﬁﬂﬁe?amm
EFERIFE ONSISHAG 6T a6t the ICM of an embryo and the gonadal
ridgesj@i7an entorythe[@081] 62pAegefinittyevendodarm:cellipraduced Bytor is

themethod.of.paragraph 38, 10082) f3,/\ method of producing a cell

population enriched in definitive endoderm cells, said method cor&%rising .
the stdfdBr. -8 TOOBS) BifferehatHTTRIERS RIS HB ptifatior s PruApBtR e =
harahiceksrsorasito producebdefipithagréndoderm cells, said definitive
endodggrzicellssbeing multipetent.calls taat.sanmdifferentiatednto.cells.af: is
the gi%t‘tube or organs derivegbct)hte oeofromi [0084] providing to said cell

02 a concenfration of at lea ngny. . . .
Spuiation’d Feagent WhIcH binds 1o 4 fharker expressed in said definitive

endodéfiticellssBut bwhichdd potsutistantialyeesipraissedepst otiter cel fopesis
present: nsaikealbpopulation,andfdadsl] separating said definitive
endodggmcells;hoynd ta.said-reagent 1o, said OSL: 1east one growth faotor is
provided in a concentration of at least zbout 5000 ng/mi.

[0077] 58. The method of paragraph 36, whercin said cell population is grown in a
medium comprising less than about 10% serum.

[0078] 59. The method of paragraph 36, wherein said pluripotent cells comprise stem
cells.

4079} 60. The method of paragraph 59, wherein said pluripotent cells comprise
embryonic stem celis.

[0080] 61, The method of paragraph 60, wherein said embryonic stem cells are
derived from a tissue selected from the group consisting of the morula, the ICM of an embryo and
the gonadal ridges of an embryo.

(0081} 62. A definitive endoderm cell produced by the method of paragraph 36.

[0082] 63. A method of producing a cell population enriched in definitive endoderm

cells, said method comprising the steps of:



cell types present in said cell population, thereby producing a cell
population enriched in definitive endoderm cells. [0086] 64. The method

of paragraph 63, wherein the differentiating step further comprises
obtaining a cell population comprising pluripotent human cells, providing
said cell population with at least one growth factor of the TGF[3
superfamily in an amount sufficient to promote differentiation of said
plurip ceII deflnitive endoderm cells aid deflnltlve ndoderm
ceIIs eln mul é%}i%nﬁ? CaIFS th &t LR diHe erié)ﬁ B8 IS & o@ 8 Gt B e
riioiyans deérivet thevedrdefinang a?iiéWiiﬁf@ siaﬁici@ﬁigtimétmﬂéﬁﬂiﬁv@at can
aﬁa@ﬁammaiisst@fiﬁugmi wiheseinsaickrsufficiemtctime for definitive

endo mcells rm has.been d termined br}{ dg pr §sence of
rk =sged
defingli%e endogerm ce SSEILII’I sf'g? ce amn ufation. Ocl)g%ré% The method o

Barkgrapi e lpereir yRte eitg }ééﬁﬁ @%bd@fééﬁ‘ﬁ@%@ oHpFESERS R")"Fséf’t
east efiemearker sﬂlected from the group consisting of SOX17 and
CXC %@é\;} d at ﬁdr@@ﬁﬁﬁ{vgr%&g% ggﬁygo% I %@%a%@a@ﬁ%-%aﬁ nger

™, SPA Can |n cells of said cell population, wherein the
%ﬂ%ﬁi@%&iﬁ%ﬁ%ﬂ%ﬁf@%ﬁi&%&‘ii&%iﬁiéu PO BTSEXEFBHE

@YBRYE greater than the expression of a marker selected from the

group eaussisting ofi© Glided AR E%pﬁ%é\%@m SOXAIN s definitye,e.
endadenn cells. R%g]ﬁigﬂ?ﬁ The method ara r%ﬁh 63 herei

COMprises obtaimmn 101 mp1131 ote stebe) rov1 cr said cell
ofe%pectlng comprises |ng the exp?i'gsS| T8ast er
wetdeted fidm! thesigroupcedh Sistin g ot S OXCETs M@Xmmwx@m iieféisiient to
fogJma kerfrom:the %@%ﬁ@ﬂﬂﬁti&&sofo% BaitM, 2RGSO Xl1dN6RIISBhitive
said cell ulation i}gex gsion of a marker selected from the
s R T e R i

up consistin
gﬁé‘ﬁ@é?%’i’é&’ié’adfréﬁ‘i’ltﬁé”g’?’éﬁb‘ @eﬁé%tiﬁ&lémmﬂodrm a7 ip g
aefinitivere idadr celisd{0089]:6d fohhemethodefpatagraph:bdihe presence

whereindeiesling sompyisesdelecting the expression of at least one
marker selected from the group consisting of FGF17, VWF, CALCR,

FOXQIIHAMK ORI ERPETPY AHEERP IS BIE aTkE R SR IRE Y St ne e
eonsisting ofS0T4 ATP selENEISRARE cand S@XinmnoE 805 6 sdi6e@hd and at

E@Db&l@ﬁ@ﬂwy\ﬁl@{ﬁi@gﬁb@p @@%@i&g %E’@cﬁﬂ r@pkm S@ﬁﬁ@%ﬁ@@kﬂl@ QIRWPsaid

& npas tlgz Inrh T_'eremlfzé VV\ngéigA a mh er se c’t d)? l g{?]onu% ccoﬁsligzzjﬂg of SOX17
gre rt e ex res iIon or a mar er selected 1ro oup

MQS@T@@@W s&mmmms*ﬁw@wﬁiesf@%?%@waéﬂiﬁﬁw of OCTH4,
sngadesnacetsd- 90090468 :Thevmetad-ot paragraph 63, wherein at

least ahauf 95%6%1%""1‘%&&”%%%@&&9 '&V%&QQQ%‘%@& ;g ”§m£99%]zﬂe%?nng the

The method ofﬁpara grap hereln at least about 98% of said cells are

HeHiNS Shifs Sﬁ%‘iﬁ‘éiié“[](fﬁﬁﬁ]ﬂ’?ﬁ B R
veraimudidimatkegisiCXGR A (069B] M. FHEWidthodieobparagriapin68ion,

ioiiaeei@iineS@igie@@@g@m 8,20 aplibedy.{00941-(2, Theimethosaf Paragiaeky is
g?l:el-di.éll\! er € esx%ilfgsgg[ Io acil arQCams s fgé?léyfrom the group consisting of AFP, TM, and SOX7
in said definitive endoderm cells,

(G389 &7. The method of paragraph 63, wherem detecting comprises defecting the
expression of at least one marker selected from the group consisting of FGF17, VWE, CALCR,
FOXQ1, CMKORI! and CRIPI and at least one marker from the group consisting of OCT4, AFP,
T™, SPARC and SOX7 in ceils of said cell population, wherein the expression of a marker
selected from the group consisting of FGT17, VWF, CALCR, FOX(Q1, CMEOR! and CRIP1 is
greater than the expression of a marlker selected frem the group consisting of OCT4, AFP, TM,
SPARC and S0X7 in said definitive endoderm cells.
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CXCRA4. [0095] 73. An enriched population of definitive endoderm cells
produced by the method of paragraph 63, [0096] 74. The cell culture of
any one of paragraphs 4 or 9, wherein said definitive endoderm cells do
not significantly express a marker selected from the group consisting of
OCT4, AFP, TM, SPARC and SOX7.]0097] 75. The cell population of
any one of paragraphs 23 or 28, wherein said definitive endoderm cells
do no, ificantl marke Ie ted from t [ ist
e NG SRR S T MR e
dlﬁ@iﬁ‘i%fﬁ‘éﬁ%r%ﬁﬁzéomposmons described above relate to cells cultured in
vitro. p@aleversihehabeuedeseriadiinyitte-differentiated: 684 of said cells are
£ampositions may. be used for in vivo applications. [0099] Additional
embodiments of the present inventions may alsa be found_ in United
State @B visidhal BAER AP piesHBh Nid! héﬁ}%:%ﬁédd}ﬁ?ﬁl{eé Rttt
DEFINIFY/E ENDODERN, dileckDelcéimber28::2008::1d iSaRpdbisional
Patenpppplicasion-iumbgh 69/286.566 2ntiled CREMOKN TGty for
CE%E ACE RECEPTOR FOR THE ISOLATION OF DEFINITIVE

DERM, filed July 9, 2004; and U.S. Provisional Patent Application
NumbBeP80/58 73942, cariitied CHEN OK INECE 11 BURFAGEIRECEPTOR
ML I@@@%TION OF DEFINITIVE ENDODERM, filed July 14, 2004,
the diggipsures,phyhich are Incorporated herein By reference In M6l
entlre |es Brle eseription of the Drawings [O.1 8?)3] ?:lgur e S Chematic
Fldprostserdiferdirationpathivay fortlelspioauCacr T vetiatems Hofh:
HESCs sThediust step.in the pathway commits the ES cell to the definitive
endog &W}f"”eé}ﬂerﬁ'en@d é’ éﬁﬁﬁﬂ)&? &”&PE&E‘%P%&E%HQQW&%péh!é}e‘iﬁesma

further differentiation of cells to pancreatic endoderm, endocrine

EHAOHTHY, W}}%ﬁﬁ%fé’t@ﬂ“@mﬁej’f&&f%?ﬁﬁ?ﬁﬁﬁf?%@%ﬁﬁ&?H?sconmtmg
aransitioaidmidniliers OFHE. TGF[3 family which include, but are not
limiteghgiggjactiving:nedals.and-BMESHEXSMplam MArkers i Q&fdﬂb@@ 168
% efinitive en%lf errp tgg}get olxlvg\[er S‘d‘%xa Zv %‘é;r%gd 'jnN F3b, eren ed cell
SCRA 0T Fighire 2 IS'a diagram o horan $6X1 Bf\fl
W@ﬁ%@ﬂ@y@ﬂ@é@gﬁlﬁh@@ﬁ%ﬁ%rved motifs and highlights the region

used farstine imratntzatian preeed ureby-GhiNOYAG: [QLOZ] Figuwre 3nigated
g&!@é@@% ans ?9&%@%@&%{%@%&@ &9%%&% maskeloseirriaied s eq

OX7 and somewhat less to SOX18. The SOX17 proteins are more
%To%@y réfated’ amdny SPEEELhdHBIbgRPINEH T8 o%’fé}b?he?%@?éﬁéf hetied
SOMYtoTp EBUbfemiANthE(TE Ban E08patiés I{0LAIIORIgUFe UESIETIVE

M«!ﬁéﬁ%ﬁ@'@ﬁé&fﬂ@ﬁ@ Wil thes ratsaplisaixd P-AnHROY. FRISRIRte: 60/587,942,
en%ﬁné’ @ﬁ%@fc‘?ﬁxg&? 8&%%&&9@%%@5@%@988%&”&@ 0 SO EPIE

resse
ENDODERI\/I filed July 14, 2004, the disclosures of which are incorporated herein by reference in

their entireties.

Brief Description of the Drawings

[0100] Figure 1 is a schematic of a proposed differentiation pathway for the
production of beta-cells from hESCs. The first step in the pathway cormmnits the ES cell to the
definitive endoderm lineage and represents one of the earliest known steps in the further
differentiation of ES cells to pancreatic endoderm, endocrine endoderm, or islet/beta~-cell. Some
factors useful for mediating this transition are members of the TGFER family which include, but are
not limited to, activins, nodals and BMPs. Exemplary markers for defining the definitive

endoderm target cell are SOX17, GATA4, HNF3b, MIX1 and CXCR4.
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fibroblasts (lane 1) and a lack of inmiunoreactivity with EGFP (lane 2) or
the most closely related SOX family member, SOX7 (lane 3). [01041
Figures 5A-B are micrographs showing a cluster of SOXIT cells that
display a significant number of AFT' co-labeled cells (A). This is in striking
contrast to other SOX17+ clusters (B) where little or no APP' cells are
observed. [0105] Figures 6A-C are micrographs showing parietal

endo n@%ggﬂgoxa ne'mé\fﬁb9wr%maw9ghﬁ@&%mgm9m 135

Thro rot in Iocate on the cell surface of parieta

ghrigeHeriTCaiem F%H% RrarmarsriatediedRmBEsn E@%%ﬁ%bbﬁ%@‘é“ig
the idpntizal fieldshowninéisoublietabetedionEnt dnd SOXL % BanebGly
Is:ihe Rhase ConuASLInALs Okihe §amﬁléi§@}\%tlBrQAFEr@-g%l§gl&%l@ai}atcd

Note the complete correlation of DAPI labeled nuclei Fang Xl? Iabhelln%
fﬁ“f@%ip?fi&iﬁg’ﬁﬂﬁ&s B & BAF W%‘&P%’&f%ﬁé&%%é gene%‘i B ¢
guantitative PCR (Q-PCR) and anti-SOX17 positive cells by
SOX1frspecificogntiody vﬁaa@%tm@@matﬂm&m AOINCTeRASRS S CeInlot
ene expre. sion |Ie reftlpom %%I Hg tron pre%;ses SOX17
tiate

e?ﬁnr%sgélon relélfﬁfle fothe uhrllsd ere 1315%1 media (SR %P)r Pane dBm
ShoWe e éhtred lﬁaﬂém%%@m@favgm‘%ﬁ)rﬂﬁﬁr%ﬁtaa@eowﬁfeé@ﬂy related
Sbarigeﬁriﬁdi&ﬂectemr@ 1517 cell number, indicating that Q-PCR

measygement of 5Q %a@?@%&@&éﬁ%@&d&é’?%! eflectiye, of changesal, ,

the singlecell level. @gure A Is a bar chart which shows that a
wﬁﬁénbﬁem@r@ﬁﬁg%goﬁﬁé i e plobelice SrawiGRIEHaRTAN X 7
owdevs) ofAFRigene axpressionodihitecells allowed to randomly

g;ﬁ:;e@tﬂ@éﬁ o fedRlboVIng, SEEHD éfm)g%mmt%w&m@gwa@%

erence in expressjon levels Is a X|matel
TN B RS o TCF AL GHB IR HFL s o

suppression ok FERexiréssioniby dEEteireiscalisrevidehtdistiensiaglethe
f&lld@vabmﬂdﬂq{f;@tedewethieemeﬁyzrﬁv&u@”sbmlb&leﬁtamheﬁa&&%eﬁedk&mage
erved | r n iti qttom Iatlv %,.F
1
e T e P e
ftafisActthe ATP' cell number using flow cytometry. This figure
demonstrates tialther magritiielehafcliange BOXFPzatkgens@Xpressionive

g_dg lﬂfﬁ%ﬁ? éﬂat%ﬂ@}%?f‘&%l&@ ELIHE’@P %bﬁ@g s@@é&n &%ﬂ%%? p%@f )Aoghows that

Activin A exactLg corresp onds to the number of AEPt cells, further Ox17
QBB oFc PERRA)NEL A AL LTRGBS BRELRE
therisrdtiviciabesl TeveldB1a0lRiguresl0AdR 4P Micrigraphswhich sl
gaa&rﬁmqmr@smf bEsEstonnedalr eliviRfand Agtivia B @@@W&@I}dﬁmm
strikin in the numb OX17 cells over the period
Heans M EARGRIN NG LA ?§<9>£1§ 26 fOTrh APy

2\18)1 y co parlrﬁga o'the relative ab a‘gﬁeésemgfmsél%ﬁfpc lis to” alég%f)tal h
FBTEER B €ells present in each field, as indicated by DAPI stained nuclei
(D-F), itwan be seen that sapptaximatebh.30-500 aftall celisf@eaiating hESCs in
iy 9:‘%%5@%?%}6%8 rASQa%%i!Jné‘ﬁt%J'hé‘?eld@yﬁEeQé@%%Mt‘}n while cells allowed to
randomly differentiate n 10% fetal bovine serum (ERS) exhibit a strong upregulation of AFP. The
difference in expression levels i approximately 7-fold.

0168} Figures 8B-C are images of tovo micrographs showing that the suppression of
AYP expression by Activin A is also evident at the single cell level as indicated by the very rare
and small clusters of AFP" cells observed in Activin A freatment conditions (bottom) relative to
10% FBS alone {top).

[0169] Figures 9A-B are comparative images showing the quantitation of the AFP”

cell nomber using flow oytometry. This figure demonstrates fhat the magnitude of change in AFP
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NAA. [0111] Figure 11 is a bar chart which demonstrates that Activin A.
(0, 10, 30 or 100 ng/mL) dose-dependently increases SOXI7 gene
expression in differentiating hESCs. Increased expression is already
robust after 3 days of treatment on adherent cultures and continues
through subsequent 1, 3 and 5 days of suspension culture as well. [0112]
Figures 12A-C are bar charts which demonstrate the effect of Activin A on

g(e%% e%;))(IQ! ?c%st%gu(r)g I)I )l(nl‘ h(zppr&%luf%) (r%ﬁ‘-gﬁélf Qﬁ@%@gcg ?Qfﬂ:h‘x%% bﬂ(%%lx A

ctlvm A'dose- dependent increases are also observed for three other
eﬁ?ﬁ?l%é?é“’d?‘ﬂ‘éﬂ%tﬁ?é“é??&bﬁfe?ﬁ? FASEL e AROF S I B O ECR analyses
unagnituces efdncrease texpirgssionliferdsponse to activin dose are

striki n@ M(ﬁ'm"%gmem%pesﬁ{%gl iﬁs%&;—%o%@ﬁg:%dﬂgmm&@@; nodal,

Activin A is speci a population of cells that co-e p gene
AR TN ARt FIESES 07 15 F DT TaRE m e o
rchadtsf\ihich deforstraterthiesifcbe @ﬁﬂﬁ@ﬁ\ﬁwlﬂﬁ@?ﬁh%b‘é&b?esﬁi@ﬁPd?WP‘F’I
m&gﬁﬁlﬁ%& RanelB) 3&@@1@9@8@ {ranelQedihere iS-BnAGH Wb that
t de se in expressi n rker.
a/R}ffBU ?Pegégﬁi)% p()%lr?'nltlveS “en (% m §6X7)E§r>l¥j§paneg§lr (—:%r%?c()%crrlgenramr{jE e
XSPARC) remain either unchanged or exhibit suppression at some time
pointsigndicatingdhat Asctiviar Avstoesinotiacitarspetify Alese A (0, 10, 30 or 100
S sbnvanic. sndgdeum el ypese s by thersupaars (18 fact el

e mcreased expression of LI, GATA4, and H1'TF3b are
HHETSRH MEPEaZE RS hafber B efinf & TERE AL T calfec i PSP BIEE"
doAotivin, A (0 I 14} Figuressibd AcBrgre et charts showing the effect of
Activiigfy gn ZIGL (Rang!.- CAQr@ﬂ%l c%aa@mmwd%eﬁ%@me@m@f% ivin A on the
Consistent ex ression f the @ er glﬁ:wgte onst teitthat thec{gse
PRSI E dbLE-Hepitiante ec{\ Ctivin A%n neural cflﬁier ntiation. There
Jerenfrotabteastippradsiohsot mhégotenrirfaralitiatio Htated 9y TodxL L
@gm b Activin Nhﬁaag&nﬁ@ésas incieated-hy-thierdacrepsed ©xpressior: ofe
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brachyungiat latertine p0intstef ctiffie réntiatiomratat vie wf@mbrfemedncfbmmh
SUHESS or 12101101 A igures haA B, are dpigregranhs)shawing Mecreastdose.
(Earletal gndoderm fferen?aﬁuon inr sggr& eto trEeT ;ﬂ% Wlt (e%Ctl ngl%iﬁve
A BT R AN SR L R a e Hre ToURd  RFBUGA the CuTtire {
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zﬁcﬁﬁﬁﬁ then astiving are e |Jélﬂﬁldn(a) and areralkinigngityiofel Mia-embryenic

@nq%eﬁ tivity js.lower. [0116] Figures 16A:R %%egng&@g@g@nﬁ \Qéhé@kw

Show markef Efglressmn In response to treatment with Activin A
HEvin B The sesiverk Aekifcd 106 Shse Ctiver a%gfsf WitH eﬂ‘&ﬁ\‘?ﬁ? Actis in
andoActivintBirand triple labeled with SOX17, AFP and TM antibodies.

