DEFI NI TI VE ENDODERM Rel at ed Applications [0001] This
application is a nonprovisional application which
woleosme3guni ority under 35 U . S.C.  119(e) to U BCT/US2004/043696

Provi si onal Patent Application Nunber 60/532, 004,

entitled DEFI M VE ENDODERM fil ed Decenber 23, 2003,

and which clains pri C. 119(e) to

U.S. Provisional Pat %@ﬁ%gf@ggylﬁ?yﬁ@ber 60/ 586, 566,
entitled CHEMOKI NE CELL SURFACE RECEPTOR FOR THE

| SOLATI ON OF DEFI NI Tl VEE&&QMM@M ed July 9, 2004,

and WoSp, Cl A RoRElB i eABREorR bl Bl il Abs ity under 3

UethCJ § 1 8¢) WEWth\dﬁlﬁElthatﬁURﬁﬂ@EtlcﬁﬂﬁEﬁb'ﬁfﬁO/ SERO0Rentitled DEFINITIVE

P AT BT REGHALH By L Sy, AR 5100

Uap Mdv@ﬁinlablhﬁent Applm@ﬁmﬂ@lﬁrﬁliee dO/ B, w6 renbisied EHEMEOKINEIGELL SURFACE

REFEeER b e PG R R RangROLE g e o 9. 2004, and

wmel dmlhb phm& Q@yer ISNUSAT.t§ CY(eRfio UL @rcpﬁmenpatemvwmamn Number

GASHEHE oS TBR LR ELARFRERRLA b, e rsovarion o

DE?Q@I@WE‘QEWEI&M”%@UIM& cgl 1094. Baekgsadsnd 0GB lof the above-listed
Human pluripotent stemcells, such as errbryonl c stem
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germcells. Al though pluripotency inparts

extraordinary utility upon hESCs, this property also
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of these cells and their derivatives. Onng to the
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di fferentiation pathway towards the pancreatic
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Ve ﬁz& Seerle-pelt lncashomdi i wich cells 3§ @PPIRPH4tS neage precursors
@ﬁﬁgﬁ@sfgpgﬁjthcsdl%@nmml ian cells, and in a preferred

enbodi nent, the definitive endoderm cells are hunan

cells. In sonme enbodi nenimnagy ofthpkentieant j nventi on,

defi nI‘TOtDGSI e endRdREb&RkAS of MR ?e%@ht Qﬁveﬁ@dn refaf to cell cultures comprising
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enbr yeoesg i NNekedoflahce RS ofter EARIMirhd8s SMAE Yk invention, methods of
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Fodysing dedinjtive yené?degﬁ. frean pdpweieat cslljcare dleprgibedutin rgime embodiments,
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humans. In a preferred enbodi nent, human énbryoni ¢

csflendie| oels a?reé in et meshesls sainelude fiuhire ingtelirsiteddolesmbryonic stem cells.
[0010] In sone enbodi nents of the present invention,

one or nore growmh factors arejpused in the

differentiation process frompluripotent cell to

definitive endodermcell. The one or nore growth

factors used in the differentiation process can

include growth factors fromthe TGFb




superfamly. In such enbodi nents, the one or nore

grom h factors conprise the Nodal /Activin and/or the
wahsmakgr oups of the TGFb superfanmi |y of growPOT/US2004/043696
factors. In sonme enbodi nents, the one or nbre growh
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but w80t is Emdlodmee‘§e¢ﬁ thorpreseat suehtipeless rebithde popdlatipns of cells
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@GT4bﬁﬂ1@NLSBNRChn&bg&Hﬁ%nﬂﬂmmther Ilgands for CXCR4

can b ed n de initi der sS.in an
ot olatA e oferfeh Yo @bt L PP ARGE i v enfierm are also
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f r
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pbfaqel@ OFb@hﬁfé]ﬁ in th[: m@ce]@%atx@mé thep pselatipg the gells bound to the reagent.
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enbOdfog?Jgt S, SRS lnbGHnEME §BHE %F&S%édt e&%t}eﬁ{equXCRél antibodies,

cells delnltlveenoermce e nunber of

Selemligaids or pthes bgandg fvr SR Acuhtherueed foaJhtabﬂedf@méat @ndoderm cells in an
' Ritiv

S50, SO OBl 887 IR0 KR, S BL, SEUL BtSocy. s

ligard st awilce IhgasldafpeCKGRé malehbngcdms @ redgemic e meghod) such as affinity-based

Cg:{r%tlaolnncrremn;oe%%gtll naSésdlSJ st ! %grg cgld I§o n%%%cilels{)ﬁﬁ Ie no]t;r Z%n%ntlzﬁg/ ypurlfy preparations of
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dusly eﬂtélbdfultufeb ewkiohpasprise @ﬂﬁlp@@ﬁ@&dlls lafiddmitiveichdoderm cells. In certain
hESCs al 89 inclu or. no

dqder m cel I and S an
r]tl?aﬂ?nfsa N QP8 Bt cten ggl@awd dpiige eg&%kw cells.  The

I{Lﬁlﬁkﬂéﬁsteﬁlﬁ @énstpﬁ%eﬁf Gkuch Upiatrédih Ib¥ grehidr Sibhe Rqual to or less than the number
enbodi nrents, the one or npre gro wth factors conpri

frefingsiye cndedermy icpllsyiRgibe cuttyre- ogI§ LgRetigeniss the rféemr@llﬁ are human
SIMRPIE A YelRT ROSRW RnfbB&ihRAS the!HESEQ MR nRiHRARHdTR fSeder layer. In such
the one or nore gromh factors are selected fromthe

group consisting of Nodal, Activin A Activin B, BWM4,

Wit 3a or conbi nations of any of these growh factors.

[0016] O her enbodi ments of thg.present inventions are
described with reference to




t he nunbered paragraphs bel ow. [0017] 1. A cell

culture conprising human cells wherein at |east about
waQbesob3wai d human cel ls are definitive endodeparaskdog/ 43696

said definitive endodermcells being nmultipotent cells

cotbaeinents. e feedes deveatcelly Wobec@qllﬁassueh ag [broglastsi whieh gfe obtained from

HREEANESE G diHNEH@IIE 8fPanikQ018] 2. The cell cul ture

of paragraph 1, wherein at | east about 50% of said

humanl08&5]l s dn sonefeinhpdimgets of dhsdueswniciarngion, [tB® ¢@hpogitions comprising
I r t

LG spgfish dEfk Ry PEEAIUEP okt 081 & Bl wrb&Shotar;, Such growt

feadrisscan [iR0RG |grefvth Tiveors o thel TGHP eumd famiy.afr aph ethbodiments, the one or

wherein said definitive ermcell s expr.ess
AT G Pt PR e NRTAGH B it | (it NIE iegrops of the TGFp
st FAGREE. gr§ ¥ 2ddtorS - IrlTsl'é&eféﬁlbbd&iéﬁtﬁ Uh&or@f or Fﬁﬁﬁ@%ﬁ'ﬂhfaé‘tors are selected

wherein the expression of a nmarker selected fromt

ths EeHpssortisiing obNodghyahctivingo i etixird B4 Moy aeer cpwhwatwns of any of

thdd® gfoRh @dr@n Oof a marker selected fromthe group
consi sting of OCT4, alpha-fetoprotein (AFP),

Thr ont98h8Idul iQthgrmmbodBRARE! 4hriPTSrRy inventiony are dlesorihgd wifle reference to
S58lokSns bAGe2] 6. The cell culture of

par agr amh , Sér elaﬁ said definitive endodermcells do

not ewpl'éss a. marde8 culbgk ecmpribify loman vellgwlougn at least about 10% of said
Qﬁ'c% a?{ﬁm%%}doég% ceﬁ ﬁpd%ﬁgn@@ gnd%g)ggl de[ilg %em& multipotent cells
e ce cul'ture of paragr asﬁ

tithe Bam dtffer/aatlan toalenilnot ik lgst tabq:nr@@nadmeck‘éereﬁeme cted

from gr oup nS| st f M X TA4 nd HNF3 :

[ 002008 T R i s Bt i AP 0% of said human

cslds ate definitivd dndedeendeltber m cel | s expr ess a mar ker

éil_ec&tosg%;zg tcff&%ﬁl ﬁarco %&?ér%@gb regi_ ail"c%?ét\%gilt' 80% of said human

cemglatraﬁefnﬁﬁvma&gﬁapmsl wherein said definitive
endoderm cel |l s express SOXI 7 and_ CXCR4. [0026] 10.

The C@MO]C ul t4ur "gheofellpgf %léf‘r %ppr@rag]ghb rhegeiq jgad definitive endoderm cells

eRHPELS R RfectODHdh B F% stir% 0356%t ¢tnd BRARE he
expression of OCT4, Al PARC and SOX7 in said

defi n9P?Ve eddoles felk élﬂlﬁﬁfe [o@owﬂgraph 4, THkereie|the exiiressior of a marker

I, I
sagctﬁgtfag( gfreggsrgup x@@{sﬁ%gﬁ §9§ht/11¢e§%§\ rR@éédaR/nzgls %g&et{agqogig dxBression of a

mpgker Tilscied ftone thetaieuwp emsistineaefr QB GlphatelrpteinsGARP), Thrombomodulin

r LI, GATA4 and

(@I%LS%‘LA%%&@?@%?% dgﬁkgléﬁv?éﬁ‘]] ur eCMo par agraph 9,
wher el0f2 ai d od eTheneefli outturemﬂpaiegrap}n@w}srem(wcbﬁ“mmve endoderm cells do

PR ERAE e LB B R P T s

cell [0023.‘] ur e 7of Tlﬁfaéeigcﬂmfb df pankpeapdi 4) vellerdieasll dafgitite ehdoderm cells
defi

BT ST RE GOrP A par ey NITb oy bbat B

The C[Bbi4]CU| tSUY’thQEelpaﬂﬂlgsr aPpardgaph) 8FiREdIn Sad Qieflmtlve endoderm cells
¥I uri nt cel | ri ses an enbrﬁon c _stem cel

6T selfEreg 6P IBURPY? WISPIRAELGT Apr E, CAHEhEORQL, CMKOR!
aﬁcﬂcmpnbr yonic stemcell is

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

[0026] 10. The cell culture of paragraph 9, wherein the expression of SOX17 and
CXCRA4 is greater than the expression of OCT4, AFP, TM, SPARC and SOX?7 in said definitive

endoderm cells.



derived froma tissue selected fromthe group
consisting of the norula, the inner cell mass (ICM of
wanoeresyo and the gonadal ridges of an enbryoPCTAG3BY/043696

17. The cell culture of paragraph 1 further conpri sing
a nmedl09%Thhi cH- dbarpell @dtyre ofparagtialh O alisiein stdefitinnendoderm cells do

I{&Q%}Lsstﬁﬁﬂmpcﬁd SEARE W Es@k7 par agraph 1 further
conprising a growth factor of the Nodal /Activin

subgr B888lof  t Re Therwll Q@BE‘P foluirirhagraplf &owlsqrelm SaidTdedinitied lendoderm cells
ikds YR Bx Pl (pgf‘gg? b further conprising a growh
rom t

factor sel’ecte e group consisting of Nodal,
Act i vIO@2H, Aclt3i The c8l awthire ofrpamgaplofswhdnein esofd. de[ﬁﬁ{ﬁ%]endodenn cells

e%gres@l &ghée &gegtj%dgﬁ‘omstgle GOIR o 'nss{s %?§£7% %API@%EFOXQI, CMKORI

apddddBt.m cel |l s, said hunman defl n| tive endoderm ceI I S
ntiate

bei ng tipte c Isthat can dif
cel | slog}ﬂlt heolé}uﬂh? lfgl GHuS %faﬂga%@hi 5/' ‘i‘?E’r &t ﬂ"@?ﬁ bout 2 definitive
¢h@6&:rh calls ard bles@efohr afppereat 1 plirifdtend aﬂﬁgrsﬁlﬂt&elzgulture

wher ej t least ab ut 95% of said cells are huma
det i rio3lle end EEE e ofRytrgEph 35, Whigin sl |pluripotent cell comprises

apbr@hicsen9telpar agr aph 20, wherein at | east about 98%
of said ceI I s are human definitive endoderm cel | s.

[ 00391003 THE &bs relhspiracf paragrripa?.agheph spil embryonic stem cell is
d6RQE Bk 6in 8 fikShe RUBA ©SH R g?du%%omﬁggf e ﬁl%l’dl:f ﬂ%g%gaﬁl rgass (ICM) of

mar ker sel ected fromthe group conSisting o

aeagey o qnd dheogonade] ridgee ofast mbsypul ati on of par agraph 23,
wher %mj he PP ?élg&g&} }ﬁ%&s?lﬁ%e? dctofmlrp%ts%% a medium which

gr oup conS|st|ng 0 Is greate
copprigos fse 8ui ebrub 0% seramker  sel ect ed fromthe gr oup

onsi g of A, Ak PA LN sai
hurmnﬁgéﬁ ni tllg\(/%e:IT R g?rr%ocl}[lé’ﬂag aﬁﬁ)%%%]er SEUPHENE ac@f’]mh factor of the
I\bxdplAAettwmxubgfoupaftﬁgﬂ“@FB sagrfaidlgr ei N sai d human

defi s do. not express a marker
sel egbégds\ff roﬁ'g“t'ﬂlee ﬁ‘?l Gb “EBr&fl RARERPof, Eethar copprising\p growth factor
sSPARCT R theSEWh dodflddl 02 Blodal NEctia A, AR @Eﬁcpd'@m{?)ﬁnatlons thereof.

23, wherein sal d human definitive endoderm

cel Iag()@{é;r es 20 il Repuladien exrrtsng caly Wheacin polagst about 90% of said cells
afeOREhahtdeNBitiOf edMotidehy ce@\EAd hﬁﬂgn 5%%916 chd4:3] cc@lz bellgﬁlultlpotent cells

cel lrhcf uI ation of paragraph 23, wherein said
thaé panvgiEfprgatisdhiabnreHieichs 2w t@,@m exgensalerigadiberefehect ed

fr om[meM(r quaﬁ&n&hs&omgt[‘cg{) ﬁaf%az)h%h%her?@l‘a%ast about 95% of said

FOX CRI'P
C‘ﬁ%ﬂpﬂﬁ? h‘tﬁl@rﬂeﬁﬁltlﬁap@gﬁmeﬂﬁ wherei n said human

def i g?éjg . 9%&%{&1&%%&1? ({%?(gf::]p%%s B0 g%ﬁmfg)fcag% “bout 98% of said

[ 004 e cel ar agr
CWEearehmnm@ﬁempc ssbd@m oofls. SOX17 and CXCR4 is great er

h P, TM d SOX
itnag Jf)(gﬁi]ﬁ)r(rgﬁ i neflfpv% aé @FPW%@TI’I 25) Rgﬁfg%] human definitive

enldrelemebdlls pfmedsatmai)kbr edleddal fagh &R farod8 comibehe bNSGRI Thnd CXCRA4.
hurra i ni iv e odermcel | s do not express OCT4,
AFP SP Al ek By atEW—Ip]aragra@h 23 whegein the expression of a marker

seﬂétmﬂ &binOfhe Cgﬁo@ad’oagﬁtﬂﬁhofzﬁ)XW BRECRCRA {6 AR Nhan the expression of a
mar fe:lr rs1e|:lected from the group consisting of OCT4, AFP, TM, SPARC and SOX7 in said human
definitive endoderm cells.

[0041] 25. The cell population of paragraph 23, wherein said human definitive
endoderm cells do not express a marker selected from the group consisting of OCT4, AFP, TM,

SPARC and SOX7.



endoderm cel |l s express M XLI, GATA4 and HNF3b. [0048]

32. The cell popul ation of paragraph 28, wherein said
wdebisriesd7ve endoderm cel | s express a marker sePeTs2n04/043696
fromthe group consisting of FGF 17, W\, CALCR

FOXQI0042VKOR 6.aF¢ G PPpulitdn4d pagggrapﬂh @3,0 &fhprein said human definitive

r I 2

AR R oD BB MRS, Brh ok MBR, OATAY and
HNESby 1 pluri potent ceI I in said cell popul ation.

[ 005 4. T el | tiQ r
wher E%Oﬁiai diuél & cell ?gl} IOP pa n%? Seg \gﬁergm)sm)(} deﬁmtwe endoderm
celise¢rpaed b maflﬁﬁSs’b}ec&ﬂ fro“ﬁln ¢hecgblp papistiag 0HORGH17, paWHgCAMTR FOXQLI,
qﬁﬁg gger eéf@éia' d enbryonic stemcell is derived froma
Q ed fromthe norula, the I1CMof an enbryo
and t[dnm]gonaz;lalTHel d@E@oﬁﬁa’tﬁ)ﬂ ebirygrap] Q052hedf. sAd human definitive
hod g r oduci ng7 S ti ve endodermcel |l s, said
FI‘B‘B"e 6W§Fefs§| 8 g‘#gl&s [ 0053] obtaining a
cel I Rl at2 ®NTiEARN HbKilAGn rakwraga@hem whHB18 AheCebreSsion of SOX17 and
!OO49 providing said cell population with at | east

B ERRaker ey GPoresHen T§u6g})f M |SyA|RﬁJ a PR Ak said human

astififidCn@ternt ey, OMOt e di fferentiation of said
pluripotent cells to definitive endodermcells, said

def i iWMphe cHACHhsr aslt eppulativni ofgperagreniy @Bemhersi| paid thymen definitive
efi@ed éei SEEY d&%ﬁég’r §; 94,6818, moFgAﬁe aq&r%o‘x#be 0 r

or gans er| ve rom and 055] al I ow ng
suf f i[el4@ht t3 helfeoreld @bpuddtionvel prrdgrd@y 28.cehbrsint epid dumpn definitive

e}/l‘é‘q% &{;Hggxgges%%&[%l gt 'aﬁ?}ﬁﬂ%bdef' nitive endoderm

éen determ ned by detecting the
presqonds] of I2fTini tdlivgopehdadef paraghpls 28,nwhaeid seidl definitive endoderm

| at 0056 7.. The nmet hod of
oBferer B efedor bt fiom 0% BPULSra b f EOF Ehev B FLCR FOXCQL,
QMEORT ertdrPe. i nto definit | ve endoderm cel I's. [0057]

38. The net hod graph 36, wher | east about
500 UL o pi-iicp B e Ao EBPP OF dETeREPR AL, G Rolert sbout 2 human
de@fitivel dnddermeHEIRALE Flesedt fob abc{u@%%} 1 Plripotéift céleinReid celf population.
par a rth 36, wherein at |east about 70% of_ said

pl ur 1960kent 4iThe afl mopWpanapt merretPledd nwvherga said pluripotent cell

c&ﬁﬁ%‘é@iﬂ@n&%%’drﬁc stt@@e9] 40. The nethod of paragraph 36,
wherei n at | east about 80% of said gl uri potent cells

di f f dP0ShE i at®5.i Fheoel @Ppwitioned rersgtie A Wherdis saiff goBOpnic stem cell is
dér}vedmﬁl aﬁ%%\léo é?:fted%n@gl% %vg)tll%}g’ Ghe L 51{161‘%9@ d tﬂ?@n@@al ridges of an

presence o |n|t|vee ermcell's 1 n sai
epbpul ati on conprises detecting the expression of at

I east r LS -
sox 320 "SR R PR R B Sl el comprsing
tigrstappoLonsi sti ng of (I:T4 AFP, T™M SPARC and SOX7 in

ceII fP sai tcel tlt n, where 2 g %ﬁlpress

of a l<er 3 F‘é‘&ge"‘o“ omEee c&‘P%rLangcp PEOSTT RGeS

SOX1{o0map Cxsk4idin gaﬁ&aénepo;mthmn W /Xpdse68d gmwﬂf fagtor of the TGFP
mar ker sel ect ed fr?m t he group, consistin

of OCT4, .
sygepfamayin agprrnhsffigejo promets differentiafen phsaidgiypgispigells to definitive
c6@®dbsn odI00GH ddfnitiVdherdbB:ROL1 beiR@hRABIARA &Bls N REireHifferentiate into

detecting the presence of definitive endodermcells in
cglls of thet upsoprPraRtS T RTPEYS 28ét ect i ng the
expr §5@sPN A 11Rbing §AFkicRNEMEIREK&Finitive 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.



selected fromthe group consisting of SOXI 7 and CXCR4

and at | east one marker fromthe group consisting of
WOBR5/08d71and SOX7 in cells of said cell popul 8CTmIS2004/043696

wherein the expression of a marker selected fromthe

gr oufiP086Insi s87-rheofmetbok| of7 papgraixGRa Whereiy ehtlesst taha 10% of said

0 m% romthe group
cu:I])1 %tlgﬁs%tg Flﬁszﬁgf ﬂg}&%& {Xe %@Qg&?ﬁ&gé d definitive
endodsth cel BS. TI{cOﬁﬁQl]odM p&hgapte Bhovhefeipat depshphowt 250% of said

R R R Bl e o, 52 oo

par agoeaph 4239.\ier eietholl he pxpgregsi3on vakreit ak deesst abme 70% of said

PR A PR OO DS ABh b, wherei n

det egd0sp t heo.pries aRewdobf gahimpt i36e vaReader Meaeldbsuti 80% of said

said cel| ul ation conprise detetlngthe
PBSE‘@?%%@PM&? eﬁ’ilat?@é%‘g elighere gMmCtfected fromthe

gr OU@R“gFSI Sty NeheQhethdd df hara¥bh 36 kkdrein AEREdng t@‘!ﬁ@%’nce of definitive

and and at | east one marker fromthe grou

ceddgisedlladn grid et 2opygmn CPMPHQS,QR@CWhSWe%SWn@é |a} east one marker

sQEctéiaﬁ'ﬂn aRl dr Eﬁﬂséﬁﬁ%}&" Sd?t'ﬁ]r £t SR 2SS B nPfikeR from the group
er sel ect ed from roup consisting of FGF17,

cytaptingCaf ORT4-AXE) TNK;[GR@C @K @ cslls ofrsaidt st p[olqldp,pon wherein the

eI S0l G ARG P 0 Ao s s
tigedxpresdionvel @ mudde seledel frem thOPOB) caBistihef @éJtTHodFBfTM SPARC and

36, wherein id at |east one growh factor
S@{ﬁgsat“ﬁ@eﬁl{b 51 i‘iel Vi er?}lgsubgr oup of the TGFb
supendostj | y. PROBE|metlod diheragephdd, whergadagetagpithelresence of definitive
S 3 e e b RSP R e A AR R oe
sBeadidir a0 el gratip aﬁﬁmtnl[gedsm}(l?[a&GWCI@Bandeﬂ éeagbdnh @m:hrlcef from the group

ar agraph_47 I ai d _at st.. one. gr owt

P RBuar AP oSS ORRE SrLk AbEoF I ES B pyein T Expresson of g
nHRRF §Jlddted dt-éin &He gragﬁaongaalggifg@mma@ COICRi4Ss Q&ﬁﬂex\/ﬂhﬁh e expression of
[ 0069] 50..  The met hod of ara{g h 47, wherein s

a| ek selpriedy Fram the #raep Spnsisinget PGP, dopady inssaqd d%ﬁ%tlve endoderm
cB®t hod of paragraph 36, wherein a plurality of growth
factors of the TGFb s%gfrfaml IS provided. [0071]

52. TH62Zhet héd Bre pribedpl@preenah 44desitihe srriessionohpileajt one of said

n?afrke&fl%étélnﬁﬂ&it peRpPri ses Nodal Activin A and
Activin B. ? 53. The net hod of paragraph 36,

wher d0063kai d 4ét Thegaghodp@argenk A2, fdetest the sxpspsion @& el Ipast one of said
Eﬁ; out 10 ng/m . [0073] 54.

r‘%ﬁlgegﬂg?ﬂ% a@%&@éﬁk&%&m@ﬁer ein said at |east one

gr owt[ﬁﬂﬁﬁhct oHS. "thcmcihoctie%baragra@h éénwhminadtetegtﬁngcthe pttesence of definitive

egg 8161} (éeg]% l{% 65:2]1'1% eﬂ latl noco ¥n4 1scis detetcp l%gn he ex%rg S on of a{ least one marker

ere n-sai eas
sklsctgl forh dedgriotip somsticg ot FGE 1700 Wi, CALARe EQX(@]b @MKGR)D and CRIP1 and

ag gal/a%d og? Hggcég ogﬁtge -é{;qoglwrgﬁ}ls}ljsglgg 8% OE?E: aglgﬁ‘pﬂ\/lsgPAﬁ@ & éBX7 in cells of
said cell population, wherein the expression of a marker selected from the group consisting of
FGF17, VWF, CALCR, FOXQ1, CMKORI and CRIP1 is greater than the expression of a marker
selected from the group consisting of OCT4, AFP, TM, SPARC and SOX7 in said definitive

endoderm cells.
[0065] 46. The method of paragraph 36, wherein said at least one growth factor is of
the Nodal/Activin subgroup of the TGF[3 superfamily.

-



provided in a concentration of at |east about 1000
ng/m. [0076] 57. The nethod of paragraph 36, wherein
weabw/as97l east one growm h factor is provided i RC&US2004/043696
concentration of at |east about 5000 ng/m . [0077] 58.
The Mﬁbd ot7. F;la\eggertmﬂqofgl@ragmpérﬂé, Whgl‘girﬁsa@(b i least one growth factor is
I 0
sag&gédlt @OQ éie SQER%%%%B ﬁ% gbl_%vgﬁ %e Kﬁﬁ\hﬁ !Brhgg g@%‘glgé{% Bthereof.
36, \W6Tki n 4&iThephethadoot powrgraphl 475 wherepr fask atsleasnone growth factor is
1\j:glls [0079] 60. The method of paragraph 59, wherein
sald pluripotent cells conprise enbryonic stemcells.
[ 008(Jo6BIL. T4 Thetrhabbdodf asgagphafih whereinvuid ei lRas anel growth factor is
enbryonlc stemcells are derived froma tissue
ASBYBér ed from the group consisting of the norula, the
| CM @doean endw. yiheanethddhes gonaedabal 47 inthges @fid anleatony @rowth factor is
[0081] 62. A definitive endoderm cell produced by the
AEYRSd of paragraph 36. [0082] 63. A method of
prodywi7op a $elTtheRRAdI RRgRAPR B6heEErdiR adirhity tof bR wth factors of the
endoderm cel |'s, said method conprising the steps
T@Fﬁﬁmﬁgépﬂﬂﬁﬂﬁewéﬁilatlng cells in a popul ation of

gkgg celﬁy sa|§£%§9§§ vgpeﬁgggggﬁf%g{FﬂhﬁgygngWﬂlﬁ“mS

cmmhmeﬁﬁm@hﬁdwehMSHﬁhﬁmvmdh dlfferent|ate into cells of

t he ube..pr..ar r|v refro 084 -
or ov AL S BE Al T SRl AR one wrowen o i
phjvﬂid&ntajcoacam&mtqmofeaxhaﬁab@mw ng/sdi d definitive

:Q S (r) g@g gid °® % %tqﬁ}létrm%‘g‘ﬁcgft llgj%‘e%ngb %J & r%?ntn SaécL Fty le%sé ope growth factor is

pRRfdl atd @ﬂcen&@doﬂ OB RhstabRAl @l nghgl.sai d definitive
endodermcells bound to said r ai d ot her

f
cel | (G78ls o7 S S methpaf iganh o puPs BHF o e et erowh fctor s

pRIVREY & N\BnénGalidn mméb@tab&iﬂsmg/ﬁhed in definitive
endodermcells. [0086] 64. The nethod of pa%b@raph 63

wher 81075k he -fihermasthodaeti prepesaPB P o BhesEY saebApicrs @3e growth factor is

pRPIGRE B WQn&nfilidn M}éhﬁtab&lrt‘ 166@)'14%%18' ng pluripotent
human cells, providing said popul ation with at

| easi0030le gr B Thefmethask Ofdfarqgr?@hﬁ@whsnﬁplew%hﬁ legst jope grpwth factor is

pRITRE b ShLe RO ofla@1cRl QERE Sodl dofftf ent i ati on of sai d

pluripotent ce nitive“endodermcells, said

def i M077Vve e¥Rithermetioel ¢fspatyerapg 3guivherpiot st cetletopslatidrais grown in a
fer.en nt [ls of the gut tube or organs

g%umcogm?ﬁ%§€?s anm%ﬁguﬁﬁfomnng sufficient tinme for

def i mo07BVve efal oihemmitineldf partagraplod enywhale@r iidplsdpadent cells comprise stem

%Efficient time for definitive endodermcells to form

5 been determ ned by detecting the presence of
def i T[ﬂ(t79}/e es@lorier mewed los phagsph ¢ &lhkrefo pditl gilur@pdtent cells comprise
e net hod of paragraph 63, wherein

ﬁﬁ@cég%prlses detecting the expression of at

| eaSgO(ISUF mag KerheSREBEd @€ para@iibh N, Gk GRSl ofm cells are

SOX17 and CXCR4 and at | east one narker fromthe

dewsyed ifiom hissey setested frourthe group copsigtins 9 thegagryla; the é@}%ﬁé an embryo and

mggﬁﬁhpn£$ggf£gggJ 4.1 on, wherein the expression of a
mar ker sel ect ed fron1the group consisting of SOX17 and

CXCRA0083] gr ed-et deffaivetenéodesmpealspdisedby Bie mafhied of paragraph 36.
sel E{@‘ﬁg} fr ogn . t& ?neg[{ogg»? 8&)?[}&11 E'CQQE%T&] gEg%nrlé%FF n a—é\ﬂnltlve endoderm

SPARC and SOX7 in sal efinitive
cells, said method comprising the steps of:



[0088] 66. The nethod of paragraph 63, wherein
detecting conprises detecting the expression of at
woOeeastoesaTe mar ker sel ected fromthe group consPeTiUSgN0aN43696
SOXI 7 and CXCR4 and at |east one marker fromthe
grou ;{)Oﬂﬁﬁhsi sdlffergntmﬁngﬂcréﬂs i Nbomﬂnjioﬁmﬁlutipotcmlﬂumaméelks ao ek to produce
po atio r t he <A~ eSSI of a rker
dgfﬁ}ltéct el(ri;&é’fi Fom” qﬁe S%Irgo‘gepﬁqn&tb‘f?s | ﬁnél oC (B?(’Ing 7mnﬁ18‘l§t83€cﬁfils that can
difragtigates cdlhanthé @l& ue»epfre)s@nodbrﬂéd therefioker sel ect ed

from grou isting of AFP, TM and.SOX7 in said

def i h ‘Hﬁb gﬂﬁﬁg‘ S&b‘ir P@l. P‘Ipﬁgg@} a éeﬂ.genfﬁ’%“i?e 5o @marker expressed
119@[%@{@1'% ElodsMARERY Bt SRE@GE hetGubstBkll S &Sredalides biheiell types present
t he expreSS| on of at |east one marker selected from
in 13 GHeo#9RsEt i ng of FGF17, W, CALCR FOXQ ,

CMKOdossnd - (bdPhtin@Rsld @ferih©i9s bndBRG T RIIKBSunli OB R@gen‘c from said other
%r oup consisting of OCT4, AFP, TM SPARC and SOX7 in
b‘IYP%S nsesentdmsad! eelinopetien. Sherehi prq;éﬁ@rléa el pepuatipn ergigheshin definitive
eﬁfodm[ger selected fromthe group consisting o f FG-
7, WFF, CALCR, FOXQ, CMKORI and CRIPl is greater
t han [4086] ex pﬁ4e§h¢ orethofl af waleRieph $3| sdewsin ffheoﬂnfﬁetﬁétla‘rmg step further

csallﬁgsg ?IQ H/ gﬁgleﬁ(gao ol ?1n C?f: F sm% g%,gg]oégghf}ﬂ 1l0Q1d1ng said cell

pofulqtian a>gthafp Hea@Gone\/\gTew’éi factt of dasTGED cugerfabily of as amdunt sufficient to

PGk AT iongH ot BEAREY SP tn HOSAEE ZHOGT mofofed defmitive

eﬁﬁkid‘m:&llh $>e1ag enultipotent ¢dilsethandn deffsietiatel ifto delld 92the Hdt tube or organs

The aragra i.n._said rke
desiyeger I}‘@ d glfwm%ﬁ%gﬂ’é Hﬂlwg %QP%&&? S&ﬁ? KF Ce&h@rf&nﬁ wherein said
sﬁ‘ﬁbﬁntﬁﬁ@%{ﬂeﬁhﬁw@&ld@ﬂgﬂlb@lﬂy td Q88 Ads Hedn ddtbenifgl HyQEteBling the presence
%%ar aph. 71, wherei n said anti body has affinity for
° IVCF‘G@Q@]“C?@S inApid gRI PRIYERIOBopul ati on of definitive

endog«ﬁﬂs%cel d5S TRE aditee bekﬁérégjfh?h Bt hageof dd@&ﬁﬁ@ e&gﬁﬁéﬁ getectmg the

[ 0096] The cell cul tur one of paragr
exression Rhefrleastons agker el paied from ﬂ!?rﬁ@tl’e‘ioﬁ?l&f@lgl of S I gnd CXCR4 and at

t
Iegég%glé g{a{iﬁ{‘ﬁéﬂ tl%é%’_&@%énéstﬂ%rdf @gg%\gléﬁg nﬁqs%@ﬁ@ %ﬁ@s@{(@ Hcells of said
ceiﬂspowhémc e\rhlerepntb@ Pxardssioncrt aangrk@ elegpd Famdbe agohs caBisting of SOX17
algc?(’]X Z%:r]& e? ﬁlaﬁi tﬁé%&%rghstugn\/& aqﬁgﬁg%él@tg@h‘%ﬁ t}ge %rﬁlg) consmtglg of OCT4,

express a nmarker selected from
AEBn"EMs@i’AdigC wfd S@XI741;1 sﬁ@lﬂeﬁﬂ‘lmfe SEAREmarls. SOX7. [ 0098] It

\é\neLL &‘éeﬁpgg%s gﬁer edth%g %f C})apagf ngtég’& ar‘;élglgde%ec O%or%pnoses detecting the
emweme of attléest aub masetd sedectedofeon ithe grodpr @nsisﬁrfge:tf S 1ataadl CXCR4 and at

G pr BAPORL P OOuST OB oAk MG SERT & sfs pigid el populaton,

wiheremehé explessih bDi safky sélb@el hemfteufdup Borddtihe6f SOXLIBSnd CXCR4 is
Provi si gnal Patent Application No. 60/532, Q04,
SEATET PR e BEEPRICT PLAED “Q, d frqm g spup&Apsting §F ABBIM, and SOX7

ildald deRRBIVE &idodsadn cElat ent Appl i cation Nunmber 60/586, 566,
entit|l ed CHEMOKGNE CELL SURFACE RECEPTOR FOR THE
| SOLAOBOIN o 7Dtk Riethpdrof prpseramiRg>: Phetsth defifofing compygpgs detecting the

,gawsmun of 2Pl iosd RRALr RAL&MH réRARhd %@h%eshsm 8Ff FGF17, VWF, CALCR,
0/ 587,942, entitled CHEMOKI NE CELL SURFACE RECEPTOR

FO&ERQ 1TQEIKC§@_M|Q§>EPbmd[EFIPsz ypomarker 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, VWF, CALCR, FOXQ1, CMKORI1 and CRIP1 is
greater than the expression of a marker selected from the group consisting of OCT4, AFP, TM,
SPARC and SOX?7 in said definitive endoderm cells.

