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intervention in several disease states, such
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cell therapy procedures that uti I ize cells fromdonor

pancr eases for the

Background

[0003] Human pluripotent stem cells, such as embryonic stem (ES) cells and
embryonic germ (EG) cells, were first isolated in culture without fibroblast feeders in
1994 (Bongso et al., 1994) and with fibroblast feeders (Hogan, 1997). Later, Thomson,
Reubinoff and Shamblott established continuous cultures of human ES and EG cells using
mitotically inactivated mouse feeder layers (Reubinoff et al., 2000; Shamblott et al.,
1998; Thomson et al., 1998).



treatment of di abetes. However, presently it is not

known how to generate an insulinproducing b-cell from
whEBEe71945 such, current cell therapy treat meneGr/is05/047175

di abetes nellitus, which utalize islet cells from

donor pancreases, are Iim'ted by t-he scarcity of high

qgual { i sl I plant. Cell
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cell population that is enriched in definitive
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co‘ﬁﬁ;risﬁf éx\bgn@eﬁd&qgftmec&ldhéerm cells. Further embodiments described herein

relate to methods for expanding enriched, isolated and/or purified definitive endoderm

cells in culture.



[0008] .. . In .other enbodi nents of the. nethods

descri bed herein, the definitive endodermcells are
wondobiopptent cells that can differentiate i nt oPCEUE®ON047175

the gut tube or organs deri¥ed therefrom In preferred

enbodi nents, the definitive endodermcells are hunman

defi d c | .
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expapvRfeiihe definitiveendedanbestisnent s of the expansi on
des I gggg{ t f s
Cpr 02@ gl ng é?# :Ogﬁlddﬂ i %I%Ptélo\?/ghgen (ﬁéi? %e%:%ﬁ) el Hefbif} the, definitive.
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superfphil g esichraddctivingAl hia ekéd embdadiinbets CEduhaIﬁ uhd/Uf ethet Wbfinitive

reagent which binds to a marker exFressed in said
“38?1‘?% talls c2n g Shtmpd fEam @ mgrexiphng suljuge gbdefinitive endoderm cells.
nSHRﬁt é}ﬁﬁdcﬁﬁlkﬂtseélﬁ{e?sas%grdoﬂ §Iabﬁ gﬁ‘ﬁ cCallfuge RAAKS G0 uskd in the
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cetighstther@nbsdimeite orahk expansloﬁx&?ﬂocﬁruksm&drmgﬁrmsd Sondtise the
tantl body with_ an affinity for CXCR4. In_ sone

fening enrighed definitive prdodery selb papwlatiqns. dp gome embodiments,
: d
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oxX th CXCR4 ter. [0011] In sone .
crRGE SHLICCS THes BB G5 PO BE R RUBR 6F Ny Carpby producing
anp@ﬁwhaa idengitit b dhd e %n%ﬁﬁﬁuéﬁ» d@%sﬁlte ReithoARRMEs, 3hE€ marker is

substantially free of cells other than
CXCR4 and the reagent is an antibody with an affinity for CXCR4. In some

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

sorting (FACS).



definitive endodermcells. In other enbodi nents, the

enriched definitive endoderm cell popul ations conprise
wo pawa1l east about 96% to at | east about 100BE€T/US2005/047175

definitive endodermcells. 40012] Additional

enbodinents of the nethods descri bed herein al so

0, 8 SRS B LM

ceflorakd @espa@efted ﬂ@np@tplehﬁtslom off thesoma &N adi the RtBure thyespecifically
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flyqrescentbe tabling dreodefpet e endedemt qells imewfyserand then separating the
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mh| sone. e m al so ¢ ri ses

(Ao e soRRampp Bt T GF? SR RolECFHT, St fnerafe control of
tht BOXA7 dreRsCXORG [Ho@avteh factor is a growh factor

conpri ses a_nmenber of the TGFb superf such as

act i PRLIA. Mo t eomgit pobpdimentie e O\ﬁﬁlhchedcl%ﬁn@éiﬁ gadoderm  cell
pdg%glgn%%:gre %ﬁdu%d anm?% Qx?lgeéi?%)?w% grﬁf%gtgﬁtlal é/r}“fe%uo(frbehs other than
dafiadivenandbdancaaiise dn rogtteir @mbodinginiy ther em"ichbab defiditing bmdoderm cell

t o, about 5000 /m. In so enbodi nent s ..
PoRHORBETBRISHGR Byl AaRR Y e fraskabigt | B definiive endoderm
cefiyl ture medi um [0013] Additional enbodi nents

descri bed herein relate to net hods of expanding '
def i 9012lve évidiipaphergkadiments of uhet medods desgribgdhargingalso include

a %ﬁllldnn%uitg artﬁat %8&%?1'5% eélgtlrg%e tﬂe u ?1 gpe%%g}g{ I Cg%f%mtl\%{] gndoderm
cqﬂB Qxﬂw:pomopldfrthé ipopulafiorc ellh scmb tehﬂk&ﬁuﬁﬁfm rth&icels are plated on a

finitive endodermcells. | n sone enhodi ments, the
uafgf? roats,with fuma fHhreseiia aa%apﬂwml?#beea In”ether; pRedimgnts, the

cudlubifg @?eg Joﬁl;ﬁls%"ﬁh%ﬁlga@lhg the°' Hﬁ%h@& dehgitisd reﬁé&cfenﬂfceﬂ ]ﬁ)%luianon or
culture f or the surface of a mcrotiter plate.
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thQ ﬁes(ﬁgﬁdal %Séon r1se ConréEter(\)/ D aael oltgl qertalélr gnbodlments the at

ede ntlv Fh ¢
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definitive endodermcells are fpassage usi ng a cel

sugh gp éptivin ‘pupitematiydpithy servthifagenesn kanddtl, wEREs EGF or another
g@/g‘gglc{&d Ilhﬁfc ?rfbroﬁ s, 5&%&@ 95‘1{ Byb;ekéﬁg in thg r%edlum ata

ermce tures an / r popu ations produce
cdnhmmmbh oagzingef omidbedt haeg/ail mo abbaut SOGMhngiio dn sant smbbdhments a

itive en rm.cells ar e | tipotent cells that
Coé'“gbﬁ 33 ﬁé‘ﬁ’i”gg?"go‘isﬁst RyeRedf gt B]rem]{ UR-ybe or organs
der i poeg3)t hernefditimal [Rebbalméris C(%s&%e‘al JHaFdi® diefdté ORS methods of
there may not be any general |y accepted definition of

expprding delinitisaandedany. cellagn gditrenly ebisiningia eadlr ehlture comprising
def%ﬂmr Er?do'agrm' é hEn Sld Qa4 E rtﬁg ik LtQIQ end éle?mg E&8%s0 as to
Whi ¢ Ust'on &ddi't’r onaf

permts EInC I Ona

preﬂlmaéemt;ﬂuraWyt bf tchll scuitresi dﬁﬁhprﬁd‘@l tldaﬁilﬂﬁ{'e endarkimeddls. ofn some
resent entlos are crlbe with reference to

t he
er{mli‘:%lnﬁa%eglg f.a@r gerBJep obtame in cell culture are attached to a

substrate, such as the surface of a cell culture flask or the surface of a microtiter plate. In
some embodiments, the definitive endoderm cells are passaged using enzymatic methods.

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



[0016] 1. A nethod of expanding definitive endoderm
cells in culture, said nethod conprising the steps of:

w@ agocobivai ni ng a cell cul ture conprising defi NPAT/US2005/047175
endodermcells, (b) isolatithhg at | east sonme of the
definitive endoderm cell s fromat |east sonme of the

[ls. it | ture, ,.thereb roducin .
o Bt B EAELL ool ont B SRUBE ST L3P tipera
bwfed. (c) culturing said ceII populatlon enriched in

definitive % ﬂoderm el ] s under conditions that perm:t
t he Wnsi ofllithes gnpodmants desribed figsrdn relpiedp |eypanded definitive

er{dggélrm celt cuTﬁ%s%%?%oﬁl?m%g%ﬁggh NGERL A (?uf%f; dhhé:trem. In

definitive endoderm cel Ing nmultipotent ce
suchnenibédimentst ithe eddfimitoec ehdslenh tdils gret rhuibipotent @elsartbat can

ived.therefr 18] 3. The.net of paragraph
%ere\%%t el Cgliﬁ %fqg]%gﬁgt?ﬁ%ei ‘wa%aﬂ?a garé E"erFermar e human
def i [IOOIS]VG %ﬂdféﬁ@l&ln}lﬁﬁﬁﬂcﬁons[ QRKE] méy nUBeoéT%Biﬂoéén&fally accepted
par agraph 3, wherein said definitive endodermcel |

defingiogenfitheterm somptivianh eWbispd hpreins theteref cgnmsm’:sy intended to
re%%gcgﬁ)]‘ en”-litg%pqgé Gfﬂﬂ:h erf A9, ﬁorl’lli]slél ﬂé%&?ddnt%%lgﬁ?lements With

taini onpri es contact| ng
thise s tminde addibomdd dnatetdomerfts aih thie q:r&'s(aﬁb iswgpebhard Yesdibed with

ﬁeﬁg%gt(fﬁfmt bd| fferentiation of at |east sone of said

e UMbt R SRS B¥P i cel |'s. [0021] 6. The

met hodigf paragrapha Smewddgr 6f rbxﬁéﬂcﬁ’ng?‘tdéﬁ%ﬁﬁte @Rdoderm cells in
row h factor fromthe TGFb hquerfam onpri ses

culigts, \spid methodo@mpripingTHhe sieps hdd (of olmna@r apiell lqulture comprising
de‘ﬁ%ﬁfv%'eﬂd&& e%ﬁ? (?f 155)19&1%5{&&% Sso%rc%tctﬁé hetcm 1\t/eu<gn%oderm cells from

conpri si ng erm her “conp
atdédsaisome gpf ahgother o¢llsofh tha celkicslturagthdssbly Fprbdlﬁ(ﬁh@ E] del eoPulation

c.ut re 023] 8. .The thod f paragraph 1, wherein
e“§‘ﬁ fo nbtb‘ﬁ"]u?rglpfi?ml & (f? CHﬁwg sAid icgld Papigfatdrst priched in

de‘fﬂitlv% dna §thS bARL bRt ¥ Jda@&l Gh hebadshah
definitive endodermcels. SOO%tzﬁelnlgﬁ t%e tS%dOf jaid definitive

endadaByegPh 1, wherein said ceI I popul ation enriched in
defi ve gndoder ceII rises a east about. .96% ..
def |[ﬂb¥hve anoder E Cel™ hoc’?%z@j‘ra?@? h’e RS HBd Sy efinitive
endadagr apis bhngwhempmnswud tige lchn gi¥fepdratateOmte BelisCdTaRe kit tube or
defi Idr%l 1z |C{\;§l E doderm cel |l s corrpri ses at | east about 7%

OTEUPIdTY ¥ BHermcell's. . .
[ 0026 ])1 1. 3he nEthﬂfé Qxﬁetlﬂﬁir g 91]3 h"‘@er\?ﬁfﬁlelﬁa'sgfi geﬁnitive

Ja
cel I uI ation enriched in defi m% 8e endoderm ce
ené@@ﬁm 8 apgt hungagtefialtive end8@traeélisi t i ve endoderm

cel I[3019] 4. The method of paragraph 3, wherein said definitive
endoderm cells are derived from human embryonic stem cells (hESCs).

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

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

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

an existing definitive endoderm culture.



[0027] 12. The nethod of paragraph 1, wherein said

cell population enriched in definitive endodermcells
weonwpoiwes at | east about 99% definitive endodBrmus2005/047175

cells. [0028] 13. The nethad of paragraph 1, wherein

said cell population enriched in definitive endoderm

cel | nprises aboyt % definiti e en oder m.
[ooz@?&j e net ﬁlgl othlB%rg PLASKAPD LK BeTEl nnsaé‘g 081 Population
enrishddatn Afirsti@Perciodpin S€l% @r@usta&tm@y&%edo@@élis dihert tHEE definitive
with a reagent whi ch binds to a narker expressed in
endgdemgstlni ti ve endoderm cel I's but which is not
sub |aI expr [ r p
the WM Ut urer g Dendd SAERERR,1 GEPRIPIGTEON pbfulaion
ena‘nhi@ﬁmrdnfmamesenldodmm tedls saingrisesaay dertst Aba@mos%d defnhlmeer endoderm
ells present in the cell culture, thereby producing a
Ceg popul ation enriched in definitive endodermcells.
[00 02515. The et hog @bthbarcd@ardptaphdl, WHEkRI &id 3kl populati
nmayr Egr Sllls CXCR4. [0031] 16. Tghi{a rretpl}llod of paragr a_lphp pHiation
entighedededinifiveindodesageshls compEipesaattieasbalyout 9GYadgfinitive endoderm
lge met hod of paragraph 16, wherein said antibody has
finity Tor CXCR4. [0033] 18. The nethod of paragraph =
[ﬁﬂZﬁ]el nlSal d défhenmtihvé of pdegeapin DeWhSrehlow‘kﬂ ctld population

dre ted fromsaid other. cell

enﬁla% ’ﬁ”tl‘ﬁe n?ai?ffr%cfﬂ (FPRIPHESF 4t ﬁ‘fﬂ%gm é’é%é@ﬁwweﬁldodem
ceigl | sort| ng (FACS).[0034] 19. The nethod of paragraph

1, wherein said isolating step conprises separating

f1 udP8ZBent 13- | abel B methpdiof meag@arp@ouewhwzr@eﬂ $agd fCIsld)mppmaUOH

I I

enﬁgfl&p%ec?egiln&ﬁéa% %lefqg‘loc?eglgégh??y B4 %alg{) a aoeurt I9 ?’ ggtrgntp ive endoderm
ceindodermcel ls are | abeled as a result of the

expr j,on enha n fluorescent protein

(EGHBy 2] 08%6] o7 enadivad thet 106 PaBIErpar koW hpRin2Rd cell population
en%ﬁéﬁh'@leﬁﬂi@iv@éﬂ&&@ﬁh Qalsogon'gg: 565 dbdut! P&% d@ﬁ’xml(lcoj:ncﬂ)fde Eells.

SOXI ronot er. . The nmethod of paragrap

lei nl4.he exrilff@smletbnddff E@Qapls lurvdereio onid oslolanmg step
0 0381y 23, T

AT PO o 0 PR R
samrdhﬁ'ﬂhﬁrvm ahdbdleﬁm&d‘eﬁs sepahirhed n(ﬁtrsﬂmthkﬁiaﬂbeflngbsé‘e@ ih Sai@Yother cells

FACS, i) The met hod of _ par agraph erein
prgsgmmc f Cﬁgmg% épd cenrsptingepih Aelnifive glafioalea@ sellabpwd to said

refahi ‘mﬁﬁj sl Qffek Nelid YReRRANIGRNER! { Gl tﬂex@ggltﬁrg&lucmg a cell

population enriched in definitive endoderm cells.

[0030] 15. The method of paragraph 14, wherein said marker is
CXCRA4.

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

[0032] 17. The method of paragraph 16, wherein said antibody has
affinity for CXCR4.

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

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

cell culture by fluorescence activated cell sorting (FACS).



t hereof. [0040] 25. The nethod of paragraph 24,
wherein said popul ation enriched in definitive
wenaederym cel |s or a portion thereof is platedpOnus2005/047175
surface coated with human f1bronectin. [0041] 26. The
rret hod of paragraph 25, wherein said surface I s coated
y-orpithin [ 2 7, th
par O&Qﬂh 15& wher eierr%lesxgllfgtgl crzf arlgrgphsnflep e(s?,}_p sa1d 1solat1ng step
compeiseAisepigatiai dupepehay-ladeledndéfinita leﬂdcdi%f’mnd:dlllsVﬁom unlabeled
endodermcells or a portion thereof in a nmedium
cellynpri si ng about 2% (v/v) serum [0043] 28. The nethod
of rapbhgl, wh [ n 0 [ .
[ ncﬁbaﬁ;ng 2%. d pog{:h%alﬁf %ﬁh g)rgfﬂl%: f%gé(:‘?hl gg Z\Ié’?%ﬁflﬁ %g\;/)% ffRSfescently
lalmhdbde“nrml@@brh@dom aelpoarei label¢ch ey @ gésultnofatheedpression of enhanced

r| sin r.eat an about 2% (v/v) serum [0044]
“I‘ﬁ%s ﬁ%t‘ﬁ%tamo@%? agraph 1, wherein said cul turing
st ep[oom]prl 8€s i nculat mdghod adfipRLEUHIALOOR HRFYiIh Ghe @xprdssion of
definitive endodermcells or a portion thereof in a

%%i%déb‘f’ﬁﬁrloé?%@e SO Ttemogbout 2% (v/ v) serum
[004[51) I@e met hggl Hlfethgﬂrﬁgg %} gﬂhs 2%%%%} S QXpressmn of

culturl g Step ctonprises iInc ai d popu atlo
E@HP iscihnddr camtrdbd i the UX(ER £pwdotearm cel |'s or a portion

Fact 004100431 31, THE TEPRAC g1 o) SpRRaa Shi pfpscently-

laSadédldetinitiRARdo @R @119 WelkepGie@ FrohSurdatttl @Vdells baia@rs.
fromthe TGEb superfamily of growth factors. [0047]

32. [9A¥Inet Rbd of pHicatetipd Qflparmé]?halln vewrein seid eglsuring step
0
ccficSl Btile AR BEollAuR LRUEETR ARG el ofIGHEY porion
thpaofagr aph 32, wherein said activin Ais pr esent in
sai u t a cgpcentratio u /m
[oog@ﬁﬁg nl%ﬁe met Wo¥ Srethosdr 9 rpé‘bargr@g‘ LZ q@?% N s%%idy pgpulation
enki@R&d 1@@&%%@0@1&% Qéllsc&n?bd)&%ﬁ théeEdf 1s[ Q@@]on?assurface coated
The met hod of paragraph 34, wherein- sai | GFI

with baapn fibiengdind medi um at a concentration of about 100

ng_/ a%{]005%% 36. T”fh ﬁh?@ Q{ gafraggrha% q here?irq 'sai surrfe ace 1s coated

sai | eaSt" one gro
wnloptibrmahnt}ﬁne of activin A and | GHl . [0052] 37 The
n sai d at | east one

agrap wher e
gro ﬁ“ﬁactg conpr @egle@i@ga'—‘)tj ppgaph dg Whegan gt ggtwing step
coRrREY ARbalifg MLhGultRa &lribiddhin! &ﬁﬂft%%ﬁo&é}nﬁ@élﬂ or a portion
medi um at a concent ration of about
thereof in a medium comprising about 2% (v/v) serum

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

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

[0045] 30. The method of paragraph 1, wherein said culturing step

comprises incubating said population enriched in definitive endoderm cells or a portion

thereof in a medium comprising at least one growth factor.



[0054] 39. The nethod of paragraph 30, wherein said at

| east one growth factor conprises EG-. [0055] 40. The
woredohotioof par agraph 39, wherein said EGF i s ppeEBESI005/047175

sai d nedium at a concentratd on of about 10 ng/m .

[0056] 41. The method of paragraph 30, wherein said at

| 2SR, O PR g ArRL AR sttt ne

il AAIRCHr 60
gﬁethg%k%¥ﬁhgﬁagraph 1.h%%%gg?&ﬁﬁm@ﬂmﬁﬂfQP@%Q@bﬁmkﬂﬁ

expal¥@#Hg déi ni ti vEneenuwtiwdr of paapraph il uvhereie, sagthiatl least one

d bt |
gttt i BB F 9 e HAEY oEbionbtltelin Summes & o)
passmoissyg S@Bd def | THet h&&o@n&pg%gaﬁﬁljzs,wﬁehaﬁeém activin A is
producing a plurality of cell cultures conprising

prgesmf i saidmedineiod e caneeafrhigon ¢ipbse] | Wme/mhe rret hod of
par: b h 4 vvher e'h[é Hl‘taho%t &P Pglé%lgsﬁsﬁglw & %alc} at l?ast one

definitive endodern1ce S conp provi ding a
gowﬂlﬁmzwnempﬂmsaﬁﬁlcell culture [ 0060] 45. The nethod

of p rap ei n_sai st one enzy
conpﬁpgg 551 eas}m&‘? thed @gé’éra%‘@ P W@efeﬁfh@l%@ﬁbés present

inQhidASAGHAPH c&?ben%ﬁfnedf'&b%' 1@0%%/d11east one protease
conprlses trypsin. [0062] e net hod of paragraph

Whgtlei n3bhe st eBleOfnemSQ@pW@@@Bh Blderhaneini saed at least one
r%wa?fja% 0?10%[%?}‘13%5% (:Paglé? TBCHRAI £ lgggg srupting

con ween sal I'ni |ve en n1ce||s.

[ 006@P5248. Bie mnet Mk afethodr & papprapB, 300hatie@tin $ai® at least one
st of passaging said definitive endodermcells
&g ﬁg?¥§%§°¢%8ﬁ% Ry said definitive endodermcells in

a cejobssii spagsal buffehethod of g%gf&i}h 374 Rherein Eggieﬂ%ﬁ Qsdpresent

of paragraph 43, whereln- sai nitive en
ingeid medivm aa@ raisedation of aboslZmeiel. | 0065] 50. The

i AU o 200e. enabiforlied) ot Pashap <28 BhsrBRnRg o feast one

groatldfadet cornptisee Byrdoder m cel | s from said substrate.
[ 0066 51 The nmet hod of paragraph 50, wherein said
substP8le i 40a sur f Hisemethod of ipaxageaph A% wrherein saif EGF is present

m[sQQﬁH&dl&% -at Ib&lc%ﬁ&%”tﬁ)% dtfa 9@&@9{@% 50, wherein said

substrate 1 s sur aceo otiter plate
[0056] 41. The method of paragraph 30, wherein said at least one

growth factor comprises a combination of activin A, bFGF and EGF.

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

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

producing a plurality of cell cultures comprising definitive endoderm cells.

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

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

enzyme comprises at least one protease.



