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10063} Human pluripotent stem celis, such as embryonic stem (ES) cells and
embryonic germ (EG) cells, were first isolated in culture without fibroblast feeders in 1994
(Bongso et al., 1954) and with fibroblast feeders (Hogan, 1997). Later, Thomson, Reubinoff and
Shambiott established continuous cultires of human ES and EG cells using mitotically inactivated
mouse feeder layers (Reubinoff et al., 2000; Shamblott et al., 1998; Thomson et al,, 1998).
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current cell therapy treatments for diabetes mellitus, which utilize islet
cells from donor pancreases, are limited by the scarcity of high quality
islet cells needed for transplant. Cell therapy for a single Type | diabetic
patient requires a transplant of approximately 8 x 108 pancreatic islet
cells. (Shapiro et at, 2000; Shapiro et al., 2001a; Shapiro et at, 2001b). As
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cells that are useful for cell therapy. For example, some 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,
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(test) differentiation factor. In preferred embodiments, the definitive
endoderm cells are human definitive endoderm cells. In more preferred
embodiments, the human definitive endoderm cells are multipotent cells
that can differentiate into cells of the gut tube or organs derived therefrom.
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positive endoderm cells with the candidate differentiation factor, at least
one marker is selected and evaluated so as to determine its expression.
This step may be referred to as the first marker evaluation step.
Alternatively, this step may be referred to as determining expression of a
marker at a first time point. The marker can be any marker that is useful
for monitoring cell differentiation, however, preferred markers include, but
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negative definitive endoderm cells are contacted with a candidate
differentiation factor and it is determined whether PDXI expression in the
cell population after contact with the candidate differentiation factor has
increased as compared to PDX1 expression in the cell population before
contact with the candidate differentiation factor. An increase in the PDX1
expression in the cell population indicates that the candidate
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promoting the differentiation of human definitive endoderm cells in a cell
population comprising human cells, said method comprising the steps of:
(a) obtaining a cell population comprising human definitive endodenn
cells; (b) providing a candidate differentiation factor to said cell
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candidaté®hifferentiation fabtorm{beRs] PaFimpinbtiberat harag faply 1cells are
wheteinisaiid frpanidetiniiven-endo desmnicelsodiffe tertiate dtn @hmcheatil

prggm&@l&%m%q&@id candidate differentiation factor. [0026]
8. The meth d of paragrapH} elp said nqlarker IS selec from ti%emve

group cohs ting of pancreatic- d’uo ehal horaRoboxX ]?ac%?)r ?L
hmﬁﬁeéﬁ@aﬁeAﬂ@ﬂ{am@%A%)aW%ﬁfé@d&%@@ﬁ(ﬁ@ﬁ@é@ﬂ@[@@ﬂ] 9 The
method pbfragraphs.1, whigtensiisdidf peragantdie fwhitivie sentotkerfredeléslis are

diffetentiatadnia B}!ﬁﬂaﬁﬁﬁ%&%@{eﬁﬂﬁ 1140500188, 19 BaikeaNdidalGer than sid
di erentlﬁ\tlon ftg’é JDGO alnlq The method of paragraph 9, wherein said

marker 1S selecte f?om the grou conS|st|ng of albumln prosgero -related
homeob8%4l(PROXf and rﬁ?p’&? tQ PRt L wherein said numan defintive

endoderm cells differentiate into cells, tissues or organs derived from the gut tube in response to
said candidate differentiation factor.
10025] 7. The method of paragraph 1, wherein said husmen definitive

endoderm cells differentiate into pancreatic precursor cells in respomse to said candidate

differentiation factor.

[0026) g. The method of paragraph 7, wherein said marker is selected from
the group consisting of pancreatic-duodenal homeobox factor-1 (PDX1), homeobox Al3
(HOXA13) and homeabox Co (HOXCE).

e



antigen (HSA). [0029] 11. The method of paragraph 1, wherein said
human definitive endoderm cells differentiate into lung precursor cells in
response to said candidate differentiation factor. [0030] 12. The method
of paragraph 11, wherein said marker is thyroid transcription factor 1
(PITF1). [0031] 13. The method of paragraph 1, wherein said human
definitive endoderm cells differentiate into intestinal precursor cells in
respon8® said candidatd® REPERfaREHPrRbdr. YOS 1 Tieemndtfigtve
chisicay rajbhiifBenherein baidwranee rdks Setfep@e om thadgaeujiiferentiation
Geasisting of villin and caudal type homeobox transcription factor 2