Panel 6‘11 OX%?mP@ﬂﬁ\ ﬁarﬁFPalFﬁ@ﬁJo@mg tM e?f@g &%%LQA on ZICT (panel
Phase/DA l. Notlce the numerous SOX17 1Qosmve ce IsthI?ma{sou deIm

|tﬁnﬂ1§r3&3ﬁﬂe?émﬁf)sééh@ém8 REP (BY 558 TR S nPhitioré A&tV

demonstirates that there is not a dose-dependent effect of Activin A on neural differ ennauon. There
is a notable suppression of mesoderm differentiation mediated by 100 ng/ml of Activin A
freatment ag indicated by the decreased expression of brachyury, This is likely the result of the
increased specification of defmitive endoderm from the mesendoderm precursors. Lower levels of
Activin A treatment (10 and 30 ng/mL) maintain the expression of brachvury at later time points of

differentiation relative o untreated control eulfures.

-12-



[0117] Figure 17 is a micrograph showing the appearance of definitive
endoderni and visceral endoderm in vitro from hESCs. The regions of
visceral endoderm are identified by AFP"/SOX17"- while definitive
endoderm displays the complete opposite profile, SOX17"/AFP"-. This
field was selectively chosen due to the proximity of these two regions to
each other. However, there are numerous times when SOXI7u/AFP"O"

regiong are observed i solute isolatign from any .regio of A
suggeiotﬁ% thesfseépara e%%glnatlon "oFthe definitive engaS grr%a%%!:g fﬁgﬁ”ﬁq st

ViseerireRdoganresl s ot 8T Erstres K eupigrdnreismbindgdee are found
Tiak{3 dfamily-ef igandsionfecepiorsmutapierssadt\atineg.ARob maus aett is

@ﬁa% mags.arguseil JEE&'?ﬁ) Bﬁ%&v‘é%& ?Iﬁt&kﬁf&”ﬂi&f%}%ﬁlﬁ%ﬂf%}r@ WBhyer,

human embryonic stem cells (see, J Cell Playsiol.187:265-76).70119]
Figure[1995 a bAFErt SHoW ﬁacm%aﬁ%ﬁW&f&ﬁ%@%ﬁ?ﬁ@%ﬁ%@éi&ﬁ%&?ﬂ to
timeras athesulviof Asreatmentwith idthViduat &rdtebfmbihationscofiTGR(8 with
f@@&@?ﬁA[%@Q&tﬁQ@%n%%ﬁl@l%[te@ﬂ?ﬂ §F}t§t‘4\ﬂtr;]ﬁﬁ*@ea§1@cf§@§&ﬂ}%cd§g)éﬁ%q&eﬂ -
e S reatment wi |on 0
B Ef@égi |guF3e é g’bar%ﬁart% shov?/??lg inducti Ooﬁeot SUXIH SOX17
@xpwégs%ﬁféa\ﬁéiﬂﬂm@ gEhethe camiay trecatmentlitR) combih&tionssb TGI8y

factorsp|@422] Figuee 22 isdRanohaihshomi RgihalnACHVIBHN HNEGCRS:AN and

‘%'%%ﬁ? P%Pde”%%% *!n Teasey s%ox o Gell oy S ‘%rsclo}zg%ad a7 Z%A%tf%ed by
arc arts owmg ata on of nt3 to ctlvm t|V|n

tERIEP &t M@?ﬁeﬁéﬁ@%@wﬁﬁlmﬁé&ﬁwﬁ%e@w Eo8ie HaUded s
AttivieidvandcActyithBealtae {Q124ikiguras24A«Cegitashacehatis. However,

showing. differentiatan o defniiye-endader @‘ob%eﬁ@ﬁ' ANGE M WL Pom any

conditions, Treatment of hLESCs with activins A and B in media containin
598 EBY @RAC)BWeT&@ﬁW%@ﬁﬁ%’f@%‘éﬁ%’?i&@bPBF@@%T?‘&%&%%E o
comparetidontkelsame treatment in 10% PBS media (IOAA) (panel A).

Inductigi of therdgfinitive m@g&gr&f%m@ﬁa@ M- Lipane! Blis algOreceptors.
%ffected in the rg1 e.su |on of AFP (visceral endoder

h
A e e G T poceim
ﬁl@ﬂ%@@@ﬂ@%ﬁ%@?@@@ﬁh&%ﬁﬂw%@ﬁv XY cells are dividing in
culturel S@X1 7rnwBunareagtive.cells-arenpieserbabiRe differgntiatingrer time

ed e D),and are lab E1 roliferating cell

e R et R RS it ocra

(panel &3 2th addigsn 2?;lléaﬂvw@ﬁé‘fwwwwmeséé%vbmqab@nm@ Bine
RucledinohethmaOXbtocelisti@remsraswel. as OCT4, undifferentiated
hESC @5 othads)2 6 re2 ab LS showing the

0

v oSt i ST R R A RS e T
ryedial SeHEmbS: (orpm: Fi’@l‘]?ér@@ﬁ]ﬁﬁgﬁre bar charts that show how a

panel gfdgfinitivenendodeimamarkersshare:a Nefy-simianpattetps0ficpendent
expressian19-CXER4,across the same differentiation

10123] Figure 23 is a bar chart showing that addition of Wnt3a o Activin A and
Activin B treated cultures increases SOX17 expression above the levels induced by Activin A and
Activin B alone.

[6124) 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 mediz (10AA) (panel A). Iduction. of the definitive endoderm marker
MIXL] {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.
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treatments displayed in Figure 26. [0128] Figures 28A-E are bar charts
showing how markers for mesoderm (BRACHYURY, MOXI), ectodenn
(SOX1, ZICI) and visceral endoderm (SOX7) exhibit an inverse
relationship to CXCR4 expression across the same treatments displayed
in Figure 26. [0129] Figures 29A-F are micrographs that show the relative
difference in SOX17 immunoreactive cells across three of the media

diti d d 26-28. 01 0 F ur .
condi '[8[2% Ispl']agg ﬁ:ESAlguresmcmtha 5 Whi t% %%}33( ?s arﬁ %wmhbérm

cytome l(éd()t plo at demonstra e mcrease in num

A S SRR BB PIESHH RO hAET ARV A ﬁaéaféféﬁlteiﬂfee%ﬁﬁreteht{%ﬁtfbtpm (,
Medicar[ 034 Higyrasc3lA: Darackar ahgrsHtiat shonethe E4E R celldeled

iselated framithe highdose agtivinA tre@tmme(één%%t ALY S hucles in

further enriched for definitive endo derm_markers than the parent
Pbtirition CAT ()Wfbfgff]“réfétﬁ?‘sfﬁ%l%fﬁ%}ﬂ%ﬁétﬁ%ﬁé@ﬁﬂﬁ D
express&ian fromii@XCRE apd GXCRAqwells istlatedusingn level of CXCR4 in
fvereseanogasctivated.call &@gtmgnﬁﬁﬁg;S) as well as gene expression |n
the p populatio t the CXCR Ils con
essen?ﬁ?@allt ég%&r?ﬁﬁ ﬁlé:néle%(pressmnogreg\(gn il (Sac mm% cndbderm
POBERalSE Antthe CIRCRE DO EEHGIS EoRtARvepydittide cﬂﬂfﬁ@ @RERgtion
gene-expiessiom [QLa3kFigures 33A-D are bar charts that demonstrate

the deplgtion of:mesoderm, (BR%CH\(L RYI,l MOXI})] ectod nn( ICI) an 9
wscer:?l en%oderr% (SOX7) ggr?e ex Ceaétssloqn in the %XCT? ¥ celfs isolated

M tHE High HE<e abtiont A ikt %ﬁtéthgcaﬁeeaiy%eeﬁﬁﬁéé%adeﬁtlblt an
expressiomofitheSEGn:gefinitiverendeo dermramarker gisf0d 34 rFiguress.

34A-Mpse bar ghars moyvgytglttt%g%mseﬁ%%ﬂoaﬁttetrtﬁeéer@ef&@tcg% 88x17
that can be us dto |dent|2/8def|n|tlve endoderm cells. The ex&gssmn

ARAIER T Ye Ftatgtf’és CRaGHRFRFHAFRILOE SRR UIESEALER, FOXQL,
CM Kdmiﬂhnd Eripsl is'\showrilin permets:Golplraspectivelysifighe increase in

@m@sﬁtﬂﬂtﬁﬂﬁlﬁtﬁ o Q&@ﬁ@.@&%ﬁg %ﬁﬂp.%ﬁvﬂ{lﬁ @%@@E&Qﬁf@t@ﬂ%ﬂn ttlaecha
SOXl OX7,.S0X 7 O 7, T nels

A-F, résp ectlve]ls ar%e% S g%gtbhé e Sre%”sfo?'l ana?yss of %gfgf“m the
Wtﬁ?&@%@tt&é&éﬁleﬁ p&éh‘étscﬁwrtreeeottteﬁt rabieted THESE i catedem
geheskpressien:fromipfifiedduman embryonic stem cells; 2NF indicates

cells 131 eatqq th@z%(od %ﬁ%tae%%ggttggtg%&t tﬁ%%@ﬂt@%t%%%elg

treated wit FBS 100 ng/ml Activin A; 1TA100 indicates cells treat
Gotth oA eﬁe*en%l%‘@fﬁﬁﬁ%mew R AL BT OO Sirititstess s HrastegRbe
P BEL400:n Jlryl AotivineAs DetailtK DS critionf0d 35pAithuaiahstager4

Rrearlyhiunan-aevelapmentiermed gasinulatomacoursidichs WEeKs Aftefi.

fertilj . Gastrulatlon is extremely significant because it is at this time
2enge & I‘CSSI

that the three p mary germ layers are first specified and organized (Lu et
al., 20@1’*%cho@ﬁ%|foéﬁ@emuﬁﬁr PEBOYT Reretterde e idepisiporsiblesform

thrsexenteal, faoNatienceithezouter.conarngsioithe Dody) anddhe-eMire; te
AeROUS. Sysigmyhereas e neart plgod. hone, skeletal muscleand. o

other connective
expression of these non-definitive endoderm markers,

[0134] Figures 34A-M are bar charts showing the expression pattems of marker genes
that can be used to idemtify definitive endoderm cells. The expression analysis of definitive
endoderm markers, FGF17, VWF, CALCR, FOXQ1, CMKOR! and CRIP1 is shown in panels G-
L, respectively. The expression analysis of previously described lineage marking genes, SOX17,
SOX7, SOX17/50X7, TM, ZIC1, and MOX] is shown in panels A-F, respectively. Panel M
shows the expressicn analysis of CXCRA4. With respect 10 each of panels A-M, the column labeled

hESC mdicates gene expression from purified human embryonic stem cells; 2NF indicates cells
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tissues are derived from the mesoderm. Definitive endoderm is defined as
the germ layer that is responsible for formation of the entire gut tube
which includes the esophagus, stomach and small and large intestines,
and the organs which derive from the gut tube such as the lungs, liver,
thymus, parathyroid and thyroid glands, gall bladder and pancreas
(Grapin -Botton and Melton, 2000; Kimelman and Griffin, 2000; Tremblay
0 Is and.Melton, 19 .and Melton,. 200 A)
trr%a eortaq-t %/s\%l%tlon S %Ilﬂla 11temﬁﬁa et\}lvé%alélepfhcg %ﬁrﬁﬁ%g %}80)’5@% 100
&‘F’f@ltﬁéﬁ%ﬁ‘lppedté{@/ @é}ﬁ%ﬁaﬁéﬂn%é@é%f%’éﬁé%%‘d%fﬁhrﬁ%f%n%ﬂ%ﬁ%00
ihbeapeimiliveeddedenTis, primanilysrespoensible for formation of
extra-embryonic tissues, maipjy, the parietal,and visceral endoderm
portions of the placental yolk sac and the extracellular matrix material of
ReichdHE) menfibrafie 199536 Brtg gasHaIioR" e plcedtla8ruattmive
endodéenifolimationthegingowitiexacceliutaniigratioauevent m Wwhiche that the

mesgadederm cells 4cells %&Hﬁ@@%@tﬁgﬂ%@@%@@ﬂ SHM A HRRAFRACH mit,
(%E) thrgg ha structngbF al eedethe |t|vi%15trfe@k Eef!:ré ‘;evn s of the bod
der‘afﬁmls 1éfrrll\1/Se133p19rn0meceﬂs whic % mlgrart jthroug% fhe Anterior 7
pfdrﬁ*@ ﬁf@feth*é"@ﬂ%%%ﬁh‘@ﬁﬁﬂéﬂﬁﬁl%ﬁé Hodebeas- %%ﬁﬁlm@digﬁf@aﬁhﬁé cHprtprEve
anterioe MastTegiomohbaistrenidniAs: Migiakian OGEKES, dlefinitive layer that is
entpdst.Papietes istihe Moskanierion aul ke ggn% UIMIBALSS Wit

ormation oft e posteriorend of the gut tube. | n vivo analyses
BrELfGTHRTioN B B AR & ERIEHET P S ie §a8 s é”%?dd 68 ez SBTafisres
andXeriopus by-Gonlenteal. phOO4 ; Eélchnanse{@hkyit 30817 houiétiah, 2000;

9930000 of k. 20821 Dongan gt é’dooz%gﬁs emblay esal w2800 Melton,
Vincent et al,, 2003; Alexander e 1999 Alexander and Stalnler 1999;

Kiklichi*ef 3 ‘”5’66?% SOdSOR é]%c’&id%ieg@?d%\ﬁa“"ﬁ%é SRy ARSI RS, fhie
etralletgpGoteapeal fserrdeftiohsfrhhWwonsimighiedetem pilfhlfb mpproachdtdem is
mahgpmamteafos%@Hﬂférg@freﬂ&ay%@e&mm@é@ tﬁaﬂulﬁwga@l@h B NGhoeral
lan em %( stem cﬂls There %rg tw 1 cts SSOCI vylgm i

e Rile) centa olk 840 he exiraceiiular Atk na erla 0 jchert’s
V|tro 1%8 culture tha pose ajor 0 stacles In the attempt to recapitulate
8EVET8ment in the culture dish. First, organized germ layer or organ
structyressare not-producedonlhe majoritydef:gevacidysrancmigaregns with

sRefific genelic markers il heexpiesseddnanhelprRasneors fashianin o,
the differentiating hESC culture sgstem Therefore it Is difficult to -15

BVAITHTe TOrRIR B B S SHaETE L or e Wpd-atE i IHEReR B brgar”
Specifitsbobmtlarigsic Almestizllgenasresioresséd irirahereelitype withinda (2
pRigUlar genmdayel.ontissug.ty peieseorexpEessed AR &t@ﬁﬁ&eﬁ&@é definitive
d1|1 S ent a layer %]I’GIII%% & tigzri-) us Vgglim clg r?ulfll% flﬁh%qund It;)nesof the
there is é%?l deerarb%/ ess means t assign gene expressmn spem?m ty

WA SN S5PIE%8f 1-3 genes. Therefore one must examine
considgrably more/genggsesoime dinhieh Shadidvbenpsesentas awed sasies in
soma halhal noLhe. expiesssd inithe RAicwsr el b Ofdhe QiR

or tissue of interest. Second, the timi ng of gene expreSS|on patterns is

SPGial W ThSLEmAE aR Bspetine HeVarspnieAtar Baray i1 5ef T
feictherconilicate. rsfiefsuibs HoUIPBE rbted that sttt cell differentiations-

Azuma et al,, 2062 lay a foundation for how one might atternpt to approach the development of a

specific germ layer cell type in the culture dish using human embryonic stem cells. There are two
aspects associated with in vitro BSC culture that pose major obstacles in the attempt to recapitulate
development n the culture dish. First, organized germ layer or crgan structures are not produced.
The maejority of germ layer and organ specific genetic markers will be expressed in =

heterogeneous fashion in the differentiating hESC culture system. Thersfore it is difficult to
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in vitro is rather asynchronous, likely considerably more so than in vivo,