[0068] 53. An expanded definitive endoderm cell
popul ati on produced by the nethod of paragraph 43.
w(q 0060911t wi || be appreciated that the method<Tars005/047175
conpositions described above relate to cells cultured
in vitro. However, the above-described in vitro
di ff ti d cel bty : idl it least on
Vi v %@EI [ 2%1% ons. T g070 3(?5\ (gioéhi?%na Ergrbgzllg%é%?gldo? ©
prathase pompesds tiypyiant i on may al so be found in United

St at rovisional Patent | icatio . 60/.532, 00 -
ont 100620 DEHNTi VETE bt L CUifEED ﬂfgﬁ%é%éggssagmg
said: Rfinfv@Vdndb @il cdhatconipriéPhbdhahicolly WRrupftids 208taé@between said

Tl
entitled PDXI EXPRESSI NG ENDODERM filed April 27,
defipuide ensi@ertpeells si onal Patent Application No.

60/ 66, 4entitl T :
FoRTPETY ST o ] AR BE 7 o Ty o eine
safd, deiidike dddSderRr callssiompaisesPaebrtindppidi deftritive ¢dgloderm cells in a
ﬁ0,587, 9%&entit| ed CHEMOKI NE CELL SURFACE RECEPTOR
ceh@speisel YUES-ATI ON OF DEFI NI TI VE ENDODERM filed July
14, 8664 U Pat emfe ARBlICAE ] piRadviph 1B/ ORAer6ik8 said definitive
entitled DEFI NI TIVE ENDODERM filed Decenber 23, 2004; .
endo&rmpgtle ate atpglicddarisobstis. 11/ 115, 868, entitled PDX

AppI PRI oo 11/ a3 Ol Fafesl (Bt oF Plsaging

saldDENhitvé MBoBAGT ORS FonipiplsbdEEREdNT gAJdi NGe DhaffilvBllehidderm cells from
ENDODERM filed June 23, 2005; U.S. Provisional Patent
saPstEREi on No. 60/ 693364, entitled PREPRIM Tl VE

STRE[%G‘}‘N_D NVESENDODERMnERbY Sf fabd@shh) StewRatein2 @@ substrate is a
U.S.” Provisional Patent Application No. 60/693, 317,

sugfate ofl aetassEXPANSE h$kOF | SOLATED DEFI NI TI VE ENDODERM

CELigyof ) ey i 24 005 bl Sy B OV e s
subabd Ot alhnMrotibi¥eRM  fi | ed Novenber 14, 2005, the

di scl osures of which are incorporated herein b .
rof d0BRBJe | f5t hei r AhErRBHTCAChnsgqndoderm cell population produced

b gg&}mdi&%?&f g3Drawi ngs. . [0071] Figure 1 is a
}lsq(glhenati C r roposed differentiation pathway for _

t he [9P6Ruct ltowilbibe rpprectnedd thaf thenmietheds andmenfposigions described
,Step_in the th onmts the, ES cel) 't e . o
ab(%?i W?att? Ve 8%%0 \é\ﬁér{rne iWeé’@téo'anglo?V gb’rres'!(lelﬁt gboé’%édeg?nbteﬁem vitro
di€fefenti@sd cHNEMIpSEIRMS maY behiged fok ihavo dpgliceriant i ati on of

ES cells to pancreatic endoderm endocrine, endoder

or 19028 berdsEmel crmpadimente ob s ATSERURVFSIoN TBRK AE¢ gyfound in
Uhtid Sg%(%nng'is‘?&a@rleatéq? F%?[{h%a@ctn e G o énﬁtl@%'[?@FINITIVE

Inclu ut are not ed to, activins and nodal s.
EERDODIERMy fited kRecnfter 23ef2003ndJ ShePrdakionalt Petene ndwpdieation No.

o 55, R SO R o550
PR scdhalP ok taysplichieon No. 60/586,566, entitled CHEMOKINE CELL SURFACE
RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed July 9, 2004,
U.S. Provisional Patent Application No. 60/587,942, entitted CHEMOKINE CELL
SURFACE RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed
July 14, 2004, U.S. Patent Application No. 11/021,618, entitled DEFINITIVE
ENDODERM, filed December 23, 2004, U.S. Patent Application No. 11/115,868,
entitled PDX! EXPRESSING ENDODERM, filed April 26, 2005; U.S. Patent
Application No. 11/165,305, entitled METHODS FOR IDENTIFYING FACTORS FOR




posi tions of conserved notifs and highlights the
regi on used for the i nmuni zati on procedure by GENOVAC.
W@ O@6BY19Fi gure 3 is a rel ational dendrogram  PCT/US2005/047175
illustrating that SOX17 isifost closely related to
SOX7 and sonewhat |ess to SOXI 8. The SOXI 7 proteins

i h .

DR ERIATIR KA PRBSAR L BT PO §pffoisona

Patdne %pjﬂicaﬂﬁCiNs 6WOTBp4Fi gitited4 FRERRIWETIEEN STREAK  AND
robed with t anti-SOX17 antibody. This bl ot

MBSEY RO RV BRES Shed Prnectt 7067 Uhi Broaiiansbayienichpplication No

60%‘9@232 g,sg?ﬁh%d @"}@ﬁ%@lcﬁv SFEXPL2SEaS DEY t@k%ﬁgﬁ@ﬁk@@mw

I mmunor eact 1 vi ty W
filed JurtanBmmOSCIao@éW Peivisied] BOXnf Appliative Mber60/BOGDS, entitled

R et S TR R T T —.

of AhiddEdre dfcoAfote € Berbidlts! refbr@gb IrSthéibntirthés 1S in
striking contrast to other SOXI 7+ clusters (B) where

- little or no AFP+ cells are observed. [0076] Fi gures

6A-C are m crogr aphse 3@&%{1& 9%E%Q‘lvmggdoder m and

SOX17. Panel A shows rmmunocytocnenm stry for hunman
Thr c[ﬁi!ﬂir}odqugnre( ThY a pcll:dn&iitin df acrbpabed dlffﬁaenlmtionmmf\myefor the

d i domy diff tiat
rieRah o b RRSRER P Cipafin Ml 85 fhit ity amp g BS cell
to SIOWETiifive erlidUBHine ihdpe 1288 réREsediV AR D HhXbAlicstAMBvn Gtdps in the

the phase contrast inmge of the sane field with DAPI
furthgsedifigrantietien of Nt ecetlindo crapreatie e@é@cieématqnéwrme emioderm, or

1sl%t9\pe%1 9& oCnllee f%? us%pl(lfor mé gel Itﬂg traé glo%xlﬁ p! %ﬁo%gl}e TGFp

arc S SNOwW ng

famugmnut}ambmae FtﬁRafeQ;d?GB)Iteand RfAVins SQB(ﬂﬂddD@SEiérN;ﬂa@%zirﬁers for
SOX17-specific anti body. Panel A shows that activin

deﬁ“i“ﬁc?‘%é’é’&“@@)@l“ﬁ%f‘éﬁ‘etaég@ﬁ &4 oSO > GATAFNHNF e MIX1 and
strongly suppresses SOX17 expression relative to
the undifferentiated control nedia (SR20). Panel B
shoi8072je i H%ﬂtel Z:aSI a pagltaer of ths buaiah&))él’BbIDNIAawhlch displays the

agni tude of t cha L flected in SOX
POREPT® arer <haRs (g T RCHEHS. o STe ar it s ragsppizaton
pracegeieyaFPNEessAon is very reflective of changes at the
single cell level. [0078] Figure 8A is a bar chart
whi dA0BH onsFigHE 3 ds @utelatipaal gfengdroerasm eﬂwstratln&ghaﬁrz%txl’i’ i most

cl&s@ﬁ &fa@éﬁﬁcﬁ)ﬂs a\%ﬁtsb%'eafh lg&' tIBtS%}Q Tok an&g%\‘f?ipr&fem’é\%g more

e expression l'e ce
clcd;lel‘yf elatert |aaloag|speclé)s°/hcbreolags tiowmi toeother mrmbEBS)f eehSOK! group F

st.r an requl ati on of AFP. The difference in
Su@ﬁ?g\ﬂé’s‘%%}}ﬂ%f e%gllesgpf’cé Sapproxi mately 7-fold. [0079]

Fi gy0em4]8B- Eigareed iiROREstéth HINCprobsd Reth AR $at SRAYRMY17 antibody.
t hat the suppression of AFP expression by activin Ais

This blot dgmgnitatest the specificity @f this antibedie foralimandBEXtlé bratpin over-
o BRBISE A0Sl €148 e s R P8 e 2
the miostt dlasel yt relalddls GBFaraillp nmr(béq B0X7 (lane 3).

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

[0076] Figures 6A-C are micrographs showing parietal endoderm. and SOX17.

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



[0080] Figures 9A-B are conparative inmages show ng the
gquantitation of the AFP+ cell nunber using flow

wocbeeadrly. This figure denonstrates that the poagrs20asta7175
of change in AFP gene expreission (Figure 8A) in the
presence (right panel) and absence (left panel) of

on"’}ﬁf }: & %??Ellléfalcéﬁﬁl’)@éﬁp&@ﬁ ik Qarfdbﬁﬂ}n Hifﬁ%ntﬁfed%ﬁmes of hES
urt her supporting the utllltg Q PCR

ce]dm draylsleB ig the udedtlwétﬁeldcshawges Aodanbie-iahejed fortTd and SOX17. Panel

i vi.dual cel | evel 1 e
oA RN PR A RA G0V Dyl ok fyclel. Note the
coﬁ@c&@é eor@&attiowcﬁmmngbemtnwdﬂ aftl §OXAY Iabictihgls a st r| ki ng
i ncrease in the nunmber of SOXI | + cells over

per i[8Q77df SFigasps {AsBopre By ebafisashavyng oKL rg@pgthg%essmn by
qu%#?t%nﬁéR PR add aﬁl? Islox tﬁp&sﬂ?vet QiRlby iR e - s@émﬁc antibody.

S prese [ n each as | ndicatéd by DAPI
PaﬁélaA REalw $1that &ntw(rDAFi)wreastes S@ﬁ(lﬁ@ege eRpre$sagn while retinoic acid (RA)

tely 0% of | | t
B S a1 7 ot B I TSR o et
(SRROYT Padel B Shéwd e Kibitidal Yhiteh MewrIngt adigslat Aaknitude of these.

activin A (0, 10, 30 or 100 ng/m ) dose- dg(sendentl
changes dia geBectaX iy SESHE #Br@%b%nlqdwaang ftlat SRR (AR jmpggSurement of

S Y5 g%nfele?(?)rregf}gx? d v%éplreﬁgﬁiv%rbf cﬁar%eg gady sﬁl%%%fl 1@t er 3

nment erent cultures a conti nues o
t hr qogT8]subBRyrEedA id o bar aindt B/hd:hyshowfs teal spansirooaf dlfferentlatmg

culture as well.[0083], Figur.es -C
e Rk a b0 HE PSSt HaEIEoTHARB pef kbSion whil

ceﬁé( Qﬁ§\§§i Maﬁ(ﬁorﬂﬂy&ffe&ﬁ’@fﬂ@ kn 10% fEAiTRevidPuR@h (BBSRBLhibit a strong
b (panel C)  Activin A dose-dependent increases
ummlzaiosoaf@ﬁ“sl’e rhhedlifferenqetin euprssshay Letiels lscpgrapimately 7-fold.

def L]l:abtédv © %n d oS d CRRLC M X2 EO TR 138 dnld; %g%hsﬂgﬁowmg that the

es O Increase expression 1n res

u?piebsidnﬂ ofl o atpressionity Bgiwn N s hlao etzmlenmnxsmecslum velt level as
or SOXI 7, strongly icati

indisated Py |t1i1fgveéy Fop i gmq}ﬂageteré Q{t] %é’(Pt ﬁg%sa(g)t er\élzlﬁ(g }ne%célvga A\ treatment
cof[ngﬂfon §93qlve7t$ IOM FS$ albne @g 4+ and HNF3b+)

F| gu es 13A-C are bar charts which denonstrate
t he ©D8&ct Giguaest JA-BnarA ccmpaweveﬂpﬁ&eg§h@wm¢gfthmpanmatlon of the

SOX7 anel
NI o ol
clRX ¢ RSAFP Ber¥f exple8sivh SRigH@I8 A9 riﬁi dobgiresenay dr@ht lé\dﬁél) and absence (left

Mar kers o rimtive endoderm (SO
p@@Hd&é\eﬁws‘g&mﬂwmﬁw@ﬁ it gw‘w%mﬁé& Q%r@fﬁ"t‘f supporting
the SR foﬁﬁ%@glRa{na B®olihBatb ShaHgss b&%ﬁ@t dtiee ﬁlﬁﬂ‘idual cell level.

act | oes not act to specCify these
ext r 008hpr y FigweseHboleremiabgraphpebich Thevs thayexpasure of hESCs to

SRR B8 L R S R R TPl g g1
cdIR dvBEthD YalEes ofd d@y@f(Arm)t IB/)e(;(ﬁﬂ;ﬁHﬁdlgrtmlfe&b]aavd: ﬁblrndsmnfftSOXU
to activin A [0085 gures 14A-B are bar

cellvgnihigothauahar@Becby PTACR 1 $1omOBK. 39 BHICEi5A a1 piged nucll
(]%ﬁ’t y&ﬁybeegﬁﬁqngﬁg& é}?@%@loye B)-s560Nn 3k Siietkiis X P ifSfinB eactive for

e neur nonstrates that there is
S®m17aftﬂnﬁeedhy|senedmrmuwthebﬂmof activin A on neural

di ff I at her otagee S r

mesoﬁ@%ﬂit di f %‘Fgr]l i‘at E?)rn ‘ﬁ@d‘(qﬂ fLgemgrs 1R R L8Rk (0, 10,30 or
100 ng/ml) dose-dependently increases SOX17 gene expression in differentiating hESCs.
Increased expression is already robust after 3 days of treatment on adherent cultures and

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



100 ng/mM of activin A treatnent as indicated by the
decreased expression of brachyury. This is likely the

wo eaalot1oof the i ncreased specification of defiPCT/US®05/047175
endoderm from t he nesendoddgem precursors. Lower |evels
of activin Atreatnent (10 and 30 ng/m) naintain t he
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(SD)CI?UQIK/HKM \@AMMSMIHNFBK?T expr ession in response
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t r ealt0884K or Figuies Lynbexrabiadagnybiohidemoasiraty the efesief activin A
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definitive endoderm and vi sceral endodermin vitro
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t her ndiereuABhars bahehnrschavyive tagpliegt of é@wﬁs‘\ on ZICI
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AFPhI the separate origination of

mtatk@r aKg} mméns@awem&@rms et 4 doserdspendenteffacabf antivirdAram neural
a.di agram

Il’?l?tl(;n O%I%rF i t élgteagl]é suﬁgreFSé glre%od% éi[%gerrgrgtlatlon mediated by

1@Chg/ s toif lagvaRASffBzdﬁleﬁﬁié 1353086’&@? the @edieREdibx préssidieof brachyury.
roductl on of definitive endoderm from human enbryoni ¢

Thig dinlikgly| the reult, ofythedngregsgd speitiqation sgleigyive qpdodgrm from the
mEé&H{)@erﬁagpfe%ul%ogar 1ORRF tewoWe ncﬁtl{fitﬁef-\t ﬂ'g#fﬁkhp Ial(pfand 30 ng/ml)

X17 expression over time as a resu tr eat ment
mwnttehn ithel exprdssadn ah brachydsy rea tlatem smef poli@F o ffdafferengation relative to

0091] Fjigure 20 is a bar chart showi ng the increase
ur[trea%é)?f‘?{{gl PrSunber with time as a result of

t r eafouBef WFigure A Bbreahigroptapheshowingtidet@asdddi®iélal endoderm
F| gure 2 1 is a bar chart show ng induction_ of. SOX

g
W@é%%w [63RONSY (orfEcaliBer Wikisastivings Regions b RM \paristal endoderm
ar‘é Y 'f‘alrxﬁatth%ﬂgh O{heTgJ:lEurfe agAf rx§hen[ Oﬁlﬁg%ngdtg&l rs ?sgru'rr§ ﬁone while

art snow ng t Ivin A uces
dldﬁgsaadetpmntsbeTM cells is scarce when activins are included (B) and overall intensity
of TM immunoreactivity is lower.
[0087] Figures 16A-D are micrographs which show marker expression in
response to treatment with activin A and activin B. hESCs were treated for four

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



increase in SOXI 7+ cell nunber. [0094] Figure 23 is a

bar chart showi ng that addition of Wit3a to activin A
woaxods/emadilvi n B treated cul tures increases SOXIPCE/US2005/047175

expr essi on above the | evel 88 i nduced by activin A and

activin B alone. [0095] Figures 24A-C are bar charts

PabR AP]. di Kbgdee e atineR Eoséﬁﬁ’y tsitl"o@neé"]? gff)r Elég%sated with the

enhanced in | ow FBS con | t1ons. rea
CWIPl?teaabsmp 0§ AKPABY aiBl TM @dmmworwamtyng 2% FBS (2AA)

yi el 2 %%ur gr eat er I I?f .SOX17 expression

as ¢ ed et he’ Sarfk ni“F@&f nfhOWing (s Fppesrarfiea of definitive

e(lddaléﬁv) a(ld)aisedralf‘k)ldodldiﬂﬁﬁtdn@@ fi8fn HERTsAefee§ib¥Eo LNNRAE Rloderm
mar ker MXLlé\SEE anel B, s also affected in the sane
p

aAfaifenfified hy SES6ITon while\rlefipifive cendaieram didspays) the complete
oﬁﬁﬁﬂ@kxo@le IS0 o Ny ) nT}ﬁ{ bl atBhs%ﬂzc 1vel% gl(gcgsgg HE 1Q,fhe proximity

condi (i ons. 0096 Fi gures are m
oE Hbese SOX r%glooel {os eaghe adheri d-i[mgavleﬂ cHebd Wire. niPhddus times when
| ent. at the

R gactive cells are p
895@;7 t atFRys 8{:?9%‘338?%8&1% e%e?slm isplptiorefropy amy, gegions of AFP™
céle@ig%dsﬂ/Mgt the RESUratE er@daﬂ% ©¢ |t}lleﬂéfﬁht‘f'@é' CI%H%IQI? @elFsP Dvisceral
el}(ﬁﬁnel Bf yet are not co-labeled wth OCT4 (pane .

&Rifelison, clear mitotic figures can be seen by DAPI

| 20el00891 0 1 s, 4 DD S e ARSIy Thaancs

reC&)tors| G&QR)}S kéthutiey AR Bfads BRI BRNSHAdSHEWsBR1 i e production of
Iatl xpression |level of CXCR4 in differentiating

?fe a ST U mapSpRbEy OB RieR iceltss(seq, 0()@@7 Pﬁysgmfrlag 265-76).

27A-do 090€ bk u%‘é}bt1§ atﬁégtchﬁbgwl\bﬁgtﬁe Pn%lrl]lctlon of gPXU expression

definitive endoderm ers share~a very
oysatitneray agésubtaqfitessnenn with iGN GR4alaad @SﬁlbiﬂﬁﬁoﬁsadIEFGFB factors.

diff tiatio eatnents display.edin Figure 26
l%lb&ﬂ tFl %)éé]ls & @lm;lggt ﬁ@ﬂl@yﬁyeéngg@segnaﬂqgﬂ cell number

ahe MOXI ),
Vect gggg%n?ggg@&&%&ni %th éllgg%{elr a( en dgr Ry SOX7)

exhi§092]an Fipres 3kiv & bat ¢hartsshopitgOinEXtih VR EB tfRession over

oss the.sane treatnents displayed in Figure 26.
“Tﬁi%?)jesﬁt glireaimseyzvi ‘é‘%néblﬁ?ttoﬁlégf Eéﬁﬁ fagtars. show t he

rel qooyy di ng%f@'lgels' A b% Xhar él{%rﬂgﬁ%&l\éﬁ Ge! mdc'uces a dose-

across three he nmedi a condi I splayed i
ePP‘@ﬂTflé@C%Sele Sq)éllﬂli]éll Bugberes 30A-C are f | ow cyt orret ry

dot S rate the i.ncrease. in CXCR4+ cell
[Bb%bi th is}fﬂgﬁwlcr eassi ?1 Lot HTOP”AW it 8&‘1138‘? iofiVntaa to activin A
andckdedlntB ttehed chuftiRk efdreatd 90XTEHxPresti@d ABdve ihg%\?és induced by

e bar_charts that show the CXCR4+ cel
aC?%@I‘gP%CLaCF‘rVHhEtaF%‘Chl gh dose activin A treat msnt

(ALGDed5 ) PigRre3Ve funtd gL, ‘é‘ﬁ‘e[r{scﬁ%%ﬁé’ differentiation to definitive

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

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

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



definitive endoderm markers than the parent popul ation
(AlO0) . [0103] Figure 32 is a bar chart show ng gene

woexops/essiion from CXCR4+ and CXCR4" cel |l s i sol @oadia2eisng717s
fluorescence-activated celi4 sorting (FACS) as well as
gene expression in the parent popul ations. This

hE@%r@aT@g(g&%;aﬁ&% 18 dGRERAb lif@h iy e Hulehr AN tP@NAY (panel

gene expressi on pr esent in each par ent
B)pepaieatot oo-lahetkdt wigh OXGRA(ppegd () atlh @d@uomlearnnwwyﬁgures can be

se%rgky l[ﬁ‘%?t lagjﬁpn f&{“g 4 H’éﬁ’ 0@{ %D lt ra e[ls S@p?sut%l% gnasop CT4,
mHH&@QﬁE&H&@B&@WﬂMeaB@)@D} ect oder m (ZI CI ) and

vi sceral endoderm (SOX7) gene expression in the C
cel 1180973 0| akighrer %rfﬁtﬁhéah |C§*Ht &B%‘émgcthevie}ﬁtwet?Xé’é%Sﬁ'@Htle"el of

CXERE T birefintiBATYY B effiohSnf rc%ﬁéﬁﬁ%ﬁ of these

I'nitive 'endoder m nmar Kers. Figures 34A-M
ar e [0@98] c haFigsres asii- Dgaxtehmreomneshatoshopahbwr nypandl of defmitive

enggf&kerép grgfspérlgaat-l—y]egﬁa gs@?aég%& ogﬁédr)e?gﬁtl%r{ é( Sggﬁgl tcp%/sg the same
dlﬁé}gﬂt@a@%mtﬁﬁfnﬁ'issdlsﬁ%ﬂ FigdW¥26 CALCR, _FOXQ . .CMKORI.. . ..

andCRI Pl is shown in panels GL, respectlvely The
expri889]on Bigareps8A-Ef angrkayi Gags phenswer hays narkers aige mesoderm