9.



ENDODERM filed July 14, 2004, the disclosures of
whi ch are incorporated herein by reference in their
wenvisresd7es. Brief Description of the Drawi ngsPLOABR]04/043696

Figure 1 is a schematic of a proposed differentiation

pat POk or 81 &hpmethedtof paragrfaplp 63, avheredin at 1pgsh ARESTS of said cells are
in the pathway commits the ES cell to

dff‘ﬂgtl‘%e%%deﬁ][‘\g/églsendoderPn li nezlge and represents one of

the ¢@9L) est 6% Thwmetitodps phragiaple 63, uwttchedr at least about 98% of said cells are

g %f\gereent atl gfaj of ES cells to pancreatic endoderm

g erm or islet/beta-cell. Sone factors

usef gookpr rrmd ITat indchotl lof par: agmﬂsfht {Vﬁﬁﬂ'elﬁ seid nmﬁtme rsSCXIfR4

t he fam Ly whic |nclud are . limt
to, @?Lu s/l H%aaaeﬁlogﬁ P%W%P 6éx‘é’ g ﬁﬁ‘ﬂ%‘&ﬁssa“faBPb"dy
def i mao9g) the72dq\i1b Nhéthoe oﬁﬁﬁﬁ@ﬁ M tarngRtei® 8hid @ftiBody has affinity for
SOXI 7, GATA4, HNF3b, MKI and CXCR4.[0101] Figure 2 is

%4agr am of the human SOXI 7 cDNA whi ch di spl ays the
posi fyg@8p of 7 %Sé'r{r%ﬁgd ¥Bh1ftRnadtd ddtinghlel Gabderkh&lls produced by the
regi on used for the i nmmunizati on procedure by GENO\P
nfetpd of pagAPhé33 is a rel ati onal dendrogram
illu I n C h é? id defi
s TR (o2t ofECHrt SRR e URARIpREH Bt Biluhacin seid defiite
eadodenmpreds db osiatignificehtlyt expressro myprlep edéatssl hontheayeupt deasisting of OCTA4,
t h ARE f the SOX group F subfam |y within
‘%Pﬁé%a% spgﬁ)ﬂe@ip[oms] Figure 4 is a Western bl ot
pr obg@odj t h Th&he atll gobilaS@Xa7 amjnbné:)oﬂyoarag:daplss b?v ot 28, wherein said

dﬁ%ﬁt‘énm F@a&f 1%? %}E zfﬁ(s:llg{}lg?é é ?{érgt%s ayoar erfslegF mtthe group consisting
of Oame, ADP, ant) SBAReahdSDXWmTunor eactivity with EGP

(l an Q’O%§]SOX7 g::{r)g gipcr:elzcoa%e%loﬁﬂa a] gla?tg%ds X decogl?pggltmns described above

réﬁt@ e HedP réﬁltl&ElD\M Rerd CHoWSERF, BE 2BO-deborivee! JiSvitbadifferentiated cell
di splay a sjgnificant nunmbher of AFP+ co-I|abeled cells

c‘elmosm?ﬁ% e B Y B Py WYARFPEEHIPRst to ot her SOX17+

cl usf (ﬂ)r9d] ( B) AdMi€dn8] rhibddirBern® offiRe AERH: 1ﬁ€én|t1§nﬁﬁ§y also be found in United
observe 0105] Figures 6A-C are microgra how n

ngg‘s iPaevagionsh Heerd rAﬁpgﬁqjlog@g 69/53 8¢k |entitles) ITIV E ENDODERM, filed
UeE@ﬁB@p C%‘t OQ(*)T%m Bl yPIonsmBHl”%teIh rﬁlf)mfemu lNLﬁnl:{eFWO/S 86,566, entitled

protein [ocatéd on the cell surface of pari et al
CHFYEANR (dilils SUREALA OMQEHTG?R eFeRt THEe dSQUATINNe sOBf DEFINITIVE

AT B K10 S0 sl e, oo

euiglet IC&EMQKE@ CBLL tRAR Bk RECEPHORI HOR DHE ISD&B@II@N OF DEFINITIVE

E NI @RM{,\@&g ?47 %?&E 1$|t (ﬁsgc?(%[l{ﬁ 8@},& ar% r1ncS ég)&t%ﬁ?e?élﬁe gy reference in

thearentidetiest S show ng SOX17 gene expression by

guantitative PCR (Q and . .ant thSIS)X17 ositive cells
by SOX17-specific anifcgg?&y—gg%n%ﬁ—%mé that Activin

A i ngoi@apes 1[EXd 71 gene sehdpiaBis Sefon Iwbpdsed rdefféragiadomGathway for the

o g BRrGgee SOLT Stpession 1ol AULe, G e 0 e

dsfoige biRdéde Mhdagel angatchREdhtA SndRIf | th@ eaicstl Rhdval steps in the further
magni tude of these changes |s refl(gp{cted in SOX17+_ cel |l
R R PRI TP PeRe e BB AR oG Fms e st/ beta-cell. Some

REREuRHP ?&%?édﬁﬂn% this/@dn¥itibf fatle%édlﬁé% SfihLHERNY esniBtwHifteinclude, but are
single cell |eve igure BAis a bar chart

ngh ligied o wactivingt ncalagumch f dremelpynmpkeisnfer ieGog the definitive
chd@ei t@%@ﬂ%ﬁ_a&f sﬁh Y}'Ar’l“ﬁf%, Ff’MBﬁl Adlcowrevel of AFP
essi on i'e ce Is al l'owed to

gene expr
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randomy differentiate in 10%fetal bovine serum (FBS)
exhibit a strong upregul ation of AFP. The difference
wOono@sxesessi on | evel s is approxi mately 7-fol d. PCOABB]04/043696

Figures 8B-C are inmages of two nicrggﬂaphs show ng

t hat (048] supbigesiiondiegranipPthe kpmes SO 7 s NAcwhigh displayssthe positions

{
hegzrg%/dyrgc?tg‘% %r?dahrll%]ﬁ]lghé P‘llg g{gﬁ ncﬁ?éedr is‘cho &5 125% ﬂ}@éeﬁgre% GENOVAC.
obserl®d] i n Wgtre\d i3 aArelatiomd r&ardrogr@mdlllnstmmgg (cltﬁ@tsww is most closely
0% FBS 0 e

1e1§tg<? téoogsza(?a &' Some at ?es {éﬁso(é% 5o t"ﬁlgee %@%M P{og%fllgso%e ni;orf{: 1ose1y related
aﬁuEﬁgI-spBeﬂeé hasmasib@r tha;tstortghefr h@wibery taintbe SPX. Frouys Fsulgfamdy w1th1n the same
dempnstrates that the magnitude of change in AFPgene
SBXPfessi on (Figure 8A) in the presence (right panel)

and q@mpge Fllgafeu 1PQM&Jst)3mQﬂ(%t/ﬁﬁiBe‘divﬂtlﬁhei@ﬂﬁﬁtl-sgxw antibody. This blot
corresponds to. the nunber of AFP+ cells t her, ,
demipnsBries (ke tSPFélflﬂta‘/lc?ft Shlsoﬂnt@%ﬁgﬁﬁ‘élwg ego{(ﬂ{ iPFfPiB af Yr-expressed in

HRANER %1219&2%’ i 1aNgekar ithAhok ek Wi/ ah EGEP (1ah@¥edr-thd HdkQosely related
F_are mcrographs which show that exposure

Fi gures
S&ng‘iE‘éwet“@ern§9§V (agei vin A and Activin B (NAA)
yi el 4g103) St I fiiRgs A @%@ﬁﬁ?og%aﬁhst Bigowi @lﬁst&fof §@>ﬁ174Tcellts that display a

cell's over the period o arin 0
St iioms rb w0 R ote S w8057+ Toe 1o (OB o oiher SOXI7"
ch.fi el d, as indicated by
Eﬁ%ﬁ?ﬁ g?%é tﬁ%& el (E}E%£6&% can be seen t hat
appr d8a05ht el Higd®s 68% o madrdgrapdb [sbowing pammlrmd@mm jag@SOX17. Panel
SOX17 af

AFohows 1mj'11unloc oc'il%nfmlsve dq%{lm V\,ﬁlﬁﬁ ng(l;r]r%(r)] I’l’tTNQAQrR{e? ilo%lted on the cell
smfd:cb vf pariatal Ondodi@m @0s mrraridbﬁllm@;ffét@ntldwd euldaeqme]f dEStcels. Panel B is the

it PSR R A PSR BB G N SRRy Paitly Sl gontast mase

ofl g saraé fitld eathTRAR] 1shaled dbhaeie NoteCtHethfn@Ete&f(bdeEﬁm 6fIDABI labeled nuclei

t bsequent 1, 3 and 5 days of suspension
a@%ﬁ@%?ghﬁﬁmﬁe|| [0112] Figures 12A-C are bar charts

whi ¢ moxd)e]mnsw‘gademAJ]Bearefbﬁxe&ltart@ﬂm‘éﬁhg sbm#\ g@rﬂ: éx'ib%ssmn by quantitative
xpreSS|on of

FERPSE PG b e SORIRoDHe el eSO R, 56k ot & shows that
pr i @Qﬁl%ﬁéé@ @OB{QV éA Y &Bre Qi dR6IhildBIkiRsis 288 (RES bthn%lst%ppresses SOX17
endoder m TA4 and HNF3b. The nmagnitudes of
e?‘ﬁ’féfis@ﬁsrélé’“@xh’r f@g dingjfferentiatedsgopriab mediagSREM: nPask 8 ghows the identical
p§&€n’1 ks r\’i@:lllyassé RindiBf nla %rmt.uhpo%? t&@é %Mrf‘gés id Fef@% :hz SOX17" cell number,

strongly indicating Activin Als specifying a
inskigatingthaldd-POR In@lsmrgm@rﬁ af SQ¥ 1 esemecypreadion i yeny reféastive of changes at the
(U TevelMLXLI +, GATA4+ and HNFSb+) . [0113] Figures
® g@ 5?% bar charts which denonstrate the effect of
Act i \[0107]0\ onFighre 8éxpe bashohwinith ARGV tpamedulmge of g@éﬁentmting hESCs in
SN
t}%:po%res&kce of dA {x]/gn dgcnrlqg%%lép Qﬂo%ve;g@r:legg A%{’ # ﬁ%esm L w\fnle cﬁls allowed to
rﬂrddmde&lffernraraheen m%FfetalJ\Mkae BesuID tFBS) mhtblt\eetnengi u:ptfeguiatlon of AFP. The
d&%g%7%.§pdr§ggie%%h gnd agw remai n either
LRSS AT R EPes at sone tine points
i ndi gexosng t R@ﬁreASIB-iO/{trél m@agd@ﬁSt\ﬁwﬁno&@rapﬂq@ sl&ﬂﬁﬁg fhyt the suppression of
se extra- der

ﬁ‘t@" ?W@FSI%%YF)% &r}\é %][sg £f etnhgtnlﬁ%::el lgllen%eﬂgggeé s m%hcated by the very rare

aB8X phels slug@ers of AS@XbeuZ ,0bdevélilin ACATMA tRBghci\foRbitRAS (KbtBm) relative to
increase in the nunmber of definitive endoderm

tg) a%ng
10@ NS gloped@Bhonse to Activin A [0114] Figures 14A-B

are l{61109 har tigue N OME Gre toBRpSAERL Imdpbs Sty &e%u@ﬁh‘rﬁcﬁ' of the AFP"
E_!ganel and Brachyurﬁﬂexpre33|on (panel

Ranher 85ips B crigsr s figjee Arapprpirates ek the zra«an‘fude of change in AFP
denonstrates that there is not a dose-dependent effect
of Activin A on neural differeptiation. There




is a notable suppression of mesodermdifferentiation
nmedi ated by 100 ng/nlL of Activin A treatnent as

wonadispased by t he decreased expression of brachRguUmg2004/043696
This is likely the result of the increased

sepenipfestern (FgnrofA)iaf thepresonee dnght penah) andoapserise (left panel) of Activin A

RS PISSRI PRERHRPIE o, e koo Mty o o o

tdoindichry uluapg@tocmm@at themﬁh‘p«maﬂltcsﬂ bﬁfeldl fferentiation

rel at} to ntre control e 5 u
15A- léﬁ]e F%&ﬁ’ gare%l V\Eor%a ?nézé Ss.lé dL pa% 71é3tos?r9 f ﬁﬁSCs to nodal,
Aeﬁdlﬁ desida Aicttfvfndi @A Apgitlana strikingSipoease i the huabdr v SOXTT dells over the

RS R S T S B R0 RORISER AP o e o

na}]h%%f calRipkeerirf daCti ﬂa'a | agﬁﬂélwhtdd(by_f%ﬂtﬂc‘sﬁlﬁeﬂ niuSleSEAF); & can be seen that
en activins are include B) an ov ntenS|ty
amrowmeltﬁﬁ%v@%ﬁﬁ At gei Hgmuawgﬁctwf 6%1%353)%1:4 ?;;‘JEﬁr e flgyg tpgatment with

AL mcrographs which show marker expression in
response to treatnment with Activin A and Activin

heESCSOMa} e t Figae d4 is pbarfchit WBW?WdesAmvtnhA (0, 10, 30 or 100
%‘EJL) \dokL-4d @rﬂigntﬁqhér&isgs Sorof gEﬁé Hép?esélaibﬁl &@fei’&nﬁﬂm_%@é%&s Increased

P~ and ™ anti'bodi es. Panel OX17; Panel
eﬂapﬁgmn(l} alreppy rohmg aﬁbqrﬁeqlaygof trqu@g@/qgmdheremdtgr@s plpfbcontmues through
S V&, LEL pjassociated with the
a3 e ﬂ/?\FPO (&54“’?e %%)'Igl\}l (O
| rmru Horldhct i F/lgltrys 12{&-)(1 zr%]baFclgﬁms avhich desloastmecth@ gifeep bf Activin A on the

| ng At p hance, [ o )
SRR IRERIAR 75 AP BLIR GRIIRS, g i
depeadant aicrcesnﬂmkealm ahsservedi érnt ﬁhfaeefdhdvyna@d?d?i bf/ﬁé))ﬁlﬁ"i’eOéndoderm MIXLI,

G%Iip)b f‘r{ eﬁ-g? % endOd I%ﬁegs P%Sesf“f% {Tp es% gse to activin dose are
siBikIn@Iyt diniddryto mﬁfsaﬁeldéﬂﬂfot sOKNE, proaglyrihdiyating thd@sevih Wois specifying a

R R T AT AT R

abs ol[(utls] | S OFigiréOns ALC @0 ANYhdie SithSdefonAatdthe 6fBdck 6 Activin A on the
gest hﬁggt he separate origination of the definjtive

CBHEDIBORAER IS oMY St dD) BASBABCHPENT £, Thegriggp Activin A dose-

dgﬁeﬁﬁgne dé@eds@ iRePreRA6R0T G Rii&deta 8nddaemT Farker 1M | MafErs of primitive
I %an s and receptors. Factors activating AR Smads and
[S)

SIS el and paeistel| enfloier SEH Y hrempi itk adppgRdior gehibit suppression

a{e E‘&iﬁ’éj AL goﬁrﬁmﬂa ﬁlqp AXﬁ’ﬂh CA S&o@énnsfe Lult Sto (sibgﬁfy 4he§e la)Ltra—embryomc
Physi ol . "187: 265- is a bar chart
erdodiith gelt Beey. nah@tfpfé}wr @ﬂppsmmﬂze g@ep itlesg éhfo meepgpead exprpssiers of SOX17,
f t [

SN AR LU COTRARE LohErm cat
r@h@mrchtttheiAncr ease in SOXI 7+ cell nunber W|th time
as a t t C ' :
fact (géiﬁﬁ}J 1}%%?%%?&[]%% Y"'ch!lhs %H@ g%ér ?@%ﬁ g{M A%t;ﬁPA on ZIC1 (panel
A) na:hchrao]nyuo;f efREtidn e(pqmebﬁel oﬁoxtsxsmnt texpressam af tlesuoduralofarker ZICI

d‘é{i«é%&rgte nf%la%et:rgis%lg{go AC %1? ncﬁewﬁi;eé: tg%ftl%c;t og PF] %dz I%grentlatlon There

id adhedte suppassendep areelaim idifftregRdon rmqeﬁ@ié'ﬂﬂiry a60 Ing/mL of Activin A

nunber 123], Figyre 23, is a bar rt sh
BR3P s BRG] PPRCHOARG CRRDIAG T B oy Do e result of th
1@651%6& %Scﬁd’hﬁ&ﬁ@ﬁﬁmﬁ@@ngade@ﬁm&ﬁ ﬁieQﬁblsaﬁl@H&Iﬂﬂ'i&:uE@bseuﬁ)wer levels of
i nduce ivin A and Activin B al one 0124 . .
Aﬁfl&ﬂ%@@ﬂ?ﬁ?ﬂ Ogpe Shagmlhmppdain 6 RGeS Hmof B%ﬁpﬁré%t#?&w time points of
difeerél@ihtidi rblate 16 GelRdRA Rrtd] anhakced in | ow FBS
conditions. Treatnent of hESCs with activins A and B
in media containing 2% FBS (2AA) yields a 2-3 tines
greater |evel of SOX17 expression as conpared to the
same -12-



treatment in 10% FBS nedia (|1 OAA) (panel A). Induction

of the definitive endoderm marker M XLl (panel B) is
wabhew/asd7ect ed in the same way and the suppressComsefo4/043696

AFP (visceral endodern) (panel C) is greater in 2% FBS

t han [PH510% FgSes olddi-Bi ams nfi@d@siths Filpwviag @5reaiddamerietal endoderm
cﬂferen‘%gﬂoarﬂgﬁpa}‘lsg po treagnen§ % acglvmél # Sg? orid' ot T?\thv a%jteglgendto%erm are found

I munor eac are pres
thiofifhethe ratlnmé (M)gwmﬂghffﬁéntatbdhES@umOilambeﬁe dﬂ)}ermnducmrte TM" cells is

| abel ed prol

sepsreenap R e Bl il st Vg v

I n adeitel on, Fl@hl@éiMAIDt D¢ hicrddrghe Q&ndﬁ&ﬁob&nzﬁrﬁ@%xﬂe%wn in response to
DAPI | abel ing of nuclei, in both SOX171 ccells (arrows)

tepatmgal ith Sobripad and ifyings e MEPGE SurhEsted fof fopivruserdfive days with
Ada)vm A Qe &ctibih BB arf{?)lé I%bélecba«ﬁthcﬁ@(m ATFPMANITMNStibodies. Panel A -

relati ve expression level of CXCR4 in differentiating

FESEsPustiBr AFRr PeusC mddfand Saerl O offese/ Padh7 Nofise e é%mefous SOX17
r%&ﬁ‘v&eﬁg @A)Q@sromﬁtté@ GtR tﬂe%&pﬁ&%‘ﬁ’saﬂ@é"bmlm@&M (C) immunoreactivity.
definitive endoderm markers share a very Si ml ar
pat t dPH7bf eKigwreddiivhmicsoarpbRbowing 8 $ppepsaneg @f definitive endoderm and
t | . o
‘/?%E’%le ﬁ'@?éé‘%r 1(';12\?115% l&ﬁ%{ g?ﬂé@ qhg‘ﬁ Eg?l%ﬁ@d)f I%s\{ irr]ag l‘éh@oc%ﬁn are identified by
AR 18606 7F owhileais Suigvanng BRACR sy e caviDiéte opgzsttggl@ﬁin SOX17"/AFP®".
|
’J.(hg\%lllcg Vé/ér ge):t%v%gdch#eg ﬁﬁe{ 2 (T'B?é%%? ﬁ{é ?%él%g)o%)o 5 C%ﬂ;]rlsm) %:%C%Q)ther However,
tlmme nneabwsites vdies S@Xj{’é‘ HAFR" E«:ggnms ere 2B serf@llia@bsdFitg ispletion from any

i aphs .t hat show t
sEpsior P T SRS e o Weliont 6 ' efipigia cpdgin cetls from
vidcerhladedech eellsondi t | ons d| spl ayed in Figures 26-28.

[013 Fi gures 30A C are flqw.c dot S that
dermﬁéklﬁiat w1 I8 & gl oI I LOFR G gro?bagms and receptors.
HaPt6fs @86Vl ARNGAINE had BRrsrﬂHds akt dswunmAhe%mcﬁ&l $thRfinitive endoderm
differentiation nedia. [0131] g}ur es 3IA-D are bar

q

feopplpumen eriEy oRip, SRl (eméfell P&lé‘ll d487:363-40)ed from t he
hi gh @ﬂ@? aCFIEMJe Qg4 Jﬁa@gﬁd}?ﬂﬁow(ré]tgé)m&é"ﬁ)on%% SO &1k ress1on over time
furt her enric for definitive endoderm narkers t
ap heesyit:wfetrqatnpopmﬂﬂamdmduélﬁlh@@mbltimmﬁqf T iglfaetoB? i s a
bar n ressi om CX + d L
SRl 0l | < R 2p BEGe SR F55nf AR 1PN o with time
aS.Edsulngft(eEﬁ%@St)wﬂScdh&)hﬂatlaﬂ c@&‘ﬂi@ﬁe’acmcrre35| on in the

Thi s de nstr te he CXCR4+

LAt
g:{ |e galggﬁf ;, Egylgg gi}ﬁq bar Flgﬁrfg WIDR, i 3 7 expression over time as a

r&XR L LESk At RIR 8&Mindtidn EFUGHPALARE. IOOIOUI ation and the
CXCR4 &2 ulations contain very little or no CXCR4 gene

expr d¢ Tioars 3P iriaghar ebargghovingihet Pentivichar indude atdose-dependent
nqgeéggpﬁtg@heﬂu theudepl etion of nesoder m ( BRACHYURY,
XI'), ectoderm (ZI ) and visceral endoderm ( SOX7)
gene [e8281 essFigurei2d is hebaCXORY shayehg that sdditioedf WS théctivin A and
Awtlgltﬂ Iéj&éa?eéiac%%rgé f?101Aaste§ §65(I1Tf g{pﬁé@@ & t‘;'bolv«“f' &P’i‘% feséf’}? Yaduced by Activin A and
n expression o Inrtrve
mmd?ealmenar kers. | 0134] F| gures 34A M are bar charts
Sgﬁwﬂm“ he f p%sﬁ%ﬁﬁ e P arﬁt@ SShOWemg%gtga%‘P & :t?) ldep nlgme endoderm is
ealprelsiailon FESI abndstioss. OTrediﬁ‘fenmﬂhE\ﬁéfs et adevins ABhk @& 8, media containing
CRIPI. is shown

E FOX
/G'Eﬁirﬂ%fﬁ@ gplds P?Cfsefﬁ Fanr lexg] gﬁé@éﬁ?ﬁ%@ﬁ% af fz%IP%af%sir to the same
tﬁﬁmhwiég% }ﬁg% Gridded 0 AN @m& H}gr k'\/iSﬁ@logedSh‘Bﬁle Jdofdkive endoderm marker
7, 7 X7 an I's sho

@gﬁ& (Rangl B) is plsq f;féeéfe?{l\}%% sarheway angyt repgign %%?%%Véﬁcml endoderm)
(B4l §)sik greaér X248 Mid B 1083 ondifor@ach of panels A-M

the colum | abel ed
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hESC i ndi cat es gene expression from purified human

enbryonic stemcells; 2NF indicates cellstreated with
wa2eBBs397n0 activin addition; 0.1A100 i ndi cat eBCTRISRE®4/043696

treated with 0.1% FBS, 100 ng/m Activin A 1A100

i ndi d828% ceFigares 26AtR drawinichogtaphr BBich sHow ng@KW “pedlls \arn dividing in

AR LSS0y S b B A 7P s oy

Rrand m&l la®1ledgzeth proléfamating ¢elinmrledeuedeo (PENA) (panetes) yet are not co-labeled
SR BT 54 BRI A BB A g of et
bothi SOX i 7reells hﬁfovxtsh& Wil a8 © QI madh;‘)felgﬁtramdl }ﬁ)%éllss{ammeheﬁds) D).

speci fj an 1 Schoe

and éngﬂ 2 %%fﬁgebé%%aafeﬁw t{l ge egprgssfl%} eyeﬂ of CXCR4 in
dﬁ‘f’e&ﬁihuﬁﬁglfBSCﬁ&ﬁdeﬂﬂarQﬁls nbéia estidRiongover i ngs of the body

and the entire nervous s stem ereas the heart

bl 00dV1%Ene, FERET STAD frade! SREhAbTRE "o FEg| fefniive endoderm
har &S ffrd h Sedebiin &dpdile@Mb B@riB&O e CRCRWPSc-Hist th¥ Qame differentiation
endodermi s defined as the germlayer that is

Herg)5ai ispPedinFigpisfat i on of the entire gut tube which

i ncl ygey) t hepg@PhAOUR, 3t QIRERANdLSHRE | h8Rd hEDE for mesoderm
|ntest|nes and the organs which derive fromthe

ut
(BROESHILRY aMONib qcmdg@ ($PXbrZICngndusiscerd rendngers 83 Q¥fid exhibit an

R o el Lt e RBTES p r 0

2000;[01I0Enb| Bigures 22A-F, ar@@i@@bgﬁlﬂiSlthatah@vlﬂEl r«ﬂativelcﬁﬁ“@ence in SOX17
d

IM%LJLKT%%;{%EQC c'gﬁé écr(%e {}%ee oq)tl%ehmed\clflgc{o){dl{l 1sp%¥]eél Ie}'si ures (§ %ﬂe

| Ve
conpl[é36] y sEipaead@A aredige c@forrﬁ&jf ldst filew mied d&fnomttate\/ﬁe increase in

rimtive end
R0 RET a1 wh pBiehais whegretaer st FBRHCY fedigiation media
mai nljg13ahe pﬁgmei 3l A-@ngte bhsERfta thaLEG0@E TXIORA'T QNS idfated from the
h%'g? cg.‘gc:e 3'(:: ?\gﬁtc Ol g}t? (%30 %ﬁi g]ie?eeev)é% %@%}% leU| q{eﬂgf%E rdlef)“l(nitive endoderm
nGaety thindthé %b?entbb}ﬁﬂﬁb@@&m) of definitive endoderm
formation dlgllns with a cellular mgration event

in
whi c 0132k endBaEE A7 det Pa chats Fhowingogepe exitssipB ffagp XCR4" and CXCR4

cORSISIREMGhe ARGOLETMhcdVa8h QEl@ SRR PHATSY 28 WelliCosUWeBe expression in the
called the primtive streak. Definitive endodermis

parent Rpgtlationsm e demonsigaies hairithgr QFGR4 treBuesimtain @ssentialyi aélrthe CXCR4
SRR AL, Bl P BRIl s o
h@CgtCRéakn)e exprsssipngr at i on occurs, definitive endoderm

popul fi t g d .

cul m[ﬁltgtg ﬁl?‘%re:{ E?A{l%atte gﬁgrjgs.f 1'}1%‘[ &Eno% gef ?%er deésr%%logf of mesoderm
(BMCIZIMURMJ WX[)OG.C&YQGM NZICi )/mdazmd:rylssadodnﬁn {ROXT7D perateixprassion in the

fi | ti endo t tu

Ktk ke ERORIE B A P e oBich B gy suppressed m
egjresalon of ﬂnﬁ&&on-ﬂhﬁutlﬁtendd)derm 19%ars. Aoki et al., 2002;

Co0978h, g2 e Bl 29 PGSR o e e
tifat @b be fusedl RORentify lﬂdﬁﬂtw@_&ncﬁlierm 2061 ThH%Gl?ﬁHé,s@ﬁ aﬂlllysw of definitive

1997 and in e Kanai et al.