As such, one group of cells may be expressing genes associated with
gastrulation, while another group may be starting final differentiation.
Furthermore, manipulation of hLESC monolayers or embryoid bodies (EBS)
with or without exogenous factor application may result in profound
differences with respect to overall gene expression pattern and state of
difereriiaton. Boy these [easans, 11 AR IGalon.of P1o0enaNR RER R,
must be timed acco to gene expression patterns Wi
RéterbgérestisTeEsshi ilsetal%@ ifflorde ME BHidERay I eve ﬂh@%ﬂlﬁéﬁ%‘?ﬂ@ﬁﬁ] Be
speeifid difftrentiationtpathway Idid4soalsoe beneficialitorconsigesitheroundaries

m&m@9&9&a@ﬁab@%§g%hqr@oq§5@§ g%gyw}emncy&ﬁﬁmﬁﬂ F0f s@mbwo%q 3

uniformly influence hESCs when formed into so called embryoid bodies

SiF\ b@‘Fé%fgr?) B B LB e REWR sk difre st 28 HRoRaEyEgs
and or WESBtdlonfewirktherceitdre vesselici0t 34} Ascar éffectivewéysto of

dealwitb.the: ahoverpentioned.piablemsef :helringensi-a80Gown. a specific

asyn Dmre%Qay some embodiments of the present invention contemplate
combining 5 metfiod for differentiating cells with a method for the

enrichEW, isoltiorbarrdror pastitiettion groultbrrodidn dell wipdishnetation
gifferentiatien apﬁmW@%SIQW}ﬁmaadW&@tm;pvﬁsem imrentienroup of
re @t%g}Q b@O\;ég dg é‘@e‘%‘%‘s REQGER: Jloéatsf&%a% W ppa?m f d%cclnrll Itlve be starting

endodérm cells in culture by dlfferen |arh%§llunpotent cel as stem

EatfsSiftorrttpofeth demfitie BHuaefical B R s o ﬁ@P@iﬁd bodies (EBs)
‘mibltipetént!’ opfarmitipote atpicellirefers:taacelbtype difatean give rgedoo
avimited.number.ehather prticuaneell iRes. A3 HescriRed APAYSrcaton of

deflnltlve endoderm cellg do not differentiate into tissues produced from
TSGR B BSO PR BEC AT SEFrEMERATRPHIE NS Yo e B gha o
awmfgah@rctﬁa@ alfesigehivesic fromvithre Gurtubrecify cdftainipgrefethady . It is also
embedinenis;dhendelinitive:endedermcalisaaarivedifromshE SEs. avitity
Bshpracenmencanpordedie pasis JoLplliciant g &ﬁf SR, AN e

ermal derived fissues such as pancreas, iver, [ung mach, ©
ﬂﬁ%@éﬁﬁ‘és%&?ﬁ%&f&@f@ﬁ%@%ﬁ?ﬁ?@%ﬁ%@ﬁéﬁs&ca@rﬁﬁiv@@ﬂaﬁaéﬁﬁ%ay
be thelfirdtistepsn diffefentiationyofa ¢iginstill te asthuneitonabd problems of
1@%%114@r19q!4‘95@%%9lls&§9 oblain usefthd g?e@me%ﬁf&m% @nﬁ{ﬁg%ﬁmmg

iency of differentiation is desirable for each of

gfﬁ%réd éu ﬁere%86$%ﬁ5%fs BT (87 Y CHIT THe PR erasif P§Féf7ba et
farenSincedifferentittidbfcutstempedlisto definitive endoderm -16 cells

represginis) per@%&m}@@fﬂiﬁ%@;@p 1’&9‘%@6@1%&@ @Eﬁd&l%&@ﬁ%@&%&é@@%'ﬂm

creatlcf ds%et/(:% ce :49 how h efflc Cé{
£ 1
(%} élrelr{%lﬁatloen att |s ste€p iS psalﬁl%1 arI es??aa e Blfﬁ ncv@\/\s/uocl31 the stem

esiFaBi Rty BB Gei FereAtiaticE of plufipotetecns teoetinitivayitipotent
- editioderncells, igente: aspecisiaf thelpresentinvention elatadadn wWie. As

methodology ﬂaéfﬁnmugkﬁa&ﬂp95@%'5@%Jydé%r%?@e%\/@@&npQJduued from
plunpotent ceIIs to definitive endoderm cells. pical such methods
S o

EHRGTHPASE thE BpBffcAtiBn UrEdHtEiFeaht® BOHaRIGHS e orived
fefinde ahdermporallip spécifibdifashions Furtfénenvichinent of thercskrived

pepulation fardefinitive..endoderd cellssambenaghieves byhiselatiodermal

QrgJe r Psléléglcatlgré gof g}tg}eegeﬁllgéyvg endoderm c%-:‘lls fro t%thoe(g cePI s in the

ch, infest or example,
popu ation f‘){%/ using 2 reagent that ébec:l?‘icaﬂy inds {0 definitive °
BRAydepst definitive endoderm may be the first step in differentiation of a stem cell to a
functiona! insulin-producing B-cell. To obtain useful quantities of msulin-producing B-cells, high
efficiency of differentiation is desirable for each of the differentiation steps that occur prior to

reaching the pancreatic islet/-cell fate. Since differentiation of stem cells to definitive endoderm
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cells. As such, aspects of the present invention relate to definitive
endoderm cells as well as methods for producing and isolating and/or
purifying such cells. [0142] In order to determine the amount of definitive
endoderm cells in a cell culture or cell population, a method of
distinguishing this cell type from the other cells in the culture or in the
population is desirable. Accordingly, certain embodiments of the present
invention relate to cell markers Who res nee, a? ence nd/or relati g
P rECETEH | BYEIE S SPeEiitTol O‘ﬁar en Sy ehdHsHY nﬁ%ﬁcm&scf
chélbdetifigvarid deterh mghgfﬂve@xpféé&@mﬁ@wéﬁuﬁmkeﬁeﬁmlebfetﬁswable
hereingiexpressianevwrefers %M&Wﬂ@&p&ﬁmw@ @rpau@gtan@eia&o
%?&%% E;nghe 1\:1/1? lce { ?gpnglélp Eec 5 g &dur%ye% 1nveat1(l;p18r'tgF e ocz)){ 3 Fo m&p 0%%10 that
us determlnln the expression of a specific marker refers {0 detectr ng
&%ﬁerlﬂw@mﬁw@@srsﬁﬁw G EriguAt BFtRetiarREr thatistErpradse gic'ls:
simplyydeiectingdhe-presence:apabsence ofithe markernhAsusechtieseinn -

d@%@é&%d ‘E&E%?aﬁ@ anysmoalagyle ihal 6‘9%19&919%‘?'&@&1%0%91&%%%1 Eé}fmrwe

example, a marker can include, but is not limited to, a nucleic acid

HEUHR GEMHEP P SRy QEHE"%E‘B%Wﬁé%%ﬁ&%r%?]i:fi‘c’ﬁ“&‘?j%Fflé“)?f%ﬁ‘iﬂs
genetprodicinpbiypeptite, ta. giye e prateinha parioliydrate jcalgiygotipoialerm
lipid, adipeRrotsinoramsmalmalestie -{QL43] dseme.embadiments ofi as

the esent invention, the ence, absence and/or level of expression
ag)r([ﬁa%%r’ keris f’g %nrc{nlﬁ"r‘}\félt }%yng’fﬁ%pr‘ftrﬁlfl\ge B’(fﬁﬁl{Q PCR). For example, the

amourtidetranserpiepto dtisadhbifcureain o dpiitvenaredran edishneseell culivre

SQ@Xblp el R4 64, dAtlﬁﬁmsEEl\é,tﬁPoe\lRS%,e 3@%& Mot ledisGATAture or in

o0 B abihe P Ao Dbl B U RSt REE Ao 1

markers described here etermined by quantitative Q-PCR. In
ﬁ%éﬁ%ﬁﬂ@ﬁ%@?ﬁ@cwﬁ?ﬁrﬂ@fw@mwﬁe £ deteerhelprtems e
expiessed bythesadbovegssientiodechgeine shd n:gtithathef exbodinrents; used

%E’Q%%Mm%eh@tﬂ%m&% feehnigues are.dRqtb.used fo.ldantifye; o
and determine the amount or relative pro ortlons of such marker%q([%OlM

PR SHAGRS, SURHTEY thotd Bescrbsa SHBVE "o Hetsiifia fhd oo
e&ﬁmes%ntmto offoriebrifmo e appropriatechiarkerst i ibposkibleatdsickrtifyd or
@l&ﬁ@iﬁveceﬁgiﬂaeem@ s as-welbas. determine tbe Rprapottion-of defindivey
cndodenn cells.| Qﬁ%% gultre or cell p % 'a“oafh(e'?%gn example, in o OQK“mn i

mi) iments of the present |nvent|on t nltlve en oaerm cel S or ce?

e

197 popinafong that ér‘@‘ﬁ?ﬁ%@&%&‘&f‘e@%ﬁ@%@%ﬁ* ardror the ExCRA™
geneatatevebofidhouf 2oprders: efimaghitudesretivér thar, ron:definitive
endadarmicell types or cell populations. In other embodiments, the
definitive endoderm cells or cell populations that are produced express the

sox17 Hitior the EXERAGERE &t IBVETEA SIS thih BaTHer& B sndior
ek piterdecyianté e thapon ondetiefinithvie erdbdermPedll §pes)orfsekxample, the

wmmgscm@u&@mwaa@migaemsgna&mesdafmi&lsv@o;enﬂ@@tem celisiOR TR,

%@EB&% EQBELW%R‘E%‘%“&E%@? 5@%‘?‘? &{Y? %fﬁg% g&gﬁ@ﬁ ORI,
ecte from the grolp consistin R
QWii CALER, POURO N ENRORT mﬁmél ERIPIAY [BFEIETSOBR Por hore
thandnerdetsrofniagnibudergreaterdthadaon-definitive endederty cell above-
BPRS:QK E@'Jésoo&yl@i“%r embodiments, Q-PCR and immunohistochemical techniques are
both used to identify and determine the amount or relative proportions of such markers.
[0144] By using methods, such as those described above, to determine the expression
of one or more appropriate markers, it is possible to identify definitive endoderm cells, as well as
- determine the proportion of definitive endoderm cells in a celi culture or cell population. For

example, in some embodiments of the present invention, the definitive endoderm cells or cell
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[0145] Further aspects of the present invention relate to cell cultures
comprising definitive endoderm as well as cell populations enriched in
definitive endodenn cells. As such, certain 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. A preferred
embodiment relates to cells cultures comprising human cells, wherein at
J?ah%%absodz'& 30-80% OEt&erQs‘é'Eﬂ,fE‘ o‘ig'.‘rsad%%é* (A58 definitive endodenn,
CBitE Becauss the efficie cy of the differentiation proc dure”can be

et st By ifoBTgigr e DA FriefefsrviFit iRt i g8 BGP AP Fiot I other
dimnited:-te, eell growth sanditionsisgrowthsfactaicaoreenttationsdndthe the
Jming, of culturs:sieps. the differentiation, pracedures, ﬁ&ggbgggt@%%m-

can result in about 5%, about 10%, about 15%, about 20%, about 25%,
dbptitatve  dBoti'358; Sb6i 299" Eout a9 R0 R Bhdtit £5951 7
abdut68% cabduboH8%raioutr7 P albcut 78 % cab out 80 alotet 85645
about 90%..about, 93000 greateu taan, abeyt, 95% canversioR®f cvrort
plc{J ri&%ier%t Cze"% tcj)" eﬁp j)tive end %e%rgrdalap Opea!’ ej%n eOd-iTe(?rntﬁnor]:othgcﬁnitive
a6re%en Tnhbentiolt, conVersion of a plunpotent cell popuration, such as a
stesreeilbopylatich peovisitystantially pure definitive endoderm cell
populatigy) is contesplated. J0146}Ehe sompasitnrstandinathedsomprsing
cg?siﬁgeb een oqeirz% ins eraé € s?’ ?Sﬁe rg‘ lu a%l%‘*];léj IGJE%@IILUJ eu% 'delf:i%ﬁ;i%x %1 (Qllc%’ntps%sce[us such
cultures and cell popu ations omprising ge_flniti\(é endoderm as well as
W REYHGEE O F PGt MG At ERNCIIIFSS S PHSaEsHS dhaem ot
iesefubfotomodelitg thits @aclyustagesiofhumanidevelspmenticidrthémiors,
ne-compesitions and.petheds.descriled Nareln. Gan: ASORME: Rinan cells

therapeutic intervention in disease states, such as giabete_s‘ mellitus. For
BRAHSIES STHEE deTHRITE St deiir Senied KE e S Stirde TP BHR? Booevre
dimitedinomh berofifissuiesizit camberasddhimthdedeveatoprmantedfiposs srowth
dissuengr £oltypRs: PREDUGIIQN QF RERINIT MMEENEY) DIERMREM:
P RIPQTENT CELLS [014/71, The definitive endoderm coll culturss, and
Compositions comprising definitive. endoderm ceffs ﬁ1at are described
RéreitrEali ‘berprodiced oM iutipsteht cams! slieh ag embrybiitcoCrepout
@ellsbAs sedbhersim, ismbryonicur eferstouadangecof dey etepmental about
Siages of an.Lrganism, heginning:with.asinglezygete and.ending with.a..

‘multicellular structure that no longer comprises pluripotent or totipotent
BE Bt R Sl P EF Y é‘%%: LB adtiitich fo SHbFbs HeRiEy ©
sub8diriarnetdefugionsthedermll eapionicoreferkttd. embryos derived by
somait £gll nueleabiARSIRK A Prafe edmethadenderiviag: definiti@ires.

ndoderm,cells, ulliizes hﬁf&‘i‘}“ Gl a%%’@é%%gﬁ%ﬁ&gﬁ%&%@%& A58 o the

O exampie, e ce Tes an
startm& ma erla]l or definitive & ermp n. The embryonic stem

BERIpSEPT RIS FHEted CHN Be el fvatarigate from e rraaabe carly
embronic:nneticetidnass-orthasehobtaipeddromdiembrfodiccgodadaln can
fdaes. Hyman stemcells.can be;maintgined in quliure 0 A pUNpQEnt .,

state without substantial differentiation using methods that are known in
e ArrSie R (HEIRGEE Bre deSeRBeY: 167 égﬁ?ﬁﬁié?i??‘fﬂéf PHtEht I B
5,453 8566787 2:85:696:0265,843,780, 6,200,806 and 6,251,671 the
sisglosties o witichiare insasporatederein bymwefarenegingheir

entireties.
[0147} The definitive endoderm cell cultures and compositions compriging definitive

endoderm cells that are described herein can be produced from pluripotent cells, such as embryonic
stem cells. As used hersin, “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
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[0148] In some embodiments of the methods described herein, hESCs are
maintained on a feeder layer. In such embodiments, any feeder layer
which allows hESCs to be maintained in a pluripotent state can be used
in the methods described herein. One commonly used feeder layer for the
cultivation of human embryonic stem cells is a layer of mouse fibroblasts.
More recently, human fibroblast feeder layers have been developed for
use in the cultivation of hESCs (see US Patent Application No. 2002/00
Bt RS (e (BB (FRTOIWRICHTS ThEB ROt Af A ST e BYF FefePSHEE 1P its
smivenp Alterhdtiveembddimertsiéfdine mbthodssd ésoribethiversistqperaliit

@mm@Amﬁ@a@aggmg&mmp@;@ﬂm%@@mew&&h& uq‘sﬁe@ﬂ@r}t@@&i@mﬁguged

Lég Ods ell etn()fdie%&ctnl%red IEBUI‘IESOI'UE)E.atBe 113 lll%léllgl!‘ocﬁ 1 mass, or those
30 §/18?L 956, t% FdiscioSure of w is mcorporate Herein by reférence

mf%tgeémmmwggw%lﬁtﬁ%n %‘Fﬁﬁrmé’@iéﬁﬁ%é?l@?}g@ﬁﬁﬁé?éiﬁfk’}ériﬁ a
heimaitainedimeulisrenel theswithiar wihesthses tm. o8 ISeMEN the art. Such

8&%‘89%@ ﬁ’é’&&%be?c? od! exa%&@‘%ﬁ %’?ﬂ}téﬁt ‘r%%?‘% 4'%3 %’E'? & (&mbodipents. setum

free culture techniques, such as those described in' US Patént Application’
Y Sé’édéﬁo&%ﬁé i SN e SR W AR S TESTh BB g Gy et
raference in its entirety, are used. [0150] Stem cells are maintained in

culturgyine IO|U'ﬂ%‘i’ﬁ@&%@&@n@{sr&%ﬂ@ﬁeﬁé§§é&%{ﬂé@t}UeHsﬁ? gesired thatthey
be |ff tlated mé;) deflnltlve endoderm. In g{gme embodime

E‘ S I MR SRR KERiETeh BBty Qg B s
@:ewrwmmétﬁegm\kmb%etémﬂﬂﬁh@gr GF(Bed bprerfardily derenvrainiendritcder layer
ﬁk:lﬁﬁéi'&Hivﬁ@dﬂr&mmﬁucﬁﬁﬁﬁﬂ%ﬂﬂaﬁméﬂs @Iimgtw%f%d@q@mma%rom&& factars
loum GbFés% 2uk ?E];agp ! P{ave %\Iveelus | fosl;:tgle tw %bon 9 Sflr(’lltIVBS

erm are selected from t dai/Activin or roups.

%%?ﬁ&?@ﬁ?&%ﬁ%%ﬁf%%ﬁélamﬁ@réﬁﬂﬁ%vﬂww&ﬁ%aéna@ge% HGWé’réereﬁ‘ﬁ@ce
growth-faotosisselectetdramthe tigraspototsistiag efdtodal: AetivitiAance

&gﬁmgo@n@@bﬁ Mﬂfkuﬁ@eday@aaély@e&aqggm&ﬂ%é%d\!\m%e%&&mga Wik

y mempers are useful for the production of definitive endoderm cells.
?ﬁ@éﬁ%ﬁﬂ%ﬁﬂ%&ﬁ%ﬁ{% of the SrasdtiTThtetition  COTHBIASIOIE Brany GF e

thiés adssie-mentioned growth factors can be used. 101511 With respect to

some jpf #he embediments.of differentiation:metheds descrbed-pereinathe
above- emrjtlo%m(ljt growth {gctors argogrovlded to the ceIIs so. that them

S Wl 3] S, Serun replaceiment.is us T
rowt ? ctors are IEI.UE) resenntl ecuﬁ’fures concéntrations suff|C|en1t

?@kﬁﬁéﬁ%ﬁeqﬁﬁf@?@ﬁwﬁéﬁ t@ﬁﬂ&ﬂvéaé%va BOrSTHOEHE BB eslis ication No.
definitiveiendodetmurtnsome e mbodiments-of thepresent inventon;dhed.

abovepmgntiongd arowih ﬁ%&%ﬁeﬁ % Rﬁﬁr’?‘?ﬂ}é e sell cltyre AR sassage

concentration of at least about 5 f?m at least about 10 ng/rnl, at least
d

Hhbh o8RG A teaEE AHGTREY AgHRIIST B&fs%aﬁ?l?shh&fﬁﬂ epoigeys.
éifoutt 00 rig Avindtieadt@bout 2BEvrigimiratdease disotr300 ngitnl aatowth

least ahautdhP ngimlgtieast.ahaut.200.09imb ableastabolld 00 fnstive
%%/ml at least about 2000 n%/ml at least about 3000 ngllnll at least about

By T3 AL R8RS 600 NG RAI B IndTEtndR Ai5BUtS060 WEfion of
fetrB el rckrain emnbeodinéerfistofttheloreBaritimventiont thebgroups.  In some

ahoug-mentigped:arowtiin factees areiremenad drom thescelt Guliigd som the
gc’r%?ps%‘o lelesggot%ft Q\%c ?dgcl*!il\%? AF%ch)'(lg @ lned gﬂ%’ I’ OW&thﬁonailyj the growth factor
Wnt3a and other Wnt family members are useful for the production of definitive endoderm cells.
In certain embodiments of the present invention, combinations of any of the above-mentioned
growth factors can be used.