(B%@?&RQF NRRoX ﬁ%’c?o 1%9)% SO 1?%% ws%ra?'e(&hod&%d (SOX7)

I S sHown ane respectively
exhfbdnan t eex pxrelaasmnsmp amaC;‘KﬂM ceﬁcplfemm achls hthleesqm&:ttreatments
egch_of els AAM the colum | abel ed hESC
dl?ﬂi@’ MR E @“@Eg%g expression frompurified human

e”bgmm 1 stem&aeIdSE AbFmichshrghk aBatClohs te RRMtRE dMitfence in
2% no activin addition; O0.1A 00 indicates cells

S@X Eaimthunprenctiye 1opdlFBS0ss] thoeenef] e mgdia enslitions) digbeyed in Figures
26'?29' cates cells treated with 1% FBS, 100 ng/m activin
A;'and 2A100 indicates cells treated with 2% FBS, 100

ng/ No1emt i VFizufes BQAWS Jare-iflpur egtoBisty Diar plotsbérat aleamonstrate the
-show n essi q atterns of definitj.ve
IngRERSIR A e GRS Y BB PSR ST MRt peged to the

diBbreH@MnURERs. various growh conditions. The
expression anal ysis of definitive endoderm markers

SOX1P1023SC, Figuris| 3 bhd @O ¢harts Hbatrshiow Ben€XERA [sells isolated
{.
gBRAF bt St FA, RABELRR LR IR ek Suffcgonencs o

ddﬁn[tﬁ/e ehiedeablan ke tharthdNparemtgiopalaisn (21005 grown in the
absence of activin A whereas Al.OO indicates cgl | s

gr o IDH t nETBrederita bt chashShAyiRg sEP SXAETSIoEy ToREXCR4” and
CX@?MC Qélf%slségteﬁg{sm§ ﬁmr&%éﬂ@lacgﬁﬁ&f Belf %ﬁﬁé (FABEPEY well as gene

Figure 36 i s a gram showi ng t he cel
exghrdskion énttheaparent, papsibitians. oMhisrigmeonpzates ’dilﬁt edc¥@Bee cellsy contain

def i v rmcells. .The ab V i
oDl e P RFLIS g PR B L0 i o gna e
CRERG pipul£ionk SodteinuepUlittlE oo @e:f(nm gene expﬂa@bmer m

cells; d6 FACS-DE refers to CXCR4 antl bod

puri L@ defigires véAchdagePsr charfss th aén%?“ﬂ{nSHP@ fhgcdemgtion of
me§faehs (BRARMIVURGE Wefi 1)} LdRrn@ee) M Glsksral BRdoderm (SOX7)

gene expression in the CXCR4+ cells isolated from the high dose activin A treatment

which is already suppressed in expression of these non-definitive endoderm markers.
[0105] Figures 34A-M are bar charts showing the expression patterns of

marker genes that can be used to identify definitive endoderm cells. The expression

analysis of definitive endoderm markers, FGF17, VWF, CALCR, FOXQ]I, CMKORI1 and



have been passaged once and grown for 10 additi onal

days subsequent to passage. RNA sanples are taken and
woead/yaed for marker expression at each of theCT/US2005/047175
i ndi cated days. [0108] Figures 37A-F are bar charts

showi ng the expression patterns of various enbryonic
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aleph &iF Fepamats G LPRIRER Gich AT ek 31145 BRSCines T e eblyeviation
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A refers to nRNA taken 10 days post passage from CXCR4

ant i looei)/ FAE&upEuBtﬁ fid edigpeirm _héwing RO deldarmer&flatisn, 1S(I)1at10n and
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exP%‘?Sé?“sp’EO&eW‘”tQ iR crfagermy sells. p A4 apbreviaganexeRas follows:

hEST tdiedlYd B embFjohiceted LN 'dg'h‘ﬁ%cegﬁ HREM,; un%ihhg‘d definitive

: i ncubated in the presence of act
lenj_lg@erﬁ)gpﬁ{s | dGFIFA H’EAF@eIISefOe@(Ct‘Ib‘t I’HRhB’OdYéIFGE@S 1@1rd'&ylsdeﬁn1t1ve

a nt i bo
enll Eitnﬁllp%?%egrginé{ ger m ﬁAP;% r|eﬁecr gap}érd l?%g%rﬁgnber grdoderan gflls that
ha@@emgltas’samtonw amdAgroaza fogl orhddifiéaal an shBsdagiéntto %S?Esa e. RNA
o GSC, C - OCT4;, D - Brachyury, E.
safiPUES ey tak g 3nCgoiy2ed DB PaRoE QXRS5 tchene [tba OBcaped daye.

cruqoeds|st apRuidd $ALIEY afil €

LSO 8 A L SERCLIORR o i s o
vaggys epryphisvell dinesgemeariserygentgini (fellamttbrebdmhs‘& beenidsff@éntiated

t t three primar rm.l rs are first
to séi]“l'efglll ‘}ng 3&%}’&2‘%. Szugaeckufﬁﬂ)ét %‘Iﬁ%g tﬁ%c ERfopptibody in
coajmdctﬁm with fROEGEencEhetieatddar Bortisg r(FAQ@WS'ﬁ):Ce%bi)FHVlattl%ﬁs are as

f vent]ﬁg ]g‘#?r n%t ion of the outer coverings of th
O t G peders de weRtiNAstiemdhe Qhe pessage oleCHEZY hyman embryomc
stdph 0Qf; db@ﬂ?refe?g% ARNA Frf connaect |y

T Sang” Braretes vedq* » bor t{%@uﬂ%gd 3[=:P1%Ew J‘o%egmvells on the fifth
dag qd ddEerentiationi EDinER$ LS Qsh AFgds- HACSy(efersi toahRN$\ taken 11 days post
dlff&gxﬂ?a?%n l%rom E%Cl&o anrtr%t | O/EA%TS pur&ied definitive endoderm cells incubated
in the absence of activin A; A refers to mRNA taken 11 days post differentiation from
CXCR4 antibody/FACS purified definitive endoderm cells incubated in the presence of

100 ng/ml activin A; Al refers to mRNA taken 11 days post differentiation from CXCR4



entire gut tube which includes the esophagus, stonach

and smal|l and large intestines, and the organs which
woené/areofir om t he gut tube such as the | ungs, [PCTArS2005/047175

t hynus, parathyroid and thw oid gl ands, gall bl adder

and pancreas (G apin-Botton and Melton, 2000; Kinel man

an@g y%AE% s ﬁ@@@&‘ nlfweeéﬂabé?&-meéell@moubgtg@ & th¥Qrdsen@ vt 100 ng/ml

S and . Ave ry
actinipok taadit106 |ngtmlnlﬁﬁ lorA Rihtstirsl the1RIeA éal@et lvle@ays tpest differentiation

R

pré¥ehdd &f VP @%ﬂﬁ@darm IAS 1R mig/fRY bBFGF as PO Iiiglnli)ll BGFp INF p1-d10-FACS
formation extra-enbryoni c tissues,

ref@&@rﬁOéﬂ&NAatﬁlﬁeM Gsdeyp apst@azraRPTT FERE, aaﬁbecbﬁ%ﬁé purified definitive
en%?eer CQ] Lftﬁ& th%na%sé&@ oPALEAf l | Hl r]%feré'rﬁ)t MRNA taken 10 days

elc nenbr ane. Duri ng
pogaﬁissa.geaﬁrdarﬁrCXCRé apnbmiyﬁ“sA@s paefied dtﬁmeve euidiernmcells incubated

1n{,(ﬁ<; g)??ts%ﬂ%g é;ﬁ olgl e %,‘Fllvgl g!é‘\:l L}l ' t?ﬁ'g{{gtﬁ{ Pagsne }f@r&:aa/é pr)]ost passage

fréfRSESRIM QhisREAder) pmt%ati@ﬁﬁlhw Ugloderfi Icdltd Unubated. in the
called the primtive streak.Definitive endodermis

prefeen e efil G0 rgtmk é¢t1vsn Avmlﬁclﬁ’omgéﬂlawlt Arb AR refees @ipBNAfeken 10
ddlg e‘gosf) q)agsfa d f}f ﬁ%k%agxq /%'At%s tp'[lﬁﬁ@@ dc%ﬁ(ﬂ"hve endoderm cells
§b cl al 8 ruc ure a anterior-nost of

I'Ze regi on
inbiiteatesit inethk presdscend gt Gt ng'm! mctmnsA e hg/mlthRGEF emdjddergv‘ml EGF.

popul ates first fhe npst anterio ut t a
Pangl iy n%@gyvﬁﬂgiélé:%"b ﬁbo‘nf3 ¥ Eo%g}lr 3L of
the gut tube. [0111] Definitive endoderm and endoder m

cells derived therefromrepresent inportant
mul tipotent starting pBetailed Pescriphien deri vation of

cell Ry o ATaKE B Sk hAG hinhafliiVef RNt AEA6 EASRNRRN ocours

and/'or "organs deriv _ eMhericniti ve en erm
231 wekg afteSfatiliegiohs , Gistabities iaegiranclprsipmificaat because it is at this

extrenely useful in cell ther i es cause l.ar

g e GFecuITasy SR Ryigsn 315 88%%?@ g EanideRda el 2001

Sﬁﬁ%%w&l@%ﬁ@@ﬁutha@@d) cahi eftsderht isirSspbRABIL IS @k bt gbﬂihatmn of
erentiation procedures with l'arge numbers of cel

thefouger somgings ofithe bydyeandabe entireyrsny s syeamcehdreasi the heart blood,
b(%{l';alet gr etﬁ_gl bl eeam h%r tc?{n(ljeectllve tltssﬁ/eg a%gdct%g%%(glefrd?r? tthe mesoderm.

em ce 'S converted
Déghitine Ehd/cﬁleﬁﬂ d@dﬁl’rﬁd eelthe gorpelaydrahavie respomsitilbifse formatlon of the

probl e definitive endodern1ce||s gr
P EVCHPe DRt B HAhO AP, S PSP e dtestnes, and
tlrxgbﬁ'rggﬂse\ghlh‘lz 4BQvd H@mn@ﬁta hadalve gi)iclg s tel lﬁﬁé’s meEe 'tli‘ﬂmﬁf h@fathyroid

sSuc enrichnent, | sol at’i on and/ or purl | cat| on
ance shyroidn glaohds,i gall i bleddsn dode pancresis| §Granip- B@torb@néawlt% 2000;

e ooy 20 RS EE 2087 WEE R MR odol el and

MigbhNR000jE RNIRY aRpoaetl distitigh ahoadtbexpae beiweenethk definitive
culture. Because definitive endodermcells can now be
erdadarelend the camnleiply ssppaedinsage elocdtraifdentimitive endoderm. The

phﬁl% Lt é‘gﬁﬂ?@gg? Fm&lz{fll A elgﬁ(?dsgﬁe 6€drRatibl 98 léﬁﬁa A nic tissues,

or gans rom t1ve endodermcells can be
mpirdyl ube patictalgareiay sceralu elptodsim [podtioas Sohe pavisni@l ryelkt sac and the

of t resent rel ate to net hods of
e’é%ﬁﬁ@?‘g@aﬁléfrf’ﬁ??? gkgﬁggééﬁ’ﬁ% Iaﬁls in cell culture.
I n s ep8 of mb aohikRN g8strudi@fonNithd peocess of definitive endoderm formation

begins with a cellular migration event in which mesendoderm cells (cells competent to

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



endodermcells are enriched by separating these cells
fromother cells in a mxed cell culture. The enriched

waledosniive endodermcells are then cul tured upPdEUS2005/047175
conditions which permt thafr expansion. Definitions
[0113] Certain terns and phrases as used throughout

thi.s a |cat|o ha t he . mea S ) )
Dty BRoig R i eRd ey Boly e or Rk Rt e B8 paterion pprtion of
thé stréik R d Ahrod 8l eHeiiae N4 %ec&'h@&?&r&ﬁur@'ﬁt Qfé%fé‘ri%mmost region of the
nning with a single zygote and ending with a

stwalf%s v“@emlgwmn aqcupe datinitive &nde@Hnm@élatqsdﬁrpt theemost anterior gut
d
L4 855 s i) 0 L0000 oFBLb 3485 05 IR A5G

garTE[’OQlf]USI Definttive ehé@d&mmrgﬂndmn cfsedesivt@ tlﬁdﬁtﬁg&ﬂ&epresent
. derived va’ somati.c cel | ntn %Gear transfer.[0115]
lét prit

As
ImpoEgntRYIEPpLent-SiaTHipg poEs deriyatian; Qf sl ivhich| make up terminally

dlff@ﬂceﬁﬁﬁed Assie€ 8hd/of ¥REnd B3lved Qf'bng ke dFindtel é?ld@dérhfmﬁe%ge Such
unber of other particular cell types. [0116] use

ceHért@sws andiop OEKass aig extremelysiseiyl tm@ellﬁhmms i Brcawke krge numbers

o TE e HORLE 1 85 P B8 o YT Bt o
begit é]lfférdmltlﬁ@oﬁ bﬁ)ce&péﬁs&ﬂhdarg@fn@n&pﬁsf téls oms ke Rigld edier As
to detecting either the relative or absol ute amount o

emi¥OTHE sieRY celln At cylinre diffeadiats to delinitiye yn%legex 1G4 §Vverpembryonic
steﬁﬁ e hE @oxﬁf‘ért@tp & ﬂl‘éedeﬁtutfv@ E‘enﬁ@(felﬁ'ﬁrcell[tg‘]re1 ’%%eﬂ:%fﬁ@ thlS problem,

herein, "marker" refers to any nolec can
defipgime\eadodarmcietie gtoa*dng JIquxedexldeltwes can be ennched 1solated and/or

rker-. can t not m t
R Bl i SRR IG L Sse P B A b sorBinens fsptcon andor
pugiéiestiond tikOteyWIEing Iddﬁmﬁlv@@hld‘ddeﬁﬁ cll9 /A noB b @RsyIBNEow in culture.

product pol ypeptide, a gly rotein, a carbohydrate, a

M@Wh%%ﬂdieifdlbe }qu?}PdlmIﬁqu ﬂ&p.a igy pfopurighedraisplaipd) ardipre purified
de@hﬁfveeéﬁﬁﬁgrﬁl c@ﬁé &6 rgﬁ' oI 8]6528@{&% usgféuélﬁtqlr \NEI ]%lztaué%f definitive

[ ess than 10, 000 a i n connectrl on
en\dmldnmcgﬂls canl howese exphhded drelchltyre pabsdquentsto t:]lmfchlnmnm isolation

" porti non ero_ano f. th
angBR g apit. JBpE R oreghe ﬂraﬁ b feiGiine gndpgemn cells
cafi @k prddacédid @edtér iinybed. the cell culture or cells

popul ation, [0119] Wth respect to cells in cell

cul tlAFEd or Spme canbodippnts Afi Gaspresane ipransise relate to methods of
exp%ﬂ?ﬁé ?Qﬁv\% %ﬁén Jddefin eu&‘%?@éu tcnﬁltlre SRS %x{nb?cﬂm%gls definitive

ype © e cel ture or cell popula
enflodem ¢eadls prre seriched rbyaseparming tthest deBs $robhatheabelllt inb¥msiked cell

% LA R TS A, L8 PP i

peﬁﬁitttlhﬁilee)d’lﬁﬁﬁidl&m as used herein, "low serum RPM "
refers to a | ow serum cont ai ni ng nedi um wherein the

serum concentration is gradually increased over a

%ﬁﬁmd time period. For exanple, in one enbodi nent,

rum RPM conprises a concentration of about 0.2%
f et d0113dvi n€esan uern(sFB8)pheased dveused throughout this application have the

meanings provided as follows:

[0114] As used herein, “embryonic” refers to a range of developmental stages
of an organism beginning with a single zygote and ending with a multicellular structure
that no longer comprises pluripotent or totipotent cells other than developed gametic
cells. In addition to embryos derived by gamete fusion, the term “embryonic” refers to

embryos derived by somatic cell nuclear transfer.
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met hod of distinguishing this cell type fromthe other

Deglmltl%/e IEndoderm Cells and Processes Related Thereto

[0122] Embodiments described herein relate to novel, defined processes for
the production of definitive endoderm cells in culture by differentiating pluripotent cells,

such as stem cells into multipotent definitive endoderm cells. As described above,
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[0125] In some embodiments described herein, the presence, absence and/or

level of expression of a marker is determined by quantitative PCR (Q-PCR). For
example, the amount of transcript produced by certain genetic markers, such as SOX17,
CXCR4, OCT4, AFP, TM, SPARC, SOX7, MIXL1, GATA4, HNF3b, GSC, FGF17,
VWEF, CALCR, FOXQ1, CMKOR1, CRIP1 and other markers described herein is
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cultivation of human embryonic stem cells is a layer of mouse fibroblasts. More recently,
human fibroblast feeder layers have been developed for use in the cultivation of hESCs

(see US Patent Application No. 2002/0072117, the disclosure of which is incorporated
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are known in the art can also be used to quantitate marker gene expression. For example,

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



Nature, 382, .635-638 (1996)], Ma, Q, et al Inmmunity,
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Naturk 382i 635-638 (1996)], Ma, Q., et al Immunity, 10, 463-471 (1999)] it resulted in
late embryonic lethality. McGrath et al. demonstrated that CXCR4 is the most abundant
chemokine receptor messenger RNA detected. during early gastrulating embryos (E7.5)
using a combination of RNase protection and in situ hybridization methodologies. In the

gastrulating embryo, CXCR4/SDF-1 signaling appears to be mainly involved in inducing
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[0144] It will also be appreciated that in some embodiments.described herein,
the expression of markers selected from the group consisting of GATA4, MIXL1,
HNF3b, GSC, FGF17, VWF, CALCR, FOXQI, CMKOR1 and CRIP1 in definitive
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efinitive endoderm Sone preferred enrichment

clls dbwnstrpamagfcthe SOF(i dn@é@% promeqteronich il ghecexpeessine of the GFP
g,enet : O%LEC,Irt gogsl‘loccgl%lcalfy ac(tiw[a Otn It Ie\rll theerr]%?qﬁ ém n%{c%nh'hfj@ the SOX17 or

CK@KZII progmtdieriaisomeCehodpngiss, ahé @ﬁﬁreﬂfodﬁ@ region| df Uh€ ucleic acid,
can b e enriched in deflnltlve endoder m cont ent by

at
whigh gneadrs 30317 195 GHERE rorsolacet &y nedrsacd ewdmg GFP or a
blg%g%%ﬁ%e Gk glﬂ%%%bf’nﬁl Bthef @ﬁbo«?ﬂﬂeﬁﬂr iR nll?:'lelcs QR eélcodmg

finitive endodermcells can be enriche
GBY oata Hl@lagxtcaléjowtveffragtr@natb@mof msefdoindfrase wrmtmﬂ@dt 4 pomon of

untreated.ce cul tur hi
g 6 i SReoB REPRLOLGASRS Therafl st tysciatgin. 1n
such @Mbalinh @S theasibh pidlein t@aiah o AuoRInt ﬁdtﬁh@suﬁlm@m

to untreated cell populatlons or cell cultures,

sti | 1918Pher Fhvmegppivhmarkedegslls; flﬂc\heaSeH@ow’deémbgd PAwipotent
cet?l@ %rdlﬁt}%gtlzft&p t9 ééﬁrllﬁ\‘?es End%e adHa scilgecﬁgfé%ou}lgﬁ‘bfo%.d Because

as’ conpared to untreated opu ations or c
defulitiver gslodénm yets @dph@ls thmﬁmmscem markde e, wWheeeas other cell types
m.ce

endod enriched fr Iea t 40-
a§ BOCRERIEE s 3pdrincells o bEdSrae G ol 1so Bty £ Bes! Tn some
erﬂﬂcﬂﬂhﬁﬁﬂs 081 QispEidns Cohipdk S a ixtGRY dfoflibredteMty-1BBled .definitive
definitive endodermcells can be enriched from at

e@@é@l@n seibuandyunlabeled sor-dofinitive gndedern sphs ate %Oéted using a FACS.
PSS SRR ROTHL SIS Sl S s cas, iy
resulting in the isolation of definitive endoderm. If desired, the isolated cell compositions
can be further purified by additional rounds of sorting using the same or different markers

that are specific for definitive endoderm.
[0151] In preferred processes, definitive endoderm cells are enriched, isolated

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



[0155] Cell conpositions produced by the
above-descri bed nethods include cell cultures

woooqu7isiing definitive endoderm and cel |l populpatriuse05/047175
enriched in definitive endwderm For exanple, cel
cul tures which conprise definitive endodermcells,

ind¥RE % Rfferbf AR todRRIthe ge%%i/@(endda@rrﬁ @ﬂnlﬁge‘ Mt %lltﬂéra@precmted
are definitive endodermcells, can be produced

thBetha ubeve-descrbed] eririshmpni fisoldiendinflf pridivatien poicegiret eansbe used

i Rich et Sed sibe PR %ET ca T Grown o

conqi52)ns, IPadividh foahié ProcedureLiuist @dscObe, aeﬂmhhe endoderm cells
tlﬁlﬂgﬁ?f culture steps, .the differentiatio

mpy glseckr esolaires By juthey Rehmaquss fan cplddsplation a%f&yteor@% definitive
enﬁE magqa'ijsro l;es%%n Qui; %Qfé‘ledalpyo WetBorf¥) oARPHI sgﬂgc@lture in
out Yo about 40% out 45% about 50% about

graw&uborﬁm%nsa\blﬁuh p@@%)teab@ iseledtiod swivak o7 5%ctaf@o¢)¢pasﬁ% of the
déﬁg qut 859 aboHt 90% about 95% or greater than about
YIVEGROY EF&ﬁ bf pluripotent cells to definitive