BT DT Ho i A FOS N eIk Oy s BB i g in pancls G-
I epdcap® mrh@éXpaes&@@@maﬁysg oLy QéschBldl lidehpe markidgh®nes, SOX17,
cul ture dijs n enbryonjc stemcells. There

ke, B shac: MR Sk skt pige ST Gropeftecly. Panel M

shdWAlthPOPEes IR Saly9RDE ERCRS, MihirBPedtd &ORLf JaRiels A-M, the column labeled
recapitul ate devel opnent in the culture dish. Fi r'st,

driedss a58G Fioresyien fiom st hemanyerlhyy exe %na@ ¢flls; 2NF indicates cells
produced. The majority of germ/layer and organ
specific genetic markers will_jhe expressed in a
het er ogeneous fashion in the differentiating hESC
culture system Therefore it is difficult toeval uate
formation of a specific tissue or cell type due to
thls Iack of or gan speC|f|c boundarles AInDst al




expressed in other cells of different germlayer or
tissue types as well. Wthout specific boundaries
woOhers@eswi1consi derably | ess neans to assi gn geRET/US2004/043696

expression specificity with a small sanple of 1-3

tigetad svith e FBSone agiven #ddiionp QA Heindisefss deltsattajedniitle 0.1% FBS, 100

80 SRy BLORE 1951?0”@1d{%'2te§ oy 'u‘é:g@ £ with §5ERBs 200V A%iPR® and 24100
Rat shoul’d no e expressed I n the particul-ar ce

indjqaees ofllstiteated mith A%dBS, 1 00smarel Adtivink-er est . Second, the

timng of gene expressi QL RRL HRLRSHLS Cf ucial to

nmovenent down a specifi c*d%vvlbupnéné‘al pat hway. [0138]

To f yon3ser cArmﬂmmia;tage nratdrsrrlsnnantdesdi@mh@t hxmmd)tges:lnﬂd‘mh occurs 2-3
stem cel.l fer ion in vitro
Gt Grrofelion] CRTyREORE abed 5 nispat s s it ot this time that the
b/ BrimaA§ g&ClByerOae fifht @dﬂﬁ&f arﬁ&iréaﬁlzmutm akB)qo0 &schoghwolf and Smith,

g&ﬁﬁ gl"hgggs;g Irrgtlggeég%glﬂlﬁ I t fgflijlfeg%ulpl? lg? ﬂ%nrputterecovermgs of the body
afid!fhe t&ﬁﬂirﬁ‘ﬂéﬁous@ﬁbrﬁ Wh@ﬂéb&ﬂe RiartKEISEd, BEROLIRYRI] $nuBEle and other connective
enbryoi d bodies (EBs) with or wt hout exqgenqus facto

tigpyes FE ST ey theewpéermn%%te‘&ﬁﬁléod&w fie AEHEASS e gprm layer that s

rés?&{%ﬁﬁ‘fé fok GorRYES thIGHE: ?ﬁ@d‘b‘é&ﬁh(@ﬂncﬂ@ie& GhdlesdPEhed, BldBhach and small
differentiation. For these reasons, the application

apd laggedpfesiivess andibe eisansiich dseve frore thegpciobeipysh a8 ghedunes liver, thymus,
pERAERRP LAN dRANK Qi Yol Viflal: R BIRRENPAHDiBbton and Melton, 2000;

ure in order to ficiently nove the culture down
Kamslpéln iafid Erighirs, 2800 drdnzplayon ahad0RaYy ells and; Meljons d999; Wells and Melton,
ef : ' S hat |
DA SRS LUSATIE B0 SBLER) (RoR06L b Al e e
completelynteparnief lingagec ef bﬁHjS@smwﬂ eminfigyenedoflerto  She qainhige endoderm is
pgm ﬁl&orfe? én?éé% ?%t S aatg)g r%t; %% a—Qrng gr'll:ilc Hgsug “I%Eiﬁ %a?rygf]al and visceral
endodtﬂrrepmubmsuasfethw eksaltal ybIRls’ﬂ@]anMeaﬁxtrafeﬂelat imagrixvaptetial of Reichert’s
% with the above-nenti oned probl ens of
Hf‘?g} &'8geneity and asynchrony, sone enbodi ments of the
pr es¢o36] NVeDirimeasaidtAthapcas Hbddfﬂihﬁgle a&né®icho dorfr@tion begins with
ﬁferentlatln cells with rretheﬁ
VR PR ton; QBT vARchamerserRdodrm P

ehd&i@r&rﬂ'&ﬂgﬁk&hﬁéﬁéﬂ a kR daled A€ pﬂinfth@ k@dld abef@Rive endoderm is derived
pat hway. Enbodi nents of the present invention

fiogy eflls WBlCh a%qate Georely & 'ﬁﬁf‘é@é@%@nf% rihe FEe3kr SRIuBTqUsh the node (a

spciafleddl Bhubiudatene QReidRERL begidnNofCHé kida®). bXs migration occurs definitive
differentiati ng [ uri Eotent cells, such as stem cel|l

ePdpdgrmiRPRUA5t ikt hséms PRIPRGE Sih NP e culiminates A@thu@@éomaﬁon of the
pgg&%gmdofm,g% Jdepgtent™ or "rnultipotent cell" refers to
a cell type that can give rise to a |limted nunber of
ot hed033at t i cl# vawo apalyes pfjthe ormagoncé deffriithetndbdaym, such as the studies in
z‘éﬁfah&' atnh%nogﬂ ?Hbr?&'aﬁ S1942. FPdmetllef f1€ B@Bé,'ﬂ%ﬁ et A1t 9993; Aoki et al,
I ssues ced fromectodermor nesdderm but
20@\1, Hmugardqztfaﬂe 2e043%; iTadneblayngt @l.t B0gVincenitee abhs 20081 |Alexender et al.,, 1999;
e, fer m o] r. )
Ag%xg?&% a}u? §{a}{%‘err 1@6 ?‘f(ﬁg{}l ﬁ{ am, deP ld%/og el‘eenagbééedﬁ rﬁﬁl% fn%oﬂse by Kanai
Agpea d’eﬂl ee by o ﬁmdeSﬁa foﬂm&horp rrmglﬁsaﬁasptcta rapproash me détetopment of a
sgegzﬁc\s;%efagiaiygg c%g ent egl 1181? g%{lgg hq%’laga nfnb%)o%gc St 2 cells There are two
agiectsashciatediveth i ﬂ&o Eﬁ@ cﬁlhw thhithosd i oﬁmmblee in the attempt to recapitulate

ductlo of def j i ve endo ern1 be the fir
Bt e i i3k Pt PRipoq BB R 07 Dol SUPLE it produced.
Thesmhjbﬁtypbpcé\dﬁh Neyeb-me! brganT@p&HIoalgéhetiS einbiikeguadll itel e@ressed in a
RErkEebin Pabro & BaBir it oot Gl prapmotibetbe i is aiout i
differentiation steps that occur prior to reaching the
pancreatic islet/b-cell fate..;§ nce differentiation of
stemcells to definitive endoderntells represents
perhaps the earliest step towards the production of
functional pancreatic islet/ b- cells (as shown in
Flgure 1) hlgh eff|C|ency of dlfferentlatlon at thls

. ~A AA Y a1

t he
ea{soﬁ)naﬂetent to form mesoderm or



results in approxi mtely 50-80% conversi on of
pluripotent cells to definitive endoderm cells.
wopepisoadd7y, such net hods enconpass the appl i caPComsefo4/043696
culture and growth factor conditions in a defined and
avelrpio rf%tmavonsquea:$pfe'¢1éel titgus lor o¢ll tyPei Aeehiorthis dadkatf rmatl specific boundaries.
c r_defini e, |
AEBLCR! EoRERU AR, b oh b STy BRAORE! DL pref of Hhue ope are
adpfessad in atker ecled érffﬂﬂnegdns lafyleocm tmguedypes ed Well. |W1t111dll€s_peciﬁc boundaries
t erQ Gse?onlsﬁef'rabqg 1633 1 arlg 80 ass%%ﬁggge %{2)9@586(2 s?p%lcf}m !{Vlgcygf?ﬁ%ﬁggample of 1-3
gen&s elibrefany @rtrinGhexaeliget endiderabyf mmetgbm @nﬂ@tﬂ e/hi?ch @laiuldsbe present as
as, wel | t hods, for pro uci d |so nd/ o
0 P e P oniIg apt b ey oy ptfiret G b R Gradhor tssue of
1ﬁiﬁEElmtSeﬁéndd&feitﬁﬂnﬁg' yegeRl Gﬂﬁ‘a{sﬁh Petdrs s I’d:rLaslaq?ﬁJ ino{i‘dﬂ{ehtucloavn a specific
rlcell ulation, a nmethod of distinguishing this
Y PPRSP p B t he other cells in the culture or in
the popsg)ati 98 firfhed@smiplidhit Brattd GOMIIIABE Yioted Blat @R cell differentiation
enbod] nents of the present i nvention relate to cel
Heieer SaffosEcpioadEntiely epsiderelly a7 ot thap iatigehs such, one group of
C%H@fn@§ & Q)gsrésgﬁ'@ ls8nc8 b Qo SIREE 'vaﬂt'h%aitﬁl‘i&tl@ﬁ‘ f et dnﬁﬁeleé}gﬂfjﬁﬁﬁ}mbe starting
and nethods for detecting and determnin
fg}gbﬁ]@fg@p@qﬁloy Fyrikasmensy pagpipulatimg of FEFCHaons; afy(ers or embryoid bodies (EBs)
ABXE GRRIuP Broghrfefi8 Fadtot GplfagtidA RAMEL IO
U RO Roa iRl Pt B BRI AR oGl BHERS iy respect o
oyeral epmet @@rﬁaﬁlompat@ub%ﬁeﬁtﬁtfeof d‘fff@mntladem el‘?omthngmj:aime the application of
[
EORRERThRls Py Do PR b coRTIRD KBl TR kb Beropencous ca
niik@te inordex prdsedlyonovs |thq31u$tuldelbwnmsp@lﬁd‘rhffgereﬁteorcmﬂm’ay It is also
b%l?&"%ﬁ? & co|n51gle|}%hen1?%lg olo%ﬁ Bsso%dnsog?)@gh dells gl'gtﬁe%%l%lgrx?e%%[ SThe ability
tenamrhﬂy influgnae kBESCCahen foerhaddiato sbLtIalltcBemlm‘grmﬂ Ibmhéeﬁla)t Be less optimal
c_aci a transcri )
tlgagﬁqé%%bg gré)gzp g cg% {féralétlaﬁe?izaa HE)POI@ferS an& Qﬁg‘%% Q}‘ﬁeﬁ &R g'le culture vessel.
pr odyet3opol ypepetnl céefectaze gbvyy: apr 6daBi With &h€ a4HaRyEHtRh&, pPoblems of
|¥90|H? alipid, ali roteﬁg or a small nol ecul e.
h?*ﬁ £y AR GRS % gents %P‘@%fé‘ﬁtn"?fﬁ% Aenigspplate combining
atrh@hdarfBS @ TerentiaB RS €IS it AMBHod! fEMBE erRfch@X! €5if1oR @nd?f)r Iﬁrlﬁcatlon of
marker is_determ ned by quantitative PCR (Q—(}Q.

1@?{@??5151@ cell faesiAdie S stetoadiast produced by cert al n
genetjprso] Bl KehBodisted brate tlgven@fggﬂlte t%%l d@fjl:l‘P d protésses for the
SPARC, SOX7, M XLI, GATA4, HNF3b, C,

Pegsueton qf@@ltlve@mi@qu c@quppul'glfﬁj)ydﬁﬁ@pntmp&Elpgpotent cells, such as stem

S Hmid Qﬁﬁp&@t{tﬂeﬂnﬂtl% ORbBL & ﬁ Lﬁé@ﬂérbﬁla&ﬂlﬁ’iﬁ o%n?% “multipotent
I'n other enbodi nents, i1 munohi stochemstry is

celt xekers torpecep rtmeéhaﬁ@alexm tsstedt lbgnte@h@n&bmiaﬁ@npmné@ cell types. As

S t |

dgrﬁnm%%do ﬁ#ngteo'g edrlrtln;(%ag% &ﬁﬁ 04l ug@@g?fed%ereﬁﬁat@qgto tissues produced from

ettddgrni or yneemidrlm éurathen dlffemtlammlm the@ut tub¢ at Walleas organs that are derived

ﬁ%r oﬂ‘lg lec ?Jﬁ%sgn %r%gnr Le er léc? 18‘\9%({18% 415 s %erﬁrr‘rllsch e%{lﬂ%term ce%ls are derived

femph%t (SIU,Ch)IBro&ISRS oam pmwée tp pegpfor aff“menapﬂ@arcson bft hunin endodermal

e to jident tive endoder
B RuercPet ¥ Habs BrOpoiel SROBH dSPF Py hyod. Tor cxample
pestdotbar 6f ddihitise iendade®e kday Gbal thél fiest Gfep G| diff@eidtiat bOA .stem cell to a
For. exa n. sone enbo%lnents of the present
fympeRt i1 m-lifﬂ%malg?ﬁ “$ilt 1P BT Anapdifipssofdpsulin-producing f-cells, high

cERlidnbP BH ifetcaiiioh NatesittBle BEOGHE 88 (HRXRULESHiatifte st?@@hgt occur prior to
and/ or the CXCR4 gene at a | evel of about 2 orders

eps bR thedrenggeasia 19t/ Prasl date oPineredifferentiajien eheied eelinte é¢ﬂmt1ve endoderm
types or cell populations. In other enbodinents, the
definitive endodermcells or ggll populations that are
produced express the SOX17 and/or the CXCR4 gene at a

| evel of nore than 2 orders of nagnitude greater than
nondefinitive endodermcell types or cell popul ations.

In stiII other enbodlnents the deflnltlve endoderm

oy e Ll__L o




fromthe group consisting of SOX17, CXCR4, GSC, FGF17,

VW, CALCR, FOXQ, CVWKOR and CRIPI at a |level of
wahostoed7or nore than 2 orders of nagnitude gr earais2004/043696

than non-definitive endodermcell types or cell o

cplispgprageints nxrhapsﬂmd ShriiBstrstepepwadphe psodoétiontnd fpmediowah ppancreatic islet/p-

callpsf(as sthI \Iv(&)'nc grl*gl g)é b}%h efflmenf;}[ oftdlfyfe?g‘qtlﬁt%gpat lt}ﬁé e(i) is gartlcularly desirable.

enri ¢oiad] i n Iﬁeﬁemlolf itheedesingialite I'Olﬁ]eﬁEhdnS dlf%tenﬂatmln of plunpotent cells to

ain.e nts rel to _cell tur.es
B SaSRER PR 1o BRaBaC PSSk HR < e gpthocoloay
réBdin pr8@ately 1008096 ebhversich efuplintisotendiicellsd®f ddfinitivéeendoderm cells.

endog'e E\{r}}hfrg%ﬂléczls @Q?pﬁ}piapr eésle éggﬂ}]ﬁ%ﬁ)%golé{éﬁg}re \ﬂﬁLat o %Ftor conditions in a
de@Ra tan@ Rtpbrally s&é%ﬂe@ffashﬁﬁ IFURRR efr@dhinSnt o tikdldell Wopul@tich for definitive
definitive endodermcells. Because the efficiency

of

cpfnder 8 cambs atTORd B SokHER ENLAPUHECAAT 95 tﬂ@odeﬁyltlve endoderm cells
ffsﬁfjétﬁéf I8 ify @l{et;%bﬁllaﬁ’(ﬁlr BRI aSreagbhtl (D spedFlchidleniditio @ Bnitive endoderm

not limted to, cell growh conditions, growh factor
oglésn c & Bl RRYS & dhet Mesenf mvergon freleete Gﬁf@llg‘fee@siodetﬂﬁeceﬂs as well as
n&%‘t}foﬁﬁfo? B@&ﬁg%dﬁ’sro%ﬁgé&{d?& pgﬁﬁr Holsh@deferein can result

I'n about 5% "about 10% about "1 96 about 20% about

259% [@4alit mwdeamdntersﬁ%thammt dioipginigipo endod@aycelp o cell culture

SR8, T3l R S AP Bt

tlgermuleﬁort halesisblut A@BSAinghn vetasi cmquﬁnqntsmf tb@plemnt us/iehmon relate to

cel?mar?(e sru/}}olsev S eseerr]lgeo agsence anla/or r(!:fae[ ve expr ssmgqevel?é re S eh %c for definitive
resen Ii nVGP]]i conver si on % F Ot en cpeﬂ

epd]qﬂednaﬁndonnethsdsd’or d&ecalng taﬁxhﬂe:tairﬂlmpgm}uleapnemmn dfesuch markers. As used
ubst.anti al |, i ve endoderm c

R APV B (oS SIS Hion T B r el G AT Noas t level or

afho&a loff bedudipheif A rhadrRl seydktalce U%ﬁs,l Idetf:@ﬁmug @& exp@Esion of a specific

exanpl e, t cultures and cel tion

n@gﬁbn%rf%? Wg‘ll&é’i‘“?%w‘?lihle’i/@e cieitya oF fhs ]é‘te\ﬁ@{%’fl ta“i %@afﬁ‘iétﬂﬁ%?d% expressed or
sin@ly ﬂHt&@ih!% tHRGr&sdsdd @ ablenbdlbl HE @5ri@NdAS el HeRR Akik@PSrefers to any
are useful for nndelln&%the early stages of human

mGRIP St e be ersFYerbeTsiestedt ey amplest Fibscas e et s not limited

t6lQ@SRbleRdidN SR a8 a GARSAPISHT SPEMEe fQEk, 4 }B’lﬁ}ﬁﬁ@ﬁ‘d&t}irgduct of a gene, a non-
intervention in di sease st at es, such as di abet e

eprs| Irpqugs POl YRS Ptidsx ArgbYceprotsimn @ sapehydrrite, iavedyceHirb aelrniﬁ a lipoprotein or a
sl ¥BRcAs the source for only a limted nunber of
tissues, it can be used in the devel opnent of pure
tissldl4dr cell somedlmR@DMews@P« iDERtioY, TheyEesence, absence and/or
It
SRR PO PIIENE LD LA, Tog defen oo, o
aghetinit of transerigrdotiesdbicekthin geheitc ngarleerl esnbiras @éd(lﬁe€§DR4 OCT4, AFP,
I‘i\)’f‘%PR%cpéS ?'Ci\%g(L ?e'XIM“ﬁNE?b ?ﬁc £6H1 Sy EAIRR, FOXQ1, CMKORI,
yoni ¢ st’em cer rein,  “enbryoni ¢
GRéPlelasd tothen nnaglrege dmrlbhelvhérexpmerde&hnmecaggsquaﬁtltawe Q-PCR. In other

SRR PR DD, BT SRR RGeS by e ahone
nentigel gesespl i stiplodtk tenbbditneiits, (@PERtand éhmendifisi@herhibalntechniques are
vel ope In addi.tion to enbr
IR BB e £ TEedhe st el S By Oy oo
to endyps dey udBLSmbYHo®0smh bEthe®l desoriied aRke,ttd aé’c&{qﬁfle th@ expression
referred nethod fok derjving_ definitive endode

OE 819 ¥ AT PR UE A UREKCTE i Pt ©ridmibedotiaitvh @é@f@%ceﬂs as well as
delenind BetrbY ittt & defihitiv® lendb@EdnD bdlls U 2 SRA QURE or cell population. For
production. The enbryonic stemcells used in th
Rt dn came [SELedmERS oh e Besegt maenion, Biamdefuitifp Fl%ﬂOQGHn cells or cell
enbryonic inner cell mass or those obtained from

enbryoni c gonadal ridges. Humam stem cells can be

mai ntained in culture in a pluripotent state w thout
substantial differentiation using nethods that are

known in the art. Such nethods are described, for

exanple, in US Patent Nos. 5, 453, 357 5,670, 372
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entireties. [0148] In sonme enbodi nents of the nethods
descri bed herein, hESCs are maintai ned on a feeder
woayers3drn such enbodi ments, any feeder |ayer WOT/AIS2004/043696

allows hESCs to be maintained in a Iurl)&?tent state

peopatetiges thefeare iproduprsl exprehoths SO € rndfenithn &PeFRyt gaaet a level of about 2
{E‘B‘? e Mﬁi@ %refa%? deh nt) nit Vgrenc‘h{&l Hslllt tdr QLY ngulations. In other
rrane ry0|cstemce S 1s a ayero use

efmbdtimbitashe defibiie creioéfmnl gells eunelh populatiohs &:t@t afeclerddyced express the

SGRLEPYE CEOSD Y FREE  Fork 86 A BB

defhetiei mdbdmmr@lloifprrc&em ®pilaidams.p dn atiid dotheeremibodiments, the definitive

t t nbodi
AT O B UL PO SEOGALTER s s
fidtlthé poUE edsnsﬁmmomutcxdm GS@ BEF1A, Ve eTATIGR, 10X Q1, CMKORI1

t hads _hav en descri
R R FOR ST 45006 1B IPEO B8R 2 He P SEIBOt e i pon-defntve
chddbiCRI P abredi pepgitondy refer ence inits entirety.
[Olﬁi& The human enbryonic stemcells used herein _can
145lai nkPTinR ARELH06 1 PIREAT VERHIBIIela Roghl! Sl comprising

dbfhiSRMBISIRADL RRNLS ce SbpIRLLRPERE BMBA defiSitiUs Bifioddrth cells. As such,
ot her enbodi ments, serumfree culture techniques, such

certpin; proRnsirgRiiclabrete cell culgeawlish conppt Aefinitl eRgoderm cells, wherein at
16%9[%%619 ]58 %6480f thd Bl s SlIRRE aGhnitWR IefiibdbSn EAIGOY Ri&Hembodiment
herein by reference inits entirety, are used. 0150]
refitesnio cells ayltarce coraprisingihyeen pells.cihieraint e lpast gbopt 13030 plthe human cells
rﬁ&ﬁi&% %}X déﬁ%w&g{}@éﬁa&g uﬁéchlllse the éfﬁ gl‘? 'Jf%ge Hl@i@ltenﬁﬂﬁ}{ procedure
Ifferentiated into definitive en
cenipodijused by medifying cetin paringters, wh@béfmmdmbueare mdfddreltqﬁ tp,gell growth
cgn%l%%ﬁ%\éegrg ?ac?oix\” %dohce%.tf%ﬁ%bts Sﬁd ‘;‘d;l tim Ii?%l/ Iof %Hfg%rg rasr%%)%n%he differentiation
p&ué«fu’rasi@sﬂnbbd) hpmrmn@heemhitflﬁ eabcﬂmﬁi%atabmn 110% dbdut A5V, weout 20%, about

280 S L SR TR PR ASI B o, o

65 Latel es, ngelou.ft 176%6 thoetf mﬂab?t\fe;% vabnutcaO%B%bw ab’gmngrmter than about
Sone . e I ments t ] nt i
SASONEE TG IEREn, FO® 4t SRR SRR o oliee SLR Rt he present

idvBiRiod) Qbip/efAS bBtal PlEripdterNO@Al pop@iationy | fuci as ACtsteMi BelB population, to
and BMP4. Additionally, the growh fact or t3a and

sghstiallpprerdgfipifiye sRORts ol pow e i FoRTRPIE pr oduct i on

of defiag) t i VELLRARIREH s GRE hSthodNdE@ e hBeRMOL 'seﬂ@ﬁt §seful features.

of the present invention, conbinations of any of th
Fanhergepleethe coh sl giscn elf Bepulghens copppung defipitie @&@E}Bﬂn as well as the
m\é\ﬁlto@s fE pR&EEnk gucﬁlocféﬁ c%fm&@%deém% MBS aff useful for modeling the early

ferentlatlon met hods described herein, the
stazf@\pé hem Aoklegmgrto diurhsraeteoths camposgiony pribrethedst deacribed herein can
aﬁgls&%e ¥6 thé}é’ﬁeuﬁé‘ ?nt&(/éﬁ%xl? if é’igéa%f stated, %Qghe%e(ﬁ&be{eg n]ielﬂﬁus For example,
tures at concentrations sufficlént pronot e
smpef fefindsive iendddom srfveates theasirceafopenly ad\lmﬁod nprheer of Bspues, it can be used
10@ démfgnlﬁﬂﬁﬁ&%t Sw%PQ:qgk In sone enbodi nents of
e en

pr e ven Ion abovement i oned growth
i ‘ [N 2 ] JREPATENT CELLS
concent rat| on of at I east about 5 ng/ m, at | east
aboutj014@] ng/ Tithe, dﬁhltive asdoderhmtl cABuregdnd c,on‘@bsﬂuma&bmprising definitive

t 5 { b ,
RN
s@hudlls. 300uded heflein, 8dmbrmed”’ rafbotd a A0k ditgieﬂéloprmntall §tagds of an organism

g@%ﬁég ‘gglgegﬁ]ég‘rﬁygotgfm ast ab ut 8%9&% émwre %ha pcég)gger comprises

pABiIbtknt4d GRipd@hiidells dthet Bas aevallapéat gaﬁﬁﬁ»@cd}g/ M adWitidHb @mbryos derived
t han about 5000 ng/m . [0152] In certain enbodi nents

of the present invention, thejgbove-nentioned growh
factors are renoved fromthe cell culture subsequent
to their addition. For exanple, the growh factors can
be renoved wthin about one day, about two days, about
t hree days, about four days,




about five days, about six days, about seven days,

about ei ght days, about nine days or about ten days
wahowroesdtei r addition. In a preferred enbodi meRCT/USE®4/043696
grow h factors are renoved about four days after their
bagainete fiion] Be 53 “Qubyeni@gelefs telehbnyipy devizedbdomdetioralgiublsar transfer.

&L @%feg‘gd %‘%&\ggrf{)r d%g{ﬁbu&}'ﬁﬁ% @ﬁ(ﬂh% %e?lg Lﬂl‘ﬁﬁ%s %{%&lﬁmefﬂ{)ryglﬂc stem cells

arn e | ments o
(hES\@ |a$ tho mtartsvgnmmuambﬁoc éafinrtare ﬁnﬂméeruamodtange Themmbabmlq tstem cells used
t o, ab 0% v/v.. For, exa in.cer
1n ’cl s ane an bef\ ﬁgfé tha% Oﬁl]gglgtﬁcﬁéon ?hgtrfl%nﬁ amelinP{oemcr;ngler ceri]l mahss or those

obiembdamni hﬁlﬁry@tb@ géna@al(}ﬁfg@s( VHuthan bterascelldaan Bﬂomuﬁqtaﬁ}].ed% culture in a
an_about Q.2%.(v/v), |ess., than abo
TGS Vi PRSI ARG Ripg Food BRG RETn in the art. Such
nekeus ard dés%lbe&’ Yo exdn@s il Vs Ratak Q. mﬁ%sovj &)0,372 e§<3)0 926 5,843,780,
t han bout 7%%vl v), less t hg{: about 0/% (v/ V)

6208806 pashe. aﬁﬂoﬁﬁl e gissTpspres)of Yhudyare H’é‘iﬁ’%%%ﬂ Fojp Hy/refprence in their
chi@s$est han about 2% (v/v), less than about 3% (v/v),

| ess than about 4% (v/v), |less than about 5% (v o
| ess [@1H8h abTélLﬂomsWéWWlts ridse methads depesibed !}°}'”cPl(ﬂvV’EFgCS are maintained
oh %Sféed&l"@ﬂ?br ahpyth gn{Bc{d%éﬁ}s’ a y%&ielt 2&‘ VR0 R ‘hﬁgésvt)& be maintained in
' ess than about 10% (v/ | ess than about 15% (v/v)
agiuripeisnt st#iepandisored pObe mthﬁz/i)s degcpberbhpseinnae poramnendy used feeder layer
fQQE £H1H i6n Spﬁ{%ﬁr Eﬂgg%h cStefl] &nd {sga\’\fg eé@"otf %P%e A5 Hs. More recently,

er e odlmsnts finitive en rmcells are grown
hwinethfisreblash feesiot panbve. begmdeyelopdd fot her methebcidtlmm of hESCs (see US

I 0l I 0

L5 SIS 5 A0 B ML, RIS o e
irstppitiesten tAltham}mdfmanm diltteutetiod? %:schbed heoeua bﬂ’nnit t0%kintenance
ot IE5G iRl B L s a8 S eI pief geseribed in U
Phibt Appicaios iNan 2(01]‘3/(]195‘ 9466y the disclosmed & wlﬁéh B nﬂ:ﬁ)rpdeftedrhetemﬂ@/ reference

endoderm In some enbodi nents, the expression of
ISP nmar kers are determined by detecting the

presqag] or BRsEM®E @bridAR f8h kells usdl ttRrfeiatdnVed Mhaintafi€d in culture

expreSS| on tﬁf cert ai n mar kers can determ ned by
Rea ST A “ERRU SSUHE 4R SQINF CHIDPHBeT Ry JeBrm rgplw@g%ﬂf uysggl.  In other

Cltnb(ﬁlllﬁ@’lté %erﬁi‘n ﬂéa QulaRé teclkid el ls8chQs tIERE HesBPd iR I8 Ptent! Application No.
ts, the neasurenent of marker expression

2%%%%918%741%%1? Fltsélt)*i%Ochhl‘&UéWP?@%ﬁ‘ie@ Bereipyhy refgieprsdn By entirety, are used.

quanfirisgf i NOstRRBXRE %ﬁﬁfté?ﬁkdr{ﬁ”cﬁl%é it Q@Iunast@m@&a@éiwx%qtme passage
by marker genes is through the use of quantitative P

up@lP@??@Slr thed sy de d@%ﬁﬁlﬁﬁﬁdngtocgﬁﬁ@nvme@dqdem kth sviRe ¢mbod1ments

dkf}?enﬂ%ﬁon i ﬁﬁltl@éﬂ?l%je?mvi@ Ealli]ev@i Iﬁﬂ)@i’éﬁhg‘ 13 tfub Sl %ﬁ{ﬁre a growth
e used to quantitate mar gene ‘expr essi on. For

fasoa b Itlee, TER@ sepepiedy iioan efownt rmﬁﬁlcmnt gememgte cliffiréntietam to definitive

RRIREY * GEREpPBICE B GHEeBE b Et o=t S i fegpoduction of

definifivee efdods@ntard nYedtd Grom tithe ma@meaﬁzhro fbr oBMrrarsdmgfoups In some

o Pt ghe SR ea MR A-TRLrD O, (aPRBT eggselecied fromthe

gfohplcafdifing Sile‘onIf ARERESA andival Bedndcomiibat y./ﬁﬁﬁtldnﬁlly, the growth factor
det erm ned. 55 As described further in th

Vg minded %é«Vlav@mléY memben e usitldar the regustion; of .dﬁﬁmﬂve endoderm cells.

£ B4 Rde EbdBmie o SRl préseAeRGentibS DHGMatidRS® o8l 1 dtithd MRve-mentioned
endoderm cel | s produced by the nmethods descri bed

erpsitelaptosn,gpr B34selhe SOX17 marker gene, thereby
r od i t BLKEE

(F:l)efl Wts:ﬂEe Qﬁ]étgd@égvgﬁt g)fsgﬁle R &q %&E,%if%ﬂg I§|fN 24 cnua?tloﬁfnethods described

herei] the abaWE-maBADICR, eraX GictorGVKORVidadth Rk so that g’@ﬁ@Wﬂl factors are
enbodi nents of the present invention, definitive

endoderm cel | s express the SQ. 7 marker gene at a

| evel higher than that of the SOX7 marker gene, which

is characteristic of primtive and visceral endoderm

(see Table 1). Additionally, in sone enbodinents,

expreSS| on of the SOX17 mar ker gene is higher than the

o Y a1




OCT4 mar ker gene, which is characteristic of hESCs. In
ot her enbodi nents of the present invention, definitive
wenadsdesamicel | s express the SOXI 7 marker genePar/ua2004/043696
| evel higher than that of the AFP, SPARC or
RTeBYIB Shroalinenatcomentitioneyu fitens o prpote diffezgntiation of at least a portion of
ﬁg@t@fﬁ' EBMoSaeBhith D @nd%ﬁ&ﬁlerﬂi sbfly grﬂﬁécﬁ)rﬂentst he resent inyeptipn, the above-
X17-expressing definitive endoderm ce uceélg
mﬁéwh@t giou feksere pic peadert & thé pelbltnietat emp@mstlon of at least about 5 ng/ml,
A0 Hb f (
L egat aa : %Z)Btng}[\%j_% éfhsparbo?t%?%hqglf %elcreap g%é 39 Q?(/n{ﬂ at least about 75 ng/ml, at
lemstihvpart lﬁol ng/ralh et 1®£OR¢HQZQQ@g/ﬂh6 lﬁxmutgi@ﬁ ag/aﬂm dkast about 400 ng/ml,
e to
et D 08 B B Do BB B3R 200 el heast aboue 3000
QKR 1cast®pum00@eg(mil raglease bomit 5000 tnbenl achubie tinabie 50EMee].

to b m gra henat oetic ce tqQ the bone
mar r gkmﬂﬁ %b%iﬁaa@ RaFRrER g‘eéﬁ%?e?tﬂ%"ea et B afbeapmopned wowts
faftory ard mmava &6h ltheagetl comee @W&E@@%ntbﬂo(lﬁ&ir &iitlon! iFaL @}&ﬁﬁ)le the growth

%t and(E %%{ Leukocyt e_ Bi ol

B Cﬁ%@}“}""e FEEREI OP%G%?QPM ISV et ke Qs dpout four days,

abeﬂitffﬁze Ria@y, abadk sik iRyLBbduY sé¥bn llyY- dbolitdight -ﬁaﬁeﬁﬂoﬁt i€ B8ss or about ten
272, 872- 77 (1996)]. In an

et al aélgmence
dé'%% %ffFé ithedr addfiops Ty P#W@?be%szme Hﬂe&ﬂwfby”aqf% megethoved about four
dﬁyﬁﬁeﬁtheﬁladdlmv Bi ol ogy 213, 442-456 (1999)], the
expression of the chenpkine receptor CXCR4 and its
uni qUB133 gan§ultseyof defixitive endodesnrelby eatmiee growk, in wedium containing
rle&iél‘d)&%ln? oﬁio%lerumGﬁn céfailnlsen(ﬁng%%b siof Y}E 'iafesgﬁ ﬂv@rﬁﬁ)‘h esgrum concentratlons

during early devel opnent an
o7 gangX @Ry BOR 0 0% eraty ot 2ovo d/éW eFmp@mmplebmcmln embodlments the

s@ﬁﬂlacroﬁ%trm%&f life ﬂ%ﬁm‘fjm{g%sg %Hagq %@BS% \Xa/g iess {halg 3t 0. 1% (v/v),

di srupte |ntrans eni
lmﬁh@n @bod @Z% 626 E@&hf(nlﬂﬁﬁt)q 3% WV) d@ss thed alalut 0.A¥6L(MIVY, Ygss than about

Ev41§3fe§é7tﬂ[?\%é%gﬁé% (5/}9') Fe%s han gboup 0. %‘9 cﬁv/v%i%%r oni C g.S% (v/v), less

denonstrat @
thzm@bmj §t9°/abll/,nr)dla$$tthanl'abaln K bin@/v) des plian rabdtﬁ S%QQ@E NesRiNAn about 3% (v/v),

1éjs§ttheaﬁ gg’ut ql'e}r {vr/]sgt R&r tﬁ%} aq%ﬁééy l(?fy&l%& agﬁ gg/qE7'v§,i) 1F§§ than about 7%

(Wyb ielssjﬂhmﬁboﬁﬂ8%!ﬁ/h)oté@d g Sdut 9% (YNelegaBin dbb@t10MI(v/v), less than about

1R S oo L RS SRSk B hdde et o

ggefivaly@it seehl SInaﬂlﬁtrleﬁlb&iiﬂléﬁ§ S&@nﬁ’ﬂi}e dedofthd EY8 are grown with serum
erm and extraenbryoni c nesoderm present

endoder m
rUACHRFL ( AUl *?Wf ERogimeny, deitiibe FRiadeen calixerueraive in the presence of
B2l phasutietapydaheiks) tha cncBMtatioh byBEXGhpShie celnr}gﬁg%éﬁtohpﬂ)oét 0.2% v/v to
E ck of expression in visceral endoderm[MGath
QU2% Vev. Biol ogy 213, 442-456 (1999)]. [0157] | n
some [@xhpdi MR softssioh %f B qﬁgﬁtcui X?dq(ﬁéftﬂﬁrve textlﬁ)d%fm can be monitored

def|n|t|ve endoderm cel | s produce

by edstarnigéng Fr efpresafip rof ssarkére @M@lesmarcwedefgmwe endpderm. Tn some
RbOGheRITDAdI f

© roduged by ?ﬁg& Fﬁh%ﬁ%ﬁgé%?% ﬁgggﬁ%dg§P8da§m% hepﬁmame(n
%X@Rmfrrﬁlek@arkgenélta@amm, thes emrtsslon rérdedais mdrkers can determined by

n%%%}{;é E}fe“fé;&fﬂ Q\?ﬁ@ Alﬁ@ ﬁ%ggprg%‘eg%iﬁ_edgﬁs] tl thl C&E‘&ﬁ:‘ cell population.