[0151] With respect to sarne of the embodiments of differentiation methods described

herein, the above-mentioned growth factors are provided to the cells so that the growth factors are
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factors can be removed within about one day, about two days, about three
days, about four days, about five days, about six days, about seven days,
-about eight days, about nine days or about ten days after their addition. In
a preferred embodiment, the growth factors are removed about four days
after their addition. [0153] Cultures of definitive endoderm cells can be
grown in medium containing reduced serum or no serum, In certain

embodl ent ne ent inv tion serum co centratlorlts {:an ra rg
TESeI 6 L 5 2 ncen tlons s en ’to omote aliferentiation of at.least a porfion of
om a out 0.0 /0 viv out or example, in certai
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alpoiir: 61 @636 Yriesssthan abeukD A% rbwi) coteasrihan.ahouti0 % S(véihl,

Igss,than.abuhO: %t@eg\slt/\!’gmlte%snmp a%i)egtit@o%%%gft% %%%st*ag@u@‘i%% o,
?ﬁS% (v/v), less than about Q. 60/5}{[‘]\/ less than about 0.7% (V/v), le
t

%tha%%%uiodl%% - QAT Bt tRA REH I BOBRORUAN Head. ARt DL
@Aestlemsiti@maibbut 294 (rv) 88 dharabouti8% 200z iess thareabotitoo

4% kalesshanoaloul % (ot |§§§ tta@n @%&gtﬁa@a()\t&{)sob@%% Ahan
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than about (v7v "i6€sy %ﬁ“‘%iﬁo& T SIS IRET %Bjﬂfcbﬁwh
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ek [eplagemantn. sl tar sbediinents defintive endoder cele,
are grown in the presence of B27. In such embodiments, 1

S@Hc?étFﬁtBtibi‘F‘?ﬁl%izf%ﬁBiﬁfé‘i‘i%ﬁ’t%%ﬂ’ifiﬂ&h&ée T
20%689vih0Bdidthe progression of the hESC culture to definitive

endodgiRzcan bemaniiorech:Ry JRIGIRINAG e XRIGSSIANQLMAKE Srine

rebi re cteristic of definiti ve endoderm. In some embodiments, the
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q@s@ tqgl §091I t(l)’]%/c 8” Lé(turtgat? %t?o% (P QP V?UOJLQSS ti l!i tgm/b %q E;I t“a an about

measurement of marker expression c e ua ative or

One Fhatstse ghah s thie%éi%ﬁ?e@é’%ﬂMdﬁk@réﬁtﬁetﬁfatéobr@)a%cﬁé/d)uyss
trarkerdeles s, throtghathe 1Ws6:0f, (uaniitative PGR{Q-RER):Methods),
QEQ@HOJ%U{]@/QVPVS: E%sgtﬁaw&utim@ww the @t aéaih% methadswhich are,
Fgg SS L an arttgg/a @S%S?%al;llsa 0 t%cﬂuzntltate marker %ene ex%ressmn
or SXAMDIe the & Xpreésm Gt A ThArK&FYEHE PR dUE: Eah fis than about
é%{”e@t@dob%i}sﬁig aritibdtfie &spedifierfortedmerkeigeneprodietofells are
interestinniseme embadinenis.ehthapresentinventionsthe Lxpressionef
t@@i&%iegterig@tﬁah&t@f%% sl Jslinitive spdoder as e as e Jack.of

nificant expression or marker genes c aracteristic o?rh‘@é&s aﬁﬁsg%ﬁ? Pt

Célt e S AN S B LA R CHBR R B FIPEEHEE Reaii§12% v/ to
Helo’l aweliable marker of definitive endoderm is the SOX17 gene. As

such, thegdefinitive,sndoderg &@ti%m&iu@eeet @ﬁm@g@m@gﬁ c&eéecrtt%%md

Qergln express the SOX17 marker gene, there gpro ducing the SO

ere prodtict ofHaF ﬁ?&rﬁgr@aolfeﬁeﬁﬁtf%lﬁﬂﬂo’ &fifrie I\‘?ﬂg@ﬂi’%Aﬂﬁme
F‘FNWB‘:D@S@ PR WVEFGALTR: FOX@IEN KORcand GRIPExr or
same embediments afithe:Resent IVRMIANCeIRIEVE ters can determined by

measuring the level at which the marker is present in the cells of the cell culture or cell populatiort.
In such embodiments, the measurement of marker expression can be qualitative or quantitative.
One method of quantitating the expression 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.
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endoderm cells express the SOX17 marker gene at a level higher than
that of the SOX7 marker gene, which is characteristic of primitive and
visceral endoderm (see Table 1). Additionally, in some embodiments,
expression of the SOX17 marker gene is higher than the expression of the
OCT4 marker gene, which is characteristic of hESCs. In other
embodiments of the present invention, definitive endoderm cells express
the SOX17 marker gene at a level hi%her than that of the AFP SPARC,pr
PR PR GRMTPMY: AETRST HBHESCH Brb&iftF SR SRATEisp iR sreoite
forebentrinventiomodive SOXdFiexibressimelafindtizeot idoderni oelistion, the
elrag)@éilg&egf%ﬁa@g@a@%@%d&teil%%@é&b@&nhﬁe_%ﬁaa%ﬁqg ?%Era@sr%mamggmﬁfm
evels or amqunts o : -negative). Another marker o
RS R RS EXA T Sa THE L LS Y B todes o
cell suffdée chéméiimacfelehto mifosttiplenbrievthe relrdm sutltactaffinitive
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qae%’c%te%r%f%'?‘{a%%st%ebgg}fﬁai/_ %&9&%2&@%%;@&%}8&953 celisdo the bong, .
marrow, lymphocyte trafficking and the differentiation of various B_cell
AT TraeTs phide bovd demr medgds (Kitn A6 FaRt Brohxmglel, \Hi SALCR,
EeikocgrerBivl. 65, 6RI5. (1899): EhboDXETR 4f ebe ptoralSovéurnsetich§dsa

soresepiorian.he sotyefRHINEL IR Troeis: R0y a8t &l 1R UBRESmarier
272, 872-877 (1996)]. In an extensive series of studies carried o
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TGN E RS PR DRV BISIS Y 215 R4S A 18591 th ‘e%gé%’g%é% ki
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it resulted in late embryoniciethality.Messraipebal, demgnstrated that

CXCR4 is the most abundant chemokine receptor messenger RNA

detect® Huring B4 HESHUISHRE EHBRIES E 75y Ushg R onbinatior &
RiNdseaprotection drdikisitiedsyloridizationamethibdologiesametheDF-1. The
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ﬁ@‘é&LV%QnL”céﬂsdH‘%%Q%o@ ration,of primitiye.streak d%EE“ ayercellsandis o
expr ssed on é’e Initive enc]% er_ ,ﬁ%esg ernt and extraem ryor]lc

tresddeitpreselehtdhig e Hp? 20 Broseise 220 enibrye SidXERA>
angalphadetoprotetapate:sautivally: exclusiefndifcatingnalac Kot into T-cells

gxpression: in vizceral epdodermdMcGrath, .k, 0% 2l DeL. BIQIOgY. 2 5y
44 -45?%1993?1]. [0157] In some embodiments of the present invention,

. ] e p

e W Rl &' en S U TR BERE> Braduited By the eSS FE<ermRi R ERSHY™
eXpRdsmihe GXERigmaldt géhe. (h ethéroembodimérts:iieidBlihitides-15
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| 4 Marker gene.as well as o I markers o [nnItive e erm
g ot Ao T o s “BORAT TNCE: GATAT T b e v
EOEE?, WWISEKL CR, PERey:CNICORCand CRIPES 1 ¥6hdia Q. ct 2l
meﬂejzim@mtis«@ﬂtlmeqggpseaamiﬁmnﬁieemd@cﬁiﬁ&tivmae@dm&ehmeeﬂs RXPressed
&Q‘? %Bég’s m%{ &%H&&%ﬁ&%&lﬂ%%ﬁms%géQ{ﬁﬂe&é?%g c{%‘%{g%ﬁﬂy

gene. Additionally, in some embodiments, expression of the CXCR4, &~
PR BTG P et A R R B Siok BT tRES Bt in situ bybridization

methodologies. In the gashulating embryo, CXCR4A/SDF-1 signaling appears to be mainly
involved in inducing migration of primitive-streak germlayer cells and s expressed on definitive

endodernm, mesoderm and extraembryonic mesoderm present at this time. In E7.2-7.8 mouse
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marker gene. In other embodiments of the present invention, definitive
endoderm cells express the CXCR4 marker gene at a level higher than
that of the AFP, SPARC or Thrombomodulin (TM) marker genes. In
certain embodiments of the present invention, the CXCR4-expressing
definitive endoderm cells produced by the methods described herein do
not express significant levels or amounts of PDXI (PDXI-negative). [0158]

ILwill be- ﬁ%%!%%@ e that exRIessIon of & ex&ﬁﬁe'ﬂl 0do ﬂﬂ?k?‘%&%g%%s

not “preclu pression of SOX17."Accord |n%r{ in som

é’ﬁiﬁ@oﬁ?ﬁ@ﬁf@ B‘fifﬁ@%fégeﬁta nvehBéreedetinfttod-Eidd8rm cells are
those {hEreXpréssobenthéSOXd thantEX CRAtmarke fgenes atacievells

Q&!&@é@th@”tﬂga&%S% @Qﬁ%&”@%ﬁr %@:@s '%Qd @leméfkéo E&@e In other

embodiments, the expression of both the SOX17 and CXCR4 marker
G %11%1&ﬁ&ﬁ%ﬂ%%ﬁ%ﬁz&é@%@w&fiﬁ%&ﬁﬂaﬁwﬂ%ﬁ&%@sﬁfafe*fh%?ﬁé%’fhe
ErRytirmdertecef theohre st indertidnic Gefirdtivéodon ageximcbifgreprisstio,
bf@ﬁﬁthﬁﬁgxﬂmdﬁh@s%&@é;é@mghemm@m idgml tigber thandhat
the AF R r Thrombomodu marker es. |ln cert

kit S Rl oty e e
deriEitivace pdbdernees Bradited By thémeatrdes Gescribedtaksirigwme
BobExprasssigafiaantievsisranameunis of IRDX RD¢ pegabive). (0 1B}
!:Lé%!:lr %&9@%‘%&4@&%&%@% ;t)z%élq{ QLGS %%ﬂlﬁ%%(d@&%%e&ﬁéo&pﬁss the
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examd@%ﬂhrlpc}fé‘ﬁ]ﬂ St eEaltd it S6mme @ﬂ{%%ﬁ%mfﬁé”@%ﬁ?’é%ﬁdﬁ%d
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@@Ahﬁ@&m%@ﬁ% % '&HB'E%%@{Qéﬂ%ro@’lﬁ@p@&ﬁw&aﬁéﬁo{ﬂeoé‘xgﬂéé@f%Ze SOX17
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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 4G-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
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FGF17, TWF, CALCR, FOXQ1, CMKORI and CRIPI in definitive
endoderm cells or cell populations is increased as compared to the
expression of GATA4, MIXLI, HNF3b, GSC, FGF17, VWF, CALCR,
FOXQ1, CMKOR1 and CRIP1 in non-definitive endoderm cells or cell
populations. [0161] It will also be appreciated that there is a range of
differences between the expression level of the SOX17 marker and the
ression Ievels SPAR and/or SOX7 marker,
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aboutrevdmpents, OCT4, SPARC, AFP, TM and/or SOX7 markers are not significantly
expressed in definitive endederm celis.

0162} 1t will be appreciated that in some embodiments of the present invention, the
expression of markers selecied from the group censisting of GATA4, MIXL1, HNEF3b, GSC,
FGFL7, VWE, CALCR, FOXQ1, CMEKOR] and CRIP! in deﬁnitive endoderm cells is increased as
compared to the expression of OCT4, SPARC, A¥P, TM and/or SOX7 in definitive endoderm

ceils.
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1,000,000 pluripotent cells, at least about | definitive endoderm cell for
about every 100,000 pluripotent cells, at least about 1 definitive
endoderm cell for about every 10,000 pluripotent cells, at least about 1
definitive endoderm cell for about every 1000 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
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&ﬁgﬁm\%hﬁ{ﬁl@ewﬁp@wﬁ%lggbgagm gsthe SOX17 or the CXCR4 marker

is greater than the expressmno the OCT 4, SPARC, alpha-fetoprotein

(AFP)HifombSPREGHTF T} BtHIr-Seser FalasH gtares o cell populations

comprising from at least about 5% definitive endoderm cells to af least about 95% definitive
endoderm cells. In some embodiments the cell cultures or cell populations comprise mammalian
cells. Tn preferred embodiments, the cell cultures or cell populations comprise human cells. For
example, cerfain specific embodiments relate to cell cultures comprising human cells, wherein

from at least about 5% to at least about 95% of the human cells are definitive endoderm cells.
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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
Qe numan cele, i alleas ahoul 4008 oL e puman, Cols, 2 88SL e
Man cefis, in at feast a uman cells
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com rising human cells, such as human definitive endoderm cells,
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cr embodimen £ eXpression o} bc}t% the SOX17 and the CXCR4 marker is greater
than the expression of the OCT4, SPARC, AFP, TM and/or SOX7 marker in at least about 10% of
the 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
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about 95% of the human cells. [01691 Additional embodiments of the
present invention relate to compositions, such as cell cultures or cell
populations, comprising mammalian endodermal cells, such as human
endoderm cells, wherein the -expression of either the SOX17 or the
CXCR4 marker is greater than the expression of the OCT4, SPARC,
AFP, TM and/or SOX7 marker in at least about 5% of the endodermai
ells. delgmar emkedinents, theexpreesianateher ke SOXIL.UhS, in
ter than th on of the OCT SPARC
SRS R S e A T Y A
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expression of the OCT4, SPARC, AFP, TM and/or SOX7 markers in from at least about 5% o
greater than at least about 95% of the endodermal cells.

0171] Still other embodiments of the presént invention relate to compositions, such
as cell cultures or cell populations, comprising mammalian endodermal cells, such as human

endodermal cells, wherein the expression both the SOX17 and the CXCR4 marker is greater than
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endodennal cells, in at least about 85% of the endodermal cells, in at least
about 90% of the endodermal cells, in at least about 95% of the
endodermal cells or in greater than 95% of the endodermal cells. [0172] It
will be appreciated that some embodiments of the present invention relate
to compositions, such as cell cultures or cell populations comprising
mammalian endodermal cells, wherein the expression of the GATA4,
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cell isolation are known in the art and such methods can be imp lemen

O T SHRBBS S e B PR FArgane OCT4, SOXT,
embathintentMarlantbdlyWhickkbipdssto CXCR4 is attached to a magnetic

bead themallowed fo hipgkiq.Aefinitly gr&@g%egmogeusdaac@rp@@# GRllWinitive
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ENRICHMENT, ISCLATION AND/OR PURIFICATION OF DEFINITIVE ENDODERM

[LINES With respect to additional aspects of the present invention, definitive
endoderm cells can be enriched, isolated and/or purified by using en affinity tag that is specific for
such cells. Examples of affinity tags specific for definitive endoderm cells are antibodies, ligands

or other binding agents that are specific to a marker molecule, such as a polypeptide, that is present
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exposed to a movable magnetic field which is used to separate
bead-bound definitive endoderm cells from unbound cells. Once the
definitive endoderm cells are physically separated from other cells in
culture, the antibody binding is disrupted and the cells are replated in
appropriate tissue culture medium. [0177] Embodiments of the present
invention contemplate additional methods for obtaining enriched, isolated
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[0179] In preferred embodiments, definftive endoderm cells are enriched, isolated
and/or purified from other non-definitive endoderm cells after the sten: cell cultures are induced to
differentiate towards the definitive endoderm lineags. 1t will be apprecizted that the above-
described enrichment, isclation and purification procedures can be used with such cultures at any

stage of differentiation.