_endodessy | tsingthé AeeD9e dedclibdhha@bmi &fichkd Oisolafed and/or purified - - -

definitive endoderm cells is- enployed for exanp
rapplatignngf definifive ardoderg gglknand patispich gan be Rrﬁ@lced(@mﬁm from
0 S £,
pl{ugﬁgcﬁ%t Jell}l (21 tlﬁgeg %Zé&h@p&ﬂé&lg{ﬁé%g% % g{fgaéag%ﬂﬁ‘&% ompopulatlons
whinb (hdvmmdesgoaie KC teiahesdni&ehﬁerﬁnmﬁioat dn tsame omgplosdst thereslls undergo

cel.l . popul atlo a cel| culture t hat
ragdi Al BT dp o aRreh ngibod: JievaG B el Bepp sdirected to
difBngAE iptintdrite 180 dﬁﬂﬁftme c@libdormFOB o8 PFLEed ¥BidndnA isolation
met hods descri bed herein, conpositions conprising

ang{oxtpyrifisatisn metBels rshite Wethe i virweredisbige ofdednitive e@ch)dblén from
o) enbodi nent's, conpositions conprising
mﬂéqﬁégggmgéoﬁﬁugﬁ%efinitive endodern1ce||s f or about
evergiog pI Usingathe mhetloeds| desaited premﬂmo&ﬂ pdptllambhEbr cell cultures

IR0 DL FOROSLALANS SORrL 19, BL L 8251, AR ot

cophpafddptupfbate® béiP pduatRn® SH6Qeul AR tth @8Rk le¥hbodiments, definitive
conposi tions conprising other ratios of definitive

endpditresatiscaan| be qrgiched by pbieast alat [5s taypeows o¥0eln}sl as eqmpared to
e

ceflb ¢an potmtidhed dtdns at Rhstlaba@ttl(lab@ albout ZGe-ffolrdl dsicompared to untreated

ndod rmcell for abou 100, 000 ot.ent
ceﬁemcn%l atigps g a@I c f OHieF iegibodt E?e rdﬁf 1pigve epdpderm cells
caﬁ%nrféﬂ@d’ Yroéloatqggt QI!Dcht 'ZBQE@EEOu?qbd) Sold &k cbﬁ%ﬁﬁedqg%l&ea]ted cell
definitive endodermcell for about every
qmutntlppsamemﬂ @dlures; Intyel ethert eralyslimertts,disfiniiveiepdoderm cells can be
e PHELTER o5t ok gl ot B/ 0P L PR L e ca

popubatiynd 0P céll vilinped. ent caedih Smbadlrﬂeﬁ&$ﬂeﬁtbﬁué eddoderm cells can be
definitive endodermcell for_ about eve

engichied Femetdeagiedboyt 2-4p apay0-f g!ﬁoiﬂcomﬁeﬁ tﬁuuprreaéed cell populations
mQQHQQRﬁ cell for about every 5 pluripotent cells, at

| east about 1 definitive endodermcell for about every

2 pluripotent cells, at |east about 2 definitive

endodern1 eIIs far _about.e 1 pluripotent cell, at
P1UpQsitions € Ing [H,EEﬁggéé
rmcells for about

ever po15sipl UUeﬂQioﬁfﬁosﬁlehé producdders theaktinvie-dbfritedl irnéthddseinclude

endoderm cel | s for_ about every 1
cell cultures comprising definitive endoderm” and cell populations enriched in definitive

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



pluripotent cell, at |east about 20 definitive
endodermcells for about every 1 pluripotent cell, at
wohkematr1about 50 definitive endoderm cel | s for pabmsko0s/047175
every 1 pluripotent cell, 3t |east about 100
def i ni tive endodermcells for about every 1
atPle ShLEeRD- 8@% loe L cleﬁé%li et arg:O&Qﬂ)?tNenE do\ﬁsll-r? cells, can be
en o ermcells for about every 1 pluripotent cell, at
prodastl. aBecHusd Ghd @ffialeicy noft thvedﬁamndarcm pedcks far baladjusted by
every 1 pluripotent cell ast.  about
e bR oSt FstodipBh 30 dhy mised o, cell growth
coRlditioh B Ote@BWthC ethdtoPNebn@énttaBosd @AOUhe L1 GQ0 culture steps, the
definitive endodermcells for about every 1
dlffp@mlgmnemocgcbqrq:s g¢s§r1b%h@m| egnekesulf an ehpwt 5%, about 10%, about
ISQ}T,ba%gh /to abogjpfS‘%,l o'upg(?"/%,néboﬁ {'5%9%, tgwaﬂlout4 %, about 50%,
pI°ur n’tseme nceralne moodi et s t he
atﬁ)heﬁﬁ%edﬁost 60%, abent 84, dboatry@onabout 33%;¢ :lﬂﬁ)ut ROP&| atwmk B5%, about

enbr r e onadal rid an enbryo. ..
oQ¥ et 35 6 Rewes HIBaPRENTL: CORETALP] POtiBRET e b0 definiive
erﬂB@erﬁﬁI InV&QchE&%IMCIQQBQ%n 8f d&ralifivd éxﬁﬁ:ﬂ@&n 8dl1s8s employed; for
mul ticel l'ular structure that has devel oped past the

craNy o insageaTiniy rPREBTaChind: brBOdrRER seapts ¢ Bepantially
| at
p\ﬂgdgflﬂtl{r énﬁoﬁeﬁrpc%ﬁ};c}é} sat% ggf? %&“gee%d popul ati ons

I'SIn Fom a I'niti ve endoderm
cel I[QISG] at Sba@sémisdairdént® Ascth®bd lhblteln/ﬁelﬁedﬁdﬁhmo@lﬁbhﬁ such as
I.n so enbodi nen cell cult s.or cel|
Ceﬂdf%?}l tippfndcs Hrfr‘"’t%’s HrRQrIPLiSe bed I “rlﬂoﬁe‘ﬁﬁélﬂsels\‘@oas stem cells,

afdTROHiRN tedoden® €Al Tk tAULRDIO ushR theP AR AL @e@énbed herein,
conprise human cells. For exanpl e, certain specif

coemmmonemomprrreingt miixtores e¢ﬂ hESCs wand sdefmntpyei sndtgietm mzahls can be

Bl JUOPR b, AR AP e, ek By e
en@lﬁlid:rﬁl celks [er alfbﬁb@iﬁr}mﬂfpﬁufp@{eﬁt eells@replodusad| tTuloBfer embodiments,
nprising human cells, wherein at |east about 5% at
qu@c?étﬂoaﬁeamp%% ahdeapant 95 Gleintssgendedaraeslls dBp about every S

plggpféterﬂt celllgaa% p?&ﬁl%d 2504di@nal] /? A mARAbhs %gl‘%r@lﬁl%l ﬁﬁ'&t ratios of

about 35% at | east about 409 east about
ddfma&te abdmerlﬁoqz/@llsattm ehsnpoabbmeHSS%‘ atntbmpktedabolior example,

| east. about , 65% t. about 0% east
i oSt isRiath 1ot ob TR P e bt dmR £ ohay Shpuc ever
1 b@@e@o phepbiedd telly, gneat asodtmaaeﬁﬁe(w@fenamnhwmnfoe aibbﬁt every
are definitive_endodermcells hi enbodi nent s wher e

1006490 Rlvminqiens selby. ablopst aBaul drfingtrs cagogsiomseel] Hopghout every 10,000
plﬁﬁg&@ﬁt cald sx fehg a#b%vehr&ﬁﬁﬁl%a%ﬁ% &l fy! ﬁso%@ Svery 1000
W eader

hout reSpect to the human fe I'sin't
ploupetemtasilgrat tmabt abpopl ﬂeﬂmbvsendp@drﬁﬁ@allﬁ[or bhfart every 500 pluripotent

nbodi i.ped h l.at
oefoft 5 dbpyt ERFTIRES cnfdger o el oiigy OBy cels. a
lehiABSutdeddfimitiveUmBo@smieasr 4 hi Sty Y@gﬁﬁ okl 68116 eit ligast about 1
wherein the expression of either the SOX or

defetive %ﬂp fam pel derezhost eYwn» PINEPRIRR ¢ells) @tnle@f'rt acbn@t 1 definitive

ol S 5 A0 S BRIy TSP ot

cefla f@mraboet dvery 1 plumlphem eth adeave aiayt StdeBnigixp em&x]lenn celfs for about
elther t he SOX mar ker i reater than

i TEHBEET G lopt 18 v 10 SerEve pioderth Sl s saguevery |

pliBpdert dell, ﬁleﬁs@@ﬁ&ut 20 deﬁnltlve endoderm cells for about every 1 pluripotent

cell, at least about 50 definitive endoderm cells for about every 1 pluripotent cell, at least

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



about 10% of the human cells, in at | east about 15% of
the human cells, in at | east about 20% of the hunan

wa@edtbm719in at | east about 25% of the human cel PET/USTVORD47175
| east about 30% of the hunmsm cells, in at | east about
35% of the human cells, in at | east about 40% of

: h Ils | t 5% of
AR Rpdgm et tFoRiahoi Stou o BIHDOIAGS e 6f 1A% 3hou 10,000

ddfd@ste aRRdbmd MO fort BEoud URRR Qeﬁlhﬁ?otbﬁl adL, | Raghst ait%gutt 100,000

60% of the human cells, in at |east about 65% of
definHive endpderm ¢ahls for aboat evern d lumosnsfeetl d b beast abehi 1,000,000

t |

adghifle csBRpC R Rl eV e MUEBRERECire BafiiorsGl ofp some

emeteinhenﬁta,n tlteelphmpotant atell$ east hmhoutpl@fak $the BIRAN In certain
Oéilé?‘ q}? a/\ﬁt aboutqﬁﬁ%&/gﬁof the human cells or in

e*@‘?— s theiernsaote oRgY acpTuda, the nagesdl messtad an embryo

orWh@ loB8ndd3Priasds of%ﬁI én‘rﬂr2§ % c&elin ofRPUInBb AR C HIPIhdSotent cells
human feeder cel e above percentages areé

are dedyaderan the gdmd@itorrgesp gistues of 4 maltipelalar fteetier thot hassdeveloped
as{]ﬁh%:e b%:eolncs%ul tures or cell populations.- [0159] It

-P e }ép r&tated that some embodi ments descri bed

her efoms7]el asemeoersituuasitt i REGibed UtdieiaSrefid lto Wdlit dii@fes or cell
or cell popul ations, conpriSi g human cells, such as
PORUAEAN TR, BB bt Ho k] o slefipie endodera cells to at least about

95 BEGREV OB RlePN&IR" IIRH
group consi st |eng of GD\TA4e &il\%/IBXL §ml§-|%lll:g%h%&1é:{egg&{lﬁpf)pulauons
COVFise Cmaleath)X@lls CNKCplefeared @RbOfliniestsgrtbat @l tchbures or cell
ex reSS| an t 4. SPARC / qr SOX7
o P E EABH RN s Fon BuTRP BT @ iPegE e R relate to
cell&&ﬁtﬁue@h@ﬂipri@ﬁl%) Rimdnhe@ 118 UWREreimelrbi®- at [18ase ABAHI IYB RS St least about
where the cell cultures or cell popul ations conprise

90 Rk Hher nweny cells jaresdetmyyy eaﬁ?éQ‘%eIﬁ’e‘?e@én {Qhersemhadiments relate to cell
culfi@dles lélo?h&)ﬁg nﬁ”htu Loell€ S&ﬂf‘e%l? GP letaEl b%H{T?% EPFSS? éB?SJS{O%/P , at least

In the tures or cell atloné
abotth Y% eatibead atmnt 20% o8 ¢¢a|stbeéuduhﬁ5%; a ldsaet a&lomt B@%, at least about 35%,
- _.Gonposi tiaps, uch as cul tu ,, cell .
ot JEHRT P 625 oL oA 1P § S ploseabbe: Sackt lset s, at last
abdef 609t dt YeseAbateI™) 4 @dakSaboWnrIvs) 1 1éala€ab%>&p17§%8m5hsb%o*&t 80%,
the SOXI 7 and the CXCR4 marker is %r eater than t
t

at dgast a8elofd %6 at kastotpt IGHARC gromp, mM%)ﬁ(d/oérthes@xman cells are
degitﬂﬁmren'd d L&@Stmaﬁ%dléé‘f@ﬁvhteget u%ﬂt%u(ftt% ch&:ﬂ p})pulatlons

er e odl nent s, expression o
coanpdist hem@xX@GRdeneeilk cthe iabogr adeatagehare dalvalaodowaksitaespaét to the
t he 4, SPARC, AFP, TM and/or SOX7 marker in at
hulnéaé’sfo%}%?}g lﬁgac%cﬁfcflh‘éreﬁﬁ RopMalong.n at | east about
15%[ois8)he RuimR ea®olfnentddRtribeRndreiiOldle t%%&lﬂ;osftl%ﬁs such as

human cells, in at |east about 25% of the human cells,
cell jeudturgse g celh tRoglations, spmphging Urkmanc etliss, supln at hmmtieﬁmtlve

o S SRR, g, B GRS oF R P

grwd:ﬂ sthan nthet dxpeessiombofit tHe0%QOT4,t NP ARICRNalpBA-F&oprofeimt (AFP),
| ea a % of t eIIs in at_| east about

Tf%@}‘% ‘?‘ﬂ ﬂ'@ﬁ% ﬁf@(?mgﬂ% i éfalgﬁstabwt?’/esf/&lmhw cells. In

othdf BRibod Rhénis, tl'lé“e)ébtreslsﬁﬁ%tf eftl Qéibﬂle g@%l@forttﬂoe Wnﬁﬂ&l‘ ?s’ greater

in at |east about 75% of the human cells, 1n at |ea
thaghthet expression of the OCT4, SPARC AFP, TM and/or SOX7 marker in at least

about 10% of the human cells, in at least about 15% of the human cells, in at least about
20% of the human cells, in at least about 25% of the human cells, in at least about 30% of

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



80% of the human cells, in at |east about 85% of the
human cells, in at |east about 90% of the human cells,

w0 noogto7isenst about 95% of the human cells or | PCOUSHDED47175
than 95% of the human cell $2 I n enbodi nents where the
cell cultures or cell populations conprise hunanfeeder
cell's, the above percentages are ?alculated W t ho

hyraaedlls, Nt {938 30QRed> " @b therhumen cells. in ptgast éP‘PUtéQf/‘t %frte% human

cé?Fs ﬁlealt lea&%%@ﬂ%’@ﬁthe [h%gﬁ]ceﬁst 1n%tlléasp§ooﬁpf’(5"/%%'fﬁ{e%man cells, in
sone enbodi nents describ e herein re

atdmp algiut i66%sof thmhmascedlej in at ldastiabest 1% ofthe human cells, in at least

0 S sin J h as nman
oB0P 1541 JBE nBRTRR s b il Rt 8% B BpR ol east abous
gsRf %TlﬂﬂnanMeHme a3 abouE90Y, Fihe humarVWiis, Ak @d3st about 95% of
FOXQ, COWOR, and CRIPI markers is greater than the
thé%p%%lsqeaﬁ opfn gfratepthan 98pakthe Inrman qgllsada/cgrbodimxents where the
9 I+t
eglgﬁfrgsbcgzhteﬁ X I%POIIIS‘E@U%{QP%E%L&%?? ‘féécﬁf gélﬁ l’rae bo@@ﬁ%eﬁtentages are
ca.lmlated withdwe respct to. thal hunas feedec alells pnpt]ieat:elbrmltmes or cell
gﬁrl se human feeder cells, the above-- percentages
©8Fcul ated without respect to the human feeder
cel I"f159) t het wal be &phdcibit@Bther sotf dmtRARHERS 1QBSbed &R kelate to
Addi ti onal enbodi nents described herein relate to
cqzam&sqnﬁ* B8 as splt guldareg e pelbpenrulations, ompsising human cells, such as
I
0B L TR L30T LR BRI Bl s st
frofn thetgreup tdmsisSaXlof GATA# hRIIKKCRANFabKESC] §@‘ﬂ§aW@VF CALCR,

PO, Nk GRRTR TR L el Grahen Bissesprorain @i QL HaRPARC, AFP,
ThehddPor JOX Phli@ker £THR6H T a st abb S B XP pRaRE Afin o 1&5&5&%& 95% of

the SOXI 7 or the CXCR4 marker is greater than t
thexpmanseelip dn enthediomngs wieraRle celipultargs 9hd¢1bP018®¢¥0nS comprise

hﬁ]%l( ?Jefiéxnce‘rl‘lts gl% aat%'bigg/gx% nt%g 0{0 a?é glhl‘flat%g %9916 %F?ésp%cﬁl tlca)1 fthe human

In at Teast a e ‘endoder ral
fdedasellnmabie caD6lofestdieclepopdaiomal cells, in at |east
about%%?% of . t.he endodermal eI IE n at ] east about.

30% iR Rapd °6’€P?‘§S psqribed pergiagrelafiolor comppsigions, such

ad b1 enEREes MBI pehlIstions nc&ﬁpﬂﬁ?g’éhmﬁ?rp 5&118491{%1955 hB@an definitive

endodermal cells, in at | east out 45% of
ensdodere calY, Wedreis, the rexpression doth sy 80509 aid theeCXCR4 marker is

%g gﬁkqﬁ% egﬁF%Sﬁj’n (%)f';tthO(lr‘ lgﬁPAeig% F%gﬁﬁdgz;nd%cﬁgsOX7 marker in at

leestcxbdetr H% oﬁ:'ﬁhlellﬁ]mdnrbeﬂt; |18 aslier adngholdiridils, Qhe kfression of both the

der at | east about 70% of the
S@%gg 53? @gﬂ@ m?ff et GrERlET tha g eV ossEM %816 OCT4, SPARC,
ABPOPNELr XY Snarted ifht k82 3boRROY 0BRYS ‘h&fnaxii Gﬁls in at least about

endoder mal cells s, In at | east about 85% of
1 0 @ dheer vemhancasl 1,90 af lsasipbow 26%6 eftbehugavsdls, tnhae least about 25% of

th%rhgn%j Cnﬁl’ Celt Iléc’ast ?bouﬁgg‘% %‘F %ﬁ%ﬁ cg %‘; 1g]]:at ﬁfﬁlgt about 35% of the

erfar €l 1€ e

hanstoetdls il at bt sbouf 4086 3 thethumah/celts im @tplé% laBéL& asthét the human
enbodi nent s descri bed herein rel ate

0
‘“i]én’ﬁd’é tqastaheut e At the hugap cellp, twé%aSb%boeéﬁ-’r% of the human cells, in
atAeRYLisdut 80%, SRR RBAR & hb5 RHA3EE WEJe h‘aﬁlah%eus injat least
wherei n the expression of one or nore nmarkers sel ect
atfoud ) Yohrd' the barpan cells, in at least about 75% of the human cells, in at least about
80% of the human cells, in at least about 85% of the human cells, in at least about 90% of
the human cells, in at least about 95% of the human cells or in greater than 95% of the

human cells. In embodiments where the cell cultures or cell populations comprise human



consi sting of GAT A4, M XLI, HNF3b, GSC, FGF17, VW,

CALCR, FOXQ@, CWKOR and CRIPlI is greater than the
wezpoespion of the OCT4, SPARC, AFP, TMand/ or BCOX¥S2005/047175

markers in fromat |east aBdut 5% to greater than at

| east about 95% of the endodermal cells. [0164] Still

B TR R0 B Lo DAL o e e e

cmmti|t1?édeﬂ&&1tu1@§>6ﬂfdll$pd@@laﬁaﬁgml i an endodermal cells,
such as human endodernmal cells, wherein the expression

of bBH81} he ISeMI banpsesiatert thaseomee srahadiments dgqcel edherein relate to
css%g&n%hgkgzr&nragegtt&ngggs Bhg gp‘;fpgg/atrﬁg F%%m 1g 1) n@f%ﬁfsuch as

humhi siefihitivet érelodembedilewhargint e expesss Oﬂ thé (bAlITlM MIXLI1,

HPE LS OROR M WY oAl LSRR R GR] GBI mifers s reater

tHaehd eRpredeRin dMhRLOCTY,EIBARGP AP, Twoan&’f)r tSb@U markers in from at
endodernmal cells, in at | east about 15% of

leapicabaut ﬁéﬂ tocgseater tham apleasteabont 986 af the dmehn tchlés In embodiments

RN Ly —

pemdﬂ@s mm cabmildted withowttredpeatsd ttaiiﬁmhan%%dﬂfcem&ﬁ the cell cultures or
éﬂdodga|1 cells, in at | east about 40% of the
W8f cells, in at |east about 45% of the
endogaeap! %‘ddlﬁonal Qm%dlhféﬁﬁtde%@éa hel¥iR F@clatte tP@composmons such
endodernal cells, in at |east about 55% of
appelbgvlturas oe ekl popilatiens, Icelalstlsmbommra@lmenctoldermal cells, such as

hGREPURASR &%llrsswhle%mg% S0RLssRROUE O AL 4317 or the CXCR4

nﬁﬂdaodergt’ea:kerahhﬂ $he expréssionestSthe apOV4, IBARC] AHPE TM and/or SOX7
doderma| cells, in at | east about 80% of the

e
MRRED dBr Haleattetiolt % oft theesndodemmslioelis op by offise embodiments, the
)?ﬂ?gs@)fé)%rdfaélthele{ﬂessOXW 8t tﬂee@ﬁbRgl}Qéi'kergggrg%ter: (ﬁg’n the expression of

endoder nal s, In at | east about 95
then@6dér rﬁéﬂAlt(él A§PorTM narglr‘qafaS@PUt tarke® 586 @f leadteabout 10% of the

efcﬂ)qg%al rc@lll ?el tltleasé1 Ldgg'uqq% é‘%o%ti\{? gp% q%gp@t CI %taﬁjeast a%out 20% of

one enbo escri

tmmnpmanmloms, i8a¢ feagtsaboed 15% uf mreﬂaodarmale&dus in at least about 30%
mg 8 ons conprising manmal i an endoder nal cel l

I5r msadilenst apout He”acpfTthe enfipdermal ‘F-‘INISQJél at least about
4653Cf tﬁ%ﬁode}ﬁ{ﬁ’ceﬁ@-ﬁ% 1E R out %ﬂ th@gegxdg@rﬂ&ﬁ_e Is, in at least

markers IS greater than the expression
algPARDY gfthe eTFMctmdalmellSO)mt ri@nskdmut |Sﬁl%f ofotie @hdédeassl cells, in at

1e%£’[ Héut%@’r ot(‘: @Flenaor{eﬂga Hfjg{l ﬁgl% ﬁ?o/g gt/ %‘8 ge&q%gaal cells, in

athea[se about OVPErthé efddle@@NPEIlsS ing 19@% bt 1799, &ﬁﬂ@éﬂd@ﬂemal cells,
cells substantially free of other cell types cai be

