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[6003] 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
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Shambiott 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).

[0004] Human ES and EG cells (hESCs) offer unique opportunities for investigating

early stages of human development as well as for therapeutic intervention in several disease
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PDX1-positive (PDX1-expressing) endoderm cells and/or PDXl1-negative endoderm cells

(endoderm cells which do not significantly express PDX1), such as definitive endoderm cells, into
cells that are useful for cell therapy. For example, sotne embodiments of the methods described
herein relate to methods of identifying factors capable of promoting the differentiation of
definitive endoderm cells into cells which are precursors for tissues and/or organs which include,

but are not limited to, pancreas, liver, lungs, stomach, intestine, thyroid, thymus, pharyax,
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[0008] In some embodiments of the methods described herein, cell
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otherwise provided with a candidate (test) differentiation factor. In
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candidate differentiation factors at a plurality of concentrations. For example, a candidate

differentiation factor may cause the differentiation of definitive endoderm cells and/or PDX1-
positive endoderm cells only at concentrations above a certain threshold. Additionally, a

candidate differentiation factor can cause the same cell to differentiaie info 2 first cell type when



[0012] Prior to or at approximately the same time as contacting or
otherwise providing the cell culture or cell population comprising definitive
endoderm cells and/or PDXI- positive endoderm cells with the candidate

wdifterentiation factor, at least one marker is selected and evatyatefhem %04
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mmiidnkirents cofttine redbpennlaberi opriaing eelngaerideserm cells and/or PDX1-
positive endoderm cells with the candidate differentiation factor and determining expression of
the at least one marker at the second time point can be as liitle as from about 1 hour to as nch as
about 10 days. In some embodiments, the expression of the at least one marker is evaluated
multiple times subsequent to contacting or otherwise providing the cell culture or cell population

comprising definitive endoderm cells and/or PDX1-positive endoderm cells with the candidate



identifying a differentiation factor capable of promoting the differentiation

of PDXI-negative definitive endoderm cells to PDX1-positive foregut

endoderm cells. In such methods, PDXI- negative definitive endoderm
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additidhH lembodmBRT S B P AT BB B TR RO Y BHO Y EELFi R &
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refbranchab t&a@cﬁbcﬂﬁ@r@fd.pﬁmgrmﬂhgnclude but are not limited to precursors of the
pancreas, liver, lungs, stomach, intestine, thyroid, thymus, pharynx, gallbladder and urinary
bladder. In some embodiments, the cells may be terminally differentiated. Other embodiments
deseribed herein relate to cell cultures and/or cell populations comprising the above-described
cells.

[0018)] In certain jurisdictions, there may not be any generally accepted definition of

the term “comprising.” As used herein, the term “comprising” is intended to represent “open”



below: [0019] 1. A method of identifying a differentiation factor capable of
promoting the differentiation of human definitive endoderm cells in a cell
population comprising human cells, said method comprising the steps of:
w@alataining a cell population comprising human definitive podedess 22604
cells; (b) providing a candidate differentiation factor to said cell
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feeder cells are definitive endoderm cells.

[0624] 6. The method of paragraph 1, wherein said human definitive
endoderm cells differentiate into cells, fissues or organs derived from the gut tube in response to
said candidate differentiation factor.

[6025] 7. The method of peragraph 1, wherein said human definitive
endoderm cells differentiate into pancreatic precursor cells in response to said candidate
differentiation factor.

[0626] 8. The method of paragraph 7, wherein said marker is selected from
the group consisting of pancreatic-duodenal homeobox factor-1 (PDXT1), homeobox Al3
(HOXA13) and homeobox C6 (HOXC6).



[0028] 10. The method of paragraph 9, wherein said marker is selected
from the group consisting of albumin, prospero-related homeobox 1
(PROX1) and hepatocyte specific antigen (HSA). [0029] 11. The method
waf pasageaph 1, wherein said human definitive endoderm celsrus2oos/022604
differentiate into lung precursor cells in response to said candidate

differegiigfion facter. [0030k12ethbe orefhacainaragharth 1hiVRGIBIN dofinitive

S mar r0|d transcription factor | TITPI 031 13. The tho
P TN IR AR AT 08-SR AR I g o & erason

f@ﬂfﬁéfentlate into intestinal precursor ceIIs in response to said candidate

diffeiiem@gjoln factoroI003§melﬂemb@amm&fqoaﬁwmﬂ%ay&t?ﬁ@ae%eé&ifmm
arker Is se ecte om the Istin Vil au t
tﬁq ﬁﬁo%)bcms CI’IpIIIOI‘] Pa@forpfré’%éﬁg g%%)rl'%&ﬁ?grﬁ fhg%o? Ocyte speoific

aptigatHBAL, wherein said first time point is prior to providing said
candidadgsglifferentigtion faﬁm&ﬂa}ﬁﬁicbfs%agapﬁatﬂom{&%%al@ nlR@n definitive
etiod ohparacraph L w *ﬁ%{ e'”e%%'g firsh e %':Eé%' smf‘ {'{"&2 engiation
the same time as providing S&itl candidate 3frf3e entiation factor 10 sai
fdsulation. [0035] 17. The method of paragraph 1, wherein said first time
point igmsanpsequermto pravidingisaibcandigaie differpatationdaciaeids thyroid
t;,:a%g Rulati 36] 18. The method of paragraph 1, wherein
exprei{)ﬁrﬁa o%éLsa}au cer is increased. [0037] 19. The method of

paragiapHliL, wherelﬁ’l expressBitef e PrTRER id: adereisedd [besm) slghinitive
ehteimetheits ofiffaragtsplinty Vithenkin expresaiold Jaiddaparkerits said candidate
cﬁ'ﬁé%&ﬁéﬂ d by guantitative polymerase chain reaction (Q-PCR). [0039] 21.
The method of paragraph 1, wherein expression of said marker is

deterrff& by immifnocy fBehEITHSSy{BBHETEDD [FnElrsth ot b Fissigiaptecd
flgrvihe peonsaitsisiapkevitiselebtedi{i oype thagtauprosasistingofor 2 (CDX2).

panch@dgg dUOdenQB hom%ﬂ?%t[%ﬁtgf ag%;)a?'} %@?gﬂ Q% M?’tlme point is prior
HOXA13) and homeobox C6 (HOXC

Lo‘?‘?PThe method of
tBQF&‘ﬁP&ﬁ?ﬁ fondinatn dégﬁﬁeﬁ?ﬁ}?é‘rfﬁtg’é’i%ﬁ@cﬁ H#EGroup consisting of
albumingFEiiospero-idlatediometiod ol ERROPNL), avictleepatidcite Speqot is at
APHEERLSAL LWORR0N/QL6998P G LSRR 072604 004 A 24 BNeid cel
method of paragraph 1, wherein said marker is selected from the group
RIBHEhg of villin and caudal type homeobox transcription factor 2

(CDXZpo35] 17. The method of paragraph I, wherein said first time point is
subsequent to providing said candidate differentiation factor to said cell population.
[0036] 18. The method of paragraph 1, wherein expression of said marker is
increased.
[6037] 19, The method of paragraph 1, wherein expression of said marker is
decreased.
[6038] 20. The method of paragraph 1, wherein expression of said marker is

determined by quantitative polymerase chain reaction (Q-PCR).

{0039] 21. The method of paragraph 1, wherein expression of said marker is
determined by immunocytochemistry.

{0046] 22. The method of paragraph 1, wherein said marker is selected from
the group consisting of pancreatic-duodenal homeobox factor-1 (PDX1), homeobox Al3
(HOXA13) and homeobox C6 (HHOXC6).

[oG41] 23, The method of paragraph 1, wherein said marker is selected from
the group consisting of albumin, prospero-related homeobox 1 (PROX1) and hepatocyte spesific
antigen (HSA).



[0043] 25. The method of paragraph 1, wherein said marker is thyroid
transcription factor 1 (TITFI). [00441 26. The method of paragraph 1,
wherein said differentiation factor comprises a foregut differentiation
wiaatos/J0P4b1 27. The method of paragraph 1, wherein saidpdifieranséinni4
factor comprises a small molecule. [0046] 28. The method of paragraph

1, wheggiasaid differentiatiQifastarcamprses, avhetinoidid Rde} 2%elthed from

method of paragraph 1, wherein, said differentiation factor .c I
R R T a0 PR Ao o e ST TERRS
differdffiition facto?> comphisaaciqsoRfpapaearh1 bowbyre stidemadgiol dyroid
rRaagraRekovherginisaid differentiation factor comprises a growth factor.
[0050].32.,.The method of.para , i 16l dif tia)

comp I G0 1005 | 15 TR rob i o bt agraph Lk Qg o
COREFER g b ST RBHTREe'FGF-2. [00521 34. The method of
parage@isl, wherem saidglifiessiotatfostaeish Comprises: M/ diSBef0O5B) factor

. The met f.paragraph 1, wherein said differentiation factor is not a

c?é%t%réslftg ai?%qgﬁ?gﬁ?gg factor. [0054536. The method of paragraph 1, .
whereif48lid differ@ftiatiohtfaPiehod Hotepasihoia Vissussae Hiersmisfipmyfactor
compAsags aptidid wherein said differentiation factor is not retinoic acid.
(00563438, The meggod ofparagiaph.d ierain SR AHersaUARARRRIN fotor
is provided to said cell population at a concentration of between about 0.1
ABRHFESTEISiR 2 mg/ml. [0057] 39. The method of paragraph 1, wherein

said differgintiation factor iEhprowitet] O saigral| popwratiosnidt differentiation factor
K %gggbtga#j)%a;ﬁlagtween abogt 1 n'g/mll to ab(.)ut. 1 mg/ml _[00581‘40. The
method of paragraph 1, wherein sajd differentiatjon factor is  prqvided to

said c#P#Ypulation’t a cOREEHRALH SrBERIEEN gg%ﬁplﬁlﬁﬁffrf&%%tfmr
bepgimir0a@b8ctht. The method of paragraph 1, wherein said

diﬁeremgﬁipn factogjs preyidedigsaid.calRapylafiQnal AiQ0NGRRIAHRA factor
of between about 100 ng/ml to about 10 gg/ml. -8 WO 2006/016999
wErEssBEhEfb22604 [0060] 42. The method of paragraph 1, wherein

said difféséhtiation féctor iEhsrovitied @6 meidreriil bophsistiorrist @ifferentiation factor

&onERAtRREPA of about | gg/ml.

[0052] 34, The method of paragraph 1, wherein said differentiation factor
comprises Wnt3B.
[0053] 35, The method of paragraph 1, wherein said differentiation factor is

not a foregut differentiation factor.

[0634] 36. The method of paragraph 1, wherein said differentiation factor is
not a retinoid. ‘

[0055] 37. The method of paragraph 1, wherein said differentiation factor is
not retinoic acid.

[0056] 38. The method of paragraph 1, wherein said differentiation factor is
provided to said cell population at a concentration of between about 0.1 ng/ml to about 10 mg/mi.

[0057] 39. The method of paragraph 1, wherein said differentiation factor is
provided to said cell population at a concentration of between about 1 ng/ml to about 1 mg/ml

[G058] 40, The method of paragraph 1, wherein said differentiation factor is
provided to said cell population at a concentration of between about 10 ng/ml to about 160 ug/ml.

[0059] 41, The method of paragraph 1, wherein said differentiation factor is

provided to said cell population at a concentration of between about 100 ng/ml to about 10 pg/ml.



[00611 43. The method of paragraph. 1, wherein said differentiation factor
is provided to said cell population at a concentration of about 100 rig/ml.
[0062] It will be appreciated that the methods and compositions described
wabnvenredate to cells cultured in vitro. However, the above-desetibmdsinz2604
vitro differentiated cell compositions may be used for in vivo applications.

[0063%esgritional embodimentsieh e-aeasent invesienapeyaliea:igon factor is
found,in Unitﬁ

States Provisional Patent lication No. 60/532,004,
P PSR PO R RO B e B3 2003, 1S,
Provi$t8RH Patent KpplicAfiomalisthpereambe. 2yscrenaiddlibixytiation factor is
RN PR ESSING et R MofilegAfil &Ana804D WeaiProvisional Patent

Application Number.60/586 566, entitled CHEMOKINE CELL SURFA _
RECHTER FOR I HE TS RHOR O SEEN AV ERB OISRk, o
rejgRy ©, cdp4euusdpibyigiondilomateht b ghestidrs )ibrdbir Bosditioeptiated cell
cenpiskeehEshtaivie KINEoCH khoQbliREAeE. RECEPTOR FOR THE

ISOLATI OF,.DEEINITIV. NDODERM, filed July 14, 2004: U.S ,
paton D on b B 3 B e Ol Y #5570 foumd
Uniked OBER M Mg Delc e 23rbotien ahg-U B/ Pkt AppiitedtidgrEFINITIVE
ENDObER U]/ 153868 eniide d3P XX E XPR E SSiNGHEN PORE RMidited  Number

OYREH 385 200R.BH8E DeSsRRIaN QNG A2 Iml064k F1OuEl 1S @ provisional
schematic of a proposed differentiation pathway for the production of
K CREME R CBHm R

Pl ARNSHiSH NESE SRS A0 SREIFHE CEREGHPTOR
FlorRt e El &S0 ItWEIONJOE epRFIMERGE BNDQISBRIEp idisé Ttdtive 2t Step Priotsional

piQfuriher differentialioReyenis, 0,0ANCreRiG SRAGE QT ICRIRENRE RECEPTOR
endoderm, or islet/beta-cells. The second steE in theﬁ;/oathvg shows th

QB SR 7B BB 5L SR ARANE Al i il iior-S. Paten
ARRiXHpoSitivebefolr DR, €Sl ezl DBBINENAE GRS TUSBRR ¥ fitvd dhatimgp¢h 2362004,

aH@ﬂ%Fi%§ﬁrﬁdjéﬁﬁ|é§ﬁ%ﬁ?J&Vﬁ?hW%{fé& SfininePRHAIaRt GRlS@RRM,
underlined. [00651 Figure 2 is a diagram of the human SOX17 cDNA
f\}@ﬂr‘éﬂrﬁ%?ﬂ% the positions of conserved motifs and highlights the region

used for the immunization procedure by GENOVAC. [00661 Figure 3 is a

relational dendrogram illygtiaig-that 6%k biswpost closely related to
SOX7 and.somewhat less to SOX18. The SOX17 proteins are mor

closel1Ehiod BEHRG SBeb SUTANGI8LE RERTE ML PRy o the
pBOXtgrocfbFsedfafity Willin theesamistespedie{008Y tmiguitselit BSaeell to the

avesier @nﬁ&%ﬂﬁ(}@@%w& Ell'&@ {@ﬁ@eﬁhﬁﬁa&%z AP ihadye Mexﬁ@ferentigtion events
SSpe e el SRR B R SOUT B vy
ety ezl TR Himae eI WRH G Yn e éeren o AIBSY -positive
islosehnmslated S familyuRemhemSiid (rRe BindRR68LkiguiasesABlevant
AR MIgrogaphs Showing 8 GlUSter gfaPX L7+ cells that display

[0065] Figure 2 is a diagram of the human SOX17 ¢DNA which displays the
positions of conserved motifs and highlights the region used for the immumization procedure by
GENOVAC,

[0066] Figure 3 is a relational dendrogram illustrating that SOX17 is most clogely
related to SOX7 and somewhat less to SOX18. The SOX17 proteins are more closely related

among species homologs than to other members of the SOX group F subfamily within the same
species.
[06067] Figure 4 is a Western blot probed with the rat anti-SOX17 antibody. This

blot demonsirates the specificity of this antibody for human SOX17 protein over-expressed m



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. [0069] Figures 6A-C are micrographs showing parietal
wendogdersmwand SOX17. Panel A shows immunocytochemistiy @ik kidgnansos

Thrombomodulin (TM) protein located on the cell surface of parietal
fisRgRAemnealisia aastﬁwm%ﬂtﬁe@mmadrﬂummb EScalsndianelds; islated

eilde |caI f|eId |n f\ double-labeled for TM and SOX17. Panel C
Sthe p p ase coﬁt as of the same field with DAPI labeled nuclei.

Note fﬂ%ﬂﬁbmp@t%rﬁé@eﬁ BROAP TR OREE NS AESOB K rollisbifgsplay
2 [Q07 8} dnigurebe¥ A BaredasehartsisHawi NS QX fgene @xREassiemd)SOX 17

@ ant@tlvgeref 2 % GQF tg)bg%&? positive cells by

S ic

pecific ant ane shows that activin A increases SOX17
gene BLBYEssioRigikTe éétﬁ% O iEFRIPS OGS Bpfirial sadodeyg 1apd SOXIT.
PexdD neeﬁm ﬁe{awﬁedﬁoﬂtemmﬁwenﬁate’mmﬁmmﬂmamm)eﬂ fneleB on the

cglgsur ace Q% Ida? Ea?%‘l 1’.¥V %ltld%ﬂ? %ft%@é}{tﬂ?é};%ﬂftéﬁe% gﬂﬁgéals Panel B is

anges Is re ecte |nS X17+ cell number, |nC|cat|n§thatQ

ﬂrﬁéiégta?erﬁewt%Pe@xﬁd@eﬂe%%?ééﬁ&%é%ﬁﬁ‘ét?e RSt ataﬁglé%tf’mst
ithgesingieseel pve#R0VARFigeied 8AlES albartichartpibictoshiativs tiarP] labeled

ﬁagltggd%fcg{f{eq%g@gng hESCs in the presence of activin A maintains a

ow level of AFP gene expression while_cells allowed to randomly

ciferd YRS in O8RS LA BV ST (RBSF S BRSO LB B e
PORABRCEhendiffeieitce] inpexipre ssibrbleSOls iig-mppifoxaniisly. 72fokd {GDTFR] that
al::ttglwg%rﬁ;?eagc@@ﬁa%@&%%WQS@H%%@&%@Q%'@QA%% Suppresses SOX17

suppression of AFP expression hy activin A is alsg evident at the si
e&’é‘ltﬁ%%l‘%t%tiﬁfdFEa?é’d“B@ﬁ?@‘t}@fﬁdrﬁ?e ol e b ) A L et

+cells
pelvserveddl activiinAldrestgnimtecohtitio o fiskiti 6 OX00 F@Sumber,

RN, (oR): (RPAR] Filies AAsBRI 16DRALALNesINaYSS  RAWIAGtBEchanges at

quantl atlon of the AFP+ cell number using flow cytometry. This figure
SFaiEElhat the magnitude of change in AFP gene expression
(FlgurQWA) in tHé gore$énise bighitaparkibhahavetbeircerfien pfafilpresfiating hESCs
&%&Vﬂﬂeén%eﬁ%%ftﬁ@ﬁﬁ% @&m%m@%@fg&@%iﬁ%&nfmﬁeﬂs allowed to
porting_ the utilit R analyses es occuring a
é)"fﬂ it ﬁéﬁ%@?léﬁ/g{)g O‘gt?ilf gurges Ifb@%ggre%rlmlgroggra g\f\?ﬁuc?t (%1 3 .
”Eha@@m@t@@ﬁf@@@@t@lmdmmmw,& Bl activin B (NAA) yields a
strlklng)mteasq:t@t@e W@Q@Eﬁg&%ﬂaﬁnﬁd@@ym dhevipetieckiaf dbession of
C arln the relati dan eof I7+c lls 1o.th
AR GTE 1008 T B R A S PR A RO U Bl rr
$D-elt @aﬁﬂbtecwﬁe@ff’ "thrdls @émmfeWW%%W@reﬂatébﬂmﬂ relative to
IpmRoIRactivgfor SOX17 after five days treatment with NAA. -10 WO
2006/ 9 PCT/US2005/022604  [0075 Fl ure LGhar WhHeh App+
WA e R AR AT A

demo ate Ivin or 1 se-dependently

qﬂbma@esug@@wgémmpr&e@w %ﬁW@Pé‘ﬁ%FStlﬂ’@t Fteeeeﬂth%f‘raaéeage in AFP

gene expression (Figure 8A) in the presence (right panel) and absence (left panel) of activin A

exactly corresponds to the number of AFP" cells, further supporting the utility of Q-PCR analyses
to indicate changes occurring at the individual cell level.

[6674] Figures 10A-F are micrographs which show that exposure of hESCs to nodal,
activin A and activin B (NAA) yields a striking increase in the number of SOX17 cells over the
period of 5 days (A-C). By comparing to the relative abundance of SOX17" cells 1o the total
number of cells present in each field, as indicated by DAPI stained nuclei (D-F), it can be seen
that approximately 30-50% of all cells are immunoreactive for SOX17 after five days treatment
with NAA,
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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. [0076] Figures 12A-C are bar charts which
wdempaskate the effect of activin A on the expression of MIXkhk{pesngt foheos

GATA4 (panel B) and HNF3b (panel Q. Activin A dose- dependent

increzg@,@]are also.ebserved fonthi eethammatkessfdefiniiive, 10, 30 or 100
ng&&o erm; MIXLI, GATA4 and I;NFSb. The_maI%nt es of increased

SBETBIRTPEREH SESRES.CtN ‘B8 SHEEMRiRL N STRIARS tpde: Mmoreased
exirseived or8OXbTststitony iryn didetiigeth an adtivirnicidiapeaify rngtaes through
S%QA%%{@@D%%;I@%I%é@%%%%@agﬁ;%muef%w@nes t()SOX17+’ M r|l>_<u+,

-30+). igures - re r rts IC . .
demowg?éte th 1%%8%% %‘?‘?aéc |l\(7iR %cﬁéaﬁt %P{“éé"e%dg%%’é%‘h%gg N’—fgc(tpoaﬁ%tf‘ﬁr)‘ A onthe
8O PEpddlR) a8 PAR G 4pardcrac TR radstirFak tipinsA Gbseictivin A dose-

dclppendentaesr eRsa ) axprrasiaetdhtmuisasiakesrladenm anadee A RIkLL,
Jpers LhRimitve endederm (OXD.and patstal endodern, (SEARGhee e
remain either unchangedg%r exnibi suppression at sometime points
siridheitimgilntabesrradsrsirot@El tosipegifjndieding irhadivib iy dhieccifying 2
pBRdaganN caY MdpeslhisSurther suppetxtre factthatdha ncraaseds b,
expression of SOX17 LI.GATA4, and HNF3 due.t -
oD e BB A i e A AR BEUR ity on
xpr e f@anelAL B Are bupditadsHoWRhgnins dite dihstedt fvite iy dose-
déiendetpaBatady) iANnskidiactly o yne xpiessioniane ke ORESteviirkers of primitive
oS ess'gbgbn%fv hgngfegg%!gg;i%%ssdg,h% 1 Hemans iales DALINGIEUS A B extibit

ose-de nt effect of activin A on neural differentiation. There is a

SERESPTETS AEES JiBIS BPRie detiedtnedthas RAHTEY Sndtre disliest By Tyebigheregrira-

eﬁﬁlﬂ%ﬂiﬁeﬂd&ﬁﬁﬂ@ﬂl@ﬁmi%ﬁedﬁ&f@;ﬁ:ﬁﬂﬁe{ase'ﬁbeﬁﬁfe?sﬁﬁ@ﬂfscd expression of

Sg{%my%ﬁh%ﬁ%?, 'X&é‘%ﬁ@ﬂﬁta étgl?e {Qcéﬁﬁﬁ&%avég%ﬁ'féﬁ@%&&fr of definitive
efinitive endoderm from the mesendoderm precursors. Lower levels of

eBeQfFR ACHERFRRTRIL B 2186 ng/mI) maintain the expression of

brachyasmgiat IamfgtkaeipMsreoﬁwIMmﬁa@m t‘sd&ﬁ&gtt@f weitreatech N Ghane!

AU 6508 {?] Flguies1a4%8 P PRIt MAPRSRRNING 9RC1R888 dnarker ZICT

parietal endoderm differentiation in response ta treatment with actiyins.

desppsTes fefiepmalietal aditoudirrndre’ FiSracth?EUgh thetaft (ajerentiation.
Tiwbre s differdhtiatgodsise nimeiaiosy difite:diffeve ntisioed toy TV gall ofsictivin A

tz_%gﬁli&% ﬂhﬁ&c@%ﬁ\%@ ﬁf@d%@d&%@:& 3said &Vﬁ%@ﬂf{ﬁlﬁenm of ITIMK the result of the

Jimmunoreactivity is lower, [0080] Figures 16A-D are micro S which

. ! ra
P PR e LT FegOIEE (8 LS PRERD RV Ry levls
odietiinim B. S € (Ve redréatgtibmiduric dreseputivedel/isasitrwactivater Ame points

<Aag:achiving andJriplelabrladiyity SEXL7. AFP and TM antibodies.
Panel A - SOX17; Pane| B - AFP; Panelach?; TM; and Panel

PhasdfRPL NSiBEThe HimetbudSHRH o%ﬂ‘fi\‘%‘gcSﬁ%r‘tii‘f%s%%‘éfglte@d"dem
differethigtionrinptetponissericerofeARRtBtridsT (@)risroh GhBT eettigltyndederm are
QA 2RARI0AERXRPCRIIFZACHE226041 0Q8LITigEe Jifilis ATisHsRNE TV

S owln%ﬁthe earance of. difgw@%g %gg:r@ 1%93915\1”5%? | endoql%%gcg]ﬁw .
GGt PEHThE S SFRES BB VISLErS BRtodEim are identified by
lower.

[0G83] 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 iriple labeled with SOX17, AFP and TM antibodies. Panel A - SOX17,
Panel B - AFP: Panel C - TM; and Panel D - Phase/DAPL. Notice the numerous SOX17 positive

cells (A) associated with the complete absence of AFP (B) and TM (C) immunoreactivity.
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AFP'/SOXI7'0/" while definitive endoderm displays the complete opposite
profile, SOX17h'/AFP10/'. This field was selectively chosen due to the
proximity of these two regions to each other. However, there are

wieesdimes when SOXI7h'IAFP'0™ regions are observegdp abaRlesns
isolation from any regions of AFPi cells, suggesting the separate

orggégwm jof thglgqgi(;ﬂmeaezaﬁg%eﬁ;sa Qﬁﬁﬁrggﬂébvaifml @M@f : @@ﬁmd e lRdoderm
ur is a dia i e amily of ligands a
rec‘é‘s‘%%?smﬂ% th\? I%Igeém%gs and BR St }; AP GERAIFi |’13%t‘eﬁed by
f‘é’rﬁhéfﬁ@ﬁdﬁbf)f d’éﬁhtl\ﬁbf@n@!@demdom @Wﬁsemy@ﬁ@h@m apisifseprofile,
Sbﬁﬂh‘ﬂslﬁwgoslgﬁz Q@@VZ&@)S@I@Q&@)‘: dEsER a&l&%%ﬁmﬁ%ﬂﬂ&m%egmm to
ion X ression over time as reatment wit
glVlé dcom ma%oﬁ%%?“f%%&?ac%rs %%gw}él%urer ORe Zig gpecrved in
aélifé%@sﬁ@kﬂﬂﬁg frasinerctsion SOHERT" el ruesEingithe PReAG ersitieropt the
&patmeaidtcambiationsef J@B@ﬂa@ms [0085] Figure 21 is a bar

chart uctiqn of S X17 SSI n eas A res

treatnf %t\i\\ljmth coﬁ%lrcli;gtllgr?s 0 81 E%}é%r%]gn B 5 %1 memors
abiars stiowing 45 bmedyamdBRdnesss m@sém;impl@ﬁmﬁmre%@@whve endoderm
ﬁ%%aﬁah@alm@ﬁn@@éﬂ@&%&imzm i8iY. B8y . gdmrkshowing that addition

of an's'?8 r? aCt'IYéQ ﬁ%? c;t'glvth tr ated c&ltur%s |ncre?§i§n§)§ X ressmn over

expression abov avels mdﬁced y y actvin A'and activ alone
0088} Figlirsrenmee with blividratand h@mhn’gfdmﬁecr%’ﬁﬁﬁﬁ&vwweﬂmtlve

endoqgnmg} is eﬁﬁ?@tﬂf@@@ iR M&Fﬁé%ﬁm&@% AN BN OKME SIS MitBer with
activins A’{)Eé? B in media containing 2% FBS (2AA) yields a 2-3 times

R At e TV e DB 7 B SPEREBI L L SRS the same treatment in
10% ABBSNediFEABAN)i{panetiA)t havictioniofithred SHNIverendgdene: time as

SRAKES MIXE L (RanekBbi5.3030 aHegis ghin,ihe same way and the

suppression of AFP (visceral endoderm) (panel C) is greater in 2% FBS
than iN9¥ FBE&ERTidhE. YE0REFRAFEE Simh asridin Anirdutiapreshmrerrdent
ishrease SOXKT 7 edls mrebaividing in  culture. SOX17 innnunoreaetive cells

are pfﬁ;’%@?‘ﬁ at tlﬁ%&x@%@@@%&%ﬁﬂ@@h@% P LaSRIRNYF (fer ) BAGRHE A and

labeled praliferating cell nuclear antigen PCNA)% (panel B) et are not
BT BRIt RN B TP SRS &)L T PREiiohe tea Pitstie Rgtrestias e A and

agthein Byl@API labeling of nuclei in both SOX 17' cells (arrows) as well as

OCT4gpgfifferenaled MESGs (i anheanshiP s #8RRA0L oW 828R 2 halderm

Chart showm the relative expression level of CXCR4 in dlfferentlatln

i R eV Bs E U on RISRE™. 25 Yoo 200 R0t RERy A and B in media
PTG BBRZ2604/1 80213 F iifore gred Brelref FE I amtprethsts hoswmpared to

tﬁpMe Ranelaf defiive endaderon MatkaLs shareiauenesinirRAte B @kerm

R4 a ro the sa e differentiatjon treatments
TG FIBEIS o8 TH00S I SR £ B S B RS SO ARl
eadcor (ﬁmph@%@cgmﬁer in 2% FBS than in 10% FBS conditions.
[0089] Figures 25A-D are micrographs which show SOX17" cells are dividing in

culture. SOX17 immmunoreactive cells are present at the differentiating edge of an hESC colony
(C, D) and are labeled with proliferating cell ruclear antigen (PCNA) {panel B) yet are not co-
lzbeled with OCT4 (panel C). In addition, clear mitotic figures can be seen by DAPI labeling of
nuclei in both SOX17° cells (arrows) as well as OCT4", undifferentiated hESCs (arrowheads) (D).

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

differentiating hESCs under various media conditions.
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(BRACHYURY, MOX1), ectoderm (SOXI, ZICZ) and visceral endoderm
(SOX7) exhibit an inverse relationship to CXCR4 expression across the
same treatments displayed in Figure 26. [0093] Figures 29A-F are

woigiagraphs that show the relative difference in SOX17 impGReBactiySens
cells across three of the media conditions displayed in Figures 26-28.

[0094]ifigures 3RAGsareslioweyiomaty Hatalisthiag AamonsiasiNe. Jdoderm
Ancreass.in g:gg%RS%‘nﬁaerll number with increas%&?centration of activin A
added to the differentiation media, TO0S5] Frguifes 1K Pl ame iiffaentiation
TRAPERS Wi Rawedis isolated from the high dose activin A
treatmi@BYA10(F (gXey apremenduiherRAtChReLiaL dg@k@it%@r@gogprw esoderm

kefsthan e lation. ( .. [0096] Figure 32 is a bar chart
,(grl%gwin gené@pﬁ%&sﬁ%ﬁﬁm@@?ﬁ%@f E‘?ﬁ‘ﬁiﬁapfgﬁgq?&aﬁg%@iﬁﬁmb“ an
HYfBe EEREh Rl SR & sHPseriRpTReroACIS) sersc sk tmendediepypi es Biomrdrt6.
the pgﬂﬂi pli)%@mwmmmm@mmawmaﬁ&@imgw%ox17
B8S8H o xpression present in each parent
popul 'ogvgnglthzgégggrg4'g§@gu a%gﬁén(g%%%’inw er rétﬁle BIRYEXCRA
gene EXpressioh g6 7 41y dredas avtomstey siaf plesrthattistdestansheaterease in
GRERYE preliiommoban esthdznmee SRR AGHYHHRY , Y QL) ackaderm @CERAN qton
nggeral endoderm (SOX7) gene expression in the CXCR4+ cells isolated

se activin A treatment which is already suppressed in

fromt igh d
expre@sﬁgg of ti%é%’éﬁ?oﬂ-%’&i?ﬁ?i@@ Shtsethitio e 'SX RS igeretsd from the
g AleoE e Bar/crastssicAdeg-(ie - xpr essiofinprit e R MM Kein 89D S doderm

nifatcande dsechiaddantify defigitive endoderm cells. The expression
analy;@?%jdefi itive endoderm markers, FGF17, VWF, CALCR, FOXQ1,

CMK nd c%b‘f 7€ &R e SPTngeshe (IBREEMYATYTTRECRA” and CXCR4
celigprelstd rdnrafisisubmesitusiy ddberitieg (ineRyasRatkiRg@R R ression in the
PEANIPuIHNT RO UHISOAT , I5S0QW0 1 RANElS

@-Fxr%s ectivelg. tPane M show%%%%ﬁ%%? g%gaﬁygs o?%@@lgige CXCR4
ERfih Fespectio eachBf ng?‘{@fg PRBRAEH AR 208 T (R & eepHtiDes rraiaiaery little
Ol e St @grtsnmtessepurified human embryonic stem cells; 2NF indicates

cells Yt withedhe FBRL a6 hadcHion O A100 IAEAISR LS oo
dﬁﬁﬂ’% Ck,i%%fB%t &OO\ZE‘%B actjvin A; IAIO0 indicates cells trea{aéds_ _

with 106 FBS, 100 figiil Setivin s did SRI0eRsmR 0D ssaammision in
thod ST sl inglpiritividintiph0e] Fiiined 3G s ant rbiviicheshossptBged in
ex@iative expressiorahine:-RENd-8eRe1Ra culture of hESCs after 4 days

and withand withourt activin in the presence of retinoic acid (RA)

and fqlb(%ggfast ;%rg\‘/lvrﬁvﬁagc}fbr-laée(ﬁaé I‘—:[Plfaﬁ ﬁ%’a‘gﬁgoﬁedgfﬁpgf?s-@% pyésms of marker
2ot rEs §9 9Pl ident Sodrini e 60d danoe)iglresBthids arschatdefinitve
endihlefnsholeth B GEtat vermRIESSIOF ORDAKRRERIRS IR B4 B AENERSGSS 6.

L e
S%ﬁe&?@‘%&ﬁﬂ% rEMiGE- 1o RISNIP Bk freision inf s oNcivingpraarkier Panel M
shgends: eA)r&O1aalR)SOXRAG) AR (@heO%lsack of panels A-M, the column
labeled hESC indicates gene expression from purified human embryonic stem cells; 2NF indicates
cells treated with 2% FBS, no activin addition; 0.1A100 indicates cells treated with 0.1% ¥BS,
100 ng/mi activin A; 1A100 indicates cells treated with 1% FBS, 100 ng/ml activin A; and
2A100 indicates cells treated with 2% FBS, 100 ng/ml activin A.

[0099] Figure 35 is a chart which shows the relative expression of the PDX1 gene in
a culture of RESCs after 4 days and 6 days with and without activin in the presence of retinoic
acid (RA) and fibroblast growth factor-10 (F GF-10) added on day 4.

=13~



(E) ZIC1; and (F) NFM. [0101] Figures 37A-C are charts which show the
relative expression of marker genes in a culture of hESCs after 4 days
and 8 days with and without activin in the presence or absence of

waeBbénabens of retinoic acid (RA), fibroblast growth factor-1f-G7afalR)o22664
and fibroblast growth factor-4 (FGF-4) added on day 4. The panels show

the rel@tm levelﬁlg\fr%mslskeg &&ﬁ@%ﬁeﬂ@ﬂw%eﬁe[megﬁge§m$&}°%r genes

B ures 3 re charts which show the
l(ng RS é%% ISR f ég S Tﬁtm BF Gt RIERRER L Tetinoic
eafi SFobrmed fbdohla QMQMIE@G@@@M Beddsihatidey Wltﬁh@ﬂh‘&hﬂphﬂ {13 Rlative

RMI96 04t Rl RlinRICas it RArRIdeOn dasd 1 Thespansis sox1;

E@ﬁ% le %5 pressmn of the following marker genes: (A) DX1
6; (D) HOXAL3; (E) CDXI; (F) SOXI; and (G) NFM.

[0103 ﬂqif@jdu res FOUE ATa-Sharshwtictiishebethiberedative carprBsiofitwiker genes
ﬂaahﬂg@wemgstch At LtLtt@@ir{aEsSQfsf Qﬁﬁﬁ%ﬂd%ﬁ)&@t&ﬂ@ﬂ%\é’ﬂ(ﬁa@%@ or absence
t O ta fivin | e prese cambinations etinql ,
AT RS TER) RS o Bt Al movobtas
EPTHc bt @ﬁy%wmmﬁwmﬁm RS BIRTepHEepeveid o Strovwsting of the
fellative lavels ehexaresgion ot sofiawingysanter genes: (A) PDXI; (B)
SOXT7; FP; nd F Figures 40A-B are.charts
hich B e P B S o B e
PR EBuEn AR Pa R st r@%ﬂqﬁ@e@@ aft el 50 s pripbinstion with
&dﬂgmm@fmmmomgmﬂw &ﬁdct@rsfg aften 6%@@]?14&1*}9 Eﬁﬂé}s\éﬁﬂ(’)% relative
itions were u to.compare the a t
eI b e R e SR, PR R o
@@%}ﬁﬂ@@?ﬁ}r %Whl%ﬁgﬁ? HEWin A. The condition without any
acgvin 16y gu] activinp B @ﬁﬁ%%ﬁve&a&mﬁdﬁ%%wgeqemﬂﬁ é%lgﬁ]mﬂ@Y%arﬁer genes
enao ositlve en m uction,, The neis ow the
Telative eve %Dex %te%s%on of %ﬁe%?ﬁ?gwﬁ?gl rﬁg%k‘e}t%%lngzgl I.J)?}?Igﬁﬁmw of
FERHNtGS [eiosfflmrga?é*s @ dlarrdletiagrewihidrisndly FetidMtiged one of the
RAprasgicarah MAKREGRNER)iNfacubvie et IEsswWith 390 Nl b4ALONew the

1%911:{1\%/ @JeﬁAg’pgx8£e¥g5%o&fttﬂN g)ig& H/ ";ln lé}‘ %da )3) n )tgdgyn@acﬁl’ D)

acid addltl and at 2 6 day after RA exposure (i d
?é%bé&ﬂ Fhe percentage label directly under each bar indicates the
FBS diise4lurinFigays 8»5r0kd Iﬁfﬁf&fﬁlﬁﬂ@ﬁhoﬁi&félf@ﬁ&@)ﬂr&sﬁ‘@i l6f marker genes

%5?9&8&&%%8}%1(%%’%%@8%9 fﬁl\%g)Mxlx Q‘Sﬂ%b@o 5%%9( % %us% prior to

RA concentration was 2 M on day 7, 1 pM on da

ai%*\%d%éé@fe@b% éﬁ@ﬂrﬁ%@z@dmfé@zmﬁm% 918 %he ‘ﬁ%& %wons were
ithédedativeteuelsief dpressiortibitite follewding Moageil gaopss(AdmR DX or 50

&E)niqgé) ﬁ%@@@é&c&&ﬁﬁe? ﬁ%&ﬁlﬁ@&ﬁ?ﬂ?‘% BQ/%HEX%C}%NQQVA’ tqﬁe condition

relative éxpression of marker genes in a culture 6f h s treated first

WP SAIIHE A T ARK BB NAL S ae iR Eie ot Erag e By e idederm and
Xtk freshi AGBRjemesteir tam piisimg:2b stgimilactiativA landsRA«@pression of the

%@G@H}% marker genes: (A) PDXland (B) HNF6,

[01¢5] Figures 41A-C are charts which show the relative expression of marker genes
in a culture of hESCs with 100 ng/mi (A100), 50 ng/ml (A50) or without (NF) activin A at 5 days
(just prior to retinoic acid addition) and at 2, 4, and 6 days after RA exposure (day 7, 9, and 11,
respectively). The percentage label directly under each bar indicates the FBS dose during days 3-
5 of differentiation. Starting at day 7, cells treated with RA (R) were grown in RPMI medium
comprising 0.5% FBS. The RA concentration was 2 pM on day 7,1 uM on day 9 and 0.2 M on
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conditioned media (MEFCM, CM#2, CM#3 and CM#4) and RA to induce
PDX1-expressing endoderm. Marker expression was determined on days
5, 6, 7, 8 and 9. The panels show the relative levels of expression of the

wiohowingswarker genes: (A) PDXI; (B) CDX1. [0107] Figure 43s/&6haisny
which shows the relative expression of PDX1 in a culture of hESCs

&ﬁ?ﬁtﬁd ﬂ'@tp‘ﬁﬂgﬂs agtivimAdiow =R W& B?@%ﬁ&e&m%ﬁ Cg%k@f‘genes {A)
%cj f@ q gla comprising activin A and retinoic acid (A25R) or
varyln amou A in conditioned media diluted into fresh media.

Total VBlédfhe of Fiauta 435hmrirrbireaded: {orode Figive darissionvéstetnr genes
1B|@E§FﬂQWHB%}f§@2(ﬂ=eﬁ1&mﬁ@9ﬁ{%B&tﬂfﬁﬁl ooy RAs eatrd.deknitive endoderm (day
@ %dﬁrm c% 53 ga é% ).a 4 da ! Sm% ert addltlo of RA 1

0" Mg/MI actvin A. @ fgure 4 char‘tva} %Ié’i}fin 8 rious
qesifenest afitiod8ede %ﬁa@@éeﬁ%&m@@ B8APD YiduosiliP& 1 -expressing
Jmag%efnﬁ%gr&;ﬁﬁb@ogmtmﬁhlﬁm&dm aagi%aelfﬁ&laﬂ@porﬁe WRGES show the

rol o 0 ure 0

R e B e ks L AT o

sortedPFlIatiohigiss fiods ssrtrbich @@Fﬁhﬁé@ﬁw@%@ﬁ@mé@?@@ in a culture
EGEppaibiainebatiGER T AGd kil g uendiciseiRhar shouing igiativewed by

f t
B B AR R B T S e
%@ﬁpﬂﬁ%}?ﬂ}é f&&ﬂeﬁefﬁa%?ﬁéﬁm% %ﬂiﬁf@lwﬁmém %@haw%femty
(Lo) afid ake haﬁagfrmEﬁmmmtmtwﬂ@ﬁ@mmmmﬁhﬂm@ﬁamﬁdmgm RA-

t'éﬁ?é’déﬂﬁﬁ%'@ﬁ%@éé%(t& %7 é@%%sﬁ%s EBGAChASS 8 R¥8d 50

relative expression levels normalized to housekeeping genes o
gL’ @ndoderm markers in sorted populations of live cells (lee),

EGFPHiagative Belle: (Med) andulxGirP ghesitiieiaehs (B Pek)itP anelsflddbrescence-
Mdzceﬁ so%l'(yf-{@s %f W%it@e fé@&&%ﬁageﬁn JE'NF ?et?cgﬁ}:‘? ged with a

%ure 49 are a char S sh OWIn he relative expression eve S hormalize

B R StroskeBmir gt et dre PuiiEreatic endoderm markers in
sortedi@gdplilatioriguot Hive Geallshait B ibGHRRNVegetsi(hégplancmalized to
ﬁ:o%ﬁf) eﬁ’ﬁgg¥§e§%lss(>§§3 p%uﬁﬁ@ﬂ%f%vczé&g’ ﬁﬁgeﬁ’ B&%@ga&%‘elcﬂls (Neg) and

gures 5 D show the in vivo differentiation of definitive endoderm ceélls
BRAE RS RPNEEL Uinder the kidney capsule of immunocompromised
mice. Rahd|s: AEifetatdxykrledsihostaningishh iR gutdssbe-likels normalized to

Bn NP IpmRURALRacHIlY iR WQe?G&ﬁ@léga%%e gells (Neg), the

Pﬁ%&k&zo&o 022604 against hepﬁe ﬁ yte s ecific antigen ( Illve
G0, T RO L RSP RGAGRNT (1R BSATSCAR B AFERyLe) and the
Hetfra{iho Fadtipitsiting anigiopuinter thaebirib) hions6 F SR migsabihierG pueli).
charts @m‘fvlng the.ReupAlized aeiﬁetmes@@s%@%ﬁ%&%ve &Feésmﬂg%ﬁs {Qrmalized
I|ver Ibumin and ng 22 and |tl1,l TITF1) t ues in Cﬁff{, contacted with

a2 A FGEZ A B HY 8 T8 ?ric’fb WY PORULYEssh ve cells
(g@}emgﬁ@@g@fmwgs {Neg) and EGFP~pos1t1ve cells (GFP+). Panels: A - NKX2.2; B -
GLUTZ; C-HNF3[3; D~ KRT19 and E —~ HNF4o.