-28-



by at least about 2- to about 1000-fold as compared to untreated cell
populations or cell cultures. In some embodiments, definitive endoderm
cells can be enriched by at least about 5- to about 500- fold as compared
to untreated cell populations or cell cultures. In other embodiments,
definitive endoderm cells can be enriched from at least about 10- to about
200-fold as compared to untreated cell populations or cell cultures. In still
other embodiments, definitive endoderm cells can be enriched from at
least abB84120- to abiin100:fokbeedrewishredibetnirbatod oelpderm cells may
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Human ES cells [0184] For our studies of en erm dévpeﬂ ment we

SATSTBY BRI dRBIGRdcdiEm L ra Wrﬁ%%eﬁebbﬁﬁﬂrﬁs Flahdp @Byt 500-
divide seaminghindefinitelypimdultusenviileunaintainintg: amotmats, definitive

leaﬁm@mdﬁé@@y@nw&@ %ﬁlmgag{%@u%h@ 25980l BRIy IRBRE %elhmted

Ss u either, -2 |mmuno cﬁglca or mechanical methods for isglation.

m pgrPcufaPStﬁf HlHAH EmBhyoi & SR wSim i HELEGD5HS HasigEy’e
froiahadstpernariierany Folzenoembiyd frontamin vitrgrfeitilizaitivnuieyekeor cell

fellewing-nte Hﬁﬂ&@ﬁ%&ﬁ@&ﬁ@ﬁeﬂﬂﬂiﬂa&ﬁﬂ&m thawd Qﬁrﬂﬁ@dhﬁiﬁ'ﬁ@gaﬁ about
Q@s{oca)ég was:plated on m nic fibroblasts neES .
medium (%MEM 0% P arSe non esegée(ri]tlai ami n8t10§s| (XM e % certain

6&&0%%%&8%"%%0#@ Stlpaer A & SRS éBCﬁIé 2 6p S HHE0-fold as
cuttpredishnarcka fiérpapproxmatélydwesweeks, regions of

undlffef@rsaﬁted BESEswets ransiered o.new disheswith, MEES i can be

nsfgr wasg accompl plished with mechanical cutting and a brief digestion
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passaged over 100 times. We emplteyed the hESCyt-25 human
embryapic.stem cell line.as our s arti aterial for the pr ti
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6,090,622, 0,200,806 and 6,251,671 as well as U.S. Patent Application Publication Ne.
2004/0229350, the disclosures of whick are incorporated heremn by reference in their entireties,
EXAMPLE 1
Humean ES cells
[0184] For our studies of endoderm development we employed human embrvonic
stemn cells, which are pluripotent and can divide seemingly indefinitely in culture while maintaining

a normal karyotype. ES cells were derived from the 5-day-old embryo inper cell mass using either
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herein. For example, cells obtained from embryonic gonadal ridges, which
can be isolated by methods Imown in the art, can be used as pluripotent
cellular starting material. EXAMPLE 2 hESCvt-25 Characterization
[01861 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 cell line displays strong inm unoreactivity for
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endod%rm lineage when used in conjunction wit to exclu
Imeage. Treated cell¥ expressed high levels of a-fetoprotein (AFP) and SOX7, two markers of VE,

by 54 hours of treatment. Cells differentiated in monolayer expressed AFP in sporadic patches as
demonstrated by immunocytochemical staiming. As will be described below, the hESCyT-25 cell
line was also capable of forming definitive endoderm, as validated by real-time guantitative
polymerase chain reaction (Q-PCR) and immunocytochemistry for SOX17, in the absence of AFP
expression. To demonstrate differentiation to mesoderm, differentiating EBs were analyzed for

Brachyury gene expression at several time points. Brachyury expression increased progressively
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extra-embryonic lineages. [0189] 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 APP, SPARC and
Thrombomodulin were also employed to rule out the production of visceral
and parietal endoderm (extra-embryonic endoderm). [0190] In order to

produce an antibody against SOX17, a portion of an SOX17
INOR (SEO R 17 S BSOS 18 Ao T 2oa s (S =
NO™2Y ihethhelite arifoxydntnsreid Bf e SOXEFEBrotein (Figure 2) was
used for genetic immunization irgratsiatethe antibody production
company, GENOVAC (Frlgljcpﬁrgén%gg Yl 86Gording to procedures
developed there. Procedures for genetic immunization can be found in US
Pateni{®4¥3. 5,830:876;7 DT 6370% 4EE58PRAG &6 T 2818 Wl L5
lnkernatianal.Pate afrhpplication PubticatieniNescoNWB0029442 eive antbody
r\é\%@%%&%&%@ﬁ%%g%@gs of which are incorporated herein by

reference in their entlreyies. 01_91]r0ther suitable metho sﬁfor_%gndetic us it
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orwhich,is ineorparated_hereln by teferenee i U5, aNlrely SPSGIIG e bocy
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gpevifit iprotaifsrean edound! for exaplelirrrrstdyliaet d is eroggyrnate
Genretic; imnumnizationagainsidie humandhyratippinceethtoikas sesxciunde
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native receptor, J. Inununol. 160: 1458-1465; Kilpatrick et al (1998) Gene
gun dait&fled DNAHESET TSR St R i AiS s ety
eRittine cMon ot lonahantibodie 110 diierfElf-8oepeptdrsHyilmit ertha fduction of
2821576 260molke tak.dta98h;-3bidentification ot hepaliis:G WIE: and
articles in human serum b%/ EZ-%JEC%IILC monoclonfallf,a}:nt.|po%|easn.echal endoderm
8@?‘?@@&8@‘5&’? DR TR AR R I RS P A8 1 A B4 RiaBamann at
& (1999)oGendrdtion of monoclonal antibodies against proteins with an
unconygmrtipnal Ruglgic:aciddased imBunization soiatedysodidiofeahnokan
119 : livieri.et al., (1996) Generatj K 9
SRl e s L el 2 e o o
et By DNAT FAMtRIZAIRH: FiBT6fAcTahbr 51 Tt oA tHghon = s o
disclosugspedandiieh aredncoporated erginrh\Crefereneadriitizely procedures
%@F&ﬁ%&%%&%l R)S0K 7204 S0X18-ate dhe.clasestSoxiamily relatives dos,
SOX17 as depicted.in_the relational dendrogram shown, in Figure 3. We .
P I?a ?gll 1@1 g{—"] ﬁloamon%\c)s.

X
EMBISyEd e ot S%7 BolPeBtis A & he g ativeEsh fol to |
FepRonRsHratenth O BOXLY dntibodyofsrdpadficforSEx Fand Y EES At

react with.its closest family member. In particular, to demonstrate that the

antibody pipducegl Dy, genelie, N MUDEAAN 1% SRAGIIG IAIREAAL A& or
and other proteins were expresseo?ln ﬁuman fibroblasts, and then,

RN AdfEie crOS SRR\ BRI e SERdT Raptiiay P b e Sre bR Y

genetic imrmmization in Biotechniques 16: 616-620, 1994, the disclosure of which is incorporated
herein by reference in its entirety. Specific examples of genetic immunization methods to produce
antibodies agamst specific proteins can be found, for example, in Costaglia ef al., (1998) Genetic
immmunization against the human thyrotropin receptor causes thyroiditis and allows production of
monoclonal antibodies recognizing the native receptor, J. Jmmunol. 160: 1458-1465; Kilpatrick e
al (1998) Gene gun delivered DNA-based immunizations mediate rapid production of murine

monoclonal antibodies to the Flt-3 receptor, Hybridoma 17, 569-576; Schmolke et al., (1998)
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ICC. For example, the following methods were utilized for the production
of the SOX17, SOX7 and EGFP expression vectors, their transfection into
human fibroblasts and analysis by Western blot. Expression vectors
employed for the production of SOX17, SOX7, and EGFP were pCMV6
(Oriciene Technologies, Inc., Rockville, MD), pCMV-SPORT®6 (Invitrogen,
Carlsbad, CA) and pEGFP-N1 (Clonetech, Palo Alto, CA), respectively.
For roteln roductign, telomerase, immortalized MDX human fibroblasts
{rad ARG AR A SRSV BUPBRETEE DR TR Brasdiee greodes
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[0133] In Figure 4, protein extracts made from human fibroblast cells that were
transiently transfected with SOX17, SOX7 or BGEP cDNA’s were probed on Western blots with
the SOX17 antibody. Ounly the protein extract from ESOX17 transfected cells produced 2 band of
~51Kda which closely matched the predicted 46 Kda molecular weight of the human SOX17
profein. There was no reactivity of the SOX17 antibody to extracts made from either human 8OX7

or EGFP transfected cells. Purthermore, the SOX17 antibody clearly labeled the nuclet of homen
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found where there were little or no AFP' cells in the field of SOX17' cells
(Figure 5B). Similarly, since parietal endoderm has also been reported to
express SOX17, antibody co-labeling with SOX17 together with the
parietal markers SPARC and/or Thrombomodulin (TM) can be used to
identify the SOX17i cells which are parietal endoderm. As shown in
Figures 6A-C, Thrombomodulin and SOX17 co-labelled parietal

endoderm cells were produced by random dlffere tlat n of h
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& RIS US RinAl DA Ainfe “ARIHE S Ruman SOX17 protein
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nducer), resulted m a 10-fold difference it the level of SOX17 mRINA 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 freatment. This was visually reflected by a dramatic decrease in the number of
AFP labeled cells in these cultures as shown in Figures 8B-C. To quantify this further, it was
demonstrated that this approximately 7-fold decrease in AFP gene expression was the result of a

similar 7-fold decrease in AFP antibody-labeled cell number as measured by flow cytometry
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endoderm). Treatment of hESC cultures with activins resulted in a marked
elevation of SOXI7 gene expression as well as SOX17 labeled cells and
dramatically suppressed the expression of AFP mRNA and the number of
cells labeled with AFT antibody. EXAMPLE 5 O-PCR Gene Expression
Assay [0199] In the following experiments, real-time quantitative RT-PCR
(Q-PCR) was the primary assay used for screening the effects of various
treatments on hESC differentiation. In particular, real-time measurements
F gard dtbreSeiorWer e arany ganibrmintipid drsr faraatptiviires o
timne poiatsday-QsRCRy Make ngenescharacteiisticcoftheidesired as:well by
as-yhdesired cell types were evaluated to gain a better understandlng of
the overall dynamics of the cellular populations. The strength of Q
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Sretibd B alharserssngt fgﬂa{mé@é@&%&ﬁ%?&%ﬁéﬁ&?ﬁhﬁ%&@?ﬂ.%Wﬁ’ﬁaéﬁeﬂs
supéficnietiipiisiocyteshiemical techmigies ToRFEre dningrthensiitcesisbofd

qg‘ﬁ@rgpu@ﬁ% Jrgmm@d@%ﬁ)@%!ﬂxe@xﬁa@ﬁé B&Vﬂﬁmm%ﬁ@%wm@&al

anélc(): t ?e!yatae th g)fadlfferentlatlJ£ rotocol |na uantltatlxe
fOTar At semrmgh roug pu‘i 883 e%céuésnréeﬁs'fs 02601 hee ?J GACT >

t2iRe FrAS RO AR pR PRFAY %@dﬁ@@%ﬂﬁaﬁﬁmﬂwsﬁw@p@@m@m@qwn of AFP
chremisteyremaReterEens:-3000Hnstrumeyal (Corbett Research) and a
two-step RT-PCR -34 format. S%ﬁﬂ;ﬁ)ﬁ)roach allowed for the banking
of cDNA samples for analysis of additional marker genes in the future,
thus avoiding variability in S efficiency between
sampld8i 40201 Ptiefelswirerexslesignectailie qoueariexerRexon pbarariashe
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ﬂtﬁéﬂs @Fﬁth‘éytﬁp@s@e%@p%%@"gm@sﬂa@wasm tiehtrdeitOfsRIA:s undesired
sampies waspatiame 10202} Nedauiingly tsed RRCRemeasi e,
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order to provi e a"broa rofile JeSCFI tIOI”I Of ene expression in ce
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ayailable are. rowd (glowln ab{!e 1. The human specificity of these
Srifier SBtE™HA S bRGR R oA R &l b BRAr A sintebes
tﬁgﬁq@g@grm]@ éﬂ@wrgw@wnm}h\ffﬁjoug@r to the overt differentiation of those cellular

phenotypes, is unrecognizable using inwrunocytochemical technigues. For this reason, Q-PCR
provides a method of analysis thet is at least complernentary and potentially much superior to
Immunccytochemical techniques for soreening the success of differentiation treatments.
Additionally, Q-PCR provides a mechanism by which to evaluate the suceess of a differentiation
protocol in a quantitative format at semi-high throughput seales of analysis.

0200 The approach taken here was to perform relative quantitation using SYBR

Green chermistry on a Rotor Gene 3000 instrument (Corbett Research) and a two-siep RT-PCR

W34



feeder layers. Most typically, triplicate samples were taken for each
condition and independently analyzed in duplicate to assess the

biological variability associated with each quantitative determination.
[0203] To generate PCR template, total RNA was isolated using RNeasy
(Qiagen) and quantitated using RiboGreen (Molecular Probes). Reverse
transcription from 350-500 ng of total RNA was carried out using the
iIScript reverse transcriptase kit E&}BloRad) which contains a mix of
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515 was 0 4SC SPEtL ne rea &CIAC product was
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performed without reverse transcriptase served as the negative control and do not amplify.

{0204] A first step in establishing the Q-PCR methodology was validation of
appropriate housekeeping genes {HGs) in the experimental system. Since the HG was used to
normalize across samples for the RNA input, RNA integrity and RT efficiency, it was of value that

' the HG exhibited a constant level of expression over time in all sample types in order for the
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have focused on sets of genes that are differentially expressed in
definitive endoderm and extra- embryonic endoderm. These genes as well
as their relative enrichment profiles are highlighted in Table 1. TABLE 1
Germ Layer Gene Expression Domains. Endoderm SOX17 definitive,
visceral and parietal endoderm MIXL1 endoderm and mesoderm GATA4
definitive and primitive endoderm HNF3b definitive endodenn and
prlmltlve endoderm, mesoderm, neural plate GSC endod r

PRESHEEHR Bxtra I@??ﬂﬁ% ic SEXFIRE wsc%frgle Rdoaent % wsceéf Fpiilin G,

e rm
errdodérns, HWPI@QM@WI%IJeﬁé%@érr#ﬁmf@r’pﬁmfdwh% hydroxymethylbiane

shdadenmitrgpheciodemarbetoderm ZICtmesaldube.henrs) progeniinsg
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endoderm at this early developmental time point. SPARC and TM a

BRrs K ifparRA ﬁ&%‘&%srﬁ? At BEAEHY RS ‘8%5?68%&"’&*?%1%%‘?%53 and
mesoaehrre[R207 biTefiritive entdodensioesiissaere predicted to express

high lejgeds)of SR TomiRNARRddplevels RlARR-ARbSOXt (Mi§(¥ﬁ[@1:d to
gndoder éslpARC arletal en% qﬁ and B ach nry((r esod
erru

SddIh, Z1CT Was Uled Rere fo Tt oA g vos
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&ﬂﬁb&&tﬁ&-&&ﬁﬁhr}mﬁl&&f@@d@m anesthsycariel aiawtih SO id in particular
GXRrezsion In defin 'Eéﬁ%s‘%ﬁaq odesm (T able é)pxés&?&r@&%{‘cﬁé‘é%%&?é% tpent..

Is shown in Figures 11-14 which demonstrates how the marker genes
GESHABE arFable b A With AT BT AmtHYTHevaFbHs Yanpies
frai® highlighting specific patterns of differentiation to definitive endoderm
and extra-embryonic endoderm aspwellias to mesodermal and neural cell

oes. 02091 1 ITal \lln\nl tho th\lo rigfa |'|' |c nlagr that inecreasing Plnene nf

ULTO] TS TICAUT Tt lll\ll\zu\)llls TOUST O UT
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.hﬁeae ,L&p,{e,ﬁsmamm NS e ccian o Haien SN T

C].L;I.IVIII ICDU U ian Illbl Illu DU /NTT QCIIC CI\'JICOOIUII rull_llcl o OOUANLT

ERRESD O PrERa "%ﬁ’n{tﬁfé' CREIPE S M Ve ERdpdermas opposed to
extra-embryonigendddeim.khisicenglusion stems from the observation

that SOX17 generexpressinnwasimersehicrrrelated with AFP, SOX7,
and SPARC g’:@ﬁ@‘texpiégﬁgn_endodenn and primitive endoderm, mesodern, neural

plate
GSC endoderm and mesoderm
Extra-embryonic | SOX7 visceral endoderm
ATP visceral endoderm, liver
SPARC | parietal endoderm
™ parietal endoderm/trophectoderm
Eetoderm Zict neural fube, neural progenitors
Mesoderm BRACH | nascent mesoderm
[6206] Since many genes are expressed in more than one germ layer it is useful to

quantitatively compare expression levels of many penes within the same experiment, SOX17 is
expressed in definitive endoderm and to a smaller extent in visceral and parietal endederm. SOX7
and AFP are expressed in visceral endoderm at this early developmental time point, SPARC and
TM are expressed in parietal endoderm and Brachyury is expressed in early mesoderm.

10207} Definitive endoderm cells were predicted to express high levels of SOX17
mRNA znd low levels of AFP and S0X7 (visceral endoderm), SPARC (parietal endoderm) and

Brachyury (mesoderm). In addition, ZIC1 was used here to further rule out induction of early
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EXAMPLE 6 Directed Differentiation of Human ES Cells to Definitive
Endoderm [0209] Human ES cell cultures will randomly differentiate if they
are cultured under conditions that do not actively maintain their
undifferentiated state. This heterogeneous differentiation results in
production of extra-embryonic endoderm cells comprised of both parietal
and visceral endoderm (AFP, SPARC and SOX7 expression) as well as
early ectodermal and mesodermal derivatives as marked by ZICI and
KELHA (S Gttberhi) Hnt BBy i S0HET T EXprsEEiow. Dbfiffitabyonic
eddodermdcél:appealdnceth&8Rbt traditiomally dsdenexawiived Giable 1). A
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qj (?ndlbg default, F?” flnguv endoder{ln productlon in ES ce I{l
i le 1, corfelale ﬁ/ among 1 TIOUS. caImDIEs 1ghlighting
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distinct from those cells residing within the interior of the colony Many of
tHESE 68T edge cells can be distinguished by their less uniform, larger
cell body morphology and by thef&égdré@sgion of higher levels of OCT4. It
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SOXI7-positive_cells were detected at random locations on the peripher

%ﬁ@&?ﬁ%éﬁﬂﬁ&?@ﬁ%@ﬁ%‘éﬁyu%i‘ré?éH‘fﬁi&d(ﬁ@%mé?léo?&%?é‘éfyﬁ(@eﬁﬁﬁaﬂ
aboveonthesedcattefedtpociet of oatércuo hyledyds appearedetobeerified

soma szfsya@ﬁ&i rstieells &Qr@ﬁ%ﬁ@fﬁi@zﬁ@c@lﬂﬁ% fr@mmeaglﬂgs&@ahﬁ,%y definitive

enc% 2000 the ‘ﬁ%lon Sxa dm Zen \%Qgsp 1mggleo ng%\/d%%bdy
oungeF smaff undi erentlatercllocofonles 3 B3 § cﬁl

%%W@@rﬁéf@@wm@%m@l&éﬂ@ btk ﬁ’faéﬁbé%tﬁéﬁféé 6@@&%@@%@@%&
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of some colonies or. in reglons interior to the edge that were differentiated

BTAT O e EEal RESE HIBBhology described previously. Given that
this wigitHe firstdevéioprvant disahcelfect ver80O X117 tantbGdybdefimtive the
@@M@ﬁ%&@ﬂ§ aen %ﬁﬁ&@gﬂ&wﬁﬁr&@ﬂgﬁ em@fﬁeﬁr@@H@Jﬁ@h@é@% WSS ding

m ee 1\14 egicl;})‘ee re fa egér&au e & ezclé&s can%s%d n Qs %}r less
Corre atlons of af’n gene exXpression levels y%ﬂaﬁb
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MNegativedos: BS cells begin to differentiate they alter the levels of OCT4 expression up or

down relative to undifferentiated ES cells.  Alteration of QCT4 levels above or below the
undifferentiated threshold may signify the initial stages of differentiation away from the pluripotent
state.