(CDX2)4}@033] 15, The %tggﬂogaggzﬁ@&;ap& dnahersinsaid I&r&wg&gﬁm

point is prior to providing said candidate differentiation factor to said cell
OO BRSSP R PHRTRES E 6t AFRBPARHE Wn LT ARFIFSPHIRE
poieis@isapproximately the same time as providing said candidate
differentiggepn facto to saithCelbtifao il gtiappA035yAfiT Radnathad definitive
PRIAYAPL L MRRIGIR. SAICHISLURS PO {5 SHRSCRAUERL I REAYItIIQ Ralfy
candidate differentiation factor to said cell population. [0036] 18. The
MiRod of paragraph 1, wherein expression of said marker is increased.
[0037] 1W36ihe methdd of Paragap el papeersid leheusisrdomaks et
isrflectiasackofQQBBFL20. The method of paragraph 1, wherein expression
?CB said F{E@ggg is i%TeLmi@ﬁQ }@ma;am&sagg@pﬁoimﬁs@ae mwwg%ﬁve
-PCR). 1.21. The method.of paragrap wherein expression
S s ST oy R Ot chi ty TOUH) Do s
niédsetigiop&afiraph 1, wherein said marker is selected from the group
consistifiggf pancraatic-dindesbbhofreepeptiattohertRDMd ynivbmeobbxted
Aldn QKA La:RMd homeehexChl (HOXRELI004L:38aThaometimdf -
P c0raliy et oo KR SBlesles § ol-le U AP eaaing.el

albumin, prospero-related homeobox 1 (PROXI) and hepatocyte specific
arftiRgevdpesd candidsffomovin KB o TArTAIR 1, wherein said
marker {803€lected fiém tAdegrobplcdimiatierh of wiléreinrseic & ding/print is at
hepaeehexily anseinliamdasiorifaD%2) H00da} 2brdhemethod:ob said cell
p%ggggggrb 1, wherein said marker is thyroid transcription factor | (ITLFI).

f0035) 17. The method of paragraph 1, wherein said first time point is
subsequent to providing said candidaie 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.

[0038] 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 marlker is
determined by immunocytochemistry.

[0040] 22, The method of paragraph I, wherein said marker is selected from
the group consisiing of pancreatic-dnodenal homeobox factor-1 (PDX1), homeobox Al3
(HOXA13) and homeobox C6 (HOXC6).

[0041] 23, The method of paragraph 1, wherein said marker is selected from
the group consisting of albumin, prospero-related homeobox 1 (PROX1) and hepatocyte specific
antigen (HSA).



[0044] 26. The method of paragraph 1, wherein said differentiation factor
comprises a foregut differentiation factor. [0045] 27. The method of
paragraph 1, wherein said differentiation factor comprises a small
molecule. [0046] 28. The method of paragraph 1, wherein said
differentiation factor comprises a retinoid. [0047] 29. The method of
paragraph 1, wherein said differentiation factor comprises retinoic acid,
[0048] 343he metRbd of Praragieth HerverBdin BRT fffeRariati SHeREL5P™
camprigesaipinp/feiiticlsmd 0049134 hohirebmdtnodipiop daciop 2 (FDX Zwherein
said diffﬁﬁ@ﬂtiaﬂon factor SRMRKHSESA Gredhh factalerlB086] 32ndh@ thyroid
ethod g)f %%ra r wherein said differentiation factor comprises
F %é% ﬂg)j ) ' method of paragraph 1, wherein said .
different®8n factorcomphsBERE B 22RerBE s HRFHR Wi (Fi5ggaron factor
pavagriaph braghdiifmmiatdrdifferentiation factor comprises Wnt3B. [0053]
35. Thejmgthod of paragraphrlsiwier ein-gait djfierestiationtiretatasomitar
foregut differentiation factor. [0054] 36. The method of paragraph 1,
wﬁ’e‘%é?ﬁcssg?gg E#%%Hqﬁation factoris notare inoid,eLOOSSa] 3% The, mettgo
of paradf8h 1, whetkin sal RV RHBHRFPACtor Ko 18 Gieriangn factor
[00B6}ig8 aTirothethod of paragraph 1, wherein said differentiation factor
is proviggarto said eell poprdatitivabireapesntraticrrnf bdtvigeaniboat b
ng/%&gegg%c]&i@g/ml. [0057] 39. The method of paragraph 1, wherein
said differentiation factor ig provided to said cell population -
concentfgh of bet\%\géen 3#05’? oﬁj)}tn?ﬁagr %ohtﬁ%rﬁfﬁm 1d[ télla(.t)m nTﬁaétor
metsprsespabREraish 1, wherein said differentiation factor is provided to
said celljpmpulation at.a caneenttiation pidyetvice wisoow 5440 dfffraltiviehGeter
100 Jighmal.[00Q)4 4, The method of paragraph 1, wherein said
differentiation factor js pravided to said cell population at. ntrati
of betwe@ésgbout 10 'ng/m%omg co)dji%l 15“6%@1 ) % g‘ﬁ%&)nls%ggﬁlgé% %ﬁ%%ﬁm
of yraraigraPBF 1 wherein said differentiation factor is provided to said cell
populatigeost] a concentratiBie ofetioduf tagerrpt 1[00SHIn4SidTHE PSR T Betor
pataasaRbrdrwherein said differentiation factor is provided to said cell