3ttt about | §9”s ghiheesndadrrrshedlsd g ar lu%%dibweatr &1 of theendodermal

cdgf | 'up' E'lc\!a%t %Bﬁlﬂd%‘%] Gelle E}%HEI@{ q}’%ﬁs,o{n GEhdasC %&ulfr%% of the
produced net hods described herein are

ergispkisrlIMDellfl drym gregter BfanO64 of thteridoglemmdl keldsant | y expr ess

t he 4, SOX7 FP SPA ™ Z| or BRACH ker,
gen e@%f]o 16 % IRIERTERERRE %fé‘ge?r}t@fi?saﬂ@ hegein relate to
céigpdsiticnk,v guedgdeen ealnlred 3&3 @eﬂ’ n E&ﬂﬁﬂatﬁ?ﬁ@ r %%bﬁﬂn@f mammalian

mar ker genes is, SOXI 7 hig h, AFP |
engodeymal geils, wherein the expression of one or more markers selected from the group

consisting of GATA4, MIXL1, HNF3b, GSC, FGF17, VWF, CALCR, FOXQI,
CMKORI and CRIP1 is greater than the expression of the OCT4, SPARC, AFP, TM



Thr onbonodul i n 1 ow, SOX7 | ow, CXCR4 hi gh. Expansi on of
Definitive Endoderm Cells [0168] According to sone of
wot2oas/0moni t ro net hods descri bed herein, defi niPOMAES2005/047175
endoderm cel I s are nmmi nt ai 3ed, grown, passaged and/ or
expanded while in cell culture. In some embodi ments
a0 SESLT il in S ACI, B 0B 1 UL hALNF ShastUOHIY5% of the
as gndror expan sIgniticant
endbddrnledetls.at i on. In ot her words, in such enbodi nents,

t he defInItIV rmceII tain the definiti
e e oS E TSR oSl g el e o s, suh
as pc%ﬁs n%o%%ﬂr p@ﬁ&ﬂ’ﬁﬁ)ﬁ? e dnfhrfs@lgl mﬁhﬁln{a%ﬁﬁ enﬁ@@e@x%]al tdlls, such as

sone e diments, definiti ve endodermcells used in
hutniea mdpdwrmabnel&ﬁet\’ﬂ@d@n dbs cxprivssibrhef both, thar§OX17 and the. CXCR4

potent .cells that .can ntd I
mig' GUEeRry B o Ao her e A REf L et sox7
mAR6d Ut 1044t Bo& sw okltm te@dodepmalicetilss ah sther embodlments the

pancreas, |iver, tomach, intestine, thyroid

expregFR Of bﬁ@rtyﬁﬁ())@]aﬂ el wadorCh EPAEST A% ETPRST S gEpression of

thaﬂfq)JFT@SsP %Ufmﬁs fx%? GEk-Sparkedid Iam@Aslt Yabolih88%- of the -~ -
eve

S ‘can ufther op into higher order structures
enslu«tdlrmalscdl]ssmméeahaﬁomlt 16¥geribe endvdemmad celid anlatieatt about 20% of

ST £t 40 57 apoanes OB AR G b gt 30%

ofARS ehdJIREM A &Rk, Nn GO TEREI SRuB3SHET thé e@dzidafrﬂalrtgug iaak lleast about
cul ture conpri si n&idefl nitive endodermcells. The_ ce]l

4084 of Wreeensledemal gelune ak lfast aboub S @erfi the endedesnelowrdipnn at least

ab%ﬁ{! lj(?’/o(Hf the @ﬁ(ﬁ)%grrﬁeﬁlclell Lﬁl taP {egstt @ht SOt 'tﬁ@ dodermal cells, in at
nitrve en ermcels as we as cells o t he

letisy plsut 6B ofahaapdoelpnnﬁ&eﬂse linh atdadslt abait 68 ctfethaemdddbumé cells, in

ot dFRaT gt OGRS R DL A R oyl el

mda%flédat hbote 0ot naddrmartdllsl B msmbh&m%%w the endodermal
differentiating in vitro cell cul tures of hESCs.

In
celley irah leasb 8bHEIS  oft the endodermat celieriny@tdlepstoghoxt 95% of the
S Jor t he
cr 3R o e RS te?%aéaé%y%ﬁﬁ% oiSaiRl YO |
enmbofdi ﬁsa]nt st Wihlebempprdcmmlethnt soalel esntexdanales daseﬂbefdrlwmin relate to
t he gonadal t| ssues of 5@ Hﬂil cel | ul 1i
TR ¢ SHffhr2h e dEVBIBHeY (8L PORLAtOns 9%?%81%4 ayammalian

erldBddridal Matshatisrepf dickpREGE! bodhb WA TESGASD1 ,a8NF®, GSC, FGF17,

produce cell cultures conprising human definitive
VR Sl GRCBPKE 1h SMK OB rand ERIPT peadkerh isogrgfeithan jhesexpression of

5L 0TSRRI Mot 1 g

thee aeleie bl 95206 he eidddinsat kelssur e of which is
|nco rated_herein by referenc. n its entiret
welRT ¢ Vst e gt detibehabersiy KBRS issh sauerising

défﬁﬁn@! &fau&érﬁgcéﬂmﬁsst%fanp 'ﬁtek:\(ﬁ o&ﬁid elEtypes Bdd e pro@ed. In some
or from other human cel % pes can be used. In

embwhmems oigsaribed hierpirs ghé deﬁmhm eldpdernp gelt pppulpigensdgir cell cultures
plﬁ)égl‘egl tﬁe ”trxﬁ Q“al%e!li 'rt%lé f%{/aé}g gﬁf‘? a@él nf h%% GF ‘851 Is | Bl sE%hﬁcanﬂy

g theOCTef smxtn XEBP SSRIORIEs TMG EIC soxemRiAmﬁbmankengms

types of other cells, enriched .
yP [0167] In one embodiment, a description of a definitive endoderm cell based

on the expression of marker genes is, SOX17 high, MIXL1 high, AFP low, SPARC low,
Thrombomodulin low, SOX7 low, CXCR4 high.



definitive endodermcell cultures and/or purified
definitive endodermcell cultures. Sonenethods for
woahbvadm9ong definitive endoderm cells from hES@CT/US2005/047175
conpri se contacting or oth& w se providing the hESCs
with at | east one growh factor fromthe TGFb
ExpHREST MbthitivERIRERMVCRIS act or s can i ncl ude, but are
~not Iimted to, Nodal, activin A and activin B.
sond0ksodi Aeerrdingttteome ofiths if agraomethodp dwrlb%lhqr@mt fifinitive

57 S R SREATME REO R R 9.

soffe@hbddindids thaeleNmEEs endodetih tcéllﬂ@r&tn@ntﬁﬁﬁ@,@bwatpassagecﬂ and/or
at | east about 5 n at | east about 10 .ng/ m
expaded vyt any Sl,ggl/t%ﬁnt djfferentiation, Jg pth eg(yvcﬁay rﬁl su%\k{ embodlments
th{a %@ﬁﬁm@g%Haod%ﬁnWIEf‘malﬁt'éml tﬁ@%eﬁﬁi@l‘?b‘tena%rﬂgﬁﬂ&otyﬁ& while being
east about /m, at |east about 300 ng/
miie@ated agrowin, m@agqg/aml/pr atpah@mlsn celboritur600 ng/ n1 at

: :Zi@l 83: Iré%ﬁl%? ﬂ’ﬁé{ﬁlme ci gggkve eggocterr&d,‘gg &/Fm'l the ixpansion

mbtBag dBBMEd IRPER, aﬁ@h{ﬂlumedmews ﬂlbﬂfhn&hﬁblxtenﬁﬁ@%tﬁ g/em of the gut..
0172] In other embodi nent s of the nethods descrlbed

tuhe pePrgansider e therelreid cweh selbeinryide vt gee wastlipiiretor pi of the
cx%ﬁsg Clﬁ&%e n%dngg G, Cin st19t=,eft'hgrlo'id V& '119091%?8& eédll%ladder and

rrents ‘el ther "a rtIO f or he entire
urmaht biadderes el assm@cursors o€ setdf ¢ells t iAdditemdBrigthese cells can further

expansi th scribed herein 017 I.n _addit

A §OR BN aI TG OB FrEEL P8 % DA SRy o1 GE el Biments
th ag@ﬁ@m:mhbﬁm cARMRe RIBadidmRhe eaﬁoddm ®@Kpansi on

nmet hods descri bed herein al so conprise the step of

i sol @i78g aSomesmbodimants! thomethofls Apscribed sreisgepprise a step of

f X di

ol LT 40% FE B b Gl OB AR o can e
pwepaltat ef défiitivaendodesit cabroe achixed eeclbtilame dek Fempmset definitive

cell culture, there duci n cel | Iat
ergraretls 45 el e ek af B Gere fof Famfig s 3 Witure can be o
cfROdbBAtifg Bth | RARTIvE ABo@rmt Balsdedd Muida cergtitglogiersiem cells
cell are renoved fromthe cell culture while at | east

(hESs). ofln tsemeotrheadiments.sthe edediniivienendaderge pell cltytgris obtained by
dlgerrlf]n{%t? egI %z%z‘ii%%glln c}l?tu?er erﬁga‘dsn ltnﬂ(%ét%gf Jsrgfr;wrlnltn%ﬁ §H2hESCs are
dﬁrvddd"&rnna moaphetht ankesr roell RS chefram @nbirye adrottie rgonadad Tidgps of an

I th nb d h th l.ati
crgbi: dbraIa 8heh FBUTEGS: HE PREIPPLT] FFISHES Qe B fheeeonadal
or"\getn'ﬁ ti%sﬁe% 3PS Mul bbb R Sre t0at RadBEVERIpe@ PNt BES@Ebrybnic stage.

sald definitive endodermcells but which is not
subst0dfl} al ¥etbsgsr eﬁscbﬁerenn%mgdh%%rmc a$ Itg predueencel rpultures
the.cell, cul tyr b p Yy Nl :
o405k a5, ARG S BB VAT b o i
a;rmfck@csn tahdt ml %J.Speaichi Agpbicatashi Not | MeOZHrﬁide esnititleé | DEFINITIVE

t hat | i hed th h
ENBRIPEAM GHeq Deeeas, ADTY (i AoERHBLEBE) Buperizopsd hercin
f%%n KR e ttaét?d‘f*ﬁﬁre'v@leqjt Wiey %ﬁ?édaté@fkﬁt Ehy khRvn methods for
eagent - boun initive endodermcells can
pedpeingthechah definitive endoderma a:glé\hﬁomd&ﬁf'cﬁ&:‘m ﬁr@nbyher human cell types
n S 2 az ge%%]rgg %{nll?g@gnerelz(sa %ed %n eiar{] ttllléo gﬂ%rgsg(%l d%ﬂlmtvg ®ndoderm

'S se
ceHs produced by differentiating hESCs can be rmxed definitive endoderm cultures,

which comprise definitive endoderm cells and one or more types of other cells, enriched

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



present on the surface of definitive endodermcells,
can be provided to definitive endodermcells in a cel
wonbd/ommea Ant i body- bound definitive endoder m eelris208047175
then be separated fromoth®r cells in the culture by,
for exanpl e, fluorescent activated cell sorting
A§§ or iRl gdéf{}f%n@&ﬁm% tend ﬁ%ﬁi 'hﬁS@H RRRpkis® lcontacting or
MPSo ating app oprlate y tagged antibody in a rmagnetic
othérelisk previdingrethe nhiBRiCyraritls at t least aontd [poalythi $acte| agedhe TGFR
fromthe definit endoder eII after.the -
SUPERAPHY. GOl BERYY: ésfactt’me?s]m% Puprecnqtdimigad ipe Agdelypetivin A
arﬁiem{vﬂ{ BOMn Rinel GRSIAIBOTE @E g}mhokﬁ&bfl st hryQiaen d@@w HESCs at 2
s are separated from .. ..l east sone._.of _the-
cmcbnaranonehng;ng fram ﬁeg/ndulbtiﬁ)ﬂ@ nlgﬁml sipecsrtpincembagdiments the growth

falc “g{f@cﬁgé é%gleq’%? Slg 5” Ie.a falcplﬁ enrrgto 99.%9”{% g&#&t% ng/ml, at

lehfi@abuin Hbﬁé/ﬁﬂ ﬂﬂlads‘é abxyht %G%/mASat d@scﬁbdmedo igal, atiddayt about 75
above and I n n suc

odi
nElRD, 4 lanent 14D Rgh S lopgiabent TUABATG A apy il 308 S8ER 2 least
aﬁo‘ﬁp a6 & /rrgeQQeééP gl?d'ut 5h6 ng&ﬂt Etheastab(;an 006- ﬁg)?ﬁleﬁt 1efst @bout-2000 -

rker gene t hat hi ghl'y expressed in nitive
ng/nﬂ,oedécam aledul §0(}Ziht1g/m¢,t atdeaghatfout 4000 ye/mtpt deastebaup 5000 ng/ml or
ot htgl cl?el I h% I n sonme enbodi nents, the fluorescent

PT 8joud ]il%/mllhe gene encodi ng green fl uorescent
pr ot g1m2) GFRY @herealBodA@NY! 6 thef InetHods cdesdritetohetin, definitive

(EGFP). I n sonme enbodi nments, the G-P and/or EGFP is
e@@ép@s selis q&lﬁd@robtt%edc%ﬁmraomreﬁwsﬁﬁé cafyee of dgfinifiye epdedeym cells.
S e I
o A CBRoS OFRET Rl APy SRR St pi b 4B i the
defregved éndatiér;n ¢xpdugies methedpdeduledd Imnemf definitive

endo In pr ferred enbodi

di f f Eiﬁé'ﬂi | atlh G¥{THIR 1§ ObfNE o FH‘%‘K"S FymBsing definitive endoderm
cAIseE6thé @ehbBHRRALNEMNS expaidsion Metholds dadebst héteinhzﬁscﬁ ednhprlse the

culture at a concentration of 100 ng/m . [0176

step 96 isehtsgi aniassissomeselr hp dgfimisive iendodera cely fremette el culture. Tn

sﬁjc%f én%odﬁﬁﬂ%t?rbg(f%%{ Een%e }31‘ th%ocféﬁlnﬂfv'e%ﬁo&é?ﬁt ce‘ﬂE %@E@Qfé@&idfrom at
as a res Isolating step are substanti al’l

ldastesoned of ehd sthet kells trhér cﬂlf cudntre,v&eehyjqdedm@hlcsll papulation
ot her, .e .ments, the e hed def i dve endgderm

e AT B E oG 6§ FBrACHe PRIt g6od cgme of the

définitie@shdcieat tcell QPYa 8RS Vel frdrd @he REID @kt GRhileS at leBst some of the
still other enbodi nents, the enriched definitive

ot edlbsr temaist in thesell stitwhs Qubsrsiclls ghaf @mra%enr dhthe cghsylture can

l&gﬁtﬁgtgéﬁ% lg{ﬁ eaé?‘ﬁggg ‘%m‘%ﬁ?. ni fl v éﬁ(gi gﬁshemdem

aﬁdabdtsder{nm??] According to further enbodi nents of the
expa s described herein.a cell culture ste .
o AN dn et etr ot Ao ML dhRaRLe ey U, damriss
f‘bv@&ih% Wl dadls ﬁi B cbidhinge Wi’ﬂh' a91%§gdh|t ahidh®ihdkeo RaRAa! dxPressed in
enriched in definitive endodermcells or a portion o

saif dlefinitive sndasderm cpllsbiev el isdiotswhsiantighe exnspysed iy gaid other cells -
b
pge{ g&grlﬂetggogu %Hf\S AeA¢ ﬁéﬁ%ﬁ?eedé‘%{fpgﬁc Wﬁé&h fn"%‘?&é Efbodifhents, the

nidker @an bk npeell klitfeﬁ:bldldrkﬁ‘tthﬂns epéwﬁh toeddfmijtivenmdpdatresells. One

are coated wth or ni.t hi
such marker that is descrlgea/ throughout t 1s appqwatlon (see especially the Examples

below) is the CXCR4 marker. As described previously herein, the reagent-bound

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



human fbronectin. In preferred enbodi nents, the plates

are | VF plates coated with both pol y-ornithine and
whonan7foibronectin. It will be appreciated thaPCT/US2005/047175

al t hough human fibronectin3fis a preferred coating for

the plates described herein, fibronectin from ot her

metﬁﬁc‘iscez:% ot rrént Slllerl]]hlbo & aé%ﬁ%tl tg\g (?Jéghg oﬁ?ﬁ%ﬂq at 1s selectively

preseatibat ihagsdrfiee eofr defittlvel @hdddetrh veelliendad Qfenbﬁ)@lded to definitive
popul ati on or ﬁortl on thereof in an expansion nedium

engdpdgsiy eqlls g gn als6tcubure( Vibodibapad definitrrecnshadersn pallstoan then be
se{;zﬁ@te out /o ( v?tﬂ{ ﬂge cgfélg;é%g/kfo?régﬁflﬁl:é gf_i%cggs%gﬁt aQE/ %téééé@ll sorting

(Fa€39 s ibbeliipe ltlm aptibddy &erausoleiosgeottr at iianatofg apyeropmatelyniagged

n,be about v/v abou 1% (v/ v about %
anfififo T Aoty B, S sPhie, SRt its, bé FoYBcR delceredgyom the
defﬂtib)e,en&hﬂ:ﬁh cOUSHrelr Vievde ar@ﬂ@r%ro@esz% (v/iv), about 0.8%
about 0.9% (v/v), about 1% (v/v), about 2%

(v/ M)P1751bou689%3(1\¢r1m 1ve asang ol sepaiation, atdb@utSO@%O(f\ﬁhwieﬁnmve

‘eng@?%{nlé ?s(élxjgvs% ar?tggufﬁ rgo/t’(lggs )so og'“}ilf & /ﬁe)(rvé(_)ep%a a ? Whiture by. . . .

sp2@ficdlly fporebiendpntebedimigothie ndadﬁrﬁt,wes etidodeirmne pleds eénediitutes and then

TR Tt TN

abbh€ afk BRI DhniRel, Ws@dhSanERIIRE S SERs 8 aShsRA8d with a vector
growmth factor. In certain enbodi ments, the at |east

copmpaisEAHUPressent Geparter aergerlmmehthﬁ aentenl of dreprpweter af a marker gene
emhodi
g b B B Tbdctin (e RAEBoLBBRLARP, Srppspscd in
otherckll dges. hLEomeSerliiﬁtdn‘nerm; ttbdﬂﬁ&ed‘d@ﬂ&bpor&@ tgkivd 18 tH gene encoding
act@w n B and CO{&)@J nati o of these growth factors
grogny RpercpRidirgtem (kdg e & ahifisas et duopeeenkprateadEGERY In some
endAhéhtd, 368 GFPCAD/ R EAFFHs RpredsedUHREMNRL 'cQﬁ'tr(ﬁfof Itﬁ: S@X47 or the
ﬁ%éowt h factor of the TG-b superfamily. In ot
CXuBddirpmnates, Tresiested bBSEs erecthgr grawn frmctlture oarﬁheberesence of a

ST A0 AREOE DI ot Sy hg e 1

preforrbd nanibodimerts, bEx@:dlfféﬁﬁtlaﬂ(ﬁil Fag@6i0Wd chidat ar qh édher preferred
r@?@%ﬁm erfam|ly. each of the above enbodi nents,

FVIBFA Fﬁediﬂ toibhee i Bresat @ gAn g8 TR s k0 0t/ gl
conggMdiat i gn gi n t ng#léh 0 e
ng/ % I]n suchgog%bg{d}%ﬁg%@?%ké&g%%cg‘%% at t;ﬂgn 0 o2 O§finitive

engpdfmnh célhgropplatipng et nardi provliced ats laewmstlt adfothe fsohghgn step are
suﬁgetglgt{a tbfréeeto g%lls &?erq{l gef%étéveee% L aboug 2817 (ﬂ.ﬁer eg}bo‘?hments the

enkiekat defhotite am)de@/l ’ktll papulagast conlyfise 200 angéadt ab@it 96% to at
t about 300 ng/m at | east about 400 ng/m at

|
tegst about il ds@mtlﬁg/eﬁﬂodegp qe@astmasaau@thqro%bcrfgmﬁms the enriched
delﬁ‘ﬁﬁﬁfte &GQaJénnZQé?PpﬁkQé érﬁons g:tbrr{pﬁgéffro Qtufeagga%guggé i atofr%tast about

| east about 4000 , east about
97orae leabizaboab? 96, 230@@ atguP9%rand et teastrabeutiiddlsrdefimtivesendoderm
ceﬁorrbl nation of growh factors is present in the

Cll turenedi um In such embodi nents, each grow h factor

I's goerRnt ABcdrbidghe tirther @ﬁlb@dlﬁﬁﬁ%&iﬂl{@éﬁp@ﬁb&f m@tho@s described
concentration of at |east about 5 ng/mnm, | east
heggip @t cej_oc%@l;cmstep ag contemplated. For example, some embodlments include a
culturing step that comprises plating the population enriched in definitive endoderm cells
or a portion of the population. In some embodiments, the cells are pﬁlted on a surface

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



| east about 25 ng/m, at |east about 50 ng/m, at

| east about 75 ng/m, at |east about 100 ng/m, at
wolmagd7iabout 200 ng/ m, at | east about 300 ng/paiT/US2005/047175

| east about 400 ng/m, at 38ast about 500 ng/m, at

| east about 1000 ng/m, at |east about 2000 ng/m, at

o 034 BB BB O 00D L b

hunh&Hrondetiaddi piefmretl enitodinadmnts, ehe(jdstcs Rledd Fep(lptam soased with both

nmet hods, in sone enbodi ment i.nitive .en
pol b5l dugn {HRGREUBDL I AR APRroRaiy- DL AL gn Tuman
fitrORdRtih 3§ BPréfefrédtédting BN HRANAER ﬁ@chﬁecﬁﬁ&einh €fbronectin from other

passagi ng the definitive endodermcells so as to
sopreolisceffzignt forabpting pategel | cul tures conpri sing

defi ve r ' .