[6211] When  undifferentiated  colonies  were  examined by  SOXI17
immunocytochemistry, occasionally small 10-15-gell clusters of SOX17-positive cells were

detected &t random Iocations on the periphery and at the junctions between undifferentiated ESC
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parietal markers by antibody co-labeling. This was specifically
demonstrated for TM-expressing parietal endoderm cells as shown in
Figures 15A-B. Exposure to Nodal factors Activin A and B resulted in a
dramatic decrease in the intensity to TM expression and the number of

TM positive cells. By triple labeling using SOXI7, AFP and TM antibodies
on an activin treated culture, clusters of SOX17 positive cells which were
also negative for ARP and TM were observed es 16A-D)..These
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[0215] As shown m Figure 19, addition of Activin A at 100 npfml resulted in a 19-
fold induction of SOX17 gene expression vs. undifferentiated hESCs by day 4 of differentiation.
Adding Activin B, a second member of the activin family, together with Activin A, resulted in a
37-fold induction over undifferentiated hESCs by day 4 of combined activin freatment. Finally,
adding a third member of the TGER family from the Nodal/Activin and BMP subgroups, BMP4,
together with Activin A and Activin B, incressed the fold induction to 57 times that of
undifferentiated hESCs (Pigure 19). When 30X17 induction with activins and BMFP was
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SOX17 in parietal and visceral endoderm as well as definitive endodenn.
In some embodiments of the present invention, it is therefore valuable to
remove BMP4 from the treatment within 4 days of addition. [0218] To
determine the effect of TGF[3 factor treatment at the individual cell level, a
time course of TGF(3 factor addition was examined using SOX17 antibody
labeling. As previously shown in Figures I0A-F, there was a dramatic
increase in the relative number of SOX17 labeled cells over time. The
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moreased SOX17 gene expression m sampies that were treated with activing plus Wnt3a over that
of activins alone (Figure 23).

[0228] All of the experiments described above were performed using 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 presence of added
activins as shown in Figures 24A-C. When serum levels were reduced from 10% to 2%, SOX17
expression tripled i the presence of Aoﬁvins Aand B.

[6221] Finally, we demonstrated that activin induced SOX17" cells divide in culture
as depicted in Figures 25A-D. The arrows show cells labeled with SOX17/PCNA/DAPI that are in
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absence of exogenous activin A, differentiation of ESCs to the definitive
endoderm lineage is very inefficient and the FBS concentration has much
milder effects on the differentiation process of ESCs. [0223] In these
experiments, hESCs were differentiated by growing in RPMI medium
(Invitrogen, Carlsbad, CA; cat# 61870-036) supplemented with 0.5%,
2.0% or 10% FBS and either with or without 100 ng/mL activin A for 6
days. In addition, a gradient of FBS ranging from 0.5% to 2.0% over the
f%?%ﬁ?eeé"aﬁv%do‘ifydﬁg? FERtrROR WARE st e 8 1 it Erb AP tvRi St o irast
magtimrafeactivin A. After the 6 days, replicate samples were collected
from each culture condition andggggiyggd for relative gene expression by

real-time q%ntlt%%}ale f(%m % |1 alnler; C'cells re f| ed for
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[0226] Betoderm and mesoderm lineages can Dbe distinguished from definitive

endoderm by their expression of various merkers. Early mesoderm expresses the genes Brachyury
ard MOX1 while nascent nevro-ectoderm expresses SOX1 and ZIC1. Figures 28A-D demonstrate
that the culfures which did not receive sxogenous activin A were preferentially enriched for

mesoderm and ectoderm gene expression and that among the activin A treated cultures, the 10%
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that did not receive activin A, SOX7 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. [0228] The relative
number of SOX17 imrnunoreactive (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
Hsedfieratativhiio sy o0 sepdyr %@II%“%KF&F@ asTEEhiEEgon These
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was comp eted en celswere resuspended in 50 uL buffer per 105 cells.

@%chmw%ﬁmB&%ryﬂcr:eWIéOE}aﬁ?u@fa’fe%roﬁwgybahfﬂsmu&é 35BS ere
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in buffer as a Cells were. resuspen eg aaI ?XIOG ceC!I%/mL in buffer
and analyzedanﬁ%lg%‘aﬁé%il&osﬁl ey EULRGLE ickenson) by
the staff at the flowiestemiapeneaifasiibrCRiesEivResearch

InstitutgRoCellSThe dose of activin A also effects the efficiency at which definitive endoderm
can be derived from ESCs. This example demonstrates that increasing the dose of aclivin A
increases the proportion of CXCR4" cells in the culture.

[02301 hBSCs were differentiated in RPMI media supplemented with 0.5%-2% FBS
(increased from 0.5% fo 1.0% to 2.0% over the fivst 3 days of differentiation) and either 0, 10, or
100 ng/mL of activin A. After 7 days of differentiation the celis were dissociated in PBS without
Ca*/Mg® containing 2% FBS and 2 mM (EDTA) for § minutes at room temperature. The cells
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were collected directly into RLT lysis buffer (Qiagen) for subsequent
isolation of total RNA for gene expression analysis by real-time
guantitative PCR. [0231] The number of CXCR4 cells as determined by
- flow cytometry were observed to increase dramatically as the dose of
activin A was increased in the differentiation culture media (Figures
30A-C). The CXCRA4 cells were those faIIing Rrithin the R4 gate and this
ate was set using a se antlb onI cont oI for which 0.2% of
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gene expression for markers of definitive endoderim, As shown in Figures
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@%ﬁé?ﬁ?lﬁﬁ@@%%@ﬁ%%ﬁ@%ﬂ@@émﬁ (Figuies BSRID shows that the
CXCR4+ cells were depleted for:gemergxpression of Brachyury, MOX1,

ZIC1, and SQX] Jeiative 0,the, 100, patert aoRyiaton, This £100 parent

populatlon was already |OW In expreSS|on of these ma ers rela |ve to the
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of CXCRY+ ceﬂsefﬂ}iﬁH%E@d:@mreaﬁuaiedﬁ“Mhelpumememfrd‘ngima@mwmd

M@L@@ Repulation.thal.isshighly enrighed forand subsiantiallyRuieys wes
%(-%-flnltlv ﬂoder EXAMPLE 10 Quantitation of Definitive Endoderm

Sihate ?Ifgoplﬁatlon Using CXCR4 [0235] To confirm the quantitation
of the §f8PortioRbefdrafiniavies ehdbdet arseBrppeseTs Hardah buheresot with

celtpepulatian asdetermined mevmsayqlaﬁf@mv@@dv@ﬁ determainadin A dose-

%E&%%’IS %%}I%‘EE 0 %\Q&Qﬁa‘cgiﬁ%ﬁeg&e%l %?tl,l?% |>1|100 9 t%zt (c?lathmm%I the CXCR4"

cells from each p{)pulanon accounted for nearly all of the CXCR4 gene expression in that
population. This demonstrates the efficiency of the FACS method for collecting these cells.

[8234] Gene expression analysis revealed that the CXCR4™ cells contain not only the
majority of the CXCR4 gene expression, but they also contatined other gene expression for markers
of definitive endodertn. As shown in Figures 31A-D, the CZXCR4" cells were further enriched over
the parent A1G0 population for SOX17, G8C, HNF3B, and MIXI.1. In addition, the CXCR4
fraction contained very hittle gene expression for these definitive endoderm markers. Morsover,

the CCR4* and CXCR4 populations displayed the inverse pattern of gene expression for markers
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filed December 23, 2003, the disclosure of which is incorporated herein by
reference in its entirety, cells expressing CXCR4 and other markers of
definitive endoderm were analyzed by FACS. [0236] Using the methods
such as those described in the above Examples, hESCs were
differentiated to produce definitive endoderm. In particular, increase yield
and purity expressed in differentiating cell cultures, the serum
concentration of the medium was controlled as follows: 0.2% ITS on dayl,
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culture that was dlﬁerentlated from S usmg the methods descrlbed
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[0237] Table 2 shows the results of a marker analysis for a definitive endoderm

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

Table 2

Composition of Definitive Endoderm Cultures

F

Percent Percent Percent Percent

of Definitive Extraembryonic hES
Marker(s) culture  Endoderm endododerm cells
SOX17 70-8C 100
Thrombomodulin <2 0 75
AFP <1 0] 25
CXCR4 70-80 100 0
ECAD 10 8, 100
other {(ECAD neg.) 10-20
Totaj 100 100 100 100

[0238] In particular, Table 2 indicates that CXCR4 and SOX17 positive cells
{endodermy comprised from 70%-80% of the cells mn the cell culture. Of these SOX17-expressing
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50.5% throughout the 5-6 day differentiation procedure. However,
maintaining the cell culture at 50.5% throughout the 5-6 day
differentiation procedure also results in a reduced number of total
definitive endoderm cells that are produced. [0240] Definitive endodenn
cells produced by methods described herein have been maintained and
expanded in culture in the presence of activin for greater than 50 days
without appreciable differentiation. In such cases, SOX17, C 4. 1v1D;
o AT RESS XS P 2 T 0 Bl e e s o
efidiitionatife TS RE poerian AFBI ek ACAERSBRACK GRerkT6t
rHeieciedvintheseculivres Jkistikelytbapsuch callzganiermainiamedds, it

and. expanded,in culire, for substantialiy lonoerian.a0 daxsaNilery
Gaanpg?eséelarb%agi gyér:ét]{tgtigon%XAMPL% 11 Additional Marker ofIDefinitiveeIm

ApmesaeEs SRS 6D AT v iR PeIiiy iR xR SHT RN AW s b BT for
i purified definitya: endedentodnadekitman embryonic stem cell
populatigns. Gepe,xPrassieRvasthen analyzed By:aeReLhiRaRAIYSISH:
of the RNA from each purified population. Q-PCR was also p%rformed éo .
HHRLR R ST IR & PotEh 4 B G BHBs X pres SERFTH e fiflitive TProvee =
cengotlamhdoibrrotivribem bryories sterrdeells; medaininekbe 68 defipstivesion at
<€Rdaderm L0744 2Human-erkyoRic.siem gelishEGshnen-maisiained
5&5 R I\t/lla%lx\i/l /hlf)gi Zthm ?—g ! %& S«'ffll%grle%rtp ggrg egogggprezzg Oéo 1'eKSQHCf %(2 ugdusiz%&uxr]?in}b er of total
eplace entt, i ng/mK fecombinant human basic fibroblast growth factor
deHRGE pdodemiv P hsbreapethanol, L-glutamine, non-essential amino
acidsjang] penicilfin{streptemyciaishESGsavsrediffereatigiedardefinititecn
-Sadedarm. oy cultaring, for 2,davs.I0.REM! media,supplemented with 100,
ng/ml, of recombinant human activin A, fetal bovine serum ?PB?{ and
pRSFHETEtrEptBiy cin SR et htratict of- PES WA\ ar R SV
ifollowsi0.d% (firstiday)s-3R%secalig ARy )SR2BIdayE3257, [BRA3] Tellend

pierariselated hy.fuorescence.activatedicsll saring (BACS)HD RLIRN0: and
obtain purified épopulatilons,of K'Ehscés0 nd definitive eng&%%m for gene
ERBPES T SR B AT S8 TR RS p Ui ht iR WA A EATE VRS RESE Y Uising
SSEA4 antigen (R&D Systems;&aMFIEAB1435P) and for definitive
endodenn using CXCR4AR&I:-Sy siemsycatiiAB L40P). Cells -44 were
dissocjated using.trypsin/EDTA (Invitragen, cat# 25300-054 hed in.
phosﬁ%ﬁ bufE%eha %g?i"‘r’%ég(ﬁ’% nlgg%%ﬁgl ) 2% lﬁ%%%oge urrﬁ%%d%%nﬁwe
PSSP Rt SeFif fm@%%ﬁ%}rﬁ%bPﬂ?ﬁiﬁmﬁe%ailwpﬁﬁmégwﬁmwmd by
saanespecHicbintingk Siainingwras:cécfiedooutifor IDATRNuiesion jeddayed to

A4EINg,200:U %95&?&}{910&?/&{1@@i&%@é&%@éﬁz@%@&@ﬁ% %208 £eUSHRonic

800 uL human serum, Cells were washed twice with 8 niL of PBS buffer

R Fes AL pEAAE I TSP 8ame. FACS isolation was carried out by
the cdfesfacilityoh FreSurippeRedbdiéidnstineusiviephiF ATEN Ahtagndia
(BRrBiesciences), Gellsovere-collected-disectly-iptar Rkd-lysishufferandsic

RUANas,aglated hAhlapek, pocording g hs mandiRcletednsielany
I(lélagerﬁr. 1,8 ‘ IBUI’I Ie was SUE}JmItt.ea in dd |.c;ate to Xpression
ap}ﬁ%‘wgigemwwmmmycm. hESCs were differentiated to detinitive endoderm by culturing

for 5 days in RPMI media supplemented with 100 ng/mL of recombinant human activin A, fetal
bovine serum (FBS), and penicillin/streptomycin.  The concentration of FBS was varied each day
as follows: 0.1% (first day), 6.2% (second day), 2% (days 3-5).

102437 Cells were isolated by fluorescence activated cell sorting (FACS) in order to
obtain purified populations of hESCs and definitive endoderm for gene expression analysis.
Immumo-purification was achieved for hESCs using SSEA4 anfigen (R&ID Systems, caiff

EAB1435P) and for defmitive endederm using CXCR4 (R&D Systems, ca#f FABLTOP). Cells
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NC) for generation. of the expression profile data using the Affymehix
platform and Ul 33 Plus 2.0 high-density oligonucleotide arrays. Data
presented is a group comparison that identifies genes differentially
expressed between the two populations, hESCs and definitive endoderm.
Genes that exhibited a robust upward change in expression level over
that found in hESCs were selected as new candidate markers that are
hlghlc}/ characteristic of definitive endoderm. Select genes were assayed
By e PR é%s‘at’sl&@%%@é‘”ta%.Wtﬁé%%ﬁ%ﬁe%%l&éétdﬁ%waﬁaa%ffefcd
folmdGibivengéne Thibrandalso 46! investigadetheitxipressiompattern fof 10
Eﬂf%sggﬂﬁ&Q#QL@&@fU'E}Ed&QU@ﬁr@f&%%on@ﬂﬁﬁﬂi%iﬁﬁhd%ﬁcﬁgk‘{&%g
- ow t ene expres results for cert rkers. Results. are
e A s L FE0 R e
m@tﬁ@nﬁeaetmm,@f@%@eﬂéreﬁm@d@eﬁmttl&él@hﬁtﬂa’errtﬁéé‘tleqiﬁrtﬁefeﬁs
akthe end-ofthedveday diffesentipion-preaadured GXRE ) and W@hg&fi@b

'Mt@eqc@@ t&éﬁ%%%é&%ﬁéc&@ uﬁetttﬁ%m £OMRaLSoMAL gy ts%taéél& AN,y

G-M demonstrates that the six marker genes, FGF17, VWF, CA

EESKEPE € n e CRIFTOBERBERh expression pattern that is aImost
identiciiR#d] eacltrwoifrer kivd whichistalist ddgnticabtBxthespatiermiefs (Durham,

VLSRN AFCK GRA ARG PR RRK L AS desGHbed REEYIAUSHS3 plus 2.0

EOX 7is ex ressed in both the definitive endoderm as well as in the

TR eI Bl 4B b B SR et H O BiRUB SR 715 Hispities gones
Eifsredsdy drrthrecdibiinitivéendoderiniotheFéfio of BOXIZ/SOXG prcwWdestat

reliable estimatgwhdefinitive ﬁ%@ﬂﬁﬂﬁk&%@dﬂ@ﬂ&%ﬁh@@?&l@ selected as
' The simi

ression witnes opulation as rity of
pa%é?g%&ﬁ anc {ersst(g)qpaa%e Y indi %%%‘é%“th"aﬂ% ﬁeu\ﬁﬁ—: C 61_% enes were
B PYékﬁ% EISAPERIPT: Hraide lstwrﬁmei@%tma SR S BRAeHEmEene
and thatithey avestintesignificastly expressedsineedr axembryanicoendodenst
gells. J0246] It will be appreciated that the Q-PCR results described herein
can be further confirmed by ICC. [0247] The methods, compositions, and

devicel Ho5cribBaaraPAr B BroSeTHy CrRp et E SR faAses Resuls
emnbadine s caih dubiveexemipldry? andSafendtcmtendiédbasilinfitationsconn A,
thmeaaatlﬁlg@éﬂyavéiamo@m@ge%m@@iat @!&%ﬁ%@t}y%@% Wil QeEME {0 ion
t}t}ocsegm qu thg 1artJ nf4 Wln%hemre o%@:c 131%8\@ thAn the sp irit ?tﬁtheﬂZS
inventio are efined by the sc closure. #

wift B Qd}%%ﬁt%at‘iﬁ%‘%mﬁé@ e étﬁt*%ﬁ}éfy G- %&Mﬂ%@ !aﬁam ORI
modifitdtienshinaycbesaat e:terthiatriveniten disiclo sechdhergin awithatdh is also

%Méﬂrﬂ@ fromdhe seope.and seidbes the %9&%&%0%%8(18@%%8 10 he,

s below and throu%gout this disclosure, b hrase consisting

é@gﬁuaﬁ%ﬁs@é Rt T TS caffy SR ahte ﬁase@a el thecisReSBE ahe-
kreliteedito croteme | ebven f0iFatsdonotrmted enctiwithfoitcortrbister{olih@atio of

activitysoxagtionspecHiedkinsthalisclosus eftaﬁm@nltﬁ&%%lﬁ%e%%?@@%n
e g CHPPIS ppal el ol O, i ehmenis e
Fﬁﬁﬁaﬁﬁtthat FGF17, VWF CALCR, FOXQ1, CMEORI and CR]PI are Hkely mar}{@rs of
definitive endoderm and that they are not significantly expressed in extra-embryomic endoderm
cells.