[0113] Figure 49 are a charts showing the relative expression levels normalized to
housekeeping genes of two non-pancreatic endoderm markers in sorted populations of live celis
(Live), EGFP-negative cells (Neg) and EGFP-positive cells (GFP+). Panels: A — ZIC1 and B —
GFAP,

[0114] Figures 50A-D show the in vivo differentiation of definitive endoderm cells
that are transplanted under the kidney capsule of immunocompromised mice. Panels: A —

hetatoxylin-eosin staining showing guf-tube-like structures; B — antibody immunoreactivity
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endoderm. Panels: A - albumin, B - PROX 1, and C - T1TF 1. [0116]

Figures 52A-L are charts showing the normalized relative expression

levels of markers for liver (AFP, AAT, hlIEX, GLUT2, APOA1 and

woGAWdend lung (VWF and CXR4) tissues in cells contaciqerwichoWyini3é 4
at 20-50 ng/ml, FGF2 at 5 ng/ml or FGF2 at 100 ng/ml on days 5-10 and
AR A o GRUKD, D B £ e TAT N e Py i
B Gl - E- _ hNF4a, G - A -

oS oAt %Jd?vcﬁnhﬁie,a%@@ Wﬁ“sz‘ﬁi’#(@g@ﬁ% Detailed

Descriflhbi [01 1ERHE Ehal SEsqbars caAyiRg fheRaaoliop miativtenpression levels

Jastritatidor diver (sl RudinveakBradten)festliatqrrEaptidadion, isaXEemelVd wih

wigsilicant hecauserl is A1 1S 1irne hree priman layers are

egrﬂst specifi%?%nd or an_izeéd (Lueta g"lzfggfé@’fﬁ%ﬁ%z’\% 5&%5%,% chniive
BT rHETsE Gl P ShioRRIBIE fadive-dWeRiual formation of the outer

coverifi§$6f theigody st ihaceniire HewysiRySRINARIEASHEReRbn lovels
J?'Qﬁgqegofb‘? dﬁ%ﬁ@f‘i’,@ﬁj%ﬁ@ﬁ,%ﬁ%ﬁoﬁgﬁx% I%Effigr%n%e{lgg ‘WF and

C{f%&{g? the mesoderm. Definitive endoderm i I % as the germ laye
R4

RSB 136 BN BYiAeb M0 geinlBSThee! ReideF R at 100
nggoiivadius 3-$fomd BiViEH drsiagd | %amd largbErtEstne - AtV Q@RS Panels: A —

Avhiob derive frangihaglulgmych astlp Jungeliyes s, ¢
Mﬁﬂ)}@@%ﬁﬁO%%d& gall bladder and pani:real;‘,]é[ raﬁi#—B&{‘ng 1=
and Méelton, Mim&imA&H drd i, 2000; Tremblay et al., 2000;

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

distinction should be made be%gg&lﬁsg%@ lifive endoderm and the

compk?)ﬁly separate li ea?%e of cells termed primitive endoderm. The
primitive dndo?ér?lﬁu%apﬁ % PEE LB RS Vel rBI L BRCE feastrulation occurs 2-3
veskraabien frsdiantiers s GestrratimysthvepasigtsibraficintiSeenak anHofl @ time that the
ﬂﬁéﬁ‘.tlﬁfﬂﬁaﬁf tenlacental yolk ﬁ%@iﬁ&ﬁamﬁo? %ﬁlléﬂéremzr%mat§crﬂ§éx%olf and
R c%&ﬁ rt}%ng)réggee. [Qslr]éSS OIIZ})u}gQ% gﬁ)stru ation, the process of definitive

endoderr formation begine 'WIth & taIiiTaF FRIYPAfSAEHRL i thevpiih coverings of
th Bednnddbe i pereaissroenpetersatchfoheariniesodl éome, Gkanelotesia)ind other

cditgigbﬁte tﬁm&%ﬂ@d‘&ﬁ@%&rﬁ?ﬁlﬁﬁﬁaﬁﬁﬁﬂnmgﬂﬁit?ﬁ%%&%gqg'}f%ned as the germ
rm_is.derived fram cells, which migrate thyough the anterior
B T TG b BT 80 i ebosss
sigppsh SphiBatl raibrice fnfratisere and HRrrny atith dodvy Sodefinifivisube such as the
hﬁgeddﬂﬁmhpﬁsp_ H|@hwt&ﬁjzﬁ’§tdﬂa_ﬁdnﬁ@§§iafﬁﬁﬁm galt gamf%ra&v%y%%eg}gg%}%gmn
.Gf. osterior.en , tube. - (

D S B A A% o Bl g, 1909
Wedrivad Mrdian i Gepfeterntimpiiradisinatipoteid ke tingpuitescfoththdesinitive
erdierierationd ﬂfeoﬁiﬂpwﬁimdﬁﬁ«ke Mﬁﬂ@?%fiﬂ%e;ﬁiﬁ@ﬁ%ﬁ%@%‘iﬁ&%ﬁ% afe Qi mitive
AGAns ived. m.the. 'lit'oee doderm ineage. Such cells, tissues
“andlor gr?i%%gégg ?Qg:gngleglﬁg usgé?ﬁ#n cell trearaI[:IJ}i%e RS LR FRETH S gietal
YRR FRRsEth Bertiensririinglemriror s serendcior sxeapabler ot simgrial of
Re¢hsaifferentiation of definitive endoderm cells and/or PDX1 expressing

endoﬂﬁﬁ@l Ce”%ﬂg" Eﬁsﬁﬁﬂzﬁ&ﬂp G2 %%é\ésesd oftr oc{ghgi]t?ve 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. Definitive endoderm is
derived from cells, which migrate through the anterior portion of the streak and through the node
(a specialized structure at the anterior-most region of the streak). As migration occurs, definitive
endoderm populates first the most anterior gut tube and culminates with the formation of the

posterior end of the gut tube.
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definitive endoderm cell lineage are beneficial for the advancement of cell
therapy. [0120] In particular, some embodiments of the present invention
relate to methods of identifying one or more differentiation factors that are
wusshslfapdifferentiating cells in a cell population comprisingct/us2005/022604
PDX1-positive endoderm cells and/or definitive endoderm cells into cells
that aneqapablemefipigrpotingdhe differentiadion ocfed@fiaéﬁvsde%@@ﬁﬁm represent
cells |nto ce ls hich are precursorg for, tissues a aps w .
m%?ﬁt e, but réN “Ao ?ﬁﬂf%op (l)mspa%rfc%ratiaa\é;1 flvettl?oﬁlungs stomach mfes? te?mnaﬁy
Qﬁiﬁf@i’é}a‘ﬁ@ﬁ%ﬁ&srﬂﬁé@fn&f,g@wlé?ﬁweﬁféﬁdhﬁr%ﬂ}%éﬁ&demmwe Such cells,
tlédﬂﬁiﬁm%za&@@@&wmﬁh’eﬁ@@t@swu@wsiﬁ@ﬂ@@f definiitye @PIQIRIAY described
h%?é!% 5%@1{?"'&’ ?f&@%%?gr%c%&s}”%”a j ods.and g &9@‘? SIS, definitive
useful for pro (ﬁng such cells are a escrl dnﬁereln efinitions
Jipg %&ﬁfiﬁé?ﬁf@aﬁdewfpa@@& fa%@éa sHsUg s tRlsapptic deidred from the
dadivii th endodani Bgsiprayidechas:folloves 110 133h&mueed dwrmuaapy
embrY(ﬂQlﬁ ref%%%%@lﬁgﬂ%%g I%?&%Q&M%Q'Eﬁgi 15119 {0 0F E%I’llt% methods of

%lnnmg with a sfngle zygote and ending wi tlce ar structure

fieat bt gotiger” Wﬁ}?@@%ﬁﬂ%&éﬁﬂ%%@%ﬂ@%%éﬂg Sifferatingie cols in a oo
}ﬂ@ﬂlﬁiﬁﬁ&ﬂ@ﬂﬁﬁ]ﬁ@@bﬁl&pdﬂt&ddﬁﬂbﬁ&m afbsyderdifivetdsngaimeiells into cells

tﬁki?&%‘c&?%l@&%r&%%%%écdlfﬁ@@a RER *&E}‘Qﬁlgee Hyed Py §8{P A o hich are

nuclear transfer. [0124] As used herein, "multipotent™ or "multipotent cell

HEPEFOTS faféé%ﬁ*ﬁfpaél%tﬂréaﬁ a»i@éhrfgél‘fseeﬁﬂ%ﬁfs AFidines tor Benras, liver, lungs,
soaubidy arestiityinesid 0h2h]s Adsarged fpditéaddéiexpressionblaéders to the
produggipnof a m@ﬁ{aﬁw@@&?%a%ﬁ& Yxeébaﬁo%%&olﬁvo%%mm@%ﬁmm cells,

Eproductlon of a material or substance. Thus, determlnmgt e expression

St ypaitine eiedearasrary & pehedh H‘@déﬂﬁ]@?%ﬁl@%‘fa‘f% Frrspslsingsuch cells are
dan detiofithedinarker that is expressed or simply detecting the presence

or absence of the marker. [0126] As used herein, "marker" refers to any
molecule that can be observed or detected. For example, a marker can

¥but is not limited to, a nucleic acid, such as a transcript of a

specifiéigdhe, aPolypeptide prodlictsed asgerd, hroahgereiprpdlicttion have the
ROMREPLde;as slyearretein, a carbohydrate, a glycolipd, a lipid, a

Ilpopr or a small olecul or example, molecules havin

ool heigreb TELLTAn 0500 amle) s P VOO el ssges of e
PETI2008I0296D4 sjadlp 7ianih end gseddrvib arodior withstedhue fntew longer
@B@l@e@%@@%}@t&n@u%&ﬂﬁ Wi RAREO Bha i 8RFo S Mt%ﬁ&@i@m%%@ifﬁon to

cell cultu or cell ulat which egf IIto e ,
Yt S PG R b T RSO TSET VI T Epaat Lodasomaie

Qﬁle@niwlmﬁmr in cell populations, the phrase "substantially free of’
meanggthal the spacifiedcall trRepbiuich theueglbeu e eeelto a cell type that
c{) ulation is fIree Bm%seng an an f Iess than about 5% of the

A t oa tedn Oiarc?l

Ve LISt rt'ﬁ }%3
Therof Cell presen ec or cell population.
[0125} As used herein, “expression” refers to the production of a material or

substance as well as the level or amount of production of a material or substance. Thus,
determining the expression of a specific marker refers to detecting either the relative or absolute
amount of the marker that is expressed or simply detecting the presence or absence of the marker.
[0126] As used herein, “marker” refers to any molecule that can be observed or
detected. For example, a marker can inciude, but is not limited to, a nucleic acid, such as a
transeript of a specific gene, a polypeptide product of a gene, a non-gene product polypeptide, a
glycoprotein, a carbohydrate, a glycolipd, a lipid, a lipoprotein or a small molecule (for example,

molecules having 2 molecular weight of less than 10,000 amu)
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[0129] As used herein, "retinoid" refers to retinol, retinal or retinoic acid as

well as derivatives of any of these compounds. [0130] By "conditioned

medium” is meant, a medium that is altered as compared to a base
waeslitii465L31] As used herein, "foregut/midgut” refers to celigetihe /022604

anterior portion of the gut tube as well as cells of the middle portion of the

gut tulgs includingesis.afthe ferasimideniunetion, RS TRNG uations, the term

‘Eng.od,erm Cells and Processes fR%Iateﬁl Tpgrreto %}Sl?zgﬁmbodlments

FEETh S HEE, PPt IS ROTEI R S0 Y S e B Brtiibiess Fom &
tedinitlidoche ontaniy ctlis mllouduredyedifimpatiging pluripotent cells, such
as steméz]gall_s infxmﬁgI q%ﬁ@@&@m ?&i%ﬁiﬁveeﬂdf}#mdﬁmﬁgﬂsceﬁ%%ﬁ%&@ the é:»hrase
above, definitive endoderm cells do not differentiate into tissues produce
R oy o S, e ERERY il St TGS gel Eigeer o=t
Tweladisg s tharasmiderpedrurh thieguborbom Eértdihprefdmenber of cells

webediments, dhe.fafirliveansegderm cells are derived from hESCs.

Such sses can provide the basis for efficient praduction of human
ondodUNES) dorihSe RS s, (EHTAE p e Tase Tt I ABREEHo & well e
dIrativre oftiypord Bie eayYBdT-or example, production of definitive
endodmrzomay Be thadifsheierinaifferentialiomefianstemiceletedds compared to
Jlﬂg%tilgg@‘!l%sulin-producing (3-cell. To obtain useful quantities of
insulin-producing (3-cells, high efficiency of differentiation is desirable for
each dPIRH differe A O S A BRI OGP eI e pion ergtiicof the
datetibeelk fatal Sinetidifiemntiation ghaiem aelistedefibjvRaenEeIREm: of the

gellsrepresents perhaps the earliest step towards the production of
funéc?ﬂyona pgncréatic islet/3-cells (as shown in Figure 1), high efficiency of

differentiation at this step is particularly desirable. [0133] In view of the

Diefsitadliydo ﬁ@fﬁﬂemﬁﬂﬂfar@mmimmm et _er_lt cells to definitive_
endodga, e"S'ﬁ%ﬁﬂ&iﬁé&?%&.&fb@&%@%@ﬁ@&ﬁk@t'f&%(%ﬁ%&%%ﬁ%%@&@? for the

herein'relate to_in vitro methodology that results in approximately 50-80%
RBRAERS Sh BRIt B R AE o defrfite iRt Peaidpofsicditysuch as stem
slichnm ethbigstencfiidesctiedapplichtionoficatibeé dnde, gidintliviaatdrderm cells

&Pﬁlﬁi %ﬁﬁ?eﬁlﬁed ﬁRS‘ %%@ég %J&iﬁ%ﬁ rﬁ‘”% %Qﬁ)ﬁgfﬁpotaﬁllg égﬁ‘erh:}y gﬂ%ﬂler, differentiate

enrichment of the cell population for definitive endoderm cells can be

B TR SHE YRR A AR QTBT IR SHTBR FPW & 28 6Pt 6 dageertain proforred
RCTHISROCE 02260 ctheldefnitilb endaderhireal lEFGM Hittteproatiseinctiherovide

ROBHRNGP DY diING-SuieARER AbakSBRIIHGAY LRIdE RASIIRIYGS pancreas, liver,

endoderm_cells. As Sngj_;}%h’ some embodiments described herein relate to

iR B B A EEHE ARV B n SR cHETBI D PBRIEHG 40 LB g doderm
amdpetipuiihyisigpSuchiffgetis:ti@ld divmoraddrto detetimm énthbngmducib9B-cell. To

SR, FRARARIM AR ISR R.GEL LR G eék@u?&%?&@&ﬁ@r%ﬁﬁlﬁgsoéesirabse

distinguishing this cell type from the other cells in the Culture or in
fobprsiatb thes dideieatrBonEes dirfghy e rtishte AERYMNE BRtaraeselibistet/B-cell fate.

hieremnrelatedercellttnatkRrs IMIRSS, PERSARED ANSRPRAARMRRAR) aliV@rliest step

expression leyels are specific for definitive, . :
towards %he production of Tunctional pancres lc Islet/P-cells (as shown in Figure 1), high

efficiency of differentiation at this step is particularly desirable.

[0133] In view of the desirability of efficient differentiation of pluripotent cells to
definitive endoderm cells, some aspects of the differentiation processes described herein relate to
in vitro methodology that results in approximately 50-80% conversion of pluripotent cells to
definitive endoderm cells. Typically, such methods encompass the application of culture and
growth factor conditions in a defined and femporally specified fashion. Further enrichment of the

cell population for definitive endoderm cells can be achieved by isolation and/or purification of
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endoderm and methods for detecting and determining the expression of
such markers. [0135] In some embodiments described herein, the
presence, absence and/or level of expression of a marker is determined

wey-auaniitative PCR (Q-PCR). For example, the aniount of HapgcHRls/a2604
produced by certain genetic markers, such as SOX17, CXCR4, OCT4,

ﬁEE’aﬁIMve SRR SREHnMB: 1B AT oblNGIR v BPRG, FRELE: r}{ Whecifically
AgL ﬁgxgl %I\{ZI‘ICOR\} CRIPlc nd other r{s%%kers descrlbed erein
S Srag By GUartitabe L 0 B m8Ter Biteffigribed herein relate to
ﬂf?ﬁwﬁﬁ@ ﬁﬁ@&?@h@ rerBergsisrelbesinotnsetr m%melwsisxqﬂaasgeddmr theifying such
algve- mentioned genes. In still other embodiments, Q- PCR and

inunu rrrlza éﬁﬁOCheﬁ'% Iert chertlfl3 %glg t%re bothL%schmllde and eterml?}e |
the amotint or relafive proportions of ‘such mar ers ﬁlacﬁ culture

eheth oaryisieh amahod eldistiodweldnalibis eclidyoe teom mhe ather eﬂésnesmmwe orin

ml%@fulﬁlﬁﬁ@ @Qﬁﬁﬁ%i&tem&ﬁlﬂﬁ@yitd&@ﬁ%%&éﬁ@rﬁ@émnﬁ@/& relate to cell
cells, as well as det min the ortion of deflnltlve

g@g whose prdsence, & sen or rc% e JJ r(; SSI10N eve s 6?501'%{: S%aneﬁmﬁve

erm cefls'in a'te ture or ce 1on. OI’ EX

Wmhﬁe@pﬁﬁé%@%mgmmmlmwm@m@émmm or
cell pogaksiions Haaélﬁé%lﬁmtiﬁﬁﬂ xPrESS HASIS @X dedsade/ %sﬁﬁ@e@ﬁ%ﬁ%l of

\/ f I’S 01 n n non- nltlve
SSRGS B S O
%ﬁﬁi’ﬂi’vé”@ﬁ%&%’n"@@% Serdif ﬁ@?ﬁ%ﬁﬁuéh@ltﬁ&tsé}zibré‘éﬁ%% E4JresSFP, T,
SRS XOX ANdit thesEXCRAgENE @@, [rwel pf wore mrca ,FA8I310CMKOR Y,

Fasnityde a&%%wam pb%lefg jtive.en Oderm 58! type 95 i rﬁﬂc? R To other

populatlons In still other em |ments the n|t| een

%@Wsamrala?@%%%?@mcw@ép%s%ﬁe% Wwwsméme@e above-
seicoted feoen. thia gitiwhaonsisting:of, SEPCR/ add XaidhoGSibehdrkadalléchniques are

e GO QLGNS ORI A0 CIBIRL. 3 ls¥EL 0l about 2 or more

than 2 orders of magnitude greater than non-definitive endoderm cefl
types SPE8l podtiatichs. rrdstie Bihoodittertsdersabrmbeliavercin, determine  the
chpfimitivecé nolodenmcelisogtanahaidas]dntiadssdiress R ¥A033 éhdoderm cells,

é%ﬁ%@@&@rﬁﬁ§%@%ﬂo¥%ﬁﬂ? Q%Sﬁ’efﬁkﬁ't/% t&ﬁ&{é%lvc%lﬁnﬁogegm culture or cell

compositions. For example, some embodiments relate to cell cultures

RN G T SRR T PR Re R e G PraRet et iere BiF Peftitive sadoderm
wilsich ed! iprpdfititiveherro dedmablisrSothe Spréférmediembaditivhsne at a level

selatedto cell eultyesyhichcomptisendefintivemadaderm gells cwh%cﬁé@ or cell

at | st about 50-80% of the cells in culture are definitive endoderm™cells.

BRRE BB%.a PPetSTRABIHY i SFEPE TSRS B S Uit ApiHiaRy thet are
irodinend catisswiier&X7 eadbalivuC30BO Yot 2119 WE 2006016802 orders of

A?égJ &&MQ%&Q%&Q@M%@H&W &ﬁ&ltg@%@@ dafiniive.eRdoderody omer

lls,. Becau e eff|C|enc of the differentiation procedure can be
TR By BN SEAERD AP B bPORERCHR o s gpprss ome or
Hipngtedithe Iwhegsr@mlnﬁedmrbmmgmmm@f 8ORCEN T EIREs GFIC HFF17, VWE,

dinting, aicxdurenstens, mmr@m@marbpa@&ﬁ%@a&@%@Jﬁk&e&&@; S nagnitude
can re uIt in a 1_1‘%15% a%%‘ét 109, about 15%, abqut 20%, about 25%,

i 15, cadodenrn ob tupes e el nopulanenso. T sgme Empgdiments

ot
c&w@pébﬂf@;@@eﬁm@w@n@@@m cp@@@,oalgbuio%%a}ésbwm@@%}ébout 85%,

about 8094 aboukiaUe-0k g@ﬁﬁ%emaﬁbélﬂpuﬁﬁ@y%&%vﬁﬁg%@ﬁﬁve endoderm
ﬁlur@sﬁ}gﬁt C%'c!% E:Ocagr%fllerzltslggeegrgg q:{e ents re%ge![‘o cell culiures comprising definitive

endoderm, whereas others relate to cell populations enriched in definitive endoderm cells. Some

preferred embodiments relate to cell cultures which comprise definitive endoderm cells, wherein
at least about 50-80% of the cells in culture are definitive endoderm cells. An especially preferred

smbodiment relates to celis cultures comprising human cells, wherein at least about 50-80% of
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preferred embodiments, conversion of a pluripotent cell population, such
as a stem cell population, to substantially pure definitive endoderm cell
population is contemplated. [01381 The compositions and methods
wadesetibeddaerein have several useful features. For examplecthe allsozz604
cultures and cell populations comprising definitive endoderm as well as

thenmathedss for RIedHcing %éﬁﬁﬂﬁ“ GhlteEas @Qﬁscelﬁg&g%a&%nﬁﬁg@ncy of the

fuI for mode the arI man development. Furthermare,

li s of
O e B S LD 18 AT P Ee Ay g it e
rmtebap@éut‘re, m@ rgesith mm%ﬁgeawmﬁéytgu@na@mabm@smnmgw culture

ﬁégﬁm@%fﬁk@fiﬁaﬁf&flB%M@dﬁ@ﬁ@é&%ﬂ%&%l/&% @ﬁ%t}%guﬁqwa?o&%%n W6t 10%, about
imite erort es It e . us n the ment o pur
{L} gutuﬂ'}? abou (E%BI/b b %5"‘! I?%logg %8%%@’(&?8%&?9/‘” about

tISSUG or cell =t pes. UCtIOﬂ of itives

@éiiéi‘{@%@}%l? F@@@s@@é f@m@tﬁ@ﬁémmﬂﬁ@%mmteﬂ&f/@eﬂmmﬁi%eMet @6, about
Mtﬂﬁgrtﬁml t@ﬂriﬂﬂa@@sal|d@%¢ﬂ§%§aﬁ@iﬁb@é§im@@ﬁgﬁﬂﬁi&n§ﬁg&%ﬂ. 90 other

C“%E‘ﬁgﬁl nd |r}lyes Patent 11/0 &u%led DEFINITIVE
?}ngg Décember § g%P it some o??ﬂeséonpr(%% &a% ¢figm oell
mﬁmm bRy %%@ﬁf@ﬁgwa@eml Senviatiess pederplied.
processess] definitiveapeosionaaet-adiwsane aprehed el BonWations res.
FBAKBAACINING SAURA LT, SRR E RIAHEE BN, RIDINARE SIS as he

cells. A pre erred m itive e erm celis utllizes
RethRdh eneEi e §‘t‘é]h1°€1éi?§%’§% eattipRpRrien areorsaiifmveodeling the early
sendoofirampl devittigRerS UBLr-lifipRiend eeliSocnidReehfilat aslgiateherein can

Jf&%l@@f&?%&'&smﬁ@%é%&ﬁlﬂmﬁrd?%ﬂsb &fﬁgs% Qiogf & kT)S clers]%q H%s For example,

embryonic gonadal ridges. Human embryonic stem cells can
e ﬁ‘ﬁiﬁ@?ﬂelWémSWSS&%%éW§%@%ﬁﬁ’@?&i¢§%§%§?ﬁtﬁlﬁssuess it can be used
idiffe dentlapiaent uSmgeriaikadsdihghage known in the art. Such methods are
described, for example, in US Patent Nos. 5,453,357, 5,670,372,
5 690 926 5 843 780 6,200, 806 and 6, 251,671. [01401 In some

ESSE ¢ et Dl F-éells, hESCs are maintained
ona fé@ﬂe} Iayd?rohessw:lfopmffe:ssemnmﬂe@rﬁiaﬁlaylﬁ whisltedlows cultures and

QESCsdR lgepmmauaﬁge&@a RIS AL ARG CRNEE MR8 DM 8ind in US Patent

used feeder layer for the cultivation of human embryonic stem

|
Ry PTG ]S B TIBR AT Al Hifome o thse
reders|dyegimeeibeetsdevd | ap edrfiog useeintheecuttivatin ohhieGdEs processes,

dssgivSReiRnh ANPUCRANED M2 00Y 8o LSRRG PIRSRRR I derm

producin %\%flnl lve endoderm permit the maintenance of pluripotent
% FAHE T RPATEE EPIaE: MoROURTSS EHHod R eyt
62@%1@&6@99@@?%8@@@%@@6@4 searipdite nis HES Gsrimd erafedd elvfréelinitive

eﬁ@é&ﬁ@%ﬁ@é{%pe%m%ﬁﬂ%%ﬁp N Ratent ApRIication:Nae from the morula,
(%03/0175956 [g&]’-‘gﬁl& H(z human?{'e bryonlc stem cells used herein can
u

BORIREANSEETh SRR POV EE ARRPCH) SatrRe EhBHGRyonic
sgrareetiebam atmevrtnoedprocd oy ds 3sémmfw§pﬂa®eménui§m@dmh diffaersiation

seien %&tw@ﬁﬁﬁhﬂm ﬁ%%rﬁ%@ﬁa&h@é@a@@&%ﬁ%ﬁ'ﬁopémﬁﬁ‘ike'ﬂ{ US Patent
R R e i i e el e

[0140] In some processes for producmg definitive endoderm cells, hESCs are

maintained on a feeder layer. In such processes, any feeder layer which allows hESCs to be
maintained in a pluripotent state can be nsed. One commonly used feeder layer for the cultivation
of human embryonic stem cells is a layer of mouse fibroblasts. More recently, human fibroblast
feeder layers have been developed for use in the cultivation of hESCs (see US Patent Application
No. 2002/0072117).  Alternative processes for producing definitive endoderm permit the

maintenance of pluripotent hESC without the use of a feeder layer. Methods of maintaining
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until it is desired that they be differentiated into definitive endoderm. In
some processes, differentiation to definitive endoderm is achieved by
providing to the stem cell culture a growth factor of the TGF[3 superfamily
win alsamut sufficient to promote differentiation to definitivecgnaaeeimzsos
Gr(_)wth factors of the TGF(3 superfamily which are useful for the
@mdmndﬁ&ﬂsdﬁﬁmmamdeﬁﬂﬁi@@_Wg}@&%éﬁ%%%qaal(é%?ﬂ\ﬁ ¥ iom No.
Bk splageoups. In some preferred differentiation processes, the g owih
factor js selected from the group consisting of Nodal, activin A, activin B
and BMP4! AdditRsniyetrabreonin Taetsel/neah emdnothe bW\ riifamity in culture
i s
;2boy -mentjoned growteh tACtors S Be 6%%8‘.‘1&51&%]%%%%@&%%86 in US
SO BPYRRLIRH Ooe SARKULI0MHE- amarefitiation of pluripotent stem cells to
ugfgl;l\?qgg? tzh;iga &@Iﬁmlk‘f@rﬁ;@g&&?&rﬁﬁgc&o ggre r ﬁ}?ﬁ%ﬁﬁﬁ%ﬁ&ﬁs&g&
dRiLEE ¢ ] ‘
oncentrations s,uf?%:?ent to pron%c.?te %ﬁfe?g’% % |ogr’il%Tde§ﬁea§’f‘ SPBTtRIACEsses,

C y
d%?%e &8 tgegffg’fg"é?e?ﬁﬁ?ﬂ@%h%ﬁfé@ﬁfi@é |EotidEEtretericesssuthes a growth
fiabiovet fheodrgrinily aciarsaie pieseRkind R AR QUG AL, 1 defniiv
eﬁ&g& j[r ag mi..at. east'a out ng/ml, at least .
abqu%%SaﬁgB?% g%%égsst% 83? n%lﬁ%ﬁ?ag?{sfe‘gg’tca%%t” dinfhapredugtion of
IeRiYoLER KT Fra st RO odgl vt vin| en B Mot RGN Gibm@toreferred

diffastibioutpAResng/mt ableagtabayta0-nalm) wat éﬁﬁﬁ%@?&%%%?u%% r%'dtivin

atigast g 1. at least about 3000 ng/ml, at least a ‘
An /méﬂat Feggls%ga&b%%fg 5 ihgﬁ}’m‘l%grgrrﬁ‘(%% faHgh % SHERHHHH Y oty apmbers
arggﬁg- 6%%%@@“@9%@@%%?@?&@%%@@90‘@ntlﬁﬁmli%flﬁﬁﬁtian processes,
cetefiinitiveserfidodetin ablis.- thepheuerRentivnsdgreuthfactors are

remoygd4{fom t & subseduent to their addition. For example,
rYowthr factc?gli?aér%ﬁf%t?é moved %gliﬁw?nog'i?%eﬁ t %ﬁ e fifferspigioneS alywotent

the A (¢
St?a‘Bo"g{liﬁ?e‘E%%? sHsdtB G ks evsemivEcadsrabib it sixsday srabidtio the
c@té\ieémzzsysgmzmu theight staysesaouta mazﬂﬁ%%ﬁé}éﬂ%ﬁ%ﬂs dane AfIAG gromote
githeinaddition.inapr esses, the growth factors are remove

about fqur a;s fﬁﬁ_rﬁ elirtr%gldgﬁ?cgn. 6?4%5]1 &l%t&?é@%Yadg’fl‘?‘ﬂﬁ?}E‘eﬁ%de‘MOme
pr8°e"lf§f’8a?ﬁeba R AR defiess TR greseaiindlr sellumvitare moasenemiration of
atisptiebesiaigoliktuiecehdition sgsaum-canRBeR3 QRS CANENISL R Mo/, a1

Te DD B Val 92 example.in some differentiation
i rocesses éyhe s rum%ﬁgtggt%{é\{%g%%t gnriﬁge%ﬁql&nn Er’lfbaé k204300 ng/ml,

A B06 0588 B/0); e deeshahruibdfmg mbeet basiaou 00K 0£6998: least about 2000

Nt HUSI00B10 226042/l less thaint aboui D Vet (WAL, ABSS Haah @ﬂpgr more
thdh 306uf\Wn gggithan about 0.4% (v/v), less than about 0.5% (v/v), less

than @l[’%ft 0.6%0 v/v?)_, less than about 0.7% (v/v), less than about 0.8%
vIv), Tess than aSitd. 882°E6), Tersdhn ditansaiintions ¢§/phuiestthakmabelis to

debuigivg doesbrib. hbebt@dbdvivhelbas thianaheutAUmivegd HESSHNAM culture
sulBQUEBRH hul haless hee: & 1@%1&(\%:%?%’: fhan about 7%§V’V g
e 2 o e o SR e o
1ess than about 1506 (V) BF fedBWtRUR98 G Somt e davsseiens six days, about
SCYSROIERESES bR ghiitis. ahod doreiape s et o day VIBOUES QBUIROR! Wil breferred
praeesiss) e RIaGe IR Br@%hﬁ%ra%%ﬁ?g%s definiive addition.
[6145] Cultures of definitive endoderm cells can be grown in medium containing
reduced serum or no serum. Under certain culture conditions, serum concentrations can range
from about 0.05% v/v to about 20% v/v. For example, in some differentiation processes, the

serum concentration of the medium can be less than about 0.05% (v/v), less than about 0.1%
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endoderm cells are grown in the presence of B27. In such processes, the
concentration of B27 supplement can range from about 0.1% v/v to about
20% v/v. Monitoring the Differentiation of Plurivotent Cells to Definitive
wionmoglersmf0146] The progression of the hESC culture to defnitiveoos/022604
endoderm can be monitored by determining the expression of markers
M&?E‘%ﬁ;ﬁg‘;ﬁ;ﬁiﬁ}e%e“‘?f;;"é“ei?m"méc"%s‘%% e e an
i g
é, marker Alternatlvelgl/ {F?e exp lr?essm{?i%o cert a?r‘? mzz1 g Sdfspdan about 0.8%
britvhe %@Wf&gs?u?l é"fhéﬁsfe‘%’? aPRhich (Meravkérisabraset (wihdess than
e e S
T i aLligers tﬁl V95 q%ﬁ&ﬁﬁ’c"é’&%)w% (vv),

Iess ttEan s tg ntltatlng the exp ressmn of mar
& GeHebe r@tfélllefﬁéh%ébé}?t Rk FER ROeRSR Mditsthodsdoderm

zﬁbéﬂogm;ng W@Real;m ;zeﬂqﬁngewnnne@h&aﬂer@thﬁrstm Qﬂﬁ&déﬂ%@é% Hinitive

OHeRN.S ga@gtgggﬁ]q a, t ntjtate marker gene expression.

Forleemxa le, the ex essg%c?iﬁ a r%a?izr ﬁér%‘é‘:%]é et e canr? &P of B27
usw% an |5065 ef% @Blﬁ@ﬂo/f"i/ﬁéorﬁ gjeY{Zé product of interest. In

certain processes, the expressmn of marker genes characteristic of
desiinnins Bnlifeniaton et Plsnic anEadpkession of marker

genes{mh@racten&t@@mﬁaﬁﬁ ﬁe@l@b%ﬁtﬁéﬁ {6( Béaﬁa M%}%E‘éﬂﬁ%'[?oll“ygmred

Iow a reliable marker

S %E!Qﬁ,ﬂ rther in.the Examples
bg\ncélgo%lerm |smﬁ&ée EOXI 7'¢ gellie nlgﬂésu ARSI o A ERiEvISRoPeas In some

Pﬁ%“dﬁ%@%ﬁ?‘?ﬁé%ﬁb@@%@ @@%ﬁb@demm@mm:ﬂgelﬁ%ﬁcmrméme of

tgafﬁne ng g%;dyml\%@b& O A e %%tg 9@@%&?@ esuring the
| e

}CAI?égBI%%OX%l %ﬁ% Ti‘?es'lﬁan‘é1 &k T{A%ﬁﬁ’e °§éﬁ§ﬁ% St RoRtisns In such

PERRSRSSs i SPes eI 04 Rk efeser e i bhighrbitatinartivatiofidtiee S OM Anethod

oﬁ%ﬂ(%;agi;ewkpmmmmmtﬁ ot }f?ﬂdﬁﬂ&&%}aﬂgrg@%@é% )%F?ggg{ He use of
e S ex 0 and
q(ﬁﬁ@ta !ﬁ' RIQESR g‘is €r; rm:ﬂJ are ekﬁ8¥ﬁl t}’f‘e%@%l'pther

SO onitored. In other procbsses & eSS|on of1
renar argenés O‘fﬁé%'l% ﬁ%r‘ﬂ@?’ b‘é’l”?@dﬁﬂ'ﬁ!@hﬁﬁ%ﬁm@eammmﬁmsmon For
ﬁm@h@mgﬂsgg amgémamel lfﬁﬁﬂ@tﬁg}%ﬁ%ﬂgdﬁh gg]oﬁ%%gmﬁc for
HOXREEES e e evel higher than that of the
RC ct)ér%%gmbomoduhr%s% lgr écécr?es ’thﬁé BTSSR bETRESE genes

°%aéanee€%" i %Verﬁ%%?ﬁﬁﬁaas Vﬁlw@wzle%s»é $iggiigant expression of marker genes
lpEIIL? 00 BESL? 60061 48] e thdsmnatker, of definitive endoderm is the

CXC'ﬁl‘i@? ne. medééﬁ@éﬁﬁf&&@ﬁﬁ O E}? %n 1€ SLIS ur{aa(_:lreﬁl?ah errlllgakg%g ?B%egmitive

rnnc

and is the chemoattract nt
19% %ﬁ%@receﬁb&r KAy Beidefimithe %ﬁ%h’éﬁm@dw@ bethagrocesses
dWW'bﬁe]@fmmt@p@éﬁadeﬂgfmtb@@ﬂmemaﬁmﬁdﬂ@B@QMW gene product
ofaffiekingapd § # s
besliftergabation of mﬁtilf B éocgst}ﬁgb &%ga%%i

Leu

and Broxme
C‘%%i%ﬁ% ’C% It Also ﬁ“cf%&%@ta@ séerece sedr otk émgpxw
MEKE geng Rtd IPvekhisliFetigy Yhstet i SN e2de?, 82 -RFEH 1O BN adRBA: of

privitensive seres alistudiasccored pul %M&%&%@ HeRs Sl P 0m sox 17
Biglagy; 213, 442 4?1]6 11]995?)0]c the expression of the

an 1§ ohitored, other processes, expresszon of the bo’ch the SOX17 marker gene and

the OCT4 marker gene, which is characteristic of hESCs, is monitored. Additionally, because

definitive endoderm cells express the SOX17 marker gene at a level higher than that of the AFP

SPARC or Thrombomodulin (TM) marker genes, the expression of these genes can also be

monitored.
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chemokine receptor CXCR4 and its unique ligand, SDF-1 [Kim, C., and
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[0150] Tt will be appreciated that expression of CXCR4 in endodermal cells does not
preclude the expression of SOX17. As such, definitive endoderm cells produced by the processes
described herein will substantially express SOX17 and CXCR4 but will not substantially express
AFP, TM, SPARC or PDXI.
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some embodiments described herein, the expression of the SOX17 marker or the CXCR4 marker

is at least about 2-fold higher to at least about 10,000-fold higher than the expression of OCT4,
SPARC, AFP, TM and/or SOX7 markers. In other embodiments, the expression of the SOX17
marker or the CXCR4 marker is at least about 4-fold higher, at least about 6-fold higher, at least
about 8-fold higher, at least about 10-fold higher, at least about 15-fold higher, at least about 20-
fold higher, at least about 40-fold higher, at least about 80-foid higher, at least about 100-fold
higher, at least about 150-fold higher, at least about 200-fold higher, at least about 500-fold
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FGF17, VWF, CALCR, FOXQ1, CMKOR1 and CRIP1 in definitive

endoderm cells is increased as compared to the expression of OCT4,

SPARC, AFP, TM and/or SOX7 in definitive endoderm cells. Enrichment.
wisalationsagad/or Purification of Definitive Endoderm [0155] Defipii@os/o22604

endoderm cells produced by any of the above-described processes can
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[0157] Additional methods for obtaining enriched, isolated or purified definitive
endoderm cell cultures or populations can also be used. For example, in some embodiments, the
CXCR4 antibody is incubated with a definitive endoderm-containing cell culiure that has been
treated to reduce intercellular and substrate adhesion, The cells are then washed, centrifuged and
resuspended. The cell suspension is then incubated with a secondary antibody, such as an FITC-

conjugated antibody that is capable of binding to the primary antibody. The cells are then
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purified using a ligand or other molecule that binds to CXCR4. In some

processes, the molecule is SDF-1 or a fragment, fusion or mimetic
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totﬁﬂﬁ?@t‘ﬁf %qﬂta?gulaﬁons or cell cultures, In still other embodiments, definitive endoderm
cells can be enriched from at least about 20- to about 100-fold as compared to untreated cell
populations or cell cultures. In yet other embodiments, definitive endoderm cells can be enriched
from at least about 40- to about 80-fold as compared to untreated cell populations or cell cultures.
In certain embodiments, definitive endoderm cells can be enriched from at least about 2- to about

20-fold as compared to untreated cell populations or cell cultures.
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steps, the differentiation procedures described herein can result in about
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celis for about every 1 pluripotent cell, at least about 50 definitive endodermm cells for about every
1 pluripotent cell, at least about 100 definitive endoderm cells for about every 1 pluripotent cell,
at least about 1000 definitive endoderm cells for about every 1 pluripotent cell, at least about

10,000 definitive endoderm cells for about every 1 pluripotent cell, at least about 100,000
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[01641 Some embodiments described herein relate to cell cultures or cell

populations comprising from at least about 5% definitive endoderm cells

to at least about 95% definitive endoderm cells. In some embodiments
wiheosellieedtures or cell populations comprise mammalian celg/i82005/022604

preferred embodiments, the cell cultures or cell populations comprise

infimarecellsidareakamplencerain spagifiecrebasimesis: ilate @@@Uo defmitive

&wsuéﬁﬁ SaORMSIRg.hUman %%H%T whersin, from.al, 'rjféaé%a out 5% t %q i, the

ast about 95% of the human cells are deflnltlve e erm Celfs®
%? SHith &S T SRS el eg it sERaibrisT g fifinmbadisnawacheinian cells are
feistdabounaondt, (sastabalitdisfah leastahouiclGiadat HRass #QWnbryo. In
il ahiraakalANL M, ALBARLARAN LA, A IEaRANONLA0, BLIS0L, of .
about 40%, at least about 45%, at least about 50%, at le sta ou%%%’o at

Tauligely f%ﬁa}mé]?%%?s“tdﬁﬁ%?ﬁeéﬁ’@/%t thg fé’g’éi’%‘bf}ﬁ%% at least about
75%, d81edist abdun8O%bpditntetsteabbed B58M aldeastaboutudR%r 68l populations

aﬁﬁﬁﬁ%ghﬁsh?QP/%Q&ta%muwaaeeﬁﬁﬂﬁ@@a%ﬁéﬁkﬂé/&1s%da?qg g5l 9%5}5 Sefinitive

n@ odlm pts where the cell cultures or cell populations comprise hum

&t ce e ABE T pasiEs At e solentiuie paesl RRRMOTe Spetite Ifﬁé”lmahan
%ﬂmdﬁ Hesdetend sotiepitinbies, obll elilukes:o ocellipopuitatiansofhteb hikthells. For

SR RRaRS @%&ﬁd%%ﬁ%ﬂg %ﬁ% to %@Wé@%ﬁ%%&%’ cells, wherein
§ultur%§ or %e Lepyl atl eav\,ﬂ? ‘frlsmg human cells, such as human

e e o R o LTI 2SS PP th & PR, Pt I it ssspdpricgp cels
QferCRbREnmEy kariiste rel tef themctinwmsipg desien cdfsheh@GT 4, ISRARG: 5%, at
164&%&@11%0@1@?%]&%8% IMOWQQ&" %@l Htﬂ;ﬁb@ Wé@%@é@&%%}t? PREKERBY: s, at

S a s. In other embodiments, the expression

R R o e e Tt e B oay e i b s
et €%, @wm@pwsﬁmw@swmutSMWmsk@om Wheastcabobiiut 80%, at

13&%2&{11'6’1895%,1 rﬁlﬁl&d@ﬁ'ﬁ%ﬂﬂ'ﬂ %%%ﬂmttﬂ&/ 5ef;the ﬁl\%rﬁ%aﬁegéis I Abefinitive
abo 2011/10 of th ast about 25% of the human

cell
d?)s " glﬂeast a ou? 35% r?’ %{ﬁr‘:ﬁan CLBHES i SElbReuiEiont sewpise human
foreeheia fhe ahievamesdaiasts Ao tRlebs o itheutiTesprah todhis himat feast cells in the
caboultdb4r ofithedatman. cells, in at least about 50% of the human cells, in

at lea ﬂ‘g ut 5%% of the h lIs,.in at least about 60% of the human
h daf]
cells, In atiJ ast abouit ¢ Hn*e ‘%ﬁ?ﬁ%en Celfs 1]nlﬁea}a {2 SCRBSTERToSSP 28 cel

%@rﬁmﬁéﬁﬂc@?@#ﬁ%ﬂéﬁ@amw@% el sudiupn el defimitivéesmdoderm cells,
vatbatit 80%ptikenhiraarced SON Bt deast @orl 3h¥koiihe-uman %Ile%p}@ssion

o@%ﬂ%%ﬁp%%%% g&ahf%tmman &%ij ﬁu%“ st Ao RR 7, Qf L vk in

cells orin %reatert an 95/0 man ce nem iments

et ehtrit el BF EéW%’)’o‘f?ﬂFati&r?éhéb?ﬁ’bﬂé‘éleﬁﬁrﬁ%em@%@ﬁﬁ}fhﬁethe SOX17
oaliey EXEReentaie dageaalatiatesd wﬂﬂm%ﬁe&pﬁﬁt ctxmhie srepan fegdan andior

S@ﬁ@rﬂﬁﬁgﬁrpg‘éh%ﬂ t%&‘ﬁ: Xyeks %!11 19 ﬂ?f]]g%gx c%ﬁs if, at { %"9 %%he human cells,

PCT/US2005/022604 [01661 It will be ap feuate t at som
nthisat ﬁh‘@ﬁ%%e%@hﬁé%@ REHS Bkt @&ﬂﬁésfﬂﬂfﬁée %@@wagﬂéew at least about
3¢t és broell pdpuiatiokastchoASi @hlatamee sl §UshPISIUMBAR 40% of the

definit sy resRien.ohon Ak
e I L B e

aHeastprovhAEe PLARCTRRIS G P?f“éﬁé'y@lﬁfhﬁlh@ﬁwé@r #haid s about
6E%prEEibnuitell© G ISR ARG, TAFRT T ntiorSRXT MREKEISain 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 feeder cells, the above percentages are calculated without respect to the human feeder cells

in the cell cultures or cell populations.
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from at least about 5% to greater than at least about 95% of the human

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

human feeder cells, the above percentages are calculated without
wespeariiodhe human feeder cells in the cell cultures or cell pepuledines22604