LEEtl embOKERSs, thade@Ridient bivmsdmreexprdsdc pantesquafitatifieor quantitative.

[ definitive, en ermcel l,s express .
5580 MEDD p 55 L B 0 1 s B e
thehee Sf))ﬂlnma’ﬂ‘kiePCIg é(D-@CR)\d Me’thodsnaif Ibeyforriuﬁg S}Eﬂ‘tﬁ{ are well known in the art.

mar ker gene

reSS|o

n?sn”gﬁl"’]% A& ‘8%? 8‘3 6‘?1 C%‘% ﬁf‘ﬁé Beeiry ‘H‘&FW@% “&félﬁ’é genegxpression.
other enbodi nents of the present invention, definitive
endoderm cel I s express the CXgiR4 marker gene at a
| evel higher than that of the AFP, SPARC or
Thronbonodul in (TM marker genes. In certain
enbodi nents of the present invention, the
CXCR4 expre33|ng deflnltlve endodern1ce||s produced by



[0158] It will be appreciated that expression of CXCR4
in endodermal cells does not preclude the expression
wohR0B088971 Accordingly, in sonme enbodi nents of PCIAIS2004/043696

present invention, definitive endodermcells are those
Fertrsemplepihe S0riseioh of hmakengeng pradept eaGRActeaick by ugemasibadies specific

fo%\ Jb@ \ﬂfalrkepl FK)K/E, f)rohlli@ el Of Tnt e RO FMNEEr B rf)?esentflnventwn the

it onal in sonme e odlnents the expressi‘on
edpotshion héma@ﬁgénma@xramwmédmtﬂg@né@ens ahvglhes the kagk of significant
e;g I;]es51§1)1( Bf S?rlsiel:ro I % hgrgc%erw }{E%Ejg gx%d DG {r}’PCS 1% Ic?é?térmmed
Enbodl ment s ot " tHe pr esent I nven
endoﬂHﬁﬁnceLAsdmmﬂwﬂShﬂhmnmﬂmﬁémﬁﬁmbb&owndrﬂhbk@%ﬁ@&ofdﬁthe
at of

rker a |leyvel hi el t.han
50 50RO S b BSTCH| MO TR ARG P BRI o e methods
d&ﬁﬁﬂ%l HeRs Sx;ﬁéss tthEeSOKe’S @fatket pateNthe@By ptddecing the SOX17 gene product.

OX17/ CXCR4- res
ﬁ%aﬂa%%ﬁ b gl e BB QUM He AT NS i1, VW, caLCR,
FOXI1 € TMEBORNI dnll CERIP1] eﬂﬁ‘ls&nd) EmBEIRETLS 00 fthdbPékent REM¢htion, definitive
-negative) [0159é It wll be apprecjated that S? | 7
SRR S ) 0 Pressedn 2 & l9vAlgy Bpdhate i%fn%@” marker
o@le, Ghich e ltacleBVR) & riniBRS ddiidc¥8l SROQLRN (ReCBIbleS]). Additionally, in
depending on the differentiation conditions. As such,

SqUFF GBbRsiEsRo GRRTRSSIOR affthe B@X P maket enAvie Hisherihan fhe expression of the
0Pl rlﬁé‘ﬁéro an whidg iSO LetIRAK 8F hﬂ@@! Ol toﬁfcr @ﬁ%ﬂm&ﬁg k@ lihe present
in definitive endodermcells or cell 1Eopu ations is at
inverjion, defivijive endodergn cmllg preress ghe MO 1d amarkes |gonst at a level higher than that of
0]
AR I ) 0501 3R B D R o i e
ingerdiod e then SEEY 1 7sexpressing defpoiyaleadddoms celisqrrodixethpy éhe methods described

h&'elg rdo %?lt e?(ﬁltesss % %@m%%! IE\Zelse X grrngﬁsngsscg rl}’?ﬁﬁ?ﬁ??% %gatl%i) :Tgf Ker

an d/ fr156lhe O&(dﬂihr markeesf deﬁmdﬁ éndoderna és ﬁhﬂ dmﬁﬂ ee | The CXCR4 gene

t
Rpifen et SO BORa Ketmur e TRk i up SRy soF-1. The
pﬂ'hhcgﬁefqlesaif tHeQ@SCR@ﬁ%ﬁor&ﬁarfr@cdlld’lh gHeeudult ade beledsd tocdeaht migration of

15-fol d at | east ab ut d hi,ghe
EEPCELBIE 10 PO g B R BASTHAB hegbLF gl gton of various
cdll GlGhacrophade@dsdd @D Gibéagd OBt o dhdIhekmerat, H. gaBdukeddy@iBiol. 65, 6-15
[ at | east about 200- foldhlgher

150-fol d higher,
(1985 BB UKCRA Gt EBPEAIH {ReHons a1 @ FESEEPIOLI0R HE cnBpHo ’fa Byl into T-cells
[RhEPEr et aBtScleBas t27§*8(72'-t8771@©@6)f ol gh Bl Sh&fsive Adrick @A8thdies carried out by

about’ 2500-fol d hi at least about 5000-fol d
[y K Thet 3l dag Bg%zgut2l37§é%r4%@899a] grerprggsiogot fhe ghgmokine receptor

cmwanaqts%&ué gghdh sgbqr[mrha@ LREBRXREES S, ON QhikdR Biol. 65, 6-15

mar ker and/or the CXCR4 marker in non-definitive
(@ﬁ%d@rﬁﬂ@@mtgd Gring sy c}?@fiawr@ﬂnit piadult Gfe ip dhgrmpuse. The CXCR4/SDF1

1rfeér&Ut1.oH 9% %@&el@%ﬁﬂ B&Lallné ap%{'rie W&d&e%ﬂgtﬁatedt tlﬂgc if e1ther gene was
expression o e SOX17 er and/ or CXCR4 mar

dgeipiedi ini vasgmitotéreniNeghishwa ot ab elNatugpo P8R, a3 HARg 01%96)] Ma Q., et al
C0fini tel ‘

Iﬁnlgﬁgﬁg/’f i@ IAP7 9{12%)&@@%‘&&% %?Jnﬁﬁ%g%ﬂetﬁ&*t%ﬂ]?lgé@l Veﬂ e7t al. demonstrated

thah dbmélmscthb Ingosprbuneddt gherpeMireet Tecepsar rh@sengmahﬁhedetected during early
sﬁrg{a!clg Ot 20 QS Lmag‘lelr?léﬁat ¢ gl)‘}n%?%n o% }l}lggsee rotl%cﬁ lon & Ci{’las t? %gbndlzatlon

meipdasgenn Inftherappieising einﬁﬁ}toed?}{@mmﬂ?}é gigrali appears to be mainly

t of GA Ad, M.XLI, VW s
RN SRS RO A B B IO R4 LA domice

eﬂ‘cﬁ)ﬁhﬁl, Ghies6dkth 40 pttradinit@yvRid Medodeiepsaslt as thiotmar dd B7R2-7.8 mouse
t he expression of GATA4, M XLI, HNF3b, GSC, FGHl 7,

VW, CALCR, FOXQ, CWOR and CRIPlI in non-definitive
endodermcells or cell populations. [0161] It wll

al so be appreciated that thergiis a range of

di fferences between the expression |evel of the SOXI 7

mar ker and the expression | evels of the OCT4, SPARC

AFP, TM and/ or SOX7 markers in definitive endoderm

cells. Simlarly, there exists a range of differences



bet ween the expression |level of the CXCR4 marker and

the expression |levels of the OCT4, SPARC, AFP, TM
wanwsme3B0OX7 markers in definitive endoder m cePCS/USE®4/043696

such, in sonme enbodi nents of the present invention, o
ety 0g XpPrERs pushalplfa-fetaerosmxiry myiele exdysivetadigiorRs lpgkroexpression in

e Bn  Farh ARl S 8t R OBSlopl 2L BT Soare

AFP, [fmﬂhn d/ bmrsoﬁ@)é?hbmamkmﬁ of therpreseitanventityo diendafingive fndoderm cells

p%T(!l%a?lf(e tﬂ% me %ﬂ%cribeé hl?ereelﬁ(p x?fc’ﬁﬁe gfsg cga)%%lbuf r%?]%%r%{:ne. In other

ehlbgdiments abe dlﬁélastve ahﬂodetrrrﬁaeﬂmbldd&ueg hethe nadthdde dm:rl‘aiddmtein express the

s d high | t t to. .
R T s e
SGDCIWQREXLHMA%WRBB ds44, @hﬁ'ﬂ'i AwF| GASCRaHOKQl,EmNIK(ﬂRd and CRIP1.

eas about 100-f | east abou
05t SPoHTGoP 1 Peas TVt CHB0F GPHTBGR, R the CXCR4
rﬁaaa:stgeﬁ@@ua 1o -Highed tHah Oh&! of Bk $@AB tmaalle® UWend, SO dd@todlally, in some

gher, at |east about 1000-fold hlgber at | east
e%%fnetggcp@pqegﬁtcal ofi tb‘thCRétmqﬂ@é§Pnea15 tﬁller5t@%tlpcﬂxar6551on of the OCT4

@R 8ne. M oth@adibodReMS of B0 fseQJt ﬂlvaitﬁ»ﬁ Edefiftivébndo8&i cells express the
about 10, 000-fold higher t ression of

OoCT4,
@Wgnar,&ppgenq*,@t aﬁﬁlp]o]ptg}g@ﬂtpnﬁhq;t@ rt]ge Py SEARC or Thrombomodulin (TM)
n@ARE L AXR NirSeertdy nboERARCof AE BresdMiRRAH A th§@gcmxl§ﬁe'é§ng definitive

are not significantly expressed in definitive endoderm
cpdadprn cfliyBoqueed byithe] methods plspasibiedherging ¢ranoti gxpepeneignificant levels or
Qﬁﬁiﬁ]ﬁﬁxﬂﬁk sent invention, the expression
O?Bﬁ ers e ect fontthe group consi sting of
GATAJ01SREXLI It wilb8 bppreeB@d thGriptessisafol CBAIRRN cRdidgmal cells does not
| Pl efinitiv der | |

p%é:]/{é ¢ eahse:e 6;9 asm%noof éaSr‘kel Ad ci)rﬁmgg/k rSeO%SeI egtn@og %1 E%.Pﬁﬁle present invention,
JSRARE, enAEd%rm‘EMlﬁﬂd/ﬂ@lSe S@(@Xplrd?.s (dethnhn 8OMe7 emtl6GHERMmarker genes at a

LT OB MRS T e, o

eﬁlﬁmﬁmﬁiof b(ﬂh] ﬂle Sﬂ}Cﬂ’Y aad CRERH npeipr banks 1o highatrtbanciat l:xpressmn of the OCT4

| tures, C ri se th pl ot.ent cells,
rigdiet Bt ol cHRAER AL T EREHBHSH G CERTEYe pgpdem cells exprss
bsmamSoxmsmmme IOXRCRIBhATRA St 96 & 1dvelChifIRF €afl that of the AFP, SPARC or
gggﬁﬁSitiphgﬂ@OﬂptlSlng m xtures of hESCs and
T ey e aeF 8ICHs [RTHR Fhtedineal. off the Jwesgnt invention, the
S@O@Xm&pre‘éﬁ?&bﬁhftﬂv@ BRl0EQRRENSprHEhcad by tﬁ@%feth@&%é%cr&ed herein do
definitive endodermcells for about every 9

ng| gfprepotianiicapdpyeds o paopiRf PR, ( Pﬁla@aaéwe)enbodu nent s,

c Offpg@tsb] onSIt %’1‘1@5 ép%te@ﬁte@tthalt §@§t7 mt(:)&ﬁvﬁtﬁ&ﬂc&' ekbr\éalon is induced
endoderm cel | s for "about every urlgotent cells are

operotl irnge .of Aﬂd@r@m dﬁ‘aISI ip, deéiowﬁo@ntqdem celongnppasiing o theedifferentiation
fi r
cétgftt'llégﬁ agf(sé sugc%n tn:egob'ie\aélt%gﬁﬂq of&g}(tg %eﬁt h@elﬁf’)g StIh%) an?&gmn of the SOX17
nporep pidérrie @KCRé mkeabloistﬁmllvogfdpdnrm ogls el geputatives Is at least about
of Y | yr i :
fglrd }?&%}J %éa? Ye%gttab\gl‘%tqgﬁ%(g g)q)c} frgl]gfélerélﬂfa%'f;t%ep éxggeg%%ﬂs %t;/ tgc% )S/bﬁ% I‘narker and/or
tie0OX ORD npkl@r urpmtneatﬁﬁnm&d: biglodatn dedlast cealtxmpulaﬁortéefoir lekanplepluripotent
ndo ermc folep about. .ever ot.ent
SR REE" B et 4R E0 o BRI PR Qo RRBH br g o7 mare
aﬁdbtmuﬂhe EXERY fI0E ipdefinitpeteadddenebdlls or atll p@attionsio t ledst about 4-fold

faf:, P%%?%%Poetgn girfgﬁrhrlr%)gre :atEfg%%raggl%%?ttotfﬁ\égbr%rﬁé?e?a\siteabout 10-fold higher, at

1@@lfhbdﬁrlmf616|hhghf3@ at 1adaoattoutezsoefbm hl@ﬁr |at Matist pﬁlﬁttuem-fdtcemgﬁe,r at least about
8@-&%111 ix gﬁlé% @89&695-']?@@?% er, %{ gltlt lgglglf}{i fh}_giler atqeast about 200-fold
definltlve endoderm cel | for about every 5 pluripotent

cells, at |east about 1 definbpive endodermcell for

about every 2 pluripotent cells, at |east about 2

definitive endodermcells for about every 1

pluripotent cell, at |east about 5 definitive endoderm

cells for about every 1 pIurlpotent ceII at | east

I A~ I Y L s r o g, P 1



pluripotent cell, at |east about 20 definitive

endodermcells for about every 1 pluripotent cell, at
woeeastoeasout 50 definitive endodermcells for BODWIS2004/043696
every 1 pluripotent cell, at |east about 100

hesbes, 191 deagieabonaelpld leghersatflenst abot75@{ald righer, at least about 1000-fold
h@h&r 2P i%taﬁr%?tﬁ@S?O -folld hlgﬁésﬁt 18RP %outl ?&% IR eI‘ 'aY ast ab{)ut 7500-fold

enddderm ce or about every uri pot et ’‘cel
highgser atHenst abbot W Ocfelldi mghet than éhnj@@eqsmrc of ths SOX17 atswier and/or the
I 0)
C%&?T{ nrln%rlkgtj elH éhxg g%ﬁ?%e %gﬁdem?%erllsg §§1]t &gﬁfd{lon]s 81‘ Q}Qi%ple pluripotent stem
cpllsur ip edneen tmigelirhengsn thea¢xptepaisit OQH@USOX;lDﬁﬁrl@f)@nd/or CXCR4 marker in
def.i.niti,ve en der t
df’ mmitive entd et celfs or g epcé)onfions 15 1 é}%kt)ngé'iy F‘}*?\ﬁ%r otir{raen t]eq%)gaes%grh f’f the SOX17
n@frketr hmi/qsrrtbs@]ﬁcm mwdat ih @on- detﬂmlv]aleudddpm &t ocelllpspudtivns, for example
@ gol ur |@ﬁot ent stemcells. In certain enbodi nents
p'Wé?o? ®'fs are derived froma norula, the inner
cel | [om®F of Itanl Bé’fblbgt&laﬁléd ﬁbﬁn@&ﬂ&éﬁbodﬁh&@@&f t@é pREent invention, the

enbryo. n cert ot her . enbodi nent s, ot ent
et@ﬁt% a?fjemtf%?rﬁ Y Bc“fdr %ﬂtnt e g@%lﬁoﬁ&tﬂ%}wgg(éh ﬁé?ﬁis L1, fHBE3b, GSC,
iRc VARV L@@ICISW@D@QW@NMMI aaﬁcmehpaaﬂumssndb&an cells or cell

enbryonl c stage. [0164] Sone aspects of the presen
PPRHE RS aﬁnqret%@taé cogpaed fo the axprrrden ffGAEM, | %NF%ih §SC, FGF17,

VORRPIdATICRY FoR(, abMieset al0ukir? %erd ebh-Blddine @rﬂfg@&lﬁr U&lls or cell
cells to at |east about 95% definitive endoderm cel

rPrPl&RE enmbodi ment s the cell cultures or cell

popul @fﬁ'lp ns g ?ﬂfe? Fal & eeci n%g%@%atea Nhdt qiléré 1 lcl Na \%E %ff%gftfe?gmes between the

enbodi nent s, tures or cel | ations
eémnqsmdefeheﬁthm SQ¥IT markpandghaenprassion harvcla phths P SRARC, AFP, TM
1 LS
aﬁw%ﬁmﬁ‘far glrsﬁll %fgir%tl\gte%?lédggg %L:IL ﬁélgg};?}{,l OQH% i é){' sgsazls1 #anfp of differences
betiveert ti@5&paksioth &vElurfaihe EXTCRA aradced @hd rihd bxpeeseinal develsmof the OCT4,
ts t he sent vent .

SPRRLS 4 ot RBRE PR Bl P A RRERR g OB el A such, in some

emhﬁhmbr[ts aff th¢ praseht abantibn 5% ex@tesshaasﬁ thabOMll 7 k@er @tthe CXCR4 marker

L5380 BB o 81 0D R bS8 o 2R 8hepn o o

SH}QRUI M@Wl\/ﬁinchﬁMﬁb@ﬂtErﬂa%oﬂ&E eh@&&fneﬁb@ﬂlheﬁﬁ%hnt&hventmn the

BB SO L AT oAb SO CTEEER R Sogpout i gher, at et

26090 Bfo18 B%heraht 1éaetaa%t>ut@ttewth1g3é9/oat Rhst hiRAS10- ﬂmpmgheQ Qt%e@sft about 15-fold
greater than 90% of th uman cells are defini

highefodidFitt et P-fofdghignsy, at:t?ﬁttﬁa?ut ARJd ihraber &t lest th%t 80-fold higher, at

1REEHBR 100308 Hig a0 atrtetsat&,ut @smmgttetrl RSt a%HtQt@O@-?ol@ %tgher at least
cul tures or ce gu ations, conprising human cell

2yt ROl pifees aﬂl@ﬁfrtﬁ it y&0- @tfblaaleqrmt %ﬁéttlabout\lM@ldrhlgh% at least about
2?0@1‘0@?1%@1%? a@fleaﬁ'abaﬁ I5 Oé(hﬁ)ldsgélller at ‘?Jastt ﬁ%ut@g%ﬁ)lm for bleast about

great er than the expressi on

PPhEnld btgb‘tsrtb@eﬁhﬁ expgeion of tﬂ(b"lf’ﬁb @Rﬁ&@l |AﬂfP( TMD andtwjls@ﬁﬁ markers. In
7 Ut % t cel.l
s§@< n‘ﬁgélﬁgﬁt ,OQC%%ntbgﬂﬁt&h Z&gk F’)Trl\igs%llg%)ﬁ ég?(’h Ltlﬁﬁgrs %L ot significantly
e&@ﬂsedﬁndpﬁltlﬁ‘e:e@d@@ztnc@wer i's gr eat er than the
%PLZ(?I%?E” olft Wélggft‘ ap%eci te%Pﬁ 3(1: ]sor{n?,] oll}/ilrtrnﬁ%n(tisccg tPe present 1ntvent10n the
ekeasion alfi (mztrkéts %leﬂtedt hem hhtf‘f@‘bup edohsstinig of a(ﬁATAz&sMDélblo (HNF3b, GSC,

ity e At RO, B O i B in Pt AR el oreased o

compaatd toeths tex@bwish o330 T SPABRCHWFRNTVE hildder SOK Aln Ji@iaﬁive endoderm
aﬁout 40% of the human cells, in at |east about 45% of
e human cells, in at |east about 50% of the human
cells, in at |east about 55% of the human cells, in at
| east about 60% of the human g®lls, in at | east about
65% of the human cells, in at | east about 70% of the
human cells, in at |east about 75% of the human cells,
in at | east about 80% of the human cells, in at |east
about 85% of the hurran ceI s, in at |east about 90% of

oy I ~r-ns _r a1




[0166] It will be appreciated that sonme enbodi nents of

the present invention relate to conpositions, such as
woebidsiesd7iures or cel|l popul ations, conprisi ngPOTMAEE004/043696

cells, such as human defi ni t [ ve endoderm cells,

AP QP T M REBH £ BNDOBERMar ker s sel ect ed

fromthe gr oup consi stl ng of GATA4 M XLI', HNF3b, GSC,
FGF1710163\F, @Aﬂ@ﬁ’spesEt@)Qche mnvamtwncﬁaﬁl toi @mpositiensy such as cell

r 0 P T .

B S R Belorb I e A i an ARG B detinicive
eatlodegastllabdt e%%qpfusmg ehmttvde @kbdegbed] Iibj:ﬁﬂ] cc&lpolsﬂtlons comprising
rgléglregsl t 5 g anrgi %ﬂ?ﬁ-l?lltlve enfltf)c{eiilen I nV e[] tplr %fq?edel ﬂ} some embodiments,
qbﬂpodnatns @mﬁpnsmgrqn fdasti about Sudeinitioe leﬂch)derBJLuehs £08 abautravery 95 pluripotent

f|n|t|vee el.l's, wherein the ex ressi on . bot ..

searééfé’fl?‘ceéln S‘gﬁ%‘? gfriéJ,mFPé% ICPPPSLHaYF E%EP%T}S ﬁeats‘haé’out 35 definitive
eﬁi&&feﬁﬁ SEION fdi’fabbtheev%}-r % plhinipbieed, coflkRre iﬁMﬁﬁ’d&d/ OAddBEdndlly, compositions
marker in at fié about 5% of tﬂ man cells. In
cafnﬁ@%mz’e%ardﬁaﬂgﬁq? efipfige gngpdes pg tafp PBPIIt §7ds ergygoptemplated. For

RREpIE, Neonpt sTRns B Rikink Sat géa@ﬁﬁ&fut tihadinithe RUGeaS SdeRYoPhbout every
t he OCT4, SPARC FP, TM and/ or. SOX7 marker in at

1LWAH00 phipptentoosds atHeashabah Lcdatingive jepdogern el forabeigit every 100,000

plérﬁbféﬁt deN€ D14FR LSS I1 laSfinifive e%ﬁodeﬁﬁ%ll P 9(5&1‘5 &Qr@ 000 Ii‘)ﬁlrlpotent cells,
human cell's, in at | east about 25% of the hunan cel

4t feagitabpeials gefmigya endgorp eelk foe Pﬂmﬁﬁert épqosplurllmt%@ Cﬂba%ttleas’ﬁ about 1
d%ﬁﬁ’iH{Ie gfﬁc(&e?xfn ct‘:llp for ngve?}egdospluﬁy&teﬂ{ ce|11§ ap Iea@q ﬂﬁ 1 4088i8¥e endoderm
the human cells, in at [‘east ut 45% of unman

ce ligraboit gvexy 10%@19@06#@@ eatlls 509¢aeif abpitd detingive @relloiiegm delh fertabout every

5Pk S PO LS o8 oot .

lmmnuuﬂedeﬁ“lsxtwc nndatlednecaﬂ forabmuteve?@%abthpothm chllsratrieasedtost, 2 definitive

! 5% h C at. | eas
{m §§ 5 01]; e\ﬁz&/ I/ urlg?ﬁel%’ ceHmitq?asF aebé)g% 5 dBﬁl’ll{lV ?aé)cﬁoefm cells for
abblﬂ dvenyah pbeipbtsnt deil, att lebs adbbutalio défin®OR0 eatlodeh® dallsréod about every 1

0 B AP SRS R CPLES, P cn,

legppitai 80 @efititiat erﬂﬂd@m%b@@dr%ﬁlﬁt&v@fy 1 Ipﬁlrlpétel’i&l&ﬂ at least about 100

vention rel at 0 conposi t| ons, such
dl@ﬂ’i“fl‘ﬂﬁ 8’%‘{2’8?1'“1: éflﬁ %’6 pﬁ%P‘é{t P6Rs | Wﬁ“&u Fﬂg ‘ﬁulﬁﬁsﬁ 2bgyt) L000 definitive
cR8EBrn Sell3 UbRdbotkadvemi 1t l'blu@po@@ld @ars @me@s@ |al)c§1t w\bw &ifmlttvb @ndoderm cells
expreSS| on of the GATA4

feroew cveroR@uTiRelRCTY %A@S@bpvﬂ 109199% é?fgn‘f}vg e@ﬁ“@ﬁ?‘éf’e”ﬁ Fepfbout every
1t PRrifotefi a8l A Af1edsh @b TH000900Retinifd endo¥ERNALIQT foP@dut every 1

markers in fromat |east about 5%to f_(cf;}r eater than at
nhetpetentast gre otrmplatadn dn femmpmestiments ¢ighagpseayiventighahe pluripotent
BRI IR Slufbotdnh SteRIEHE N deAUE RinbImERS @1‘3 %tehpcells are derived from a
conposi tions, such as cell cultures or cel

npﬁsple,l the m@ﬁs cellcupss rof g isgibrveravethe aenadsl disesr ¢ﬁaﬁn @iy, In certain other

ng&Sel X er t lﬂrlgc%g'{? qg[sggrrg tg V%%%%ﬁg&kglrﬁl ggég ?12831% & multicellular

strheivre thaghasxipyedapsd past e embryoidCTidge. SPARC, AFP TM and/ or
gglxr 3[6?6{4ﬁeg t Egehlgégesﬁ%c?szﬁttheﬁ{%gsl&t 1%/ it gn }egge S:clo 8?1 %J?{u{ng ohcell populations
cotmeris@Xrom asrledsh ebcﬁb(%dmﬂwrend@degn eellseto 4tHeast bt 95% definitive
eSSI n.of the M.and/.or. SOX7 . .
APPSR 2F b S Tr06eT e on oKt RS mammli
cleﬂxs alh prefersdd ealﬂmdﬁneﬂﬁ%wfsell hétuendodar p@hlaﬁ@islcﬁmpﬁfe latman cells. For

east about 20% of ndoder mal n.at | east .
BRI SR oPaTRe Soh e Tl Sffe copaySte bR colls, wherein
BYankast beoue rS(’XDﬁb&l’c rr@Jst £ld 8% oh tiRt huhRASE115490 dbfidB% @ldoderm cells.
the endodernmal cells, in at | east about 40% of the
endodernmal cells, in at |eastpabout 45% of the
endodernmal cells, in at | east about 50% of the
endodernal cells, in at |east about 55% of the
endodernal cells, in at |east about 60% of the
endodernal cells, in at I east about 65% of the

o o, oy I —~rns a1




endodernal cells, in at |east about 75% of the
endodernmal cells, in at | east about 80% of the

wendsdesaral cells, in at | east about 85% of t heCT/US2004/043696
endodernal cells, in at |east about 90% of the

Qtlee oibedimente efl thespresent inyentierarstatedt gelt cudtgogs epmprising human cells, wherein

; h . )
SRR £ Tpedo0it 05 OB By 1300030 Bl 180 of eagt about 25%,a
lssimbow Bt hinteast doogf 3 et prst sbavt 40%ya itastobountedsHs, et Teast about 50%, at
leastrg%? StSI’/o Pleast A1 out 6%3%) a‘? least %Fgutc AL ag% stca%o t 70%, at least about 75%, at
ati-ons conp dermar cél s

1¢ahtmbemtr80f/&1et 1%81‘.)5[11681585@’3] aofeasm mlez)ut)%%or geaterrthar 9!)%;&1[ e hgokn cells are
£%§gptr1 ro%% consi sting of GATA4, M XLI, HNF3b, GSC

F RRET EAPCR  FOXQ, CMKORI and CRIPI is greater
t han [0186] ex pre st ﬁﬂ)oafmetn&aaf%Tp%esea%RﬁtmpAF@ate Td\/balﬁtdxélﬁbns such as
SOX7 mar ker s |n from at st about 5%

oS W O SIS o PRI P oBE %&117111]% efocerm el

whdelr thobpedssienbrginsmné SORT7 ke ORERS ﬁfarldeﬂl‘é %FHate@ than the expressmn of
relate to conpositions, such as cell cultures or

thsoptF 4 SBARC, efifpleioRiofdn kel trombasmdsine M) anddr %0X7 marker in at

1S SCAbo@Ss oD BITRR hERAPESE MR 0168 dhibodiMeRis ahd elph&siBX B S8R} 8B SOX17 or
both the SOX17 and the CXCR4 marker is greater t hant he

thexpXeB4 mgrkenis arepéer dmmabe sprmeon piHhe OfflitafBARE, &E37IM and/or SOX7

n{m{ekﬁ{ at' lgastagbolufe ek oPBRUunRYt Q:Qfs fnhzﬁ 1&dader ﬁ‘% of &k Ihﬁman cells, in at
embodi ment's, the expression of both the SOX17

I%sfcﬁbplﬁél%)@m Ivenek eellsi i afyleeti plequt 2174 0f th dumxpeadls.sin @hle@sfc about 30%
Fﬁl% h%“’ cell"gpfA leaé SM% &g{lfpfmﬁ%g)% la<1;elgas|t b zﬂl O% of the human
east aout 000 nd er na , I n at (1
celbsointat IeB9abut h’%e Oéﬁdddelamafﬂlsoe lat kast plppua50% ob e ham@nu cells in at least
a%cﬁ%%gel’% { g}lﬁlg c%ﬁ ng?ilt lgag ab?ut|6g‘g>sotq’tth§bh§%t%}1 % 1Ht t%?}s@ al%cut 65% of the
hemgockdls, bkt lessk hlsmt 70% af thb dasdn @lgut a3 afout Tfé/o of the human cells, in

atgfr%gsg ggcgugg{)%goglt}lrezl?uniaﬁ calﬁs, %ngagiiast %8‘&85%; % h{uﬁ@ cells, in at least about
9evidddiy hhanceelld, Sn afl IBasabbdue 85k of lheUiiunk0 %eltd ort iAreater than 95% of the
endodernal cells, in at |east about 55% of the
%Wﬂﬁﬁ@?nal cells, in at |east about 60% of the

endogersepl CRWilbbe dpprediateld €S bon@mHod Bl OF tHelesent invention relate to
endodernmal cells, in at | east about 70% of the

CORRRSHERrrchoas qell cuftpreg or pellarapulaienst coraistse hupan cells, such as human

deMHREemIBlerf 841lsSwhdrfin Me dxBRSHonAITOHE orglgg/f’e%arﬁé?@selected from the group
endodermal cells, in at |east about 85% of

cenfistap PHEIA T MIXLLAHNF3Y. &G Fbd i VW%C&LQ%gonl CMKORI and
C@@ﬁpﬁe«g&g@ér tﬁa%l th§ exﬂr&s@ﬁ of %%Cﬁp QuplA RPS %orpf TM']Qnd/or SOX7 markers in

endodermal cells or in greater than 95% of

fromchd &ﬁe&tr&mut &%l tp greateothapyt Iqast appyt (95 Heof ghehumen aftl]éd t hat
Some fd' g éthﬁrfen{b'a%.. 2665 SE Rl L}Jr&\é&rlhézeﬁﬁ lfxee'la%é & doBpositions, such
conp Slt ons, suUCh as cell cultures of cel

apoplibwtures os celbpypuiasivusy corapriviigi amae nelisd euchals hombi definitive endoderm

%er 1] 1t 5\% %55%:&%%:@{6 %Wg’ 8@%@% greater than the

exnmeden of ths QYITdaSRARCE, elP, TNeandopF©X3 narkeoin at kest@u 5% of the human

ce%E Sou ogléf)':{)r%b g H‘%egp d{]-LoEaﬂ)g%)s%{l n?écglgtlihsé ak%&]%ra%g ?J(?ﬁﬁ marker is greater

tien diecexpreadiorCe1thesOCT4 SPAR CUAFRJIM had/oeS DT matkesiarat begt about 10% of
h in, t finit |
e ket an B AR FRET o BTHegeTEf £ GG e human cels,

1rp£tQ€dlez&>dutl A4 b tﬁé’:‘ﬁﬁx@ﬁtcell@ ica ﬂda% abbut38dsl of ﬂlélf Huttag SeIQ;[ iniafleast about
ul ati et ubs t|a ree

gré’a‘ffstﬁ‘f gt gL §1a ét Fef‘%té’go%é‘f) o qlyf oh W?ﬁé»ﬁntah éeaeabput 45% of the
culture or cell population is free, is present in an

anount of |ess than about 5%.9$. the total nunber of

cells present in the cell culture or cell popul ation.