10246] It will be appreciated that the Q-PCR results described herein can be further
confirmed by ICC.,

[0247] The methods, compositions, and devices deseribed herein are presently

representative of preferred embodiments and are exemplary and are not intended as limitations on

the scope of the invention. Changes therein and other uses will oceur to those skilled in the mt
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be present depending upon whether or not they affect the activity or action
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-51 WHAT IS CLAIMED IS: 1. A cell culture comprising human cells
wherein at least about 10% of said human cells are definitive endoderm
“cells, said definitive endoderm cells being multipotent cells that can

differe int lls e guttu o riyed th efro 2. The
cell cu?b%eg? of c(l)g{;n%w 1%\?&%%%? at éast&a’b{:{og‘l{ﬁJ fﬁ %ﬁs 4 hoAvEn ceﬁ%eéﬁ’eR
Refititve Britbawrivbenes e h@’@eﬂ%’ﬁ%ﬁﬁe@@fﬂﬁaﬁﬁmﬂﬁﬁeﬁ irvsgiteleation

about808oisaidirumar: celfs-zagl . definitive endoderm cells. 4. The cell

cultureyghgiaim g\ fipiti 0 ells ess,a
?qﬁée{[’f e%cted%rggrﬂét%@e&%iﬁ q’e%n%s%%ierg Sgg()[(%L]?an\d CX I’-seﬂbl?arg’T% D

(RESTEIRiHT oG Frarlar By é&We% SIS Sdwetetr o
tis8s. drotpodeen SisThg o8 ® Xt 7demd @ XCR4s O (fealerith dmtheDe Xpressian,
of g.magker selected from the group consisting of OCT4,

alpha- rotei FP), Thr duii TM) SPARC and SOX7 in
said d %nﬂve el{r}l} %Adgr%n& cerigﬁ\% %jc%‘el (U edir B R P et B commert
detinitivd-ghbistiph] t&i&4d8 not express a marker selected from the
group mongistingveisQGI 4u:A BR1tdM. RRAIRE. Eﬁ@ §@3@7enc?0dg_rnﬁs%uemed by

Q&Mé%a%ﬁ'% EWJA? grlm ié}gc!% eeffle clztlve J}?A%%T (}glls express a

marker selected rom the group consi tlng ATA4 and HNF3Db.
8. The%ﬁcunu?’éﬂa‘f’%% 9B roassi cPaBRmHVES S el desprd il ifrmation.

éxpressmat MHrkEselected from the group consisting of FGF17, VWF
CALCRIEPXQInCMEQRIAN. ERIE 1,2, Thecall il ool

whu%ge nséglll 3glef|n| ive endoderm cells express SO X‘éfﬁﬂ} E, 16 the
TR eelretitdre of tlaim 9, wherein the expression of SOXI7 and CXCR4
is greﬁ?ﬁéﬁlhan the.ekpreskidh, Sh&CT A ouEPR. TMaS RARCHMI GOX 7NbBdat
saiddefiniiveendogasm.salis: lnhaceleuiie ofClaim Onwherain s..
spid definitive endoderm cells do not express OCT4, AFP, TM, SPARC
and SOX7. 12. The cell culture of claim 9, wherein said definitive
endodenn cells express MIIXLI, GATA4 and HNF3b. 13. The cell culture
of claim 9, wherein said definitive endoderm cells express a marker
selected from the group consisting of FGF17, VWF, CALCR, FOXQ1,

CMKOR1 and



CRIP 1. 14. The cell culture of claim 1, wherein at least about 2 definitive
endoderm cells are present for about every 1 pluripotent cell in said cell
culture. -52 15. The cell culture of claim 14, wherein said pluripotent cell
comprises an embryonic stem cell. 16. The cell culture of claim 15,
wherein said embryonic stem cell is derived from a tissue selected from
the group consisting of the morula, the inner cell mass (ICM) of an embryo
and the %onadal ridges of an embryo. 17. The cell culture of claim I further
| im which comprises less than about 10% serum 18.
The cell cultti{e ?L im 4 further, comprising a aro th f actor 1Ie

calie co TSI ou 1 / of said human
Nodal/Activin subgroup the TGFP superfam Y. 1 e cell culture o

ClalndT FEFHEE CaTpsHe; W&Sasaﬁdiﬁf‘iﬁliﬁ%fai@éie&eia Wﬁ%ﬁep@?&ﬁﬁﬂs that can
cofisisting ot hiddad (A etivirvsir AgthvideBrahitleacdimbinations thereof. 20. A

cell populatiofn, complising,calis,wherein.atleast.alipubQ0%.a8 saId.CENS e

% %—: human definitive endoderm cells, said human definitive endoderm
SRR P& HTRiBdtent cells that can differentiate into cells of the gut tube
or organs defivettihetafrorne2. IThéweel pdpulation dFelaimi@Oywherinse
atfeast ahpt 2954 0f said cells are human definitive endoderm cells. 22.
The ceﬁil pop atlonl of clai Wher in at Ieast ut 98%, of saigs cells

aim,2
are human ef::nitivez”ﬁet{rlir ée?r%i ceIIs ?&Jﬂ'lsﬁe ce geﬁgﬁ%eﬁno clairri”fff &
Wﬁe?éiﬁl‘%“%ff?ﬂh‘i&ﬁfwﬁ?ﬂﬁﬁé%ﬁﬁ%@@Fﬁ?%ﬂ%ic&‘press a marker selected
from thie groupecensistinged !5 X twhand GdiR4s:2doBhe:nell spepedationte

of Slaim. 23 gv&e@ai@ﬁd%ﬁ&ﬁﬁ%iog%e%&a&iﬁe&g%ig% qif%@ﬁ@ihs%e%i AUy

consisting of SOX17 and CXCR4 Is greater than the expression of a

Fﬁ%ﬁ@i‘%&‘i&ﬁ%g fof-te BB USSR IAG of B’é’ﬂ"%ﬂ*—h’ﬁmTW}s PARE and
and SOXT fnsdidk hutvwamdefinitive endodem?2 cells. 25. The cell

populagion Offﬁéaimkc%ﬁm’é\ll&m%ﬂféﬁ@E’aﬁk&%@cfﬁ%ﬁﬂ%@d&ﬁgﬁ’9&%@_}3 E%Al%%es a
nat > n er secect% ol’g) ) )
™, SS% %%dagg(%(]‘f P LInl‘ief!cgfc}eriti go%%glaﬁ)?h%g?ﬁélm Iherein said
humary defunﬁhﬁeﬂ@hd@@@rﬁi CElIE BxphEss seiaaitse evteldromiveress o
grokip ceasisting f Mg pﬁﬁﬁmmdcttr\mbﬁzndm@:ﬁell population of
claim 23, wheyeip. said,defipiliy &ef%gg@sgﬁ“éeﬁm% ARRE, crvress &

selected from the group consisting of FGF17/ Emée

ORFAHdTERIS 228, PHE TIPSt o ar aéiiﬁw%ﬁérgm
ﬁﬁﬁien definitive endoderm cells express SOX17 and CXCR4.

9. The cell culture of claim 1, wherein said definitive endoderm cells express SOX17
and CXCR4.

10, The cell culture of claim 9, wherein the expression of SOX17 and CXCR4 is
greater than the expression of OCT4, AFP, TM, SPARC and SOX7 in said definitive endoderm

cells.

i1, The cell culture of claim 9, wherein said definitive endoderm cells do not express
OCT4, AFP, TM™, SPARC and SOX7,

12. The cell culture of claim 9, wherein said definitive endoderm cells express MIXLI,
GATA4 and HNE3D,
13. The ceil culture of claim 9, wherein said definitive endoderm cells express a

marker selected from the group cousisting of FGF17, VWF, CALCR, FOXQI, CMEOR] and
CRIP1.

4. The cell cuiture of claim 1, wherein at least about 2 definitive endoderm cells are

present for about every 1 pluripotent cell in said cell culture.



29. The cell population of claim 28, wherein the expression of SOX17 and
CXCR4 is greater than the expression of OCT4, AFT, TM, SPARC and
SOX7 in said human definitive endoderm cells. -53 30, The cell

population of claim 28, wherein said human definitive endoderm cells do
not express OCT4, AFP, TM, SPARC and SOX7. 31. The cell population
of claim 28, wherein said human definitive endoderm cells express MIXLI,
GATA4 and HNF3h. 32. The cell population of claim 28, wherein said
definitive endBoEHACERTLEHRELS B tredt Lieetat T FPtREs gy Bugrbyonic
gonsiting of FGF17, VWF, CALCR, FOXQ1, CMXOR1 and CRTP 1. 33.

The cel poptilatianaficlabmi20, whersinabieastabautZ.hunangdefinitive ,
endod r@d%ells re present for apgut every . plu%pcoé?nt cell in said cell
. erei

B Uarar. S TR CEN RBRUTAN S ETRh 33 KRra Sl BN bt
velesmiptisedearrienisiyonic stem cell. 35. The cell population of claim

34, wherein Baid-eonntyosicsieneel is:Aerived FomnAlissus:selectask than
from e morels, the :CM of an embryo and the gonadal ridges of an
embryo. 36. A method ofgroducin definitive endoderm cells, said method

comprising th¥ EteEt Bt Ay Lt pssm arsy ednisriehits plitposie
hibmap dellsTPreviginat:said cell population with at least one growth factor

of thelBGF(sfh§ldBF£[§tmé|¥f|@]a@19 ?%%Hé}tc?s%ﬁgh%ﬁﬁggg%& 9 %E)e:r seleifted from the

differentjation of said pluripotent cells to definitive endoderm cells, sali

HRRiREERESdeirh AT oeny Hdhipb ferb el ®in differentiate into
cells @fthe duttliberoriorgensderivadtherefrom]candiallodiviges uificient are

time. fergefinitiveendodern callst@ form, wherein.said.suffigientimefar.
-deg}r};tive encli der O(f‘%lls to fgrm has been g%te?r ined by detecting the

Caln Crentiat q ol 8 & gt < O OrZans.Cerive A .
presence of definitive endoderm cefls in said cail population. 37. The

methdd-of clifr3bpawHeren arleastiandertogs shistdicphifipofenticells arc
 differesftiate-iniodefindive endoderm cells. 38. The method of claim 36,

wherejn at legst.about 50% of said pluripotent cells differentiate into
hdefinitive_endodcerrr? cells. 39. Thelme’thoe ecl)x} Eﬁ:ialﬁr%S 3a ?L\I/vkgmeér}oei%tfeg if}egeéﬁs are
SB8UET o BEER BIGHBotent cells differentiate into definitive endoderm

cells. 40. Thémethodwiolaimn:36;: Whereiniatskeast:aboitiBiie efsaity cells
Rhaipotentselis.differentiate.nig definitive endodensrgells. 41. The

methog of clgi 36, whereln deteqing the presence of defintve
endoderm cellsinsaid call population comprise FatBelih G HHE exlsred iR
B SR AP EHEN AT Setebfetikbry greater than the expression of a marker selected
from the group consisting of OCT4, AFP, TM, SPARC and SOX7 in said human definitive
endoderm cells,

25, The cell population of claim 23, wherein said human definitive endoderm cells do
not express a marker selected from the group consisting of OCT4, ATP, TM, SPARC and SOX7.

26. The cell population of claim 23, wherein said human definitive endoderm cells
express a marker selected from the group consisting of MIXLI, GATA4 and HINF35.

27. The cell population of claim 23, wherein said definitive endoderm cells express a
marker selected from the group consisting of FGF17, VWF, CALCR, FOXQ1, CMKOR! and
CRIPI.

28, The cell population of claim 20, wherein said human definitive endoderm cells
express SOX17 and CHCR4.

29, The cell population of claim 28, wherein the expression of SOX17 and CXCR4 is
greater than the expression of OCT4, AFP, TM, SPARC and SOX7 in said human definitive

endoderm cells.
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the group consisting of SOX17 and CXCR4 and at least one marker from
the group consisting of OCT4, AFT, TM, SPARC and SOX7 in cells of

said cell population, wherein the expression of a marker selected from the
group consisting of SOX17 and CXCR4 is greater than the expression of
-54 a marker selected from the group consisting of OCT4, AFP, T'M,
SPARC and SOX7 in said definitive endoderm cells. 42. The method of
claim ,Wh%Fleinigetelﬁtitn the presence of definitive endoderm cells in
said cell popUrstiSh EomprisSs et G tHR BipraEa dalait rakicamestls do
MARerEECted- ffom Ll §fous T¥OR5isting of SOX17 and CXCR4 and at
least ofie markeréropeting @roupcensistingaf ARy EMi ARt S QXL cens

cells. ot said cell-population, wherein the expression of a marker selected
from the group consisting oF’SOXl? and CXCR4 is greater than the

expression of ¥ RRHeEH Sttt Tdhtheegraihletnsistmo A BRI ENyess »
amd@Xrtn Said tlefinitverendogdermacelis v, The.orethoeof CIRIRDA2, ana
wherein the expression of at least one of said markers is determined by
Q-PCF§344. ]}pe nhethod of claim 42, wherein the expression of at least
one of Said mark&rs 18P HEEh i by tnithtiR it deRe Mty msnaphésinitive
FretReE of clamrsevrhdreitr deté oling the piesendedfdefinitive

endodesm cells musaighcalpepuiation comprises Asteqiing. the expression,
g;ng&tv!)%@cssth%\ge,marker selected from the group consisting of FGF17, WIF,
CALCR, FOXQI, CMKORI and CRIP1 and at least one marker from the
group %%nsisﬁ??g“%&@@@%ﬁ@@% SPAR G4 ntBOXTsimcellssofsaid from
edlispopulatibnmuhereinthe expression:of amarken selected:rom.ihe,
group gonsisti = - ALC OXQ1, CMICORl and |
CRWEL 15 cromia thon e kbreSaian o o b ar s tbolBa hef s o
group consisting of OCT4, AFP, TM, SPARC and SOX?7 in said definitive
endoderm céliyrigs: THeaméttodofckinr36pndherein:saitkat least one
growth factog:is ah.the: NegalAgtivin oup.of the TGEE3 superfamily...
47. The m_%(tia.L d, of%?laim ?6%erein§i%£ gt%gfs%%n%ogrﬁgm%ﬁgfaggﬁjlﬁs %}FB
selected from “the group consistiht BPRIGHAIALHH R AR RFEpaifar oslls to
combif&tiFHE térsor s THe difethod-oldtainedl? bvithereinrsaid atileast cn
one grottutacterisNodal: A0, Fhe methasQhslaim &7 herein said at

least one groyyth. factor is Agivi A..50. The method of claim 47, wherein
said at least one growtlﬁlfgctglﬁeir;fo,&gtﬁ%}lﬁh § é‘ﬁuﬁ‘ﬁl@“ et 8d BreIXIRTes, s«id

wherelR &[S PRy b F G PO radtrs Sl ke Fa g8 b dettarniy is providede
52. Theerprathodohickamdbdswhdreinsatdiplorality.0f growth factors
comprises Nogdal.AclivinAand Astivin B. 93, Ié&%'?ﬂ&%hgﬁs% Gm 30y oy
gyil?e(;gﬁ in 33%{9 Egé%!g%%teg&geglrovﬁh factor is provided in a conc ntration of at
least about 1 ng?ml. 1OEHS.

38, The method of claim 36, wherein at least about 50% of said pluripotent cells

differentiate into definitive endoderm cells.
39. The method of claim 36, wherein at least about 70% of said pliripotent cells
differentiate into definitive endoderm cells,

46. The method of claim 36, wherein at least about 80% of said pluripotent cells
differentiate into definitive endoderm cells.

4], The method of claim 36, wherein detecting the presence of definitive endoderm
cells in said cell population comprises detecting the expression of at least one marker selected from
the group consisting of SOX17 and CXCR4 and at least one marker from the group consisting of
OCT4, AFP, TM, SPARC and SOX7 in cells of said cell population, wherein the expression of a

marker selected from the group consisting of SOX17 and CXCRA4 is greater than the expression of
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54. The method of claim 36, wherein said at least one growth factor is
provided in a concentration of at least about 100 ngiml. -55 55. The
method of claim 36, wherein said at least one growth factor is provided in

a concentration of at least about 500 ng/ml. 56. The method of claim 36,
wherein said at least one growth factor is provided in a concentration of at
least about 1000 ng/ml. 57. The method of claim 36, wherein said at least
one rowtih factor is provided in a concentration of at least about 5000
ﬁgf?ﬁﬁﬁe%&i ‘e MBSaeETRISIHTSEE Wherdih sditt deifpUitiatisne RGrbinsaid
ifeizpiie didpdercomilrising less than about 10% serum. 59. The method of
claim 36, wheyein.gaicdopluipotentcells £RBRESE $He.cels 189+ dhe doderm
method. gecﬁlaim St?dnvgorlerggns E%Ldﬁglut%potent ,cell§ comprise embryonic
stem’ cells. 617 THe mathod of claim 60 WHEIGIR SAideisBHT Serhc fom
EBI PSS TSP TN o ESTEBé Reéteidfronthvaryrodpredrsistingefithieg of
pig sy, the IGMintan enbryaiaoshiiergenadalitidgssoha0 e e «H2q

Adefipitive-endaderm celproduced by, the me O%r. a&*dagffﬂs'aim 30 83, A\ 1 ter
|

method ofProducmg a cell population enrichedin nftisxé}ré%sﬁ)gdoerm
SR &8ty %m&oeﬁmﬁ%@f TheVsfapSBF dmefeinfiatiivg wenderm aells
populafion of pludpeterithinidntel se astaprodnesdefirityenid markers is
endodeim, gelis, said definitive endoderm cells being multipotent cells that
can djlfleren&ate it[ﬁt(ii cfelkg,_ of&he h%l_.ltt be or organs derived therefrom;
providing to said cell fopatation"a TeadE Tt WHIEN Mt Fs A halrkaf markers is
AmsERey welfimitiie: endoderm cells but which is not substantially
expregsed imethemheebtypes spresent insaid.call pRRWAtION ARG e endoderm

separating.said definitive endoderm cells bound to said reagent from said
other cell tyg((leglé1 preserrf%plfﬁsessa%23 Celf poputation: thareby %nreolg%f e scedirem

6 B ERHC AR T Td &R CA1ERd SHERN SR OBY. THEMBthod Bhcikime
B3kwhereihctbewiferentigtin @ Sp ABFThe, cSIMRIsas SbIFininga eelhid el

pRplationcemprsingRiipgtent.buman.calls. previding said cell. - vy,
Q%U%w& tI&%is(tO%ne rowth factor of the TG superfam nan ~’
amount SUFficient to promota diffaren faoh Br<RicFptmpeant sarfeterlected

renifit e eherseisina ebfiS $aitFBeTithie B dod 6aX ellsaideirimultipotent
eglls that can differentiate into cells of the gut tube or organs derived

therefigm. aad allgying syfficent fme for definiive endoderm cells o,
. . oTo | o

form, wherein said sufficient time \?c_}?mgleﬁ)mtlve endoderf’ce
BeBh aterReER) Helsdigpaaiesence of definitive endoderm cells in

said céll popidatioimd of claim 46, wherein szid at least one growth factor is selected from
the group consisting of Nodal Activin A, Activin B and combirations thereof.