[0167] Still other embodiments described herein relate to compositions,

such gggell CkUtWﬁSbQfa‘b%%LaQ@&"aﬁ@@&mema&mgnﬂm@@mIﬁe@uplaeme fo

humgn definitive endoderm cells, wherein the ex res ion bot%s XﬁLu7 an
coRREFIRRE SRS S RUPTE LA PR RS SRR PP S e g & o

dcﬁ%&dﬁ&ﬁn stanhﬂmnS@Xﬁpmm{e@ﬂnnap@agteam@ii@%%l@fﬁﬁ@%%ﬁmup
co% }f%ﬂgA%mﬁaiT%fﬁ?sﬂﬁt%%pﬁ@@amwfmrmS@g@ AOSTR1 and
marker is greater than_the e 0
CWP‘SW%G%? & SPRIERST RSP ea‘gts?% }6%}? %aﬂ Oﬁrrsé%%e kers in
frdfh at leastaboid B94refithéiurh ZnastelewiAt lebibe dvoan 2oty oTFtﬁ’ébOdlmen*S
Wﬂ%gﬁ umh%sa:&' l&@%@ﬁ%r@%e{ﬁ@fzm &ﬁﬂﬂﬁ@d@ﬁﬂﬁlgﬂlﬁb&ﬁﬁb@h&uﬁges are
30% of the human cellﬁﬁ n at lea tabﬂut ﬁl%%’eﬁf u51mrhuma aH&:%
cajgulated BARP RSP EFRE R IRER E&HE SR atieAst about 50 o é‘wuman
cells et IeasS‘@llb9@@5@%@%@#‘@%&#@@@%@?‘%&5@%’%@&% as cell
aifigtuman ﬁ@Hﬁaﬁf&n@td&ﬁﬁtxﬁx@Hﬁrﬁﬂ%&ﬁ thehumamee isfittat leastierm cells,

wEDout Co% of the human gells, n ablenst abouh (9% LI AUMANESHSsion of

uman ce S, ina asta ut 80% of the

thh I EA SBURGn AT ZB1 awﬁ«art%m Ptk mhlfﬁs&étn@t.ﬁ?”a%%eﬁ%@afeﬂs

otRQ%ah e uMAN.calssiin AbleRgiaimmt Dhbin tKRdmMarkeslgoatn than the
greater t S| I s oo o

e Eﬁf on ol} e f?porj ﬁtp@){r%%g%gﬁé % cpo? di %Eé? n)(vg}%g thecelloos of the

es or ce e man feeder cells, the above

hperteriiadest dgest @@%Uié%‘eef\ﬁhﬁ%‘maﬁé‘seﬂédﬂﬁ? st AbRHAP Yo atiP cwmenfels. o
thecelaulismesrar-aaipepelatians i1 fajitanil btiappreaiatelth.thedt demiebout

35e{rj]rllbfo diment axh%gﬁscqbe Dereinrelaie 19 t&@ﬁﬂ&%'ﬂaﬁsﬁ%&%%@& 45% of the

f’ures orce po ulations, comprising human cells, such as huma

intufiniale Baisas oGS TE AR BTG Sl BASTR LA G AP R cels
+HINE30e e 6% HGRImM MW Gk CRst EEX@I ORI Rnam delBRIP4 least about

759/3‘ [ or gé@gat tlgnagt tlh%teﬁ%(ﬁ"%§@%P&%ﬂ%glﬁssﬁéﬁgﬁs%&t -EMG of the

ersin Irom at least about 5% to great%g(hp at leas s, in
etLe-9S75 6 48 ARy Gl FEmBET B S ereth e ss

res or
CRlspaulations: temprisedilsmman featie theelfSthé thbbvepadisniagadediaents

alculated withol EmdNBCRlb R SBIaREs are
iE TFE%“’ ce&tl%ﬁr?splg%a%gg %%%ﬁ%a?%ﬁ%%%dﬁ&%%ﬁge%@%fgnbed h re‘|gr31LB ate tgo

o8 Teidheut @awag o e R e DS SERERES S ForS
mamimiakan endodelintal geitssisedhias hmnmb@tﬁmd@we@éﬂ@dvﬂﬁi@ﬁélﬁdﬂe to

RPN & Sl Bldbe SO patiieds Wmmﬁ e85 It fmuan
X |

B AR ST I BT T T N ST heEits ey,
\EXP eSSIaTRO PO, MO 19 ICRE CXERYE 19914t SB06IB189Tssion of the

RGTNS3005(032604. e KBkis MiAIemIRaR the-axRFessioNte bibr-Okah 4t least
SPARC, AFP, TM and/or SOX7 m rker in at Ie%g QP%& g/s 8; Egﬁ ulatlons
SR b T/ BRI i ine A SE SBEA B TR PrRs

een o ermal cells, in a
cahptit2RNhaf Medeerdibdmiad waliscinteicas calbEard 5o fepiFrspect to th o

@&Q%%@%gggﬁcm&%awtm% of the endodermal cells, in at
least about 35% of the dermal cells,,in tleast]apqut 40Y%
[0160] ndodermal cg

Additional e scribed ercin Telate 10 compgsmons such as cell
cultures or cell populations, comprising mammalian end_odermal cells, such as human endoderm
cells, wherein the expression of either the SOX17 or the CXCR#4 marker is greater than the
expression of the OCT4, SPARC, AFP, TM and/or SOX7 marker in at least about 5% of the
endodermal cells. In other embodiments, the expression of either the SOX17 or the CXCRA
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of the endodermal cells, in at least about 45% of the endodermal cells, in

at least about 50% of the endodermal cells, in at least about 55% of the

endodermal cells, in at least about 60% of the endodermal cells, in at
woeashaieuiss5% of the endodermal cells, in at least about 7984 @fsHass 022604

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

abtat BQFbaot then %d@ﬁﬂmlﬁeﬂs O0'RY, Isaskapawt 86%006 %037 marker in at
EQQQQ&H@@‘%C&I liﬁe 'é}l&ao (?oderm%g.’l%(t)l/%&f g{])gt %a/d %9 erre‘:ﬁ ! Ce/lz!q?rg,#n ?is in at least

ast hout 95% of the en cells or in greater
f’rﬂs h&éﬂgomieﬁkvm%eaébﬁmeiéﬁomb«s guiloisromivetinieatiast about
wéﬂﬁfﬂwmmém 0 ac B oSItioNsy: S ek a8068H- 6Ll MRS BaE&lst about 40%
mgy@ggmmgqm amunalian e ce Is wherein th
"“é%)reSSI?W one or mg%le mar%e%/sg}lg%e%({?% gén?blll} atc%%s%aseq?ﬁl&sgf/“ of the

- {1 EiNRES e G5 R SE T, Wvﬁenea&@em ROXISH! GMIKORY of the
AdierAP Eﬂ@gneaitew‘atlnahotin655%(pr88Iamﬁefhﬁ.l@@f{%n%?&%@ab%ﬁﬁoﬂ\/hf the
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Federbe ?eiﬂ PRI R5¥b DA %‘{i@ﬁ%ld@ﬂissc@lt@ﬁ&%rﬁb@lﬁ 90% of the
@ég@ﬂen@mlisomprkmgahwmh@mmmam e€lllsoSUChras-PWmansy, of the

@asegarmaliscells, wherein the expression of both the SOX17 and the
ression of the OCT4, SPARC,

CXCRWker f‘i%&? ter than the %@5

AFP d/or PrdREF et ok SO oS RR Slestithsddierean relate to
eamesifoptheck aboblienitnts, cheskyorebsion oftypthith eSO iznandcdiemnal cells,
%R%ﬁr@ﬁﬁ@ﬁéﬁ gf%ﬂ%rt%&tﬁﬁrﬁe&@f&%%k‘a@ giihe o F? -[1% c%xgsA (Fn ‘of GATA4

he en

l@i’}zﬁp &?W% n at_least about 10% o
cells)in a as &hott 15% o é%%o‘“o%’?%@éﬁ@% apd LAdFP ]d%{ﬂa@o%aﬂtﬁe
SPIRSiUhelolie FRAKcSRARE. Ak TRa SNl BUK bitiicandcrtenmalealibol 5% to

stdensihaboAs3006: 05 dhsrendadeimakgli, in at least about 35% of the

endo | ce t least out4 % .of the endodermal cells, in at
least (ﬁji%?%o t%‘e enn&% SRS desreibad Apran g %A S E SRS Biohesuch as cell

0&%&6’6%%&&3@@#@9%@@@5@@@@wwmmnedmdmsmbheumauﬁasenmz
celln w4 Gfetbgnredaﬁlﬂdﬁ”r%ﬂ{ eellson at @@%@@%@I@@%’aﬂ!&hﬁ greater than the
eﬁﬁgé%%% %lé“r t 70% t§1§ﬁendodermal cells, In a .
least about 75% 0 he e er n e&%%%%dﬂt%é%%ﬁ?fg 5% of the
epingere sl %eﬁ%,qﬁt‘étqeh@cil@ﬁem %Wmsﬁereﬂfdbnb riraBOXIS, indatheasiCRA
nadeuiOgstefitae ﬂeradpﬂmﬁ;@ﬁsa@mt 5@@3@&@@@ @ﬁf/gnglfotlhﬁoxg in%iﬁt in at
e than ermal cells

B B Tl el i e
E‘B’r’r@o/él? g erdodarael celip ciniftfesiabed Péémﬁrﬁn@n@)ém@iwsmgm at least about
3pRanithaliatoéntebelah eeitest wiaefe mlaet@(e[mmmaﬂéez%fe%‘% about 40%

oMo aNE3Refe S RREALuMANE Le%'i?od':oﬁ(gg&%'\jalt(gﬁ&ﬁp@t A of the

CRIPI markers is g@eater than the expression o

aeRfterspl\RidsoBos 1%@@91@&%@@@%«5;@2@@4 oot for % BXT shark6d%inf the
erfforeratrloadis.abcutiGsb 4ograaterothan atdershabaut 58%: ¥ihQbout 70% of the

erﬁiagaqﬁfr@éiscﬂll% EQ;S? %old?"ﬁgﬁt%? fﬂeeéggtgdsergnea %relll?s?%h%rgast about 80% of the

dOTIgOS't'OHS comprising definitive
odermal cells, in at least about 85% of the endodermal cells, in at least about 90% of the

endodermal cells, in at least about 95% of the endodermal cells or in greater than 95% of the
endodermal cells.

[0172] It will be appreciated that some embodiments described herein relate to
compositions, such as cell cultures or cell populations corpprising mammalian endodermal cells,
wherein the expression of the GATA4, MIXL1, HNF3h, GSC, FGF17, VWF, CALCR, FOXQ!,
CMEKOR1 and CRIPI markers is greater than the expression of the OCT4, SPARC, AFP, TM
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endoderm cells substantially free of other cell types can be produced. In
some embodiments described herein, the definitive endoderm cell
populations or cell cultures produced by the methods described herein
war enssrbsiantially free of cells that significantly express the QeTAis 263873604
AFP, SPARC, TM, ZIC1 or BRACH marker genes. [0174] In one
embodmentmaidasariptien ofia.gefiniiversndoserm aell hased OB ihLose, of the
SXREESS] Qeﬁg'marker genes is, SOX17 high, MD:L1 high, AFP low,
SPARC low, Thrombomodulin low, SOX7 low, CXCR4 high. The PDXJ
Gene ElptbssioHngritg melersphsemibidl istpDooh{aisitaalletBiFnd , definitive
XodeandelR Eﬁkt@@mﬁﬁs@rﬂ@t&?fa@m?ﬁ%@ta& B@%@&ﬁp ﬁ%joj{?_ some embodiments
oft nerea rost ugdenum. is firs
T oo WO 8% Tl PHbRRarigpeseca by to
msterstie dnerdgd RS ek PTRiF RS amiabybitn afecBxderingaiftetid aotnes GBHSOCTA,
S TingFar E8\RMTRE TIOLSERR AteH, R fgeomes restricted to
beta-c nds -cells of the endocrine pancreas. This
ex pres%liigﬁpattgr? ?sedfcﬁg%%gﬁr%% ai‘rkl%tsﬁlépg% RFF—" Bo‘cgﬁévglgﬁd%%ﬁ%g@éaaﬁ?d on the
OGN Y AT SSBFRy iy dBOSIBpriigh, WHEh!ishishjaddiit totheSPARC low,
Tormibgmpdud oréevs, IOEN lovthexiirodaptal enterocytes and enteroendocrine
cells, antral stomach and in the common bile, cystic and biliary ducts.
This region of expression also becomes limited, at the time that
Heh &b iEnalrussion Barppdiyslopmrtied, to predominantly the rostral
duodelgifal PDXERGS{tive @itits ST PTORes 988 RelajedaThatetdod flor that is
dediaagBents el Aiierehialion PacerasRdeac IR NETEID (A& 9 1, o
novel, defined processes for the production o Ig “positivé endoderm
PERTTSHHEOfe e BER oS o @ﬁﬂmrfﬂrwts%@@fmmﬂp@wém peligomhheth the
egaditkiffarbatiateinateeie|satiss ueE0F arganaoaeriviedefl @Dt e ecomes restricted to
WA RO/ Mt @QQ.Q&EW%MHQDM%QQS%@ ‘;%18 éjx;[)/tgn aault . maintained
.e%ogc?rlm) %ome preferr.ed embodiments relate to pr cesseg?or e o
BISHGHEN SPPD A 2B STRES TSy Grfratloritndean sany Serfevelopment, which is
aditbudien@ntithiog pRD¥ds pisitive terdgutceddeatesayee ksdegteroendocrine cells,
ahivitieatant sellsithat can-differentiale inlenells. dizaues.Qnordans derived o,
h[:Jrc%met e anterior ept?rtlo g)f the %ut tube (PDX1-positive foregut ‘
S SRS AR TOTAT N RIS B FHER RSt ST Stese e Ssiomrinprily the
p5ied deerdsust. PD X I-positive endoderm cells of the posterior portion of the
foregut. In some embodiments, these PDXI -positive endoderm cells are
ltjlgostl%gé ng S atr?clalgrcaensdi eren late ilgto cells, tissues or organs derived
egion of the gut tube. -31 WO
2006/#16899 PETHIBRE0S G 20804diit TRk PhepRDXepdsitivbefOtenti relate to

nevglarenea eallssaueh as thasgirroskigediaensardingdmihe Mathods.x me Ppxi-

[

prini A A S EOMS. LS ML NG A A SR

iy

ofiSacrBeAetey can be uasd fo poduce Ty dilferentiated. &
insulin-producing [3- calls Th some embodimEHETBHX b &tie sty gt organs

deREe danT cBis Rrecpyardaye dregioniiférditiatingubefi RG] gnsicde rreglignidgut
cilbadopia)NSbmdpstanialbynesiass: RN (R a8INE HefioiliNG  PDX 1 positive
fo%k%?%%%c?%l lcsélig.lsgl rs%];%g reerrdabg%i%eeg sl,n ﬂ%sseq%g%llt%gsi%gg ?&ggrgt] )egd%c%?'ntqocells are
multipotent cells that can differentiate into cells, tissues or organs derived from the anterior
portion of the gut tube (PDX1-positive foregut endoderm). Additional preferred embodiments
relate to processes for the production of PDX1-positive endoderm cells of the posterior portion of
the foregut. In some embodiments, these PDX1-positive endoderm cells are multipotent cells that
can differentiate into cells, tissues or organs derived from the posterior portion of the foregut

region of the gut tube,

-31-



positive foregut endoderm cells. PDXI-negative definitive endoderm cells
can be prepared by differentiating pluripotent cells, such as embryonic
stem cells, as described herein or by any other known methods. A
weonveniestsand highly efficient method for producing PDXI-pegatisoes/o22604
definitive endoderm from pluripotent cells is described previously herein

and In[(L’IS7IP atentiNeDx MQ@&MW@NH;!@%%FCHMTAM% EMRQBDERMa according
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by fluorescent activated cell sorting (FACS). Further aspects of the present invention relate to
cell cultures and enriched cell populations comprising PDX1-positive foregut endoderm cells as
well as methods for identifying factors useful in the differentiation to and from PDX1-positive

foregut endoderm.
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expression of such markers. [01811 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

winasenploproduced by certain genetic markers, such as PD¥t:rafo%d5fs22604
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defijnitive endoderm, which is

PCT/%;?%}OES/O 604 PDX1-negativ g
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erm ce S
#5r i pRELEL dheﬁi@%xlﬂﬁ@?ﬁwérfdreg@@aemmﬂ@rmwmt fiaditeel toellitus. For

example, since PDX1-positive foregut endoderm serves as the source for only a limited number of

tissues, it can be used in the development of pure tissue or cefl types.

Production of PDX1-Positve Foregut Endoderm from PDX1-Neeative Definitive Endoderm

[0184] The PDXl-positive foregut endoderm cell ocultures and populations

comprising PDX1-positive foregut endoderm cells that are described herein are produced from
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definitive endoderm cells produced using pluripotent cell differentiation

methods. Rather, any PDX1 -negative definitive endoderm cells can be

used in the methods described herein regardless of their origin, [01851 In
weomeermediments described herein, cell cultures or cell pepylations o22604

comprising PDXI-negative definitive endoderm cells can be used for

therdifiecemiiation terasl-AuIWiRE andlar.enpiched 9%9&9&#%%9@%.1? described
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&qﬂe%%g'or cell population prior to the addition of factors used for the
differentiation of the PDXI-negative, SOX17-positive definitive endoderm
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npEH@Re Soanditionge r@ﬁ@ﬁﬁ%@ﬁf%ﬁl@c@ﬁ@%@'ﬂ@d@?& L%@Ltéa fedgs roduction of
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PEDISRMBOBIERS AINRAM dh e lilianes by allowing fﬁ?ﬂ&%&ég%{i%ﬁ%xn-

pes ngb%i rown or mailtaigig in the medium under certain cond|
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t%*]%éﬂ%ﬁ@l‘fﬁmi@ﬁed@m@l édrediffaiérmatietcor fanmintalneckin @anbodiments
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numoper ours. As w € appreciate those of skill In the art, -
ST e BTG5 RP 70 E OGNS o denench o
Felstiar 58< Od Uratibrsearradimsrito i esttadid dndito ns eaibeioseih tomember of
tHRrodrgeupaaivigRipfivie assy aleanditionadaedia.in some

emboﬁi{gﬁnts of th 1gc)ilreﬂlsepnt ingﬁen ion, a medium is conditioned by '
“allowing frereNtatad BIGHBStERT BRSBTS ibs Atiiida fringdium that
Isradsadres comarising sdveumedino Zooena20% SerumditmoentiatinediimotheEarse
molecuies, such as nutrients and/or growth factors, to be added to or depleted from the original
levels found in the base medium. In some embodiments, a medium is conditioned by allowing
cells of certain types to be grown or maintained in the medium under certain conditions for a
certain period of time. For example, a medium can be conditioned by allowing hESCs to be
expanded, differentiated or maintained in a medium of defined composition at a defined

temperature for a defined number of hours, As will be appreciated by those of skill in the art,
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embodiments, a medium is conditioned by allowing differentiated
pluripotent cells to be grown or maintained in a medium comprising about
1 ng/ml to about 1000 ng/ml activin A. In still other embodiments, a
wmedisrmasyeonditioned allowing differentiated pluripotent celbs teoksngrovzm4
or maintained in a medium comprising about 1 ng/ml to about 1000 ng/ml
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ein.
[0189] It will be appreciated by those of ordinary skill in the art that conditioned

media can be prepared from media other than RPMI provided that such media do not inferfere
with the growth or maintenance of PDX1-positive foregut endoderm cells. It will also be
appreciated that the cells used to condition the medium can be of various types. In embodiments
where freshly differentiated cells are used to condition a medium, such cells can be differentiated

in a medium other than RPMI provided that the medium does not inhibit the growth or
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[0190] In general, the use of a retinoid in combination with a fibroblast
growth factor, a member of the TGF(3 superfamily of growth factors, a
conditioned medium or a combination of any of these foregut
wdiffes@niidbion factors causes greater differentiation of PDXlpaegaives 022604
definitive endoderm to PDX1-positive foregut endoderm than the use of a
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present in the cell culture at a concentration of at -36 W 6/016999

IBEPRIE dooBM 2 dt5at 1Bt b & £0 PRSI OBk éa%%ebtsﬁszsb?grmﬂ b, at least
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[0193] In other embodiments of the processes described herein, one or more
differentiation factors of the fibroblast growth factor family are present in the cell culture. For

example, in some embodiments, FGF-4 can be present in the cell culture at a concentration of at
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about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least
about 200 ng/ml, at least about 300 ng/ml, at least about 400 ng/ml, at
least about 500 ng/ml, or at least about 1000 ng/ml. In some

wenmbedinents, either FGF-4 or FGF-10, but not both, is providedtadircaibs
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[0196] Cultures of PDX 1-positive foregut endoderm cells can be grown in a medivm
containing reduced serum. Serum concentrations can range from about 0.05% (v/v) to about 20%

(v/v). In some embodiments, PDXI-positive foregut endoderm cells are grown with serum
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about 1% (v/v), less than about 2% (v/v), less than about 3% (v/v), less
than about 4% (v/v), less than about 5% (v/v), less than about 6% (v/v),
less than about 7% (v/v), less than about 8% (v/v), less than about 9%
whghdessdman about 10% (v/v), less than about 15% (v/v) ardeassthemz2e04
about 20% (v/v). In some embodiments, PDX1-positive foregut endoderm
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positive foregut en rms

Monitoring the Differentiation of PDX1-Negative Definitive Endoderm to PDX1-Positive
Endoderm

[0198] As with the differentiation of definitive endoderm cells from pluripotent
cells, the progression of differentiation from PDX1-nepative, SOX17-positive definitive
endoderm to PDX1-positive foregut endoderm can be monitored by determining the expression of

markers characteristic of these cell types. Such monitoring permits one to determine the amount



detecting the expression of PDXI. In some embodiments, the expression

of certain markers is determined by detecting the presence or absence of

the marker. Alternatively, the expression of certain markers can be
woetesmisesh by measuring the level at which the marker is pressusimine 2604

cells of the cell culture or cell population. In such embodiments, the
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Enngedment Isolation and/or Purification o osmve dre a?cm
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entisseribeddierein P DX -indsiig fotegutiendodersOoel|saeen fexantgtednd/or
Nipﬁ@gggt%g{ purified. In some embodiments, cell populations enriched

for PD osmve foregut endoderm cells are produced by isolating such
cells (%IQ’I }cell clitrue embodiments, PDX1-positive foregut” endoderm cell cultures

produced by the methods described herein are substantially free of cells expressing the SGX7,
AFP, 8OX1, ZIC1 or NFM marker genes. In certain embodiments, the PDX]-positive foregut

endoderm cell cultures produced by the processes described herein are substantially free of

visceral endoderm, parietal endoderm and/or neural cells,

-39.



[0202] In some embodiments of the processes described herein,
PDXI-positive foregut endoderm cells are fluorescently labeled then
isolated from non-labeled cells by using a fluorescence activated cell
weories/ {FA48S). In such embodiments, a nucleic acid encodipggiaams/o22664
fluorescent protein (GFP) or another nucleic acid encoding an expressible
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Foragneiridel &R, [0204] In addition to the procedures just described,
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conditions which promote the selective survival or selective expansion of said PDX1-positive
foregut endoderm cells.

[0205] It will be appreciated that the above-described enrichment, isolation and
purification procedures can be used with such cultures at any stage of differentiation.

[0206] Using the methods described herein, enriched, isolated and/or purified

poputations of PDXI-positive foregut endoderm cells and/or tissues can be produced in vitro from
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and/or purification methods relate to the in vitro production of PDX |

-positive foregut endoderm cells from human embryonic stem cells.

[0207] Using the methods described herein, cell populations or cell
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than about 30%, less than about 25%, less than about 20%, less than
about 15%, less than about 12%, less than about 10%, less than about
8%, less than about 6%, less than about 5%, less than about 4%, less

wihamabrua3%, less than about 2% or less than about 1% opgheiaiakeabss
in the culture. [0210] Additional embodiments described herein relate to
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embodiments, the cells of thé cell cultures or cell populations comprise

R A LT RS A e G S HE EF e R g PPSHELop s fbeulures o
ddl ggutlencdedenpreellsimetheitell bubithre enbbpiapiatibapisceatsudaiathed herein

Mitheutegard R thedesdsnsalls Wmaiing Jmihe Mﬁ%ﬁ%&lﬂeﬁwm 45%, at

other embodiments descntged herein relate to coéﬁposmons such as cell
I8ERtBPaY 8Pt FaIIRAMAR e BRI Mt AL LB PR 2 btilrastahoyifes, at
lenstidaer 2t Ye Hsleavtia oD A egdthseatiefirfititeat kdadbom 28lsafarst about 19%, at

1@3@@9@9&%1%“&%&@{%@{ cell oRLAIANS A2MIPHAING Al least ABQUE Bour 14%, at

ut endoderm cells for about every 95 PII5XI negative

itive for
ESh b 2B CHe 2o BeBTOREb AL B oA v ies o 5%,
leasitaves BYicedllcpt phdatidiis atdrmpAbiNY6AS, lddstsabisut 9%, ROMdspadsithves, at least

de s, endederm,cells; for AbRu SusHY B '%B?@ﬁb‘éﬁi@g%rgﬁfﬂ@ﬁ'&"%em cells. In
endoder lls can be oduced. Acé&ﬁonally cell cultures or cell

BB i ?g%}i’S%%‘ﬁ?ﬁ é*fﬁﬁ ol BRI PO SRAA FOPS SRR N oclls. In
souiserebPiDdRise thativecei 2 pOPPOU G704 6800 P TSRO0/ R26G1e cell cultures
&9@1&%&@&@%@&@%&&@%%&%@& EQlsexample £ AOpagitions

compr%gbat le %) glygmle{P I-po |t|v eé)r%‘ ut en(%oderm cell for about 1
every “hegative ane?lnetsv% GOAL TP EAN SORPRELPS YR ¥ oo

priﬁ’éﬁﬁlbm@ymﬁe?@m%m vattfess @b SO veastivo 0@t endoderm cells and
R Xhoaegativerdefieitirampaodem) cells, auigast ahouwl kR X1 -pasitiviations
cﬁ%ﬁ% suntlge g{j %as%rarlgou?lg PDX1-positive foregut endoderm cells for about every 95 PDX1-

negative definitive endoderm cells can be produced. In other embodiments, cell cultures or cell
populations comprising at least about 95 PDX [-positive foregut endoderm cells for about every 5
PDX1-negative definitive endoderm cells can be produced. Additionally, cell cultures or cell

populations comprising other ratios of PDX1-positive foregut endoderm cells to PDX1-negative
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for about every 10,000 PDXI-negative definitive endoderm cells, at least
about 1 PDXI-positive foregut endoderm cell for about every 1000
PDXI-negative definitive endoderm cells, at least about 1 PDXI-positive
wioregeh aeloderm cell for about every 500 PDXI-negative deitidBoss/o22604
endoderm cells, at least about 1 PDXI-positive foregut endoderm cell for

iR\ 08 RBXrneaRHyEAeliniiv.cofoderm.callss @é&%@é&g%%%& about
10 PDXI-negative

-positive forequt endoderm cell for about ever
BB SR P STRO ST 481 Aol PR pOSARD ESghmesaive detiniive
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e o e R R TP AR AR -
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laboabenarpIPRBine gative dﬂﬁa&wf&an aéadﬁtm @e&ﬁa‘d ﬁ%ta%%béﬁefmve

=n0o cells about ever -negative
T i To BBl T e 1 20
ERHEGIHAERTS TRiputceletl FrDRrHch BRVE denitity Somgdosieiodenalkells for
@bieastaboBDX00RsRBXd-posiivedotegytandotsusals b EYE Wregyt

- 1 it cell, .at least about 10,0

B e o S e Rl PR Pl e s P
RYE fidR BB e TR <R 15 95 28pu e 1 DETOR bRk Yo slsnivisci ordesierm cell, at
lentiddetid dEHS foratieubreyenndo REX e gatined efiaiive BRUGESIMCRlnitive
ABshakieas! Ao LARIPPOADNRASKG. aregnt sndederm sells for | pryy.
about every 1 PDX1-negative definitive endoderm cell are contemp%{’ed.
RS P STERTBRIALrts BEbERBE G h R BB P Sorsgaipserm ocls for
adedirivive 1gHdStereattelEfiotivavhicddRD¢I, pasitivenforeguPBRU Q@K foregut

selEareRIOACRd RIS 40 fivﬁﬁﬁﬁ%aﬂw‘&%xﬁwé POIGRALGE Ié%hsr%'!cgl%as Sabout 1000

an pluripotent stem cells, In certain embodiments, the hum:
T T e GARCRE NI SPRIGRUTS b el S padoderscl
agrdstyedort tHeO oY aindsiges fofegnt endodyon leelte ftaiabotherery 1 PDX1-negative

combndimentsy e umas ipRIGOb oSl ARG L BINR AONAIA: oou
nqg r%tffues of a multicellular structure that has developed gastt e

or

Ebryonic Stags 4% 5 GHE/0 1Eb 68 PRt Jesshas BRI HBR %] -positive
fereswh errdadialinedintdad eglenib echiterdinBRlt@dgatiom pethifities cSEtRAS cell are
c6alsplitisres or cell populations, comprising human cells, including human

PDX1:ngsitive foregut endoderm, wherein the expression of the PDXI
mark ﬁ%%reatgft an the. ?(%Irléeélgoﬂeaﬂh AEBPS K788 Rpedine 1 definitive

cagidremNE v Temrbicin At astitivolir 29 ofitierhuribreeaitsdinedthetierived from

human pluripotent cells, such as human pluripotent stem cells. In certain embodiments, the
human pluripotent cells are derived from a morula, the inner cell mass of an embryo or the
gonadal ridges of an embryo. In certain other embodiments, the human pluripotent cells are
derived from the gonadal or germ tissues of a multicellular structure that has developed past the

embryonic stage.
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embodiments, the expression of the PDX1 marker is greater than the
expression of the AFP, SOX7, SOX1, ZIC1 and/or NFM marker in at least
about 5% of the human cells, in at least about 10% of the human cells, in
wat eastmbaut 15% of the human cells, in at least about 20%p et the00s/022604
human cells, in at least about 25% of the human cells, in at least about

30% ofdbshuman.eelisit.dhiaasiialapt Sadeaf g man f}%@ HRml) @fcn s cell

(I:e 1St about O%'% the human cellﬁ in atl ast abaout 45% of the human
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B0% o3 Rd » Blirh aﬁd@élﬁﬂm ratriesa it aidenst 5% Bhtbitivinmamcells oratieast about
leestabeuhdBftcafihe husansalis:sIn Same.emRAINERt 18 about 20% of the

}?ercent ge o ‘S |n l%h eII cultyres or u[}atlorh:/w ;n the
o T e B B SRR 5o St

%@9@1 am@f%ﬁefdhe ﬂwn%@likerl %Ie@rahmb@v@mfdm hogard:esfaredeast about
eehso 1102 hdhbnwillihenappeatisied H18t spmemmbosimentsdeseribad 55% of the

Aiginiglele J0 LomRASHONT LALAER call GlilklEs %Lﬁ'w O B n cell, in

comprisin uman ositive oregut éndodermc ereln

%ﬂﬁ%@éﬂm BYonkts %ﬁé FRETIEIY dersehsutiiéin thihyhunen colls P@t#’fée@ﬁ about
mmzhﬁ@;mmmm EHO4E Grisug maaejfmaamﬁh@xﬁ@eueeﬁmne@éttﬂﬁﬁﬁﬁ% of the
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greater than at least about 98/o uman cells n some
FEIRREPARNSHS SedtassiseotiOnE st Al e haneradureces apuistions wherein
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SHRIESEIRR QLB AER, A0 AICHaNdIor NEM marker i at east

about 5% of the human cells, In at least about 10% of the human cells, in
at leas®&BHut 13%"0¢ thee ?HQFﬁ%iﬁte@eﬁ}%“ fomelcrbodBrR dopdah derein relate to
danpasitiond|Spifk ad tehstiabeut-25%pepithadasmanpeeiis, itneihleast iaheitive foregut

s theuman.eelis. in.aldegstabaut 35%.0f hehuman.cel gb%a%he group

least about 40% of the human cells, in at least about 45% of the human
BASIRE 8f AL AIUREG9RT MR Hufris e tirn dhseBrestion e5 Bge A SOX7,
S0 Ih g ncbisNirVatkekstia oot 8084softthe 2hmancaedshin atiteasbout 98% of

@b ahLAPRf tHedUIBAN AR SN 1At BQ%@BZQ&OQSWM%Q&%!?ﬁom the

in at least about 75% of the human cells, in at least about 80%

PORSSEEHLER a§$ .Zi 55%‘}’8”5% AR HE R PR e ?é&fé‘f%%’oeﬁ the AFP,
YONG . SfaKeé, Agrhanlce s Nhnastrkenit 2 bast D659 3 tiehh hoaun cells iorineatt about
least e %&&/wfsth@ RURRNRRHS5HNSUD S RAR ANNENS 1 about 20% of the

ercen eof in_the cell cultures o opulatlons wherein the
expreSS| g §|§§ rﬂ%ﬁ?el?gnéaé‘léﬁﬁj r‘#‘ﬁﬁ@b&%?j %%%Fs*em’@a’afeﬂs in

%@%&%W%Apgﬂaﬁmm@mﬁ is grisatearbtvatthertshorossiorndlireadleR} about

S e 4, s ﬂgz%%m%%sgoﬁ{iga%{m%% of the
eeder S
S e o S R e

Eééﬁ?ﬁ%ﬂﬁh%g%’p ebthpbpuiatiehs ieemerisiguhidimbiiaiendondsmaktiist about

mhm&mgﬂ @EIQQH@E%aﬁ%&uﬂ@%@ﬂﬁ@%ﬁﬁ%%@ﬁ@&%@ 1Be:RESL90% of the

hrlprgeg'(x %’é easg hgorhttgg"/e %(P {heshsdglgnoge ps or m at’ least about 98% of the human cells.

In some embodlments, the percentage of human cells in the cell cultures or populations, wherein

the expression of one or more markers selected from the group consisting of SOX17, HOXA13
and HOXC6 is greater than the expression of the AFP, SOX7, SOX1, ZIC1 and/or NFM marker,

is calculated without regard o feeder cells.



SOX7, SOX1, ZIC1 and/or NFM marker in at least about 2% of the
endodermal cells. In other embodiments, the expression of the PDXI
marker is greater than the expression of the AFP, SOX7, SOX1, ZIC1

wanzheridebd marker in at least about 5% of the endodermal gefta;dpoad 022604
least about 10% of the endodermal cells, in at least about 15% of the

endodepmaj cells, imaiiaasiaiau: 0% Hdhe.andadermal, ﬁgg$§1tg9%§tsuch as cell

tabout 5% fthe endodermal cell? in at least about 30% o
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soytadmal grils /et 16ast-abeutin0n0f the,end Q)@%Q'@dggéﬁndpc@ﬁs In other
em st abag_g1 St 5%X01; gshSie en %gepgglb cells, in, at least about 60% of the
SaTRIS calldPiR e e ast abo ft’ﬁeg@ﬁﬁ’bma? CERESHPR (o st AFP,

%@Xu{ YOB4 . of heansrt iRl ics|is, aﬁ@ﬁﬂ@méﬁomﬁ th5%hdoiitneal cells, in at least
sRdoteyvaicelitoirahleas! abaw 804 af ithe &HQQQ@&H&%&FJ%'%%E least about

out 85% o end ermal c t least.about 90% of the
ﬁesr?jéggqrma c%e s, 5|n as1éﬂaa SBo }6 Sfor%h “eh 3EH#§F](1,%IE%W?HSETI’°“ 30%
# i odearmaberbn thet @mﬁe@aﬁ ﬁé‘l’a@@ﬂtb? [odadmtlitetshioragesodione st of the
deisaihed haein aeIaa@ttgn@@mmsam@eﬁmﬁa&ﬁzcs%ilscmtw@éﬁfas%k 50% of the
81%9&@%8” 11%0{]1 pp? BI:QO glgg@lla? tgg endo rlrz]'x%! Cc% % 6§|;u rt]llas gﬁout 60% of the
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embodiments, the expression of one or more mar Kers Sefe
BEsheslifng orige ehont SEXA TheamdoITRicslis grisatblessarbtht 98% of the
@xpdessibeeid.the AFP, SOX7, SOXI, ZIC1 and/or NFM marker in at least

about @fiﬁf the ﬁﬂ?&ﬂ&r&}% %I:&ltyh n%agthgpe?nm ?‘Qg/oOf tCB mons tsuch as cell

endodermal cells, in at least about 15% of the en erma
FRIP HsE ?@%‘ﬁ%“@%%ﬂ%&rﬁé%@“ﬁéﬂ@a@é aﬁbuw@%h@ameendodermal
efidoderial thellspinsatieasbabornddmafithe endedernal sellgolp ableashy of

about 3% Ohthe:angoes! E“@%&t@l‘%ﬁé@ Ak 'Sf%?és@x"i% W40 'ﬁ%m SOXI1, ZIC1

endodermal cells, in at least about 45% of the en oderm ells, in a
Facier NODLFsEE GF fheeeTh bR PHaPEAIS EM@F%EF%OUP%W@RP@IME the
espusderridretsnimanieast atdadtbin ditbeendodermabCetis; in BHOBASE and

BbRuseoHattheendodearmal sells, Irptdeast gyt 7% ofihewmy marker in at

1endo}glermal cells, in_at least about 75% of the’ endoderma cells, In at
RS ARBOUE SOIRC PN E SaL kPN Ahput 124l erdsgonmat Rk, in at least
abpeodésridhe etidoderatlledist ialbolsn 8 @Yo 2t ricaaidmitaheblidisinmat leasthout

Bboyt @5%&&%ﬁ1%@9%§%&?@1§1@0@% lﬁ@% Q’ﬁg&g‘rgﬁ%eﬂg tk}l at least about 35%
O?r}god E{1al cells, [02171 Usmlgt the processes described herein

SR SRSHS e S llns%lﬁaﬁfﬁ? AE& R FoTEgraRbEs e Figpst about 45% of the
@d@ﬁwﬂﬁa@lw@e@ﬂ@ﬁh@bmwa}@@ tarebfrodicels, in soieet about 55% of the

ambadiments of thapresent Beniion, gﬁ@o@%IQ@ﬁémﬁ? {0188 Ebout 65% of the
16999 PCTIUS2005/02260

endpder 1 Iatlo ns or 45
d (P u{rgé%rgduce ?H%?r% %/895 S §8 %CGB‘@?} ﬁ@ﬁlﬁﬂé@ﬁb@?&?ﬁlyw Of the
en‘éfélméns%a@ @ué«ﬁﬁi@é}nﬁy@%pnéééethednd‘eﬁn@@ew i @XehsZ HBolaffoof the

ehﬂﬁ%ﬂmﬁrk@[sgﬂﬂ@tsie@g%him@%%@m@@ﬁﬁﬂgﬂﬁaﬁcgﬁs?q{:j%%h@fa@om 95% of the
cP g\clngols i o&%ﬁgau% out%g/m%&e endodermal cells.

[0217] Using the processes described herein, compositions comprising PDXI-

positive foregut endoderm cells substantially free of other cell types can be produced. In some

embodiments of the preseat invention, the PDXI-positive foregut endoderm cell populations or
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based on the expression of marker genes is, PDXI high, AFP low, SOX7
low, SOX1 low, ZICI low and NFM low. Increasing Expression of PDXI in
a SOX17-Positive Definitive Endoderm Cell [0219] Some aspects of the

Wy aggssRs.gescribed herein are related to methods of incregsingdi@s/o22604
expression of the PDXI gene product in cell cultures or cell populations

66&“951&%9 ﬁ%&%— S{HG\! %@I&Ggl\ﬁgsmgdﬁﬁr&ncg%s S!l%bld. ua?l free of cells that
eml%g nbonts the SOX17 g{z?smve definitive endoderm cells Fr
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incread@it#d exphessiombbdhesDXlegaingiprotiu FDX he SNl 6ransith® derm cell

galnityencndedermaealizithalace icontaotedi
can b ﬁi‘ﬁ%ﬁ PDXI-negative or PDX1- pog%/ﬂg%]p;%rﬁg g%@?)%ync?ebr%; H?W’ Ak
ntiatio

| o?#er A'factor can be a retinoid. In certain embodiments,
SOX17-positive definitive endoderm cells are contacted with a retinoid at

mcm&aﬁ@i@@%@&%ﬁﬂgmg@b@@t@o%vléﬂﬂefﬁmu%ﬁﬁo%nﬁ%@refe”ed
embod'@? t, th retlr;mdclg 0220 er.embodiments of the
procesSeés described RATein, 5%63%?8 BFvE’ gﬁ%‘ﬁ%éelﬁ@df?cﬂﬁh"ds of
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g{% renc{l%tlon fac{l% of th flbroblast or famll Such
erentiation Tactors can erther 1r(1aal‘3tse on ?reﬁmﬁo‘?ﬁﬁﬁ%%w ARt that is

Hféoﬁﬂéfeﬁ%@eﬁwréﬁ@m@ommwﬁﬂm@mme i EE%NT-pellisiar definitive
oanthreie M i fbroblast Orawthdasteratiaisereentaion éﬁﬁ@iﬁﬁﬁpﬂaéauve or

growtﬁ%? ‘%/rrgnto about 1 5%9 f]rt?/t%l Alg.l%ljgn agrregaembod e?;%%%‘g‘é:esh certain

actor IS 'n'some em men
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» afnea{lrpﬁmum@ﬁgs SO RiNG. GQXL fohesilive dafinitye g@f&%@%&ﬂ ent, the
IS mcre d by contacting the SOX17-positive cells with B27. This

g%erenstla 10n factor can either be used alone or in conjunction with one or
both of ¥tHhoid dnathaemiedifionsitié fermiatioscialstorbefrheomehe expression of the

HDJQOQéﬁ&eﬁﬁﬁiuﬂﬁersc@lx&ﬁtﬁ@§iHN@eﬂ%@&iﬂﬁoﬁ%ﬂﬁﬁﬁ&@Hﬁ(@ osmve definitive

ith.B27 at a conc from ou 0.
‘%bout%& }V (V/‘ nfr :Ii‘ls%_ p e erre %gégnl ﬁWEé: é{f ecntianon factor of
‘Gefimied mrue frice famke @@ﬁhaafémewmwfammoeahd BoWsDaR@} or in

Mgthods fettinRreasingdh e expiessio e mmgﬁw@eﬁﬁm@ﬂ&@&% cells are
&dﬁ%&'&@&%ﬁh@h‘%&‘ﬁéﬂ%&%ﬁ%@o@ nfc' mc%nc v\?ﬁjﬁyo %%L%%{e efmimu 1(} /ml éo about

endoderm cells can bé carried out in gro taining red

Wonsssetuin 2prdemsd ﬁﬁ%@%@ﬂ&?%@ﬁw@éﬁé@fﬁﬁrﬁﬁﬁn@ range from
about @2H8% (v/¥) Mﬁhﬁtﬁoz&%(ﬁlbfﬁh”pﬁﬁea&ﬂ%ﬁﬁm&a A€ expression of the

Il |t serum. re lacement.
2006%%31%8{5%&8/568&20 S50 B ca%?S%mé’Pﬁlaétgés?(é\ZBa% (S flofinitive
BofsEtngete 1E)|ff§FE"ﬁﬁ%ttlBY1 Sleﬁ&I\;éﬁEﬁQ&éﬁﬁS@@ﬁsT@@ZS‘]I@ER&TH This
ditteaninpnieiho dmdiakeribecihbikin relatedguRethodaienide iy R0 rafoid and

@Stfé}ﬁ%/dgl@&%%ﬁ;&n ARGIQr ﬂ.ﬁt E%I%@p%gd%%&ts mtgtln&)tﬁﬁuposztwe definitive

differentiation of definitive
endoderm cells are contacted with B27 at a concentration ranging from about 0.1% (v/¥) to about

20% (v/v). In a preferred embodiment, the SOX17-positive definitive endoderm cells are
contacted with RA, FGF-10 and B27,

[6222] Methods for increasing the expression of the PDX1 gene product in cell
cultures or cell populations comprising SOX17-positive definitive endoderm cells can be carried
out in growth medium containing reduced or no serum. In some embodiments, serum
concenirations range from about 0.05% (v/v) to about 20% (w/v), Tn some embodiments, the

SOX17-positive cells are grown with serum replacement.
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endoderm cells. In some embodiments of these methods, cell populations

comprising definitive endoderm cells, such as human definitive endoderm

cells, are obtained. The cell population is then provided with a candidate
wdiftesentiation factor. At a first time point, which is prior to ongtr/us200s/622604

approximately the same time as providing the candidate differentiation

factor, expression of a marker is determined. Alternatively, expression of

Ihefiasker 6o herdetgringdafiem Mdding dhecandidate diffareniatiovers

factor. At a second time point, which is subsequent to the first time point

and sul§8éduent &sithis stegnafgoretliclindatsted ididatediforentinibidadartifying

B@ e el naneialian: exuession @iﬁjﬂﬁesﬁnﬂ?ofﬁﬁﬂf@ ks Qﬁf@t@nﬁatmn of definitive
dtec{mlneg[lI§| ether th ndldat differe t tion factoy is capable of
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dmpare :to expression of ﬂéwmla e & RS BEIAE Bray-rgpression of a
parraidatstamEehtidtionatincs: sspeapablel Sfprerhuting thdadifferedtidiionroviding

ok defibitivedanslanianon cells, [QP24-Semeepikadinents ﬁtbt@euéﬂ%etﬂmst time
Q%Eh&%ssggﬁgﬂg‘ﬁqohg{els@euul g 5 Ced pO U|atl%nt§atgr ﬁjere élfllr%e%slfg\émrc Qo the cell

comprise human definitive enddderm ¢ or exam

poplatitio rFEEfﬁSE}éna%%E}?taﬁarﬂﬁIIWﬁ@fPﬁléﬂ Eﬂﬁﬁuléﬁ@ﬁ’@feﬁu m¥hadesfinfbiv ecandidate
diffdediniochlisr AH&!MIMB;I:yoﬁ{aarfgaﬂepﬁﬁwaﬁlﬁﬁoﬁ&ﬁ 188 ARBINCHAGderm cells is

@e@&tﬁlﬂgg ’B;PMMM%‘Q%&@%E NG gﬂgto%lt Jt rem at le\a@%é bOUt res%mn of

90%, at least about 919 asta out A) at eas a 0, 5t©
e, CRATEA o, the |3e58Ph G Ry, B Terse ot @@%laatereas@abmmmeomomt is
greated thakatdedsts ahourQ7oapheduman aaitaanathﬁeqalétnﬁwﬂﬁm MNthen the

&(ﬁtﬁ&%ﬂ‘e@&ﬂﬂﬁ%efaec@&qggJﬁgoFee&Sptilq&tgt in§ @1%0 noré to%eas tgb fldoderm

herein, the cell population comprises humari cells wherel
%o, at least about 15%, at least about 20%, at least about 25%, at least
about BR%] at legshabohbd8hdfs af ltasicalaout 40%bhoat RasiRo45%ilize cell

ApleashReULP Y.L (RS ARt &@ﬁ%&@?%ﬁaﬁ%& "i‘é%' epst %9%% e, the

‘5’3% at least about 70%, at least about 75%, at least out t l[eas
OB 57 et EA A Ve Re B ROPBEYE b P E R R A IR fm@dm cells.
Atrmanveefitit welbnaodieim calls: 4n sointedempddinent Suithe crlinitive endoderm

Repulatian incudes pandy @@ﬁa@éﬁ%ﬁ/@%ﬂg&%@@gﬁegt%a&ea%%ut 330 %, 2t

other embzl nts, the cell population includes human f feeder cells.