In some enbodi ments of the present invention, the

definitive endodermcell populations or cell cultures
produced by the




met hods descri bed herein are substantially free of
cells that significantly express the OCT4, SOX7, AFP

WORARO639TM ZICI or BRACH nar ker genes [0174] PCI1/US1M94/043696

nbod fent nvent description
BIFRRCHCTE M oieash ASDIRE Ethe bSO M ¢ CoheRbt SHbgpuman cels in
aeiedse aboye6Es off the hbkikd Zelld) @i 1dMElabolticat, ofAEéDhtluﬂéﬂ celBPARE Teast about
Ihr onmbonogdul.in | ow, SOX7 |ow, CXCR4 hig
o R o, A I RESHOR 10y ISP ot east about 80% of the

RinirinNeITd, WEatEMDERN sPOJF 4B nidildntell€ $P8 Gast é?)oﬁ‘td%"’/g b Néhuman cells, in

@gg s of the present invention, definitive en erm

8%&?5%0%%}}“6% gellsjos i) gagadsel then 35 %rof freriufrae delby
usi ng[(ﬁ@g]af f 'Imvﬁ%etaﬁﬂe&gt@& th'atssoﬁfa%ﬁ{b{)dlﬁlelggpf thy ?,l%s&‘? n|v§nt10n relate to

es of affinity tags specif I ni
@W@E}EP% eushiag call eulfwesi owl @opultiqgamesprsing himeen cells, such as human

&lmﬁive Qn&ﬂa% Sellk Were%{ ﬁle% ]tﬁ‘gésfo'n%ftt}% GatR4 t‘iﬁe A é:}ﬁ\ﬁ:% GSC, FGF17,

such as a pol ypep resent on
¥ %@f Mth@MK@Ré rﬂlilddémm Omirl@s Bugreathi tan itke e@iession of the

I er.cel t ha
BEPP AT s, LB s0%, e Sty T RRoHE L Seser than o eas
dpeuiHPbefdhdlsmeinreltsn some enbodlnents an anti body

whi ch ds 1,0,CXCR. ff ty t f

e TR T ST

adeCfeilmLﬂtume oercdlbdaepmtmek | (S)mphﬁlng)tlﬁhﬁﬁnaﬁﬁlﬂ)@ﬂ(ﬂdiﬂ%%ﬁ wcellsNBuch as human
or ot her

P c&% - g%i based on SDF-1 can
a s & S§ %??‘PWF%‘%}”E a?& et P horrebu &S R mearlipg és greater than
thmxpmtloh loﬂtHeaEC’ltéio SPSRE; KFP,red mRibSsOBPRmlket UShiQBSt Mout 5% of the

0176] Met hods for making anti bodi es
e&ﬁ)‘g‘ieﬂgﬁm rfgﬁ ic[ifr el@‘éqdpm?% Tt PpEESEpte ok S8R they SOXA7 ar tthe CXCR4

rAdikkr S @ﬂéatBiE&BlDﬂlﬁ eRRBLs1Of of EH%'W'S?QR&OAFP' Sﬁ\/[‘@nﬁ}ar §687 marker in at
antibodj es and cells descri bed herein.

Beriitte of tp cadedebigeliwin ehlewst Aepst 1396 @f(tbmnq_iglennal cells, in at least
adbitaohest tﬁeoen@od@fgﬂ @LillsC 1nb§ adstt.ben Z?J(o denh@deg%%l%ﬁﬁsgglsat least about

definitive endodern1ce Is in a ce ture
Beetf hnsidndermakaelly in stdeaserboriod Yedibe emdq»ﬂmbd:dus,l iant laastl about 40%

o? Hﬁ%ﬁ&(ﬁfeﬁne@gaﬁsh%’ﬂleas?[ Bou® @%k) offk 'eQ@o(aXAﬁf adisC sdln ex et?sogt 50% of the

are then expose nova netrc
cpdasdgrmad celdsparr att ba% @b@n 156 ¥nef mefenmdemme celigl ddler m abdis 60% of the

ehddfd QQ%”?;T QtefeLSNS. aboqy %, &ethd %{1%11 r&'e cFlgsn grg gte{?Fs(t &g@t 370% of the

ar e yS|ca Yy separat fFOWIO
cpdpalermd icblésclyn bii leaht mbouit §5Yi csfruhptee@damdl thie, aehd Ii:as?ﬂraBout 80% of the

b |t ur di_um 77]
AR S ERPLIRARL B ST s TR ot Sk o o
eadidetmiabnells, mesthleds alﬁd:mt oot i thd Bglo@difnbCbedld or 18 @tcate 6haR195% of the
eﬂ&hg%%fg peflnltlve endoderm cel |l cultures or
rons. For exanple, in sone enbodi nents, the

CXCR40 170 i bOIﬂ yvllll Be appeadhaat eitht Werhdern@tRbiinttintsi of €he present invention relate to
endo ernno aln ceII ﬁlture t hat has been treated
PBPERTR e?“ “thSa?f SSHAPORYIRIENE SprEprisingemppmalianfadodermal cells,

whelelnstha rerrEé%ﬁiﬁ d@aﬁb f moee il UBRM A B! BS LRRE WG ing of GATA4,
hﬁ%ﬁ suspension is then i ncubated wth a second %

b‘%ﬁjﬁ% SR FEEL Ta Y WA, £ LG FOEE e EVEHOR bl CRIPA s greater than the
egf:aih f &e @CW'SMR@ AFPETIN AdiR: 3Pt IInQJRQX in 188 £%labSabout 5% to

are then washe centrifuged and resuspended in

gﬁﬁ??@wl“Tﬁ@“@@ﬁﬁ5%&§ﬁ@ﬁ§ﬂ%hnm%C@hen anal yzed and
Sor tcgﬂﬂ‘]s" nggtﬁl (gthéil%ﬁﬁgéﬁﬁ’l@ﬁ?tF oG ¥e%£rﬁ| ecﬁ 1%1 R &Y composmons such

'DOSltlve cells ar separa
a% P?ihf@%@?@fn@élampv]éﬁ@él P@nprtstlmmbymulas Ldnﬂodagmalnceﬁlh esuch as human
eﬁ&@érﬁltai Qs AP fhe %Q rlesg}o}{?)gﬁl t}%é gO%S? C%{/}ﬁh Slin?{ger 4 greater than

conpositions ¢
alternate affinity-based nethod or by addltlona
rounds of sorting using the szGve or different markers
that are specific for definitive endoderm [0178] In
ot her enbodi nents of the present invention, definitive

endodermi s



enriched, isolated and/or purified using a ligand or
ot her nol ecule that binds to CXCR4. In sone

wenhisdiesent s, the nol ecule i s SDF-| or a fragnmear/us2004/043696
fusion or mnetic thereof. [0179 referred

therbreradspieh oS the €T 140 SPARE, éﬁﬂdﬂé@ @re$(P 7 meker hir 4t depaigabout 5% of the
e'nﬁ%l g-faeﬁdceﬁ‘i‘dfh%th?luéﬁlﬁd ok Q0 %ﬁ%m{‘ BPbataThDIsHiXM? and the CXCR4
S a

erm céel ter t Sf em¢cC tures are
markkrgedretter harf ﬂlereemtsswne)f thovRC s SPABCIAFT iTMiand/or SOX7 marker in at
d a I o a :
leabc,g %be g{e {SH(‘:’)? Iogt% %gdodemﬁWc lts 19 %t I%F §Ogl:§] %aﬁ gf Ehgre%lﬁcfélg?ﬁl g%lls, in at least
a}bbﬂ(ﬂ@%{ﬁfebe adoddpealusi m/\atﬁdrasmboﬂtt 26U dfubeesidaderraalyeceldsy &g least about

Dot PREUE: HR bRy BT At S EndelphCr s last sbout 0%

dfahe @Hsdmﬂﬂ ctlspInait &dsth}ﬂowmb\%roftle@hmcmm célr incelehst about 50% of the

SRRl Bl (A T 0PI BBy BB L TR R 2bo 60% of the

cabOHhd] WeBs, 1if aQIe@wtaIBo&tCHS% bf 08 SenWbtefifial RENRE @t 16A& about 70% of the
sel ective survival or selective expansion of s
f%gp«'ﬂ §e

i d
gegdermalicghs dhablrattmed 18 of Begrfo hén ﬁb?@ﬁ%&éout 80% of the

A8SHihN QAL 81 Rast@BELLC3O of 118 UndéREANINDin BHlchdti BEut 90% of the
popul ati ons of definitive endodermcells and or

enfledsrread cglhm ihat Ispvdhed PSvmol/ihe eadadeninl Sellsrargpteatater dlaan| 95% of the
Sddlra8saRr cell popul ations, such as stem cell

cul tures or popul ati ons, whi ch have under gone at | east

sone 81724 er eAtwiBbE g]ppreqlqﬁedsrbﬁ@ogm‘@qmmssof thenpresenl ingention relate to

cldﬂ;gg{ﬁ ] rs%@lg m:éill' étﬁtﬁfeg it l:é}f +<ﬁ)ﬂlat1!nﬁ %Irr{]}felgfxég{ _Englahan endodermal cells,

| I’ren OV\Bver he ce S are
mdﬁmtlerwcplassmnprfthqaﬁﬁlrw; mLUé{NFﬁbt o€, Baddarr, GeleR, FOXQI,
&r{ﬁ]} &' ed HRAL 5 esa?er 1{1 tﬁe apdior Ry rth b3 §8urC, AFP, TM
IS TR fsh &R roductio

adéfor r$|0‘X7vmalémdadeﬁ*crm fax demsmahmn S%rrhnr gx(eatmc than eamleast hisout 95% of the
. (i)cpg?tlh‘g nmet hods descri bed herein, cell popul ations

BHOEETY “dlfl t ures can be enriched in definitive

endoder7s conveing thy radthdde adescritb® WHerezn, tddnpakiaos comprlslng definitive

OB 8 BB TR LS R BBl 80 68, BB 1005 & ot o

cangederinceepdpalationt, e t@Rrsbisaatidly fidt ol adshs ﬁlthtHé specifib®cell type of
about 500- fold as conpared to untreated cell

peguihacelbadiugsorGell PORHHOD 55, [TPTEEHaR 78 ABBH G Hfss than about 5% of
teefotal hihdee oA FR R fehd &11GRRUE8r &MHoptEhnl 1058 embodiments of the
| east about 10- to about 200-fold as conpared to

niesenteveaiopethr dsEpitivatendmdemy Pelb eppulations gF el cplureg produced by the
RIRRE IR IR a%e s&i)@tfahtﬁ'u& e o ERASHES MG %IO&@R;SP& OCT4, SOX7,

enriched fromat |east about 20- to about 1
AGPBARY, T, Uktl oe BRAGHomirkergopnsl ati ons or cel |
cult 3 In gﬁr‘q ti . .
endog(g?}r&ﬁ] ceI SIIcl:eag Ee lnénrl gﬁggﬁgk%e}%lg\%%@ést é{ea(?i%roplﬁlt(m 406-a definitive
endodzbo gtll BBed of dueaasp@ma]fenhrkea) genres e SOXd 7 deghl MIXL1 high, AFP low,
sﬁﬂ@%&%&' ?m%m8£ Ano%‘ p‘k&%&v %ibﬁ?ﬁlg i N enbodi ments,

efrnitrve can be enrrched from at

tIS(ZLAT I@WWOEZBUR&TI@A@E)N,@ SHITTYE ENDODERM

untreated cell popul ations or cell cultures. [0182]

Havi ner des ribed.this inventiaon, a further. ..
unde P@}%Z di ng\} %%ﬁesB%C oSt & dﬁtéo&alg VREEF e?fl ﬂ?:ee Pfese‘“g ey gign, defimitive
cap@ieih celsex@bPpehath) isclated bad/@r Rvifieesly ﬁkﬁi{g@nmfﬁrﬁty tag that is specific for

sﬁé{ Fq?%egrmlésg’(% t%té'zllglg gaeggjic%%%&ngggg ? grd %nhbo%ws ligands
ch’%ﬁ@Wmﬂ&ﬁ% hdel thad re UpeifRfto R kdfleP@bRALIe, RiuNRS a(f)ﬁiyb@nde, that is present
Met hods produci ng pluri potent human cells are wel |

known in the art and have been descri bed nunerous

scientific publications, incluging U S. Patent Nos.

5,453, 357, 5,670,372, 5,690,926, 6,090,622, 6,200,806

and 6,251,671 as well as U. S. Patent Application

Publ i cati on No. 2004/0229350, the disclosures of which

are incorporated herein by reference in their



EXAMPLE 1 Human ES cells [0184] For our studies of

endoder m devel opnent we enpl oyed human enbryoni c stem
woebds®ge3arni ch are pluripotent and can di vi de seemiusgioy/043696

indefinitely in culture while maintaining a normnal

wethg erll gyefacernd denifive epdpdermeptls i Which i Roh Bibstagiagily gregent on other cell
t?ﬁggrtﬂzﬁ wdilehe fo8hd PSS! &ﬁt'ufbgprgéhfc&ﬂi}‘ m&g 'd@@hbﬂ herein. In some

nechani cal nethods for 1solation. parti cul ar
dmhegimeatshany amibedys whieh dalds 10 CXERK Eswfl ‘a9 3n ahfinigeipg fosdhe enrichment,

|
AR SUBSLIMTEY 0ty L SR BT0AY OGN, bt Bpoin o
quatliee ntolectpobrsehawfRE-1tdar aliabe hisd abhifisity tags tSuplamolecules include, but
C t F), in ES
AL O EN S SBILORL L RORaUIED) 1
bet a-[0&Ta apt Obdilivaln Gdr,makihg agtifpydies pmehtsing thdre ferrdol ysolation are known in

dhered tq th re. after a rox t el
foatvitiuth efodhehdt bl gl gt RRREbIRscent cetls desoribed
Hefeih S fre6iiecintointeaiy afl iagtitedy Whﬁcﬂh Hifds S0 CRIGIMSiE Qftadvdd to a magnetic bead

FGRETeR AP (P BREGH BT G By hatish o et s pamatcally

tethtetl @ reditdd infelddBllgr nd MBERIcR@hadd. Mee PdIRdntiBedy/b3kd Ednplexes are then
derivation, hESCyt-25 has been s$r| al |y passaged over

expeFet tova Snovile é‘ﬁ’ﬁ'llf‘élfz digld which pssesgd tosepiaisehsadhging glgfipitive endoderm
Rl1e Fosinbount RENASORY theSdefihtivd OnddBdrRY deM art %ystldag separated from other
production of definitive endoderm [0185] Y

csBpredilizice therpptibady dindire is disryptadrand Hee oehle a]terrarla@@ érnﬂpproprla‘fe tissue
&ftldeSne@lunPt her pluripotent cells can also be used as

starting material for the differentiation procedures
descriPb&d heEabadimpgs of Xherpiesent desichtionognmitnmpdale fadditional methods for

.50l y -

R RRE AR b 08 Bfifle AN, LAPLANRE Wipgpulatons. For
ex@hplal @ sepicaerhbadgnants; ¢ @KCRE)@WFZLdE ig ihrEB@vd +2B definitive endoderm-
cg?t%fn%% c%g&%}ﬁ&rﬁgﬁ' t[}1951§c§e11 egtlgcrl] & dre uce 1n rc¥l?uI1ar nﬁtﬁ%gntral% adhesion. The
ckhsr grettlgqneyas@adovmahlfagad asé Irefsuspemiedvall“hqocedimsrtenmm m\tbem ik@ibated with a

TR aeb bt Sion s erere Sl FRLR KB Tlgie to e primary

aaﬁlbodge Mhe cels lreGhenwrishdal, ca’ﬂfrﬁ‘u@h&ﬁcﬁ&t@pénﬂéd @ baffer. The cell suspension is
ndi ff erenti at ed hES and dis | kal i
e ET08 ST ey o tHEnT® el T GRS SRETRdsposiive cell

aﬁ@ccﬂlﬁe&@d s@&ﬂa&tﬂ fr(|$tﬁ @d(dlﬁgggiﬂvﬁ gglls ﬁ:dfebﬁ%lﬂgﬁglem t%lé"ﬁolatlon of such cell
uman st em.c i ne t al so_rea or s,
G b .d881r66d§'€§3068é%§ 7elm°éuplfsmaadoe. et opyeiied Gy usiag an aliemate
a@f_nﬁ E@tlﬁ@eﬁd)@& lﬁffadﬂiti%nd?'rwddp of &ingNAnd B sdeNiTfe2nt markers that
differentiates into various cell types that represent
affh%’e‘f‘ﬁF &g dgfinitive g9dedeger m | ayers. Ect oder m producti on

f%tTSt raf %%epyen@’o%n{soﬁ élect)reé’e%t WeVenti@S definitive endoderm is
| mTunoc

ochenmistry (1 CC) for nestin and noré mature
Qﬂ@dreénlawatﬁﬁﬁmdéqr@urlﬁmmhmﬁ enttbamadecalerthaidindp to GXCR4. In some
&rﬁka&'lltﬂeﬂtswﬁec'mgfgaﬁ{ %%@)lﬂ lnorcaI %ﬁtsfug n &JI&%?L ﬁgre%f‘fl I's,

aracteristic of early neurons reviously, we

t r eat[879%EBs i[rnpmpémb@ﬁmwn@hdquttivncﬂndOCbch dellg ere enriched, isolated
alngfgyé i dfﬁ1¢ g‘f Hérln%lx% {}%}llt%je eB!i(l)'l({ernp Qellg }terﬁﬁeegﬁzrﬁ %!el 8,11&11%3 are induced to
VI SC 0
dﬂif@attsd: tmdafds tBex ;defss‘s*@dertdlogdml lmbeges Itf widl- bcetampemted that the above-
c{e?:gla%%rﬁ?;hr%gg 1|solat Gonﬁne ur1 waéfnéarocéﬁlu{% ﬁ%f"%eh oad %Vlt rsg%hsceuétures at any
shileP of diffsfentiaaidh.c pat ches as denonstrat ed by
i mmunocyt ochem cal staining. As wll be described
bel ow, the hESCyT-25 cell line was al so capabl e of
form ng definitive endoderm as validated by real-tine
quantitative polynmerase chain-ageacti on (Q PCR) and
i mmunocytochem stry for SOX17, in the absence of AFP



expression. To denonstrate differentiation to
nmesoderm differentiating EBs were anal yzed for
weneusvgsn7y gene expression at several tinme poi RCEUS2004/043696
Brachyury expression increased progressivel yover the
C 0 ur S ©180] t h eIn eamie'oh e fie. préqedwreeinsoflestiitedf defmgioveregdoderm cells may

%o e 1ts %%c-lr b¥ 8&11% S qéleJ) flé’b%%lgsé"trl] %'Ioﬁg %iggx?%,ecge%aé{)}%endodenn cells may
dlsy/ By alrlch_éﬂ%ﬂ:llsxﬁatad Py adthods Gﬂ’Beﬂil Sﬁmﬂtﬂreﬁdm'gi‘d@@ld Yorld@bB¢ Jvhich promote
rimary ob tacle 1o the. |d tion definitive
B ST R et i BT P 9T BRI G at
t ool sj0189Y t hargfone wrdREd ARicrible Heredf] UskicRdl, Gfol@Bd and/or purified
antlbody rai.sed agai nst human SOXl? protein. [0188]

navelapiensad [dedmjzye @qoger@)@ﬁ]l%grgiéﬁ BHES) Wro@qq in vitro from pluripotent

Sfdulhirkd B PIRARION, 38chiak sACEH mﬂﬁh{ ds R p @RS, Fhic8Rave undergone at
and its _expression is nmaintained the gut tube

leat sorBRIgklereatiaion. dn S@%?ré‘z@%eﬂwvﬁae;ﬁeléﬂ Wigrep endampdifferentiation. In a
ﬁ%fe%}d Wb dimBEtO HMe e 8hO BB tar O hir QI AR OB RO LS o5 F%? into definitive

is al so expressed i n a subset of extra-enbryon

exadanr Powe praferradenashyreat djolstion fnd/gripyrifieatioe mthqésreb@eﬁq the in vitro
S en

e

dpefribail hereim, efrlhpmmanpﬂm cme:alg eultvhes paw Se doriched ondefinitive emdoderm content

Woéfgegaigp ﬁ{jfe Sté %Ib@égb d;fs ]%p% gc?{é%/ u%l@re%tﬁé e@%g%]}lsatlons or cell cultures.

larsbmb eqijodmasnts) tdbﬁmmmndodeﬂp edlsfcam:hé érmchedahn at éeaetfabexttss to about 500-

f%fd é’s}%lrr{]%gr%g tto un e lﬁ:g:cgll ﬁ&%%a%é%&%%ﬁ Ilia'l{rlf:ss re]InEPrg?e% %ﬁ#y?(gxgents definitive
@ﬂddl:dtﬁ rcatlscaah IbS Emﬁlhhda fromnt leho dboas 10—&61 EEduVEOG f01dAk Eompared to untreated

RC and Thro dul i n re a
S PHERr Shual et i sibply Fetigimiaffotlefpn cells can be
dneixtiddaroRidi yserdbouelid adebi 100f8d Qﬁaorﬂpﬁreﬁ él@Mtrehd @ﬂpﬁiﬁﬁﬁtlons or cell
ant body agalnst SOX17, .a portion of the hu
sty SERY SRS, definitisF F@?ﬂ@ﬁweﬂ@ cAtgPecA R e least about

407 2o 4bdut( @E@ld b N@np:ﬁr}d itd) uhth@te@d AeROYOPLRESSNG c@NBuiRfes. In certain
the SOX17 protein gure 2) was used for genetic

GoreieR e BRI ep%ngmafeﬂf il b&rﬁnr%é;fmm FdeA1 FhoH 2- to about 20-fold as
SHFRRMYo urlkleNENAG LoblglERE beclI GRIFRNY) . according to

procedures devel oped there. Procedures for genetic
i mruni038Ai on Heaie heengrallh desciibedShipainesntionos furheg 3pde@gt@rding can be
o%ta%ieﬁ feferbhcd 69 c8an § &8hpi8

I nter ntgy?leoerﬁa “patent f|§:c atlljn JWhgﬁ%l %}gtpk cc))\)?fﬁalc\ilohereln for purposes of
Wmn@ﬁﬂgmiﬂaahdevﬁggkm3§l6bCMh@nﬂlscIosures of which
are incorporated herein by g }ﬁgﬁf @ee in their
entireties. [0191] O her sui e nethods for genetic
i Munli08Ai on Meng & the exmm:desl bl idesctibe theorsp_aif@”hmrlpotent human cells.
bR ore B aPR ren ot el iy R Rl FEea Five beendosorbes
AunRLous Zadehtoic pmbliBamine,cﬂnciumugy &GPatﬁﬂmcﬁZS,Asﬂ,Qﬂ/ ,5,d70872, 5,690,926,

‘?@géﬁg:] grg%}),%{)? }I%Elldc E n S OrS’EEr at e[g Sej{&mﬁ &g}fagfatmn Publication No.

202196 50, AL scEd@tuie® Bf \mﬁtm@l fcbrorple@ deteia bynéfedened iR heir entireties.
agai nst specific proteins can_be found, for exanple,

in Costaglia et al., (1998F*&Mtht i munization

agai nst the human thyrotr InhnERGeM or causes

thyroiditis and all duction of nonocl ona

ant i H84¥s r EeHgni ﬁtfl‘ilfﬁf f’ﬁ‘l@ldﬁg\qtﬁ'ﬁv‘@"?l@@éﬁ dgre employed human embryonic
skdIBEME, whidibe pl%Ng A 4BPan KiiRAL LR Ky ‘ﬁ{deﬁllllteﬂyll%%&)tur%'ﬂﬁe maintaining

gun deli vered based i nmuni zati ons nedi ate rapi d
PrBaRderePef Emgelistecradried Geraltheanddyrddipralrye énengell mass using either
FIt-3 receptor, Hybridoma 17: 569-576; Schnol ke et

al ., (1998)Identification of hgpatitis G virus

particles in human serum by E2-specific nonocl ona

ant i bodi es




generated by DNA i nmmuni zation, . Virol. 72: 4541-4545;
Krasemann et al., (1999) Ceneration of nobnocl ona
wanviseshi7es agai nst proteins with an unconvent POMAIS2004/043696
nucl ei.c .aci d- based i rmuni zati on strategy, J.
BPERlegic or meshani¢y) mestpds f dpolafipwy Iarmartishia |the hupmg g@pryonic stem cell

(ROBESCYIMT s @rB 860N flpeARhiRSIN AR ¢ bg%fﬁ-(ﬂ]? Ao in vitro fertilization
porti gln of the Heliohacter pylori vacuol at’i ng
& YAOLHR I HIEHyomnes Gontrahby e peisnt. Uposi tbetvecmﬁmlhatcﬁeﬂ blastocyst was plated

89 kob@embH6nid HBLbASY r(l@[‘?EFP fin W8 'n%'alu?r{ ﬁ? 8% Zﬁi <l essential amino

herein by reference in their entlret
aqes: SeimBTreptoethpeol. TS susnlenBog. flalmehﬂvryoeddhtmd/ Esthb oul®&Xlish and after

Fplﬁg'angiﬂfy%%%éeﬁﬁ 9«%?0&1@ % %%ﬁ&%tm%@@geg Qv%rrg > h?fggedatg new dishes with

ure 3 ype
&t i Mransge mas(ﬁlccmhd]@ﬁdm medhenitdi a:luttinb &n&@)ﬁh@f digestion with dispase,

f&%{v@f gg Tllle%h%&)c%f Irefrﬁo%al n%r the c? CIB%\%?’I \gﬁsﬁs g 6e-p ‘g}lg WISlnce derivation,

est
beYt26 rims etth a&rlaﬂlh q;awagadbm(éy 1p0 aighes.edwb }énﬁ)ﬁﬂ@d it hESCyt-25 human

|iS specifi.c faor X7 and ot her

R B I S REC il AR PO ottt endoderm,
t he_n [04B3]l yzdd viflkbrbeCerp@&&afe&&ﬁ]tthNdetdf Milt B bR stém cells or other
qggugogﬁ Ey ve§t$rn b] ot and I CC, For exanple, the
BB S EP RA Do Wesdkas arme paierta for the diffiersaision grpeedures deseribed
ltdnfﬁn SOk eiamlﬁ@)(%llﬁBBkaﬁgﬂ:ﬁoﬁ)@Mb@ﬁﬁicoébn\é@ﬂtrf?iﬁés v&ﬁxﬁﬁ'c‘én be isolated by

E‘% ectlothnto human fi broblasts and anal ysis

RELeBIRORR Bt the @ Gpmbsysehaspbuingtest whplpyetng mtemﬂe

production of SOXI 7, SOX7, magvEGER were pCWb

(Ori Gene Technol ogies, Inc., Rockville, M),
PCOMV- SPORT6 (| nvi t r ogeBES@ir2$ Eharacterizaiorand  pEGFP- N

(don 135] h, H@lls Chuﬁlaﬁ Qambg’%)lrc s”ce%? legglh{/%(yf % hgsr 1%%111 a1ned a normal

productlon tel onerase I'nmort
9T BRQipgYa SrgokRe: @ravith Ard eabfrenewtat propéréiet eclr WB lhh)nths in culture This cell

e 2000
liEnIH ﬁsslb{é?% éﬂ';(% %m{ld?%atcg%%ffﬁg Qgﬁgﬁsﬁﬁ ‘F cF fﬁg—;}' tagtigens, all of which,
%¢1@ra§@rlpmfwdgﬁrdﬂba1¢¢hEﬂﬁstand dﬁpisiseaﬁltaﬂlﬁﬂplhdﬁplﬁQséTthty as well as a
nTJ?;!)}%l éerE'als‘go’ ot e§ S{TMBII}G%%%QPE?SI Lfrt}ﬁ%qr%ég% human stem cell line,

deoxycC ate contalning a
hERRYBIY Cﬁﬂ@ (d@dld:)h doriis aqyitogdid GBdi€O (PBY) akhd@Neultured in suspension. As a

0 stern | ysis of 100 ngy of

o6 Baan Bir” ot é’lu'\rqsp‘)te\é\g PaFSt Eﬁé‘&}f Endtispenfioign intpparaaes cell types that
répfest® e e prmipap géryfﬂkayeyé atoderm proidiibR 9B derkdlshHBRBy Q-PCR for

Zﬁ@Pasqﬂglgransferreqxﬁﬁ &é&roblottlng ont o PDVF
mentr anes i HEpERgegioc 3“'}’ % Br M5HEY aRfl (perg maturg mguronal markers.