48, The method of claim 47, wherein said at least one growth factor is Nodal.

49, The method of claim 47, wherein said at least one growth factor is Activin A,

50. The method of claim 47, wherein said at least one growth factor is Activin B.

51, The method of claim 36, wherein 2 plurality of growth factors of the TGFB
superfamily is provided,

52. The method of claim 51, wherein said plurality of growth factors comprises Nodat
Activin A and Activin B.

53, The method of claim 36, wherein said at least one growth factor is provided in 2

concentration of at least about 10 ng/mi,

54, The method of claim 36, wherein said at least one growth factor is provided in a

concentration of at least about 100 ng/mi.

-55-



65. The method of claim 63, wherein detecting comprises detecting the
expression of at least one marker selected from the group consisting of
SOX17 and CXCR4 and at least one -56 marker from the group
consisting of OCT4, AFP, TM, SPARC and SOX7 in cells of said cell
population, wherein the expression of a marker selected from the group
consisting of SOX17 and CXCR4 is greater than the expression of a

markersselected, fram the Sisting of O« 14, AFP, TM, SPARC
and.SOX7 in said defmit'\I/Qe%(;}?I]&()ic%t%l%l?r%]§ ce%s(% ég?'?ﬁegrrﬂ&}ﬁ%at{gf%ﬁﬁﬁ%é,m a

wherein 8réte%ttlﬁa95té%or%ﬁrl%g’ﬁetecting the expression of at least one

marker $electeurirsnd tie/grod vonsisting of SO%E kand EXGRAaNDAL, .
lsastongoursrarkasfrom 1he ggaup consisting of AFP, TM, and SOX7 in

cells of-gaid gell papulation, wherein  the expression of a marker selected
from the groupecg%]g%ﬁgab?\g%ﬁaﬁegﬁ@w&ﬁﬁﬁ grestefctprain praided in a

SX5FBEEIGh b & ttarrer ¥leetal from the group consisting of APP, TM,
and SOX7 in'said-defitiiveensdodens.cells 67 »The.methag,of claim 63,

whergindetecting,camptises detecting the expression of at least one
marke%g)sele%ed from the group consisting of FGF17, VWF, CALCR,
FOXQI, CMIKOFT SR C&IP Bhier itk oprssnh erikiero fromive thengrolsip
consistthg of ®ETUAEPRTAY, SRAREGIANMLSOXA asels hsaidcalli sim
pdipulation, wherein the expression of a marker selected from the group
consisting of. EFGFE17, VWE, CALCR, FOXQ1, CMIKOR1 and CRIP1 is
great:%lthanfnl}: geéggrcéfscsl%lﬁ (@’éﬁ APk &7 d Sobrseifrem il grouistived from a
t(I:SSHeSng?ﬁtﬁdd?%éT@foAF@FqTWSﬁAR@Oaﬁd HOXV o1 sachoiefiniivec gonadal
hdodenmrdells. 68. The method of claim 63, wherein at least about 95%

of said:cells aig:gefinifive. endgderm cells. 69. The method of claim 63,
wherein at least about 98% of Said g{gﬁz)wée31eefﬁ?f%i?/fe°;3é?i‘38derm cells. 70.

The method of &8t 63 itBfsin-daep e p X CRUfnT e Ehivdnether,
Bricrsiiiesmvbetdinssaicbfeagent is an antibody 72. The method of claim
71, whereindsraidhantibody; has affinity,.for GRGRA. 73, An epriched
popuI&Q&Qi‘%feggggj“t_ivc%,?nsdode?ﬁ%%el?s roduc é)%frbf & mMethod of° dgifhee
63. 74, The cell culture Of any oRE ot QNiEUcel S hnardincsaicdefinitive:
endodEiiTtatd e ot Sigeificantycexprassaimarkerselected from the
group consistingrefOAT 4 ARR.TM, « SRARGARHSEXT, [o. The cell

populationofany.ane.of clai 3 or 28, wherein said definitive
endoderm cells. do not sigL%fig:&gr‘ﬁ V' Qefﬁlrcéts?g AR RePerrseddr Trsrrtiarpes

group consisting BHSERAHAEP, TM, SPARC and SOX7. -57 SEQUENCE
LISTING  separating said definitive endoderm cells bound to said reagent from said other cell

types present in said cell population, thereby producing a cell population entiched in

definitive endoderm cells,

64, The method of claim 63, wherein the differentiating step further comprises
obtaining a cell population comprising pluripotent human cells, providing said cell population with
at least one growth factor of the TGRF f superfamily in an amomt sufficient to promote
differentiation of said pluripotent cells to definitive endoderm cells, said definitive endoderm cells
being multipotent cells that can differentiate into cells of the gut tube or organs derived therefrom,
and allowing sufficient time for definitive endoderm cells to form, wherein said sufficient time for
definitive endoderm cells to form has been determined by detecting the presence of definitive
endoderm cells in said cell population,

G5. The method of claim 63, wherein detecting comprises detecting the expression of

at least one marker selected from the group consisting of SOX17 and CXCR4 and at least one
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<110> NOVOCELL, INC. D'Amour, Kevin Alien Agulnick, Alan D.

Eaetge, Emmanuel E. <120> DEFINITIVE ENDODERM <130>
CYTHERA.045VPC <150> 6D/532004 <151> 2003-12-23 <150>
60/566566 <151>2004-07-09 <150> 60/587942 <151> 2004-07-14
<160> 2 <170> FastSEQ for Windows version 4.0 <210> 1 <211> 1245
<212> DNA <213> Homo sapiens <400> 1 atgaacagcc cggatgcggg
a&‘i@“@cﬁ'&g“&aﬁ%ﬂé@rﬂ&ﬂ%g@m@? %%%%%%C%%@C%g%g%cﬂ%tg&s of said cell
tgac C ceectge cectgggecg ag 12
ARG A G oty Sl cseggpg o sox1
ol et hagteatisy olyngiscogaatdchgogy cagatgatghg of OCTS,
CtieAYgEBtggastank 240 gL gagrIsa.a9699atggc gcagcagaat

ccagacgtgce acae ttgagcaag 300, atgctgggca agtcgtggaa _
e R i A R i

bR dyeEcs GRCEE G HERIEARG IR GUTHEEGRRE 2t least one
cygey Caade agglgaagey gelgBRgeye-gigURy§06dI96Heel 088, L0ae5I9 G crein

G 1998 15 er
et O e

CACAt gegsgﬂd»f a axézéggfgggte %&@&%ﬁWQEfMEEMCW SOX7 in said
Q@@@@@@@g’@t@ccc 660 acgcccgaca cgtccecgcet ggacggcatg

gacccagacc tggatitett Mgg@i?z?fpgﬁgcﬁg%%s%ﬁg%g%&e expression of
e S e DR
CEBRC TRt GG tedrg degcercetay fgoctrangtgtastare gy CTREII0aN,
G eegertirgggegeycys:aggareaaBaHcragatlo aaetIcARCR CANGAGERM 4
260 t@%&%&@&i%%%‘ﬁi%@%&%ﬁ%c Céﬂﬁ?@ﬁ{: %C(glé:g’é%% %reater than
B v g 14 o Sansicing 0 GCT ATb. Tt KPARC and
tCCtcgg0a JRgyHEEgE L6 group consisting o s AEE, LV, SEARC an
SOX7 in said definitive endoderm cells.

68, The method of claim 63, wherein at least about 95% of said cells are definitive
endoderm cells.

69. The method of claim 63, wherein at least about 98% of said cells are definitive
endoderm cells.

70. The method of claim 63, wherein said marker is CXCR4.

71, The method of claim 63, wherein said reagent is an antibody

72. The method of claim 71, wherein said antibody has affinity for CXCR4.

73. An enriched population of definitive endoderm cells produced by the method of
claim 63.

74. The cell culture of any one of claims 4 or 9, wherein said definitive endoderm cells
do not significantly express a marker selected fom fhe group consisting of OCT4, AFP, TM,
SPARC and SQX7.

75. The cell population of any one of claims 23 or 28, wherein said definitive

endoderm cells do not significantly express a marker selected From the group consisting of OCT4,
AFP, TM, SPARC znd SOX7.



acggaatttg aacagtatct gcacttcgtg tgcaagcctg agatgggcct cccctaccag 1140
gggcatgact ccggtgtgaa tctcoccgac agccacgggg ccatttcecte ggtggtgtce 1200
gacgccagct ccgcggtata ttactgcaac tatcctgacg tgtga 1245 <210> 2 <211>
414 <212> PRT <213> Homo sapiens <400> 2 1/3 Met Ser Ser Pro Asp
Ala Gly Tyr Ala Ser Asp Asp Gin Ser Gin Thr 15 10 15 Gin Ser Ala Leu
Pro Ala Val Met Ala Gly Leu Gly Pro Cys Pro Trp 20 25 30 Ala Glu Ser
Les Ser Pro lle Sly Asp Met Lys Val Lys Gly Glu Ala 35 40 45 Pro Ala
Asn Ser Gly Ala Pro Ala Gly Ala Ala Gly Arg Ala Lys Gly 50 55 60 Glu Ser
Arg lle Arg Arg Pro Met AsiAtE Phesietifal Trp Ala Lys 65 70 75 80
<110 APl Arggkys Arg Lou Ala Gin Gin Asn Pro Asp Leu His Asn Ala 85 90
95 Aafler L eeSerdlys:Met Leu Gly Lys Ser Top Lys Ala Leu Thr Leu Ala
FH0H51 139 GIF Lys Arg Pro Phe Val Glu Glu Ala Glu Arg Lou Arg Val
G His 15150 1295 Net Gin Asp His Pro Asn Tyr Lys Tyr Arg Pro Arg
Arg Arg Lys Gin 130 135 140 Val Lys Arg Leu Lys Arg Val Glu Gly Gly
<120> PRETFEU HSTEY ERN 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 Lou Gly Lou
<130> GHTERe. Prev&lu Gin Gly Phe Pro Ala Gly Pro 180 185 190 Pro Leu Leu
Pro Pro His Met Ply Gly His Tyr Arg Asp Cys Gin Ser 195 200 205 Leu
<0 By AlaPtg Pro Lou Asp Gly Tyr Pro Leu Pro Thr Pro Asp Thr 210 2i5 220
<1515 r2YoANETEQ pGly 1y p

<150>
<151l>

60/586566
2004-07-09

<150
<151>

60/587942
2004-07-14

<160 2
<170

<210> 1

<211l> 1245
<212> DNA
<213 > Homo

<4C0> 1

atgagecagee
ceeogeggtga
gacatgaagyg
cgagecaagg
gacgagcgoa
abgectgggea
gragagegge
cggogoasge
gageegcagy
cteoagttoe
ggccactacc
acgeoogaca
atgcecgggy
ggooaoocdy
coctogatta
ggetcogeceg
caccageacc
coctgoeggg
acggaatttg
gggecatgact
gacgecaget

<210> 2

sapiens

cggatgeggy
tggcoggget
tgaagggoga
gecgagtocoog
agoggetgge
agtecgtggasa
tgogegtgea
aggtgaageg
cgacegoget
cegageasgy
gecgactgooa
cgteccaget
actgocoogye
agectoooga
cgggectect
gggeqggycdy
agcaccacea
acggoacgga
aacagtatct
cegotgtgaa
cogegatata

<211 =
<212>
<213

<400>

414
PRT
Homo

2

saplens

atacgeeagt
gggcecotge
ggcgeegygeg
tatcoggagy
goeageagaat
ggcgeigacyg
gracatgoay
getgaagedy
gggcececgay
ctteecegee
gagtotggge
ggacggegtg
ggceggeace
cggteccaty
ggcgecaces
cgggegegye
cegggyuocee
ccocagtoay
goacttegtyg
teteococogac
ttactgeaac

Fagts8BQ for Windows Version 4.0

gacgaccaga
cocetgggeoy
aacagoeggag
ccgatgaacy
coagacotge
ctggeggaga
gaccacooca
gtggagggeyg
ggcggecgey
ggcoegoage
gogootoege
gacoeogace
tacagetacg
cacaooegac
agcgeectie
ttocagatge
ggacagecegt
coogaagage
tgoaagoocty
ageaacyygay
tatectgacy

1/3

geocagaccoa
agtegotgayg
caceggecgyg
ctttcatggt
acaacgocga
ageggecctt
actacaagta
getteoctgoa
tggccatgga
tgctgectee
tegacggota
cggottictt
cgcaggtcte
teggaccags
acgtgtactsa
agcogoaaca
cgeccecteo
tectogggga
agatgggeoet
ccatttecte
rgtga

gagegogoetg
coocatoeggy
ggucgeggge
gtgggctaag
gttgagcaag
cgtggaggag
coggecyedy
cggectggot
cggcoigggce
geacatggge
ceogttgece
cgoogecoag
ggactacgot
gecogegggt
cggogegatg
ccagcaceag
ggaggcacty
ggtggaccge
cacctaccag
ggtggtgtec

60
120
180
240
60
360
420
480
540
600
660
720
780
840
ggo
860
1620
1080
1140
1200
1245



Ser Pro Lou Asp Ply 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
Gin Val 245 250 255 Ser Asp Tyr Ala Gly Pro Pro Glu Pro Pro Ala Gly
Pro Met His Pro 260 265 270 Arg Leu Gly Pro Glu Pro Ala Gly Pro Ser lle
Pro Gly Leu Leu Ala 275 280 285 Pro Pro Ser Ala Lou His Val. Tyr Tyr
Gly Ala Met Gly Ser Pro Gly 290 295 300 Ala Gly Gly Gly Arg Ply Phe
Gin Met Gin Pro Gin His Gin His Gin 305 310 315 320 His Gin His Gin

wet dEiSddis RroRIoGlYRI0:GlQiNbro.Sen BroRre325:330,335 Pro Glu Ala
1 Leu Pro CyssArg Asp Gly Thr Asp Pro Ser Gin Pro Ala 340 345 350 Gin

Sln P PG BlY GledNVal AsirAry THF GRrFPRe'GIEPGHT TACLET His 355 360

2

a1a 65 2NEValCysd ys.Pro, GllMet Glx Lgu Pro 1 Gin Gly His Asp Ser
373875 380 Gly Val Asn Lou Pro Asp Ser klis Gly Ala lle Ser Ser Val Vval

pro Mpps3gEnGav3s 400 MspiAta’SerPertAla®al F§r ¥ €ys Asn Tyr Pro

5
e ASPVAL405.410.2/3 RECEIVER SEQUENGE LISTING FROM JLH IN
s5  DISK FORMAT78AME AS FILED INsSCYTHERA.O045A PGT VERSION AS
=P FHLED AICYTHERAGADY. TXT 1222088/ #is 2on ala
3lu Leu Ser Lys Met Leu 8ly Lys Ser Trp Lysg Ala Leu Thr Leu Ala
10¢ 105 110
Glu Lys Arg Pro Phe Val Glu Glu Ala Glu Arg Leu Arg Val Gla His
115 120 125
Met Gin Asp Hig Pro &sn Tyr Lvs Tyr Arg Pro Avg Arg Arg Lys Gla
130 135 140
Val Lys Arg Leu Lys Arg Val Glu Gly Gly Phe Leu His Gly Leu Ala
145 150 155 160
Glu Pro Gin Ala Alz Rla Leu Gly Pro Glu Gly Gly Arg Val Ala Met
1658 170 175
Asp Gly Leu Gly Leu Gln Phe Pro Glu Gin Gly Phe Pro Ala Gly Pro
180 185 150
Pro Leu Leu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys Gln Ser
185 200 208
Lewn Gly Ala Pro Pro Leu Asp Gly Tyr Pro Leu Pro Thr Pro Rsp Thr
210 215 220
Ber Pro Leu Asp Gly Val Asp Pro Asp Pro Ala Phe Phe Ala Ala Pro
225 230 233 240
Met Pro Gly Asp Cys Pro Rla Ala 8ly Thr Tyr Ser Tyr Ala Gln Val
245 25¢ 255
Ser Asp Tyr Ala Gly Pro Pro Glu Pro Pro Ala Gly Pro Mst His Pro
260 265 270
Arg Leu 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 @ly Ser Pro Gly
290 295 30¢
Ala Gly Gly Gly Arg Gly Phe Gln Met Gln Pro Gln His Gln His Gln
305 310 315 3290
His Gin Hig Gln His His Pro Pro Gly Pro Gly Gln Pro Ser Pro Pro
325 330 335
Pro Glu Als Leu Pro Cys Arg Asp ¢ly Thr Asp Pro Ser Gln Pro Ala
3490 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
376 375 380
Gly val Asn Leu Pro Asp Ser His Gly Ala Ile Ser Ser Val Val Ser
385 380 365 400
Asp Ala Ber Ser Ala Val Tyr Tyr Cys Asn Tvr Pro Asp Val
405 410
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RECEIVED SEQUENCE LISTING FROM JLH IN DISK FORMAT
ShME AS FILED IN CYTHERA. 045R

pPCT VERSION A5 FILED
B:\CYTHRRAGASV . TXT
122204
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