dot 1 tde ERERE R0 mny, (REEUEES 36D, QmFRE N MAting the
enBichqbddfifitivedendsderg edypaparfation bor pert@nctheresfincan éxpassion medium

regardless ofép w such culture is obtalqgg. For .
COBIPAIHNEADONH Vg KBS dmSomBe C@Pﬁmﬁ% SRR cogfenfraidon can
raﬁ Fr bt BGuSdof RvANaL afoll h@)@ﬁvﬁfﬁﬁF&%ﬂarﬂpw Rt RO nRIRAs- UEscribed: -

e above-descri bed exFanS|on nmet hods,

heaetm,eﬂlnastenmelcyncentratsorrre th@d@ed;am ] lrfealqu e Y vy about 0.1%

TR FITBR S B ORI o 0%

(vﬁ@r hsup 0873/9 Q@/ﬁvﬁ abbutt heveipanaboun 0B ffoy, dbeact dabedy), about 2%
assag definitive

(69 moueérﬁoew/@egﬁ’wa\/’ iy JaEh S8t Vb B S ofgut 7% (v1),
ab%ﬁ %C(U I, Uap?%utcélﬂw/'vf 1:0Gutd®b4 i) MSoue MSRACIWof §hdut 205790 /v). In

I'east one enzyre can be oné or nore
omezqmiﬁshrseitecstmdl fepkam:mbre iginoluded mrtbe stedivgn.of papai n,

P OB st SAYL B9F9RR s B b BRARN et NBP i,

thB ¥2hdhEidA intkasEm aﬁb @SﬂhPﬁﬁas abNag@nt grand feitspds eertzhﬁ cmbdb®iments,
enbodi nents, the at [ east one enzyne conprises

thrs eeaslfsasbm@e Erewtha &stor | ig P eeneh rfaciok ApBBIIFREM gnen@trfré oftthe TGFp

tone protease s trypsin. For ex
supGeaR A G oo BB i e e BRaBite vl Ry Bty TOP
supBrfamAy iddhiRs RS hotalﬁrﬁlt&ﬂﬁﬁl&@m ativth Al ¥@B/im Boyndf donfHinations
renovi ng the cul ture medi um fromthe cells. Next

ofsthesq growth ﬁfé@rﬁ SolaRatyisly, dn ﬁ?@@ i eawdtraeqtﬁ chejat ﬂ%ﬁt? pRpegrowth
fa, %g 881615 $r_|ah<fo?x§bn§a%ogro? IIGFL‘F g;?ol %ﬁ%f the 'IFGFB superfamily.

enperature. ypsin soO en gent
I 6By @ahbsdindsits dlie h@l@ktSdsrlH prorhile facbid san BE tHHGR, TEGF or another

trypsin solution has bee rennved he definitjv
oy dagton cdn st aat%erp?rabﬁ erti % f?a‘ftt oo EFRID uﬁ%ftor can be a

corilattth SFMGPVEdE 2 4 %KIOVV)[h Bietor 0¥ t cﬁ?eg%p? %E%ﬁakni&%” 1h'¢héh of the

vessel is theh agitated so as to
atarh eaibodisn ey oge pemateotihe grdwths@ensianbe presesoaren concentration

enbodi nent s, e rlses rypsin. ..
ra.nﬁwag’r% AbQuU} l.nﬁ ltwh?%}%ﬁ gl ?‘l‘ Fenfb OLHIEYS “ﬁv Sohochtration

oMol tiP BacRR R Bl AEAOmLIDAL 1ehdtaBSUS @I DR 1&{59%&1@@0 |n@/nﬂ at least

variety of sterile solutions, for exanple psin ca

aipait B6 ogindeet least pbrut §8migimk ptleass sbodddmedul, |a§16rdﬁ ajout 100 ng/ml,
atglg sﬁnl&gﬁ 26%?/11‘?10!3“{5&? ?bou? %661 g}?nl"ﬁrlgfgt Q@A\RQ@S (Kgﬁﬁl Lt least about

500 ng/ml, at least about 1000 ng/ml at least about 2000 ng/ml, at least about 3000
ng/ml, at least about 4000 ng/ml, at least about 5000 ng/ml or more than about 5000

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



provided to the definitive endodermin a nmediumwth

or without serum for exanple in | ow serum RPM .
wq 0088H91in accordance with other aspects of tPET/US2005/047175

expansi on nmet hods descri be# herein, the step of

passagi ng definitive endodermcells conprises

chan aII n 0 '

i bt i b LHRhis B BGHER ol AR the medium at &
coﬁ&ﬁﬂﬁlﬂl&ueﬁatsd‘lmﬂcdnth&loﬁufffait ddastndtiont §uig&hka|at leattl gbout 10 ng/ml, at

di srupt -cel I-con%ggts an

b
leash gt 25 O b GAS HBON A bt 6 ahsh TSt B P about 100
ngﬂﬁll ht i@ Rbdidt Yo n%‘ﬂhﬁ%é‘s@h bduebbo Hi/a URNERNHRENIU S/, at least

as trituratron, are known to those of ordinar
abeti 300 rigrmt, Iaeleas’ttabmlitd_ﬁsﬂ]ng/lnrd, aidesst aleavé 000 ngm).aat lwz@wut 3000
s of th &, panS|on nmet ho ri be el
R0 ofes et R PR, Ao A SHET el G in b8 s000
ngffcubat i ng said deflnltlve endodermcells in a cel
dlspersal buffer. The cell dlsgersg buffer can be an Yy
di sgersdl bl fageitioR oten they abR¥e-deseribed, expgusiayy anethods,” i some
n‘fbg)gggﬁrﬁ ﬂlaﬁa(m@é/ @%&%&Tﬁ &ewe @J(%a%é@ RGLAI Qﬂtaﬁﬁﬁé @ro%ll culture
I ments of e expansion neth
codgsxsmgbieﬁnhee endndenh eeliedrdihen pessagin therdefioiive §nd@®ml cells so

o SE RSB Rll SL B P bog T b R RRR SR, e
méth8&Kst pandifg efitivdlERlopérat callsbyGhasaging the oélist @n be performed

pl ates h| sone enbodi nents, the deflnltlvelgndo
using msy definive endedeme culbira Féaairles of Ay Sihputurg f obtained. For

ex% le. 1{ﬂas§ 'ﬂpé?l% L%'e jeﬁ%nﬁ&ﬁ Bs Bhrt RASRALLRGing Bk that follows the

Ive en conp I ses detaching sa
cetlefsontibn Vs&e;ﬁ mﬂ ctﬁera’nsneekiés&crlbecb rex pArsionu trsathoels eor laaltematlvely, this

eferre nts t ubstrate |s urface of a
mBhEU T it DRETTAokSS (1SOTHSF SEBROPY Se b Ve Teshly
ditbensMbs bl KEdS. a surface of a n1crot|ter pl at e.

EXAVPLES [0187] Many of the exanples bel ow descri be
t he W0&81llof B Wﬁ@p@%wlth&ﬁﬁﬁn@éﬂ’q%s of e pedasion methods described
dyci e k
BERHE 5, 5 M S TR R ek Bt st one
erzidkite atdeld maltuﬂeruompdllsmg ddfisitivPanédoderiasils. SF@S@gaﬁﬁ)}’e the at least
5,670, 372, 5,690, 926, 090, 622 d6 200, 806 an ting of
ong’ S TG 741 58 GBI Tare OB ETRIe NS R g Consisting of papain,
proHk¥e! §BL I MIdNenasd 09¢ N24H3RMasd, Apedilzolifsass typk IWhiolifigenase,
are 1ncor por at ed hérein by reference in their
trgsin, hyelueonidasansese, Mg, &9l disnase [rospem enplpdigggts, the at least
0 n I
c n%qlz c%Ing? g%s] %qHﬂ gﬁ%’/\lﬁllo?%gg fn é\%ﬂe?{ggoe?gbﬁgug rihen at least one
pﬁbtéasedeorﬁpﬁs’és nglpyini rittefdxampkel, yn certain lembpéinwinis, definitive endoderm

t | Kk d
TR0 AL Lgkarietigs B eells Vet St
meSHN P fAlelRN NRghaNiteAk FREROSSIuAA id pRvATel B the definitive

endoderm cells for several minutes at room temperature. The trypsin solution is then

gently removed so as not to disturb the cells. After the trypsin solution has been
removed, the definitive endoderm cells are provided with a culture medium, such as
RPMI with 2% (v/v) serum, and the cell culture vessel is then agitated so as to disrupt cell
adhesions and generate a cell suspension. In some embodiments, the cell culture medium

comprises trypsin inhibitor to inactivate residual trypsin.



In particular, the human enbryonic stemcell |ine
hESCyt - 25 was derived froma supernunerary frozen
woentyyeotfirom an in vitro fertilization cycle fralrlusaos®47175
i nformed consent by the- p#tient.- Upon-
t hawi ng-t he- hat ched- bl ast ocyst- was- plated on nouse
embrygegsic fiiliddeaphieciaMaRhat typsiaaiBE iprdViddadVEM vadfipof sterile
FBS,” non essential am no acids, beta-nercaptoethanol, .
sodutpnFCfeR ) exafple, drybsipcandiveprodided toHbe clgfinitive eadederaingrlls in a

fte roxi mat el e el 0 - :

o3 P BB L, KB PO, s o
provided MERR. definivgfeadodsas iAaanegilimsiied omivithowesehami foakxample in

cutti n%gand a brief digestion with dispase, foll owed
lopysere B¥Mleal renpval of the cell clusters, washing

and | ati L REE Wi dH&H dspots BERSYdxpamsidlRincRAY described
T ol T R

S pamagieglefjonvcemsiodenmcedlls compeises

starllng, et e‘%i ail .f.‘(/)r thg roeg Cg on %fhd%‘l:‘ i1 Estrlil\ﬁ% techniques
coé’itﬂ%sdlé‘?l e tiGesiniyve,frde 2 %r SEATET BV osé) of q
stikid be duBfidibg. t8klbstdaahllpaiempeedll Sontictsaindake flbytritpOiodvever, these. -

cells can al so _be used as starting material for th? . .
teghrrifegsshenldtrion ke 5 detsh gs de alfed et paebiiigr JYlpchapisal cell disruption

tegg@g{gésesucﬁ% hﬁu&paﬁzia SRR r&QFHiﬁarP%ﬁqﬂltherérgges’

tan be isolat’ed by methods known fn the art, can
be ufd84phs phuadcpalheret withl lyel athest asptétngofirgiteeekpdnsion methods

: 2. hESCvt - 25 Char.acteri.zati on [0190], The hunan ‘
d@ﬁ%ﬁ%ﬁ?&lnﬁaﬁt&wf PISREE HEGRPE SBadrlm el PR Roubating
sd® BBt O ERINALDY Vel 1skia 2yl Ygpersal BUd:. ane c3B|dispesabter can be

properties over 18 nonths in culture. This cell I|jne

anl disperyal kuffes gopamiinde etk tipy ickgmpley commersiatly, agdahle chemical
. T 0O antigens, all of which, are
dfg%g}%lg 'é)};?% ic of undifferentiated hESCs and di spl ays
al ka[(186] phds pbat @adodintdnts ¢fythesxpaisionasethodsodgstribedcherein, the

identical to other establ.ished, hESC | i nes.
d W?H%F?Aﬂdsf,m NG e S eV,eSﬁ%Es&FP- Sturg, vgsels can
idcRRd] ¥t GRS HBt amed abd tibedi QgufEBadksWhRh celyl duttiRdplate, such as

suspension. As a denonstration of its pluripotent
myggptitee pla@SCOIT s@Be ¢ntbpdimants, dpe defintive wadqdsts elp (in culture are

R e L e

edddesh kelssiompiizecydtabingrsagt defin{tivE@ndbdermreds fmomathe substrate. In

re mat ure neurqnal markers. | nqQcyt.ochem,cal
PEHETSh FIOTHIOS] e BIAT ° A Sl VRIS L Bpgk ofn other
pRIFGRIBIREbdSRL LS thEhBE@RAL RN tibfabe Of a RRTbeNGIHONS.
Previously, we treated EBs in suspension wth retinoic
acid, to induce differentiation of pluripotent stem
cells to visceral endoderBXAMPLESan extra-enbryonic

l'ine Tr egt ed | I s expr ed hi | evel fo .

a- f ei@%? bt ei alﬂ%ﬁg’?’ea?f( n@%???&?%&éﬁ%} eetf%g %5'? C&/@,lurtla‘i/m%ﬁ human
cEIRUrEetbdd beploiRihg plgibb@ndinfrhar eilisiagd @6l ikiownn®klay@t and have

expressed AFP in sporadic patches, as denpnstrated. by
bpqmﬁ%gwq)gﬁgﬁﬁog%pmentlﬁc publications, including U.S. Patent Nos: 5,453,357,
5,670,372, 5,690,926, 6,090,622, 6,200,806 and 6,251,671 as well as U.S. Patent
Application Publication No. 2004/0229350, the disclosures of which are incorporated

herein by reference in their entireties.



staining. As will be described bel ow, the hESCyT-25

cell line was al so capable of form ng definitive
wenaedernm ~as- val i dated by-real -time ~ quanti t BET/VU82005/047175

pol ymerase chain reaction @¢#Q PCR) and

i mmunocyt ochem stry for SOXI 7, in the absence of AFP

expression. To denonstrate differentiation to

nmesoder m differentiatin&xﬁﬁéPkEﬂe anal yzed for

Brachyury gene expressi @, 5€v&ial tinme points.

Brachyury expression i ncreased progressively over the

cour9a88)f t fer eupestidrentof Emdodemw defvelohmefito veg@impdgyed human

the hESCyT-25 |line is uri potent as shown by. the. . .
er PR, Pl ek e PliinalBh R 53 i cetigebpindefiniely in
cdl@yewhile RXMthing 3 doradUEd | @pd ESIsiwéatdeRosy frbRYRd b-day-old

A primary obstacle to the identification of definitive

erabiye deercrlh meessesieg, pither dainugologisal eicikedranigplmethefisfas isolation.
t ; 0 - r i .

I AR Ea e R OL AL AR SRR U ARG v oy from

supbmumerdce fri@eXlembrys foxp ae S8 edird Heiligéhtomt cyde following informed

definitive endodermag it far ur | astrul atio '
oot L WECRRBEE] S Dt S Bk -PHRSGE asogad on mouse
erhiBybiie UiHiob18:t€ (EP), 8XPS @St (DMBMaLORIFBSendk Bssential amino
axis) until around the onset of or gano&ene& s. SOXI 7

acids, Fpleunergieathangl.i andaF GEibs eThe pmbior adhersdr tpothE gulture dish and
I X [ : ' j

SERFFEIHE) o WSIBLSE Nl AL THSCE B8 A

naw disbesewithl MBIt 'Baxdferrwasaanmppgredpritlatrechamidat cuttiag and a brief

the def.jnitive endodermlineage when used i .
SiEETIPR RS 5P RIS B BePAMEL TRy L& the celplupisrs arashing and
relg1R8RIeSincd §kR3 oA EdeSe05 had bidh éi:?i‘éﬁ‘* badd&deRl dver 1 BE times. We

OXI 7 anti body was utilized to speciticalTy exam ne
enaplppesk the @ESQMH){% bemen eribrionicsstemdeldlling ey evn starting material for the

j: e production of SOX17 positive

prﬁé‘%ﬁﬁ?#@éﬁ@hg&g‘%‘é@%ﬁl | s. OQther antibodies reactive

t 0 ABP39ISPARGviflriet appreivteinmdihbsenofukilEinaths art @iHp s@yeeklls @r other

rule oqut the production of visceral and parjetal .
PlurpRferd G5iE &30 P§9 gmﬁ?@ A StaghiRgoriaterl ?Oes tho ifferendiatian pregedures
deREHAAR AN RO d e, 3OIR SbHin R Pbm emtRyRRE kdi2Ralfiddel Swhich can

human SOX17 cDNA SEQ ID NO 1) corresponding to am no
begisplaged] b mpthpds SEownDinNte 223, dan hehesed sasbplusipetenti erdllular starting
m&Rf,of the SOXI 7 protein (Figure 2) was used for

genetic inmunization in rats at the anti body

producti on conpany, CGENOVAC (Frei berg, Gernmany),

according to procedures devel oped there. Procedures

for genetic inmmunizati onE&MBEEZound in US Pat ent

Nos. 5,830,876, 5, 8LEgP3¢ 25 Chd@elDdiognd 6, 261, 281 as

wel | as International Patent Applicalion Publication

Nos. [0V#R]0/ 2Fha huard a8t aeHelint, $ESE 28 shagfmaintained a
no\é\ﬂ Iaf :r}lé)?jlghg)%(l)ggg 58,?){}{%%’8 groth G s%%—rcreneefweali %rr]gpeertlieg otvtg:?ll% months in

culture. This cell line displays strong immunoreactivity for the OCT4, SSEA-4 and TRA-

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



[0195] Ot her suitable nethods for genetic imunization
are also described in the non-patent literature. For
woes@npkal Barry et al. describe the producti oRC®OMUS2005/047175
nonocl onal anti bodi es by genetic i mmuni zation in
Bi ot echni ques 16: 616-620, 1994, the disclosure of
ittt yloehdRRY PIGE R At eTRbtth Pind EhREENGRtkB Idelronal markers.
entiréty. Specific ‘exanples of genetic inmunization
Irmamhmdmmcmpab@tammaﬁm lB}éHltelsulalgmanS)bsemﬁb iirf lchlsters of elongated
roteins c ound, for_exa n
o SRR e DRI, B PONY a8 T FESHl ppension with
rehhukoethcp b NinfiRze B RIenGASE ST I, g@te’ﬁt kiefn 30k @& VRW&al endoderm
production of nonocl onal anti bodi es recogni zi ng t he
(VB an extreceprmic Uneagemnedted 485 exprES:dikigh levels of a-fetoprotein

Rt S P BB S A s

nﬁﬁa@yércaagfes@ammm §Sorhdic ipbtehéil ds-niRe@REOby iltithbeasdemical
17: 569-576; Schnpol ke et al 1998 Identlflcatlon of

strigpgt | Pisswdll be dgseriva ¢theeqv@st’hp 2% epllihngywas also capable of

fori m{r{?ﬁlﬁéz:tgdllgen @Jb%{ﬁné%*vﬁgfzawaogy@éalgﬁggﬁ%rggaet% n@h@{lerase ‘chain

reabnqn (Q9BER) Gedemaninowywicherninwyg | ﬁvmaSOXrWJ bwdthesabsence of AFP

ai nst otei ns Wt onvent|on n
R oBns e Ui CifTCRIPE G SO, difbttatipg, EBs were
arlal¥ed 285 Batlyldyl YdneldxpRissioh at sévkBI AIm&BEREAL BRI hPhrydexpression
nonocl onal antibody to a defined portion of the
incgsiaseslite gispsiYR)Y oF¢r thacoisbae] He cspurbesti dn BigwDnjathe foregoing, the

h%ﬂl S!}‘C‘ 'gg Slﬁlggg]%lf”]'%t%t%% gﬁg‘oﬁ?h gr%l%)#l;‘? }(ﬁ'ﬂ‘xr cet11|§ ?i})resentmg the three
gerefley@nce in their entireties. [0196] SOX7 and SOXl 8

are the closest Sox famly relatives to SOXI 7 as

depicted in the relational dendrogram shown in Figure

3. W enpl oyed the human EQ¥ppelypepti de as a

negati ve control to denDnstrate that the SOX17

ant i body produced A Anthedon is specific

f or @Q& %rﬁlr?a? Jﬁglta CIhCV\fdglpih ctaﬁor? lo(f’sfe%fmtﬁ\%nyl%derm in

: n pa tlcu pr ot ei

hES(@ rceBwedis the hackeot abpxbpﬁh)deaséls Wanhieréﬁoemunc&ntab}y Z}&:dprf)d)lictlon of

Ccro s reactivity with OXl .7 antibody by Western
At it Oﬁhaalﬁeééga gtr ‘%ﬂ%ﬁ]}g PREIR-o] | owi ng et hods wer e
util j;aeg] f orrHehRarRErab%1 7 RRxPlesdel hrolbdHolit th%@é?mﬁﬂf@ endoderm as

ECGFP expression vectors, their transfection into human
itffopo Brreg sasmdionl apdi it pxpressionds mashteined Exxﬁhfeggt tahe (although

le\(lglgtogéggvg\gblg )('gl%l\/ﬁ}gﬁ% gk égl{ g)gl#ﬂl.{ll rgl%nd:g?(l (fnset éoorganogenems

SAxdk\is klse expBjsed pLNGH¥ORG H e;(tfan&mbnyogue mndé‘dﬁi'ﬂnSdB:Hd NGAYxpression
d EGEP- NI, (O onetech, Pal.o Al respecti vel
IB'PE‘}PEP?? &ﬁewgm%m TPesodfat %rs"‘é’t(?dﬁfﬁ}r Tbpana hesw discovered

t}ﬁt' RBX 1710 raﬁbJIBEIA a%%erﬁ%k&r pRsheatfinild @ﬁlﬁﬂcd@ﬁﬁ %eé@et \bhen used in

super coi | he presence of Li pofectam ne
cqrjenation gdrmarkens It@ b}&dlude@&)ra embrydnickhdagesar | ysat es

\_?%r g[(ﬁlglli ((egf_'ed eS%TE?fP Isg%gtdtxerrg gsg}% %@70§%§}gdy was utilized to

spteificylty et Ahife effedtt af vdriv@s fret@@iisaint dofferpriitaitioa $eocedures aimed at
i nhi bitors éRoche DO agnost.i.cs Cor poration

the o dRistip P SONI Kpositiyg dp v prsioderaneallps (ihergmtibadies Fegetive to
AT SPRRIULAL ThroMinfddifin-weERRLASH o BB/E MR broduction of

visceral and parietal endoderm (extra-embryonic endoderm).