Il inkidcy @ohdki etlh@ ihial fSORUTT RBhilix $BL 1 |
%F % ? icdl h@ai 1 AT no Oslﬂf%érov\%ie%l gygt R (§' ygﬂgated cells,
act h? ! ewb) neu'rcaﬁ d)\;@@o%ly )A(pkrgptpch@Bph@ggmatsmgemth ret1n01c acid, to
ey ugRtRda @t b ]Blaitlpdtalg s{eﬁla&:‘ﬁ§ %] Vl E@IM”&@?& zjuanhextra-embryomc

Laboratories, Wst G ove, , revea
lingage- o]l“reg‘eg@q*(llsmxkrgqsspd]blghill'ﬁ(yglp hf;ut @@r@bml(ﬁFPI);pn(l ‘S@W Pfwvo markers of VE,
bl-8D A6 QF i u R rotelns

g andard use el\%asrd evlvlpge r Bthag?% ot 08&3%%@? ¥¢ éF é fpSpogglic patches as
dempepistatedby imingu@giochemidal goinmg4 As prittthe idesceikéd I&MVS tlﬂﬁal@CyT-ZS cell

t h tr t
11{1({ %Pﬁ%&gﬁlp rcﬁ bf‘g%i&g] Cde%‘éi\?e og\g@[ﬁl& [\ﬁﬁcﬁ] dv\g‘f &al-time quantitative

Polyobrase Qham\/bé&ttlen QPICEY) Snd/\dn’(ﬂihnbﬂ%oﬁ%ﬂ’y aHINADYin thdt¥ence of AFP
ot 3;850 extr Eﬁ% pSCMl? transfected cells
duce a OV\H? &S e%%e#lfferﬁ%ta&% &Bs pigre analyzed for

Bmcbsdm tet eﬂ(@reKdm ade @ceall tikfe PURILD NBraghyuth g‘i’é&ﬂ@x@ inofeXekd rogresswely

protein. There was no reactivity of the SOXl 7 antlbo

to extracts made from either human SOX7 or EGFP

transfected cells. Furthernore, the SOX17 anti body

clearly | abel ed the nuclei of3umanfibrobl ast cells

transfected with the hSOX17 expression construct but

did not |abel cells transfected with EGFP al one. As

such, the SOXI 7 antibody exhibits specificity by ICC

EXAMPLE 4



Val idation of SOXI 7 Anti body as a Marker of Definitive
Endoder m [ 0194] As evi dence that the SOXI 7 anti body
wo0eswesd7ii ¢ for human SOXI 7 protein and furt RETIS2@®4/043696
mar ks definitive endoderm partially differentiated )
oVE B@sconese of the-ekpdnigieet! Iniview €t fpregpia e ARPIES T Intdineds pluripotent as

It has. b enons | 3 , Which is a
ShOBs é(ﬁ}&e afozlﬂg?oe%n%&n%g‘%p%%fa ﬁt?’%téhezgég%eéﬁl e%m |y subgroup

F (Figure 3), and AFP are E3SMPEKBressed in visceral

endoderm However, AEP 2 d S% g{ ' expressed in

definitive endoderm giiog 0T p0% gntq%ttd%ct abl e by | CC,

and fdugs} t hgyprbgurg abstedplteyed idestifivetat ioff defimtitee pglofigm in hESC

boni fide definitive. endod ells. Lt shown .t ha .
el i 3660} PEHEIE Pap A TEHLEapeiraoR ans RRTepP 3 an anibody
A% dAbSEdt Bl8a8OXDi Besn0f cel |'s or are interningled

ith AFP positive cells. In particul

Shovd01oRh. A markghBERa7 of cBee dupiebouffle Aehmve endoderm as i

f&ﬁfslcﬁpiﬁ% @stMikiBn ARPits NRWRWEI, is RGHARE WEhe gt sbef(@ltivdgh levels of
where there were little or no AFP+ cells in the field ,
exfre ORI eleng he(Aifguie W) arogpdiile g, of rarpeespaty e SRX17 s also

e 1S protein n
e%%g%g%ggl;g %%?ﬁt gtgﬁatb%%ﬂcﬁlﬁ%ﬁﬁ&ﬁﬁn EQ1sONY &PResstiAb! this protein has bee

ng with SOX 17 together with the .

opmriedtialmasedeke ros oS . alih disorowT bes ribwsatsaRd fhat 3GX47 san appropriate
b Oipt Qe | €1 Cldi $n WhH; SR8 Svith markers to exclud
mﬁgkrelyzf?raﬁhg giﬁg%gg% lrzr%{d%iéﬁ sﬁ%%g %Prgenﬁ%gur es éA— C, 1t mariers fo exeiice
elta-emipgoroclrhdagesand SOXI 7 co- 1| abel | ed parietal endoderm

cel | e proquc by ra m_dj i at : Ficall
R I
cRMNIAE ieffEud 8f vdrioes irekemerits yndodiffarestiftion iptdacediresredoete pinthe production of

SO A B0 TS OF e OF "B o hube g ke, searc and
TEXREREBUAM Wre b6 B wrilk etit theprgdedbres! tisvanl srhieparietal endoderm

expression of the AFP marker, which is characteristic
(Bfrabexenis endyf§t¥er m  and the TM or SPARC mar kers,

VA\Ihi Cl'[gf‘fﬂfl chay ﬁﬂ%lefd §fo:dﬁceoin p@{bot faéail%lﬂg)?ljgﬂma portion of the human
ccordin t hose cells positive for . u o
Seegdt SRNA (SEQ ARG D oEgERoRdae f%%mlwaﬁlﬁs éY:?Af#z% @ﬁ& ID NO: 2) in the
c%ﬁkﬁéﬁrbﬁé@ g&{kﬁQQ@S(BXﬂ 19‘1)%@]] (;‘ 8red foral LR ToréhERNBMuBHzation in rats at
the 'specificity of the SOXI 7 11Z1AFP10ZTMLOZSPARC 10

tea pRithodp metdupEonaeoraY | GENQYAGT (Faebirsi Bryenen defgrlifg to procedures
dgg %d%%ije.'“ﬁ%%&ﬁl%? FELPACE ity A foluRt i (8 Watent Nos. 5,830,876,

ared to the relative nunber of antibody |abeled =
5cHI7)687, 655198 wnd 636 FRgupsewdlhas hizgmsonal Batericpylipption Publication Nos.
[ r r : VIR ref -
N T e T A e
thkif éntirediece in the | evel of SOXI 7 nRNA expression. This

resul irrored th 0- f.0l i ff ] ey

bed in th -
e OB i B SR el PR o desrid n the nom
ragns hewure.n Foti gameleSBarryAett dl vdescride thiegmbdretion of mpiEgogal antibodies by

SR P (5 n PR B RESB bR e o Bl o it s et
Hegdih BE teBlleRY iritSin@iredd. | Specific Ee@®iesiofl géndtic immdresatiaf médis to produce
| abel ed cells in these cu#tﬁrqffas shaqwn i _fH ures (1998) Genetic
agfbediesgaigsfSATGHoPIPIINg ofPe 1ound: 1T XGRS (B RS AT £ en
itidniZhfdrSagdRBY X hiiEihyrotopif hbeSteC RS ehyirsidilik Bnd elieys production of
expression was the result of a sim]ar 7-fo|8.gggr2&§%Cl tricl
mopogfopal A tibasksd yeroamEPe HediYe HeRRIoEr . Jumighd P ety 70> Flpatrick ef
d1! (@%s?‘yéé?l@eguhydeﬁb&w BN M) imrbtitibRSibdiath SR (picietion of murine
significant in that it indicates that quantitative

reonpalyedl antibeiesctocthe Flisks resppters Hawddomey 110 50BR7 i popgiolke et al., (1998)
changes in cell type specification as observed by

anti body staining. [0197] Incubation of hESCs in the

presence of Nodal famly nenbers (Nodal, Activin A and

Activin B - NAA) resulted in a significant increase in
SOXI 7 antibody-| abel ed cells over




time. By 5 days of continuous activin treatnent

greater than 50% of the cells were | abeled with SOXI 7
WORBIGw6ees1 10A-F) . There were few or no cel |l s | abelusen04/043696
with AFP after 5 days of activin treatnment. [0198] In
Idenifteatiop of hepai&ltlt Goody ppriclds ieltimag aémmtbytHespecific monoclonal antibodies

gsner?coa( Xy Db é% mrfxumzétd{%n 9% cgo’%c |4§}4Sl A%f4 t]?r%selﬂqlﬁnan a? Oﬁ993) Genera’non of

rdnotlend) wihtivhdiks mghmaftemmgm with S@)éﬁconlvéntlsnai Imslestacfaa)ased immunization

ufint” foBebC 10 1T FRLrA TAITG WESLOR Ctiredon gy monoclona

a‘lﬁlﬁlécﬁl]yp:fjd malﬂbﬂir)edS@ﬁﬂﬂnF/oﬁFﬂﬁh oHel(o@&aat eplotzhmwﬁ%gcﬁcytotoxm by DNA
abel ed ce \I\? a < 50
TEupZa QR . @lﬁ%ﬁcg’ﬁé kde ?%eﬁfgengﬁﬁlo lggb'f‘él neo °rated herein by

1eﬂaﬂ;§a&elhmﬁelr eﬁflﬁ@egnent of hESC cul tures VVI t h act i vins
resulted in a el evati on of SOX17

expr d451%n a§qx§g| alnd §9Xé839<ff7hq Apsett S éaéﬂiygelaws to SOX17 as depicted in
ol ‘E’E‘T@l‘i}hﬁ&ieﬁd‘roéﬁ'ﬂﬁ%@% adrihe £XRLeSHISAR Bl }ﬁﬁﬁn@a l eptide as a
t he nunber of | s | abel'ed with AFP anti body.
152 VPERIiGh ﬁed@%ﬁt@ées‘ih@iﬁh%@@?iW fibody) is specifigdor %PX bwnﬁgioes not react
V@ﬁpi?srél&@ﬁtfﬁml}f ﬁéﬁlbetf' ﬂ%)apt}éﬁﬁi 't(g @J{ﬁo\ﬁﬁra%rthﬁ% a(n@bg)(g?@r MR by genetic
the primary dssay used for screening the effects of
iGNt fse apasiist fr o¥OX 1 ESKON fahéradlrri prpteipn, werp expressed in human
u [
fﬁv\g(?btédsgh !ér?d; t ee% %ﬁ!ﬂﬁe rf?r &Fﬁ@%’ﬁ"cg erlﬁxggl% Sgﬁg? a nﬁ@dﬁ%ﬁ Wdltern blot and
IECdop exantpde, lilye QIPCRg nwmoﬂewelgemémddhaﬂla@tcelmtmmcfﬂm‘ SOX17, SOX7
a%ﬁ] %ICQ;%SA: Pe?su%s vé@?ori t elr uarhg egtllor eﬁjltocheuI n f%Po%?astis And analysis by Western
eval uated er under st andi
binte Eabﬂessuiylns&MOﬂiSenmﬂoybdh ﬁ)r cled }trudlmtlorpﬁt}:ﬂﬂml, 8OX7, ziEHEEGFP were pCMV6

QURER T e ogit et RoryaeoMil b Savktrs M B, corttad, ) and

piEéKFPls‘nglr(SZldﬁal‘eMe LBa,lo asltd, f@%}} e:regpmne@qu@’weprb&uf @aﬂih&tibn telomerase
aval l.a rt er the extre nsitiv )
e Bk VIR e BB i P B RSB RPGRFS DNA in the

pE bk iof thbféi:f@inhe TOOYRFKit@fenG @bﬂl%adf\ﬂdﬁbl ITo&l Ba1RMr [IRREEWere collected
In addition, the abiljty to detect

|
B oo e BT ch oS SRS TR oIS o rbateohel 16rSDS, 0.5%

deshybhastenboddihi@l DicdskiaiMot Prdtedsb@niRBRIHN ARODR - DiEBoskEsA 8 orporation,
towards a_particular differentiation pathway, prior to

Tadt@anelir PG eoisrabio el Snoloi0pi ebesllbler pralei, separated by SDS-PAGE on

PR MPesy, éﬁﬁhéﬂ'ﬂ Eﬁ%@g}ﬂ‘érﬁl@p lI@wfﬂ@eﬁ‘ QA RPNeRY 108 tﬂ%@féfﬁh by electro-
technlques or this reason prOV|des a net hod

bistitingnenty SOYVER ﬁlgmbqagesa@{ercg@gt Cabysrepebedavifh anidl000 dilution of the rat
s@ﬁé@%h%h% e nde BRIS- B &ﬁ{ ighy 6%%1@5&16%@ ASA, 0.05 % Tween-20

t echni ques for screening ess
(Biigfop.e Pl rirduds iINQ), tfp]éfaft’QtieW é\lka}mm |Ph<i>&plrm¢Sb yeonj@eRgRantirat IgG (Jackson

I%p%é&%??afrer ggr%)l;?ﬁ@‘:l %W’c (?‘H) hP}.\)h afd ?Avgﬁ% }%&I%\}}:\y?cg)? ?rﬁa%ck Alkaline

uan
Pabspkéme Shﬂllghg Vecton @hftmnittolms,aBlehngfneaﬁa) yBleprotfid2 ey stafldard used was
form relative
“?gegrr? eco c?rérﬁrl%r@ RL‘&leen them stry on a Rotor

Gene [03193@) i n§t IFigiIErm proeirb etttaciResaRr £6h hanen Fitriass e[y that were

T B R S5 AR PR PRt i SO v v

tigeP@X17 mtibbéy. f@ﬁly lﬂe prothid Sx 80 FemMGOXAY inamfédiddycellfiproi®ed a band of

PESTAFish Ge8 BFieBE PEHBE K Ve BB GRbe uman SOX17

pbein danere $Va9ﬁo ﬁ:@@ﬁlty ef ﬂh@ BOXQf abodie@ekirfBOnliRe ﬂMﬁﬁﬁther human SOX7
possi been errgl rical I%}tdeterm ned

B ECKT ﬁlafl%fefé?ép‘rqﬂﬁ. E‘éﬁ}}e@ﬁf’rf’r‘fbﬁrﬁ Shi aiba ?1??@1Ydew&ﬁ4ﬁhe mclei of human
DNA. When mar ker genes were enpl oyed that do not

contain introns or they possess.pseudogenes, DNase |
treatnent of RNA sanpl es was perforned.



[0202] We routinely used Q PCR to neasure the gene
expression of nmultiple markers o f target and
waamstiasget cell types in order to provide a bPoaaS2004/043696
profile description of gene expression in cel
feaoipdse sclls Thesfertadkvaittsthe b$©?&hh¢xpfe@sn'ort tvastawt hup dighaslebel oflls transfected
h. ffere t| at i, soderm
“616} ﬁ% ?1\%6 éndo thr%rgacﬁgl%% lr a- gk Hhess ﬁ&%&k%ééeﬁm and
for which validated prlnerE§@ﬂﬂPbEé avai |l abl e are
provi ded Rel. . n s f
these pri RerS&E ~-a¥4ﬁuu4?$%nhve£¥%¥§g¥
an i npoyd)ant Afs&mdeﬁaenma thh SODKE$@E‘L1ME15/ ds qfebﬁla forr RMBNCB0X 17 protein
mouse feeder | aye

8§lg Ig.gm%gr r]fsa{eéwltps ren pl C@&ly Idz.ﬁ?reélﬁgtecli %J%g(?s were co-labeled with

S(Bbdﬂpﬁﬂdﬁl:‘? |aMt1‘t§>Gﬁ:lsylﬁﬁias|Héeﬁ H&h(brﬁﬁit@d fat &@X@?S SSOXE which is a closely
bi ol ogi cal variability associated wi.th each

el eTereT 06 IO apiealOn S hernd] (e ahard ABP peseach expressed in

\Il&@%i iR derhPt BbwRNA A¥aBanassh 2t 64 1és taBeRNeR W fihitdh @8RIBNerm cells at
guantltated usi ng R boG een (Ml ecul ar Probes).

rele efectabiea iy dECprnd ity ey 3500mOgmHeyedf ast wpgafve RRgkegg dor bonifide
c{leﬁﬁf‘u?@ gncBHé Rl Vﬁ Ot m@ sﬂo%rthaQtSOqu %ﬁt?o%d§ fa@a§ﬁ dﬂu[%h@ﬁseof cells that exist

contains a mx
as glisdistn gwumgs of @a@h alzontn@m@@cw}oﬂﬂvagsltsv@ kﬁsﬂ@q Je partigular, Figure 5A
Q t
sﬂbxlvﬁ{hﬁg rﬁ{l %g‘&ér% orf g‘?@%l? é:%hscég&%]te g?ﬁa}bﬁfé&l X%B%ﬁ\{\?éw%le gegllcﬂls were also
fawrdl wievethers waré hitgle 1 andFB’ gells @)(hsffBROGB@EW waldst (Ergurei 5B). Similarly,
a T te t
L RGP, et B G B OB E B BB RO RLE ey gy gheting wit
¥ Ectoecthaodtr te paridtad madnkeraBPARG gnd/anﬂxroﬂnbctrimiuhmﬂM):wm be used to

iogline 0 R P L e TE R R PR Do OB shayy i Tigeres 6AC,

’ﬂiﬂdim’tngnddh}i}n laad tSADS1 7s esabelkd ofarieal hndiﬁdérﬁﬂ s¢iBNwEbaseducdl by random
re%gF0|n 10 fold dilution series was used to
et S&flhdard curve for each run and cycle

thregoodsys (& view yeihe aB&IéVdéIltl@&lHn@ dstyaﬁﬁdntsatﬂe\&@entlty of a definitive
val ues based on this standard curv uan

epdedsen celhrcanle ﬁstgféwb?debmén%qwa?fﬂ% é@tha s 'E/E%éeﬁr SBARC"]. In

FHIRR & oRB! the EXFRESSn e SOKN7 ANALAL Graaitd mah #RURFEssion of the AFP marker,
devi ati ons were calculated for triplicate sanples.

wiReh dorbiredeiic off PeRrad yesdedegn. andreghe Ty STARS y@irl@ls which are

c%%ct@ﬁsruc% td] Qn@&i@ﬁﬁ t @bd’brchﬁﬁ?ry Stﬁ’c%g 'cgllscﬂoglﬁveofor 5B%17 but negatwe for
reacti on. single specific product was 1 ndicated by a

Afitgideegsiak fatT™M WeSPPR G prp defprifieercadddsrmt hat  PCR
anpl I Gegy 1N A%dadfuhh&”evufeﬁé"%t‘ ! §qeﬁ"ﬂcft;9 BFEQ St 7o P‘°/TM‘°/SPARC‘°
reverse transcri ptase serve Ive con
raavker dgrofilst asapxp:l:hcﬁye of @efiiiiveAefdodgm, ﬁCéplﬂ and AFP gene express1on was
qélant%gmve yhI %ﬁfg% goe% ?e 1vrér%turrl]q éjroolf 6&}&%&9?&1}61{3#‘ ccglés‘t I QN own in Figure 7A,
}@S@e rtnememl\m&ﬂh rsty@ﬁcemd &metel ttridedelrl@ imhserisedictioin A (definitive endoderm

By by A TR BRI By TSV SPU4PURTE Ao, T sl

iFoedhthdi -RX diffeienatiasoX 1 ustlibody-labxipd egisivaieoWeurd TBYE Furthermore,

in all t n aorder thenormal jzation to
BE L EFU > Mo SETEE Ao aE S BEETEhAFE Feie g son by 6.8old
1ﬁ>¢61h bk tohoGeat)eRO XEHK WasResupiROGAEBd HIQStArhdtia IS dr&fsa fethe number of

%@é g%% bet a- 2- mi crogl ohul i n, _hydr oxynet hyl bi gy
niaR c%lhmgﬁxese PAFUEH oW nb FLRUESs r§B¥€rB|3“)o quapy; this further, it was
@ldai0Ql HAIRs BEIExifEAdS) 7-fold Gictda8s BNATTALNE GxhERe8 -waSMlie result of a

results indicated that beta-2-m croglobulin expression

s Slolg Gpesanse dn GV antived-lohriack ot nembe ¢ ntasuied B, flow cytometry
and therefore we excluded the use of this gene for
normal i zation. The ot her genessggxhi bited consi stent

expression |levels over tine as well as across

treatments. W routinely used both Cyclophilin G and

GJUS to calculate a normalization factor for al

sanples The use of nultlple HGs S|nultaneously

o " T a4 N a oy




[ 0205] After obtaining genes for use in normalization,

Q PCR was then utilized to determne the relative gene
wexprsgssiton | evel s of many marker genes acr0ssPEaMSk®S/043696
receiving different experinmental treatnments. The

(Fieukes P Addn ddisiepilioy exframplhesigeesintin deé i itsieatag éleat ﬂW@?tathe changes in
ric i

FAD kel LoD, QPR BaBOPL 24 AR o 1 chsce by

québedystdiang. have focused on sets of genes t hat ar e

di ff e['b?%l al lhycuga)ﬁp %?ﬁﬁgcé tﬁie S%r%s@hcle of Nofil ‘}&%ﬁf rmerﬁt%lgs Q\Iodal, Activin
extra enbryonic end he enes as we as elr
A @hdictien dny N@M&emlltpi' x:mf a $igfigame mhnegehl m X d antibolgdddbeled cells over

0 B agTHL TR CEP T SOICE AT S DA TH RS ocled v

SO @igarant) AVBS OTRdrenweheT ¢, eledd euillk ilabeled rathpAFMiftér\sedays of activin
endoder m HNF3b definitive endodermand primtive
rm mesoderm neural plate GSC endoder m and

mesodi 98] Ext H@s@ﬁiﬁﬁMOHﬁeCanﬁ@&ZI pro&R&T AaineNhe fi@fbﬁk‘ﬁ@ﬁmnal 242 amino
vi sceral endoderm Iliver SPARC parjetal endoderm T

3544 io& the) hugnigy §9é<r1ﬁm’f%ﬂ3 s befh e SCSdd PR en "Hmblots but did not

rb&HRBize BONTA’s Efo@&?@éxt famsy MpsReeTm Wﬂﬁ@&ﬁ/@éﬂogmzed a subset of cells
mesoderm [ Since many genes are expressed in_ nor

g
in lﬁ%ff?r@ﬁ]étl@gehl?ﬁc} ayfresithativerqanaily SOXGUAMY t AsFye fhan 955 of labeled
LAPRNRICXPY S3al BE}cén%a\é@'(% 59§) JTeRls B8RSt el $oXand AFP (visceral

same experinment. is éexpressed in definitive
cafeilster nT@nmlenbofahI%SGamlélres evitheartiving ragilted ép @l magkedl elevation of SOX17

%/%I 22 tré’%%lm? QQ&%PJS@O)%@X%b%dceﬁﬁFA}d evealﬁé%ﬁ]ﬁs%sé&he expression of AFP

endoderm at this ear
pRNAtand SRARGbenvd call lehetedewhrAdgS@tibedy. pari et al endoder m
and Brachyury is expressed {\n.ggffy mesoderm [0207]
Definitive endodermcells were pr edl cted to express
hi gh | evel s of SOX i g pugidneAssdys of AFP and

SOX7 cer der SPARC r| et al

0T BHRCE! T pR DSBS PR g ) s
fiaiaey hgaf ua:etlhtef sdrednéhgoitit effede of mmus)treaeméﬂty ef thﬂderdiﬂferentlatlon In
Fi nah GATA4 and HNF3b were pressed in bot

RO VS o SR PSR L D)o e SR Yot Riple marker genes o

rﬁlﬂﬁlble liadeepots By BOXIN. BEkpke §ohed RhirhctéRfit Bf fhb\d%m&ﬁdl@ &Ik undesired
'{abl e l). A represe ntative experi ment IS shown

dmfééveﬂe‘fkm\m 8 EaetBrtiet MafestandB of e %?F%Heﬁiyr@@%@f the cellular

ﬂﬁﬁl@tﬁdrﬁ ethd fref @bl o QLPCR A BclidsNts@REEMO LS vANMIelative ease of
e various sanples, thus highlighting speC|f|c
dougloripg e gecesrary BrEHs o the Beopecequenters vadibnaraiation Brthermore, the

&&&Iﬁa?, %rgiarsvé@srmlﬁtyecﬂr ﬁ@Rgaeéﬁts%kelcu@lsoftgtenéfsgp%ﬁw%maﬁfélanvay stmall
neur a ypés. [020 In view of bove data it

rugibey @faaellﬁ w&hlnuanwcéld@r»gﬂgm@lgb@ df agditiony the abdiy)for degpet yery low levels
df'%gr - Hggo B)Slwdzs 28R cﬁ%@&eﬁﬁfe%?ltlatﬁﬂ(}ﬁ%e rwﬂ'ill?x' tﬁe §S%Hatlzn The bias

I on predom nantly represent e
tevietdel e rmarteylap pifbsediation pathwas enbr pothe oveh dtf&ewmtloﬁmfsthose cellular

p%g&%ﬂ‘éi' 1(5)Qm§etcggﬁzagfe%ﬁghﬁnnunocytochemical techniques. For this reason, Q-PCR

provides a method of analysis that is at least complementary and potentially much superior to

immunocytochemical techniques for screening the success of differentiation treatments.
Additionally, Q-PCR provides a mechanism by which to evaluate the success of a differentiation
protocol in a quantitative format at semi-high throughput scales of analysis.

[0200] The approach taken here was to perform relative quantitation using SYBR
Green chemistry on a Rotor Gene 3000 instrument (Corbett Research) and a two-step RT-PCR

-34.



observation that SOXI 7 gene expression was inversely

correlated with AFP, SOX7, and SPARC gene expression.
wexisPkP76 Directed Differentiati on of Human EBCT®ISR®4/043696

to Definitive Endoderm [ 02091) Human ES cell cultures

fwhat rSaelel emayprdadifaélpwn‘ﬂ fatthe pankingeof cBN& samiplesrfoviangtygisrof additional

{ I
n e 46%6%212 ttklxe;}?% de, u ugt%éc?lé’ﬁ%i Sﬁhf’eﬁtt}girﬂ c‘;fégel%{é%su Sﬁ%ﬁJﬂpthﬂ efficiency between

sdimpfeer enti ati on results i n pr oducti on of

extr ryo endod conprised of bot.h .
oar | ZPHLY G Hone LG el o0 B PREB-ERRnEowRHE o intons of
1€26p BEKSIS itth passiblg|ak tlashs dednenpticalipdaaiird d ﬂﬁﬁlﬁdeﬁmﬁlhﬁcatlon from

derivat.i ves as ZIL.A and Nesti to

CERABAHEH g R0 aUPRY mBLET T8 HHC BBFVR [ nebcontan nons or
tREO kMLl dgerdd JoN4se N G atha ol RINA! smﬁleg ivei-foymddeen

exam ned or specified faor_ | ack of

eﬁl fic anti bod¥
mar kelP2031y Ve mupingly; psed QECR A rng%ﬁg theygige l5PreRsToR §F ultiple markers

oF bt afl@hdratdeV QUGPSR ULE TR BRME i (beaﬂ Brdak &‘c@érlptlon of gene expression
cul fures has not been well studied. Since no

i el isepley: g aparkers aelewaat foriths <aaly dhasse of ﬁ%@drl@erﬁﬁ%on (specifically
eéﬁﬁ%%’s&@ﬁh QiR efoddrREind Qﬁ?e@&ﬁ&?dn@@éﬂd@&rﬁ?&d for which validated
focuséd on ect oderm and extra- enbryoni ¢ endoder m
POy &t arc pivdleblegraprayides lfei%*amtﬂayleg}r dhe bmmwm}ﬁ@ty@ff these primer sets
%t&" n
e O PR B! TRLARE fh NSRS el e growm on mouse
feedet buvkry. Mdsf epienlly, AtipligateSaoplkd wergltakgn & cafhO@nditiomgnd independently
e I e
#{ng%{)db%%ﬂlgl CEEee d g)r Isagt%%efhg dglg ogﬁ:]gl 6%9&%%9? %rs]s%m %g \glfth each quantitative
datermmagdn. ve nor phol og| es that are distinct from t hose

a di t f th
l\/gny S[g? ﬁ Ih els g% (ﬁj?%?te 2’ o qurg}lél?ﬁe’s °%§%N§e 3% Esé’fateﬁdﬁ g %{%\Tgasg);Qlagen) and
qubstitited esisg BitoGasem(Moticger Probds). R@\d:yse rnanghipli@gfrorando-b§0 ng of total

expressi on of higher |evels of OCT4. |t s .been . .
ROCS o BRGST Adtote ' &G e AR P B QUL R continsa mix o
olligeMTait @indbhepringte| Badhf 20Q4TT Aa@ioR RS SLEXBqUeRIPEIAQIMD to 100 pL total

relative to undifferentiated ES cells. A?teratlon of

vetme nd vetls Wahiesed itbpach &9 aly Q-ReR tengtier eontapringA08@M forward and reverse
p}&# ?i%hgk?;ft]g??ﬁo%f%@m@‘ry% ﬁng‘a%te% E‘H {J@%ﬁ’eﬁf g?vg(?] gQES %yc%mg parameters were used
eh@2dyldg A esvond dérfafues erftSi@l @ (dspemﬁc)arhllyeslecm.’r ﬁ:cﬁ)dﬂllg‘ltmfhé hyftting temp of

R TR ORI G heT BRGNS WS 08 TTgR NEEENGaf ot 0°C. Fluosscenc

ddet @6d edlleaed dantO el 19 alsi QRMAO BT LB RPN Bhate aNd thide pomt 10-fold
the junctions between undifferentiated ESCcol oni es.

dilytiet saiseves upleioesearraierths dandapkrirssioprachuprend a%gbwsholds (C's)

vRH8 6shvaiies ehtitRivh 0a18@MBse@fon i @sthldagitcufiR! Tie §Rntitated values for each
differentiate away fromthe classical ESC norphol ogy

sagplehwereoramplized plenbieickiepping genea nerfosmancseandpthgn average and standard

detQUERAver HABSEA fo? ml &k s%ciri‘llﬂ)ll:sy A‘ﬂﬂé Egn%fuglgﬁ 'o%@ﬂ cycling, a melt curve
colonies (< Inmm 4-5 days old) showed no

apalypis vpe peréiringd {4 45h¢rtﬂlroﬂle apeciflvély of g‘“@seassflolt hé smlecﬁmcé’éc product was

' ; g%k a0k OB Eon, “EDSRA%
T B gl RS dEPLP B R W) PLATbon, P, rections
pAFfbrrmigrathou‘eremi;d t@ﬂ&tﬂpt’clh@%p@dlapﬁe mygatife emirel andldg notemplify.

or in i ons, ifg.e r. e we

di ffe[ro zﬁl at Z\d fg‘\%(c,agée (B ne]:szc: tbgsg-% %r ngté{ gtﬁchdo 056 was validation of
agppriath éﬂuqﬂk@pmgt.@hg& (HQ}SJGIIII tHehaxtperithérsal wagert. heSn‘fc!e rtst HG was used to
norraa%gg r%?r%g%;sraﬁ%glea gorg El%eal[%%é IIilpﬁlt Mméeépfyf?lg% efgéalgﬂc?,l i% Y4€of value that
the fidi efiabirdtd edredit EGET of ekprassem d@y emban ell shegle types in order for the

previ ously denonstrated. [0212] Based on negative

correlations of SOX17 and SPAR§s.gene expression |evels

by Q@ PCR, the vast majority of these SOXI 7 positive,

AFP negative cells will be negative for



pari etal markers by antibody co-labeling. This was
specifically denonstrated for TM expressing pari et al
wenadsdesanicel | s as shown in Figures 15A-B. ExpBeumfs20a/043696
Nodal factors Activin A and Bresulted in a dramatic
nggozlizaite ith hehmepminginlsi t Wet mearsmeéxﬁheegmrmioanlévw@f Cyclophilin G,

S ri u
I{Wﬁ%m% A@[@@l%gi%%w{tyﬁz %Jg%l j‘e o]ﬁba rl})@ g?t InVI %Z%lﬂgn ?gp@cymeﬂzylbzane
serrhasar(EMBS), UB4 Telr isndifig @@)@zﬁ’ ( ﬂb@; etmclv‘gqued)m@swlbetg HGWSY w differentiating

@Jg;o D?SQTI%] elt\sé gnd‘é%ageedt at b%n {zzcrog | Sérl‘lrglg lset(felzﬁéa Itgxgrregéd oyer the course

oB@KTeterpiation ane thdefornivtel mludemﬂthd_etsmﬁ ¢Hid genenfor normalization. The other

Py 5 ForeRen SRS o IS ol AR G el pgaRditatbhes we routiney

weskdth Dgclopiiny & e (Y & @idplaer zeﬁbrﬁla]‘imme factk for all samples. The use of
Qce es. capab of effjcien nn1ng E

I’B‘EE@H@@U&W&?"F&‘E& frdpoesp, ﬂt{?iﬂéy f‘i {he ‘lz%’&g%é?% process and

ifRéds&s thd\liahRlyl o thedel¥@fed Rhy exdleslind mie@ ntiation

protocol s ained at increasing the nunber and

prol iPEht | vefenghiginmg gpey fBaee BePrEalietin A BB qvagtthen utilized to

deREmBO R BhRR JeBY @kprbdioR 186 bOmamOlthked %Qﬁ‘es across samples receiving
expression and at the |level of individual ce

dififerers saperinagaéd! itisetmsnts SAe mmaskes tasngs. enm%:d]hawb% ngOSFlh gecause they
C&hl'&)ﬁ tenﬁ&rrﬁﬁ@%n%?@clﬁmgopqﬁﬁgﬁ I@ﬁegeﬁﬁtlgﬁf (gfqﬁé eaq)fy g-gl(%elyers and m partlcular
famly growth Tactors, such as Nodal /acti vi n/ BMP
hgwgefocpsed romapeis vg setests itheit terovdiffenqulisdls renprossed i fefwitive endoderm and extra-
o}ﬂf?:rgnﬁo&hﬁm'[ﬁ&!e Sg%né N IV\Q:H 's S gl§!1¢e &ﬁﬁgﬂxﬂ@wéroﬁﬁég are highlighted in
ty i cal experinment ctivin A Activin or
Tebletli nat i ons of these growh factors were added to
cultures of undifferentiate stemcell line
hESCyt-25 to begin the dlffSQQ#g?gtion process. [0215]
Géen Bhyewwn | nGeaeggur pEdRlessid@iotdama of Activin A at 100
ng/m resulted infa 19- fold induction of SOXI 7 gene
EfRERS S| ON| ¥OX1¥NHadfimaveHidclafshd ea¥odda¥ 4 Of
di fferenti apren; PdibfgmAGYE nkidde a second nmenber of
the activi nghanl ydef&ﬁ%taﬁ‘@ﬁnﬂ\ﬂtﬁr@erﬁﬁ@lédﬁ' n A resulted
in a 37-fo| dnpagucidmiveVaidosttsli fdaepeiiivat @dolERCheNMerm, neural
day 4 of cpnbined| ggtivin treatment. Finally, adding a
third nmenbeggef thgmggggagggkkﬁm5{0n1the Nodal / Acti vin
Eﬂﬂgmgmg&ﬁyagbgyps 31 her with Activin A and
kel 8

Activin B, r h uction to 57 tines
t hat of unj§££§

_ _ &hﬁaf Flgure 19). Wen SOXI
7 |nduct|01TN1t e%ﬁ%ﬁ. npared to no
factor nmed|{um cont foId i nducti ons

ted a e 4t f|ve days of
Nifc%@ e trea ﬁdl Qef\%al k“be neﬁl% prﬂge Xrasnd BMP, SOXI

L as™ M heveet frore

These data indicate that hlgher doses and Ionger

tr eat[(mmq ti gege ofany @%&Qﬁ@éﬂp@&ﬁdd\&h Anotéthald dndrBetny layer it is useful to
nbers results in |nc% % expreSS|o£ E SOX17.

q[“ﬁ?‘f’é}"e]ﬁdo‘iﬂ’&}ParérF&P’ieéﬁ“&’t Welh gt weR Eroenwtihipithe pamepexprgment. SOX17 is

eBpessb @i ddfinaive ehdiRle@X S Sl AN exBEYh AirBd] ﬁfﬂfﬁaﬂéthll M8oderm. SOX7
endoderm formation in vivo or in vitro. Further

ad) AP ah OresEgPn vésseirk @dpdprairat fhipsasly digvelepracntal HEfe, &b SPARC and
TR 8% Rp¥sdel irDMsgiBtat aﬁoée%tahg BradcREslc@teREd faldaf¥ Resolifif.