ST AL RIS iAh S5 2O < Sh AT 2098 90 heBiSe b bR BE% ot gesas étta& g least
DOYHY B lefibe atawt @H%4n dte el sopbain309bpatichsnibe ehdakematiRash other

AMMULAL% d@stctﬁﬁ@tlﬁk&ﬂ GV ﬁéﬂ@%ﬁ&@b&hﬂrﬁ@! ?fuﬁfar! cast %9%%@%’351: about
@)5)6/ tab E o 0, at least aboyt 650%at least about 70%, at least about

?ateaé’t“%t S BETE: HNEALY B SRR BRI ek SR 98 4a Pl desst 2bout
Hboat BEYForil ARt eat theshaapie 4B, ablbatt 969w 60 thettleastahooel§Yothinst about

@?%ﬁ&lﬁt@ﬁﬂﬁg@ﬁ"& 1295% é}!ém %@“/GI Qiﬂ MW%W@ rgpl&%u §b(}3u@§{)w(2t least about
some e ments qf the

bR R A ARt e, MO DO SIEURR JEpee dodenm cols.

Tédmlpﬁ|g@bpémqnt@o§mweﬂetrm@éﬁmm@uéemedmgmbmlhmzhmmw;uman feeder

RRX1pogiivredasegivtRNdadessn ¢alisiation includes human feeder cells. In such

embodiments, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at

least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at
least about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at

least about 80%, at least about 85%, at least about 90%, at least about 95% or greater than at least

about 95% of the human cells, other than said feeder cells, are human definitive endoderm cells.
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[0225] In embodiments of the screening methods described herein, the

cell population is contacted or otherwise provided with a candidate (test)

differentiation factor. The candidate differentiation factor can comprise
wanmeenolesyle that may have the potential to promote the diffetemiiationm afos

human definitive endoderm cells. In some embodiments described herein,

m%&@ﬂm@ﬂﬁﬁrsmiétlepeé%@%mmr&e&ﬁw@@eﬂlqﬁeekfﬁﬁﬁemﬁg further
be a dlff tlatlon factor for on re types oflcellsdln alternate

s AR Sk BRI e
méﬁﬁiﬁml%own to promote cell differentiation. In preferred
emboct'um}ts the ceﬁwm{el@iwwi%m@gt%eempr@mlem@nth% cell

t known to pr. the dlﬁer |atJ é] itive endod rm
B B R S e e R . The
mﬂeﬁﬁtemge@aﬁm@cmfmmmmﬁ #@xtmle%m&%e@awmmmm fomote
prefareedambosiments daaamall cinelecu e s, axﬁrwﬁs WeHaavHRG Pdescribed herein,

eOLeCél n@f‘?gre%tuat? u a%t(c))foco 0 a]:rf;né'lsl %rnla% ecu ﬁg)a{n $ embOd“yee Qt Qrentxaﬁon
Small molecule comprlses are Iﬂ%é n some em dlmen e Sma

Fedne denl oo A prIRE Sty cAlsid o 7pin eﬂbeﬁemﬁbdhﬁémmér@wwm
hekeinotheieandidatediffere ntiatio niasioro %@M&SQ&B&X@?&V@@Q&@B Th@referred

B%P‘ﬂgse %%ncggd%@é %91%9 %&9{%' %ly dm&h{v) u Qontlc|> cluﬁe that 1s not known to

glycoprotein, a lipoprotein, an extrace ar matnx proteln a cytokine
PRERTe Kif élf%fﬁ’é‘iﬁmé OﬁB‘r‘Pﬁ%Wé’ﬁaﬁYﬁt“éﬁm @& growth factor.
Preferfezbgioly paptistescinalibdéiarawibi faaofacbhimgometupiaitesibed herein, the

%H?e%%nﬁgﬁoﬁ@&a@%a Qtﬁémﬂﬁ‘imoﬁ%&ﬁ? @gg%g% E‘?re%%r% small

growth factors selected from'the group consisting o
pelgesledy Wﬁ?é%“‘ﬁ)??‘éﬁn%&ﬂé%’ﬁﬁ%ﬁﬁ?n%@@fﬁﬁ@ ‘%,Qf)re@é’i*ﬁngt H’?é%ho&l:, some
delselibedshelieinpiie nedndldaiegittetentiatioridaciorscammphiselionReQr the small

m&&gr&‘{’(ﬁh@ﬁ%ﬁ&@lﬁﬁed from the group consisting of Amphiregulin,
B-lymp ociestlmulator IL-16, Thymopoietin, TRAIL/Apo-2, Pre B cell

colony! nci ﬂ%ﬁﬁﬂﬁ%ﬁ#&%ﬁ%%%@?&c%ﬁ%e@ﬁﬁﬁ factor
fongotaeliablppertayt@aqtoigientdp olyieptdedlypdatiopohdgammigratiohmited to, a
mo%#u QAT N@H@E&k‘ﬁ% LeliePABEIND JAGIA (N KA RO S eptide

ogenetic protein 2, Bone mophaogenetic protein 8 (osteogeneic

TSTGHaR 55 %@H@“ﬁ’l‘&ﬁfﬁo@gﬁﬂ? FRtEin 6 BB RGBS Ge M Yottt factors. In
Oornpedtived tobodgrow it aotdid{E TEP)nEE b Atmrotemrises one or more growth

NRHEQaRIRCHBR @E@&ﬁfﬁ%ﬁ%ﬁ JorsGYeliRe riEmackapiirge

inflammatory prqotein 1-a iablastoma cell differentiation-related
protein’ &DRS“II%QS&%%?QJ&B’P 3 P TRSTEPE NBEIPS S BFRFTResks herein,  the

prglbiats oliffvtasautian éamm@maingmmwm@cm ERGRycassideted from the group
cnaeihelrl orpwibiastias. BdMEG i Blmlrasl BReCIHGRANGES, PROGHIRBE.2, Pre

h end ic cell- erlve ctor Transferrln I terI ukin-] (I
kAt ﬂfafecz}g b ﬁ*%@lcﬁ% AR Laas°fmt§f?}%€h1 tadothelial
mngeytm@n@um@xm@ﬁe ThtdderaRbne? gizmiomisriaigkinf@ e (BYF), Natural killer

(lélieé'llﬁhﬁﬂﬁ'ggﬁwmm@@uﬁ%é%&%%&m%b%iQ Elﬁé/\ﬁgphogenehc protein 8
(1%006/016999 PC S20051022604 1 |L Interleﬁkln 12

HeHRTIRInPLE I i Gra O{ﬁo?fltlemc%fgoi% SRR mPReesic tff’é% Connective
@%W@ﬁﬁf&cﬁ%‘ﬁ%@@@blwﬁwmiﬁm{a%mgemﬁéw@rﬁﬂe@}mn factor), Cytokine
MoetaphageeGafMimatory protein 1-alpha), Gliablastoma cell differentiation-related protein

(GBDRI), Hepatoma-derived growth factor, Neuromedin U-25 precursor, Vascular endothelial
growth factor (VEGF), Vascular endothelial growth factor B (VEGF-B), T-cell specific RANTES
precursor, thymic dendritic cell-derived factor 1, Transferrin, Interleukin-1 (5. 1), Inter]leukin-2
(IL 2}, Interleukin-3 (IL 3), Interleukin-4 (IL 4), Interleukin-5 (IL 5), Iterleukin-6 (IL 6),
Interleukin-7 (IL 7), Interleukin-8 (IL 8), Interleukin-9 (IL. 9), Interleukin-10 (IL 10}, Interleukin-
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stimulating factor (M-CSF), Erythropoietin, Thrombopoietin, Vitamin D3,
Epidermal growth factor (EGF), Brain-derived neurotrophic factor,
Leukemia inhibitory factor, Thyroid hormone, Basic fibroblast growth
wiaciagMkver), aFGF, FGF-4, FGF-6, Keratinocyte growth fasgerfdtaEh22604
Platelet-derived growth factor (PDGF), Platelet-derived growth factor-BB,

betartimg peevaikifacton. agfivineAekiansiorming @fa%ﬁwm%cé& BB dutating factor
@(}gﬁ3@mﬁ}t}grf ron qltagrferq l, In Emror} or necrosis factor-
peBiret ﬁy @ﬁ Fis prswiege colony

a, Tumor necrosis factor romo

SRS aReR i) HERTY Mow@unﬁhgmmmmwﬁqmm) KgiBettpal growth
Nettrig @@M&M%&M@ﬁw\k@a&onam%bl%m% RSk, FHARE hormone,

BRHEARIS %%:&% R BREKEY éF %ﬁxﬁ%} d@%rdxy%rﬁ%(gfé’t%gc’“’th factor (KGF),

13 mercaptoethanol Retinoic aCi

ISR AR 2R @Dﬁ%cﬁb@eﬁéﬁl‘ﬁémﬁ‘@téaqm{ﬁﬁyWNm growth

fmdmnmhanlm,fﬁr@yﬁmﬁﬂghmmatﬁcﬁicﬁwam|@Q}W)Scﬂ1terferon ~¢t, Interferon-f,
(0] n, vaso

ﬂ%@r@ﬂdf nﬁgﬁ%p ﬁécr-:,l_ Wis.:gr&)? )%;881‘ Hecrasis agtq E’tt%uﬁl rtl P{ﬂm%‘f}% fﬁﬂwty (BPA),

nocyte stlmu atin ormone cortlcortropln
%}6&}6 CHTEPRCHRE ARSI B i iRy tis oM, ﬁﬁmaﬁn(&ﬁm%ﬁbﬁ@? -IL, Neutrophin

growdd Girop NGO dlewtuphitaingchosphone’s, @ﬂﬁ?tf@ﬂéh@iﬁ@-%eﬁrf aGiQlderived
lg:‘ilﬂﬁd%%{gﬂ{%]%'?&MD&BQR?“Q{@%%?‘: NG; éa CHOL i (!la Cﬁ xyamsole

|nh|b#n ct h-hormone reléasin ctor, Somato satn
"%n?%w ﬁﬁﬂf&%:toﬁsccam&.%mn@%%ba&aee&%bﬂa@mamwmm p-
Wﬁ@ﬂ@s@@@awnhhmﬂd%pw@@ Fhizotantdpens TN $130lliBOHOMIC vasopressin,

@&B{ﬁ tide.aastl @gﬁgggn chelecystoki ilin, vasoactive
m acgir?a{ rllg tldeégubstancecP pangggtlg}%aou%%pt%g geBtlde W&}sﬂn%‘m‘me

Hr68ie, BEHEoR oRFan, RISORIS, TRdRFoRite Sikseartiatstien hormone,
Q@mﬁppangabeemu feditr, catetiolsirialenate ietie, pamuﬂﬁ,rmdlﬁ@&ﬂamnﬁaemun-

Mﬁ&@@a&ﬂio%%w%%e%%ﬂig @&%@%ﬁ%ﬁ%ﬂeﬂ%gge%le{ easing factor,

t sosIerone ?c%ggsol corticosterone, aldosterone, eplnep rn

T PR G e A PSSRy S B o AP DR AR la Gl ose-dependent
1951?}1%%90mw@emma@@rﬁmtwammmmnyaiMiﬁ vasoactive intestinal

pﬁpﬁﬂ@,cﬁyﬁbﬂmg@%&@H@'Bo@pﬁﬁﬁ@@éﬁtﬁ@%@ﬁﬁﬁ%@@sﬁﬁ& neuropepnde tyrosine, ,

%3 C¥xanth|n Celg[olr? tthac ycerol ate, nicotinamide,
4G s ohd i adionessEni %f@?ﬁéf |FRISHAL SRR datEi Reptide,
#e SeslalRing FIENGES deiuhbthiereiratbitnéandidatioliffetantationgesterone,

téamtariadprenigey tertheasihRoniudation:in %%&Hh?ﬂ{%r en%?é}y‘ﬁ%@ﬁé’i‘hk%”%m#&smne
c§ng em odlmsg}gs trﬁf candjdate dlffe entjation factor |s rovided'to the
o R SRS hBP s U A g sl

pua on So

ARG A RRsRrsUROtrarRT ﬂ?@céﬁ@orbmgetschmmmmmofﬂdmgémim B-
givlerotphOsphagikyhidtisame: NIl M AhQILPBS AT 4R PJ‘ the

candi iffer ntlatlon fagt rin he %n%dlum surroundin E ceIIs ranges
from about 1 rig/mlto about mg7m? I othar BB ATENsIgEbed hercin, the

c@%@éﬁ%ﬁﬁ?@‘ﬂ@%ﬁﬁﬁ@”ﬂ?ﬁé@éﬁﬂﬁ%ﬁ%@@ﬂmﬂh@mtelduncmoncentratmns
hsurmﬂdh@gmlmt@eﬂ& @ngegd I'diﬁhaﬁlﬁiﬁbﬂ-@a%@ﬁm f@o@(ﬁ%@é&'&é—g%ggf%pﬁtmn 50
t ts, the co tration of the candidate differentiation
A R e SR R e
rapeahEe £BoghAn |ﬂ$ﬁnbif@@ﬁ%fd1%ﬁ%&urﬁe?ﬁ@em@b@@meﬁw&q opnesftiusion of the
coaidie aifiliffarant ation fadomaiibe sm&sﬂma@ﬁfé@é&ﬂcyﬁ@é&ﬁ&%*@o{é 1 ng/m] to

2BRR Y kAR WD 2ROUMIERA9.E LR 290R/022 R0
ng/m|, Sbout 50 ng/nil, about 75 ng/m T%n Sout fg eﬁ%““&’)ﬁ?ﬂ"r m
the medium surrounding the cells ranges from about 10 ng/m} to about 100 pg/ml.  In still other

embodiments, the concentration of the candidate differentiation factor in the medium surrotnding
the cells ranges from about 100 ng/ml to about 10 ug/ml. In preferred embodiments, the

concentration of the candidate differentiation facior in the medium surrounding the cells is about

49



about 150 ng/ml, about 175 ng/ml, about 200 ng/ml, about 225 ng/mi,
about 250 ng/ml, about 275 ng/ml, about 300 ng/ml, about 325 ng/ml,
about 350 ng/inl, about 375 ng/ml, about 400 ng/ml, about 425 ng/ml,

wabaiskAaRd3g/ml, about 475 ng/ml, about 500 ng/ml, about 525 AR5 022604
about 550 ng/ml, about 575 ng/ml, about 600 ng/ml, about 625 ng/ml,

aLRHEIO AL oM L AROULEASH AR, 3R ZA0/RE/ TaR0RY EAR N ;5‘{‘1} 125 ng/ml,

bout 750 nghnl, about 775 ng/ml, about 800 na/ml, about 825 hg/ml,
O R R R 0SB 7S AT LG o H B OB e, ot 275
Aol DB 3G/ relbdutu® 755 ng/ml, Zivoul J0ghatniablout 3 otathiabaik 300 ng/ml,
Rafihabopt4 9&49@"5(%%& g u Iy u 0
8 R%/nallg a%t}g;#ag p /ml, abg %b%g{ 95} r%h%;%tgﬁég ?n%‘?%yﬁ%%@%% £330
BBt DTS 1o ot s GRS RS0 18 O BB 6 B =bepbal> ne/m
FopupFrigatonors’ghheinbbout T80mg/mil 2hbot72 QgiglnaboabRilt RBml, about 825
R i ey e b
0 ml, abou m|, abo abou pg/ml,
e ek A R e N
st f 3@0TD bl dbeaimb 309y Artigadotog0d peinhl 2bieU6EDnigAnt 11 pg/ml,
P 900 R/ st B0 A GO AU L, abost 17
a mi u ig/ml, abo, or greater than
g E s PR Sl SR AP el nem. bous
Rethols etk asiatertond Feliepdpebatiohss peovidetwiliapg/ml, about 200
@gnﬁuda@gftdﬁtengm;mmﬁacc?:smmmlmwiﬁg&ﬁ%mgwH@rﬂ!%wh@? ng/ml,
ifferentiati ctor. For n some embodiments, the ce
RS PRt P 0 e, bous
Talo 8bomy $00 stitile B0vE SHYaeanly chpisi A0 walrh sbref b TRGH(8bout 1000
seipe dagrilyeofhghobaty f@omnigmiGF10 or FGF4. In some embodiments,
the ce ulatign | i with a didate differentiation factor whic
compr e iy Tl e SR TR et Ao e can
RORHRiRmE e Vided ydth ffaddresififstrrhtion fsterosbich senmaissirangonoisasls other
iletehminingifuprassiatoiat [Bastone B askenat aiotine, pentansbaulation is
A5G0 BRE . RANkuIN. SAMEALAGS S SMR0GT WBIR 08 St e RS b o
be prior to or at approximately the same time as p?owdlngf't e ce

THeRitatfo e tanbidRe am i f groribtdrciatte ki, FFfbmin some
enbddimetas tbalfipspiiane-naniris Bubseie antdeiaey iging el fictor which
Ropulation with the idate differe tiation factor. In some

?n%odir%@nts, taéé?pr(Ejﬁ;i%rlﬁlg|hn93fr %ﬂ%ﬁrgﬁ?y of markers is determined at a first

e
time pHitdLh 02391 wrEdemSARs Hetakeninii e sresssion Brlpfsadeserieed herein
aapker aiteditsitirae geini, ale:anshodiments affRe HeEaRMngIMEReSS ime
AR SIAR SN BRRIAIE IBISHL 0RO, SXPLERRION. Of ALAEASLANS smarely the
marker at a second time point, which is subsequent 0 t%’e?lrst im pomf

SAPIA P A BB 6T ROPBIS\RITG: the atidrdptiiersriotion fiior. Aliernatively,
isapdidatbadifiersntintifn: facipoiinisuigmbodipernts: exprassiopuahidiwit the
éﬁﬁﬁt@ﬁ%@ﬂﬁaﬂ%‘a{m@? qr?&&%@%@d%ﬁ%%pgxﬁg Qr;}rllldo re‘zﬂ'eigr(z)drl?%sé Crf]néz{kers is

some embodiments, expression of a plurality of markers is determine

btinR AradLHHELER8MY time points. In such embodiments, expression of
the sajt@8Hlurality aiditb WO:-260i6/0] 669&:4RE TS RS2 2G04 at » first time

point, some embodiments of the screening methods described herein contemplate determining
expression of at least one marker at a second time point, which is subsequent to the first time
point and which is subsequent to providing the cell population with the candidate differentiation
factor. In such embodiments, expression of the same marker is determined at both the first and
second time points. In some embodiments, expression of a piurality of markers is determined at

both the first and second time points. In such embodiments, expression of the same plurality of
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markers is determined at both the first and second time points. In some
embodiments, marker expression is determined at a plurality of time
points, each of which is subsequent to the first time point, and each of

wWiieh ks sbsequent to providing the cell population with thepeaneidaiSy22604
differentiation factor. In certain embodiments, marker expression is

ARt ined yn Rk 4 Rofi nRtRes smbediments. Eﬁﬁﬁge rh?)é%sé%dﬁncﬁs marker

determlne d)é |mraéomoc tochemlstry [02331 In certain embodiments o

B EEIEL R FHRtROHS ASLEHR S0 1T SR e e Ry g shguent to the first time

Sk
é&lp’resﬁom@ détehininedsabsmdirstoapc sdicgritlctined popntstiscawharker candidate

H"ﬁér&xtﬁ&&@%@&%d WithAihe differantiat oaamté? WhaAR LSRR SRS B reR.

Is to.cells which are the recu iisﬁors %P[J s which make up tissues

& SFRRG I raF’ée RoEa I AR BEtRogarRee B S diments,
the tlséﬂéﬁhnd/dn orgains Qmpmmrmmér@mmmgumﬁbéscmm@é herein, the

temmip ﬁi%%'flf@ @&Bﬁé@gfeq ﬁ&i@eﬁﬁlﬁﬁ%tﬁé@%%ﬁ%&&&%%ﬁ?{ °a marker that is

|nd|c tt?p %[%atlc c%lls ancrea recursor cells. In preferred

assqtglacf iments @ﬁw rﬁraer%éarlf?p ‘fl@% RS PR 9SGt G oty Fhich are the
PEDIXI9T ﬁfdlﬁbr"éﬁf?boﬁﬁhqemm%h@ prdfteeerisniotime elsodeAikd XA B)tanbe. In
b ekt @%@@u@@%ﬂ?@ﬂ %Ugadﬁ athere M%%ﬂ@%@%ﬁ@ rc&npnse

ndlc g& l?ffell'g{l I or |ver orecursor cell%ln C rta,l f}g eferred

emBo ents, t ema deris Aummin. Hapato CGEALISE I ACRHYR A gaesseyptic cells
o B‘P@@B@‘bﬂ@%‘f@d ﬁ@ﬁﬁeo@okfﬁmyomerfémb@dﬂm éntsatttreatic-duodenal
Hoarkdbistingicatveal ILmﬂg:meﬂmmﬁﬁmsscﬁ;e%u&emssm&oe@fw@@{om13) or

ﬁ&ﬁgggo@ &4 gﬁd%@ al;lf&[mls t ronlado %‘rn g%{)g)cgfon fac th% aﬁnc Ie-l!:lfsl Jtnlgfl twe of liver

r embodiments; the mar’& is indicativ m%eS
PHECRI S BEIrsr %’anﬂaﬁmf@%@nﬁe@mﬁ@thmemml.hqpatocyte
SHetGHS aril gss JOser 2 %@@éﬁi}eimﬁz\ﬁj\/ﬁ%@b&@im (ﬁl(é;RQAla atﬁéciﬁ%@%ms the

von ebyand 1aclto p
e e N e o Rl ke e mave
atrgeid (@1359(2}}1% faeitotHdr ohﬁmﬁféeqﬁ@bﬁ@m@ﬁsmﬁm@réﬁw e;fdwatwe of
siestiad honstdmashkqresuwdnr delbdinoaddiignalqrefenad.embedinrats villin,

Eﬂﬁo@ "i‘z%@ﬁdée}/? Mﬂiﬂ‘ym{a’;oﬁﬁ@%@ﬁﬂ Qﬁ?ﬁ[ ?mbi?s Irpge dhdﬁ'xesmn molecule-1

marker is indicative of th rOl or théfOld precursor ce Nn suc
ErbodinemsY fH@’W’gr@F‘i’éW}n HStps hsreriap senrmionts (fRECRERe peudal
igpindisatbberofrtmyrmipsonr fluem us rexnysoficel. O3 4dnbv&amas, the marker is

5&%&%@%%&9&5%@&5%%@grga&%%%;ﬂ%ﬁ{'98&1@95?'&&% &'sﬁao&m@m the

is allowed to pass betwe%ggrowdln the cell population with
ARG A e e A AR ¥ éf@?mmmﬁlmrk&%ﬁémtaw@hmé
sedomdidimegpoint. Sllfficientstichedpéiweamntsprine dirgktheicatipopulatiosill other

withdhe-sandidate differentiafion fRshat ROIRiOg gxpression of the

marker at the second time point can be as [ittle as from about 1 hour to as
much 8&4bout 16 Sy ST ESRUsh S FFrERiRe mRihash AsagiBriJraine gufficient
one inalikesd sodets rmiwech praltiple: tihees! subsktue ntto the euididgd hefaathtiation

RIS %O&MMHE ﬁﬁﬂ&lldégﬁ'gg{&f SRYRLION SRSk BAMNSSufficient time between

east about 1 hour, at least about 6

embodiment suffC|entt eis atJf
RO sl DR B 1S SRR G A EOR ST AR O PRI xpression
ﬁamm@&mﬁwmm@m,mmumm hounts, advcastalbotitd 2out 10

a@y ranabipashaautAS hours-atienst Aoyt ot m&m RtdeaslAROMLEGre times

urs at least a urs, least about 72 hours, at least about 7
our den %e 0, BE VI% tLl'g Eopu? Ezon wgtg the can xdate c? iferenﬁ%non factor. In some

cmbod1ments sufficient time is at least about | hour, at least about 6 hours, at least about 12

hours, at least about 18 hours, at least about 24 hours, at least about 30 hours, at least about 36
hours, at ieast about 42 hours, at least about 48 hours, at least about 54 hours, at least about 60

hours, at least about 66 hours, at least about 72 hours, at least about 78 hours, at least about 84
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WO 2006/016999 PCT/US2005/022604 hours, at least about 90 hours, at
least about 96 hours, at least about 102 hours, at least about 108 hours,
at least about 114 hours, at least about 120 hours, at least about 126

whotas/@atdeast about 132 hours, at least about 138 hours, atdeasialmsbeos
144 hours, at least about 150 hours, at least about 156 hours, at least
ahwtaﬂﬁzsmjdtﬁ ﬁ&hlﬁ@@talab@wa&&& O S i %ﬁ&t]&bﬁtﬂol e ta?ﬁ@ about 108
1 rs, at le ours, .at 19
%x%ast a%téufglué %o%’ ]r”lsrs at egg%s%ggg%]b%tgzgf ﬁoﬁ?seag eastpjg %Lfmt about
h?(?u]i’gu‘ﬁt b Aesetaahont DofohRwiSr &* Aom aBPEnddrPRs. Rolsest aqq'etaisioatmm at least
&Bthodrseat, |ecisha b 184 hanes:01:ait gaat ab@ub&éoah@ugﬁat{&aafmlﬁburs, at

1%9@%85{1% {Itg%r@é %5{}?{99 ﬂ§ugse % ﬁ:Qetd %e{ FI‘E?Z’ ﬁ%h%sf%g e&st about 198 hours,

determine € expression of the marker atthe sécond time poin

ﬁ&ﬁ%@ﬁéﬁ%@%&ﬂﬁ%é@ﬁ%ﬁ&b&é‘% BaPEd thlme axpreidines tméq%aﬁbew 222
duheafitsttubauiDinhold, mdseasbont 28enierse inlthe Sopressionmuef the at

least OﬁﬁﬁiarkeH”Qdﬁl%tee?n%%¥r£@§t§ac!}d{ﬂ@t%8ﬁfw%5e'85'&91"8” facior 'Szf s forther

capable of gromotln g the differentiation of the definitive endoderm ce

FoER BT R B GFIPP | OF ) BFHArKe e SUeRE rHmscRpint ibafuitRrspsed or
@t@texmiln@cbnmth@ tdthiee exprasgion’ afitheatierralityeofina aitke rsofl then increase or

§§:ﬁ9&@g ﬁirﬁﬁ Q;EEF&EJ“&?&PE{@ 215@959 5&% %ﬁ%&oﬁb@ "‘l’l{g ga&f&ﬂé‘?e differentiation

ex%ressmn of this plurality of markers at the first time point. An increase or

Ge0ra SEPRY Rl REM R s B et pe i iRei Y Aeodamirgltsy Similarly, if
othressiis e bypllualiin @t heraerois dtéevzkdribstiuitieaicthenmal kéeitet e eefression

paRsiationAbeest angk %@&9{3@&@&9@ ISma AR ASIBIIIRANA0 GADRE 1o the
relative to herm rker or example_housekeeping gene expression, or
BT o RO B R TR s et osresse i marker

mm@aise@@thh éesaxmdl bimespoiit s ctmpaedvuligtinthédizstoimdqyeint, activity

6@%@1&&%@%&9%@@6@9&%&1@5 l9qst koM %Stk %@&mb%@é%ﬁm can be
ebst abo%éo -fold, a least abOL#ZﬂZO -fold, at least about 30-fold, at least

S5UE A0St r&%fi%ést T GLIBIS- AT K g B5P GEB-T0R, ARl p iy oertain
gabédidients| edstaabmatkgefodssitrenbicabemdt 0 Cfcid ordttiemstoati@sitompared with

é@%@lftmr ﬂ&ﬁfeﬂ@ @iﬂcﬁih{Qﬁ%&%ﬂftﬁlQ@e&{%H&t@fQﬁt emﬁ&@ iaﬂaﬁt@fé;hﬁ at least
(0] nts er
?Lird fo ]fd ecre tg& % i[ﬂ zr’} %east abo t?Bn P ?(.9 Ft gaét % %[%jlé amcéast about

ex ression’ IS econ ime pOIh

$ﬁ§9ﬁnﬁé lp@ﬁﬁﬁ?%‘h’fﬁ@uﬁt@%é&é&?@é@aﬁ I@a@tﬂa@é@@ﬂdl@t beasfadeut 90-fold,

ahout bieldo@idrastabe u%&lgrf@&dlt @blﬁ%abaaau?%%ﬁﬁlglm%&ﬁﬁfl@%am of
30-fo|d t least t40 at least about 50-fold, at least a
BT T LR e 700 0 S e B0, O AT TCA A Aot o e seond

f@';mfmalt as f@mﬁm&ﬁ@@ﬁ@t@m Aebe th@am@méﬁsiemlwﬂeﬁmbw 2-fold, at
semeambasinentasthamouplnhaeste asti iesidhanedsfalbu0R36]d Nt teast

NG Ogé'fée”t%gitt 5 S g rBetP f? cﬁfsé’f 84 here?’b‘ £30: teast about

OVIdIn tF ece population \ivlt acan |da feren |a actor theé

fﬂénaaéfﬁﬁﬁﬁbeute"ﬁofe@eﬁh@éﬂ%ﬁf%@éﬁ@tﬁt@r@ﬁ%m@ﬁé mﬁwa@fs“old. In
ohihendefinitive, erdadannlioeage: Inlesome embndiments, after providing

the cejypopuiation wilp a gandidate difaleataton agtor Mo UmAN i ane

definitive endoderm cells rentiate into cel s t erive

ryevidine fsyen! cendisHen déhont ardifue Inifffaentistion REmnhdpantraadeinitve
diviedclungdlsstiffirantintdritesine cihyiooickethysasiss plhatamiigadtilagaeriaBgke. In
é&%%b%tﬁgxgﬁgﬁﬁéy ﬁ”}@ﬁi&é GRUEER %ﬂlﬁ%&%@%‘ la?' baﬁé%ate differentiation factor, the
human definitive endoderm cells differentiate into cells that are derived from the gut tube. Such
cells include, but are not limited to, cells of the pancreas, liver, lungs, storach, intestine, thyroid,

thymus, pharynx, gallbladder and urinary bladder as well as precursors of such cells.
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further develop into higher order structures such as tissues and/or

organs. [0237] It will be appreciated that screening methods similar to

wihas@degenbed above can be used to identify one or moregdiffareintistinmos

factors capable of promoting the differentiation of human PDXI-positive

Sndiciderily, cbds: iveks cell pofped aldosloyhich MERSPUSRS Huemaes R PeSitE d/or
daderm cells. In certain embodiments, the human PDXI-positive

endoderm cells are PDX1-positive foregut/midgut endoderm cells. In

preferréd-émbodiehis BEeRashib iR snaiko rdpierin hetisdaseibed above

EDXIupusitidefiiegitoe noood ffacelisotniatbercpseir e gramRadin 8 sentiation

SheumanRDYspesitveandodars celsaps BQ%&R,%?'%VE BP0 Hihen PDXI-

cells of the  posterior ortlon of the foregut. In especia
s gﬁfgﬁtﬁ@lﬁu aﬁfﬁb%&b&ig}ﬁ% %e@tm%ﬁlaaamqﬁte@n@@néem cells are
PRXipotéinechitegtivaidan ehffetentiatisintt: qetfriiastfiso0hRrgans: derive®Dx1-

Fom e RIBLRHRT RALtign, of e tification of Factor able
%f Promotin %‘ghe Dn°ferent|ﬁ?gn—(gg‘%‘é)prdl\%e%ané\ﬁe@%e%mv% En%oéj} i preferred

TERSTBD KL PUERV Poreiitie seisderthe |fgqé’?§<ém§@§e@éﬁdm cells of the
DS ng&n@ﬂfdhs tdegeribedsneriily netdtedd mbtidoos:of thdentiiimgm qgositive

fﬁfe@ﬁ@@:&ﬁﬁ@fﬁ@ﬁﬁé'% @M&&@Q@@q}% RiR %%F&ﬁgt@ gf{ageggiﬁtl%g&es Or organs

S mqﬁltlve d%pnltlvg endoderm ceIIs to PDXI-positive foregut
endod%rm Cets T S0Eh r%% &t §ell culture or cell population

com prising PDX1-negative definitive endoderm ceIIs IS obtalned and the
S gadile Definitive
L%re%nclégmmmEB)ﬁ‘ug"éiﬁﬁ"cF;“& . n&Elltells of the cell culture or

cell population are contacted with a candidate differentiation factor. In
some B#bdimerescihelefreasiomp s sidetbeminednatdae timeahods of

1@&31’6@&1@@3@bﬁhﬁfﬂﬁﬁﬁ%ﬁﬁ&ﬁﬁiﬁﬁﬁﬂ&%a@%%ﬁﬂf%@t NEIOR G rentiation of PDX1-
Fn Q}[t RII"]IJ%%&OI’ PDXH.ES?% |orsllt§!é gzn detwe at one or more
es after contacting the calls Withihe Candidate Wt o i sibrathods, a
cmbcéktbﬁ%géﬁﬂ aPHMEWWHﬁ@?@aé’&a%ﬁega@mdaﬁmment@mohdata obtained
admemer&i@mﬁdﬁzca@mccomnaée&mo RN XNAPYONRHGY 1 CRRIAGLNItA fer

é@&rﬁf{%‘i’ﬁé% rentl Eﬁ%fa tor &rr: ndlﬂat% dlff%rfe atP gtg%f:t%rglgonmted

identified as ¢ prorﬁo ng eren At

"H@r|ﬁ|ﬁ%déﬁ%foé€¥?ﬁ1€a‘l@rtof@t9§<| B’oS‘PWe foRsdimeind s mroetion[0239)X1 is
dincsainel embedimenis e above-deserbes-meathads ofidentify RgHacQ  date

e i N e R L —

endoderm cells to PDX ositive oregut endoderm cells siso

et Phreside diisruriie fRexaligarerarioiot FMH OKrOBgene afier
cimitivevoiet tbel kardidareciifpanulptidicn Suchemiaas Prentsxthasiex Bf%?%!»%n‘cact
W&Wéﬁ%@a@@ﬁy&%g&@a%P Inc%gd?&) tth th{o %%t%%%ﬂae ggotrh% 1Sent1ﬁ?d as

are contacted with the candidate’ differentiation facto XPression o
BaNG shoreresos e idenpratice ot gﬁéﬂéﬁmﬁ fintimitive e@mﬁz«meﬁs to PDXI-
polifferciotrtivenfadton aglcompared to PDX1 and HOXAL13 expression prior

to COQEQ@@}’V'th the %Q%%&ﬂgﬁretﬂy%ﬂg{ﬂef&%g%{bt %o Q&]sl %?‘tldentlfymg factors

dlff‘?rentlatlon -53
capable of promoting the differentiation of PDX1-negative definitive endoderm cells to PDX1-

positive foregut endoderm cells also include determining the expression of the HOXA13 gene
and/or the HOXC6 gene in the cell culture or cell population. In such embodiments, the
expression of HOXA13 and/or HOXC6 is determined both before and after the cells are contacted
with the candidate differentiation factor. If the expression of PDX1 and HOXA13 has increased
after contact with the cendidate differentiation factor as compared to PDXI1 and HOXA13

expression prior to contact with the candidate differentiation factor, the candidate differentiation

-53..



WO 2006/016999 PCT/US2005/022604 factor is identified as capable of

promoting the differentiation of PDX1-negative definitive endoderm cells

to PDX1-positive foregut endoderm cells. Similarly, if the expression of
wieDXEnanaddHOXC6 has increased after contact with the caneligaterons/o22604

differentiation factor as compared to PDXI and HOXCG6 expression prior

taczonitaddentiticthescedpalittate qﬂféemmg'aﬂﬁndiﬁete{uih@ GANEIABepative definitive

gﬁﬁ&&%'@é %WJ%%X?AQS@& I Qfc eﬁﬁ%g‘!q r%moltaﬂﬁsu?%bﬁ Bysaressm .of PDX{1

differentiation of PDXI- negative eflnltlve en oderm ce ositive
RI0ER B é?ﬁﬁewﬁsaﬁﬁ Sopiastatidhe rmaRitatiferntiation faor as compared to
tferentiatidKiag tomissdentified ascheing eapabiccolfiamn atingethttion factor, the

E’dﬁ&ﬁ%@tﬁﬁ%&&?&ﬂtﬂﬁg?&%%ﬁe%fﬁg'ﬁé%%ﬁé"3991%:58 Ce“@&%gf’x' g@gt!i DXL

foregut endoderm cells by determining the exipressmn %
ﬁ%ﬁlib%é%‘fb‘&ﬁf@@f‘afe z&FP&F dRPEI MRy tHeseemdsfere edlsculinuperreforred
ongelinpopulatiodiduith differeaidiatediffie relahiafion fabéary dipiRferrgdmoting the

%@Q%Eﬂgﬁ‘% ﬁi@»&%ﬂm%ﬂtﬁ@ Kol QX3 {%”1%3{1 I%Q)%we tlorcgut endoderm

zlfe mlﬁ? ed Q- PUt [0240] It will be appreciated that in so
S ATSHES e t&ﬁpﬁ’@ggﬁaﬁno?foﬁla FgFe oF BEsCHORE K botfs befere and after
#OXEE dhncbis dé tbermitl edliatd e difhpopdletnt adtintcosaahidsily Afteentiation factor,

sopastingdhscastisaf thessibaiiusesor cellporwations witkacandidals.cq o-

erentiation factor rather than prior to contacting the cells with a
candidate differentiation factor. In such embodiments, the expression of
one oriPadbe of FDX] MOMoitEiah dhid OXOChattitedimas] deoataetisionast one or

sbRrtyraster, thémtﬁc\M%’b Acanslidate difterent %Q&Iﬁgt&rsﬁ)rﬂy after
com areg_ll ﬁﬁ%’g?f one%?r more of PDX1, HOXA13 and

B@&f@ one or more e b RRREAHEPEE B etifrss diffecsatiron factor
witer dhpinpoadetoenjoisg 1t soineviinBodinédits afiffeentiation factor. In such
ﬁm&%cﬁﬁe&%@&d& the aneRs groseRimerRh hich ﬁ@?&% at the time of

%SSI te mine fterg ctln the ceIIs with the candidate
CTne.or .Sho

ere iation a?&%o? ‘AR range trom Sa&'fout‘a]f’ i o AHS R UPG PO compared
“e@w@?@mf ERprEILinn HPPHE Jefe¥mlA et BOX s hownaftemore times after

aoniasiingethaicells w&ﬂad{a@t@ﬁﬂg}mdﬂ@{&ntiaﬁon factor, about 2 hours

after c gﬁtlng he ceIIs it thec ted atlo iIa(: or, about 4
hours gﬂ? o dage \i‘,’o Wi B gtl §ag.pomore times

fer contacting ing “the cells |tﬁ & TAN
YHpBhics RBers aﬂéﬁemaét.é@eﬂwe@|@fmntwqwec§aadm@teeasffw§ntmocnmdldate
dattentiaheutdbouss afige contactingtheells wih the gandidaieexample, PDXI
|t fa rab safte contacting the ¢ sw1
&gﬁ % a\t:c (ﬁ ffngre(gnﬁgﬁg% ?zjictor z?bout 13 oucr%raﬁa ‘2 cone‘[ac‘?kI ing th El%l@andidate
Jifimcniistion feniatabat < dPNA RO feRBFUAL Sin qeélwuhswé@nméxff@enmon
ficencalsuyvithing @ﬁadttdﬂiﬁttﬁhffﬂéeﬁﬂﬁﬁ@m factondabeulidd-beursafiBlor, 2bout 6

RONAGHPG dhe e8! Stﬂg't%ﬁh%ﬁ didate %la er 'r%% idagior, abput %flpgrs after

after contacting the cells wit e Can ate eren 1lation adtor
QapetngdpoaR %ﬁ&%@&@ﬂ%%ﬁ%@“@gﬁa%%a aﬁ%ﬁé&@wﬁ&emﬂaoﬁmg the
@abouith teysmafibre difinetingiheeas| st fecandicdaienffprentiainwit the

Jzﬁﬁﬁggt 91%%5@%3 ‘?zﬂiﬁfr C%@CP@%&D@ zﬁ%u \6\{{ pcilﬁg ﬁaaéngé s.a :‘?’lt the candidate

differentiation factor, about 6 %% after contactin cells wit
TR AR FrPE AP O AR 25 Sattpetiag dhareelouiities ﬁ@nﬁaéa@e%fwmaﬂon
flawrcahdit atéaditfére ntictiondabtorabailt &eaysidfiercoatacting theieeSout 3

dﬁ/}lghatﬁﬁ' %@Hfglﬁlﬁ?ﬂm%ﬂq%ﬁoﬁm candidate differentiation factor, about 4 days after
contacting the cells with the candidate differentiation factor, about 5 days after contacting the
cells with the candidate differentiation factor, about 6 days after contacting the cells with the
candidate differentiation factor, about 7 days afier contacting the cells with the candidate

differentiation factor, about 8 days after contacting the cells with the candidate differentiation

Y. .



-54 WO 2006/016999 PCT/US2005/022604 factor, about 9 days after
contacting the cells with the candidate differentiation factor, about 10
days after contacting the cells with the candidate differentiation factor or
wmoresiinarpd 0 days after contacting the cells with the candigateruszoos/oz2604
differentiation factor. [0242] Candidate differentiation factors for use in the
mwhad@dembeﬁeh%mmhbwgI@@ﬂemérmmmﬂmﬁbh@h’a&sr about 10
<Pagsy :&F&ﬁ) tlgn a%gqug RIS 13%&9'%511&1:&0 1[.6 1%91;' It‘ledti%%r}igc 0?"[061' rtrl) Olélglagl?g%ys after
ninc are not limited to, growth factors, cytokines, Ines
e B?%%@Fﬁ%iaﬁrﬁjﬂf%ﬂ?@ﬁé Eéi?ﬁdes In a preferred
embodinent, thegiaadh disetortisitomdtbs oolsdamily Iﬁ@ﬂh&iﬂ%ﬁwd herein can

fcé\’é: egtgd %&H@%&ﬁ@%gﬂ e?%k%‘? It%: ?C stgna& r%lcrc]:u Ilnlilor € &ﬂﬁ%& cafxdldatc

compounds generated from co Atorial chemical synthésis an

RYSPRIEES SBhBEvsferSilsa s dife HBTRS 1orp@it0ids fstehy pteloaseighemokines,
atkaldldbandtftavinods, indiyhecmppsptiatediby theseraf esdisaneskithingrowth

#he.aid Bt Eﬁ@#@@%g{ ﬁéﬁmﬁp?ef ﬁ@%“fé" %@9&&&@4@% g; fﬁfve%ﬁ@g Eﬁ‘éle%ut are

are available and that the small molecules contemplated for use in't

MREIAGEL fySSERBEY ST el A chpbia e el g ibrEnfpsagal products,
sablove stEydisaitypemials note soilds tithyhavensiao ldkaltadsveighidessithain will be
%grgggeamytﬂsg@mmﬁds@mpﬂmﬁ%hﬁoémﬂ malggule %%awﬁtuae@ynmm

or example RA. Identification of Factors Capable of Promoting the

Tt PN RS B BB BS e oMl R ABt S C RN S 3p0th e methods
Espistslefdhars awdmiied nodtia oths seesenipdid dieteir: r dlgpeidymetidasefules will

ﬂ&‘@é’é'fﬂ&f&@&%@féﬂﬂ@éﬁ giffere pbiatiap. f@@&g@ﬁﬁ@@%&m@m@%&H%mzecule is

differentiation of PDXI p03|t|ve foregut endoderm cells. In such methods,
LIENP IR BPRE RMopulation comprising PDX1-positive foregut

endoderm cells is obtained and the expression of a marker in the cell

eritute.ahcell PoRylation it deternines AltehSRIBIMINNG NSHSXESEIRForeout
Eldhrrmader, the cells of the cell culture or cell population are contacte
with a candidate differentiation factor. In some embodiments, the

expred8fdal of thOthsarkescis efdtersrirrathamiteotiniesofipoiactinglar showfjods of
i@éﬁfﬂﬁﬁmgﬁﬁ&fﬁﬁ%%%{ﬁ@%&g igated 'gﬁfﬁm%ﬂg Mfagi@LredfBion of PDX1-

ex res Ion(f i&ed%ame er| %§eter at one ?r m(L)P{e times
ERReY contactin ing ece‘ﬂas Wlt ﬁwe candioaté d ereﬁ”traf) 0" Pfh%ﬁmpmmg

Axstemssibreobtaahradkéermageliciealiedadr ad clheago siter comtaethwiti the cell

&ﬁl&u‘éﬁﬁ@Bﬂ?ﬁ@pxﬂéﬁ@ﬁ@@&@&%ﬁnf@ptwﬁaﬁd@m@}@emmaﬁ@ﬂ@ﬁﬁ%iQl'ih cells

dgr 9,9 act WI the nd date differer £at|on fgqctog fIthe %atr? r}iate
ece 0 are contacte ffieren on factor. In some
erentla ?ac?or |sp nified as cap a%’f romot ng ffie

qmlﬁ@é@wéméw %m@wnmfém\ré%@‘e@ @F@ﬁ@@a@#ﬁlﬁé@e nﬁ sefetipgcpr shortly after
onhedinanisiexressiandat he-raatkeniseotemrnagd-bwiRr BGR. sP24dkker is
{RS8ME. 51 m&’oéj'”%eo@t?n of the.ahgye:desg “b%ﬁ'em%‘ho i0S,008.00 c[&%rentiation
times at whic e maﬁEer expressmn IS termlne er con?actln

foens Wi metﬁ@teaﬁerfcpét@e dfrkEe RtrieisTsctor doarsassd géarr@mt%&@rmhﬁ Gogpdidate
difabailide tas.afF QG:Bpaed plenaiRer eXREESSIORIGARD hﬁrﬁ@mﬁr\ﬁtmﬁ@l candidate
cﬁggr%ﬁla 'c%u{a?t%] Qi @? ngen%ui‘?l IF’]CEhI'elSCL nq}_l a&easgzlffeb% trlgn%tmg the

actor, about 2 hours after contactin e cells WI e can&? ate
Qffrssatiniangd PDX1-positive foregut en oderm cells. In preferred embodiments, expression

of the marker is determined by Q-PCR.