NUuPACGE (4-12 % gradi ent polyacryl am de, |nvitrogen,
Carl sbad, CA), and transferred by electro-blotting
wonie/0POYFE menbranes (Hercul es, CA), were probedr/vsions/es7175
1/1000 dilution of the rat 480Xl 7 anti-serumin 10 nM
TRI S- HCl (pH 8) 150 mM NaCl, 10% BSA, 0.05 % Tween- 20
(Sig s, MD), folla
Ph os@ﬁg‘f]as e 1%8 C{Jfgaqu%}wgﬁ{l |ami’lé‘1dg'l a&é J@égﬁ portion of the human
SORIYRDRES ESE G NDLRAO O Pé G ds dlﬂééf%tm%s\é@lds 79.41808EQ ID NO: 2)
reveal ed t hrough Vector ack Al kal i ne Phosphat ase
msth&l pAThRRyterednab rendapio ther SOXAY, prdtain |(Egama 2) @ﬁes usedefor genetic

TS § 18RS e IS BNEE SELRAC (Pt

Gprmﬁng} n aeodrdmgt 3o npmbeeduresm devetdped i thefh| astrocsdutess tfbkat genetic
.were transientl tranaﬁzcted wth SOX17, SOX7 or
IIPEAZALIOR 740 ?é Batant, Ngs. o8 830 1% %ﬁy éﬁxﬁzl“ 993 and

6,261, PO welPAd YntbhSidHaPP SR} &ﬁ&hfcaﬁh ﬁﬁlﬂl@a{} - W000/29442 and
‘transfected cells produced a ‘band of ~51Kda

WO S nthectiedosunes pf adiicht ang m@omqataduhqcml by re\%regh«t in their

e ?%et e human SOX17 protein. There was no reactivity of

g\ OXI™7 anti'body to extracts nmade Trom i ther hunman
SOX7[0095|EG-Ptlidr aniitee hrchode fdrSgenktid inafiiiR4tedn dr@lsS@cribed in
7 anti body cl ear| y | abel ed the nucl ei. of hunman

the pgn-pRieakierapie.s Fer examplse Bany @ #lhdgspabmiberioduction of monoclonal

arﬁ%Q&1@§§j’ ?Ehe%@ nl%hfuﬂf‘ztatlwfn szb@cm&uésqlﬁekl(ﬁgbd 994 the disclosure of

transfec GFP al one.” As’such
Wbmh|lb@d‘9r®x¢tc®hc@rsb3emfénemet in imtyerht@ély ESWVFﬂ.c&xlhmples of genetic

at i an OXI
o e R S cB F0H P, Bt SN bl g fond, for
exinples ineosragitr raf e BY8YVGERetDRMmuhiafidn AERnanhé hedhe ﬁhyrotropm
to denonstrate that the SOX17 anti body I's specific fo

repfpRIncagesR 1thyipiditiz pnd aleivs prodretiaRoefemppgatenal @nﬁlbﬂdmsvrécogmzmg
th& "lﬁ‘ﬁd@ Bepldr, a?mplﬁﬁ&’ q@UDE§58r % ﬁ;?attxﬁ&og}()ﬁ? él@%(?Gene gun

I's a closel relate
d lamedWEAblgasgcu pmﬁiu@ﬁagmsemgdl)iteampldAﬁﬁdactmmaﬁ Imurme monoclonal

RIS LS SR TRIEDD A5ERY S a3, oo

Idbn‘:tvfﬂiaﬁoﬂ of @epaids &G Rirub PhaticRB dn hikEn seR@Y bgaD-§Rcific monoclonal
npl oyed as negative markers for bonifide definitive

an@ha@%s%n%ﬂ by DNA imgugigtipn.th irob G 54 httphpd§rasemann et al.,
(lbﬁ%ebéné?gt cl%flalcﬁlt b%dlteg1 %al‘ﬁét]' é{(i)teq&st 5 1%':%? 'ﬁgconventlonal

upt ngs S or are inter
nqgtm aqld/-éaémdl lhsnunllzmtlpm strategy, ar Bzol?ec@kndile 7HA 19RIAs atih Bllivieri et al., .

nunber s. of SOX s, were co-label ed with ,
15808, GREAE S B ampisioni AL oor b ghanaihBR R il b viligbacter
pAor tdaammxﬂgocﬁalamrp B% IBNANinkBenizAtRInd JOTBisEMInol +5 1C 1918194, the
(Fl gure 5B). Simlarly, since pari et ai endoder m has

b‘fhﬂ“é’opr? Heemeraekheseir by refgranice buireis entirghies. i ng

\glng;‘[or hr om%ﬁ{ ?tr?b(t(l $ﬁ§@?1§ﬁﬁéée§%§éd?¥rﬁﬁfa§%t I:)ARCtShOX” as

depioptt 1ﬁ-the:zeldtmnaltdeaﬂrogmmshopalrmEthaire 3- avelatployed e human SOX7
ure nd, SOX

poRYPRP . ot MR B aPeh e RrBRRS BB 1t OB b pgroduced by
genetic immunization is specific for SOX17 and does not react with its closest family
member. In particular, SOX7 and other proteins were expressed in human fibroblasts,
and then, analyzed for cross reactivity with the SOX17 antibody by Western blot énd
ICC. For example, the following methods were utilized for the production of the SOX17,

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



random di fferentiation of hES cells. [0199] In view of

t he above cell |abeling experinents, the identity of a
wombd/emieiive endoderm cell can be established PeTiUs2005/047175

mar ker profile SOX17hl/AFPMo/[TM O or SPARC1O ]. In

ot her words, the expression of the SOX17 marker is

P,

BRI WA F SHPRERS) S0l LR AT TSR Bl bt sy
SERARGINBGKR veere phAMYO a(DBGemmﬂ“mtqgmtSJ tegfRquivillet WMD), pCMV-

ST T G0 oo R i) LT tlplecep i sl CA
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[0198] Partially differentiated hESCs were co-labeled with SOX17 and AFP
antibodies to demonstrate that the SOX17 antibody is specific for human SOX17 protein
and furthermore marks definitive endoderm. It has been demonstrated that SOX17,
SOX7 (which is a closely related member of the SOX gene family subgroup F (Figure 3))

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



cultures with activins resulted in a marked el evati on

of SOXI 7 gene expression as well as SOXI 7 | abel ed
wa@eddom7and dramatically suppressed the expressPoOnuUsions/ 047175

AFP nRNA and t he number of 48ells | abeled with AFP

anti body. EXAMPLE 5 Q PCR Gene Expression Assay [0203]
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superior to | rmunocyt ochem cal techni ques
ox §PARKI mgrketse “dumt@@s:hefac@rlﬁlﬁcep%mrw&all deocﬂerrmat Aeerdingly, those

(b4 5 R AR OS5 B o e o

dd:fimavdqmtld:mﬁtlve format at sem - hi gh throughput

scal f anal ysi s. [0204] The approach t aken here was
to p 8 S at?ve Wﬁtlﬁé@?‘&? ustfng tByBRSpyafagity of  the

S@b@“ﬂ’ AP/ PN ARPRR O fFERe F00flei fiS h_aétdf@?igh Cﬁﬁgﬁﬁﬁttfve endoderm,

Research) and a twostep RT-PCR for
Se¥dr cad AR poveekpfassion ves lgamkitaiy ebf canidbeds anthE eslafivr number of

I f ti.onal. marker, g e.future, .. .
RV S31ecnfi VAt HROR) iR AR BESEs bPubd oo g iscerl
eﬁfofdbml emebebmeuﬂvm a&fﬁﬁ%mtl{f@gﬁ)(fddeﬁﬁllm@r)V\@é@lted in a 10-fold
(% gned to lie over exon-exon boundaries or sp
difFeBan ke leatﬂ PeBOX180BRYH exitiessionp oS prilt BT s 10-fold

difftRéhce RE S DX 19 ML ER]ab Y18 SL R %mnggrd(gtl %119 |7Bg'l\&ﬂ['t5&rg1nore, as shown

anplification from’contam nating g
m"rEllgk@r&’gmssm\m rtxeatmwpt of/ieS Chsupprbesad A FR gerteagupréssion by s.8-fold

N S I M T
nﬁ@b@f&ﬁwfelabéled 8&1R6n ﬂi@l@é esair&hs@howhl it Figufes 8B-C. To quantify this
further, it was demonstrated that this approximately 7-fold decrease in AFP gene
expression was the result of a similar 7-fold decrease in AFP antibody-labeled cell
number as measured by flow cytometry (Figures 9A-B). This result is extremely
significant in that it indicates that quantitative changes in gene expression as seen by Q-

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



mar kers of target and non-target cell types in order
to provide a broad profile description of gene
we@xpseswion in cell sanples. The markers rel evedit/u$mns/047175
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for eadtiplo marlper genesl a6 nupbtene time noirdel by Q-REB. Maik@fageeds tharagteristic
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this reason, Q-PCR provides a method of analysis that is at least complementary and
potentially much superior to immunocytochemical techniques for screening the success of

differentiation treatments. Additionally, Q-PCR provides a mechanism by which to
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this gene for nornalization. The other genes exhibited
evafiA&! BleCfibcRXRIF @Sdikfertntifil Pro®¢6l id h RafGtaddd ForMSt at semi-high
across treatnents. We routinely used both Cyclophilin
thpughputaosles of analysisl ate a nornaml i zation factor for all
sanp Th S f i [ n y " .
r edufcogéﬂt heei‘\}/1 gral%ggolaFW%}geP %ger g&% t? cﬁ%é%n%fr%ﬁlg% iqilg?t}t%thon usiig
SYBROEREn ahéhistig beastsot Geng B)00ahsthinent §Cotbr Restanth)\aad a two-
gene. expression val ues. [020 fier obtainin nes
st?rbRTu%féﬁifﬁ%r %ﬂcﬁfatapew,acf@ﬁfﬁ%g thepking P IBA gmples for
arfBs R 8F JMRitldRsl MekRE biRs GE AR BRI/ ADidifY ShSatRlity TRME reverse
mer ker genes across sanpl es receiving different
traspaptionesffielenay eetwermrsampleThe nmar ker genes enpl oyed.
have chosen bhecause th xhibit enrichment Jin
opectoafsl o BEFE SREE ESehdlls F o8br FRRERRaBRindslss,or spen
inkray € b$ abNéhsi. BOP Dt whe possivie)east thubadbern .aapisically dewssined. to. -
that are differentially expressed in_definitive
clupigaGernp Hiratiex fom eomtpianes errpsys MNAThdengaprker genes were
bledthal B6hbt Skt iMtnS B ) PRMes Ph il &R e TNase I treatment of
erﬁiﬁgk?i gﬁ% e(g I'n Tabl e 1.nTABLEI9rIB%[ O%l%ﬁq3 Sél)%gg ’rran?/seger?gsmen °
RiAesampesesssqerformebr e t han one germlayer it is useful

to ¢ i tatj,vely. c a ression |levels of nman )
goncldBL 17 WY FainERREd PR ficadie e Sorke Xprivuay gfmultiple
mhikefbedfl thighi MRl @ACQERL BBIPYPed i@ RIGTBIpk@idEX bRIAY préfile description
vi sceral and parietal endoderm SOX7 and AFP are
olegqhe I PEESIPR 1y iceld sprppled nhsdaatematrelenpy fap theyearly phases of hESC
. . 41 i d e
fiRHELORTE M AiallE DObm, SHERcARI dhANE SRR thd extra
emslanybyic neslodant anfdOfdt Whide fvalidatedv primed ecleran aedilablerveeeprovided
redi cted . ta.express high levels of SOXl .7 and
bdfiiin ZHEF 4" e HRRSE Rpctkoty st afmer bkt Peedamenstrated.
Thipas iagtigdponBslofer fheaté HSTHWEFeY ot STESRHET B -mduRe feeder layers.
addition, ZId was used here to further rule out
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oderm and thus, correlate w expressi o
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dilution series was used to generate the standard curve for each run and cycle thresholds



This conclusion stens fromthe observation that SOXI 7
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peri phery of some colonies or in regions interior to
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waonoopholvogy descri bed previously. Gven that tPCEUSESS/047175
the first devel opnent of am9effective SOX17 anti body,
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activins as_shown in Figures 24A-C. Wen serum | evels

unghifferepidated BES € calaniasonisonoed aboo theseasgpriesadpesketsiat ﬁP@a colony
o LB ok o B B2y R
cell miogjgholagy as the colony expanded in size and became more crowded. Younger,
smaller fully undifferentiated colonies (< 1mm; 4-5 days old) showed no SOX17 positive
cells within or at the edges of the colonies while older, larger colonies (1-2 mm diameter,
> 5days old) had sporadic isolated patches of SOX17 positive, AFP negative cells at the

periphery of some colonies or in regions interior to the edge that did not display the



culture as depicted in Figures 25A-D. The arrows show
cells labeled with SOXI 7/PCNA/ DAPI that are in
wodesT®1es evi denced by t he PCNA/ DAPI - | abel edp@r/Us1005/047175
pl ate pattern and the phaséicontrast mtotic profile.
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aclivin’ & S rdshRéd &f aOCRAd GE&QH&?%@F &@}fereﬁtlht%d hESCs by day 4 of
denonstrates that CXCR4 is al so a marker of

combined activin treatment. Finally, adding a third member of the TGFJ family from the

Nodal/Activin and BMP subgroups, BMP4, together with activin A and activin B,
increased the fold induction to 57 times that of undifferentiated hESCs (Figure 19).
When SOX17 induction with activins and BMP was compared to no factor medium

controls 5-, 10-, and 15-fold inductions resulted at the 4-day time point. By five days of
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[0224] All of the experiments described above were performed using a tissue

culture medium containing 10% serum with added factors. Surprisingly, we discovered

that the concentration of serum had an effect on the level of SOX17 expression in the



only correspond to definitive endoderm gene expression
but also to the number of definitive endodermcells-in
woeaan7eandi tion. - - - EXAMPLE 8 Differenti at PQm/US2005/047175
conditions that enrich for3s3definitive endoderm
i ncrease the proportion of CXCR4 positive cells [0233]
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[0228] The expression levels of C CR varied dramafically across the 7

culture conditions used (Figure 26). In general, CXCR4 expression was high in activin A
treated cultures (A100) and low in those which did not receive exogenous activin A (NF).
In addition, among the A100 treated cultures, CXCR4 expression was highest when FBS

concentration was lowest. There was a remarkable decrease in CXCR4 level in the 10%
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for definitive endoderm gene expression and depl etes
woceelslis19%xpr essi ng mar kers of nesoderm ect odePaTABZ005/047175
vi sceral endoderm [0236] ®ae CXCR4+ and CXCR4 cells
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FACS. [0240] Using the nethods such as those descri bed
CXRRARXPERSSiIOR PesteAsnd suggests that CXCR4 is not highly expressed in visceral

endoderm.

[0232] The relative number of SOX17 immunoreactive (SOX17%) cells
present in each of the differentiation conditions mentioned above was also determined.
When hESCs were differentiated in the presence of high dose activin A and low FBS
concentration (0.5% - 2.0%) SOX17" éells were ubiquitously distributed throughout the



hESCs were differentiated to produce definitive
endoderm In particular, to increase the yield and
wopwrd/7yiin di fferentiating cell cultures, thePEEMU$R005/047175
concentration of the medi u¥h was controll ed as fol | ows:
0.2% FBS on dayl, 1.0% FBS on day 2 and 2. 0% FBS on
cultgysS Wilkn Wik Bssreemtﬂva; ROwEULdd RS PHY &a$ Ml @b 1'6%3&/v) the

using three cell surface epitopes, ECadherin, CXCR
scaxw “Tieile appsatsdudt intich Sow erdliequendy asdlivasi apnsaragd rnalsvln@ﬁ clusters

Z%g?n %g%ﬁ)% tgro‘ijlg tﬁ?let (f%lt[u?e! ﬂ‘tcx'éurgs 50 G %' & ell as B and

E)ex4 ﬁ&ﬂﬁb dy@euse iieROXAET calRsvasskén 'aBemﬁdWe)togeﬁd)ds ackPaA was used.
CXCR4 sorted ce)Ié § taken from opti n(’g % diffe nti aited

Undr these sondiionstagSP 1Y heells abogppepiedin destersap usters were

sodIRP IR] MRuER ot LhgkhMethSse BRRE BHIR -higi 24 in T\a%\ﬁ EBS treatment
shows the results of a marker anal ysis for

(melfrqa A9 G amal Bndbebee mesoli$ demenstratztthetetbe NGRS exnrmtoacpattems not

om hES thods descri bed herei e2
o, BTSRRI IP R b 3 Blimber of
. ddfaitherhdferaestls Meface8éndtionDef i ni tive Extr aerrbryonl-c e e
hES Mar ker (s) cul ture Endoder m endoderm cel |l s SOX17
70-80 100 Thronbormodulin <2 0 75 AFP < 1 0 25 CXCR4
70-80 100 0[0242] In par glabl e 2 indicates
that CXCR4 and SOXI 7 pog?%%gtgel l's (endodern)
: Sk ‘ ] endi pcreadel the proportion of

culture 0] these SOX : & ressin cells, Iess t han
2% expressed TM (pari M%@@‘%@?Lsand | ess than 1%
expr@gssd AfFRe (dbs 6Eaatviendarereects Ahé @FfiGaHRY T AGHIIEIY definitive
t he proportion of TM positive and AFP-positive cells

en@eém ??éldbfpém\eqdaﬁrorada?&% cBtig[ex@Rpls dlemepstzaes éxaamcreasmg the
RS A S T B Ty
cul tloR3d4)was hEECs rwd_re _vld"fewdmtbdrlm R moediavadppllemdrdéd with 0.5%-
2 I Raorkest TR et ARG BSR O15 b0 v dfdffigentiarion
aﬂaedﬁmelo(b 19 BETOE 8/l foy a&wm A. - After 7 88443 diMGeirarion the cells were
di scovered that the ity of definitive endoderm i

digsqeiapeds mePEﬁtWIahquﬁgiacéMg C GoRtEnEg %%aEB%ra@do?otndMn@a?TA) for 5
r..t at | A2

o Sl EhyatRal 190 00 0 RS Sl SSTRA' o s,

cowaiedt @idnpeliptédie HeB&scweareerebuspended mt a <nBPoolnmeugh60% human

t he 6 day djfferentiation ocedure. However,
seHAR/T0 28 AP clrekge s Mt heSdoE S mibngRb e fahblock non-
specific daybslyf bipamptdies.i a8 BIs0¢qdWranouse anti-CXCR4 antibody (Abcam,
cat# ab10403-100) was added per 50 ul (containing approximately 10° cells) and labeling

proceeded for 45 minutes on ice. Cells were washed by adding 5 ml ogf PBS containing
2% human serum (buffer) and pelleted. A second wash with 5 ml of buffer was
completed then cells were resuspended in 50 pl buffer per 10° cells. Secondary antibody
(FITC conjugated donkey anti-mouse; Jackson ImmunoResearch, cat# 715-096-151) was
added at 5 pg/ml final concentration and allowed to label for 30 minutes followed by two
washes in buffer as above. Cells were resuspended at 5x10° cells/ml in buffer and
analyzed and sorted using a FACS Vantage (Beckton Dickenson) by the staff at the flow
cytometry core facility (The Scripps Research Institute). Cells were collected directly



also results in a reduced nunber of total definitive
endodermcells that are produced. [0244] Definitive
wepeeederym cel | s produced by met hods descri bed PeT/@8IV05/047175
have been mai ntai ned and e¥panded in culture in the
presence of activin for greater than 50 days w t hout
ppreciable differentiation. In such cases, SOX17,

a

intoykdRA lysigrimffer (Qiggam), forpybseausniviseladomafl fosal RaY el gfag expression
) . ' Additionally, TM SPARC

an%é%ﬁP&E%$%&%%§9ﬁn%ﬁgfPgﬁd BRACH mereynot detected in

t he46233)| t uTke nuiber of CKKBAY ctlisais datermingl by floancydemetry were

obSgued, o Pﬁgwgg% deﬂaégaéx aﬂ:%?}?%ﬂ{h%;%%%regf é&ﬁgﬁ“ stantial 1 ¥4 in the

differeh@AtRAL hidfukOthed & 38A/9di Thowal AT k&ls Rbre those falling
Definitive Endoderm Cells [0245] In the follow ng
wighipdh¢ Reédngate RIA this s2ates g setdusing m speandpive entiboflyeinty gentrol for
w@e&%‘%% aF @5‘&@&&%%? %Otﬂé %]43%“%“ %ﬁi !ira&%%g%g]l%} {ng{é’?lSed numbers
_ neexpr essi on was en anal yzed by gene chi’p
of IaCR 4T sclisfeotrblateRWAthf 2 obust aitdeagel i dafmikivaomidbadrinogene expression
PCR was al so perforned to further investigate the
~ - asg&?@ﬂtéf- gseds ingesased (gigb‘Feégééd]g?-n definitive endoderm
but not in enbryonic stemcells, as a marker for
definitive endoderm [0246] Human enbryonic stemcells
(hESCs) were mai ntained EXADUBEME B12 nmedi a suppl ement ed

Ié’gla{tﬂmzol qoflggggl kftj)c(%i'{ivgisceeﬁ1%l @nr?'c i{%g %‘Cr%l gﬁﬂi‘ﬂ’ve g’né}ﬁe%m éz?%q expression and

( depletes dolid expves2ingrhigrRat 0 indsydelm, ectoderm and visceral endoderm
L-glbiﬁﬁine Fon-essqntial am no aci ds, and
penil0236li n/ The &3O cind CKEBAs celisridentiffeddndinampled abgve were
fedibdhdd ¥l i st '
B4 2 RIOLEDOY 6 T 8115 SRS e s
pogulatigngwag deftermanedsoviitanegeslyym ( FBS), and

enighldin/stre in, The entration of FBS . :
Dar 188 Wach ThéRlE Y Ghfkts, & 6XERAC B o vy d¥fnatcally
in¢re@ed vdtidiy)easidfodostayBSactvin A (FQRAe’32)CeThis cwREIRted very well with
i sol ated by fluorescence activated cel|l sorting (FACS
the acthyir &y dass-depinstent iperepsei & HePal ells dhiguess Hesey Hrigialso clear

hit§Ed1idd ¥ r ' '
S TR IR RS SRR AOLY B ety ) o
CXOR ggene (R@Bs8ystinrthat poputatisAB1AEs Sejnoastcatésothe efficiency of the
i ni,tive endoderm usi CXCR4 (R&DSystens, cat# FABI
FAH R B PR RESENS, cd usi ng trypsi n EDTA
(I nfo238)9enGefi@k#préSaiOadaba)s, reveasdiethal theltTOSRAALE s contain not
buffered saline %PBS) cont ai ni ng 2% hunman serum and '
ontypdigepaaiePfithe GE6% esrarxressian b theyealsosontaingd gaue expression
| | . I +
o OB SRR LD, B0 LY el BPATSI AL Sl o
werh feulear yenhichetc over uba pantaAl 0 payulsteonsfox ST T 6636, HNF3B, and

MEFEbele SR T R pdiogarianen v (il e Exptpsion for thes
defiflESel sfdodlehA NmdAGrCar Moébvey ! they CMTRA0hid f @XIdR4t Ypddhilations