Nodal co-receptor. [0217] We have denonstrated that

the dBM5I nat Dsfmigye A@{iqdvmh selis vigrel PR dictrfetonesiprans high Bapls of SOX17
heSAha 18y 8ddistdr VR ARr §8%¢ gwéc@rais%ae dgei @ '@paﬂ@l% endoderm) and

hence definitive endodermfornmation. BMP4 addition f
Byadhiyeni e sqsieridodly {ddidiodayk)l, wisnused trpriertatfiudirer witlp tput 1nduct10n of early
Activin A and B may induce SOX17 in parietal and

visceral endodermas well as dgf.initive endoderm 1In

sone enbodi nents of the present invention, it is

therefore valuable to renove BVMP4 fromthe treatnent

within 4 days of




addition. [0218] To determine the effect of TGFb

factor treatnent at the individual cell level, a tine
woaws®e3oi TG-b factor addition was exam ned uBCTAS2004/043696

SOXI 7 anti body | abeling. As previously shown in

eFtogmnesFimw FGAT Aéred W3R vramaréssed mchodadefinitivet dnd extra-embryonic

SOX1 7 I |,
en&}d%{‘nﬁ Vazld&ﬁa St & Caf:'t %‘?‘1 (I')_ﬁgﬁ 2 e&ﬁs%ﬁ) c?e\f%{twe en ?]dey? gTable . A
ré}ﬁesfenthmivel elxpeﬂmsm is sh&@Xh7Fipabell bd4 méildhsdem'Bhsttaters éowl the marker genes

RALEE L P okt ify BT EHE Bhonf T St ample S, bishlighing
sﬁﬁﬁﬁ@faﬁﬁﬁp@&fi@renﬁﬁwﬁ hoetinittve ehdpdeen 2hl, exah-t@brybfit Endoderm as well as
R%%)dof C=>§’ﬁosur ﬂ) Nodal , Activin A, Activin B and
PRI RFAT SR S 7 i nducti on reached 168-fol d
over [oowd] f f emediclvairad bER Euta il (2 inSRawss ddiad oftabvin resulted in
rel ative nurrber of SOX17-pqgsitive cells was al so dose

PEIBRSNL /] OET FPIFSROY oE@Qﬁ%t lﬁé@ma/%ﬁreaﬁwwr%@wnéy represented
deapatd &ld@éeﬂﬂpﬁsegﬁfoyed' thel;t@rh-@ﬂlb§@Pﬁ$ Ten8&1R8m. emtse&aaeﬁo@&&ns from the
cell nunber )&}\ﬁ In addition to the TG-b f

oREsHTsEP that B tgetlea?ﬁPF‘VSlelﬁ i EEIEFIE oRelyte A @Pr, §pé<7 and SPARC
geft SBRE&idi cation and/or maintenance of definitive

endoderm The use of Wht nol ecul es was al so benefi ci al

for the differentiati on of FRESEBLE® definitive

endoder m B jd b%ﬁ&tﬁa%ﬁ SRS ERASEH (S Blrf A3 0dern
expre88|on N Sa were treated w VI NS

pl us [QMBBa oﬂ_aman Hrt ceB feubiores Wﬂh@n@ndm differ¢ngiateal 28Y are cultured under
cglgcﬁ%oor ITE d8f n(gt ct%@eﬁagﬁ? ﬁsthgs f%%renﬁ%bé) ?ate r?}ag/ heterogeneous

usi ng | ssue C ure ne untcon
dﬁ&rmmntrbsué‘dda grddacttonrcs ext&:lcmllsr'y&tm gth@bderﬂﬂceﬁs SampteEcEdf both parietal

cen had an effect. on the
ohd Jepe RO Bt BN RO Sl i St ctodermat and
n&Sdidekmeﬂt ﬁeﬁx&tﬁh@\ﬁfé} rmaIﬁkeEI‘tg/uZEH adANEStin besdes ) s BRiBlusy (mesoderm)

re.re fro 10% 2% SOX17 expression tripled .
“TheThi @F@ngs R T PRE S A BRSOy Bp e pined or specified
fwﬁacﬂtﬁﬁﬁlﬂeﬁiﬂ"{caﬁrﬁﬁod)hﬁhﬁrk&@ tih B8 Rell biltead ASQEN ind B dFault, early definitive

icted in Figures 25A-D._ The

vide in culture as_de
e oﬂmvsp@ﬁmoaew §S ICS%éPE‘HCW%Shn%(?XFn TrebcyiesaPPing ¢ good antibody

rédgéntd LRI ASoRYh danaRk Buén bitglableNAdPARhe LiRPRleBGhtion has focused
mtotic plate pattern and thevcg,hase contrast mitotic

Op CEiPfIE. XKD ol eRIcHR. (QEeEBt Bieresrosrufigytly greater numbers of

RNRERF IR G H LR RIS Sna Ve iy FR K afin t88HKM d¥Bitive endoderm cells
endoder m and not nmarkers for nesoderm ectoderm or

i jagdeuy fliffaeapdigied ﬁﬁ[celisz@]ur%s descri bed above, ESCs can
be | dt j I, i
¢ MO LR SpLhIEpLahet B S5 L SO e e
g@molf yheawtbnnfbtabe op @bﬁmatm mgrpmlogltﬁethatcarﬁ istingidthan those cells residing
vﬁtllmlf tﬁmnke}lmr é? of?)ﬁ? X\Pthgs% %tef eﬁ?&% 'é Ia%tmgulshed by their less
0 etar bovi

proportion € Seru
ugiffring laegat ¢cdlt bady rum’phq]«n@f ame iy thm aafm‘eemlsoﬂ}i@leefefmls ObEOCT4. It has been

O LS S SATRISLD S BET L N LSBT Bfsion o

daet IrvlaﬂnveAtol nndllﬁlérel’[’&aiedj mS dllgh eAltd:r&M&]I sf QICTEBBvals labove or below the
ugﬁg% alng e{s]ﬁ éd g%—fg fél%gl t&}? LG Qn %%’lfg gg%f‘i“%}?t}?n Away from the pluripotent

sdief f erenti ati on of ESCs to the definitive endoderm

i ne is v inefficient and the FBS concentr.a
has ADAH ni | 98Enef ratiercsitede teTey entra: i aﬁ%@ces@ SOX17
nﬁ]fnurEﬁﬁScheh%%@] 0dcBsidrABS SnRNP €0-1 SBAL SlusRESES X & -positive cells were

differentiated by gromng in RPM nedi um
detected at random locations on the periphery and at the junctions between undifferentiated ESC

37-



(I'nvitrogen, Carlsbad, CA; cat# 61870- 036)
suppl enmented with 0.5% 2.0% or 10% FBS and eit her
wWoi200%/068970 t hout 100 ng/ L activin A for 6 dayBCTIUS2004/043696
addition, a gradient of FBS ranging fromO0.5%to 2.0%
colpmies. t Agnoted sove, Hnase satigrsd pdckefp pf eerrsploay pdaes erpsarad todoe some of the
r%%g%s tg d&?erlenl{% tév%g fmnji HIC %Pﬂ 5idd¥ ﬁgé 11‘90%)1‘?)‘1"{%}/\/ '%olo’%‘g%)gﬁnded in size
the ays, repﬁl t'e sanples were co rom
and: Ibto.ame npoa didwded. aYt_Uhngﬂnah'yai]@d fufllyrundgfesdnitivied geloaies (< 1mm; 4-5 days
1owe I On§§¥<‘ posfcweI ?«I%?l a}u!i o} gtt rTfrhnll\e/ %8 (S:Sogrﬂée COlOI%leS while older, larger
cdbﬁlesz(]l—l)ﬁmﬁ) dfanﬁ@)l(] > 'Bdfmsoﬂ@had sf)@ﬂcﬁé]lsolﬁlt&d quhesesﬁS@XiN positive, AFP
| evel s dramatical | y_acr.oss
ERY Y F%l?sc?fnﬁﬁe 1?6613 gcf"’(‘%i"@i?f“ 528 rFt‘r’%‘“&eH’iﬁF‘QF to dgcpepe that were
detfepdnEissd @sﬂayv%mmla@hcal RESC &ﬂovpmlogy Hésaﬁbm)réxdbdslyr @%iven that this was the
JéAldiﬁm caﬁge(rjlgl @i Efe‘}&ﬂfgs@%jm zr?phlgd 3 1d|a 1veagﬂdqéer{nh%¢lls generated in such

A igRteatiatcd! ST 8fturds ke ¥neRxiYe &S St ABushASenktingthest

when FBS concentration was | owest. There was a )
remad®Bl e dBardpadcrHiverenelatiqng 98 FOXY 7 epg SEABL rages expression levels
b?QﬁlﬁCR' e é@ﬁﬁafoh@l oft ﬂﬂ@serﬁbﬁﬁ H&ltﬁ*’épkﬁﬁ HeQRiVWRSIIRIEbe negative for
line wit conditions that did not receive
p&@?tﬁﬂ\ﬁlaﬁk%l\s bwra)mqumzszéﬂbehgg d@@& Miap srpoifigalle deregppraiediop EM-exmessmg
3
RS e oM i A0, MR, Aty st con A st 2
repeftédninta dremetinddageaasn inThe inteabigit iOVE\’Ieexme@ss@ ad thyf nmh@s ef TM positive

ur . . ] i L,far entiat ] ndi 1 i :
S8 BOSATE SRR St WAL 81 bl A e ot
cthsterng SOX( &positiat ceﬂX@Rthiv&readlwegativa rf¢¢e€kFRﬁnd<Té~ﬂ wietetobsegved (Figures
ndad 2 aLm a d.nes neage an
1§|Aq:ﬁ| %ﬁsle Sak %1 ?r%r(;n dleafrl I@]l’ll’l l’lls\gl‘%tIOélﬁ g% %OS %Vﬁ% fs n1gve engoderrn cells in
deffepentistéigd B © tulwadsi(Bigsresrdb A-Bramd 1Ear | y rresoder m

meur SUBRE oclosViEp oS Zan ity B PR ol BB RN e cxplona

aC@idBs bf ploRedudér! cdphite @ leHiticdly Widgedinling ERUs toezCbie SOX17"/AFP® /

XQ 0] ctivin A wer eferenti al | ched for
SFAESTN A fl\éec?nga%%ca@%q SV E RS & Ve PR o4 B Aigtocols simed at
iftdRsid %Eﬁe\ﬁlu?nbér iddeabieEratid Eph@s, of e dBaBIaRRA eIt ItHé']Jopula’aon level

al so _had increased | evel s of nesoderm and ectode
bbféﬂ%@% TSP EEEpBI . cxmesin 94t Biedevebef léilﬁrdéélsqegﬁbW@ody labeling of
Eﬁgentl o that of CXCR4 and indicated that CXCR4 was

not highly expressed in nmesoderm or ectoderm derived

froml@3ds at V&wwsredhﬂv érsopmembvar ard Aesciges the ¢ffeqtef IHFP family growth
f&%ré %u&?%'lquaﬁ' B Wf:l/l'i»l@ﬂ}' H)?Y‘FA [ReERL d&i x%re%%deﬁ{l 'caﬁ i embryonic

ryoni ¢ 1ineages al so occurs. particul ar

steei esllancenherre ¢edl ¢llmredi f etypivel atnexjmeltmﬁ, Acts\me rAa| Activin B, BMP or
comgmg%rngn o{“ Iélhaetae ?r%ar e?a\c/:{eo?sgvrs]/%)é %e(?e%stlo I%ﬁlc es gfa ur}élg%%%%teqﬂuman stem cell
hﬂe hE$€1sg+26 shbelgi theidtffeventietisinatedess. f r om ext ra-enbryonic

Vi sc .. endqder m one_sho Id rrark hat .i s .

i ot TS por SRR AL RS I dhduihh et lof P petutted in o 19-
fblh&tﬁdubﬁoneoﬁ)S(BXS’E generbxpﬂwmm &C exﬁcﬁfferemhmdietmscbtbty dag¥ dfrlifferentiation.
edeflnl i ve endoder m |.i neage. s, cyl tur .. .

R AT S TRLRPBIE o JBH DS e SpAstpdh resued ina
37 ol heduiasie 86 waliffefdiiateX RESSShpfayad 6f bérthed d:cﬁvm treatment. Finally,
contain definitive and not visceral endoderm i S

addipga thid PrEbereTAETERE dargbydromahe Npdahiiptien &P%?%%qugmup& BMP4,
t&éé{htmu LaS WRALindAdaRO HEREBY cAabddV i d SEHEHA 39 57 times that of

I bited increased exgre55|on even in the presence of
uaélffpmnfnﬁted WEER's FBButead ) ncWVikte §OXil7 1igdctiphi Wit aetivensnand BMP was
is the inverse of the CXCR4 expression pattern and
suggests that CXCR4 is not higid.y expressed in
vi sceral endoderm [0228] The relative nunber of SOX17
i mrunor eactive (SOX17+) cells present in each of the
differentiation conditions nentioned above was al so
detern1ned Vhen hESCs ver e dlfferentlated in the

o o Y o g, g g~




SOXI 7+ cells were ubiquitously distributed throughout

the culture. When high dose activin A was used but FBS
woasosioagd7uded at 10% (v/v), the SOXI 7+ cells appaac®d043696

at much | ower frequency and al ways eared in

corgmrealt te dodhaiet Jelp@umazpmaqls bhadr elvéhﬂ iolcg indugtiops resulted at the 4-day time

pgl { 0%)?59@&?;5 (St i l g}égﬁegﬂz %Qﬁjk)@%%%gﬁ?%%{d%ﬁ? g@k 7 @/g‘s 1§duced more

ecrease 1 n S was see

thm &0 times keigioy e]mufﬁESa}st [Fhésn di#ta walscatestbat higbeddnses a‘n@simger treatment times
I I | d I
ot e SRS B AR L7

t hanpgzheise fqumdl alh(ﬂretahs@ nivl@hlea@kiivih A, B, ant BVIFBSilitate the expression of
treatnment (Figure 29 and Z&Z .These results
SH&b iR gty rdoferan P 8Y Bnvigat tirthermpss, addition of BMP
@0k inCAr MgSRRRAASOR 17 @fdustich dpb@sﬁpctﬁfmém&eﬁ&h&xwﬁaﬁhm Cripto, the
but al so to the nunber of finitive endodermcells in
Nedd go#5#RIP i on. EXAMPLE 8 Differentiation conditions
that [R5 ch %RMagelidninbtA& BRIRASPilaR6h §ARGiViAIEA and B together with
proportion of CXCR4 positive cells [0229] The dose of
BBV rosulf 1A additige afofeases ¢n PR 1éfrfduglicarany hgncedefipiiive endoderm formation.
[ b I
Bﬂ)ﬁ;él alapﬁéb%go ggﬂ??%ﬁ g{gﬁ?ﬁ ( fldéﬁ/gfr, éﬁé (gc?%tgﬁat%h% Evgtggﬁiectl ?1 & and B may induce
S@Kﬂ? wi perigtal ash esosed entdederpiras yottas defirofive@@RIpEm.C &1 Jomieiembodiments of

thﬁg) dﬁsgnqll%vgé Oélh%tgl% ?fxglefd}%§cfﬁabgff gg}lqggéﬁ%llﬁﬂ ?P@gg%gé%“gﬁ] Mithin 4 days of

aittbto 1. 0% to 2. O%over the first 3 days of

diff tiat and 100 ng/ .of. .
ot T8 b By G SR o Toll bl sEroec e diipiguat cel fevel, o
i cBursH ST gafa%r hdﬂltf&ﬁSva\éﬂeMiﬁiHéd ﬁ@%ﬁ%}g%nﬁs&@ahmlﬂg As previously
2% FBS and EDTA) for 5 m nutes at room
shozma Fagus & 0ATRethers |Wag wedrandtic| inapase) it the delgiveannghsy of SOX17 labeled

! KRBy firal t %@reﬁ%&ﬁ%ﬁ?&Qmﬁ’@lkﬁ% %3 sIRRbs! Bbe W8I 8 20-fold increase in
resuspended in a small vol unme of 50% human serunf 50%

SRS ribelgdrrllsy Shis GmUBn@dW%ﬁ@dbﬁt@&l thernupabggisrftcels anwelk §OX17 gene
T

fabldeA0s eiﬁ@)nre\/\mSNaiatj e’d:tlpmrA S&ctiyin B od (BANIPY, itige level of SOX17 induction
rea%d%f&qald 0 r un%eﬁ% en 1§cgd %EQCS agﬁé%@ EIQV%S? ?@%%ﬁ_ rf%latlve number of

nm nut'es on wer e wash
SBBE@M\&I cn:illn gwaz%liwdmn rSEPOKENE( ImﬁﬁﬁrA dend qfeldOemgﬁdL ofA more were

R B pal 0 blohe 8o S Sbteiton Rl MR 305 Cell .

Secoutagly anhi fddn (5 HECTGER faiat REmBenkiy W tth SBmolecules may
Jackson | mmunoResearch, cat# 715-096- 151 was ad

Py gglRin PPHEratog Tt maipfepncy ﬁﬁdeéInItB’\‘RéHd(tdémP ablq use ef Rat motecutes

wad alfh Hehe@Sial @b QWRHFEYH NG WRERSSs tadhHif Rl er@SdedR0MEindicted by the
Cells were resuspended at 5x106 cells/nL in buffer and

ingppaseq AU ragne sxaresgion &1 pypies ttw enmgaingevifiBrctixing glus Wnt3a over that
Opécgglgglg,lgﬁg et B staff at the flow cytometry core
facil (T he Scripps Research Institute). Cells were
col | éQ,%tZ@:]d di ABaf Iﬂ}e EXPEOMRILY despybest dhgi¢ aiere( Whrfpgued udieg tissue culture
e SHeat t r
ngglg yg‘?@ﬂ ind ; ea/a éeﬁﬁh %hhag{il tafé%l for &Q&F@@é l%%%ﬁéc%red that the
congerdetion bt @X@Réhad @e Ieffsct as thteleed wif BOX 15 yexplessiprcipt tharptesepce of added
ac\:lgev ns as Qﬁoer Vl%%l?,’l?reé A BASEHHS dr %rr{l% e a1I lv@érean%dxgclgg ﬁ%gls 0}){0 2%, SOX17
CtPVI A A Wwas Pncreased 1 n tHe difTerent ely cu

exree:hslan @Eﬂl@unelseﬁ%n@)ofAfhenﬁb(@imB cells were those

falli Wi thin the R4 gate thi.s si.ng .
2" selBb , b S EafirRied i ot AR SR T Suselff e in cutre
aCupitted iBigareds @SAtR.AdThearfdde sty Gells @abelbt evithrFOPaL VRGNAADAPI that are in
i ncreased nunbers of CXCR4+ cells correlates with a

robust increase in definitive_sndoderm gene expression

as activin A dose is increased (Figures 3lA-D).



EXAMPLE 9 Isol ation of CXCR4 positive cells enriches

for definitive endoderm gene expression and depl etes
woebds®eswpr essi ng nmar kers of nesoderm ect oder RCaMWS2004/043696

vi sceral endoderm [0232] The CXCR4+ and CXCR4 cells

nitbeintas faveldnded bigxtherPICAIASDATdlabelned maitatiol Blee tretderarmhd the phase contrast
nn%%céo?g for relative gene expression and the gene

ssion of the parent popul ati ons was det erm ned

S|nultaneously [ 0233] TheEKamﬂﬂuyk | evel s of CXCR4

gene expr ess € cal | _|ncreas?q-mn h

i ncreasi N doS e SaFEe A e =

cor feldafisidvespdyden hid not h{arltet’eefoﬁméso\deml Actdasede pREdaRdoderm

i ncr of CXCR4+ cell s ures 30A-C). | ,
cl oalORRhe | Sofatrion BPVENE S GO prdifinangis  the detniive

cRRRENAL AN REEPHB bESichin feRididhedbf th@fTGf‘Befa% #6R*Qpecifically of
expressi on in that popul ation. This denonstra t he

Cher R ea) Sufermibio ASRGENHGS HE-eshow ibie PragoTiaeEieial bovine serum
(lﬁrlﬁi)I fr tl{eoa@f%}en@ﬁﬁﬁ &ridite e$3ddfh ae@i%lti S‘ﬂh§ drfYis ?ciyegf td@fﬂltlve endoderm
CXCR4+ cells contain not only the nmjori th
dmnatg@m’@oreﬁﬁﬂa dhisreffepiyis snlwesha‘éht_s@ _gw_emtcmqq@wﬁ@n o€ :actlvm A in the
0 ; n

o381 SRR o T Sl ALLNS: ENIRE Py, 1
abaengeaf edogamms agthvén badlﬁcttenmt@l@ A &S0k &t the deﬁrdﬁvﬂ@qubrm lineage is very
m%%wgﬁ't_wé:% %\?efﬁg&d?ol}{%{él aﬁon ﬁ%s egéi)htr egg?roer%ﬁetg %ét e d{ﬁ:erentaatlon process of
Eg€s.i niti ve endoder m mar kers Mor eover, the CXCR4+ and

CXCR |ons dis ein ern
oo TP U TS bR R st Rk me%%@[ 6P gy RPMI medium
(lexitrbgeneChispan Ca,; end 6m0m36F$1@pIeﬁﬁnt3<$ﬁntﬁ)OSShQ\&H)% B:a10% RBS and either

o8 GG RSl Sl A T i RBRE: b g lyresgin from 0.5%

tPR0B Dvert0P Etstihted Aays T AFFALANY PRveNilsdd@ed irfddnpic&Swith 100 ng/mL of
already |l ow in expression of these markers relative to

R frowp HESR® rdaty aRlETT I Gfid £715REA PR 636hr el condition and
afdNl Fhraklatifegdns @kAtdsPA 19f re GRS fuiikdiiSe fPCRM Tl@sgﬁqammg cells were
differentiated in the presence of high activin
fiy¢delogignmapngBpnessent éﬁectﬁﬁapf POXHY grtgnenr i ched for and
subs al | [ FXANR
Qjanplﬁl2 g]t | on%gf Fefs ?ﬁ{ !tleﬁ)\?fg eéfﬁgggg??nﬁ%gzlil s in EE’ ;(IQPSS the 7 culture

cEgiigngvied tFigee 36). AXeRyrdl08ESR4 Fapressivnj WaR Highein actlvin A treated cultures

(&m? Lﬁc{ 1@@&/’ if? 'Ehog’e &/hl'éll? 81d%159 pé?:%fvlz Qb ggfloug %Hlxﬁﬁ tA %ﬁ:‘%e ﬂﬁ%ﬁ{oﬁ‘ among the
cell's present 1n a cel ture or cell population

Ade eeatedrratiurpy, SXRdsixpresseoeives ldgitstshaldtBsr soneratiation was lowest There

wgg;agrglgx’arg%@% %gcr%:;.s? ?{ﬂe ?)%@1 ﬁl?/ t%E{hEQ%E %::(IJO]?IH]IHOH 'such that the relative

eecsiovhers RBre 1R BR3yitht ﬂleccmcmmdm shat éldcmbt mbnmdﬁactlsm A (NF).

col | 00T A T HRerho K FBIRRT FaieesQRD. GUrY MK nd HNF3P
g€esl sl @ik Gvithn ek yehedcteyizdtdeSof § QRB6]s brinngyet &‘rﬁloderm The relative

met hods S ch [as t hose described in the above Exanple
CHRESEON o R P BT feEacile pfeRaeaion eropsitipRs, @irors that of CXCR4

(eagedeAD). | ThifRiohdMledfhat CRURRAS Bsy 4 BhikePG¥deRHiivE $hdoderm.
expressed in differentiating cell cultures, the serum

conc@RRpht i diFtasemt Had megpadRThalineagsst P81 be ddignepishedoiom definitive
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areﬂs 1twﬁ1@@a@émtlne@reﬁﬁta@@neﬁprqsfﬁé§o>@ amddAeti Elgw@x@&D demonstrate

tHaf %JBMFQ@%P&UHM%Q eix?ede g!eﬂoup %Mlﬁ‘tA QfPe gf‘erf eﬁ;tjgﬁy enriched for
anal yzed by QP eterm fie relative expression

njegagdalng ags¥ ectagletae g@efe@]preaggm andt thateanzomg the activin A treated cultures, the 10%
extraenbryoni c-endoderm as well as other cell types.
CXCR4 sorted cells taken fromuygptimally differentiated
cultures resulted in the isolation of




definitive endodermcells that were >98% pure. [0237]
Table 2 shows the results of a marker analysis for a
wdebisriesd7ve endoderm cul ture that was di ffer enPCatusen04/043696
from hESCs using the nethods described herein. Table 2
FBS rpondifien dpo bid Defepsedl dévels Ermiergderm @l qotpdesn Parkep gxpression. These

o BRSPS, B el Lt A SRR, o o i
eXiftes8€ il @@ sodamootxotndelul dmlvafr@nmCAEﬁhls He®lGneGNCRAe period.
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< D PTar 6 SOP DRSS ‘SORTPOR IO EEP R BT e, GRLiHE Sox17. To
dishﬂgﬂusﬁ%eﬁﬁlﬁfv@Sl&fbdeMérﬁaéxh@Ieﬁlbr}%ﬁﬂoﬂ&ém et&ﬂ’bdeﬂnﬁﬁﬁe §Hoald examine a

1% expressed AFP (vi ceral erm. Afte
meglist thatis Hepnch etmlp Fi<i B 058% icpfs\ fomagr that is expressed in the
vAERI1RA&I dbinY But @81 ih $he( & oAV 8o Eﬂe@ e arHhs WuRiG@ lcBhditions that exhibit
endoderm 3% total) fromthe prslc%grtl on of SOX17/ CXCR4

e YAXA asas pxprespipn the pRserteett SURaL prStien arPokiely tasein definitive
ard 6t Qfscérﬁ%n@(ﬁieh Cilid éﬁﬁ@n‘ﬁﬁﬁngﬁszS‘E' thét\ﬁ@m%dzﬁgm expressed in cultures
proxi mately 10% of the cells were positive
tigt diddiebreceive FAD) A, HPKE Blsp $xkibites IP@@PaSF‘é EXIHES(CY eveihi the presence of
I
?Eg%,é]vgi%@ %%;é\’/\géfs I{ug%doeg 21% é%%}"ﬁfé?s }?J é’ﬂltp% ?I:Ie ﬁ%rge sYREEXCR4 expression
pefesiii andtsigasste d0OBERS ismot highlgiekpressedhini \aicplﬁbemiedqnn
cul t th d ' -
can WL vl {BuROhALE o O RE MR RE KLY ggls present in
esadraf rthtqoahﬂexenhatlen oynditeins treentioneg abore FBSpodeteminedt iVoren hESCs were
<0. 5% t hout re 1y 0 0
e & PeBOR or AR Pr PR A SRR borPregen 5% - 2.0%)
SeX1%5%ellh Wemglh(quttomfyei@rlﬁltdmymﬁgﬁcfw t}fera‘,tﬂtl&b | Wheﬁ hipheidstr @tivin A was

| t Lof total f t
ugerﬂi}%ﬂ%}? %%ﬁ@gid%é{l&’g#gggﬁ eﬁ%@%iﬂ oofgiazolﬁ?ar ;? Inla\]? l{)lvger frequency and

aRnRgospedred Bl kdatpd clduae dathy thart dvesls dibaurddiR@dugtioat Bk Bulture (Figures

have. been i nt ai ned. and expanded | l[ture in th
2%?@%&8%@%5@@ B %3?1’%* SIS f1H30P D ol ¥as fepmpin no exogenous
2@ PRT RGI8Rb&1. diddeemeRicoadition. thd BOXUTHcHRERS appeedél irf clusters and these
CXCR4, M XL|, GATA4, HNF3 b expreSS| on |s mai nt ai ned

chyvigr Yore swaller g THeRiBRC TARGAET Siest [Qpnd iy thespigheactivin A, low  FBS
X etnt (BEfe 25@dnd B! Ghes@RekuBRAGHHNAREE HAPthe €8¢ EE4 &P rdsflon patterns not

t hese cultures It is likely that such cells can be
Ok 9erasPaEd t%ﬁeiﬁrémﬁaﬁ@e@ermngm| PPTeEsiPp Putsy b to fhej wymlpr of definitive

eh&bﬂ&ﬁ{cehbﬁﬁrkaépco‘flaiﬁénw t hout appreci abl e
differentiation. EXAMPLE | | Additional WMarker of

Defl nitive Endoderm Cel|s EB2MHLR$H the foll owing
experiment , oA WSl SR4REGEInd: ORI ddinfifle dfddaBiH | Ve

increase the proportion of CXCR4 positive cells

[0229] The 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 activin A
increases the proportion of CXCR4" cells in the culture.

[0230] hESCs were differentiated in RPMI media supplemented with 0.5%-2% FBS
(increased from 0.5% to 1.0% to 2.0% over the first 3 days of differentiation) and either 0, 10, or
100 ng/mL of activin A. After 7 days of differentiation the cells were dissociated in PBS without
Ca**/Mg** containing 2% FBS and 2 mM (EDTA) for 5 minutes at room temperature. The cells
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endoder m and human enbryonic stem cell popul ati ons.

CGene expression was then anal yzed by gene chip
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i solation was carried out HmAMBEEeore facility of The
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dﬁF‘E@neZl SB“‘HYaﬁ??uﬂén& ty oligonucl eotide arrays. Data
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8’&:3& 1nldféﬁ% §&c§d@ﬂ@ @elfs gﬂ?@{jﬁﬁ\s )o rit 1s ea“f %‘1’ Bat 1ts on of the CXCR4"
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C@Ihafrmar@clh ipghilatiophaeceuptedr fos oealyodll péf ihai @XGEA md@@eplmsmn n that
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rn, 0 enes du
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identical to the pattern of expression of CXCR4 and
SOX17/ SOX7. As described previously, SOX17 is
wexpsassed in both the definitive endoderm as ReTIUS2AB4/043696

in the SOX7-expressing extra enbryonic endoderm Since
ofS@pspdern, ﬁ@pd@mmné seteceniy opireendedsrin thigucehtoleshays e the CXCR4’
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BlsaieRmebn g 285, desclielogre phuhieh SReSRIEed MEeBPHFHIGFYCe n is entirety,

cdifs e¥brbdsind@ ERRALA Bhet BarRBE o Sdekih{tRE ehdddbEwaeland1PRH by FACS.
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t he 0?36t i ovisiel Selrensiends feghedsntb@pe Aeseribedeipathe iapyef gmples, hESCs
e ti ]
oGRS SR i RSsb B pub Q8IS SRl m i
exmﬁsqﬂhnaisféere'w@m@ sl bﬁ@r®s®e mrural doycepfration afgkernedium was controlled as
Lu e e t t
fcillg% g‘?glgg%iéﬂ da?l g)kn/; r}}?%a tg-xhcgalya% gﬁ% gtob/e F% (?ﬁ %’S%ngh Differentiated
cdtureasowtiei fputeé ltyoFA@% wint i turet yeellr sabice epiteypec EfCadterinnp CXCR4, and

a0 Sl SO P USRI I8P v et
etpretien leleBnEhakas &rr@ﬂmmmedncb extiEndeatonfoynddeimtdaatell as other cell

B odeR RSB A o R URETALY CEpated RS e sotaion of

dﬁﬁﬁﬁ%ieh&od@fmadntsmﬁnwaé>98‘®ephﬂest ed el enents. References
[0249] . Nunero erature%@nd pat ent refere ces

been(@Ptled it en% s DR ©At? FRRT ey Oreaaéﬁa%m endoderm
c@MRE Hat R R BRGRIaled Bbm GESCSusing thd inSthPe RBribdRREE®At | ON

i s incorporated by reference herein in its entirety.

[ 0250] For sone references, 1hhe xconplete citation is
in the body of the text. For other references the
citation in theChophsitin df Defibitixé Endodeymetitifuoes and
year, the conplete citation being as follows: [0251]

Al exander, J., Rothengids Mpeddainry, CGpekent and percent
Stainier, D. Y. (1999) of Casapgimaive! aystrasmigtpsric/ anEs
essent ifadrkérgh e i n endagierem fEpdo@drinon iendadeberaf i sh.celBev
Bi ol 21$ox1¥43- 357. |[ 6@s@] Al epander, J., and

St ai ni erhrofbombdulhl999) <2 A nol egul ar pat hway | eadi ng to
endodergagf or mati on ijn zebrafish. Curr Bids 9,

1147- 1154cr4 0253] Aal ¢psoT. O.poMat hi eu, 4.,

Sai nt - Btggnne, L., Rebagliati, oM R, Peyri eras, Nqo
and RoSgherkEcAd ndgd002)9-2egul ati on of nodal signalling
and nesgjgoderm 1 or jg@n by K . a Iggpeta-r el ggged

type | receptor. Dev Biol 241, 273-288.