[0244) In some embodiments of the above-described methods, the one or more times
at which the marker expression is determined after contacting the cells with the candidate
differentiation factor can range from about 1 hour to about 10 days. For example, marker
expression can be determined about 1 hour after contacting the cells with the candidate

differentiation factor, about 2 hours after contacting the cells with the candidate differentiation
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-55 WO 2006/016999 PCT/US20051022604 factor, about 4 hours after
contacting the cells with the candidate differentiation factor, about 6 hours
after contacting the cells with the candidate differentiation factor, about 8
whorigaftess contacting the cells with the candidate differentiation§agionz 2604
about 10 hours after contacting the cells with the candidate differentiation

?%t@,raﬁt@ﬁ:mkﬂgarhteﬂés fﬁ%f@;lm@ﬂm Rﬁﬁlqgg%éeiﬁﬁatﬁ%ﬁéﬁgﬂ%ﬁtﬁacmz about 6
erepnuatio or, a urs arfer.co Ctl e cells w e
al.w éﬁer ¢ ? t%)lF ago 6?%32 J] @ere ngmon gl.ct?rnghﬂlg. gehgurs after

candl ate ereﬁtla?lon ours arter contactl

FoEREHRe Chih m&aw@.f@r@aﬂ#ﬁa@ﬂqﬂﬁ&i@éﬁaﬁ%@mr@ab@lah%m@ﬁtefmrwgrﬁhemg the
callswitithiih esaastidaig-cifierentiation isston akouw &t&%@d‘tﬁg the cens wzth the

%tgcttm(gf}g n?’e gwfthrérh ea df(qe}}eag(;ﬁ?tg?;%iren g e ngo\lilfgt}? d1date

a ter contactln the cells Wit ecan ate ctor ab

@é&?%@f@%é?ﬁam’@@% E@Hé %fieh W@mjﬁ@%\f@hmfﬁemmmt@ﬁa@uaﬁm
alout ﬁﬂmmﬁ@ﬁmmtaﬁim@gth& aells with dhe-pandidatesiifesentialian, about 3
ﬁﬁ%ft&b%&a ﬁ‘gf &he %?%HQ % (? &5 e”%l\lbfl rentfh%gna?? I%?tﬁ‘t{ﬁut 4 days after

rentiation fac or, about ays ailter contactlng e cells wit

%ﬁ%ﬁ@éﬁéhauﬁ%}%ﬁﬁ@t%ﬁ cpadithtcBEtreYietioys faster cbpihétifryisdeaipstacting the
weilh thish canclidéitadifferenitation factorahowt dOs days cai‘ﬁ%ﬁ@@ta@twms with the

I:Qr?dﬁﬁ”? HY&QJH%&&D%%F Qdﬁ&r%”g%% gg{egcg% tggt{nort% 9 lﬂs glzo)é%sfandmme

after contacting the cells with the ¢ rent ation factor

KeniiEp depreyvBa? danaidstemiteianinion farity Srorandidals giferentiation
ﬁmhmﬁe@ésmybeﬂeheoetmﬁwthe@Ekemdﬁdsmmdmmﬂﬁfﬁtwﬁh &Stor, about 10
@3@9@@%@@%&9 analk m%ﬁy k%ﬁal@&é&h“ﬂéﬁ&&gn gaEh g ie. MetnQdRys aper

disclosed herein have been described with respect to PDX1-positive

fopigtirehasdimt difcardidnts 4 dgpmirtiatdactPat in certain embodiments,
these d@4apds can saded pocpiodiycecdiiposititmentetoprigingdhterPBXn the
RARIHY S Lereet Hodoul.endadrEmacelis thatase.aesarbed e é@ﬁ;&fgg@{d small
the PDX1-positive endoderm cells of the posterior portion of the foregut
PREAIE described herein. Furthermore, any of the PDXI- positive
endodéistell typdwdibctededfiththisedpdeification] damelreatit Aeednirid¢heibed with
Repeaniggrmetheds desgr gﬂd herainm[Q2AY ] favingudensrR e SEHPe certain

rstanding can be obtained by reference to

th| ventio afut}wer un
ST Al R T R BR8 BRUG SO IRA Yo f PP B P DX -positive
fHestranisigus ahdognnh aslsnibit imretvdethed vectinaitiviey. tEOGIMPpESVOM8Ferm cells

M@%@&&h&%@[@ﬂﬁ%@ﬂ&@g&&@&@@&é@%@@ EahrinetrahhHNA) sle{ié PDX1-
l\gseélhods rodu mgB Crilg(iciten hu an celﬂiare well known in the
D RA TR EER R P BR RNt 0 L AR B & SR <1 S dfh ?Jsgmnmg

Peheds feemitBUBB857, 5,670,372, 5,690,926, 6,090,622, 6,200,806 and
6,251, @47s wellas ) sondPAie Rt LpRicalionPabligation e understanding can be

c?anzge/:Q%%gr%?cgenc%qy\clzgrt%gosgé% cgegxgnll:;a%s ulfln %Ogglgx%%l%%g herein for purposes of

illustration only, and are not intended to be limiting.

EXAMPLES
{0248] Many of the examples below describe the use of pluripotent human cells.
Methods of producing pluripotent human cells are well known in the art and have been described
- numerous scienfific publications, including U.S. Patent Nos. 5,453,357, 5,670,372, 5,650,926,
6,050,622, 6,200,806 and 6,251,671 as well as U.S. Patent Application Publication No.
2004/0229350,
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EXAMPLE 1 Human ES cells [0249] For our studies of endoderm
development we employed human embryonic stem cells, which are
pluripotent and can divide seemingly indefinitely in culture while

woaintaingeg a normal karyotype. ES cells were derived fromgfefsaayoihs
embryo inner cell mass using either immunological or mechanical

methods for isolation. In particulargthenpesmgan embryonic stem cell line

hESCyt-25 was derived from a sggernu&erﬁg frozen embryo from an in
vitro fertilization cycle following i nt by the patient. Ugbn
thawinf#8 hatchedowl gediey of wrdadstaraldvstrrmsnseemipippeiciuman embryonic

ﬁrbﬁot&a&l;swm&ﬂuw sr2ipoRiumd(RMEM: RO &hB 3ty nﬂaeﬁﬁﬁagt'ﬁk' AURO while

beta merc toethanol TS supplement), The e t% 0 ered to
%1 é dis 22( d anePap #oxﬂria%gfy WO We% ?lén }riilé gjd embryo inner cell

ﬁ“ﬁ%ﬁé‘?@rﬁi%dﬁ@@@@%‘r@ travisiserb chetherts\fod FShbsomtlid\pEE@ﬂar the human

a'rﬁahﬂ&fﬁé m@%ﬁﬂmﬂﬁ.ﬁb?ﬁzw&@sm@ﬁﬁaﬁl&@a‘féﬁ?ﬁ&%% & RPIed E’d%?ﬁr']ﬂ@m an in
\\V/ mecnani remova t ce usters, washnin

Wz’rto %1’!5; 9?&?@9 01 ?ql \¥ Po Ea§%}1y? é;ﬁ% atient, ('(}gﬂg} %@8 gatched

as beéen'se

re- platin ince derva
B‘G%P%b%@g%tem mmmm@ REgdapts ARG niarEs mbdiron(DktB 26t FBS,
tine asaiil staiingmatetahiotiicnmolclior bl dadnilivens RAPAR Minered to the

L%Q] i Y}’”&Qie ﬁ@pr?&%g% githg?e of %{SI” in the argtha&ﬁﬁgﬁh%%us}gés Cs were

other pluripotent cells can also "be Used as stgr?ng Pnateria
et dtisRplsketinibM ek e iares acmombskenh pish msttbeotorhingithg and a
Frimesboyonia g@md,a’bnd\gﬁsw\ihheﬂihﬁhaﬂ mltsataie@tdo&imei&twﬁ svm%mnd re-
t cellular starting, mate EXA
ﬂ&*ﬁésaé*yﬁ&?é‘%ﬁaﬁ%%ﬂ.zm.?ﬁ% e AR BT e ol v
! t B STHREY RS R b FiRfa RS BT SFTBg yriarpb fpp dhegpondtion of
&fidigedferdnéwal properties over 18 months in culture This cell line

d|5p|a¥§2§ 10”9 'ﬂ%@é%ﬁ%&é@k&%}ﬁﬁo&c% Ah4 g % %m cc%s or other
all

2gntlgens of which, are characteristic of undi ferentlated

PSP STKIFAB TR B Peth e e A P iah e i diETR SR AeRsiRsedescribed
lirath e estadishedhE@@itink Sofurtiteymar gotiagahrimar stgen eall binevlated by

RERGYIRAmalshd eadi, B@rﬁeéd%mtpe&mgm@&mg@n yltured in

suspension. As a demonstration of ifs pluripotent nature, hESCyT-25
differentiates into various cell types that represent the three principal
germ layers. Ectoderm productiorBXasiitemnstrated by Q-PCR for ZICI

as well as |mmunocytochen]{§ggg3@6z‘§ahf‘ggdg§§£ &nd more mature
neurona) GSqlarkef munoc tochemica stalnlngwgé[%?lll tubulin was
obsernV&dh clustefs SR ARt St elabact ey pririrgisd 2 normal
Pehidessly ke trea ted BB snih sslispemsionopittisetiveoi tsasidgtoim rdtiee, This cell
1@1@‘@@1&@%@ RlriRRiesieMEals @c«»twg@@@dﬁqefm\{%é Afligens, all of
“(?ﬁ(t a-em omc Ilne reatedgﬁé ressed high levels of

oprocfeln P g"é‘g ‘PSP%&?’WE?E’@"O@?BSP@%@ activity as
w@#v@ stmrbgrmémwﬁq @%ﬁh&ﬂ@@h@imnﬁ@@ﬂmﬁtﬁﬂﬁeﬁﬂﬁa@& cell
10 MERYAIS X RIRSSA N FRHR éﬁ&%ﬂi%odies (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 immunocytochemistry (ICC) for nestin and more mature neuronal markers.
Immumocytochemical staining for B-TII tubulin was observed in clusters of elongated cells,
characteristic of early neurons. Previously, we treated EBs in suspension with retinoic acid, to
induce differentiation of pluripotent stem cells to visceral endoderm (VE), an extra-embryonic

lineage. Treated cells expressed high levels of a-fetoprotein (AFP) and SOX7, two markers of
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patches as demonstrated by immunocytochemical staining. As will be
described below, the hESCyT-25 cell line was also capable of forming
definitive endoderm, as validated by real-time quantitative polymerase
wehainsigasiion (Q-PCR) and immunocytochemistry for SOX & db@sio22604
absence of AFP expression. To demonstrate differentiation to mesoderm,

ﬁ'ﬂﬁes@rﬁlﬁﬂagsﬁﬁsréﬁ@{&@n@hﬂseﬂm@feﬁ{ﬁ@@%'r%&%ﬁ?s@%&%@@l’ in sporadic
ﬂ% ralatlmel?eﬁ] 1[}t'is deac "&JrXPn %grge r%#g%elg%&rlelas n% res ver OVS%Ealow e

€ course or the expe |men ore

hREGY ToRirRsBthive ﬁesmﬁpwetwé faping t@ﬁ@mﬁecmtwep:e@emwgtqh &y real-iime
&m&@m@x@&m&&ﬁd}{l Plabrichn EQQ@M'Q{E er@%c%ﬁ WJ)Q%@&IA in the

Etﬂ.en@éyo cle tg the |dentdf|cat|on of |n|t en%oggsr rentlahng EBs
e Tack of e k e

cultures'is approprlate tools. ere ore un

BEs ae@i@s%ff%rn%mw@m gﬁavsé@@g%ms%tm@mm &apxaoinisr o tiprhiOR% Skpression

fﬁbﬁmaﬁkﬁgr&@%]ﬂcl)i&ﬁﬂ@m(biﬁ{@bbgﬁﬁm&ﬁheﬂ%ﬂﬁ@Y%@?&%}@gﬁﬁ@@ﬂESCyT-
I ru n [ ssion js maintaine

(al%%égl gggﬁ%%&?%% Eé&e@?g%gééﬁ@p% ong the A eﬁ?(?s d&}el t{gtrro Ea ers:

onset of organogenesis. SOX17 is also expressed in a subset of

extra-embryonic endoderm cells. [RE.gMpesssion of this protein has been

observed in mesoderm or %?389&1@ Oy R t1|8§ discovered that
SOX17 is an appropriate marker for efinitive endoderm lineage when

used in®EdHjunctibmRAEH Rk 8 &&Fdﬁ@ﬁém Sindritiite ligpdagem in hESC
$0RE43 Adiddsdribbabimogaail thelkeiWetherSOXkddantirodly wesuthiiz 6140 antivody

é&gglg@g{ HEXBIIBK effegts;of various treatments and differentiation

procedures aimed at the production of SOX17 positive definitive
endod&fritells. BMBRERTSONLS ioamrped thiepehes Ahsciefftive endoderm as it
e nibyarp edsitinaiereslse erpployeditamiteatut thetipr eauciien(@fiviggealels of

%@e%ﬁe@}ﬁﬁgﬁ)@ﬁ{@A@)ﬁq g%ﬁ rXt%GalEl %Edgxgsg{ r&; o@%ﬁ:@kﬁ@g&rd%‘i@w is also

produce an antibody against SOX17, a portion of the human

%@ﬁ?ﬁ“‘@ébﬂﬁsﬁﬁ “'i‘%&ﬁ%"s"ﬁBi‘fo‘i‘i’ﬁj"ﬂBf%ﬁﬁ% A\B%PI@F?%&%" tee@oren has been
NS @) im thesodamboxydndtimal nkohthebSO Xikdopnetbihal QN 29 smiaspropriate

l‘ﬂgﬁ‘é’rf%g@@*ﬁﬂm@%@&mﬁh&@é%knta@e@%'@agxueﬁgfﬂ YGHPRarkers to exclude
e m_a_? fﬂgéﬁlﬁ% OVAC (Freiberg, Germany), according to procedures

eve P& ®Focedures for genetic immunization can be found in US
Patent/}64] 5,836, 876!it8E1 ABETIE: 6 5OSETHEIDGY, 284 widiweélbasecifically

diernational Bﬁﬁ%@ RRlicatien RublieatondlasrWa901 29442806 production of

é/éé /13915 G[iog Othg cfur[abl é}ods fQ enetic immunization are
D e o A BRSNStk ratlIPs” I8 gﬁfﬁ%‘mﬁ%ﬁ% a5y SPARC and

Be"gembmﬁéxpm@lﬁ@ anerflebieshisaidpalihtibodisgobyfgenetitand parietal endoderm

déﬁﬁﬁ%@tjﬂ{@ gﬁ‘ﬁjﬁ@ghniques 16: 616-620, 1994. Specific examples of

genet| unizatio etho S to ro antibodi inst specifi

proteni;s can be i%un(ga :%r gxatrﬁ’ele a%'g]?%b *5H08 /géé%%a @ portion of the human
PRS00 5762260H @d@@?jnanétnalto (4998 pekenBRcAM FRQZBION: 2) in the
aganatifed unian HSoXP IR REaPIkE AVGESused for genetic immunization In rats at

the antibody production company, GENOVAC (Freiberg, Germany), according to procedures

developed there. Procedures for genetic immunization can be found in TS Patent Nos. 5,830,876,
5,817,637, 6,165,993 and 6,261,281 as well as International Patent Application Publication Nos.
WO00/29442 and W099/13915.

[8256] Other suitable methods for genetic immunization are also described in the
non-patent literature. For example, Barry et al. deseribe the production of monoclonal antibodies
by genetic immunization in Biotechniques 16: 616-620, 1994. Specific examples of genetic

immunization methods to produce antibodies against specific proteins can be found, for exampie,
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thyroiditis and allows production of monoclonal antibodies recognizing the
native receptor, J. Irtrrnunol. 160: 1458-1465; Kilpatrick et al (1998) Gene
gun delivered DNA-based immunizations mediate rapid production of
wowiingemagnoclonal antibodies to the Flt-3 receptor, Hybridogark&za0s/022604
569-576; Schmolke et at, (1998) Identification of hepatitis G virus particles

'ﬁ @ém{%ﬂasﬁrh'm ({?§9 &opacilianeRasien Q&ﬁ&%@@lﬁ%ﬂ?ﬁ}ﬁ&%ﬁ&%@t T causes
mmuiplzatlon Virol. 72; 4541- 454% Krasemann et al

RS SRR YR SRS R RiBAReS %Eﬁ‘@'tbﬁ?b%fﬁ%oﬁimn&nthe native receptor, J.
dmeesiv/e b 4f hikiéi Kapidibasod (MRS Mieation dttikegy DN Btated rmmtinizations

&dﬁ@&%pﬁﬂ%tﬁﬂ%ﬁ@ﬁ@%fﬂ&?ﬁ%%ﬁﬂﬁﬁ@%? %I%@ﬂ@qgl%%ﬁlﬂybr idoma 17:
ly, efine e Heli er. pylori vacuolatin
R PR SO A TS IGH 528 g by
%d@@?@l@@mlmel @@M@Mﬁﬂ@bﬁl@ﬁ@e@t@@@&(ﬂﬂ ab Hizpicted 454 1-4345;
thesehational dendgransheywn 9rHgHR BallV %rﬁmeé/ e ihe YRR with an
SOX? §19 %p{s%%c ¢ asa,n %gtlve control to monsg até tthe SOX17
antibody produced by genetic immURTE At T&<Eredifif FF 5(1773a|]u1:19 -123; and
@%‘é@%oﬁf réé_ct(Wﬁﬁ)lt@Qﬂ@’Q@@t feimilymoraeipeal, Ryifardicodar, S grdkion of the
BRI RIRIGHTS MR BN PEES SO byl‘mm ﬁmﬁaﬁim anglz&tb%fh@rﬁlymdx 94,

for CI’OT @?thl@/ \ﬁl}h mggﬁ t ec sesdé3 trerlérl] lOt a ql}%? ggpictad

example, the foIIowmg S Were diilize pro i&tGh™0

Qéxiqla@w@aﬁage@ﬁhﬂwmés@%%é@mpm trahsferstidAiAteplypeptide as a
heratan tibredl a@t&ﬁﬂﬁkmamm&‘&yswgstmﬁﬂ@& Mm%&%fﬁnummtmn is

a&%gg 0&%&5{% oLS: VI#& SOXZ@}A%E Vifnere MV 89%7 and

rlGene Techn ogles o’gen
é&?{éﬂa@m@ﬂyfaﬁmmtm Rirpe dibetblats, Faafbtlaq@o m@b@edrégpém;@wtmty with
BB ISproteimpbodiuitiBrstelomns m&mm@l&@ﬂéﬂ%&ﬁ@ﬁﬂa@ HEHRBIGRR: utitized
WETEe GARSISRHY,ansiested %&gag aa%ﬂ £ DN%&P the 068 Al fection into

Lipofectamine 2000 ( Inwtrogg}’r otal ce ulé ysa es were
&

Bie 3B o Posesan ?ﬁ@rﬁﬁtséww [SCREPpINsy Pethnmaduction
bfammn%msaﬂismﬁem@emwacmmmegr&mkga&h oﬁprot&ﬁﬁ%le MD),

g&umﬁfo@%cfeﬁmg&os&gﬁs&wpe@% Indianag &l&é&ﬁ% Lo,

analysis of 100 g of cellular protelns separated b

RIEASACH (4203 SR B R pistralet %Wé@?ﬁf%ﬁér?‘@&l%‘ﬁa@ &rgblasts were
baditralystenséa thy elbctrosbloltihDMoAta BDMEsenenoblanasc(tere s, (Invitrogen,

EANweesroRgd M&g g/&%@%@é%&%@w&&?é&é %@%@&%ﬂﬁf@d%ﬂc@ms

mM TRIS-HCI (pH .8 M NaCl. 1 Yo Tween-2
tSinfre, Br. P8 r&‘éﬁl > oSty Mk&ﬁ?f@’cbﬂef%pm@@mwfﬁg}aﬁéoof protease
ahibitats IRectddeiegurstine iomoRése ardlanapdinr A0 &eWedilG rmvlysiP A) 100 g of

@agxse\ﬁadagstm@a&&a/ estaRlaclcAlkalinghesnhatase %&%H}éﬁg ;(M?E&%anude

borato rlln%ame CA). The protelns size standard used was wide

BRSPS b ™ GO SIoR O PR Ex e bRt elercules
Etkartes rrrabiet fratn ahLibieH dibroinl as theeits 303TWent-stransienflynM TRIS-HCI (pH

ansiesiedwdth BQBIL, SRXJ @&é@ﬁﬂﬁ%é& WS PURBEGBBwed by Alkatine
g}/g é&g}ﬁrn blots with | the St é tlbo%ﬂo%the rotein extract_from

5% SR PR O R R E R AR Elodiy rove. PA),
waterieditietmadictdeus Kitsrndidelitar RisigirofehgdmingaivVs@ix 17abdgdtories,
MI%QQQ/ Qﬂﬁ@999hE) grﬂéiﬂ-@@m@agaa%@%ed was wide range color markers (Sigma, St
Louis, MO).

[0258] In Figure 4, protein exiracts made from human fibroblast cells that were
transiently transfected with SOX17, SOX7 or EGFP ¢DNA’s were probed on Western blots with
the SOX17 antibody. Only the protein extract from hSOX17 transfected cells produced a band of
~51Kda which closely matched the predicted 46 Kda molecular weight of the human SOX17
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protein. There was no reactivity of the SOX17 antibody to extracts made
from either human SOX7 or EGFP transfected cells. Furthermore, the
SOX 17 antibody clearly labeled the nuclei of human fibroblast cells

witpnsianiedowith the hSOX17 expression construct but did negtabelBeksS 2604
transfected with EGFP alone. As such, the SOXI7 antibody exhibits

sReqiicitndy aCnEXAMRL BAMaYdate rluﬁfbg X4 LALLM 23 S MAKe human

f|n er 59] Partial f tedh SCs were
T T Sls R T O SRS h i e macls of
born filaekibs dylis tpetifiedionthibedit SOX Erprosteincamtiufu tthiedihare tabel cells
masksdeiniiveandederny didasbeer damanay atrdithalSOx] Ty RX7

(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 SOX?7 are not expressediiiaidithiide endoderm cells at levels

detectable byQGioand shus7theyrean e employedaseoatvgiarkers

for bo defi lve e s as shown t a OX17 antibod

Iabelsng% atlor:\% 0 I‘ié/elfl{;trgtrt1 eaﬁ?gt as discrete cfdlﬁ"plneg%s Wftceﬁgggﬁ)y d AFP
?Fg'l%dfim?ﬁsmbtb%ssﬂtﬁ/é%% Fribedyie zacmolgriBmes HEWE therwtein and

smrthnvhinens af Bl aalisnyarasadabeledisithied Bz showevess (wh1ch isa

E‘r;o%g@n%i%frﬁé PR gﬁg RSEeAtEe HHS 800 HEn P IR caoh

igure y, sihce anetal een
FERGTtEd 1 Bxpraksndedsery | Hawbwdy 4BE é‘ﬁéll%WltﬁfS@XF?Pféﬁ@‘ih@r definitive
wridhdthe petietakveRriaes:HRAR T ansto &h{fdwmbam@n{mwasq@@alaee markers

B 00 QORI ANG RE Y 9@4'%%‘&%%&?&%@(?{?70 Fboeat] eﬁs 2 Uikiions of

Figures 6A-C, Thrombomodulin and SOX17 co- end erm
st FISH RS RIREEI DY PR LIFREr SRt o iREiSIcRifs AdPamsitive cells. In
vieuudirtHeigahoya chikabelingreX penithentst ﬂmad,ea&nly oka dofimita with AFP;

ﬁ&?&g{ﬁf ‘Bﬁél £au Q?o ?MW&We%@rQ%%? {] * cells in the ?eﬁ of SOX17

SOXI7h'/ FP/[TMb or SPARC']. In other wor e expression o
SEEEHRARY iSHrEat: A ﬁ?&%%ép%%ﬁﬁl TP BeRTSPoHSFK S HRiER SOX 17,
ghiixapteristibaiyisedial SpEbdetopetaerd thd Tk opSRARGuarkeREARC and/or

w@ma%aam()?ﬁgﬁsﬁm%a@m@hﬁwg@tfmff%%ctm Ve %L%@af@dh%dm As

positive for SO but negative for AFP and negative for TM or S

HEGRARE R S0odetFOTOSBLTUAR 2Lt etAdehie é’ﬁﬁ@]sfi@é’ﬂﬁfﬁyc%lls were
Phat@eDoy Zinidak PIfEMMBRmRIESN@iker profile as predictive of definitive

endodeypanSOXik/\and ARR I65HR SXPIESIIN éélﬁ’éuf?éﬁ?@%@tm&lﬁty of a definitive

relative number of antibody labeled cells, As shown in

ared o th N
RS e e RS o ORI, Rt At MOREARC. I
ghactividsAtidefinitivoe nd e FOXiHH nedn) feentsa iha 10-folordifferariote AFP

mﬁia& I%echlqgs %%(%&Zn&ﬂ%&fﬁ@f&%ﬁéﬁ@&bﬂl hisdesultvnirsered e d0-folthicn are
erence In 0} y ape ell numgper ur
TS B NG g AR B ST TS ROTOH B NSt e o
éﬁBpﬁégge@mfm dbher WgtessiolebyteSfdiddrmcomparison to no
treattr)n f61] r;i; \Iam l‘f&?ﬂ&'|M§J£%@@ﬂﬂé¥sﬁe&'fﬁ(ﬂﬁéﬁh@SQX?&?AE?@F)%{“‘C/:SPARC‘"
numpe a edcC ese ur own i ijgures

BRI 000000 P TS BOIGD o0 ) o0 AFP A o vas

quanutanvely compared to the relative number of antibody labeled cells. As shown in Figure 7A,

hESCs treated with retinoic acid (visceral endoderm inducer), or activin A (definitive endoderm
inducer), resulted in a 10-fold difference in the level of SOX17 mRNA expression. This result
mirtored the 10-fold difference in SOXI7 antibody-labeled cell number (Figure 7B).
Furthermore, as shown in Figure 8A, activin A treatment of hESCs suppressed AFP gene
expression by 6.8-fold in comparison to no treatment. This was visually reflected by a dramatic

decrease in the number of AFP labeled cells in these cultures as shown in Figures 8B-C. To
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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

waytemelsdligures 9A-B). This result is extremely significant g thadolis/oa2604
indicates that quantitative changes in gene expression as seen by Q-PCR

E{ﬂﬁﬁﬂf}cﬂﬁmﬂ@&éﬂ Q&Hﬁ)ﬁ%ﬁl&@@&!&?ﬁ% %@aﬁﬂ%ﬁﬁ‘ﬁ@g pr7 %&Hb&g%a%a nlﬂ%? gene
0262 Incubation of1hE§ m%r %)pgsence of Nodal ily members

oglsaf Cacfivin ABRd chivin RIR) FsEuite dhin K spHRRSa e apiefessYommber as
Sl@mﬁida%ﬂ@@ﬁy%b@m dElmrasvih-ihe. Bis SadelySsob:comntity cigaiActivitg that it
iraatmne Mg paleidhantdieoh the cells waig @Q@éﬁ% tl@%i‘r@r changes in cell
%{P ures Qa,%-o aSTu%ee re few ‘tﬁ%{: nQ cells labeled W|th AFP after 5 days

Actvin reatment. ]afh ?‘F?éwgthe antibody produced against
the carl98%3H terminribaidm o e Gacid stisf thestngmnah S@X 1Emitpteiembers (Nodal,

ﬁenufm@hm@om%pf@t%:i %awgﬁfﬁfd%g%a@yhg%ﬁﬁ AREIGN ié@eled cells
%Q%ﬁét g? ?’E(? c):(on mm Io}isre tve nu ljz)qé/ ﬁﬁ%%%elllfseweg labeled

subset of ferentlatlng Tt w%
W@X}A@WE@ré%é?)thahe%%r@ffqme@ @eﬂs}aévslvdewlas@gmaar 5 days of
pendentagec(s 5%) of cells that co-label for SOX17 and AFP (visceral
endodegrgy; Treatment of NES tures |th ctivins resulted in a m

eIevatgn o SOX17 en%pex %ggfl}o A Bs well §3§5t>&%ar e’%éﬂ e}a%i"& amipo

AR Rl dairemRPaddauina ‘%“i‘ﬁ?@éﬁ%ﬁﬁf% Tiroiein amdVdsem bintsénbdid not
celgdab Sl Wit Aﬁ&smsub@dwﬁéme LEHe SORCR.858/ Eéfdal’g%%@a subset of

EESqY [ﬂ%ﬁéltlﬁﬂ%%ﬁ%!@ %R&e@@ﬁr ée ¢ gr Sraerll t ﬁ}‘%{]% ative g_r I‘?h(é:nl:\;%% of

E?(é PCR% was the primary assay use cregnlng ectEof varod
AfheTty 67 e yarAbAtasRIpee A< |§a’ﬁ|€§@rﬂsré1wtt¢mbhﬂefas§@ﬁiémsi AFP

OfgenkeadpiessiolirmuenenanslfRec funukipladnarkesgrRes atnitddiplvation of
%}@@%Qﬁé QX?%SE’&&JV%K%Q§62§7°J£J§8&e£l§f£g a%fdt deﬁ' éaﬁléj/n%gﬁgr%stsed the

as undesired_cell types were evaluated to gain a better under
ﬁ%reéf'}@%lfﬁﬁﬁr‘ﬁgg&?%eeéﬁ&%ro hssiiehibisr inAER rtibeRYef Q-PCR
analysis includes its extreme sensitivity and relative ease of developing
the necessary markers, as the geRgmeSEFYence is readily available.
Furthermore, the extremely high sen5|t|V|ty of Q- PCR permits detection of
gene expression from a re/thvahy SRR £BEEells within a much

larger [#8pdlatiorn [thadditwing themimiwtystcrﬂétemt vesytiawvteREIH RS BRER) was

BXpressieRRroMdesndicationt o differenialion. pias: Wit 8 trerentiation. In
IE) ﬁnP atlon The bias towards a particular differentiation gsthway, prior to

T P R R PR B e R eGP S SR SYFotypR5E Sk FRGglsimapiter genes at
i) dmeurony toc RefaiaMedin guesc o thistea tie, RCR ywebvideslesired

@Hﬁﬁ’é@@df@g analysis thatis @EéﬁMW§ ALzt %@Q‘&lﬂ é?‘x(lﬁ'ﬁlﬂé/ @lti'féhceﬂular
[‘FF‘ |or tofhmmmng%)ft mical techni tgues for screening the success of
e

feRtiation treatment ohiefer1liv FERBED Y ’I’ﬁ@cﬂ’gﬁfﬁﬁqwas‘f of
dtrining dyaiepsrsomienstietesstof aﬂ@nﬁemqnatmns pediGcoliinblc UBantikative:, the

efﬁ:f&’@l}alﬁﬁﬁ RBigh mbﬂ%ﬁﬁ%@éﬂﬂ%?@%e S VRL2806/0 g'e@?c%%ly small

T/U
nun er 0% qg %m a much larger population. In addition, the ability to detect very low levels

VTV

of gene expression provides indications for “differentiation bias” within the population. The bias
towards a particular differentiation pathway, prior to the overt differentiation of those cellular
phenotypes, is unrecognizable using immunocytochemical techniques. For this reason, Q-PCR
provides a method of analysis that is at least complementary and potentially much superior to
immunocytochemical techniques for screening the success of differentiation treatments,
Additionally, Q-PCR provides a mechanism by which to evaluate the success of a differentiation

protocol in a quantitative format at semi-high throughput scales of analysis.
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[0265] The approach taken here was to perform relative quantitation using
SYBR Green chemistry on a Rotor Gene 3000 instrument (Corbett
Research) and a two-step RT-PCR format. Such an approach allowed for

wibedanking of cDNA samples for analysis of additional manefgengsdfeos
the future, thus avoiding variability in the reverse transcription efficiency

betweqo,88mplesi0ZR ek A Imershe el e IgneA 1o ie QY e EXAREXQ0ne SYBR

g;?und%ries or spa ir%tro%s of§t least 800 bp when possible, as this has
S8R SIFBIFTAR &cteh ME &3 ClimtRuRs et dtaicarsim e damamian iy PCR
GurmomiSuDN. apptrehmbiokerd denibs wekne nipiD)edsthat dofmratmelyskait additional
inkns Rrdbey BRSERSS PaRYAQeR Q&lﬁﬁg- lireaimentof RNASATIPRS
as eperforr'r11ed. [0267] We routinegl}y%ﬁ;ed Q-PCR to measure the gene ceney
elween sany eP. . .
expréessiort of multiple markers of target and non-target cell types in order

to provitksd brodtiprefilectedsignto iv it geaexexpressiomihts|bsarapistsons of at
Tehe markersnealguaniibordhe errlbahAses:LNF S-AiflereNiatiaate amplification
(I.P(pemflc%allynectoderm,.mj%?\?der defin

oxtra-RbryoniE ERdBdErm) A

el éﬁ[e endoderm and
mbryoni rm)-and for whi

v )
SR T D FAPES dafydo not contain

Ena brehsye ppst ddeeidnaiongsi P Vet Itz st hORIRh Spwdificity pifiness

primer @eésihas aigo-Besridemensiieted o MsisanimRRHARLIACLRINGE muliple

the hES?Js were often grown, on mouse feeder layers. Most typically
Imar: 1 d -tar 1 "
fiicae SErspras wa rtg’% &t eesa{%r?r%% ﬁ%ﬁfgﬁggnad%ﬁ%%B? e?%ﬁc iption of gene

arvaryver ih elipiemiesolas seadwme thiomhibalharabilinkassofbESE difttrentiation
@p@hmww}fmxﬂm_a{mmﬁ;i@m{mé&%amragﬁaé@n%_%é?m@l%;fao&@;ab and for
e iage nd guantitated,1si .
S0 Vs AR, ML 0 P B oo
toren peiAr ies Rasriler Rser deTPRpHHES A Blerisvier denperRiciiptaBisskibe RESCs were
¢BiaRacn whickveeniains &tyﬁﬂ&l( QftedigeathIBN %@ﬁ%%ﬁﬂ%%&gm#ﬁr each
' I 0100 L tgtal volume and.3 gL .
LIS R R AR A00L RS B0RA i
TERE AR SRRt TRIBRRSY BR Green master mix (Qiagen). Two step
cyclingqagametdls geverseie iIBER exmplaying.a BNecandeRRAUERARBRaOADiagen)

I5p ﬁmﬁﬁﬂé’d%%lﬁ%%o%ﬁ%9&‘&%‘%8&%5‘3@!}!”ﬂet?lé)ﬂé’ Qiihe %éfchC'%%%E%tsoo ng of

each_primer set) followed b}égAS second anneal/extend at _ _
RS SHE G WAL B SRS PTG tR e ST ipp ekl MR R ddalhich contains a
extedslan-haserAdhnesinpoinBda-Jold diutinn sesiamwaraBedited up to 100 1L
nerate the standard curve for each cycle threshold t's) were
B 1B 0, B D S ST Mg 57 anc
rgieiptitatedy ades o r2éaE K B firsk westemoinAlized o Teo sekeppling parameters

9@;@%&%@@@5@&? 23dthen @éﬁ{@fg%@@ﬂﬁ@ﬁ@%@@ﬂé@%@ﬁw&%&m to the

calculated for triplicate samples. At the conclusion of PCR cycling, a melt
ThiRe Sy SR ierrdrracherase srtiinve L fu cifidity ondianrabetion. :160°C.
Ringiscspediie produiibwasdndigateddsy 1d stoghdspefadactt tR@nkion phase. A three

Appropriate faihatBeR amplicey; gan&%iﬁ%ngﬁaﬁ@m%%% Qin and eycle

WltﬁOUt revqrse transcrlptase served as the negatlve COﬂtrQ' an 0 not
GRS 63" WESOEBRITEYY reeriTEsousiss Joo tdy seriststepin The
@stabilishinduth doQeRE Ruméthodologyaias walidasieesifig gene performance and then

average and standard deviations were calculated for triplicate samples. At the conclusion of PCR
cyeling, a melt curve analysis was performed to ascertain the specificity of the reaction. A single
specific product was indicated by a single peak at the T, appropriate for that PCR amplicon. In
addition, reactions performed without reverse transcriptase served as the negative control and do

not amplify,
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appropriate housekeeping genes (HGSs) in the experimental system. Since
the HG was used to normalize across samples for the RNA input, RNA
integrity and RT efficiency, it was of value that the HG exhibited a
wepnstantkdeyel of expression over time in all sample types ingQrelekiasihecos
normalization to be meaningful. We measured the expression levels of
CyClOF{bﬂ_@]G1 hxp_%nﬁémnp&@m@ﬁlﬂg%é’ '@ﬁéf@fﬁ\%&l&{é’ﬂfgﬁ\(&as validation of
beta—%-l e'g%%géﬁge“'ﬂ?' h¥r%ro Sgweth)%blane synthase (HMBS),
FRTRBindMG protem § TD@/ R YRR SFOREOLe h SRS UB)h the HG was used to
ehffarirticning WESSsOUe RINHItorivid RMYe dhtbatth et RFritfidgiofuitivas of value
BXPIRSSORIRYRIY NESRASR LAY thpr-couH $6-PLidiE el gtiation ?ﬁﬂgs m order for the
}Q%EE ore we g(y})céugned the Lllse&f this %e%(; fg normall,zatli)n. The other
SRR E i o B ORI RR expr e ISATERL 8 BPIRRC RS WER £ derigiilin G,
bearamding. Alephotitinely usédasoth GV BpHitia-G e £408ito talauatesslbiane
Harmsdigatios)facton o alsnRes s Ah ek seeb MRS HO& US) i differentiating
siguliansouslytedyces the variabiity, nherent to the normaization
Process and INCreases the raliability OF tHe rai A AR e L Pt sprased over the
e sf ffmoyinter apidhemrgerressbdestunmopithlizatisrioQn@BRizts. The
tien g&iﬁz&ﬁlﬁ@it&etﬁfmé&@ﬂb@f@l@éﬁ@%@;@(ﬁﬁ%ﬂ%@‘A@|§cf|2»fsm%9¥nems. We
r nples receving different experiment
R R B Baen et o thayoe.
Eighis ehrvriRkent s sheeifecpupuirsdenes foprasiebiliiatoratice théyngaralization
fegeess @ dninepadibalalibivedoh redi W sl s:.grgeoesdhal are
differeptially exp in_definitive.endoderm and extra- ryoni "
endod%&ﬁhes?%i%%%%%%%ﬁ%sf% eir rnelI]él\(tjlr\?gg1 é%a%lg ’m%%][?groﬁfet&s;‘eélrgmmd to
HrigrmERtg fslefixpieens vRmsetion leseral many wakes Bxpsrcasion Bonksineseiving
Eifcedenp-GaXxXhY wefindive, Viscasalagehpasioided dactebain Midkd because they
satadanm,at NesasrI M Gl ae delnite. ad RUmItve endodertm, . oo ricular
HNF3b definitive endoderm and primitive endoderm, Meso eﬁ"n, neuraf
s doesesd e fdtiatrani dint el Bmotiel s IsR%Rd i delirkiverraderisrm and extra-
erhtyyroniodaERivistieral endodevetl alivisi: BRARGHpRKiatat pRacderahiEMighted in
pafiefal endoderm/trophectoderm Ectoderm ZIC1 neural tube, neural
progenitors Mesoderm BRACH nascent mesoderm [02711 Since many
genes are expressed in more than gﬁ@%%lm layer it is useful to

Gguabtipatively| chmpard Expressiondevils of many genes within the same. . -
experiment, $OX17 is; expressed in definitive endoderm and to a smaller
Epdedeinin viscpRRaHd pdeititivendodetmd@Xa! e6@derm
MIXL1 § endoderm and mesoderm
GATA4 | definitive and primitive endoderm
HNF3b | definitive endoderm and primitive endoderm, mesoderm, neural
plate
GSC endoderm and mesoderm
Exira- SOX7 visceral endoderm
embryonic
AFP visceral endoderm, liver
SPARC | parietal endoderm
™ parietal endoderm/trophectoderm
Ectoderm ZIC1 neural tube, neural progenitors
Mesoderm BRACH | nascent mesoderm
[0271} Since many genes are expressed in more than one germ layer it is useful to

quantitatively compare expression levels of many genes within the same experiment. SOX17 is

expressed in definitive endoderm and fo a smaller extent in visceral and parietal endoderm. SOX7
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WO 2006/016999 PCT/US2005/022603 and AFP are expressed in

visceral endoderm at this early developmental time point. SPARC and TM

are expressed in parietal endoderm and Brachyury is expressed in early
wesaEs[0272] Definitive endoderm cells were predictedpler@dRss 2604

high levels of SOX17 mRNA and low levels of AFP and SOX7 (visceral

enclasp 6 SRARG (Pesteipbandodes:as R RABLINGSOUSHT) SHARC and

ﬁ‘-ﬂjjg}'og‘ %Igévyasauggf 1gf?orgeto furt erﬂule qut induction of early

ectGdenh. Einally - CAT RS SDATE B PSR R P B B CrSAif v e

and ex@alE8mbrydefieitsisdededernanlistives, podicleddoitirSOXET levels of SOX17

eRNassiohn ldefliniiverendadseny (Tablaldd EeRyeseniali QAR and

' wn in Figur 1-14.whic monstrates how,the marker genes,

?re%%%g% I?lﬁs%ga%@?ﬁgoﬁﬁéfg%’v%ﬁ?e%% u(s’ﬁ%tegfa raﬁrEooﬁgt eV rf’dﬁ%ndu"ﬁon of early
dedpies, TivalnighiTgyiiers BpESHiv pateeressed diffetbitsétiviveeodefititiembryonic
afaﬁﬁﬁﬂmr?rwﬂ@xv@&larwmiS@??ﬁe@f@%@@%ﬁ;}@@ﬁ@t erfﬁna'a@ﬁdn. A

, A n.view e e a It IS Clear tha

s P R e o i the markergenes
ssprbediBnT i thertfieis o rashsrbesrorrrs clio Tiriariyerapresénsdughlighting
sefifitipeenslof iéifferasiappas el ioivtsaeIRRRRRIC:ARNAMLI B TS derm as well

fonclusisn stems from ggﬁg%tgervation that SOX 17 gene expression was
inverselﬁ correlated with AFP, SOX7, and SPARC gene expression.