_The Scripps Research Institute using a FACS Vant age
displayed the inverse pattern of gene expression for markers of mesoderm, ectoderm and

extra-embryonic endoderm. Figures 33A-D shows that the CXCR4" cells were depleted
for gene expression of Brachyury, MOX1, ZIC1, and SOX7 relative to the A100 parent
population. This A100 parent population was already low in expression of these markers

relative to the low dose or no activin A conditions. These results show that the isolation



(BD Biosciences). Cells were collected directly into
RLT lysis buffer and RNA was isol ated by RNeasy
WO ameoTing to the manufacturers instructions 2C/agmng/ 047175
[0248] Purified RNA was sabmitted in duplicate to
Expression Analysis (Durham NC) for generation of the
of CRCRFSLAR PerAHESEsdiffaretgited id ke pibfeyioriof |hxghpmnvfmAny1elds a
and U 33 Plus 2.0 high-density oI| onuc¥e0t|de
pognlatigrsthaDathighty eished ipriand substantipllv Byrs SeHRige £
identifies genes differentially expressed between the
two popul ati ons, hESCs and definitive endoderm Genes

that exhibited a robust]ﬂ@MhﬁﬂEbﬁhnge in expreSS|on
Ievel 5

cardia L t : : 3
def i ({Rﬁg]ve €0 @@M&h%ﬁaﬁﬁfat@ﬁ W&hd\@fo@oﬁﬁﬁ@(}&dbfmﬂwe endoderm
as descri bed above, to veri &:the d
celix presswiion ehaswfaze poembipemilatios aselsterafied P&ﬁﬂo‘éﬁllé Gegeip and as

g & L Cufr R R AT bl iR SR g, enited

DEFDNITESE SBRDIIHRM, tfiled g@mmxpﬂéss?i%h tles disclsigr of which is- -

certain markers. Results are dis ed for

ingaoIRiods N DY SELORCS TR STERDL G P PR R A PR other
mQxfkeIJsg)QdQﬁﬁlmze Bfdod¥ind whre 42%524d B PAESSI Ng def i ni t | ve

endoder m cel purified at 'the end of the five d
di f {0240t | alUsmg r@;pdg@bmsesqc@)@g}mseaﬁ%pcphedpm the; @td)ve Examples,

hlggﬁ%wgrtepc‘gff ?aﬁ%cf P rgﬁgéléx&#%iﬁ e?é%g%%ég% qaggrtlcular to increase the
yieILER, puroX@h d1f£amm@raelll CHltirks, th« érbint canvemrgion S| they medium

tt t | ost. i dent h ot
R AT Ny
3.9 %%H tanhd c,tunﬁreﬁ adr0 sQftedSEKFAE Nding Asre€l@EIC EulPRE epitopes, E-

previ ously I's expressed in both the definitive
CedidoideC KCRS, ml Thrambpmoﬂhlen SOxitedsqh repylagigns were then analyzed by

oni ¢ e loder m i 7 qﬁggg d

QECRES 3@‘?‘ THIPT V&4 ]‘V‘aoa’é‘?“"S§ ‘{}hge‘%g of SpiRes VIR R five an

eRfRMbeRhiRedddttmbhe welitdsnahe dell ypés. nCiXiGR!’f sittddestlmntaken from
contribution to the SOX 7 ex ressi.on g@t essed

opfispellvadiftsrentiared culfigperestiird 18t sglRrey Obfe Sicplorh Sels that

“%Q&é#ﬁt anel Cindicates that FG-17, va CALCR
) ORl and CRIPl are likely markers of .
defi fi2dilye &rabited@r shoared thehagsultheyf armarkgt analysis for a definitive

S SRS e BRSPS IR S R becin
results described herein can be further confirned by

| CC. EXAMPLE 12 Ceneration of SOXI 7 Pronoter-EGP
Transgeni ¢ hESC Lines and Gk pronmot er - EGFP

pur 111 cat ot PASEER of Gethihd BlasucTes!

CXCR4-specific anti body, EGFP fusions to either the
SOXI 7 or the CXCR4 pronoters

Percent Percent Percent Percent

of Definitive  Extraembryonic hES
Marker(s) cuiture  Endoderm endoderm cells
SOX17 70-80 100
Thrombomodulin <2 0 75
AFP . <1 0 25
CXCR4 70-80 100 0
ECAD 10 0 100
other (ECAD neg.) 10-20
Total . 100 100 100 100




can be used hi particular, this Exanple describes the

construction of a vector conprising a reporter
wocaseeteia whi ch conprises a reporter gene undeCTiUisR005/047175

control of the SOX17 regul3tory region. Additionally,

the construction of a vector conprising a reporter

cas whij c ri a r .

o P o R 08 g HSY LA MO g et
(eﬁ&&dﬁmﬁwmireecalfmm s b esthchellpireparcallicahuef Qf thedd SOX17-

such as a human enbryonic stemcel |, transfected wth o
eXpifEsing cAb dovt NAResh GRETEids TR hsiotal sgdadesan) a‘ﬁia%%dhan 1%
exﬁnﬂ:’ss%d%I@P grisckal% Bnffdethe S&ftéres[gggiscgi]ﬁlg %%é)g%b&&%n of TM-positive and

ntegrated into Its genone. : 7- expressi ng
AERDDsifite \veller{dudeined qrrietal ands viaertal CriRAlernax 3Pedgiahgfrom the

defi.nit] cel.l line epetically.t ' 0
ripartgpt S0 XGIRECCREaTHs FeIBr L aHEHE MR ppeRBRRS Whbile 77w
ofl BB Aell €€ulEhed Gvay NdiEihitivieCertioéhD|  Afprétithatet@uloes of ythe cells were

region éprormt,er _of the SOX17 l%en or. the %ﬁm 9@2@@
posisiyp den E~feaherin{HGAD), vhighyis i makenior hES{s; apdgbreh of the
.ceﬁé(WeFeso?ﬂoQﬁEricéu irdoyen by the human SOXI 7 or. CXCR4 gene ..

pr onot

ronoter 1s generated by replacing the CW pronoter of
vect[024EGFW d\NhayeCldoaterd) that tthe tpuatih ofredefig@xe éhdoderm in the

CXCR4 control,regi,on. These .cont i ons.contain
aifThEn ] S 1oE LS AU FEREHErA S ar R e B gmproved as
cotigbled? tOF thk hgbdw¥dRdcriRA elovandrunh eptosedlusdiftlyl Ghadfthiniy the FBS
confer the normal ex Y?SSIOH pattern of these genes in

coneentragieniat 1 Ye. thiongheut the 3+Q | Ay dHtar@rtiation precdpn dowever,
B M ERUR, L0560 0 S, s
albreresularis beeduedd nomberttE $63sl defiaRB58lenddrerSCRlY that are produced.
pro /| EGEP .cassette or the CXCR4 .pronmpter/ EGE .
casrs@{l?‘g i's @@B}tg’&fné?%'ﬁ“tcﬁ S BGYeEAeCs PS%H?:?CPE% herein have

beeHREAiRARM | aAH CxBarkRH 8% lchRike B Ghé bre8éHE &if NicAgint foe fg;reemter than 50
neonyci n phosphotransferase gene under control of the

daynowiihey| appesceable idififcientiatiopr oFbseeh caise $OXAd: i(@RCR4, MIXLI,

Se s flanked. by, f re [ n ity of
G138 WS PR DM SRR SEGP. L ngly. T
SMERCOOUTS, AFReSOKZeHIC 1241 BRACH Wik adudaektedinothbdeS@btures. It is
usi ng standard |ipofectjon nethods._ Follow n

. 10- 14,
likphy dhap puchegedle cpp e impintaingd 2p axrandec i sy fqgrrsghgt_@t&mﬂa longer
thgﬁ%d%s%&ﬁodt p;%réam&aﬁfamamanded: [0254] 1t will

e appreciate hat reporter genes other than GFP or
EGFP can be used in any of the above-descri bed

constructs provi ded that ter allows for cell
separation by FACS EXANPE%WI%)? rnative |sol ation of
Definitive Engdadasma Mitkdlof Deginftivk BadbdgmERanpl e

denonstrates that hESCs conprising_a SOX17 or, CXCR4 i
pr ont2d5) EGip thes fellavang agxnsEmgnt f BNéht at daolpigelo from  purified

d&ﬁ'fiﬂi\% ﬂé%ggz}ﬁ? ?&gﬁﬁrﬂhﬂ: bR offedtdd @Bl ?gpﬁ@%ﬁmd}%e expression was

'sO atée uor escence-"acti vat ed sorting .
thefrAGBYzed B2 péie B@Khnalysiy of GKHERN Ao fomp tash/[@EERd population. Q-PCR

transgeni ¢ hES : . . . .
was aﬂo %er ormec{E tocf'ur&lrere investigate the potential of genes expressed in definitive

endoderm, but not in embryonic stem cells, as a marker for definitive endoderm.
[0246] Human embryonic stem cells (hESCs) were maintained in DMEM/F12
media supplemented with 20% KnockOut Serum Replacement, 4 ng/ml recombinant

human basic fibroblast growth factor (bFGF), 0.1 mM 2-mercaptoethanol, L-glutamine,



differentiated for approximately 6, 12 and 18 hours in
grow h nmedi um contai ning 100 ng/m activin A and no
waesodnrioihe differentiated cells are then harvest/es200y047175
trypsin digestion and sorté8 on a Becton Di ckinson
FACS Diva di rectly into RNA lysis buffer or PBS. A
sanpl e of singl e cells is taken wthout gatjing .
nonegsSenEEp agng §?lﬁ§;|a@ IRopisillipisireptamucigat BESEhivTEGETentiated to
depRRtvelenGodttl b Cﬁ: fdr\S%aPQHl i }23ia éug l%m%ﬁﬁ@r\&@{hemo ng/ml
experi nent, e EGF posi t raction 1S separated
ofi m¢anhinmt ehquah lagtigin Zgdfeppbpoviat sanm EBSHr mdn@ntodhn/streptomycm

TSR PRS 00T PSSR A BhErcldl aRaTirea0ny! (i BB (second

daando (amyeesyt ocheni stry. For Q PCR analysis, RNA is
prepared usi ng Q agen RNeasy col unms and the
convi8248d t &elpryare Qomré by Tupicsirace dctiatedecddl pstipg (FACS) in

orB&EYS Y - LF HTed' E@Uﬂ%ﬁﬂs O&h%ﬁb%r%da'&@h%ﬁbé J@Shél‘ﬁl for gene

~are sorte Phto’p I xed for mnutes in
expagssibp analde hitdmuncapdrlﬁ«:ﬂman &hs tachigvegisfor BEBAe ssing iSSHA4 antigen

R A R R e TN

Systehs, QWGENBIWP) Riteta W ene disReshted fisi %@@g $ifVEYeL £ ¢tnvitrogen, cat#
bi ndln of the primary anti body. %)025 orted ceIIs

25p8- Oﬁﬁ} ﬁmhe@@mh@m})@@ husfepdratne (PBS) giogtaining 2% human serum and
reﬂ Egrrﬁiézgglté %gg‘%\%m?% ggﬁ’égesﬁ)g (5X§}}1%{e9 &%ﬁgg:ﬁ) sgemﬁc binding.
Stgming expreastidoout 0o rmamd;tésoom ace bl undagcoly pt eif | ghycoerythrin-

t he EGFP itive cell reater thanp 2-fold :
cqriireaaaibatea ¢ OF e Wt B by il Wite Washed tvice
wﬁﬁ@ah@%TQ*BS3Euﬂérgﬁdafé§u§p@ﬂﬁe§%Pl It ANGE t¥mEe! FACS isolation was

i ndi cates that EG-P expression |evel correlates with

cagydiqutdry taxemee fesibryesfsTlomSérapes Res¢anchabighitutonsing a SGXIS7 Vantage
(glﬂmlrsu?%gogic%% &?E@:rﬁqﬂ%&%a%gfa% td?rg?tfygl S R?f’le l%mgrea%dt RNA was
isglaley rbgmNdiey édcbrcﬁﬂg)mihmhsfavmﬁﬁrreln@@MnE@Bgén)s| ons

are OX1, epti de expressi o is anal yzed and

in c@%@ WhgiméZ %%@ﬁsmo SP%}tgﬁsmaidé plifaieq to Bxereasion Analysis
(DRPhHMREVE) &2 oBAdRA TSI fAfe é@r&@@h#&ﬂ}, dat%l’l}gﬂgqm A?ilymetnx platform

expression of either the SOX or CXCR4 pol ypeptid
anla 162 Been.( highhdensity iodigenhclotitlh er@@-pP p@tsl pnemted ls a group
cofgiij%ii%&g Ehagkﬁ%il%%sr a§1lle's 41% éaglte .?IFXQ { erg’ssélec? I?)E:Rveeeg wo populatlons
hESCm ahd elefindicti tﬂiﬂlodérﬁﬁ59(}er& Wit é;tlﬁlslaadr esSiebti®, uBtard change in

| east about 5% of th |l s present in the .
XIFPIGR Rt SV EthEefond it PESEs W5FS seqisd soRey fandidate markers that
e \i
) e BRS L AR apLints PRI MR AT by QPCR, as
dquimdaﬂbpm} do serefy SXgehe XpRasiproshangescfoded pmittei gese chip and also to
oderm cel | s. . EXANPL Passage Defin
R HBHG RECRITESION el 8 (B8 OFehTh  LriBkafip|ie  course of hESC

didfler@anstidmt es that the definitive endodermcells

[0249] Figures 34A-M show the gene expression results for certain markers.
Results are displayed for cell cultures analyzed 1, 3 and 5 days after the addition of 100
ng/ml activin A, CXCR4-expressing definitive endoderm cells purified at the end of the
five day differentiation procedure (CXDE), and in purified hESCs. A comparison of
Figures 34C and G-M demonstrates that the six marker genes, FGF17, VWF, CALCR,
FOXQ1, CMKORI and CRIPI, exhibit an expression pattern that is almost identical to



descri bed herein can be nmaintained in cell culture and

passaged wi thout further differentiation. [0261]
wdeiddsnpirtoive endoderm cel ls were differenti at ede€T/o82005/047175

rel at ed passages, designated EB and EV, of the CyT25

hESC Iine in the presence of 100 ng/m activin Ain

| ow serum RVMPI.. The | ow serum RPM contai ned 0% v/ v)

eagh pijer w&/whi@hé%%lﬁﬁﬂd(ems@} togthie gaijern of gxpressiopaf)C ahd the ratio
o R AL BRI PRl SIS PRrEla (ot e defimitive

encloti¢rir & well ed inltbe SOXKE -gxpeseing exm-embs@nmeendbde‘rﬁﬂ Slgéen$OX7 is

Lo e 25, TBREYRE s i

esﬁH{aHJBiedé}ﬁﬁﬂl@dende&nﬂ%ﬂtﬂbdtio\‘thOQHéj Q@ﬁﬁm &%‘rés&oﬁﬁ%ﬁwssed in the
passaged tw ce. Furt hernore, the cel

papulaginne agraowpolge sTlgqmmel@nE\/OK/\eaﬂ@ISaﬂdp tan@ At wandnﬁi dndiesfes that
F@f? ?l}?\gF%REq:OX@, dé@ﬁsorr}g};l ggc’rl ec%fi (13 are%( ﬁf?eg Sr’naél?ers ]pf definitive
emladémr agenies theydaeahdtvegtificaelyi exprésvel &ndmémbr}{oa%aidodenn
i gures 35A-D show that, in cell cultures provided
th 100 ng/m activin A expression of the definitive
endQ‘?QS(ﬁ‘ ”a‘itkﬁflﬁbes%gmat@%at MieXbLp @R FeeliCi s MBRd herein can be
i ntai ned during t day cul ture period subsequent
furtherraeafigeed butGGn of the definitive endodermcells
fromhESCs (days 4 to 36). Little expression of these
mar kers was observed in the cell cultures grown in the
absence of activin A AdXAMPLPE{250 ng/nm EGF did not

to SI gni f| cantl incr ease. t he expression of any
'+ Promoter-E(l . A e £CH hE FOOA NAOE ﬂildl EXCR4 Promoter-

ExpanS| on of Pur| flmﬁfﬁ%&ﬁc@@g%gr m Cel | s [ 0263]

Thi s Exanpl e denonsirates that the definitive endoderm
cel |928Mscr Aseah bemative &n pusfiditioneot defizitivd ehdodarm using the

d a hen regro nd nded | el |
Ckéﬁtgssl‘pgglﬁ g%dyﬂggﬁ’ f%ﬁlgnss&)o%ﬁpef ﬂbe %@gqgﬁ gl? g&c‘iu promoters
cafl eiugéd. | M@aﬁﬂﬁﬂﬁ*eﬁlm HMafripld Gatiiby3/tRXQARGLIADdNOFRBIL ISR Bémprising
In particular, definitive endodermcells were

a ERPOFIER SAEPUR By ERMRIHES JeteROResEGeunster Himseontiqleof the SOX17
i e ct iy

re@e@%% I%%’II‘E’ﬁl Tﬁg&;ﬁow @e?%emjc%%l\t}l%éontog Jneéétg@? va\E}E‘L ? gta reporter

capgpite nehisle comp(iFBS) rcmrtdageliq uide2 %h¢ wontyolFESthe "CHER4t sepulatory

and .2% seru reate After.five days
reBRF CEETIRT ol R R Y1 Fe RRroUE BFRRHIRD P SRlicsuch as o
hupitinl ErhiGgbhie tdus icay m@femdwlfe}gaﬁmi moXChA 1R Je6rs B8kl as a
in previous Exanples. The purified cell popul ation was

oeflthaping this gpear baih p{fhess eneEer cassekes ipfegratqgsoin{p it gAnpMicne
and (395 dig‘ré’/ ”%di&ﬁaélﬁfégglﬁgeﬁéﬁd}nb{ RaWheriP Nl 1 n%Q a8 CXRC4-

FBS un one of | om ng Tour growth fact
expressing definitive endoderm cell lines genetically tagged with a reporter gene are

constructed by placing a GFP reporter gene under the control of the regulatory region
(promoter) of the SOX17 gene or the CXCR4 gene, respectively. First, a plasmid
construct in which EGFP expression is driven by the human SOX17 or CXCR4 gene
promoter is generated by replacing the CMV promoter of vector pEGFP-N1 (Clontech)
with the human SOX17 or CXCR4 control region. These control regions contain the
characterized regulatory elements of either the SOX17 or the CXCR4 gene, and they is

sufficient to confer the normal expression pattern of these genes in transgenic mice. In
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CCCg}t.t gCC’lgheen?gthod of claim 1, wherein said definitive endoderm cells are human
definitive endoderm cells.

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

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

6. The method of claim 5, wherein said at least one growth factor from the
TGFP superfamily comprises activin A.

7. The method of claim 1, wherein the step of obtaining said cell culture
comprising definitive endoderm further comprises obtaining a portion of an existing
definitive endoderm culture.,

8. The method of claim 1, wherein said cell population enriched in definitive
endoderm cells is substantially free of cells other than definitive endoderm cells.

9. The method of claim 1, wherein said cell population enriched in definitive
endoderm cells comprises at least about 96% definitive endoderm cells.

10.  The method of claim 1, wherein said cell population enriched in definitive
endoderm cells comprises at least about 98% definitive endoderm cells.

11. The method of claim 1, wherein said cell population enriched in definitive

endoderm cells comprises about 100% definitive endoderm cells.
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protein (EGFP) .

18. The method of claim 17, wherein the expression of EGFP is under control
of the SOX17 promoter.

19.  The method of claim 17, wherein the expression of EGFP is under control
of the CXCR4 promoter. |

20. The method of claim 1, wherein said culturing step comprises plating said
population enriched in definitive endoderm cells or a portion thereof.

21. The method of claim 20, wherein said population enriched in definitive

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

22.  The method of claim 21, wherein said surface is coated with poly-
ornithine.
23, The method of claim 1, wherein said culturing step comprises incubating

said population enriched in definitive endoderm cells or a portion thereof in a medium
comprising about 2% (v/v) serum.

24, The method of claim 1, wherein said culturing step comprises incubating
said population enriched in definitive endoderm cells or a portion thereof in a medium

comprising greater than about 2% (v/v) serum.
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30. The method of claim 26, wherein said at least one growth factor comprises
IGF1.

31. The method of claim 30, wherein said IGF1 is present in said medium at a
concentration of about 100 ng/ml.

32. The method of claim 26, wherein said at least one growth factor comprises
a combination of activin A and IGF1.

33.  The method of claim 26, wherein said at least one growth factor comprises
bFGF.

34.  The method of claim 33, wherein said bFGF is present in said medium at a
concentration of about 12 ng/ml. |

35. The method of claim 26, wherein said at least one growth factor comprises
EGF.

36.  The method of claim 35, wherein said EGF is present in said medium at a
concentration of about 10 ng/ml.

37.  The method of claim 26, wherein said at least one growth factor comprises
a combination of activin A, bFGF and EGF.

38.  An expanded definitive endoderm cell population produced by the method
of claim 1.

39. A method of expanding definitive endoderm cells in culture, said method

comprising the steps of: (a) obtaining a cell culture comprising definitive endoderm cells,
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and (b) passaging said definitive endoderm cells, thereby producing a plurality of cell
cultures comprising definitive endoderm cells.

40.  The method of claim 39, wherein the step of passaging said definitive
endoderm cells comprises providing at least one enzyme to said cell culture.

41. The method of claim 40, wherein said at least one enzyme comprises at
least one protease.

_ 42. The method of claim 41, wherein said at least one protease comprises
trypsin.

43,  The method_of claim_39, wherein the step of passaging said definitive
endoderm cells comprises mechanically disrupting contacts between said definitive
endoderm cells.

44.  The method of claim 39, wherein the step of passaging said definitive
endoderm cells comprises incubating said definitive endoderm cells in a cell dispersal
buffer.

45, The method of claim 39, wherein said definitive endoderm cells are
attached to a substrate.

46. The method of claim 45, wherein the step of passaging said definitive
endoderm cells comprises detaching said definitive endoderm cells from said substrate.

47. The method of claim 46, wherein said substrate is a surface of a tissue
culture flask.

48, The method of claim 46, wherein said substrate is a surface of a microtiter
plate.

49.  An expanded definitive endoderm cell population produced by the method

of claim 39.