[0238] In particular, Table 2 indicates that CXCR4 and SOXI17 positive cells
endoderm) comprised from 70%-80% of the cells in the cell culture. these -expressing
(endoderm) ised fr % of the cells in the cell cul Of these SOX17 i

A3



[0254] Beck, S., Le Good, J. A, Guzman, M, Ben Haim
N., Roy, K, Beermann, F., and Constam D. B. (2002).
wWaxv0sa6®IThr yoni ¢ pr ot eases regul ate Nodal Si gnBCT/iUISg)04/043696
durin gastrul at i on Nat Cel | 1- 985. AF
ceB des igpotyo expressed ngﬂﬁé?ﬁndoéeﬂn aﬁ%l 16\?\9” oA P RS Arp (visceral

enlddRP4). - A%%@QJM%tMg 'théiplg&f}ﬁorﬁf)f ?M—ﬂ)d’églvgﬁﬂ@ Q&FP-posmVe cells (combined
gastrul ati on and ear!| anogenesi s.

pati§tzl aglsvisceaRgpdmpns é’otalA om @rop(@tlon(of S%IP é);XC}@l gositive cells, it
caﬁn% RaN&L o ??ut(ébg@% ab!)ﬁob’f% | ENHANELIIC biliEd GvaQf defifiBle endoderm.

nMass ce from human bl astocysts. Hum Reprod 9,
Appraxidatelyl 0% [of A8 7dellCarsgpositive f@r M%dheen (RCADynphich is a marker for

hﬂf\ﬁtah ﬁab@ﬂt%@é#% Wﬁ% c?lﬁ%&k?ééf%t}épéa is of the mammalian

ormn actor-beta superfamly. Endocr
Rev @339]787 V8@2311av§ Otﬁﬁx&}fer@b nthain theE putity, dfydefsnitivg, epgloderm in the

o L S, B O g, LRI B v o

congdll tb mhet dt@vd-dasentied dow ammimrpmcndlen apomirodininfpehe FBS concentration at

S@é’l/f gl.zrtf‘igé?gut t%?)g-ggﬁlay h%ﬁﬁlg'g%sp?qce% ho&eveﬁ sz%talth% the cell culture at

<05% Abroudhobi BE 5- 6/-\dade1fferatﬂdtliﬁﬁbﬂbﬁﬁdureVMso 1Ssulth ﬁO@Bﬁduceﬂil‘n&mber of total
role of the zebraf sh nodal -rel ated genes squi nt and
de@?@lvﬁﬁ%doid Cﬁﬁf@ﬁﬁr%@o@f“ sendoderm Devel opnent 130,

1837% [Mﬁ@ﬂve el od BN celIB prodeddeisy mbbhods. des&ﬂ)&ﬂ hefein have been
ug an, Rennebeck, G, Siraotkin, k
mg@ﬁ}n@g angh\exgandeddﬁ d;ul-]agp fipthe Rygselg;e ch fg‘gwg? forzgsq,tgft 'chhSO days without

f MIRBL | QATALGNE
LIPS PR PO AT, SPCT SYCr ML ORI cxresin

is Featyained oveBthgduityre geriad. Adﬁéwn@b)y TM.',> SPARC, 4Bé]fl@]e$OX7 ZIC1 and
BE{\&H \(/grg%g deté_c"te\é 1h iy é{luﬁ‘&f ¢ [ Ofikel éf ngtcgdcﬁ rEi:,“ills &Plﬂé maintained and

a seven-1transmenbrane, prot el n-coupl e
expmpumwlmwplmubﬂanzm lo@gep thgiy 70 d?{y@ %ﬁ?ut Ppirediable @fferentlatlon

Hayashi, Y., Yanmashita, zngﬁﬂ , Bono, H.,
Hayashi zaki, Y., GCkazaki, aﬁd1 Sekl guchi, K
(2003). Mol ecul atditivasliNarkdr of Deftiti ction of

of - WgANor e RO IHLSU MEURGY A0 %@'%F FlsB gt Pt cotniive

erlddeemniidehuGh lefibrydniBisehn deh esvpulhtiae.3|Gete axﬁrEBsBﬁtV\ta@ fihen analyzed by

A.,  and Meltan, 2000 Endoder m de
o0F PR Ay KA YR REYOHERS PRI e g e performed (o
fudBér- ihiBtigdt© &6 pbtehiddl bf Sened expMssedail AefdhitiVedendoferm( RA@WY in embryonic

G obal gene expre§3| on patterns during differentiation
stefp Cﬁﬂ§ BAIPYET AT bRt SfEHRAER | s i nto pari et al

endogp ﬁg‘ E%ﬁanl bR Bhic GRAPEAIS ShERSCs )L R8re Iladntaih @26 TIMEM/F12 media

(1996)." Bone norphogenetic proteins in

s@e%me@;pwrh Pk b posCarasadiod b e s
ﬁtrrlkétglﬁ% o Lfactglll ﬁ%@ﬁ) H’HNI @%&Mp‘c&mﬁ ﬁMgﬂlg@ut&ﬁllné ShofD&sential amino

mak sane der bi |
adyps apémgnipyl)n/stl[epﬁgﬁlycpn s \@re @ffere@;@ﬁd tordefigjtiveendoderm by culturing

fo??"%% b BJ( VT @b s pl?%gggggx 190 o /mL aPdcattbibak haih adivin A, fetal

pressi o oste nectin transcrlpt in
bqsmmrq smame fﬂi}%),oasld angcijorsdgomypir. f Eheegonientrpioon FEBSHrs2Bried each day

24 BROF. o MEGAN da 02 IR ), B @ 34y, RV-. Stott,

[0243] Cells were isolated by fluorescence activated cell sorting (FACS) in order to

obtain purified populations of hESCs and definitive endoderm for gene expression analysis.
Immuno-purification was achieved for hESCs using SSEA4 antigen (R&D Systems, cat#
FAB1435P) and for definitive endoderm using CXCR4 (R&D Systems, cat# FAB170P). Cells
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(1997). Xsox al pha and -beta nedi ate endoderm

formation in Xenopus. Cell 91, 397-405. [0269] I nmda,
woReosloazda, S., Iwasaki, H , Kume, A, YanmagucRCT/US2004/043696

and Moore, E. E. (1987) Fet onodul i n: marker surface

e distoniatsrl using APLRBRTS Shittozeih ce 25300156l washeB inepligysphate buffered
s‘ﬁM&l ('KQSﬁB@rrtev[Rﬁé/ %%glllurri]ag %emﬁ%d%@gaspeﬂlﬁ)ﬁ% 9]10&3%11121%&% on ice for 10

rmmp’rghwehlqpk nvh- sp@gﬁpd:pmdmg Stad@mg Mams{i out\fgqiﬁkmmut{s on ice by adding

2&@ TUE;’?If ?hx;:oex&thﬁﬂ ]j‘—@%ae?%h??]og t(g %%Hnu elllpﬁnﬁ% 9 r%Lq%mgIé .serum. Cells were

Debel twmmﬂl 811ﬁ9 of PBEHFufRs 78d I[elillﬁﬁ'&ldlecKatlth of\he §2B0 FACS isolation was

Lessi 0 ion..nor es and t
cia{r[%g '\%JF le/E‘ gore g%gq;\é 8?%% éﬁr}}ﬁs I%a&ar st1 e uSl,&é & ﬁ%ﬁ’és\/antage (BD
BloscieAbeaX abudlie fverekollecTddi dasely ifdo RIVKAl s b];lﬁfer ﬁld RINe vasisolldted by RNeasy
Thi sse ., a Stainje .Y. (2001). casanova
a@ﬁ"&%&%&? tge WWE‘T“‘@%&IHF%‘?CE{’%S?QWS@ei n necessary and
suf fi[o24ant f Birifedr RIYA e adBiitell of H&ﬁlic@t@ th mxgle&mf ASdlysis (Durham,
@nes Dev 15, 1493-1505. [0273] Kim
oRhspertion f the expregtiep pro éﬁ%wﬁlﬁ%@e Psfﬁ'gﬁg}x Hla&%@ apg U133 Plus 2.0
Hl eﬁélﬁfkéli@gn&ieoﬂfd@ﬂgayg ¢atal Srededted qiseé/ @oﬁﬁ@&ﬁ ar@@fthat identifies genes
fector function. J Leukoc Bi ol 0

eﬁ@}t]ﬁ%y] exp@sseddqera)ve@ theftyve, pomllatlgns %@i{y)nd dv@m{l@oqn]g@@rm Genes that

HBBRACO BN g@gﬂdc&lhx%g iR r&@itoﬁ e&val H@r thgjfoﬁncg?l' HESEeREdre selected as
Dev 10, 350- A, Shinozaki K, Shannon

ngw| cap@%k gpfkesg thqz(eeﬁfh@@ ly Mharwjgn@g of dpfiniiting gHdoderal [Sekect genes were
2Ra n%édzl%pé)PC@e\é§ h&@ﬂ%@tab&fe g)e\te'rlw {h'e%e %}g&gs?({rmhfaﬁé%@found on the gene

ryonic stemcells in culture
0171@73119161@399 t@ veptache Kipmssion Aatterrl\bfxthmlgwes dviring @gimest@irse of hESC
dAfEe%qau [fman, N. M, ten Djke, P., and Kuehn, M R
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endoqgsog) cel Sﬁn}?xpfcesﬁnhésxtﬁ A. GO0, 3N A, HNEBD M. 38mbilder, M., and

cel | go&ul ation of cl a|m28 wherein said definitive

Vesstpad £ K997 Upstnemend govppsiea froml Rreghymnt p @anetrguired for vertebrate

.St Qd, CWKOR
BTSN B,

wher d0390ht | Ezkesh, él\bo@ﬁmzzrehdn@@n@beﬁ(ﬂ M. ,tBOJAélt dnddatier, M. G., Jay, P., and
I pr, £ pl t
ng%. dﬁcgoﬁl)p OSWa{TaJs%pt@g%#% \égcg}lo\(;?c]eb 8%1118? Itrrgag loo %ﬁ ‘Poﬂ rExpressmn
tr3sactivaBoreim igterifeterok with Patt eighallied. Nuclewpycids &ss af) 4274-4283

ST SR, o SRS ey SR LS S, 8 e o
(1999 Umlaieh ead elhrictedimationef Mnallsa SRYhelateMDOFA, aiSoeMiBiychim Biophys
d 5’23.% gggdal ridges of an enbryo. 36. A nethod of
' 3 finitive endodermcells, said nethod

corrpr[mss)apg t hehsdueps @001)omaahﬁirﬁgtha si&kdpoROMd 8lei &Blution of the
ng pIur| otent human cells; providing said
“lf’é‘? gﬁi?ﬁssaf’ty?% %" at | east one growth factor o f

t he TéJob) supekdang, 1yl 'I'tsl&ﬁhtﬁm@m] , SHididoct eS“V\Jtalgntz M. A., Swiergiel,
pr onot e dlfferentlatlon of sai @‘Tg uripotent cells to

J d%fMﬁTS%liﬂbé’ ehdBdeionsse &1 Ms (1988) Enypfonisi eﬁqm/ gelb H%djé’ﬂYﬁd from human

bfé%&ﬁtsbgdlé}geggy i{qaotignt cells that can differentiate
into cells of the gut tube or organs derived

t her 8304l akgmblay, CKM IhgHgedldsp.dl- ént BltkpﬁﬁeE flor andldaberitsonid J. (2000).
F?I%%ﬁgﬁ g)mh% %.Iehlﬁt&e e tigc[eml %%S‘Fsgllpa 3k or ot %Uldegf %ﬁgesst. bg?elopment 127,

efinitive endoderm s to
308 M ned by detecting the presence of definitive

endoﬁl&{(}ﬁ cel {/ de&)mp@ll dJ llire u'Pa{tyrigo/P ghsanrﬁ%ybﬁg De Paepe,

of ¢ Wherern at eas Pes31 d
Ap| andi ngatemah E:G(IZ(DQQ) dAdcheteemirmalizatiomdOredietime qiantitive RT-PCR data by

oPRSE B B PR TE AR Sl B9 MRt
di ff ¢0386] i at Carlantlq Chélfgnod, Ui, ved Robterer, B. §e{1087). dfdal ckpssion in the
plgﬁlhrvg Fd)egg(&}?%'rln gl%{rgqgl?ed %g,? (sapregllﬁgat?otn olfet g Emtear?o?u;ms? u%ong fmo%s?el gastrulatlon
Development 124, 1033-1044,
[0307] Vincent, S. D., Dunn, N. R., Hayashi, S., Norris, D. P., and Robertson, E. J.
(2003). Cell fate decisions within the mouse organizer are governed by graded Nodal signals.
Genes Dev 17, 1646-1662.

-50-



differentiate into definitive endodermcells. 40. The
nmet hod of claim 36, wherein at |east about 80% of said
wohosioess7ent cells differentiate into definiti PeT/US2004/043696

endoderm cells. 41. The method of claim 36, wherein

det ect®Py t heVileeberte, Bf. Ak Wh iCt.iRpgbusn b dBnsaing &1 andiRvsenberg, R.

BA(Y96L e BBl G0 FRALPELRS Ch

exltor e?3| on of a },eags g 2 & %%BOEIJ fﬂ%rﬁ(}) %Pl odilin, jgpostimplantation

1§W§eﬁn@aﬁ%ﬂkwﬂﬁ@n%ﬁJ%&jﬂﬂiZQ&U CXCR4 and at | east one

rkefpzpgiom t C ti-ng of

SPARC!r and Soﬁélegf}ﬁé{ﬁ?r %nsyg’afl{d%clgi opuf i an'}{l Rosenberg, R. D.

(\m@v)eﬂnomb@n(ebapm easiregulaiion &y WAMPGJndSG‘.[rﬂ(bt il ﬁqﬁ@l’ﬁnﬂiﬂ@nal carcinoma
S S XCR4

RS R0l P Slioledely Be S0eFs BRI Dabhags Of America s,

ﬁéﬁr@ﬂﬁil ng of OCT4, AFP, TM SPARC and SOX7 in said

wner SPHC: CRG) The St Stsuie o WBEb Y erstCmeiamereiopment

fheiull&vlomlmmhcnebl39pam4l ation conprises detecting the

expr ﬁ%x TVY‘% | east _one marker selected fromthe

gr oug si st JoM-geskMefton 1y AcKRORD). Bprdy meusk eadpdersnie patterned by
SOBbleotdrs ﬁmntabjacﬁfgwﬂ1@@&81)@%!@%&“12%5%’63 134, and SOX7

in cells of said cell g%ogu ation, wherein the

expr d882bn ofVillisera fc el 9B Toq mguskreashyhey ganoupd mesoderm formation.
Teeus iGehdt 301E10SOXI 7 and CXCR4 is greater than the

expression of a marker selected fromthe group

consﬂ@ﬁlﬁhg ofhagre. QrM20eHdCeSBEquengss Sdikdodkafy mittBMB signaling in the
nRRGOERAMNCR! 45556 43. The nmethod of claim 42, wherein

the expression o f at |east one of said markers is

det ed¥dldbd biha@ RCRasaktig H., '[IOWe,rifEImngdnd} Ic,laad K)uélﬂj., M. R. (1993). Nodal

r.essi on f east 0
e Dor BT AR s S R B e iion. e 301, 545-
Stét hod of cl ai m 36, mhereln detecting the presence of
definitive endodermcells in said cell population
conprises detecting the expression of at |east one
mar ker sel ected fromthe group consisting of FGHl 7,
W, CALCR, FOXQ , CWOR and CRIPI and at |east one
mar ker fromthe group consisting of OCT4, AFP, TM
SPARC and SOX7 in cells of said cell population,
wherein the expression of a marker selected fromthe
group consisting of FG-17, VW, CALCR FOXQ, CWKOR
and CRIPI is greater than the expression of a marker
selected fromthe group consisting of OCT4, AFP, TM
SPARC and SOX7 in said definitive endodermcells. 46.
The net hod of claim 36, wherein said at |east one
grow h factor is of the Nodal/Activin subgroup of the
TGFb superfam |ly. 47. The nethod of claim46, wherein
said at | east one gromh factor is selected fromthe
group consisting of Nodal Activin A, Activin B and
conbi nations thereof. 48. The nethod of claim47,
wherein said at | east one gromh factor is Nodal. 49.
The nethod of claim47, wherein said at |east one
grow h factor is Activin A 50. The nethod of claim
47, wherein said at |east one gromh factor is Activin
B. 51. The nethod of claim 36, wherein a plurality of
gromh factors of the TGFb superfam |y is provided.
52. The nmethod of claimb51, wherein said plurality of
grom h factors conpri ses Noda
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Activin A and Activin B. 53. The nethod of clai m 36,
wherein said at | east one growh factor is provided in
wea 20Bve8Tir at i on of at | east about 10 ng/ m . 52CT/TISE004/043696
met hod of claim 36, wherein said at | east one growth
Walt10IS GIAIMEIVISded i n a concentration of at |east
about 100 ng/m .55. The nethod of claim 36, wherein
sai d At | eAstll oulergeomiriving domer cdlls wheind a:téehst #boat 10% of said human

§ ﬁrgglt fgxin%lg %}dﬁ{legg cekl}ai éfi%%étgze thmg({ ell'ng (ég]'ls b8 tﬂ%{eﬁt cells that can

differemiatd iftoey/éfdiackut tibeocdgme dérfvad therefrofm. at | east

about_ 1000 ng/m .. 57. The t hod of claim3 erejn

oo e 2 o7 nttel it g e To B gt ity Romosovs, Sheac hitnan oels are
&OAROOtIREsRtend. at Ieast about 5000 ng/m . 58. The

met hod of claim 36, wherein said cell population i

gr owrin a l??EQfIHLFﬁqt%ISr?ﬁF agp | gwpgglg af feast aQBIgLﬁO‘Vieﬁ/gald human cells are

&EhHR eRBderdendgret hod of cl ai m 36, wherein said
pl urlzgot ent cells conprise stemcells. 60. The nethod

of cl‘4ai m sthe siilerudivre ehfleimplurhpeineald dedimitiye cydpsierm eclls express a
r\ﬁj\hﬁ?érléélgété‘d 848 mefg%lub%ons@shng Jﬁs@mtan@@x@fmcl ai m 60,

erein said %gmc stemcells are derived froma
t i ssue sel TaI@tC@H cituseref ¢laimyd, oiisredoths iexrpssign of atpsker selected from the
BRSO 0l B T
ngms r@ Q e??:m K \}ée(%reﬁfgldg%@rﬁnle%g%%n %{adlgﬁﬁ%r%relected from
th¢1 erqmetm@stmg Qﬂ @b, 3dphagBoprateire AXGY, Ehropb@dwhllmg(TM) SPARC and
h in definitive endoderm cells,

ﬁk’%}lmﬁg@ﬁeﬁm&e enrg%ﬁggghe steps of: differentiating

cel | $6.i n allpepllibdturaoef ctrirh 4plvharéip etiddfinktiveandodedn &l11s do not express a

B PO SR Rl DA REFCIoTAR 0 59

can di.f f erEmnt ¢clit @lturet f dghl 4, ﬁﬁeﬁlﬁl gaigudefihiiive edtlodei@€ls express a

PRkt en ke S i s ofhT adGutmRRRL Ty O

def I FE ti veTrengdldeniiteCe dgmbalt whdidif Raiti Sdefi@itive endoderm cells express a
pressed .in other cell types present

R 1S GO IR OR RIS QAR " e b ATy MKORT and
audoderm cel I s bound to said reagent from said other

cell types present in said cell ul ation, thereby

proddci ng Becet Pulperfickim dnvisisin é%gélef}nﬁ“’ééﬂii%ilefm 9%13 express SOX17
|adsdeum cells. 64. The nethod of claim 63, wherein

the differentiating stscf further conprises obtaining a
cel | Hopul i 6H eBiprafsiamy Sivhersiotherrxpiestiemot 8PKET and CXCR4 is

¥ indinnBe Sardsi6R ol ORGRUARS i10 hq 5685%n UG def
gggei%lowth fa%??g glf tOhe TGFb super?hh{?y c} n an 1zlalrmunemltlve endoderm
cglilf-ficient to pronote differentiation of sal d

pl uri;pot enfy Gef Ly

definitive end oaepgn@%pﬁq 1@%&!{1%81@8@:@ %(EJ1 en d°§?1“ C%]?Shdo not express
QG diFPfEVIeﬁ?ﬂA]gt?amE’rﬁ)ﬁ cells o f the gut tube or

or ga der d 0 suff i ent

for zf : m"lth:é\%/gll Eelﬁntﬁg f F%{E %’I ere%‘l sa%&é\ére?nglt erdggerm cells dexpress MIXL1,
GAIFA4 gidgh¥F3bi me for definiti ve endodermcells to form

gg?. ﬂ?f.nve : & Hl b(%" cq;glge entl rge%dpd’e%m%ve enc?oderm cells express a
marker selected from the group consisting of FGF17, VWF, CALCR, FOXQ1, CMKOR! and

CRIP1.

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.
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endodermcells in said cell population. 65. The nethod
of claim63, wherein detecting conprises detecting the
wexprs@ssi7on of at | east one marker sel ected frBaTmisE004/043696
group consisting of SOX17 and CXCR4 and at | east
onematker Thoemlltdaburg o cipint bh sibsteinrsgid luripeiE4t, ceAlcbinpridds an embryonic
S§Prﬁl§& and SOX7 in cells of said cell population,
erer'n the expression of a marker selected fromthe

g I‘h oupl€onsirsé bdﬁLg?LﬂIﬁreSﬁ)Xll?irﬁ l&,ﬁ.dheﬁ:‘éﬁ@%d %1 El&bl@’blﬁl@ts@fn delliaiB derived from a
he e ssion of a marker sel ecte romthe grou
S&H%f’ei%eﬁg‘é%?f P cRppSng\Of thepapselaghe mgegel} Hass 4?@%) of an embryo
gfthanddnhderiepdodal shiegl.| s. 66. The nethod of claim 63,
wherejn detecting conprises detecting the expression
of at ! easthoifl CHE¥K g? claim lefutther copprsmgfemesiivn hich comprises less than
£0861084 dengn 0f SOX 17 and CXCR4 and at | east one marker
fromthe group consisting of AFP, TM and SOX7 i n.
cel | sl&f shherelgplturpehilnia | Grherwprapising a siewdiprte it Nodal/Activin
QbeRulBKETGRE L& .r om the group consisting of SOX
7 and CXCR4 1's greater than the expression of a marker
sel ect%d fFloneelliveltge @b plaow i s fusthermgmpfisidd2 grolivh faated selected from the

7. [ fipnLtive endodermcells. 67. The nethod
gg%cﬁoglg?ﬁﬁlgf?l\ﬂmﬁaé’r‘gétﬁm St &8y linﬁ%ang] SRBPRaRgs glgfeggt ing the
expr e¥si onAckll gbplleaat coopssingcdBrwissdie et leght Ab@moDMEof said cells are

AR AR 0 2 T T i St e
@o defesdniiatg 06 cdDEEH the AbtRube TWor g BIMARGVAINEerS& i n cel | s

of saj.d cell pul at j.on, erein the expression of a .

mar k:irl' selejélket ‘[é)eg I?C}pgwl?rhgf \éﬁ’(’j‘b b’c%]ilfg‘?l’étal: %@Sto‘fbolif(#s'f’?,"f said cells are
MW dEALER, en@etm cVKORI and CRIPl is greater than the

expr essi onrof mar ker sel ected fromthe group ‘

consi%t i ngth5t ccbPrRulaligrpot igm 3 apdereip @t EspSt7abont 28 pf said cells are
idehh Béfinike canshiedetdnscel |'s. 68. The net hod of clai m 63,

wherejn at_| east about 95% of said cells are

def i Mt i velterfd oPWiEas ¢fsclaima0, Frheremetaktbbiunen definitive6Bdoderm cells
@65 HarRdr sbieA&d @b Q in@y I

gg}?i ni ti ve _endoder mg%tgf%g.&ﬂ%seﬁggi?(%giﬁg%@o Rél aim63,

wher &n salilg cathpavation §f dxXar, whareinTheeexpessfiordotof metkai selected from

0 stns 8 . i . e (I;l a marker selecte
t%%rh%%%rﬁisﬁ o8t %XW&EJ;EXCRﬁ 9?139@1” lgg%ye ﬁf ssl e?tl’ 2 In*tayk selected

of claim 71, rein sa ant | as a
frogt thexgrrap cqiBisting) 08 (G Tdh & Pp APUI SHARSH and SOF7i ni daid/ @uman definitive
eﬁ&%@%f&ﬂ&cel | s produced by the nmethod of claim63. 74.
The cell culture of any one of clains 4 or 9, wherein
sai d 2def i nibeicylépemititide pfivlaiel 235 wilereinahid hugah fiéfaniel sadoderm cells do

lected from.the nsi ing of

BB R BRI P ST\ S sox.
of adg. ondlhefcelt Ipapuisticd & ddaim2B, whkreinedatd Kahafl definitive endoderm cells

finitive en rm,cells do. not si i.f] nt | express
oS MdE < FRIAIETE Srco iR R R AR e PSS
AFP, 2TM 3IBARE! ;adsplﬁlaSQXZf 8ﬁmekinaxidmgfiﬁikigﬁd&dem cells express a
m!\'a%‘é%'é&éd b thE grenn Dansisthng o BRSO Sl R A SN Bukort and
CRIP1.

28. The cell population of claim 20, wherein said human definitive endoderm cells
express SOX17 and CXCR4.

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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Baet ge, Emmanuel E . <120> DEFI NI TI VE ENDODERM <130>
CYTHERA. 045VPC <150> 60/532004 <151> 2003-12-23 <150>
WOQHBR8HE6 <151> 2004- 07- 09 <150> 60/ 587942 <1BEF/US2004/043696

2004-07- 14 <160> 2 <170> Fast SEQ for W ndows Version

4.0 <3%0> Thegellpopulgtins of 2lnjm 2§iheredrt §id koman dedpitienandoderm cells do
a at acgccagt gacgaccaga

gggggg%égggégggg%%ctg dgggg%gggtga.tggccgggct o

gggccékt geThe edlgeppuleioragf deiot 2% gvieodic stid §gmarl Ainitive endoderm cells

¢g@gocgccggeg aacagcggag caccggecgg
%%%%%%gggg(%g% cgggccgggg gcgagt cccg tat ccggegg

ccgat HaacgTl ¢etl papgtongt ghge Q&a@m%@s@(ﬂd@ﬂ@ﬁ@fetﬂdwerénagells express a
g cagcagaat ccagacg c Cc a

b Y T A I e G
@®dggccctt cgtggaggag 360 gcagagcggc tgcgcgtggg

cac cag.gaccaccce act.acaagta ccggccgcgg o
gggcgégag ct 9&‘78183%?@‘%0@ & g“gaé@C%‘b Brggaghdest gba cchgman definitive
aoteat ggbstardi e ITOCHINRYEy ¢ YULHOCATE FOULCLR ?ng.llation.
ggcg cgcgrtg cat gﬁ cggcctgggi 540.ctch§t_cc _
ccga éaggg Rt ?eich%p oy QL Y Whyrainy seif clugpeiroh el gomprises an
adbyppotactficC gcgact gcca gagtct gggc gcgcectccgce

ctg cccgttgeccc 660 acgcccgaca cgtccccgcet . '
;;gigﬁggt 3“66?8 E%l%%en ehgeim He vhergig seid cobrygnit 2@m cell is derived from

A sQRCOBEBYHaE HEGEHHYGh ORI IEMAGHHHBGAIE LGS LAGRIFE LS ibrvo.
gggffgggct 780 ggccccccgg agqctcg%bc cgé@gcgégé an emoryo

caccclcgac® gyl ¥ seduging clgbujtit e8ierucedls,gmid method comprising the
seg@gect cct ggcgccaccc agcgcccttc acgtgtacta cggcgcgatg

900 ggctcgcccg gggcgggcgg cgggcgcegge ttccagat ge
agccgcaac@PEEpdset agpudson cew agadoipagoduens cels;

T L R
ggt ggereigmilt @86 amglg’?aigﬁcti%lt Zg%g@b?tﬁﬁéer@ﬁﬂggr% gg%?i pluripotent cells to
2833?8?%2% "ta“%?‘%%g %é‘ ¢ éﬁ@lgﬁtgvgg%d%éa? Pfq%gieaélgg@tl@@ﬁ@t e¢lls that can
1200 dgtcgdietadud clls gLPe pdtndbelol aghRAGIBLEEIGARE t 9t ga

1245 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.

37. The method of claim 36, wherein at least about 10% of said pluripotent cells
differentiate into definitive endoderm cells.

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 pluripotent cells
differentiate into definitive endoderm cells.

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

41. 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 SOX?7 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
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<210> 2 <211> 414 <212> PRT <213> Honp sapi ens <400>

2Met Ser Ser Pro Asp Ala Gy Tyr Ala Ser Asp Asp Gn
wee005@ksp7Thr 1 5 10 15 G n Ser Ala Leu Pro Al ar¥alushm®i/ 043696

Ala Gy Leu Ay Pro Cys Pro Trp 20 25 30 Ala Qu Ser

¢ enpriGe selpyted [fiom 13k eroppcobsting yof OGT4, LARP, &M, SPARA! and380X7 in said

n Ser Gy Ala Pro Ala Gy Ala Ala Ay
Kofe SPugifls

50 55 60 Gu Ser Arg lie Arg Arg Pro

Met Aéh Al BhePhethddof Vaim T6, pvbaten nye:nﬁ@ thé0prében8®€ oA¢finitive endoderm
Leu Hi s

SR 30 < Bohghon B e e bt e e rgfer selcted from
the jgroluy $01Aisang.6£ISO'Kl7 h@ICRCRA 260t 1035r ohd Gnadkét ot tH fBloup consisting of

g AT O T N A

oo thy groﬁji @oﬁ’di@mg.yfb' 0301 71:3d ABORA 40 or¥abr e HE Gx éélon of a marker
A, Phe Leu Hs Gy Leu Al a

nge e‘iggmf@eogreﬂnfom%ﬂn@%w I My 2gd SPX7 uewct;is/ﬁrwm e@ﬂ@rierm cells.

Gy Gy ArpheMadihdd & Mt 42 5helel®) th%%ﬁpx‘o‘s?sﬂ)n%fyat hEY (ge%f said markers is
J%eu Gn Phe Pro Au Gn Gly Phe Pro Ala Gy Pro

teminghbyREPGRey Leu Pro Pro His Met Gy Gy His Tyr

'll:\re 8 Agp Q’ﬁhe%ﬁ?h(%f({)f ciagrg 4%?\8&%%? thlﬁr%gpr%ss%n%faat ;éfgt A;li %f said markers is

%W@gbwmn@ew%m@ry Val Asp Pro Asp Pro Al a Phe
Phe AdSa A ﬁleprﬁah(%lz&' 33191 ?63 %Vh%[ (%Fetctng %e$ ¥s ng %gmtive endoderm

Pro Ala Al a hr Sér
cpRinspid cﬂbpppuwlomwanmsgs detegtmgrtbe @BpresfRorooffrt deadl ane Glayker selected from

e Brolfpborddlsfind bFGF17, VWF, CALCR, FOXQ1, CMKOR1 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, FOXQ1, CMKORI1 and CRIP1 is greater than the expression of a marker selected
from the group consisting of OCT4, AFP, TM, SPARC and SOX7 in said definitive endoderm
cells.

46. The method of claim 36, wherein said at least one growth factor is of the
Nodal/Activin subgroup of the TGFP superfamily.

47. The method of claim 46, wherein said at least one growth factor is selected from
the group consisting of Nodal Activin A, Activin B and combinations 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 a plurality of growth factors of the TGF B
superfamily is provided.

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

53. The method of claim 36, wherein said at least one growth factor is provided in a
concentration of at least about 10 ng/ml.

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

concentration of at least about 100 ng/ml.
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Pro Ser
260 265 270 Arg Leu Gy Pro Gu Pro Ala Gy

lie Pro Ay Leu Leu Ala 275 280 285 Pro Pro Ser Ala
waoaemwskiew7val Tyr Tyr Gy Ala Met Ay Ser Pro GPgTAS2004/043696

Arg d Phe A n Mt Gn Pro
égﬁ En%s) glﬁhﬁ?g"h‘g gf ‘%é 3@1%119% s3oatifpast @ergrbivih fBitor is provided in a
ddnsentiatorRifat BisPatsliys00mg/n@ Y G n Pro Ser Pro Pro 325

Ala Leu Pro s Arg Asp Gy Thr Asp
gf’g ?Séé (F;r ﬁheg?‘l%hﬂ &f o -7{§45’h%0 s@idet lest dreler&l fﬁt(g is provided in a
déatenfistiorTg: 1L atfliti 0B Gg/fA U G n Tyr Leu His %’155 3é6n
365 Phe Val Cys Lys Pro Ju Met Ay Leu Pro Tyr . ‘ ‘
Gy H's Ashresasthodag chig 3§80ha@iy siddlat Asst doe wrdd FASE is provided in a

j ' r Val Val Ser 385 390 395
ofg%enﬁ%mﬁf gt léigfabg%tﬁsoﬁf gg/@gl Tyr Tyr Cys Asn Tyr Pro

Asp VI 40HemegRECH WED 36QUENGE dal dSTINGIiREVh J4 rdwiNin 2 medium
o -k on 1652 & lﬁED I N CYTHERA. 045A PCT
\D/Eggsl Cﬁé’%@gﬁﬂﬁ% Qﬁ: ’{1 CYTHERAO4S5V. TXT 122204

59. The method of claim 36, wherein said pluripotent cells comprise stem cells.

60. The method of claim 59, wherein said pluripotent cells comprise embryonic stem
cells.

61. The method of claim 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.

62. A definitive endoderm cell produced by the method of claim 36.

63. A method of producing a cell population enriched in definitive endoderm cells,
said method comprising the steps of:

differentiating cells in a population of pluripotent human cells so as to produce
definitive endoderm cells, said definitive endoderm cells being multipotent cells that can
differentiate into cells of the gut tube or organs derived therefrom;

providing to said cell population a reagent which binds to a marker expressed in
said definitive endoderm cells but which is not substantially expressed in other cell types
present in said cell population; and

separating said definitive endoderm cells bound to said reagent from said other cell
types present in said cell population, thereby producing a cell population enriched in
definitive endoderm cells.

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 TGF B 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 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.

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
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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 fromm 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 in said definitive endoderm cells,

66. 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
marker from the group consisting of AFP, TM, 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 marker selected from the group consisting of AFP, TM, and SOX7 in said
definitive endoderm cells.

67. The method of claim 63, wherein detecting comprises detecting the expression of
at least one marker selected from the group consisting of FGF17, VWF, CALCR, FOXQ1,
CMKORI1 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, VWEF, CALCR, FOXQ1, CMKOR1 and CRIP1 is greater than
the expression of a marker selected from the group consisting of OCT4, AFP, TM, SPARC and
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 CXCRA4.

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 from the group consisting of OCT4, AFP, TM,
SPARC and SOX7.

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 and SOX7.
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