EXAMBt Blp Dirbictisy Biffsabaraish st AntidhrHnreesinsdorse nhngtsn resulted in

BreoderfOND7dhnk umpansib cRikheitiieScandombyesifferantiateniey!turedented

anlereondiions.dhaboa gt asivalomainiala el updlierenlisted iag. o o

This heterogeneous differentiation results in progﬁctlon of

BT SN SERFeT RS G e of A5tstR s ishat BR PO Zerad SPARC

sndodessiidAFP, SPARC and SOX7 expression) as well as early

ectodermal and mesodermal derivatives as marked by ZIC1 and Nestin

" (ectoderm) and Brachyury (mesoderni; eﬁgression. Definitive endoderm

cell appearance has not been exarfi @pecified for lack of specific

antibody mahkented W ES eribier teffESmASESICEH tletoEitoda
definitiyergndodgimaPiadugiiondRt RcRlaHliS s Ras qp&ﬁﬁ?e'&}%%ér conditions
tﬁ%g%léegoﬂggg satlsfac%antlbod reagents for definitive endoderm ce?ls: _

Ve B ANV aTTARBIR T B &%ewg?gétéﬁﬁtlﬂ’ﬁ&?‘Fﬁﬁ%@@ﬁ%ﬁhﬁmﬂna“‘m

tegiddiarmodeitiaxafeemisnfonicierdduierm cQveratpriker efdrelsigridfigantlyisceral
QRS MNRPOSIARIC Gl ae5p %%1@19%5‘ %FQE%W{O%M% 'Besodermal

amparison to.SOX17™ definitive endoderm cells in randomly .
R e AP P HeS o BB (e egresion.
Rsimitig erdedpiad slifimsistantefdetors bive cxetisnad threseclgis] dbtHeckaldmyecific
dafeanmaliriativesnaphalosies hatare distingt Samithoss callsfesidigem
‘{‘Qgh{,% &Q;e |Egere|ﬁrco{hglee ﬁé)sl?lgy.eManglof these quter edge célls can be
Fistinguished By ThaiTess BiRSTh A GEre! BB ATSHSI 09 tgecnts for
defitixp radadisrmotdiiy herd doels A BB TY, tokasf iee nhdestribethtHat #BcESd on
eﬁﬁﬂSrﬂeﬁiﬂl. é@tﬁigﬁi&fﬁ}ﬁ@eeﬂﬁa%ﬁﬂ.e rahedev ﬁﬂ@r@tn@ Qigﬁiﬁ@%&ﬁéf%%%r%ers of
o ielallieq WodliRispRIed R gl Aleraton oL QG T4 Ievels above

defmitive endoderm
cells in randomiy differentiated ES cell cultures.

[0275] As undifferentiated hESC colonies expand on a bed of fibroblast feeders, the
cells at the edges of the colony take on alternative morphologies that are distinct from those cells
residing within the interior of the colony. Many of these outer edge cells can be distinguished by
their less uniform, larger cell body morphology and by the expression of higher levels of OCT4,
It has been described that as ES cells begin to differentiate they alter the levels of OCT4

expresston up or down relative to undifferentiated ES cells. Alteration of OCT4 levels above or

-64-



WO 2006/016999 PCT/US2005/022604 below the undifferentiated
threshold may signify the initial stages of differentiation away from the
pluripotent state. [0276] When undifferentiated colonies were examined by
woQki614mmunocytochemistry, occasionally small 10-15-cel elustesssabasns
SOX17-positive cells were detected at random Iocations on the periphery

@%@E@&Hﬂ%ﬁﬁeﬁ%ﬁ%ﬁd% %1%1%‘ tegng Cft&es (31 8 é%%g@a%gr}g%%gy from the

above these scattered pockets of outer co ony edges app
OE‘?P ff%irst cells to differentiate away from the classical ES cell

morphcwj@ﬂ as théhenlonynéXfranderdin sidenand b@@ﬁmemgl&{owg@d SOX17
&%&t@ﬂ&ﬁﬂ UWCHQQA[IﬂeQHﬂe%CSI%WIe 1{55 TS rg?oslﬁ?{lq smve cells were

ghowed no SOXI7 positive cells within or at the e ge

WS drndrrdesa 818r‘ﬁ’é9’?P%‘WW&%@%&;@%&%@W@%@@%@&@@ hESC
itated patotiesDbBONET pasitiatpode diegat\@ionlsabingRMEPRERY some of

&SR8 8:A010NISR ORI 8IIRNG, ) d not display the
classical I QESC mort hol%%yé deg:tﬁggga Eg%%?%%%?‘?%%%’%ﬂﬁ& fh%s v%‘) %Fhexpanded
e

HirSP LR TEPME R Bt A% CM@WW%%BW%W@%W% tm; 4-5
et ddndratetiin SO8N eackitivendifferithitiated’ fSedet eifltiFes BaMe while older,

nexMe rcﬁ@ﬁi@s RE@M&!&Q@@?QQ %@@@ﬁi%z Zée'?’&i?@ go@ﬁe@%g%ggse of I%(ajlg 7 positive,

elatl 17 a d SPARC gene expression levels

: %%’*‘or o EO ORI ALD Wé’ﬁafﬁ’ée&éﬂé"\}ihﬁ e thet did not
ﬂléﬂém\ié&féhsﬂaﬂe%ﬁﬁ&m@d@mgnaﬁeer@ddymmbﬁ&y cGifaneliag fihigavase first

ammﬁ@aﬂyoaqmmw@bm%b% ¥pressingPansals %@ﬂ@;&ﬁ@r&%ﬂ%ﬂa&m early

er ntﬁ Wres a? | Exposure to Nodal factors activin

resu eSSt S HRER TS MEYF A RMEH S FRmaRsitaiedion and the
numde%W]’M d%@ﬁﬂ/@le@nsnwmpléztmbeﬁﬁ@m?r@mmz g@fd%mehsw levels

Bibpdiesrenan agivin tealkd soturg.siislesL RN LROSIYRLR tive fo
érta}gtg\{eelgg%lso Elm%{aetflé/ f%rttAFf ? IIVIn eg}lobserved (Figures 16A

hese are the first cell b RSHFRTSIRS g@%ﬁeﬁgﬁﬂ?ﬂkdﬂ@ﬁﬁ?ﬁ@@d for M-
@Wﬂfé&éﬁﬁﬁ@@ﬁé%ﬂ@ﬁﬁ@?éﬁ%ﬁ@%@@@m@rmﬁg GresstBAe DahtifAd)rs activin
o283 Whitdha mmmmdyeam&n%%t@pm EkRd AROYE Whber of T™

orey . Of proc abl cle
i U R T L0 1 i o
B ehTeEenES e 'éb?ﬂi%? &%My“@ffdﬁﬁe reagtiEtofr Pritoed $idimed @itserved
(Rigreassirighthp nWebeanthpmiifesative crpasiy.abibeseseslitraSositive definitive

MeRsHed Rt thepgpul %%C}%cel SIEXG%‘I PCR f9 SQX H,é;ene expression

and at the level of indivi eImg 01"'SOX17 protein.
[0279] R B vere Wil fits RO E0edu a%@rﬁé?%éoeﬁe@qseme@mve we have

dephitydgrowthibéacor syeuditas diedr!/actbifviBMP ﬂwg#b%%riﬁhg?fﬁéﬁiﬁg to become
sistinitive-padesrim sefls fIgm:embryanic C%ILFmvﬁe” fﬁf_ij g;”goce% differcniation

cultures. In typical experiments, activin A, activin B

RSP AL AHCTE SRS W e el Proliftye spoarifites isarelishameasured at
isearpaketiotite i BSGYRCRS 0 YT theeditieraitialionpiecess. OR8N cells by

&HQM&? f%ﬁ@g&?s@( H{QH of activin A at 100 ng/ml resulted in a 19- fold
induction of SOX17 gene expression vs. undifferentiated hESCs by day 4

of diffd?&fHlation™ MM aBtRite Bl setrshirsern Beradfeah o LEGTM el growth
frogedhmtvitiNadi s FnMismted iBedn creating definitive endoderm cells from embryonic

stem cells in in vitro cell cultures. In typical experiments, activin A, activin B, BMP or
combinations of these growth factors were added to cultures of undifferentiated human stem cell
line hESCyt-25 to begin the differentiation process.

[0280] As shown in Figure 19, addition of activin A at 100 ng/ml resulted in a 19-
fold induction of SOX17 gene expression vs. undifferentiated hESCs by day 4 of differentiation.

Adding activin B, a second member of the activin family, together with activin A, resulted ina
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-65 WO 2006/016999 PCT/US2005/022604 37-fold induction over
undifferentiated hESCs by day 4 of combined activin treatment. Finally,
adding a third member of the TGFP family from the NodallActivin and

wBMR&agseups, BMP4, together with activin A and activin Be6£8s5892604
the fold induction to 57 times that of undifferentiated hESCs (Figure 19).

Whsn %%&zn ' Hgézl %@HM&%&E&%@%% W By ngm‘ﬁ%lpgcr&vq&%&%tgﬁ toﬁmally,

medium controls 5-, 10-, and 15-fold inductions resulted at the 4-day time

aitie piPrd ey of IpCHB ATmbn ERm b IRIRESIE g BN subesseps. BMP4,
wasthiadwdad ante thand’ Qctivie HhighertbankESQsinthass dataindigatahat of
thatRigherdoses@nggnaerdreaimentstinees ohihg N al'a%%f‘vfis Enﬁw was

family members results’in increased expression of SOXI

5%%?&@&1%%%%@1&%%&15 B attt swﬂfé‘éﬁ.faﬁ@%sessﬁwg igthpf-day time
SO 1 Bafidkdsfinitiverdn dedesnt foimatiomdmyBarer BMVEIRORUTthesmdiesd more
afditen; oL BIVR.rasuitss-an mprpoyead é@%@ﬁ%ﬁﬂ&%@%ﬁ%ﬁ&/ 15%%9 Patment

the further induction ofCﬁ;])to the Nodal co-receptor. [0282] We have

HexToH Shretr st Tive MBS S BPAB TR 1R BT @i amithSOX17.
BMP4 ezt in anodiyenth ererdasdacbledatdvindydiendamdinepaesefibitveession

grdadern. fosmation. eﬁ%%qmﬁ&}fmw long %grge@gﬂﬁe&%rga (glm of BMP

combination with activin A and B may induce SOX17 in parietal an
Trests dn &R dmampsH OR a@&aﬁﬁ.ﬂ%%%%@@ﬁ% e, Bibre B fiEpto, the

Obthecpresendrinvention, it is therefore valuable to remove BMP4 from the

treatmegyiagiithin ¢.davs REaddition 40283 fe.detsroinedhg.elffect thor%ether with

TGEP actor treatment at the individual cell level, a time course of

Bt seid AVEE Ramise i S5 S}?j‘)@*f"h?ﬂf‘o‘beaﬁ Apfeitye prdoderm formation.
Bidbioastyiahwprdvizglvesd Ok ddathine wadaadiamatiaaieeasedrBthey induce

ERIatvenpmRDarah @%QM&%@M@ QURLAME: LRGEBIAIVE some embodiments
&Jg ntification (F| ure 20) §}S’F’é s more than a 20-fold increase in

Erﬁ%fﬁbl%ﬂ%é‘ﬁé TS PELETT iRR R L st e MemoBrdTsttEsht within 4
daysveslkd8i@X17 gene expression level are increasing with time of TGFP

factor %’i@fure ﬁsdété%\{ﬂe'ﬂae%@é&%@%eﬁé@ﬁ&“&él@%&%%@ AREIR cent level,
Nodal, activin A, activin B and BMP4, the level of SOX17 induction

P HRR RPHEB ShIHB e RGRiRHEAR el Rt PRESOB thawbepudihdine. As
retativeln sinhe rio fHOX TopaRitivecells wasalae Ghaﬁaiesiaahtsmtﬁethﬁﬂlber of

M&%ﬁb@fe&%ﬁ%@%ﬁé fﬁ%&%éi\é%% ) &%u% tg%‘?é' &%&9%«%%&%&0@&

gene expression and cell number. [0 on tot eTG

e SHEMtbsikmhislsr nibiecengs ﬁﬁaiﬁfﬁéﬁ%%lbtm SyebRrE i clls as well
sod/or gaaintenarios B definiive sagodermnd be mﬂmfamwmhawlass shown in
ﬁ@&g% Qﬂ%ﬁﬁa&a@répggﬁﬁe %(ﬁggﬁ of mf:ins gs tO[ deflgltlvg ﬁ %ﬁ [Mevel of
as |nd|cate e Increase ne expressmn In samp

oI T N et o T oo e PR S o Sttt
2O A6mpAIb DS HE Bypetivaesils dﬁanmmmmramﬁme&wngo ng/ml

&5&%&@%&%‘&%&@&%&%@9& %%éﬁﬁ g%f%w fa doed fAGIors.

Surprisingly, we discoveréd that the concentration of serum ha an effect

on the I8l of SERIpHie it dasiBAt frelprasehes Sralfgbémily of molecules may

play a role in specification and/or maintenance of definitive endoderm. The use of Wnt molecules

was also beneficial for the differentiation of hESCs to definitive endoderm as indicated by the
increased SOX17 gene expression in samples that were treated with activins plus Wnt3a over that
of activins alone (Figure 23).

[0285] All of the experiments described above were performed using a tissue culture
medium containing 10% serum with added factors. Surprisingly, we discovered that the

concentratior: of serum had an effect on the level of SOX17 expression in the presence of added

GO~



-66 WO 2006/016999 PCT/US2005/022604 activins as shown in Figures
24A-C. When serum levels were reduced from 10% to 2%, SOX17
expression tripled in the presence of activins A and B. [0286] Finally, we

waLansikaied that activin induced SOX17" cells divide in cubher@sns/022604
depicted in Figures 25A-D. The arrows show cells labeled with

RPN RARL Ihad are: IRAItSisASSVIISREEL X Bom 10% 10 2%, SOX17
PCNA/DAPI-labeled mitotic plate pattern and the phase contrast mitotic

BIRATSOR KRIGT 2 PERRH A TEEEHE % (CXCR4) expression
correld¥8&lith nfankiérswoddadfinitaieddhd ederin iadebed SOX Hkerlisfdivide in culture

foesadeim Bioderm o5 visearabendodermd 08Ik AsHIessrnakRROMEPT that are
hESCs, can be mdg ed to dlﬁer%nt!gtzf?to the definitive endoderm germ

B RFY e appIrEarS S e RRETIEEIRLS PAHRIDRLAYG ARArbe phase contrast
spetifimafcof the activin/nodal subfamily. Additionally, we have shown
that the proportion of fetal bovine serum (FBS) in the differentiation
culture medium effects the eﬁicie%{gﬁn}itive endoderm differentiation
from hESCs. This effect is such thatat a given concentration of activin A
ichemolansangentdn it (R Bt SRS oprtblated i thensdkars| fditfefimfttizstimdoderm and
definitive endodgsmuditdhReoahe8n&en i £3RARRPYS ALl Wl erm
differentiation of hESCs. to.the definitive endoderm lineage.is ver "
ool tha e B L R At o AP SRS e defisive
diffederntizaionayr be ss sbhEgaxazgshnahbsd €kp drimilznats, mESPscifically of
agi tRecliffar ?8337' %@Mﬂﬂrg\ef@@oﬂa@g’% r}f%%dng 5{3}\&@&9% %$p%%%§%%eta1 bovine
. C - S emented with 0.5% 0.0r.10% an
S IR 01 DT KD P e T RGeS AR Bh s gpfocern
ofirpgirhen frgn #BR 0. S%stel20 96 wwbthbcfiestiiremutayatipn of activin A in the
siflerentaionwas &lsesisadinen RiRelioniionkieng R AR Rrm. In the
aﬁafsteelarp%hgf gx%aé%u%e cltli%?ksggf}%een%&yt\ﬁggeog %%EISG %f on&e%gclqzé: lélrl;[ Jc?erm lineage is
condition and analyzed for'relative gene expression by real-time o
vrraAtrdineireRhTHaS renseiirigbismehariidetcféctrmm tiratitiormsiedon process
getestion of SOX17 protein. [0289] The expression levels of CXCR4
varied atically across the 7 cult onditions.used (Figure 26). In.
genera@%gICRﬁgx%%%sﬁx n r\}vl%esn%%’lg in"activin @ %I;eer?a]%%el .ggul ur&s’ ET?OB) REMI
BAGIBVLIT Hrsss: WitiePrél B 4vaeie 641V8-B30 gpricrsaatad A QRfE) 2 QY6 or 10% FBS
additing, varh ongitheut AdOfb trg aterhis Wtines déyX GR4dexpre s $anisMas: FBS ranging
igh _ EBS cancentration.was st. ..There was a remarkable .. .
R T B B S AR S ARG M Bl Boton wi
Hihreasld arEimbre MtinbafitAsite Eplifat Srsrisatvas sellsdedfemenh rulture
Loidifron [@Q&Qhﬁﬁzdesafibﬁﬁﬁa}bogsae @ﬁ@m&}ﬁnb@f fae.ﬁﬁéXdﬁanﬁﬁﬁe PCR. The
MBS, 300 LR denss i sensitanialindie searpeietiegtion of a

cell as definitive endoderm. The relative expression ese four genes
acrossY diffefntiaitii o iions fir8fs tratofeRrEriy (rgstele 7 oulture
Jn8idhs Thid Fennensiradies:taal, CXCR4 dsaistoa waabigr af:definitiveated cultures

Sﬂ%@fl %@10@7111 those which did not receive exogenous activin A (NF). In addition, among the
Al100 ftreated cultures, CXCR4 cxpression was highest when FBS concenfration was lowest.
There was a remarkable decrease in CXCR4 level in the 10% FBS condition such that the relative

expression was more in line with the conditions that did not receive aciivin A (NF),

[0290] As described above, expression of the SOX17, GSC, MIXLI, and HNF3B
genes is consistent with the characterization of a cell as definitive endoderm. The relative
expression of these four genes across the 7 differentiation conditions mirrors that of CXCR4
(Figures 27A-D)). This demonsirates that CXCR4 is also a marker of definitive endoderm.
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WO 2006/016999 PCT/US2005/022604 [0291] Ectoderm and mesoderm

lineages can be distinguished from definitive endoderm by their

expression of various markers. Early mesodenn expresses the genes
wiBrambyusysand MOX1 while nascent neuro-ectoderm expresgesReniskor 2604

and ZICl. Figures 28A-D demonstrate that the cultures which did not

receivqoaBgpenoHsREiMNnA WesR dreferaatialycAntehagiiRnmes odei e finitive
r}‘d ctodm/ r% ene ex roes Qa%nd that gmongﬁt e aCtIVIfEI A treated
ures coﬂn iCA SIS0 Radicreated TBOSE S BRseges fe genes

%ﬁebéém@éﬂ#&rlﬁ?ékléel?ﬂemﬁeg@ewwh@é@ﬂpmg%ﬁ@iﬁre%@ﬁ wdtigures 28A-D
Ryemsede that %%RQ @HQH nsicasedetaatk %&%&W@éﬂﬂﬁ%'%}}é preferentially

dxrp ﬁs%g Inr‘}e gr%‘xd %{1 CtOdel;rgn df(e';‘l\é%%r];rgn %E§ alm the ctlvm freated
O menta tlme erlo ar uring mammalian eve pment,

‘aﬁeﬁénﬁﬁu%ﬂﬁ&’%ﬁtﬁa@mm@aﬁ ﬁerag?ésda}@cﬁléeéums@rpaméwmdm marker
sejexsige h&ﬁ@dqﬁh&ﬁﬂffﬂr@@aﬂi@ﬁ %wseeé@leeﬂadﬁ@teémdh@msim%&ﬁaed that

EXpIession %Cf?mnm@ incommon.with definiive endoderm, including . . ..

SOX17. To |st|ngU|sh e n|t|ve en oc?erm from extra-em ryonic visceral
EriakbaesHd HESRBiNg examine a marker that is distinct between these
two S@X02yepreBantsiarMAkkehihatis @xprassed iR i8earal extra-embryonic

Qseaﬁ% Bwu?so t bﬂgﬁlgﬁi{'%fg\%mgqggeg%y Qﬁ?&&ﬁ@&?& %lt(%g'gl endoc%erm that

con |t|ons that exhibit robust SOX17 gene m‘%essmn In the absenc
Beyse Fhs,EPaesion A ramras s BoRtRrdethtriaiErcAddsige drglding SOX17. To

dntiguemicfing shawitdiao- e 28 tital & Xhwas digliyre Xjaressal #amine a
sutures that did notrecaiva activip %&9&%@4&@&“}9&%& gl %ftﬁfp%ssed in the

expreSS|on even in the presence. of activin A when FBS was inclu

PersERtT g ETRL AT e &0 bR el TR epsinderiy lasagie sib pattern eangitions that
sUjgesiButh SOBXT Réd sxpotskiighly ibxpiessecthiitustargenibades mkdf 28 3pntain

&@ﬁ{ﬁl@éﬂ%@%@ﬁ?&%&&é&? mmu@%qa%ﬁe@&%?)s%&w@ﬁgﬂ&'@xpressed

each of the differentiation conditions mentioned above was also

AT Sor WA R RrESEesP RSt “aitferentisteair it BreesticaRIrhigh oven in the
mess@cthartiAnAdiow FESvenincetdsiol (D . 3%4s-1216% )s B Xddtse oflise CXCR4

&ﬁ&&@i%ﬂ@&ﬂ%ﬁq{é@%ﬂtﬁﬁ threnahort thenehitiie e v igh @%ﬁm

actlva as used t FBS was included at 10% (v/v), the SOXI7' cells

ppeal QP 3E TGN ED LAY Ak A R B IO Sbleh el prse i
withstéribe differctivation venditidis mibufiet: dratotyg vou tethredgerttuined Fiure SERIA were

@E@r@ﬁtﬁﬁe&’ﬁl'tﬁ@ﬁe@é}ﬂe@f ﬁg%ﬁ@@%&%%@%ﬁd %%%é%tneelm@%@% 2.0%)

o enous actl nder, these co ons

O o R s o G B ot A
wired WﬁéchumBBé; rare tivelndgdosie HfianGy/iv), thies HIGRKIZC i Aphowel BS much lower
Heptneni-diowmes 28kand Molibe shdeauihdamanstaledhabiba %Qg%t the

|on t only.corres d to definitive endader
Gé‘it%rez %%tﬁﬁ cﬂ)((“)tﬁe %\ibmt]%erlgd(f)}cgi)eflg‘ltgl\llell ?@Fﬁf‘&gﬁ%n eg\éﬁ was seen
Wbﬁmﬁcﬂafoge@weﬁm@e/@@ege@ P@W@Q@G@f@imeﬁwéww kgtlgalso appeared
Ditfeseniiatiomeanditions dhat eniich fod definitivecndodarmnineraase e high

A%jS)orthg“p fP%)é% %n%n?&zgureeibgc and F). These results demonsirate that the CXCR4

expression patterns not only correspond to definitive endoderm gene expression but also to the

number of definitive endoderm cells in each condition.
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[0294] The dose of activin A also effects the efficiency at which definitive
endoderm can be derived from hESCs. This example demonstrates that
increasing the dose of activin A increases the proportion of CXCR4+ cells
w e awtsee. [0295] hESCs were differentiated in RPMI meghia usagos/022604
supplemented with 0.5%-2% FBS (increased from 0.5% to 1.0% to 2.0%
over the first 3 days of differentiatig;q)@ﬂq;gigwr 0, 10, or 100 ng/ml of
activin A. Afte 7 d gogf(gl{ erentia a1|on ttﬂ? cell Were dlssouated in PBS
without Ca ' niv i

at room temperature. THEEEEN IFRY rgheB5 m nylon filters,
CO u nte[iiMﬂ pel Peha%ﬁelﬂa&&wemam%ﬂ&&ﬁ&@@%ﬂmi WBARiRFe endoderm

eru % rmal do serum a d.incubated fo
mlnuteéercl)vn ice 1 r%%ci rrlic?ﬁ spe % SAtBoay Bin %ﬁl didher é“’irﬁ%s" of gptivin A
infeases iponaien efiHeRY (lisdnihs, ce&m#eabloms -100) was added per
50 pl (qmammg}@m&%matﬂefaa%@aﬂmmw@@&mﬂ%%dﬁ%f@%@% FBS

n.ic Il I hed [ f PBS. con ain 2%
Eﬁ%ﬁiﬁs%ﬂ? mgaa&:?erzwg%wte lfefe lﬁ/ggé%o% l.h&fg éﬁ%?%%‘sm’ o
LShagieted tRErncell Fé%gﬁéﬂ@ﬁa@aqw@i @Jﬁ@@p@@g@a@@m PBS without
sébfmﬁmmnbgd%(F&E@mmmqmﬂp@kem&mmsanlaﬁ{ﬁ%w The cells

%&E\‘%‘Hﬂ&@?ﬁﬁ&[&bs?aﬁ g’lﬁ Of%gr% £ é\/ﬁn | gdeﬂe?t O g/ni"té sz%re resusgﬁnded ina

concentration ahd allowe nutes 1o owe y two wa

FBlRrEe Hfotile e aane besnepeh derkert sEtnewdirpied Hofminutes on
iandocnedyzed-gndiSoreibatingaifzAGS. ertagd (Reskionsd GHPOSOR Btibody

t r ciipy (The,; S Rese 5 colls
{lﬁg{{%?e)g%gllgsf%ﬁg %@I@%%e%%ﬁ%%gto R{I%SI' yss%uﬁp %tépn Gf Fen) and

ehrlneqiesredebigtion BRI PRIRA forlgare é‘i&ﬁP@é%ﬁd&W&?é}é pRPBS containing
2eahktinae quantitativd RGR[OG206) Eheminiie mith G XC Bl tiel g RS ompleted then
%@WQ?&MJ&W qxt%nﬁtr%W&rﬁerOWegé’ﬁd tge%%%gn%%%g}a&g?gycongugated

% e dose of activin A was increased in the differentiation culture

PIET SLUSHRLES) . HSE PR APRESH reF &t hd S PANIng WaRiAddse RS gagyan! final
andetinigigatadedsvset adintg! dssdonoiatss dotfibadlyberiyocendied farwiichs above.
8290t evanis ek Jpcaied lorihe RAALS- Lhe.dpmaticallynereassd: racs

gumber%é)f CXCRA4+ cells. correlates with a robust increase in definitive

e RESTRRIORY o Sl Ao 88 s SHCFRs B Aot fiHAY $The Scripps
Ras@iciEeme). ES:lisviaticnliot@XB R positREIChis dnfleh@d fgnpléfinitbsequent

@mgmfma@mgmrgéﬂeﬂp%@g&l%iﬁtﬁ%g%@ EXRIGERIRgRAKRTS Of
' od rm [0297] The CXCR4+ and

meso ectoderm a d VI eral end
CXCFﬂfé%IIS id&RGHEEITE rggfésé aﬁ% e WS EBIRG Y A0 Lyppsay were
Jbicreddtioangeaaes eﬂ)@ﬂ@@@rﬂh aritiethese e ectxprdssimninfrtagep areint differentiation

Repkalienswas.daigrmines: @W@QH%& QQSMBQWQA%% gate and this
PCT/US%005/022604 029 g Iatlve Velﬁ of CXCR4

ate was sef usm conda 8(81W| %Z&) daé gg%ms SR ﬁcﬂed in the

pression WSS cfama C&ﬁ
l%ri@qﬁ% s mt@eﬂbemds%wmw WAEERR 4 ctidin crtbses- wipe nibesitincrease

ingEease-ehid @R 446 s Eiguras 200:Q) disisidlsqslearihatdselation of

the CXCRA4 cells from each population accounted for nearly all of the
CXCRA4 gene expression in

EXAMPLE 9

Isolation of CXCR4 positive cells enriches for definitive endoderm gene expression and depletes

cells expressing markers of mesoderm. ectoderm and visceral endoderm
[0297] The CXCR4" and CXCR4" cells identified in Example 8 above were collected

and analyzed for relative gene expression and the gene expression of the parent populations was

determined simultaneously.
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that population. This demonstrates the efficiency of the FACS method for
collecting these cells. [0299] Gene expression analysis revealed that the
CXCR4+ cells contain not only the majority of the CXCR4 gene

weXpNRas®ne but they also contained gene expression for othafrmerkess s
definitive endoderm. As shown in Figures 31A-D, the CXCR4 cells were

furtherjoangichedioxee iR Parent A@@cmpgd&i@ﬂpf@gs%@m; dfgmftically increased
NEAB. 30 DSHL adiion. s CHCRE adion conanedueny

ene expression 10 oderm mar
gexw@&taﬁaee%@ﬁﬁlxé%ﬁu|aﬁ&n§%ﬁwa%ﬁ% iRviergepaleerhef iekton of the
efmm‘saﬁms fanmatkerspohtsaseasinRd &‘&Qﬁﬁﬂma@lﬁﬂ' efa@x@nbr@éa@ Igxpression in

i w h ere.de d
gggr% e irgggsfgﬁégf%%g yur%/fé %é)‘g ﬁCI an %%éfém gjve %hse celis.
A100 ﬁ%%?ﬁ pOpRBRGFITaienARaTy i EresAlel Shsti it GF W4 alscnaytigviahonly the
exfaragsidnhef§ thegeinatkengpraldabivesto fl‘ﬂ@@)ﬂbd@ﬁ&ﬁm@%@ﬁtw&ﬁré&mm for other

gonditions,. Fhase chﬁ)'ﬂgﬁnSh&éNsﬂh@‘B qa%g&é&“%%%& EPS Were further

hESCs differentiated in the presence o activin S a popu lation
BT R ERFERLAEY NSRS brSCIh iR BRI n sidin,
BXAKIRUEGiGuantitatio meof Dafipéivexnreocefsm el JdnaiCGethdoderm markers.

Ponulation. Ysipg £XG %ﬁ&@éogépﬂ%%@ fiemdhey %@9{4@@%%&% fa?geq? expression

go ortlon of definitive endoderm cells present in a cell culture or €

O TS B L& TP AR A PRI SR e R AL B rnhgRiSA > kgl ws that
BtalBECRAO vidio ved: P detplrtea dti gatio expiess B0/ 58 BRGAentMeX 1, ZICI, and SOX7

RERNHIYE !ﬁh@%ﬁépﬂ%pe%@%@g%a%}g%oﬁﬁ ﬁ&%%ﬁ% Qag.dy low in

CXCR4 and other markers of definitive endoderm were analyzed b

BRES TS0 P15 G the Hrr ot s ew Heh BB AR o Tesuls
fhxartipldls 1161808 ofEKERHTerdinfiate RS priifiucetdefinitite prsndenihith activin

RajtielapotaIiREHaBNStheniald- ARG Rttty %Q%ﬁﬁﬂ?%@&ﬁ%ﬁ%&&%&m

the serum concentration of the medium was controlled as follows: 0.2%
FBS on dayl, 1.0% FBS on day 2 and 2.0% FBS on days 3-6.
Differentiated cultures were sortddBWPAE S using three cell surface

epitope@ﬁ@&%ﬁfﬁb&%@%ﬁnm&mmmw@ uRRHeditetxCra
popul Wererthenfana zed b aronor% F%tto determlne
itiv

o0 L A B SR o ool

expre S|on Ievels ‘ofmarkets 157G
IS linees cothay e |y prisp X @R asckistinised Dreties i dreoptir all fletermined in

diffeterdiated oritipsdesdion imﬂﬂﬁcm@ti% of gtgsiniive, ergdodarmb el TIVE
0,
ana#yﬁsl >9iq/ lélggm{p?’gg]%ige 1%5 Show‘%x%ag%&_" ﬁlts 8f r;t%%(rﬁers of definitive

efi nltlve en fhcu was differenti rom

ﬁé@@@dﬁﬁg@h@%ﬁ@%ﬁescnbed herein. -70 WO 2006/016999
o iy e s e
W/?l;rkergr% cﬁ%&rep En‘écoc?erm  endo %%rm céﬂ SN, mcrease e yw §punty
in differentiating cell cultures, the serum conceni:rataon of the medium was controlled as follows:
0.2% FBS on dayl, 1.0% FBS on day 2 and 2.0% FBS on days 3-6, Differentiated culiures were
sorted by FACS using three cell surface epitopes, E-Cadherin, CXCR4, and Thrombomodulin,
Sorted cell populations were then analyzed by Q-PCR to determine relative expression levels of
markers for definitive and extraembryonic-endoderm as well as other cell types. CXCR4 sorted
cells taken from optimally differentiated cultures resulted in the isolation of definitive endoderm
cells that were >98% pure.

[0362] Table 2 shows the results of a marker analysis for a definitive endoderm

sulture that was differentiated from hESCs using the methods described herein.
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SOX17 70-80 100 Thrombomodulin <2 0 75 AFP <1 025 CXCR4 70-80
100 0 ECAD 10 0 100 other (EGAD neg.) 10-20 Total 100 100 100 100
[0303] In particular, Table 2 indicates that CXCR4 and SOX17 positive

weelms@asimderm) comprised from 70%-80% of the cells in the-gel Suivsso4
Of these SOX17-expressing cells, less than 2% expressed TM (parietal
endoderm) and less than 1% expressgslAFP (visceral endoderm). After
subtracting the proportion of TM-positive and AFP-positive cells
(combined parietdRBREIAS %MY%@%W&I‘)%FH% proportion
of SOX17/CXCRA4 positive cells, it can be seen that about 67% to about
77% of the cell culture was: definitive endoderm. Approximately 10% of
the cells were positive for Li[ adhe rn SEﬁthe whicPeigsat markeiefesnt

hESCs, aggaheut 10-20%) f Higree el AL of 0 oS TRl es. (514 we
have disceugied that the puriyg.es definijye endoderm n the

differentiatingreedauliures thatare obtained prior to FACS separation can
be improv&tPas compared|to thie above-tlescribed lowsserum procedure
by maintafiiig‘the FBS comncéhitition at9€0.5% throughout the 5-6 day
dlfferentlaﬁt‘Eerrocedure ovrl/éQ/er maln?alnlng the ceII culture at“‘UQO 5%

throughotf#eS diffé Iso 1C
ndoderm cell1§clhat are pr Hﬁced. [030@?

number of #al definitive
Definitive endoderm cells produced by methods described herein have

been H3fAtainedrarfitiERiFantedeir? cfisrécintie preédthcabSaBiilinmestive cells
Qeaterh &tﬁr@ﬂsﬁﬁﬁ%ﬁﬂﬁmtﬂo%mﬁm&@m&ndﬁéﬁmw @m*cﬁbﬁél’sgaﬁe%xpressmg

M SRR O AV

the ‘culture per
egméré@%%%@cré@ﬂr%%%%mww 74 méélr;pﬂﬁatvg eRscefimbined
pambeaﬂdamtarme@lm&ngmammmuﬁmpfmw bsSDRIEI XUTYEFdhaR cells, it

2 %ﬁ%ﬂ%@%@&&%% %@L%re lﬁt'&nlfe hﬂp}hﬁu%wm addigonal . o doderm.

Markers of Definitive Endoderm Cell 0306 g experiment,
RINRHRYSSOIATa P Hrbmptt Tratr defitiith & Entttherin Gt RUmyareh is @ marker for
BRSOy emicistarhtesilpoptdatidnecc efnelexpiessgian was then analyzed by

71 WQ, 2061016999 PCTHISR005/022608 flene hip:aRaliS Bhiigr in

RNA from each purified population, Q-PCR was also performed to further

hlesnERRe e UTSRELI R JEh Q5 ERTH LB dinFdtihitRAE &R0 Bt P Hatmved as
cetparehb fomovstemrieldspassamaniecdor definiiiveiend dderBs §03BdHation at

k&ms&gp&mﬁr% sgedny CREER G S WG M ANARC LN IIMEMIEL2H cutture at

media_supplemented with 20% KnockOut Serum Replacement, 4 ng/m
fgéc{h%m%%mf}ﬁfn%ggcdﬁerennatwn procedure also results i a reduced number of total

definitive endoderm cells that are produced.

[0305] Definitive endoderm cells produced by methods described herein have been
maintained and expanded in culture in the presence of activin for greater than 50 days without
appreciable differentiation. In such cases, SOX17, CXCR4, MIXL1, GATA4, HNF3B expression
is maintained over the culture period. Additionally, TM, SPARC, OCT4, AFP, SOX7, ZIC1 and
BRACH were not detected in these cultures. It is likely that such cells can be maintained and

expanded in culture for substantially longer than 50 days without appreciable differentiation.

EXAMPLE 11
Additional Markers of Definitive Endoderm Cells
[0306] In the following experiment, RNA was isolated from purified definitive

endoderm and human embryonic stem cell populations. Gene expression was then analyzed by
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fibroblast growth factor (bFGF), 0.1 mM 2-mercaptoethanol, L-glutamine,
non-essential amino acids and penicillin/streptomycin. hESCs were
differentiated to definitive endoderm by culturing for 5 days in RPMI
woeshasdpplemented with 100 ng/ml of recombinant human @etiyichéys ietah+
bovine serum (FBS), and penicillin/streptomycin. The concentration of

5&@ psaiasias saeh gay Asdallewsn@sbio dhskelay) % GRoAM Hained to

308 Ce Is were isolated, by fl rescenc acti ated cell
st e OB S A R PG gy s embryoni
%@mﬁ%%ﬁ@%@@f@@@ﬁ@éXMW analysis. Immuno-purification
WaS aqospyed f0Hh§§@§1&§@ﬂc$§ﬁMl@@M)(M%@&%ﬂ%M@l2 media
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ednhpsrikonitpfdEgorsE@HE arsG- mmm@smes ghaipthegixneariet identifies
9&1%@%11’%&%&&& é&é{?es%&%%@ef%%o%&{ﬂﬁ%b@?ﬁi@@% @éﬁﬁ@i&@@n&odem
rn that js almost identical to eac er ic
RS O T L T TS0 8 0 P I I T A s were
estpried siorewf C@)d@ﬂﬁ Tarrdicrh dhph tits OB XTSIyt ﬁfsdét@@éﬁbétlﬁodem- Select
Eé@é@@&éﬁé%s@%%? srerRsRedidab e defintive g@ﬁ@leﬁﬁém@ﬁcﬁe@@eg found
2% I e SOXTexpressing exyerembrvonic pdodern, Since SOXT i

reSSe ?ﬁg ratio of TEGXE & tme course
pféﬁfd%élﬁermia’@@estlmate of deflnltlve endoderm contribution to the
SOX1{m@expressiefiures 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 definttive 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 demonsirates
that the six marker genes, FGF17, VWY, CALCR, FOXQ1, CMKORI and CRIP1, exhibit an

expression pattern that is almost identical to each other and which is also identical to the pattern
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witnessed in the population as a whole. The similarity of panels G-L and M
to panel C indicates that FGF17, VWF, CALCR, FOXQI, CMKORI and
CRIPI are likely markers of definitive endoderm and that they are not

wodhifiaagihs expressed in extra-embryonic endoderm cells. [RS3 4k ¥ -B8)4
appreciated that the Q-PCR results described herein can be further

UL e& RXAMRLE L6, ReubieAdg and Fl; %ct‘d‘é%%ﬁs Y17 is

Specifically in Definitive Endoderm Cultures [0312] The T
SRSt MR SHEREL tr R peR ﬁékﬁi@.ﬁtﬁé@&rrépeﬁe%ﬁeﬁembmmc

cffpikinn GefiniliVX e rdodermocealibin @818 kitimandddnn ahiaatent selist 7/50X7

wesgaeuItureghwith. gi-withgbtastivins feidau, daysHRngay Bursd oM RAression
and 50§%%?FGF 10 were added to the cell culture; Forty e| ht hours

SHEFHS PORUT Bifi ST Mfie EXPEUEIIN OF e Bk TR BREC indicates
drdl BERET MaNarCgénls HoRspe didORIreglitCRiBbder tikelgraarkers of definitive

em@tat&@a%@n?ﬁ?é A3 stheiaeplication kRALSASHRIING derm colls.
endod g}ells %arobustr Q[E e in PDXI gene expression (see

Figure ithou |nlc LR &3 GRVRTL A1°8trst dppin can be further
@uxrePFREGeural (SOX1, ZIC1), or neuronal (NFM) gene expression
markers (see Figure 36A-F). PDXI gene expression was induced to levels
approximately 500-fold higher thaw \‘ér in definitive endoderm after

48 hours exposure tol M RA and 50 ng/ m F- 10 Furthermore these

which tgetﬂ,’qeen mvmmgl%%e%@teqée&%ﬁ%veﬁW%W@Q%H%ces the
as indi ca%ct, he 1 Qfold %ﬁer PIRXI expression found in the activin

ress On i d&
ose cliltures that received no activin prior

111 Ve e
ate tures relativ

to RA e{m?&atrortiwmmmqe ardly Pesstbyalduitionarithereessieiig for four
825)%([!3@mﬁ?s&f@n;%k%&xﬁlfglﬁ&?ﬁls'éit«*gfgm@t§ftﬁéﬂé%ﬁ*}att&?@ Forty-eight
ombination Inauces SI0 tO a greater
tlentl &el&b‘zﬁ%ﬁw[%%gTAsﬁ SHETB o E%gﬁr KRS her marker
éEFPﬂﬁr’et! prmletovitraut endidimes orefauantialed. @@tﬂ’é?ﬁtour the cells were
treated{gg'mh] cc);ne @ﬁéh@é@dkﬂgﬂﬂg HOM RAales emégd%ﬁéﬂgl %@%@mgﬁ increase
wi er FGF-4 or EGF 0 A in cam tion wit
B Bt b e e S AT Shgers endoderm
GRianTita¥BR)-byra@rPERX hirdtl sigrheurenah@VYA errR ATPCFION7B4@s (sce Figure
zolamlom Fg&t-/u@%t%f fé)aaﬁ%x{&akzlée%g Hﬁ%ﬂﬂﬁﬁte%fl éﬂﬁﬁt@ld higher than
cultures wi ctivin e retinoic acid induce, (0] rea
T e L L R oo (e B Asien] me For-10
frttheaaestighery more PRXHapwhsiiret@N 8- foliciser Ruddmely n cell cultures

WReevad, tﬁ?!naﬂéﬂlﬁxdﬁﬁﬁfﬂe%gﬁﬂ@d%ﬁ%ﬁewe?%%% rrgbgtmﬂhgg%%ﬁéd by the
s.fu nhance alone ure

\i@é ﬁggﬁg?%%ﬁt chi S‘t?‘tvgs greater tha T4Ib?ftf:ésl *?fﬁta’ﬁit)rt‘{ﬁ o those

culiures that received no activin prior to RA apphcatzon

EXAMPLE 13
FGF-10 Provides Additiona! Increase in PDX 1 Expression Over RA Alone
[¢315] This Example shows that the combination of RA and FGF-10 induces PDX1

expression fo a greater extent than RA alone.

[0316] As in the previous Example, hESCs were cultured with or without activing
for four days. On day four, the celis were treated with one of the following: I pM RA alone; 1
uM RA in combination with either FGF-4 or FGF-10; or 1 uM RA in combination with both
FGF-4 and FGF-10. The expression of PDX1, SOX7 and NFM were quantitated by Q-PCR
ninety six hours afler RA or RA/FGF.

73



no activin or RA/FGF treatment. Interestingly, addition of FGF-4 and
FGF-10 simultaneously abolished the beneficial effect of the FGF-10,
producing only the modest PDX1 increase attributed to FGF-4 addition.
wo3id&lAdaition of RA/FGF-4 or RA/FGF-10 combinations digh-R@k 2005022604
increase the expression of marker genes not associated with foregut

endodgqoal yhen tRmparedto &eﬂﬁswkxﬁﬁép&sﬂ%oaaﬁfﬁgﬁl&%ﬁ%ai%&c acid

e F| E 14 Retinoic Acid
r%?grlo%@ifsiér%cf eﬁ‘ﬁ%sm%"’“‘?r? @ltersglf&?é a?do%o%é’gﬁﬁr%ﬁﬂéb[ﬁgf‘tﬁgamw
astect FlakhifmerestRI Ssmisimmdy Jifeddasir Béiteleas). tHevfottoviingdding FGE-10
ewerwrmbwaag&rr&emedﬂi%@%ﬁmnm%ﬁ&m&n&m @olRWEeYe:r RA alone

I ith activi days. On day.four, FGF-10 at 5 _
n%};rl%{ %g: Zé tost) culturg?%%om SAtON i %ﬁq?g&‘ Ll %454%16% M%an with
8P £G. Wl?e“é‘?@fé&’%‘r%f thdereyRE b addtiogerd o8 WelbE@HSr simultancously
nbalkkssé et wpebifit tof-forey wieFdodermo@ienguantitate - PER: increase

[l%g&%dm%@gggm&g retinoic acid at various doses, in combination with

FGF-10 at 50 ng/ml, induced differential gene expression patterns that
correlat&{fitn spé*emEoﬁn?érWﬁ%fe% itfoHaIcpaiBgionT il High@stease the
dasesabiRé (dafdr prefsreotiatyciardeit XREOS SHAId A rAMRKI WoapARARENCls not

%ggggtm;g@%)cgﬂgl%&pggeq%gg tg%r@st robust increase in PDX1
ig

ure 38A-B). The middle doseof RA (0.2 M) induced midgut endoderm
markers (CDXI, HOXCG6) (see Figure 38C and 41E), while the lowest
dose of RA (0.04 pM) preferentram%@d 3 marker of hlndgut
endoderm @®etnoneid HoscFAdiaets A SR A asliemdaritia
effect qmsilgga relaav(@@ﬁﬁr@sam@ff ﬁgfh‘aw&p@l @%)ﬁpf’ g&r%% in vitro cell

g“\L rtnhar IS (see Frgm[ret%%sl): gr {g example hlghllghts the use of
as'a morp ho AR Vitre P ficular as a morphogen of

itro' and
endod &ﬁ%errvﬂ%@%@ﬂﬁt@lﬂﬁgﬂﬁ BSE suEXAIMRh Br ¥Ethiwe aofBRY for four

Spplementn ha}rcw de 08 o XL (0324 RBXCLAMREISSS QIR A at 0.04

g&[ qu\fnd Gan be influence g%bge use of a number of factors
calf gro ren?lg’t‘%ﬁs 18RGHiSH &fﬂﬁ@ SXPEPHOSIT, figkers not
mxﬁqﬁatfmmedaﬁ@@wmmm@mms the expression of PDXI in
definitimﬁmdod@ma&ﬁ{l@n o4 MElARRG0LER0BCT A SR8 20 A R GE- 10 at
lln fqrgr em zﬁ st%rgr é:elllssglvoere 2'ltrgéjuced to drfgr:rentlate to
efn fitive 'eh oderm P L R T T P 24 S SRR, anterior-
pageRer E@ﬁﬁ%}m@m tﬁéstln@edekswﬁmgms&e@mm {400e@ Bpression of

QQ%'&%&%%%W! EAZ)ife %ﬁa@lﬁ)!& t}%ﬁﬁo@&a@%‘ﬁk@réﬁs@q}?%&l {Figure
recerx:d 0.5-2 % FBS/DMEM/F12 with no added activin A. At four days

oo TEB0A S5HRer Ro- S8 RTNHUE BE RERSF PSR OXCO
{eplBigemasi é@R@lE@mﬂﬁlﬂ@Hﬁmﬂﬂu@%ﬂﬂg@M Mt e M dR e BB BRed a marker
Mﬁﬁ&%ﬁa&@&ﬂl @f@ﬁgﬂMgMéﬁé%Sm The RA dose had essentially no effect on the

relative expression of either neural (SOX1) or neuronal (NFM) markers (see Figure 38F-G). This
example highlights the use of RA as a morphogen in vitro and in particular as a morphogen of

endoderm derivatives of differentiating hESCs.

EXAMPLE 15
' Use of B27 Supplement Enhances Expression of PDX]
[0322] PDX1 expression in definitive endoderm can be influenced by the use of a
number of factors and cell growth/differentiation conditions. In the following experiment, we
show that the use of B27 supplement enhances the expression of PDX1 in definitive endoderm

cells.



(none, +FBS, +B27) and similarly in 2% Serum replacement (SR). B27
supplement, (Gibco/BRL), was added as a 1/50 dilution directly into
2%FBS/DMEM/FI2 (+B27). Duplicate cell samples where taken for each

wiepiitsan@deotal RNA was isolated and subjected to Q-PCR ag-areMiedssiYsos
described, [0324] Figure 39A-E shows that serum-free supplement B27

providggsas additionah bepeiikioringuatienQfP B LAERE BHRESSIONs definitive
without inducing an.incre: in th ssion of markers genes not .
glf)&eom Ic %P’f%%%ﬂetnér?ggé‘elrgrﬁr%%%%%%reﬁg R SRR e RRoryonic fibroblast

Ergrestirhiah eetreeFoi (RSO seruhin EXAKMPBE/DBENE B) AutiviaB The no
letfeRhanceninslugliendal BRXIGOIZs|TsNEramplienshowadhattaemse ofat four

ctivin B enhances the differentigtion of 1-negative.cells to
B S S S S 2 e Sy ases (50
eels nerd avduoed toediffereiitiatald BAfmid /e egibd6iiv GyntASatFRSDMEM/F12
undifferepiiated ik Sis gfﬂﬁéﬁ‘l@niﬁng%seS@H}QrX@iﬂLQJ}QJﬂb?ﬁ)fe%j%?rssuppiement,
S

ith hj ose activin A (5Q ng/ml) in Jow serum/RPM) for 6 days, The ,
R G ey B S D R DO 20, Putiec
ThHestopjativaco takot for delimitive eddodeRNApmas iroirinl (N yusesived QUBCR as
FB94RRMEmiten0 added activin A. In order to induce PDX1 expression,
each o cultuges recejved. retingic acid at 2 M in, 2% RPM| qn day, . .

o The Blres FENE e SR S AL CHEPPSORCVA GRS & siiona
presfitiEd e afrofR B etng cepmbnTatbmrohdetiviram ingversrctivie Brpression of
remreingehin aatipiitificatarTeralbaREBIRn BB QIAD ARt iIBubh GRING! LU ession in
éﬁl\i@ﬁ}r{?% %%%i&%gl neither activin A nor activin B. This RA/activin

freatment was carned out for 3 days at which time PDX1 gene expression

was measured by Q- PCR from duplicate cell samples. [0327] Figure 40A
shows that the addition of activin Bxatdesgs éanging from 10-50 ng/nil

(al0, a25 and a50) i%&@%@&&%ﬁﬂ%oé5%%9’#&&%%% %zging/ml (A50) of
activin A increased the expression at least Z2- er the culture

that rel&%dd oniRichvrReahons Rghiie THefteisist mpmsethsifeestntion of
BDH@@M@B;@dﬂitimwx&pmﬁlﬁ@elbw@maseiﬂm EEN Eﬁu@(pre_ssiqn (;ee Figure
40B), Vw?’;'ftﬂ IS aﬁ?ﬁ%? refr%ryé’lﬁﬁ any eruaﬁlss VA %e@t wlé'f@eentlﬁte to definitive
development. This result suggests that the proportion o% cells ‘

ERft Y R A RE I TR Bed RER{cy EHSBY R BRIvE TBivapic figrnghlast feeders
%EM@HG@Q&R@E/NW&%& ﬁME@?ﬁlﬁﬁ%of}&m &s€/400% on
Ehaace Jnduction MO%QMQ%M%?X@@%%@M SR8 ﬂa%mﬁ%efpdodm

endoderm cells is influenced by the amount of Serum present in the ce

RRtFEcth DGy REt e et et Ab I i Seadded e ilotving Epetiningkee PDXI1
strosvgdn anthefehvet diserunriedretinticadd ing) iheiditte reBSIRIFMI of day 6. The
M&&t&%&f Qﬁ%i\@ &FE@E%%@HQ&@%VH%@%@%%%%E %ti'hgifferent dosing

expression of PDXI during further

combinzations of activin A anc? activin B or remained in activin A alone at 50ng/ml. The no

activin A contro! culture (NF) was provided neither activin A nor activin B. This RA/activin
treatment was carried out for 3 days at which time PDX1 gene expression was measured by Q-
PCR from duplicate cell samples. .

[6327) Figure 40A. shows that the addition of activin B at doses ranging from 10-50
ng/ml (al0, a25 and aS50) in the presence of 25 ng/ml (A25) or 50 ng/ml (A50) of activin A
increased the PDX1 expression at least 2-fold over the culture that received only activin A at 50
ng/ml. The increase in PDX1 as 2 result of activin B addition was without increase in HNE6
expression (see Figure 40B), which is a marker for liver as well as pancreas at this time in
development. This result suggests that the proportion of cells differentiating to pancreas had been

increased relative to liver,
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differentiation of these cells to PDXI-positive endoderm. [0329] Human
embryonic stem cells were induced to differentiate to definitive endoderm
by treatment of undifferentiated hESCs grown on mouse embryonic

witbseljastdaeders with high dose activin A (100 ng/ml) in low sefdbaREMl4
for 5 days. The FBS dose was 0.1% on day one, 0.5% on day two and
either 0.5%, 2% or 10% on days 3-5. The no activin A control (NF)
received the same daily FBS/RPMI dasin but with no added activin A.
PDX1 expression was mduced b&&%b t day 6 by the add|t|on of RA.
During days 6-7, cUllzsgre et todinhaincs 2 g

lFBS/Rg%Q}% 3 gl‘?helrgﬁﬁ%ﬁoﬁrtﬁ 9133@'\{3%@[?6{\;% érildogé}ﬁq %@lfié;t'{é bﬁiﬂ‘&%’é@d by the
oweredad.to mi aurin INOIC QCl eatme na was lett absen

RS 5 T TSR0 (RS RSB g AR Tt Rfllowing
chpsimgedushigvthiéas ‘dﬁa;lqwehmﬁsaﬁdeﬁmt|velﬁwd@d@rthméi@f‘@tm4daygf FE8Cs to

st ) diacka lﬁﬁaﬂgf@eﬂm@m@@% Shrscinell gRioBxBEEEMK | BEM8K1 during further
Sﬁ{pressmn dﬁﬁlng rtet 1aC|d trem%ﬁ%nt This was without significant

ST TR e BGBredlion bR sFACT Eigure 41B) or SOX7 (Figure
41 C) {&8lexprission ERXMRLECDScE e wir€ driitidnted difstintinttoto definitive

Eabanseoinguiction of B@a@e{%&h QiRes lasial SanhEEMR RIS ast feeders

h influence the no PDX iti lls were. |
R S B B ket B R LR RS s on
ﬁméare@,dhﬁf’ﬁé)@l #Pérémla’ﬁ@)ﬂﬁbﬂﬁﬁ%r ﬁ%ganli%l@n ﬁmééndﬂwém@éﬂs fp control
&@?@Lc@aﬁitiu@ «eid adiey PasalteM0&3 R Hiuinaim em By anictshan. CeHs WekSression
in ucgd tg glffere%gsa e to %e ini ve dod @Aby Eeatm%%]t o)

ﬁrﬁs’d]ﬁerentla%% row on mousl%ne?nbryonlc gstf %1 fhiges received

Wiwmgﬁdd%@e%twﬂﬁ% FESORAY I} HiliomAse A ard R2 Ve 8258y - ﬂH@ activin A

E:Ezsoel@ma Was Q2 arindaytiane a8 OeaRcatandvaalaf A%:0F6kaYEeIrdactivin A
Sé%]@f definitive endoderm cultures generated by 5 days of activin A

treat were then induced to differentiate to PDXI. expressing | -

endodéi#iBy the Byttt S1IeA thittbs HES Savps/duenstdm htraneain Afdetnitive

2blatmlifandon days:, FhedRA was Rdhionihs frshive Hdaymiafagdtiemy] gene

gx ernog]gumlxgdtgg¥eﬁ{18c aézmmgtm% %X »EE{&P@%%H}%’H %@Jg{on in the

XIl'Iinduction was provided fresh (2A25R) or after conditioning for 2
m%%sp BE B 1 e Bos 5160 g8ame 105500 s1eestou
different cell populations. Conditioned media (CM) were generated from
either mouse embryonic fibroblastg (MEFEM) or from hESCs that were
first dlfferentlated for 5 days by one of three COﬂdItIOI’]S )] 3% FBS/RPMI
(CM2), or ii) actiR% SR SRR aTHAR:
(CM4) [osatiyin A@b&lﬂ&ériac&:g&v@mmhﬁmﬂedmh mmmm@me of PDX1
SRRRERRS ARG "EHMAN.JesrLbad:abaYe Al A %)Q;rgeé’f) sHoRRS8e effect of

three different differentiation  paradigms yield three very different

AR heman SRS HRiCh RS PSS HatRHBAY TaE°TE fHS to PPXI-
poiiiditienddeine=B8 FBS without added growth factor (NF) yields a

hetefo@%@?f)us Human embryonic stem cells were induced to differentiate to definitive

endoderm by treatment of undifferentiated hESCs grown on mouse embryonic fibroblast feeders
with high dose activin A (100 ng/ml) in low serunyRPMI for 5 days. The FBS dose was 0.2% on
day one, 0.5% on day two and 2% on days 3-5.

[6333] The definitive endoderm cultures generated by 5 days of activin A treatment
were then induced to differentiate to PDX1 expressing endoderm by the addifion of RA in 2%
FBS/RPMI containing activin A at 25 ng/ml for four days. The RA was 2 uM for the first two
days of addition, 1 uM on the third day and 0.5 uM on the fourth day. This base medium for
PDX1 induction was provided fresh (2A25R) or after conditioning for 24 hours by one of four
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population composed in large part of extraembryonic endoderm, ectoderm
and mesoderm cells. The activin A treated culture (AIOO) yields a large
proportion of definitive endoderm and the BMP4 treated culture (B100)

wyelkls/prémarily trophectoderm and some extraembryonie epdo@gins/o22604
[0334] Figure 42A shows that PDXI was induced equivalently in fresh and

dﬁfwﬁﬂquamdﬂﬁr@veroﬂam&nsa @il mp&%&%@éﬁ@ﬂ&ﬂi&ﬁ@ﬁ%s@émbmm

d started to decrease.i a and
MEOIt:Dq%l:ong%iiiz ad%) ia tlres@a%?]en “fﬁe%%s%fg?fe?ﬁrﬁg?aﬁ%% %daﬂr %’(188‘8 of three
ESfHEfiBRdY Brﬁe‘%%/ﬁ%’é}ﬁé‘%%ﬁ%édomfmmt@naﬁ@é&é} $tiFthdronin arerbespive thistein 4
mf Y EORDXPIRSHION athmmactam@llei gfﬁ@t&{h Iélglaﬂofﬁc%%ﬁlrﬂﬁ&iﬂﬁthybﬁme FBS
in igh PDXLe> io cqnditi ' .
g\;ai%uﬁ Fer amg%#%m%cp 90(?§§ oar}:)%é?trg]é?mei[?ach%{nnggj%é%rg?é{j %%renuatm
rarefieTgrieldtREss ifrfredffsisatinerepgiors aDBshpwals it histeisdifibhle thduction
metlizdieatreaitsrasultecin maaﬁﬁma@@&@ﬂﬁ&%i (%ﬁ‘?x&&@ﬁ%ﬁ!%emous

ﬁo;gl?'ﬂl%rpg éﬁ%ﬁ%&é@ }gal% 5?%%&6%@55}/%%} ee)égéessm § dOde meso %rm cells.

Indicates that the overa expressing J éndodenm was muc
EhharBRdY %}Fﬁaé%ﬁﬂﬂ%réfﬁ%ﬂﬂ’/g Siss e lresvRTereioning definifierpmdoderm and the
Yafidrateatdio nuldifée r@ntiate S Grieultiiy e sopHaa5] dnig Ui 4 Soshowsriaabryonic
Blagkgene expression exhibited a positive dose response to the amount

of conditioned media apglled to the definitive endoderm cells. Total

volumdBPthediaf it dH 6 stelsihit WRKE it wedirarilsatholiamesh and
teedititigpdrenct®) ofectunditioned dapdisd RAsdinted.ittowfsesh mertiahird day PDX1

é&gfé@w hig gifaH@&%ﬂa@érMa h @éaflﬁ&ﬁg Mﬁ%ﬁ@&%&%@%@ﬂeﬁ%& The

é%%r media was still able to induce and maintain hlgl er PDXI expression
8

WA s hi-or ek ehetpniiiond. Prilestighdetiisthitha seisemagor further
pifgstofincbadfishednmegiastomindigetion of RN pexprabsirfgendetiermhscfiect

9@@%&%@&9@&@@@%&&% R SIARGE QL M%ﬁ%&r&gﬂ&gﬁﬁe& on day

media and that this substance(s

ells jnto the condltlone
DB MRS PR QE 0 I P BB TR e s iz 428 shows

EX AN PiRitigod atiethitioretfishistibadiasiVviinich 1Bied ty RDX C[08BEne expression, a
&BE’ Q@Qé%ﬁr&@s%ﬁ bindde.8 @gf GRS @IH@E@QE SRINARIORRG NG IPUCHOR. overan

Is Example shows that rabbit

ression in a opulation
%offl’cf’ongﬁ ang gy %ﬁ% t aﬁﬁ%}b?ﬁ?ﬁ‘@eﬁs@d %&f’ﬂ’fb"ﬁ@g‘é‘ﬁ:@é‘ with
siditepndreddia FRORIS! 29@6?@@6@9@@@53@@2@@@!022604 [0337] In a

first eXiB@BB]'lent Hihtrant- Rl (eaf @EB@X&&HEJE}QE’%IW%Q)&@@P DPXbdflive dose
%gl atte was vaE ted EP gstern bIo this a |s the
Bi ﬁalng of IgY &P 9? epefel; tm%déaga ceﬁ Svﬁo B?fons Total

Yidwerofi b@@fi}?a@@éeérw@mgi%e|l&aStr%néfe@@e@ezmmpstw@w@uwmtﬁime 43) of
Rkl@xpreasiomny etterwas fempaiad athe) cel kd)&?@tﬁéﬁﬁeﬂ@{ A& PYonditioned

>- ans rr membrane. by electro ottln and then
nﬁ?% cf%wthi% e Ig ?%B%ZI ri%nary a%f'ge%m% foltéwed gi@faﬁlé  higher PDXI
mﬁﬁﬁat@%%@ﬁmawbefrﬁmtlaﬁialgharmb’ﬂe;@ mgeg'écﬂmd&wmmmmegect of
Rifferenidiludions: chpidmanyramksesondan anliRAILS W@ dent on the release of

some substance or substances from the cells into the conditioned media and that this substance(s)

dose dependently enhances production of PDX 1-expressing endoderm.

EXAMPLE 19
Validation of Antibodies Which Bind to PDX]
[0336] Antibodies that bind to PDX1 are useful tools for monitoring the induction of
PDX1 expression in a cell population. This Example shows that rabbit polyclonal and IgY
antibodies to PDXI can be used to detect the presence of this protein.
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applied to separate strips of the membrane in the following combinations:
A (500x dilution of primary, 10,000x dilution of secondary), B (2,000x,
10,000x), C (500x, 40,000x), D (2,000x, 40,000), E (8,000x, 40,000x).

wi§3gRlBigsling was detected in cells transfected with the POk @XREESFIOM
vector (PDXI-positive) at all of the tested antibody combinations. Binding

was onigenservedninuaRaiagieddr bisantye) ThBiastmuiaD » ipding to

smg e highest concentrations of both p primary and secondary anti

e PL TR S8 relifaied bR W&ﬁegb@eﬁﬁ?ﬂﬁ&‘mB‘N&%%ﬁ&e@?&@é%ff IgY
thenieteatibriptaniagditfanal bangai-aoieletiar weight reightyhighenx 12 cells

g&%&ﬁ%ﬁ%%%éﬁé%%&e&ﬂ)s re b"ﬁiﬁﬁﬁ&

;'?nec}:l{ gggrl%gségc ed fibroblasts. [&%3 CLIIInI ;
a second experiment, t ng o olfyc onal rabbit anti-PDX voates
Toprsatr Y, I§§§ﬁ?z%%“\ﬁ§‘§%§’tédﬂﬁwﬁﬂﬁ o @bﬁﬁ%ﬂ@twdmlpmeévﬁh the
%? &Xéijg%mﬁﬁsmgnﬁ&lﬁ%{fmbeebp@%mﬁt@éﬁa&ﬂ)%a% @@b&éﬁé’éﬁt@%fanudgy (Rb
were transien with_an, ex ion vector o
BOXI-ECHE o izt é}.&f%%fe Léfr‘—‘ﬁv“ﬁ i, ﬂf‘sra??gf@efw@&@e were
weliedite reratstdatrinithi iy a:m)emamd tiaee’@lﬁmwusebmaﬁmmsreaemmon of
WRkevisuabaediitidaoth &R oresaRnge RWRY, 25 8dsSaB,000x), D (2,000x,

%@ﬁ%@% %Iﬁg’é& hrough the use of a Cy5 conjugated secondary

immunofluorescence was visualized through the use of an

a-Rb d@%omu@&%@ﬂ%é@ér@@?ﬁ?@émw&yﬁw@@%mwlwﬁ Ripression vector
@m)go&ﬁ%§hﬁ a&E@R&a&i&od&m&@—L&ﬁﬁ% gelowdth }ﬁﬂﬁgemée&%@%bsemd in
P nmuno chemijstry of Hu reatic sue
e R R Rl gt prinary
CQBdFt% mﬁyqﬂyﬁﬂsﬁ@o&wﬁ@gﬂ% bl |§mh mmm@v@ytbeﬁm W&ppycharacterized
1032t aotinst vquatimentapasefincanhedeesh sapN REhHIMARDX 1 in both the

PAEESS a%@ngglé%oﬂ%&sn with guinea pig anti-insulin (Gp a-Ins)

primary antlbo yatal ution followed by dog anti-guinea pig (D
a-Gp) ¥8é¥8indaryatitseay eonjustethedtlingmebpeiuderalitfdreahEDX1 Rb o-

BERONshexREienk thesamal IB?@MB@%HQ@W@'@B&@H@%@Ml expressing

T R e
eewﬁvezeefsmﬁé@ﬁl@&?@n@amﬁ%mmﬁ%&u fdonrgss drapsfected cells
w200 ikt ¥he mmmﬂ&@@@@%ﬁh&ﬁrﬁrﬁ@e@@@m were visualized by

third experiment, cells that were

TP ot Uh TG P HGD CAE PRI e = O
Anabsid @b@héﬁmﬁnm@ar@é'atmcuﬁmmmlwstmmnaemgf the use of an

éﬁ%@S%jﬂQﬂeﬁfsémﬂf&%&ﬁmam Although the strongest PDX1

signa Hzﬁgﬁared in islets (insulin- posmve) weak staining was also seen in
acinarlf&tlie (inSinfieseidficd3b B‘Mnﬁf@@)’(I%@G&%ﬁﬂﬂ@ogﬁémlﬂﬁ’dﬁze‘i with
@D Xkmasianostly but not exclusively localized to the nucleus. EXAMPLE

21

EXAMPLE 20
Immunocyiochemistry of Human Pancreatic Tissue

[0341) This Example shows that antibodies having specificity for PDX1 can be used
to identify human PDX1-positive cells by immunocytochemistry.

{0342} In a first experirment, paraffin embedded sections of human pancreas were
stained for insulin with guinea pig anti-insulin (Gp «-Ins) primary antibody at a 1/200 dilution
followed by dog anti-guinea pig (D o-Gp) secondary antibody conjugated to Cy2 at a 1/100
dilution. In a second experiment, the same paraffin embedded sections of human pancreas were
stained for PDX1 with IgY o-PDX1 primary antibody at a 1/4000 dilution followed Rb a-IgY
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Tmmunoprecipitation of PDX 1 from Retinoic Acid Treated Cells [0344] To
further confirm PDXI expression in definitive endoderm cells that have
been differentiated in the presence of RA and the lack of PDXI in definitive
wenmagleramwsells that have not been differentiated with RA, aabidbossio22604
anti-PDXI (Rb a-PDXI) antibody was used to immunoprecipitate PDXI
fgm&@hrﬁﬁo@if&awd et agxsssmﬂ%fmt&m xciegilmtimg%@e&%{m ﬂfﬁg%m first
pRUnoprecipitate was detected by Western blot analysis using Ig® ,
s Rt e e ko e R A
tefifitiPs baadadsn wan HsHaseioriftiloprecipitation, hESCs were
treated(m43p dayaswitkiaectivii Auakd QRnoghi iedowSarelled dRIIBIMECe of strong
gndodern) followed by treatment with activin 0.ng/ml and 2 uM o
aiI-Ira%rls RA for_ twlgg%ays, 1%@!0%& (glﬁea% _gﬁegg)dg (%{i ﬁ%ﬁ’?%f;g%ﬂ"e”&g&n islets (insulin
PRI prak viiiRE gt elgoteri) AaR R tisssitiveiineastivel IP4Rbend BRX1 co-
gitsningr dparetdrPDRMSk-Moe el SAb R HGRY 13460) d ipmsiaested with a
PDXI expression vector. PDXI was immunoprecipitated by adding Rb a-
PDX1 and rabbit-specific secondary antibodies to each lysate. The
precipitate was harvested by cenﬁ%ﬁ@'gt .llnnnunoprecipitates were
dissolved in SRSunomkainingduffenikefdomiehoniod pelwacryirmide
gel. Af[gfcﬁﬁ parafipR, the 959{3(13‘{9%ﬁ\%{%}ﬁ%&f{ﬁ{qﬁ%éﬁn@ti%eﬂg{ e@Be‘x les that have

electroblotting, and then probed with the IgY a-PDXI primary antibo

PEHDHEE BY RO FRS5 P SR A SRS A RiIThes. Todefiytive endoderm cells that
haymowtdpracipifates sl edte & fromrdbist ME-RDNO S(iver DX cefls@swelhsed to
Asdhesedamday S (ang ot Rieafaysals gﬁﬁ%é&ﬁf%fgﬁtﬁédtﬁ.%?ﬁﬂh%@t ndoderm

and day 9 (lane d9, four_days after the start of RA) cells were positive for
BOXI 5%’6? RERFUPCH AT pred sttt o Braesem olrurerbeionEagedsY o-PDX1
uéfﬁpﬂ:ive endoderm cells (that is, day 5 cells treated with activin A -

desig r{@ﬁ@} (A) infiguse ﬁﬂ@?%ﬁﬁl%@ﬁﬁ%ﬂ%ﬁiﬁcﬁ%{m@%ﬁodenn cell lysates

ntreated day 5 cells - designated as (NF) in Figure 44) were negative for
B o B0 i RS BT S ORI ER AL i ow s
(GenermioncPDXeloredbtdreBEBEPWIARsHEnis. HES Gelines 034V kb iondat A for
foousgthe RPXL snaskerdaroceliselatin d!!ﬁ(ﬂ@ﬁ@%@%d%é%&%&ﬁ’t endoderm), As a

PDlei(Vl-%osgi\{e fﬂr? u;[: endode%n cells with an eﬁ)%ressible reporter gene.

HRiSExSnle Gescribas YSE BRI JFEERArcHBridns s repoiter460)
tgassted wiich BBfabesesssiqeporter gk lungemthecpntiptaédiy BRNGE Rb o-
Fegulaiansregipecfib ik dxamnigBlradesaiiiesihe MRRAAHOROEA Falbested by
c%lﬂ%}uas anhu%n e”}E’é- %Qggs%grrg cﬁelclﬂ Jg?r]}ls §ed with this vector as well

o el Aaving T reéor &} CasSete Iterated B eg Brdm Eenogadsf onto 2
Phscvienpiessthg dbfieitiveatiitoddhm polklineygenttivdiyetagyet withteene by

JERAIIHERNWERS GRINSH UsehbY,RI3cIKa RRRISRRIGHIEAGHANS S rD
O(t:%w rol of the requlatory region (promoter) of the PDXI gene. First, a
P

itEPBEHE ARG Shich EGFP expression is driven by the human
PDX1[§&#¢ profnmotensyasigirieratiicelnd fapiabinyshevGMiinrosaetecels as well

as those from day 8 (lane dB, three days after the start of RA treatment) and day 9 (lane d9, four
days after the start of RA) cells were positive for PDX{ protein (Figure 44), Precipitates obtained

from undifferentiated definitive endoderm cells (that is, day 5 cells treated with activin A —
designated (A) in Figure 44) and undifferentiated hESCs (that is, untreated day 5 cells —
designated as (NF) in Figure 44) were negative for PDX1.
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vector pEGFP-NI (Clontech) with the human PDX1 control region
(Genbank Accession No. AF192496), which comprises a nucleotide
sequence ranging from about 4.4 kilobase pairs (kb) upstream to about

wab2bas@ gpadrs (bp) downstream of the PDXI transcription stagg-$iesddxis22604
region contains the characterized regulatory elements of the PDXI gene,

and it is sufficient to confer the naoralPDREL expression pattern in

transgenic mlceGIn EQ e res, B gg&g{dreﬁ@g%&g%&FGP is driven by

the PDX1 promoter. Tr Sorme experments, this vectot ¢ nsfected

into hE&¥<! [0349]or#ra DXL iRt rEGTFHos pshcitelatios exciseeifrdim tagged

HiEXahovie webiofubidotien subsanackintesaselestian ¥eRorBeRIAININdescribes
d ransferase gene unde n oI of the

Efoglg%owg&?eoga%e E|)tr(|}zl(;1)ée Fpromotef. ?Lﬁecassg égt%?ﬁ RS BERS A BRIk gEpe under

Bﬂa§é ’f%‘éi’é‘ﬂm sEstedhy Biowletsvisofttheasesttsionio cell,
seleatiorhwesiomwasnlingatized, faditoen intFogucedintes WG Hail%aving this

%@EQ&Q@E@ N ‘Eh(i’f:g F%Illowmg 10-14 days of selection in G418,

undifferentiated transgenic h S&¢lones were isolated and expanded.
EXAMPBESD 3 |sBRA b Brastng desbiine erisAsgutcehdoer amiosss] mersd with o
fojlotwingrE xamptedemnaristigiendha i TR GRS Qe r&ﬁtﬁg tﬁa%d%% f the regulatory

%‘?59319‘?;‘3%% §§§5ﬂgﬁicg&@ eﬂﬁereﬁg%?g J l% ?{ﬁltggFP engeﬁmn is

‘%ndo m cells and then subsequenty isolated uorescence -activ
PRIy 6&%}55’ é@fﬁlﬁaﬁmoﬁro%t@we@ma?@mctm wereoter of
differ gritEB AN iofGediryb)ividctivimAnao BalIIngmediagioll qvad % tRession No.

Qﬁ@@@%ﬁl@gmg%gq ﬁ‘u‘éi‘é&é %qe% %gdg[)%{ %Batt%ql(fc% a\é\ée}g%rs (kb)

then harvested by trypsin ng)estlon and sorted o a Becton Dickinson

‘ﬁ’/&‘(’f@’ﬁﬂﬁé’%@& B R w@wﬁwwg%xmaﬁﬁw@@f%m@na@s region
welisiw s thkentengtd gegudsiting ForemGHRhe W lontd S inglé lvetrils e tenfer the

xgﬁﬁ%wﬂiﬁfe%&s HM&I(%EP&%@HG GEE, NEIAINE, H-x%t e&8p%l%ﬁé)s£‘%n'9f EFGP
one exper t GFP S|t|ve fraction was separa into

R e B TS e 3R e L2 AP P b ESCs.
-80 W@%@DG/OIE@Q@@CWQ@W@W@@%E&&@HMQMM@ veelbr, and

RepListions Wete analye d-RYop Qéﬂt%ﬁggmmlﬁ%%}!ﬁgﬁ%ﬁ’é}%&y% I1:15(‘-’ hnder

sis,.RNA was prepared using Qiagen RNeasy columns
R e o R WS B HE AR BRI B, by
TESYIRAse e Bre mitstrio axllty sismoedls affdhe savtert intOhRBSIcliked fortor was
1&@@&&&1% inA%rBaiafeRIdsvdengRE RERescde: dassRlide S URING R 10-14

entrl nt| odles to Cytokeratin19 (KRT19) were
B o e B e sttt Sy oA S

emlcon t
Cruz; to Glucose Transporter 2 (GLUT?2) from R&D systems. Appropriate

secondary antibodies conjugateg:ig,kfiG: (@reen) or Rhodamine (Red)

were used o delct o g3, UMD SUloges 095 A ol
isolatd®Bthx 1-pasitiolaens Framslexiampleaias Bpbididfratetyornavibic PDX 1
prafiee:/ Bependisgiondheditfgraatiation iefficency Eamakautd%e oAb then
saigs(g&menﬂy isolated by fluorescence-activated celi sorting (FACS).

[0351] PDX1 promoter/EGFP transgenic hESCs were differentiated for 5 days i

activin A-containing media followed by two days in media comprising activin A and RA. The

differentiated cells were then harvested by trypsin digestion and sorted on a Becton Dickinson
FACS Diva directly into RNA lysis buffer or PBS. A semple of single live cells was taken
without gating for EGFP (Live) and single live cells were gated into EGFP positive (GFP) and
GFP negative (Neg) populations. In one experiment, the EGFP positive fraction was separated

into two equally sized populations according to fluorescence intensity (Hi and Lo).
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[0354] Sorted cells were further subjected to Q-PCR analysis.

Differentiated cells showed a correlation of EGFP fluorescence with
endogenous PDX1 gene expression. Compared to non-fluorescing cells,
wibadséarRgositive cells showed a greater than 20-fold incregse iR B % 1604

expression levels (Figure 46). The separation of high and low EGFP

intensityells indigateshihabriEEF R gRssIon lsuel %ﬁ@&%&egwﬂaf@%%a and
expression Jevel (Figure 47), In addition to PDX1 marker analysis, sorted

SO R0 S O BRI SR 380 AT U Rieapa Kieasy cotumns
exprézsedoimepahcreatiNndodeRER Productsdsfedchs ofithedednarkesusly.  For

;ﬁﬁ?ﬁﬁoé%@ﬁ@n%st%LMﬁgs%R{Eﬂg’wE}N staﬁzélr:_‘ﬁtllﬁ 'I‘E§,(?ﬁ:¥é1<t? r%?"l@ ”Hﬁlﬁ?eq in 4%
N ositive Jraction | res -&). In contras € neura . .

el A S T L O PP PO oo to
@@W@?@Dﬂ)we@om&nimmmmmmmﬁsﬁwovkwmw) from

ﬁbﬂhs@z%tﬁ%P 3 it W s 19 riate secon
AL A M e o

ARSI NIREBr tadd CenE TRl s (R st 55l dinding of the
sraiivgnEXAMPLE 24 Transplantation of Human Definitive Endoderm

Cel,ls, Uﬂﬂgg] Mouge sidney A&capsuiie J@QéﬁleEQa%%mﬁkSEEaéﬁemﬁﬁhﬁQh‘é“@ The
deflnlgv.e Fn%ogsg? cells produced using the methods described herein
e G i eh

Fe CApA B HETRACEPE EBPHE T aliGe ERAR Varied

Fe capabie of responaing t
tisaensbinederibed fiomtdtionrffitidvey Swcheherntih definitige’endoderm cells

Were_S_{d@@qted tQor@a %lﬂ%@fm&timatmqpﬁgcpgﬂl’mnﬂﬁﬂerentiated cells
%%‘%gvec%}él%dgrgpﬁg were er:%duc%d ai descr;%ei) in the foregoing
Xamples, Such cells were Rarvasted and tramsst GRPHIE R yprapared
oL eEsHinasHb dbriFBrseiti in Relsuibinp & eaerdetrd than C8dole mckferin PDX1
thppasinekaldEgRCasyerae s ich 20061046999 BEH WR200%0R368 % ed that

seglices.and (e flansplanied ssup wias tempveti sectiopediang,, o,
u Jectgcftooﬁistoeioglca and Immunocytochemical anatysis. '[O‘§ ]im‘m o PDXI

S
Pritredsyisooske frlin pertabinstebiovedkR sostrsinpbisiemhtions the arc expressed
hupaadiediefinidbazen dpdatnscalls.ciffer entiaiashiBiqspisRret £elldBiT2, KRT19,

ture %ﬁy’ from the gut tybe. In icular, Figure 50A shows
E&él%ﬁﬁoaflain anﬁg’sﬁrﬁ S a\ien%1 l}seekfcf}loﬁljse (%%{}Ealgng%igﬁfe aﬁt?ﬁgﬁl fhitRisE): In
emdetiethn 1ast el h AECd i ed diitidodein eoyertrichiod dikerstdUetifR sxpressing cells
fFigwre 20Bashw)vs a transplanted human definitive endoderm section

immun ined with antibody to hepatacyte specific anti SA). This

result i@glgc%;tes thaf the hur %%?é]ﬁn ﬁ\%ﬂé%‘ﬁ o%%%r%méoeﬁtfgg’r%géﬁ egfells were
el Pt &Rt o ek @ WV er phictessbnceinscribiorasiBod thypkBOBBhavoderm
AndianspiantedHean definitivermrdgdsmvsestigmiamunpsiained with
antibody to villin and antibody to caudal type homeobox transcription

factor 2 (CDX2), respectively. These results indicate that the human

definitive endoderm cells are cap&bléMPHRfZrentiating into intestinal cells

or intaghik ﬁlaﬁ@ﬂi@f eCHSAS DENANPE A 28rm Cells imder Mouse Kidney Capsule

[0356] To demonstrate that the human definitive endoderm cells produced using the

methods described herein are capable of responding to differentiation factors so as to produce
cells that are derived from the gut tube, such human definitive endoderm cells were subjected to
an in vive differentiation protocol.

[0357] Human definitive endoderm cells were produced as described in the
foregoing Examples. Such cells were harvesied and fransplanted under the kidney capsule of

immunocompromised mice using standard procedures. After three weeks, the mice were
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Identification of Differentiation Factors Capable of Promoting the

Differentiation of Human Definitive Endoderm Cells In Vitro 103591 To

exemplify the differentiation factor screening methods described herein,
weopukatiers of human definitive endoderm cells produced ugiggiReosn22604

methods described herein were separately provided with several

@%ﬁ%&ﬁﬂ@@ﬁﬂ@ﬁ%&%@%@ H@HQQE@@EEEB%H"&@%@J@QQ histological and

Bgessﬁf%n Ievelsjfof qertaln marker gene products at various time points.

Uman definttive endoderm cells were produced as described in

the for@aé%g ExEierpste S04nTh et Hies efiet difsavesskg rovinrinstiniptieseticdruman

eéﬂrﬂﬂveg&m&c&@ﬁh\/dallé\ mrrense mcRW mediundo g&e&t&@@tﬁénwh%f% the gut

m&feﬁl by, é%.\re ({O%SW;:% ?Q%tﬁg %gdde%g L 15_\4\/ asé) éttons Sy transplanted

was 0. 2/o an ormatlon o e Ini |ve

éwaea%tﬁmtbfégﬁﬁ?ﬁ?@bt&sﬂlaw Aruifframbetd oy 2o bstiso prlations Figure 50B

shawiaineshiplincividuabnpRtastfe Riddicantainisg Sn¥ebRaweidreateddy to
t FGF at.5 / r EGF2 at 100 nghnl

ﬂ’éﬂ&t&&%%aé’\ﬁ& g&r‘gﬂ%éiﬁ%e sres md ap glhu 81 39{1 %cﬁgirm cells

The e&gressmn (0] ne pro ucts tor albumin,

e %?ntﬁét@”ﬂfﬂ%@@rﬁclne{ogéﬂrm@er«ecsmlehoﬁmmﬁtés@nés’mwshow a
oftldaatblimimge defipodusidaisrarkesar ivempsecursarshandiliver eelskn and

mt‘%n{@u%@? @3@ %gnQJab(EQyéagsg’% (;]ho i%l’co%? 1":6(53 F%w tIBr n{%tese results

ed to expression In definitive endoder

as compar
i Eﬂ’t@ﬁﬁtﬁl@ UrifriteR fadRis A LETF AregsRat P iaeagnal cells
prodesttelaglgisounareased in response to 20 ng/ml Wnt3B on days 9 and

10 as compared to expression in untreated definitive endoderm cells,
however, the increase was not as large as that observed for the 5 ng/ml
FGFZ treatment Of partlcular &g?%fg%ﬁ?

©the observatlon that the
preéaded@maais 9fanchan

10 in response to FGF2 %&Q&U&ﬁﬁﬁc@%&?@éﬁ@fﬁ%t ), ,expression in -82
WO 2006/016999 PCT/US2005/022604 definitive endoderm cells on da

4. Simi%rrésults SRS WA BiEiox P rararecrsheings erein,
nmﬂﬁmwﬁmamddfmw@odmwmpm@weﬁfg&w@att&:cﬁldésshw&erem

l&;&%&teﬁoﬂ%@&l%%ﬂf%ﬂgﬁ@ Wit 490 peinl EG&2 fa%mt%ﬁéﬁnd%%mg the

TITFL m rker e Li?s{antlally increased on days 7, 9 and

TR, P18 XSRS L1 TR B GG ARG S B RO (o
treatm&deWith thkuitfe dsfitidivo nefalotbrmb se G FRrat Fadgdadl haddvenplidtlén the
@t@@t@m}@msesm @wath@geeetpmgo% %Qmpg{e%t@ HBRRERN activin A in

ef|n|t|ve erm. n tQgether, the re owninF ures 51A-C
m%ﬁ:ea ﬁeeé%“rt‘éé%t% % V\?Pl RS fﬂ?’fa‘t&‘&f? SﬁﬁP@r @tﬁ?ﬁ%"n on
@3D§0We%0(ﬂhé%’eﬂ peplizitomean difeschtheveliffentidtomofataiof of definitive
Qﬂﬁﬂ%ﬁﬁetﬁgﬁﬂ%r&é eglls @ygﬁeggxdﬁg&?hﬁ égtwatkﬁftéﬁitﬁagtﬂtﬁﬁéﬁﬂg%ﬂﬁ;wduat
wnr ion.in Re o Candidate erentjation Factors

e P She B TR i ¢ 5
ltﬂét‘é@t Yept ritleh sesth uﬁhameﬁmmf@mkngmm@mfe slineeinePROX1 and
wuthpaaé@ateﬂa&{e@e{gt@mfactors using procedures similar to those
descmﬁ%%ﬂ] Exaf;pggrlg gli shows that expression of the albumin gene product (a marker for

liver precursors and liver cells) substantially increased on days 9 and 10 in response to FGF2 at 5

ng/ml as compared to expression in definitive endoderm cells on day 4 prior to treatment with this
differentiation factor. Expression of the albumin gene product was also increased in response to
20 ng/ml Wnt3B on days 9 and 10 as compared to expression in untreated deﬁnitive endederm
cells, however, the increase was not as large as that observed for the 5 ng/ml FGF2 treatment. Of
particular significance is the observation that the expression of the albumin gene product was not

increased on days 9 and 10 in response to FGF2 at 100 ng/ml as compared to expression in
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[0363] Human definitive endoderm cells were produced as described in
the foregoing Examples. In brief, hESCs cells were grown in the presence
of 100 ng/ml activin A in low serum RPMI medium for four days, wherein

wilaeofRtiaddogwine serum (FBS) concentration on day 1 was OBk slay /e 2604
was 0.2% and on days 3-4 was 2%. After formation of definitive

eﬁd@&ﬂﬁ@i’gﬁ&ﬁkgﬁﬁ%@(ﬂmﬁgy %m%g@@lingme%%%@é Eﬁg@%@ﬂ%&r (aéecond
In_1nalvidua tes | containin 0 were treate

o Bl o T S e 2 Al b e b oot
H‘@jmlﬂﬁ@ﬁ Efavl%a@@d@ﬁmﬁw @ﬁ?@éd@mﬁwﬂmaﬁ‘@w (HAY Dradtisert s tabtstantially
aktbadifgrentationdmorn kb%%@ﬁése@ M%ﬂ@é@dﬂ%ﬂﬁ@dk HRGMHES@En day 4

a COI’]C ntratlo 50. n ressio rodu

m‘ﬁl\f “#h &oﬁ‘?f? léelrf-{;l ,c%]i%c[;wome ?ﬁ’(& i le effect on
mﬁ@naewh@tsa@fsm%é qsrppp;pmfbm@mtﬁ@ é@aﬂmmmnm N‘Ek':a)together,
@%&ﬁ)&ﬁesﬁb@makm@m@@eﬂtw@l@mm vas Wilehrang: f@@%émg)eandldate

ales! Agnesion me U' -1 (YACML), apolipoprotein
%écéjs% %(r%elngggrter ) f’éXL )%alp%{ Ifgnila)ﬁypsm & t Lﬁ(é@ «5“’2‘ fate of

deferAGpa s Miénatopoietically expressed homeobox (hHEX)
were gquantitated using Q-PCR. [0884}fFgenes 52A-B show that

ex R/E%!' %C :1%% Eﬁh%&%ﬁd%mr 8;1 (9 ﬂggrgnes% fg rCAIV ICE£ [ erenttatlondFaators

liver cells) an supstantally Increase

to FGEB%5 nght IWTBQW’ZPI&W dr iffisirairtomfpere dotscamsresdions ifeseribed
tedinjtiyepetudiodernd deltsaroniefmytide Exqpieisaio ncafsARRrand Addd MRINASndidate

m&aﬁaéapma%@m%s@&@g Qxlmgg%ow&%& 8%{% fF?F (100

ng/ml) even in the presence of BM |gures ays '10). In

contraff3®ihe aboweT &R TR ceRdSfiEEs SFlBT UsrU W%F-F‘EXS afRscripeg in the
foieddihg aspbubSteintid] lyRspreglilatett igrdve resenaeet bS68 ai/h0tivin A n

Bgle&éﬂ%ﬁh‘k 4&@5151(}&%@ @i} %rgm‘%ﬂéjfg‘taq B2 @L@@rﬁe&é‘%& ﬂrﬁgﬁtramon on

?e?é(pressmn in definitive endoderm cells on day 4. In the case

ith&P s ATh EPEBES -8 niith PR s it £ tam Pl eafoseatign of definitive
indvdearse tnginelexpreksionndSing® R006/00,6899RGHEARS200MA2:260 4@ vidual
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o Rihe C%her or no Sesif%f?éccgt@ a?:tﬁ?‘ 1Y oern%ctl A oPYHEP r#st@ compated ‘o the
expression in definitive endoderrm, both VWF and CXCR4 mRNA expression was decreased after

contact with Wnt3A in the presence and in the absence of BMP4 as well as after contact with
FGF2 at 5 ng/mi in the presence and in the absence of BMP4 (Figures 52K-L). Contact with
FGF2 at 100 ng/ml, both in the absence and and in the presence of BMP4, greatly slowed the rate
of decrease of these two markers (Figures 52K-L). In fact, expression of CXCR4 was
substantially maintained even on day 10 (Figure 52L).

Y.



elements. References [0370] Numerous literature and patent references
have been cited in the present patent application. [0371] For some
references, the complete citation is in the body of the text. For other

wigtegneendhe citation in the body of the text is by author ang-yaapoag 22604
complete citation being as follows: [0372] Alexander, J., Rothenberg, M.,

Henry’_@éﬂ’ a_‘ndrgéafﬁég{m&); E{on(ﬂ(%%g)rs, Qﬁﬁaﬂg}(&:é) lé%gr%c? %Q%ign%e resently
essentig I.rolefln %ndo %{rggéormatlog in zebrafish. Dev Biol 215, 343-‘35_"9“

(OB 75T RSN GEF T LA SIAnTar B ° Pregef ARictscinhifsatiss ayimitations on
|dadhegetof ndudahvniofivationtheryebrefigherGues Bibl @cdrlid Fhbdbdilled in the art
[Q@Zﬂkﬁ@ﬁcoﬁﬁssédaﬁﬂﬁﬁ’tg@é@%ﬁﬁ@ﬂ%ﬂ&cn Bﬁp%“@éﬁ% g%f’the scope of the
%I%X{Aseurras, I})I(.},Or mdiR%S\% 1'% M. 200t23. Re%@%gon of nodal signalling and
e eSS Aon by TR R 0 BT ETARY ¥opane UREHGPps and
mediBigins mp7s: pede (0316 BevionSlisties@dutiy withaBudspatindViroBeh: scope
khai ity ofBRYn¥entBgEermann, F., and Constam, D. B. (2002).

Extra- onic proteases regulate Nodal signalling duying . gastrulation.

ot CAlTEoN . GUA-GOR oS EEE ARG A SR e ity e phrase

Vofagfing epxutslly RFAENperyt iachding aarfetatmytaiitekafestra ption. and limited to

eaidy mgaﬁt@%maaim%éw&f@ @ﬁtﬂ-@? i&@;@bﬁ@ﬁ%ﬁh@;@ﬂ%& & aéﬁaﬁg', Lt in the
: . .Jsolation.and. culture of.inner,cell mass

et B e B el G R o St he

S806 ABOE RTINS 0D BB 504 bR SRS Pheasienenls Browntiom! wd mmor may

bt tiel bsrdsbnVic(2003). fpenetiemealyistahdhe Mmanmmeallaniiansiorsing the listed

grQuih. factor-beta superfamily. Endocr Rev 23, 787-823. [0379] Conlon,

F. L., Lyons, K. M., Takaesu, N., Barth, K. S., Kispert, A., Herrmann, B.,

and Robertson, E. J. (1994). A primary requirement for nodal in the

formation and maintenance of the pgfatiivesstreak in the mouse.

Devel t12 - 3 S. T., Warga, R..M., Katie,

D. A, &ﬁiﬁeﬂ A%uﬁg%r{ch #ﬁ%%%i%v%s&] lg%%ggg - The ro S%f%ﬁ%nz%%lga |sér]f1}le present

REGHIEPalEE T enes squint and cyclops in patterning of mesendoderm.

Develdpsight 13Berl88-E85dnci0384 $dneldraatatby Srntes, vtiyAs tkgan, For other

RecldOBR cRatibn ﬁm%ﬂg 'texlsfg %9%9&1'5'1‘ e!ﬂ’d%rggj etﬁe%‘blggie%] qtation being as

;[albot., W. S. (1998). Zebrafish organizer development an rm-layer
8P%tion require nodal-related signals. Nature 395, 181-185. [0382]

Feng, Yi3BIbderaGxdadek anrmesyenBerk. MNdBerer, £, Ad 5996 HVE (1999).

ntry cof r: functional cDNA clqning of g seven-transmembrane, G
glgcst }écl)(r\:]ra_lo 31%% étal':@g%[g%x c?r ‘%§'§%éa% gge‘zlr%ge v rma%on in zebrafish. Dev Biol 275,
343-357, ’

[0373] Alexander, J., and Stainier, D. Y. (1999). A molecular pathway leading to
endoderm formation in zebrafish. Curr Biol 9, 1147-1157.

[0374] Aoki, T. O., Mathieu, I., Saint-Etienne, L., Rebagliati, M. R., Peyrieras, N.,
and Rosa, F. M. (2002). Regulation of nodal signalling and mesendoderm formation by TARAM-
A, a TGFbeta-related type I receptor. Dev Biol 241, 273-288.

[6375] Beck, 8., Le Good, J. A., Guzman, M., Ben Haim, N., Roy, K., Beermann, F.,
and Constam, D. B. (2002). Extra-embryonic proteases regulate Nodal signalling during
gastrulation. Nat Cel} Biol ¢, 981-985.

[0376] Beddimgton, R. S., Rashbass, P., and Wilson, V. (1992). Brachyury--a gene
affecting mouse gastrulation and early organogenesis. Dev Suppl, 157-165.

[0377] Bongso, A., Fong, C. Y, Ng, 8. C., and Ratnam, S. (1994). Isolation and
culture of inner cell mass cells from human blastocysts. Humn Reprod 9, 2110-2117.

-RB5-



[0383] Futaki, S., Hayashi, Y., Yamashita, M., Yagi, K., Bono, H.,

Hayashizaki, Y., Okazaki, Y., and Sekiguchi, K. (2003). Molecular basis

of constitutive production of basement membrane components: Gene
wexpresaignprofiles of engeibreth-holm-swarm tumor and F&%embpsandrsos

carcinoma cells. J Biol Chem. [0384] Grapin-Botton, A., and Melton, D. A.

(2000)./&=zng0der e{o drem A 1
Trend [Geg};t £ 24 13(??&@ Ha\rrlsa @%ﬂigal\tfdﬂé%%ff?%%{& Mﬁalys s of the

ERET E&%rﬁ“&g &Eﬁﬁf&‘?’fﬁﬁ&Veﬁﬁ%‘t%#ﬁ%@% nal
carcmdﬁﬁé’ﬂiells iftwlpariBtal-endodard. RMnctdoteygr GerBmicsk2, S., Kispert, A.,

HordS, 03861440080 B b ((1%@9}32‘& %%5’13“’119 p&%@ﬂ%%wﬁtﬁf%%maUm and
develo men Curr QEII’] G net Dev 6, 432- 43 %‘F [éHo an

(E@@f?? ur.po%é’n B ATSA LR et i ég?ﬁe (U.SA,
Vandedﬁﬂﬁ@nlvemw@%] Weoae RCMG KareeRoA,, Gel@r, BaRickid Ialbot, W. S.

Botier, Phe Sfﬁéneﬂath@@%ﬁﬁkﬁk@agkr&téag% Eﬁﬁgﬁﬁsﬂgncyzlops in patterning of
SPAR& 405t ne gln %ra%}% :J'%t ;‘_'P rine embryos and gonads.

erentiation 3 % [% éjf-' 5on, C., Clements, D., Friday, R. V.,
Stott D038Kd W(ﬁ?&l@?ﬁ@l B, ﬁate(aggmx@mﬂeﬂpﬁa Bodgdets, Medateebeck, G.,
sigaden igrseaaemn%@aaméaaw% 3990103908 unada, Myelopment and

IBaga, S iaseld. e Sume: A Yamaotcnl Hyond More, £, &

marker surtface-protein ot fetal deve opment which is

moduldfaBfé by EW:CYAI@P!dEFe@B%L Keonedz Hok., 36 Peae20B6/016989 HIV-1

BEY K200 SHaazeic-BBOdbikan af AediBhardibmEaiaie YG Fdbnboled receptor.
gggmggx? 73, C., Kurohmaru, M., Sanai, Y., Yonekawa H., Yazaki, K
Tani, P. P, and Hayashi, Y. (2002). Depletlon of definitive gut endoderm

in SoxIP3 mutiitiiSe Tpeskion¥anasiit, 2667233 K0, Boso H Kiautshivki, Y.,
(RagRy, FxpresSiizaihh Mnan® Xbisaer Mistkﬁsb&%t&ﬂﬂré%ﬁﬁ%ﬁombﬂ basement

M&LM%Q %o\%ﬁ&’h%‘?@ é‘%ﬁg?’e]f(?é‘s%%ﬁ'mﬁﬁg‘?‘éh ﬁg tglﬁxlarlgﬁ%rh](%i) and F9

hisse, aldron sse ner
E‘ﬁgﬁ’ﬁﬁﬁ}é%’ﬁ&ﬁﬁ%ﬁeﬁ%{)@&l%ﬁelmed protein necessary and sufficient

for earlpa@aplodetrforiation A), 2eb sk, Geaco ey, EhidKes dt988pment; from
paatl Wofaloke Al BIQNNGYED fd, 4 (1999). Chemokines: signal

amps for trafficking of T and B cells’for development and effector

functiol*§¥ euk SEBibITe L 6216 FlsecF KAMAMGIebn 2osn e ersseien Ratiems during
(2D00)iMentelF A terinmeseh dodienma nalidtinrpasae] padtelMn Fuad ThiRiGenomics 2,
fpengt Dev 10, 350-356. [0396] Kubo A, Shinozaki K, Shannon JM,

Kouskoff V. KennedyM Woo S, Fehling HJ, Keller G. (2004)
Develclg%ﬁ t of HeEive %nggag'nﬁ;?ﬁn?‘%m%?ﬁﬁ’& StafiEetts dpvedentuge. Cur
- Devéloptient 6182;4651-62.

[0387] Hogan, B. L. (1997). Pluripotent embryonic cells and methods of making
same (U.S.A., Vanderbilt University),

[0388] Howe, C. C,, Overton, G. C., Sawicki, J., Solter, D., Stein, P., and Strickland,
S. (1988). Expression of SPARC/osteonectin transcript in mwmrine embryos and gonads.
Differentiation 37, 20-25.

[6389] Hudson, C., Clements, D., Friday, R. V., Stott, D., and Woodland, H. R.
(1997). Xsox17alpha and -beta mediate endoderm formation in Xenopus. Cell 91, 397-405,

[0390] Imada, M., Imada, 8., Iwasaki, H., Kume, A., Yamaguchi, H., and Moore, E.
E. (1987). Fetomodulin: marker surface protein of fetal development which is modulatable by
cyclic AMP. Dev Biol 722, 483-491,

-86-



[0397] Kumar, A., Novoselov, V., Celeste, A. J., Wolfinan, N. M., ten Dijke,
P., and Kuehn, M. R. (2001). Nodal signaling uses activin and
transforming growth factor-beta receptor- regulated Smads. J Biol Cheni
wWaY fio6om@o1. [0398] Labosky, P. A., Barlow, D. P., and Hogaayisabos/o22604
(1994a). Embryonic germ cell lines and their derivation from mouse

primordisegerm celisi %&f%nﬁaﬁhmﬂa 184, 15%1@§1nﬁ'59u§§ Y C., Kyrohmaru,

8- [0329 I D P
1\‘)Eou%agl %m r;%%ﬁ%:éa %?m (E%f rr‘lzlvsv ransmlssmnz??"i'agh Qﬂ t@éoéérm‘fﬁ%%t“m of
ﬁﬁ@‘&iﬁ‘“egémqﬁﬁﬁé PRsiryBl emthﬁﬁ plie Beviekumreaie’ rz;wﬂazﬁdetor 2

receptgnipgf2r) grmeicom gl WiiReendh it st S0t B)n68lh1iR&Ses and tumors.
%@yg}gpﬁg@ %%Qﬂg 97-3204. [0400] Lickert, H., Kutsch, S., Kanzler, B.,
Tamal, Y., Taketo, M. M., and Kemler, R. (2002) Formation of multiple

hearts IF4ike folfkt deléwatiast BetAleredan In Thisserfbrfishion, S., Yelon, D,
aghteg & munD Swited B, K7 12080, H4bdld-thdods a BF@N %Rﬁélat&ﬂgrotem necessary

RROSHAAN: For dar gQ]leohelﬁglqmrm rilizatic rafi% strulg ion o0 ;ﬁ%%] mation

in the mouse empbryo. Curr Opin Genet §§Zf a Q.,
Jones, B%4nd spiger B %d(?%@)eﬁﬁ%%rﬁ%e %@@WSCN@R@Q@PS for
redikic fotTthed i telititn ofvEldineageaBt-gramuoRiia PEREsE ISR

the bo% arro%l%é%ﬁnﬂr%gg%ﬁnw U\_ﬁg ﬁer%b‘l‘%c%?%@%)ildem induction

McGrath KE, Koniski AD, Maltby KM, McGa
B BRI STRG KBPEQRIB et Eh & %roﬁ%?stﬁe chemokine SDF-1 and its
recept@3IWK CRADe\ABIShin@/hBi K42§1&6n082lwq{8ﬁ@6f@l)69ﬁ&medy M, Woo 5,

d
Péﬁlﬂ%l ﬁ?%@@@%ﬁ%@vﬂ%ﬁéﬂ?%&%ﬁ%ﬁ% aﬁB%m:’ S|§rr1]a I rr%())njc ébeﬁm cells in

Div rgence and convergence of TGF-bet
%‘?OI 0%%%’%] t62b8F Nagasawa, T., Hirota, S., Tachibana, K.,

Takakd#39Nl., NiShikawa,, quvdémmﬁl’racélesth’ G&dedlﬁniﬁtlﬁﬁtMJ,tkﬂ Dﬁ}l&éi P., and

Kiﬁmq{ dd89RdaR el f-beta or-
lo SFZ 3 |cedlac:k%r‘%tﬁ]%(ﬂe'1 %%Ig%m%gﬁ%ﬁsggD@pﬁcﬁa u(%emept

’ff‘gg g%os(!r%% %éncd hﬁfﬁ\fg %1) Molecular mechanism to maintain

stem cHR?8newdlabiks Bells Mffﬁué‘t Fauidh G{c26n, 1B 7E1 4B9IQA Bfdbryonic germ

L0URs bha ﬁéﬁ%ﬁaﬂé&[‘ﬂdﬂ'ﬁ&ﬁ@?ﬁnﬁmﬁgp&% &Kabh Qj{gy@j)%%a}gf 57-168;

f Zicl angg%(f mutant mice: implications as models for human

nlgﬁur“'q'g oglcal sorders. Behav Genet 31, 317-324. [0408] Reubinoff, B.

E., Pel3 F., FabryiG PYA. TBeterson, B, pehH@endsd,. A1 992008)ouse embryonic
@PﬁbmmIQ&Iqmeﬁe{lre{iﬁﬁﬁsﬂmﬂb@@ﬁh@|%§F&ﬁ¥§t§n§%@&z9éﬂ%eéﬂg%&Hyianon

n vitro. Nat . B 399-404. Rodawa and Patient, R
IJ(B%\%% 0 suhn-lpiée ow“c&'x]igct or g éﬁcteatggrgg gne c\cl)vmgared with emblslromc stem (ES)

esen . an a
cell lines. Development 7120, 3197-3204.

[0400] Lickert, H., Kutsch, S., Kanzler, B., Tamai, Y., Taketo, M. M., and Kemler,
R. (2002). Formation of multiple hearts in mice following deletion of beta-catenin in the
embryonic endoderm, Dev Cell 3, 171-181.

[0401] Lu, C. C., Brennan, J., and Robertson, E. J. (2001). From fertilization to
gastrulation: axis formation in the mouse embryo, Curr Opin Genet Dev 77 , 384-392,

[0402] Ma, Q., Jones, D., and Springer, T. A. (1999). The chemokine receptor
CXCR4 is required for the retention of B lineage and granulocytic precursors within the bone
marrow microenvironment. Immunity 10, 463-471.

[0403] McGrath KE, Koniski AD, Maltby KM, McGann JK, Palis J. (1999)
Embryonic expression and function of the chemokine SDF-1 and its receptor, CXCR4. Dev Biol.
213, 442-56.



Cell 105, 169-172. [0410] Rodaway, A., Takeda, H., Koshida, S.,
Broadbent, J., Price, B., Smith, J. C., Patient, R., and Holder, N. (1999).
Induction of the mesendoderm in the zebrafish germ ring by yolk
weetheegsivesh TGF-beta family signals and discrimination of mespeesmsantkos
endoderm by FGF. Development 126, 3067-3078. [04111 Rohr, K. B.,

SChU”@GMﬁ]'ker ﬁiyﬁeﬁbT%tZI@sﬂa%%k Zehrafishuictie %@ﬁs'%}x}&gmae and

brain and s ted Ilng Mech Dev

85, 147~ cfé%tp%s qég ?A %ﬁgﬁodgﬁg%a? 2% in vertebrate
develo[S4{iht. Ar‘NﬂSﬂS@év d-"ell@é@iaBlél 15ac59ue2 X. [(Wkahsshdentlistikawa, S.,
ﬁte@mﬁnd{sn?@@md&,LN(ZQQQM&@@SHUQHQHI@EIQ&%EYTm m?”ﬁ%lfects of B-cell

N T Vel Rl L el
Yows e, B5538lumenthal, P. D Hugglns G R., and Gearhart, J. D.
(1998)[d3esjvationf, quﬁmt)emm&mh@ﬁi&ﬂaﬁmnqulw@@bﬂmmen renewal of ES

rm . atl Acad SciU S A 95, 13726-13731. [0415]
g&aggf%&%etﬂﬂ %E l%ll}og'yR an, E. A., Korbutt, G. S., Toth, E,

Warno@é“'/d; L. %éﬁaﬁ@% 1. 2nghMiRegihe IR (AO1>Gorbyvietet abnormalities of
manspladistionimsaren paiiRatowit dield Hiaheies MElbbEodsngh@ers, Behav
ggagpgprilppﬁ -free immunosuppressive regimen. N Engl J Med 343,

. 88 WO 2006/016999 PCT/US2005/022604 [0416] Shapiro, A.
|v| Rykﬁ‘f‘fﬁ A., Bitdirefikel, 5-Reracdd 8y, Foagclealic TRsneRandpivtalionsso, A.
qmm Fetinvait o ialidies metlthanBesk fsactResindndetrine in vitro. Nat

Mstah,1p;s244:264. [0417] Shapiro, J Ryan, E., Warnock, G. L.,
Kneteman, N.'M., Lakey, J., Korbutt, G.S., and Rajotte, R. V. (2001b)

Could H408 isleRetarepe raandoRantat R (01 Mrseriedern fa gmgient germ layer?
(htlepend®nce. should be dominant force in islet transplantation. Bmj 322,

861 [ A Sh'%@d’é{@a}%{ Hiagkan - KSORMAISY s S0GRN pMae %k@éﬁth 1C,

Aiso, S. (1996). Cloning and characterization of Xeno aevis

%“8&‘7 Rofid el ?ﬁfh]r\lln Biophiatacdion ehbe ,n?se‘?‘é?%all@]@ﬁ aﬁsltﬁg@‘rfmg by
B clellctyriset T68-Fet Orgian sign @y nipis@ehetiDe vl ineddibdBhd 042@jerm by

ﬁfpltﬁcgelgl‘,mé,gmsb\g?gm@onlon F. L., Tada, M., Umbhauer, M., and
Weston, K. M. (1997). Upstream and downstream from Brach u%r%y a Tgene
y

requwé?f'i’t}ll vertBBPatd™ nitss SARPHE PR SRioh: ¥id L 8Py He rafish ziel
QerassiBiol B2N3IBT BB Gx1TcTdkasBV IV apClanligdesighaBon b d)eN 53, 147-
Reulat, F., Mattei, M. G., Jay, P., and Berta, P. (2001). SOX7

transcrj fac sequen hromo omal localisation, expression
E(}D 8{' E%Euer, % ?Z(YO%) Noda signaling in vericbrate dgveiopmenlc Annu Rev

Cell Dev Biol 19, 580-621,

[0413] Schoenwolf, G. C. and Smith, J, L. (2000). Gastulation and early
mesodermal patterning in vertebrates. Methods Mol Biol 735, 113-125.

[0414] Shamblott, M. I., Axelman, J., Wang, S., Bugg, E. M., Littlefield, J. W.,
Donovan, P. J., Blumenthal, P. D., Huggins, G. R., and Gearhart, J. D. (1998). Derivation of
pluripotent stem cells from cultured human primordial germ cells. Proc Natl Acad Sci U S A 95,
13726-13731.

[0415] Shapiro, A. M., Lakey, J. R, Ryan, E. A,, Korbutt, G. S., Toth, E., Warnock,
G. L., Kneteman, N. M., and Rajotte, R. V. (2000). Islet transplantation in seven patients with
type 1 diabetes mellitus using a glucocorticoid~-free immunosuppressive regimen. N BEngl T Med
343, 230-238.



transactivation and interference with Writ signalling. Nucleic Acids Res 29,

4274-4283. [0422] Taniguchi, K., Hiraoka, Y., Ogawa, M., Sakai, Y., Kido,

S., and Aiso, S. (1999). Isolation and characterization of a mouse
wBRMdelated cDNA, mSox7. Biochim Biophys Acta 1445, 2322834433404

Technau, U. (2001). Brachyury, the blastopore and the evolution of the

esedacHiocmayed U5 19 42 Tiomaey . & HeRYHEL s

Jones, J. M. (T9938).eEm%)ry’/oon%as?te%n%:eeﬁhffr{eses e foﬂhhgﬁﬁigf‘fiml Metab 15,

biHst8eysts. Science 282, 1145-1147. [0425] Tremblay, K. D., Hoodless,

P. A., BMOT| E. Kshaud, Roherts®), Wardod@090),, EQIRHON SN Earey, 7. Korbutt

deliivg sagiagerin e s ASHd denendentprogess

evelopment 127, 3079-3080; 10426] VandeSompels S BE D BiEpayL diabetes?
ST CEPErRsS Should Bndernipant forse ipigetieanaplaniation st it 561,
(2002) [(He8Lirate ShimnediZeltj Eliradlie af-fikRengra NIl e R Tr PER. 0 BY Aiso, 5.
@08) LGy i iple i | cantrol genes. nome Biol 3,
e S o L
97). hodal expression in the primitive endoderm is required for
specifit®tidh of tReitntbrid?%ixiBehubingynad se gasiruiation cRevslonmeentney 7
424480033-1044. -89 WO 2006/016999 PCT/US2005/022604 104281

Vinceg&é D., D$m‘§é!\{l. R., Hayashi, S., Norris, D. P., and Robertson, E.
3. (20055 *Uell tat5 Hcisions WM NG ndtkmofghniZefnrd g dimbhenbyL, and

lyﬁﬁaédm il BighalpstGerred DewndialGitn Ki6ehyI04 200 NalgsGURIIRhtebrate
ihsofith Wénfesiol Uit e S9ip MhedlRpESEPENG, R. D (1996).

Devel By ntall)ﬁ,rﬁgs&llla\k? ene expression of thrombomodulin in
postim?plarﬁation Motse embrdesDeRasAtdnts Prsty . Mdattei 0438} Jay, P.,
AfeReracRidRIEN) HONUrkseSiutbnGastBustassiice, chaath BASEIREGHR:, Bepression,

aasa)yHombameduli sensvRguaten oahRAd eUpole agiin FO
embry carci orpacigzeélfs. Erocgaidlpgs Of The National Academy Of
Sciences Of The UtitedrStates ¥ amerits sy, M4 Sekain X Kadm 51, wpdli4iso, S.

G290, platioreresheterater{z000 oA tarteisradB Bindaee inNievesoRmM Sk Bibphys
AReves|DevBiol 15, 393-410. [0432] Wells, J. M., and Melton, D. A.

(2000)455atly mause endodgrm is patterned by soluble factors from
adjacgnt izrm I%@%@b@e@n@ en ri%ﬂSé?—i%“??Pﬁ?ﬂ@?ﬂ thrlIF6ltiRe of the
MIGEE - FHECHBESE- BR&TYury gene and mesoderm formation. Trends

Genel®22D4-10%04ad] ANagkseit R RRI3RianRs a8 eRRaSie] KACKN ey ie;

oyt jgRaling, i ' ’ ’
Jou! ﬁM‘ﬁlﬁLg@a én,gan% %ges, J. M. (1998). Embryonic stem cell lines derived from human
blastocysts. Science 282, 1145-1147.

[0425] Tremblay, K. D., Hoodless, P. A., Bikoff, E. K., and Robertson, E. J. (2000).
Formation of the definitive endoderm in mouse is a Smad2-dependent process. Development 72 7,
3679-3090.

[0426] Vandesompele, 1., De Preter, K., Pattyn, F., Poppe, B., Van Roy, N., De
Paepe, A., and Speleman, F. (2002). Accurate normalization of real-time quantitative RT-PCR
data by pgeometric averaging of mulliple internal control genes. Genome Biol 3,
RESEARCHQ034.

[0427] Varlet, 1, Collignon, J., and Robertson, E. J. (1997). nodal expression in the
primitive endoderm is required for specification of the anterior axis during mouse gasirulation,
Development 124, 1033-1044.

-89.



mouse, Genesis 35, 43-56. [04351 Zhou, X., Sasaki, H., Lowe, L., Hogan,
B. L., and Kuehn, M. R. (1993). Nodal is a novel TGF-beta-like gene
expressed in the mouse node during gastrulation. Nature 361, 543-547.
wOQoWldAdesS CLAIMED IS: I. A method of identifying a factegthato0s/022604
promotes the differentiation of human definitive endoderm cells, said

methodigamprisingdhasteps, ofuebiaimnga Auman alisPePHlatilNk sbertson, E. I,

isi man definitive endoderm cells, wherein said human .
e R e T Rt FERE A PRSP P sl signls.
SasaeeBepdpUkifolfSproviding a candidate differentiation factor to said cell
?0pulati@4’ggqieter?iégagaamr@§ﬁip mﬁ@&,azmlarkgﬁm,f eell difereniated Rosenbere,

tiye endoderm in said ¢ell population Irst time point; . ,

e D A T ST R b tottion
JeRBA RO pbiRHElamerel%s 8% s€¢8nd time point is subsequent to said
first impmaint anvsibekiEaiIdisecaNd., Wave R0thisSsUDSEIUEN RiGenberg, R. D.
Rigiling, A el RARUIRON A sl pandidate T Al OB, Taciats v
and determining It expression of the marker n Sald Celt population at sagremoma
sebipigasrdingolrl Tharltricrsbd wdsantateeressthd Bxprbasibftetif America 89,
rmesken 30, said definitive endoderm cell population at said first time point,
wherei incre ' ressi said iR,said cell population
ndatd Tt sa e ey Ao o) Y8 BoAutE dlbtpment
dip&sistidhPst 8/ hdfiat Yefinitive endoderm cells. 2. The method of
claim 1[o4smrein Weian facded sellmmrb. pregmobinmaid welkenopbdatinn: patterned

' .00/ I id, feeder cells

g)rgeq %ﬁ%&%ﬁéé&%@%& 21 h@éﬁnﬂ‘g‘%?g%o ?:ﬁa}ip rr?g?"\?v#ei rein said
human Y&tiitive Sidstedn CROcShspmesaBiekeroosme ridespAam formation.
CelisdnBatd gallpofsulation. 4. The method of claim I, wherein said human
feeder geiigare prRRen b Spithsellchrpyialian 9@&&%&;%@&%@%&%@ in the
of the human celis other than said feeder cells are definitive endoderm
QRS E TR 5A%f claim I, wherein said marker is selected from the ,
group dé#¥ibting ZbbpaXicréatic;ddiodenal horileeloyBiaciomd EERG)M. R. (1993).
hQiag b ALBEEERALR) 3gk hamehoy H6 (alOXGE) N./asRANSEIn. Nature
said candidate differentiation factor. - 91 6. The method of claim 1,
wifergit £aid marker is selected from the group consisting of albumin,
prospero-related homeobox 1 (PROXI) and hepatocyte specific antigen
(HSA) in response to said candidate differentiation factor. 7. The method
of claim 1, wherein said marker is thyroid transcription factor | (TITFI) in
response to said candidate differentiation factor. 8. The method of claim 1,
wherein said marker is selected from the group consisting
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of villtn and caudal type homeobox transcription factor 2 (CDX2)) in
response to said candidate differentiation factor. 9. The method of claim
1, wherein said first time point is prior to providing said candidate
differentiation factor to said cell population. 10. The method of claim 1,
wherein said first time point is at approximately the same time as
providing said candidate differentiation factor to said cell population. 11.
The method of claim 1, wherein said first time point is subsequent to
providing said candidate differentiation factor to said cell population. 12.
The method of claim 1, wherein expression of said marker is increased.

The method_of claim 1, wherein expression of said marker is
HAT A : .
i &?M y—&Bantitative polymerase chain reaction (Q-PCR). 14. The
method of claim 1, wherein expression of said marker is determined by

ir{nmunoﬁyt@@h@misfy.i@@fmegn@tlfmoofI@l@imxnlwﬁexeihesaiﬁdi’mdmm‘ of human
aefinidiferentiation fagtor comprises 2 small:molecyle. 16, The f@%%&&%gf %%mm cell

1, wherein said candidate differentiation factor comprises a retinoi
populaThe rethutioEclalman wiverginvsaiohdandidatecdifferahtiationstactdruman  definitive

endod SRMPASER NG AAKL: 1T Methad ol clain b ARPERIN Saon. providing 2
. candidate differentiation factor comprises a polypeptide. 19. The method =
candidgidlaifprdniehereincsaidcandidaterdiffdrsitiatitefastongemprisesraof a marker of a
cell A FAUANIRA% 20 I mAnadghelalm et SRULERNAIAS, st ime point
qlifférentiatior_\ factor comprises FGF-10. - 92 21, %h me[tho of claim 1fme pemnt
determigheg efriisaidi eandidéte differentidion fastol compisetiEGR2aTshend time point,
whereilr 6K '9&&43'@5?1'6&/%1‘1% IQE%%L%&’XH@@'Qﬁ@%?@ﬂﬂigwﬁ'fﬁlﬁ rwﬁ "Iein said second
. factor comprises Wnt3 B. 23. The method of claim 1, wherein sai
tme peandidatedifferentiatonfdctar isihotd forel ut differéntiatibedadibne2differentiation
- factor; EQS H&?Hﬁ%%ﬂ?‘@l ?rveg‘?{ ?)lf' ﬁ‘ﬁ@'%gﬁ QI%‘ t%ﬁlf!g[?ﬁg tl'f?iﬁ(tﬁcép rseli'dns%[cond time
a retinoid. 25."The method of claim 1, wherein said candidate
point igliffererstiationcfantoris mothretinoiesaeido! the marker in said definitive endoderm cell
population at said first time point, wherein an increase in expression of said marker in said cell
population indicates that said candidate differentiation factor promotes the differentiation of said
human definitive endoderm cells.

2. The method of claim !, wherein human feeder cells are present in said cell
population and wherein at least 10% of the human cells other than said feeder cells are definitive
endoderm cells. |

3. 1The method of claim 1, wherein said human definitive endoderm cells comprise at
least 90% of the human cells in said cell population,

4, The method of claim 1, wherein said human feeder cells are present in said cell
population and wherein at least 90% of the human cells other than said feeder cells are definitive
endoderm cells,

5. The method of claim 1, wherein said marker Is selected from the group consisting
of pancreatic-duodenal homecbox factor-1 (PDX1), homecbox A13 (HOXA13) and homeobox

C6 (HOXC6) in response to said candidate differentiation factor.
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26. The method of claim I, wherein said candidate differentiation factor is
provided to said cell population at a concentration of between 0.1 ng/ml to
10 mg/ml. 27. The method of claim 1, wherein said candidate
differentiation factor is provided to said cell population at a concentration
of between | ng/ml to 1 mg/nil. 28. The method of claim i, wherein said
candidate differentiation factor is provided to said cell population at a

A cencentration-oihebvern10 nghmtte 00 pirite28: sEhemethod ofClaimpleonsisting
- .. wherein said candidate differentiati or is provided to said cell . :
o o R A8 SORECAHON O bAGSen 106 AGRGHHE JHAE 55, FFigen (HSA) i
responfaethodiofeléimd whereisaid foandidate differentiation factor is provided
tg said cell popylation.at a concentration of | g/m|. 31. The method of,

IR aaiE ca dir

claim 1 cérididate diffSréhtiatioh e 1S provied o aon fector 1
(TITF el populaiian atia contentrationrefi 100 ngimb:- 93 WO 2006/016999

PCT/U 005/‘%22§0,149&1'SEQU’ NCE LISTING <110> Novacell, Inc. o

Revin AlIBR BFAIIOGT AEH . KGR StSa Ellazer EimaueIgeroup consisting
of viliEaetgeasd20x METHIBS: OHIENTH- NG FACTORSIFRR onse to said candidate
V£ _ DIFFERENTIATING DEFINITIVE ENDODERM <130>
CHECEVTHERA45QPC <150> US 60/586566 <151> 2004-07-09 <150> US

60/58792 =tHLx 2004:00%-14 kb &I 1/024818p 5161 120040d 2123 iding said

d,d<_150_?7l_JS 11/115868 t<151> 2&05-0‘ -26 <160> 2 <170> FastSEQ for

candidiiindots VarSion A e" LoTe FLETNYT5Hs <212> DNA <213> Homo

sdpiensThe method of claim 1, wherein said first time point is at approximately the same
time as providing said candidate differentiation factor to said cell population.

11, The method of claim 1, wherein said first time point 1s subsequent to providing
said candidate differentiation factor to said cell population.

12, The method of claim 1, wherein expression of said marker is increased.

13. The method of claim 1, wherein expression of said marker is determined by
quantitative polymerase chain reaction (Q-PCR).

14, The method of claim 1, wherein expression of said marker is determined by
immunocytochemistry,

15, 'The method of claim I, wherein said candidate differentiation factor comprises a
small molecule.

16.  The method of claim 1, wherein said candidate differentiation factor comprises a
retinoid.

7. "The method of claim 1, wherein said candidate differentiation factor comprises

retinoic acid.

18. The methed of claim 1, wherein said candidate differentiation factor comprises a
polypeptide.
15, The method of claim 1, wherein said candidate differentiation factor comprises a

growth factor.
20. The method of claim 1, wherein said candidate differentiation factor comprises
FGF-10.
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<400> 1 atgagcagcc cggatgcggg atacgccagt gacgaccaga gccagaccca
gagcgegetg 60 ccecgeggtga tggecgggct gggecectge cectggecey agtcgetggg
ccccatcggg 120 gacatgaagg tgaagggega ggecgecggeg aacageggag
caccggecgg ggecgeggge 180 cgagecaagg gegagteceg tatccggegg
ccgatgaacg ctttcatagt gtgggctaag 240 gacgagcgcea ageggetgge
gcagcagaat ccagacctgc acaacgccga gttgagcaag 300 atgctgggcea
agtcgtggan ge5astoaed £iggegaaga Agedaceett 691d0agead 360 ¢
_____gcagagcggc tgcgegtgea geacatgcag gaccacccca actacaagta ccggecgc
FGOF-2420" cggegeaage aggtgaageg getgaagegg gtggagggeg gettectgea
CcggyCCtyget 480:1,9a05CALR90 1CAYSCIGICL 00PCEERaA0 gacaceeaey o o comprises
_tggccatgga cggectggge 540 ctccagtice ccgagcaggyg cticcccgee
WntiRygceegeege tgetgectee geacatggge 600 ggecactace gegactgeca
gagictygye GRAGEICCIC ILIACIICA LLEOUILre. 980, acogsegaca catececoct . not a
ggacggcegtg gacccecgace cggctttctt cgecgeeeeg 720 atgeccgggg
foresub e gbE ycktigtace tacagetacy cgcaggtcte ggactacget 780
ggrecceagg AgaIecsac GagtGeeaig CALCEEEYIAG, IGHECGAgR 9GC %%gggct&m Is not a
. .840 ccctegattc cgggectget ggcgecacce agegceccttc acgtgtacta cggecgegaty
relinoigoQ ggetcgecey gggeggycyg cgggegegyc ticcagatge ageecgeaaca
ceageaqeRg 960 eaceageane AJCALCARCE . GGCIYURGGE.99R6ATCCA L fctor s not
. cgeeccctee ggaggeactg 1020 cectgecggg acggcacgga ccccagtcag
retin0i¢dgigkbcgage tectcgggga ggtggaccge 1080 acggaatity aacagtatct
geActicgie-tgcandeclo AgMI9aCEE Ceraageag 440 @1%%?]%%%8%11 factor is provided
., ccggtgtgaa tetcccegac agecacgggg ceatttectc ggtggtgiee
to saild gae FREAlEt Brych ghacr Havigea Pty Al tgtga 12UEme210> 2 WO
2006/036999 ACT/H52005/022604; 2 521 1> 4 g%&f&?ﬁig&lﬁw is provided
. Homo sapiens <400> 2 Met Ser Ser Pro Asp Ala Gly Tyr Ala Ser Asp Asp
to said ey REPEHPTRE 28 oSG SheakeL éunPiol Alal Vak bt Ala Gly Leu
Gly ProjgysRro.irp20:2m 30 . Aa Glu ser ey Sel Bralle | 9{1% H’agllg):[ Jagprovided
. Lys Val Lys Gly Glu Ala 35.40 45 Pro Ala Asn Ser Gly Ala Pro Ala Gly
to said aQH PSIpUATEORIAl By BN GTISE GbGeSelArg /e lrglAng'Rio Met Asn
Al PherMebVabirBARLYS | wherein said candidate differentiation factor is provided

to said cell population at a concentration of between 100 ng/m! to 10 w/ml.

lor comprises

gd

30. The methed of claim 1, wherein said candidate differentiation factor is provided
to said cell population at a concentration of 1 pe/mi

31 The method of claim 1, wherein said candidate differentiation factor is provided

to said cell population at a concentration of 100 ng/ml,
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65 70 75 80 Asp Glu Arg Lys Arg Leu Ala GIn GIn Asn Pro Asp Leu His
Asn Ala 8590 95 Glu Leu Ser Lys Met Leu Gly Lys Ser Trp Lys Ala Leu
Thr Leu Ala 100 105 110 Glu Lys Arg Pro Phe Val Glu Glu Ala Gin Arg
whewosigeval Gin His 115 120 125 Met GIn Asp His Pro Aserdymkyssfyazeo4
Arg Pro Arg Arg Arg Lys GIn 130 185 140 Val Lys Arg Leu Lys Arg Val
Glu Gly Gly Phe Leu His Gly Leu Ala 145 1S0 155 160 Glu Pro Gin Ala
Ala Ala Lou Gly Pro Glu Gly GRERFGaI MIETfA%t 165 170 175 Asp Gly
Leu Gly Leu GIn Phe Pro Glu GIn Gly Phe Pro Ala Gly Pro 180 185 190
<l1oPmpheteieu Bie.Pro His Met Gly Gly His Tyr Arg Asp Cys GIn Ser 195
206205 AL eerGlyakPro Pro Leu Asp Gly Tyr Pro Leu Pro Thr Pro Asp
T@&mg}ﬁge er Pro Leu Asp Gly Val Asp Pro Asp Pro Ala Phe Phe
Alanida R0 £2252286L235 240 Met Pro Gly Asp Cys Pro Ala Ala Gly Thr
Tyr Ser Tyr Ala GIn Val 245 250 255 Ser Asp Tyr Ala Gly Pro Pro Gin Pro

<120 [Q.Ala Gly Pro Met His Pro 260 265 270 Arg Leu Gly Pro Glu Pro Ala
Srrrie B oet ISP G TR TRETPATa" 95 280 285 Pro Pro Ser Ala Leu

His Val Tyr Tyr Gly Ala Met Gly Ser Pro Gly 290 295 300 Ala Gly Gly Gly
<130:ARFERRPHa BICMet GIn Pro GIn His GIn His GIn 305 310 315 320 His

<150J3¥§F$

<151:PEQ 42

<150
<1l51l>

<150>
<181

<160> 2
<170>

<Z10> 1

<Z21l> 1248
<212> DNA
<213> Heomo

<4£00> 1

atgagcagco
ceegoggtga
gacatgaagyg
cgagocaagy
gacgagcegoea
atgetgggea
geagagegge
cggograagc
gagoogeagg
cteeagttoe
ggcecactace
acgocogaca
atgececegggy
ggcoceoagy
cootogatte
ggctoegeceg
cacragcacc
cootgecggg
acggaatttg
gggcatgact
gacgecaget

<210> 2

'Egg;igslgléiss His Pro Pro Gly Pro Gly GIn Pro Ser Pro Pro 325 330 335

.;SﬁglgLeu Pro Cys Arg Asp Gly Thr Asp Pro Ser Gin Pro Ala 340
345 350 Glu Leu Leu Gly Glu Val Asp Arg Thr Glu Phe Glu GIn Tyr Leu
<15C>§8 8§855886:365 Phe Val Cys Lys Pro Glu Met Gly Leu Pro Tyr GIn Gly

B Rsg Sét

U8 11/021618
2004~

12-23

Us 11/115868
2005-

04-26

sapiens

cggatgeggy
tggeoggget
tgaaggygcga
gcgagteceg
agcggctgge
agtegtggaa
tgcgegtygea
aggtgaagcg
cggcogoeget
cogagcaggg
gegactgeca
cgteceeget
actgoocogge
agecctoccge
cgggcctect
gagegggegyg
agoaccacod
acggoacgga
aacagtatet
coggtgtgaa
ccgoggtata

atacgceagt
gggecoctge
gdcgeeggoyg
tatceggegy
gcagcagaat
ggcgetgacyg
geacatgeag
getgaagegyg
gggcecogag
cttecoocogec
gagtetgggce
ggacggegtg
ggceggeace
cggtoeccaty
ggogecacag
cgggegeggo
ceagggocos
cececagtoag
geacttegtyg
totococgac
ttactgcaac
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gacgacaaga
cectgggecyg
arcageggag
ccgatgaacy
ccagacctye
ctggcggaga
gacqacceooa
gtggagggcy
ggcggoegey
ggccogoegse
gogecteage
gacgecgace
tacagetacg
cagecocogac
agcgocctte
ttecagatge
ggacagcogt
cocgeogage
tgcaageoctg
agcecacgggyg
tateetgacy

gocagacooa
agtcgotygag
caccggoogg
ctttecatagt
acaacgcoga
agoggcoett
actacaagta
gettocetgea
tggccatgga
tgctgootoc
tegacggeta
cggctticott
cgcaggtcte
teggeocaga
acgtotacta
agocgeaaca
cgeaeeoctee
tectcgggga
agatgggect
ceattteote
tutga

gagegegetyg
cecacateggyg
dgycegeggge
gtygggctaag
gttgagesag
cgtggaggag
coggecgogg
cggeetggeat
eggcotggge
gecacatggyc
cecocgttgese
cgeeygecceg
ggactacget
gocegegggt
cggegegatg
cQagcacoag
ggaggcactg
ggtggacege
cccctaceoag
ggtagtgtce

60
1290
180
240
300
360
420
480
540
600
660
720
780
840
800
860
1020
ioB¢
1140
1200
12458



370 375 380 Gly Val Asn Leu Pro Asp Ser His Gly Ala lle Ser Ser Val Val
Ser 385 390 395 400 Asp Ala Ser Ser Ala Val Tyr Tyr Cys Asn Tyr Pro

Asp Val 405 410

WO 2006/016999 PCT/AIS2005/022604

<21l> 414
<212> PRT
<213> Homo sapiens

<4CC> 2
Met Ser Ser Pro Asp Ala Gly Tyr Ala Ser Asp Agp Gln Ser Gln Thr
1 5 10 15
Gln Ser Ala Leu Pro Ala Val Met Ala Gly Leu Gly Pro Cys Fro Trp
20 25 30
Ala Glu Ser Leu Ser Pro Ile Gly Asp Met Lys Val Lys Gly Glu Ala
35 40 45
Pro Ala Asn Ser Gly Ala Pre Ala Gly ala Ala Gly Arg Ala Lys Gly
50 55 &80
Glu Ser Arg Ile Axg Arg Pro Met Asn Ala Phe Met Val Trp Ala Lys
65 70 75 80
Asp Glu Arg Lys Arg Leu Ala Gln Gln Asn Pro Asp Leu His Agn Ala
85 S0 s
Glu Leu Ser Lys Met Leu Gly Lys Ser Trp Lys Ala Leu Thr Leu Ala
100 105 110
Giu Lys Arg Pro Phe Val Glu Glu Ala Glu Arg Leu Arg Val Gln His
115 1z2¢ 125
Met Gln Asp His Pro Asn Tyr Lys Tyr Arg Pro Arg Arg Arg Lys Gln
130 135 140
Val Lys Arg Leu Lys Arg Val Glu Gly Gly Phe Leu Hisg Gly Leu Ala
1458 159 158 160
Glu Pro Gln Ala Ala Ala Leu Gly Pro Glu Gly Gly Arg Val Ala Met
165 170 175
Asp Gly Leu Gly Leu Gln Phe Pro Glu &ln Gly Phe Pro Ala dly Pro
180 185 180
Pro Leu Leu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys Gln Ser
l@s 200 208
Leu Gly Ala Pro Pro Leu Asp Gly Tyr Pro Leuw Pro Thr Pro Asp Thr
210 215 220
Ser Pro Leu Asp Gly Val ASp Pro Asp Pro Ala Phe Phe Ala Ala Pro
225 230 235 240
Met Pro Gly Asp Cys Pro Ala Ala Gly Thr Tyr Ser Tyyr Ala Gin Val
245 250 255
Ser Asp Tyr Ala Gly Pro Pro Glu Pro Pro Ala Gly Pro Met His Pro
260 265 270
Arg Leu Gly Pro Glu Pro Ala Gly Pro Ser iIle Pro Gly Leu Leu Ala
275 280 285
Pro Pro Ser Ala Leu His Val Tyr Tyr Gly Ala Met Gly Ser Pro Gly
290 2958 300
Ala Gly Gly Gly Arg Gly Phe Gln Met Gln Pro Gln His Gln His Gin
305 316 315 320
His Gln His Gln His His Pro Pro Gly Pro Gly Gln Pro Ser Pro Pro
325 330 335
Pro Glu Ala Leu Pro Cys Arg Asp Gly Thr Asp Pro Ser Glc Pro Als
340 345 350
Glu Leu Leu Gly Glu Val Asp Arg Thr Glu Phe Glu Gln Tyr lLeu His
35% 360 365
Phe Val Cys Lys Pro Glu Met Gly Leu Pro Tyr Gln Gly His Asp Ser
370 375 380
Gly Val Asn Leu Pro Asp Ser His Gly Ala Ile Ser Ser Val Val Ser
385 380 385 400
Asp Ala Ser Ser Ala val Tyr Tyt Cys Rsn Tyr Pro Asp Val
405 410