populati%b?{] a CO”C‘iﬂtrati?ﬁE %5%9%% I:Qng}AEﬁr@,' wherein said differentiation factor

comprises Wnt3B,

{0053] 35, The method of paragraph 1, wherein said differentiation factor is
not a foregut differentiation factor,

[0054] 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 |, wherein said differentiation factor is
provided to said cell population at a concentration of between about 0.1 ng/ml to about 10 mgfml.
00571 39. The method of paragraph 1, wherein said differentiation factor is
provided to said cell population at a conceniration of between about 1 ng/mi to about 1 mg/m}
[0058] 40, The method of paragraph 1, wherein said differentiation factor is
provided to said cell population at a concentration of between about 10 ng/mi to about 100 nug/mi.
[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.



[00621 It will be appreciated that the methods and compositions described
above relate to cells cultured in vitro. However, the above-described in
vitro differentiated cell compositions may be used for in vivo applications.
[0063J Additional embodiments of the present invention may also be
found in United States Provisional Patent Application No. 60/532,004,
entitted DEFINITIVE ENDODERM, filed December 23, 2003; U.S.
Provisid#a®iPatent Applicatonefiohebaarageysdcvodinanidtibd-mimixion factor is
EQ&RBE&SM&E;NMERMQIH&%%&M&%@@%AD S. Provisional Patent

Applic NUmbe&360/5%§e§§eﬁao§%£l§gg§;!ﬂﬁ'\4@é§é&! Gl Bk HRE BGE 55

RECE % THE ISOLATION OF DEF|NITIVE ENDODERM, filed
JEﬁ%‘“&edz‘Bé% EF OB AR RS A S SR R B Eimber 60/587,942,
entitled [9FHE MOK N E '€ BrireSisR HaGE F@E@EW@F@EP@RO%FESM@& above
IS@EA&IIQN QERHE FANEFY B e RiMydilisetbsdbdy #4260 QdiidckiBated ool
Aekpplication N umber11021:618, entitled DEFINITIVE
ENDO f|| ecember 23, 2004, and U.S. Patent Applicatio :
ool T e, AR FERFEERLE B SN ENB OLE "yl
ABtiled6 S2tr95 F@ﬁ@?@bsﬁ?ﬁbﬁ*ﬁ?‘ﬁ@%ré\%mgﬁf@%@l PRjtied | REEINITIVE
SChEDRHERNS dilpdopesetiediffereiiatidnypathwiaiddr thenprapdiction Gffumber
betgdreis, fsgme@ ESGsihe fislcmorbRvp athway-sem s the. beveglha
tOP‘ Q%I Ay m°d§6}§ké'9$aagn%&'&dc%}§ﬁ6?&ﬁ§5§ﬁ{i B fiststen AR
th IIJ’C}][E]fel‘(i‘I’]tlatIOI‘l events 'to pancreatic en erm, endocrine

eﬁHB&é‘W%?&%e?& PEFSFHE ?é*@%%% Tednuip ARty Ush dowitinee!
CBrtnsr Sipicati® OMARHL SRRIR Bitideh CHENMQXIWHGELS SURDASEREGEPTOR
ng pasitiver foreguiendedermvSanpdasiars usafulformediating thesa:

%&%&”%&%&?H?}&ﬁ 15%1%%{ dlla‘ghi;?ﬁfé é%ﬁﬂﬁﬁﬁﬂﬂ@ s sk eslis e

rline ure 21sa SOX17 cDNA
Wil ﬁfﬁls’ﬁfagfs*‘*ﬁf?él‘”ﬁa%.ﬁ&lﬁ%% b é%&%“%ﬁ%ﬁ%ﬁﬁ NS AR RGO
udéd forithe fthunization procedure by GENOVAC. [0066] Figure 3 is a
relational dendrogram illustrating that SOX17 is most closely related to

SOX7 and somewhat less;1Q-8QX1 8. The, SQX L[ proteins are more
closely related among species homolg St ant er members of the
SOX gréug PE subflﬁ%lly Within HiEE5 e ® SPERIEE. i’g@%aﬂa@ 3r§1 s & the
Wisedetiph th%%&ﬂﬂ"ﬁﬁﬁ’ﬁ%@%a%%ﬁ?}xmm W%%ES cell to the
derfonistrat@sidhelispecificitisoftriscantb ooy stey frismainB@XIfrpriatemevents
ovg 5@&@&%&%&% Libraklgsisidans Landadackal Inmunereact Witkway
ng-lg( eco re 2) %@ﬁ t?s?tc %lly I’e|%tedde§19 S fa &/errnQ?o g{T ositive
CF (1Ene Sfa]b are icrograp S S owing a cluster o

Séosegs eeéwarsa%fp%@wa%ﬂ.F%ﬁﬂdﬁﬁ%ﬁﬁﬁwwzﬁme&rfdﬁé%ﬁ%eﬂ evant
(Apaikiristes defistrgdrgeceiirbsirtoatierSOX17' clusters (B) where little or

no AFP'166ls areghserveds diagram of the human SOX17 cDNA which displays the

positions of conserved motifs and highlights the region used for the immunization procedurs by
GENOVAC.

[6B66] Figure 3 is a relational dendrogram illusirating that SOX17 is most olosely

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.

[0867] Figure 4 is 2 Western blot probed with the rat anti-SOX17 antibody. This
blot demonsirates the specificity of this antibody for human SOX17 protein over-expressed in



[0069] Figures 6A-C are micrographs showing parietal endoderm and
SOX17. Panel A shows inununocytochemistry for human
Thrombomodulin (TM) protein located on the cell surface of parietal
endoderm cells in randomly differentiated cultures of hES cells. Panel B is
the identical field shown in A double-labeled for TM and SOX17. Panel C
IS the phase contrast image of the same field with DAPI labeled nuclei.
NBEERHRE £8P Pi&td LBrr ST AR (B R et an st sirsrinisiig.
[GOFCinFigovmser, AB afienbar charts showing SOX17 gene expression by
quantitages) PCRERQRER R At QX ingQsiliver 6eHS0Y cells that display

S&?é?ﬁ%&i&%%‘é%ﬁ&‘ﬁﬁ%&%&% é1§'§W%M AR A NGISASEE 2 4
gene expression while retinoic acid (RA) strongly suppresses SOX17
eXPTERLTPRREE Yo e Urigi AT e control media (SR20). Panel B
shows fB&fHentiEairpatieth ars wistoggrassimrarsrzigeil delakthegd SOX17.
chanps siswakieated ooty ieelumbembirtidatina atuPedRed on the

mepsHEeMeptaf SOX L 0ane expisssi AR e aliectivegt changasal i
Cs,h %ws that a

the single cell level. [0Q71] Figure SA | bar chart whic
A et e T S A S T

|GeEs\vE s R b g 4 grd sasls il e Nt Sa ReFARi ReTRAH BRopR AT T l2beled
diffeiee nttedexn718%idetal bovine serum (FBS) exhibit a strong upregulation
of AP hfif g IERs0E910n IRyels SHop Gualelick 19 GLARLRd
r -C are of two microgr showing.that the

e
CAMENEY S| BIAIER SABY BSPE REPRSHPT 3Pl A7 Edn e e gy AppeseROX17
olbgeas mlastvintk treiEfranitabruitid nedeottBan). rélatié thotOis KBSical
2lpRe{ taPel0R 73} ige ias 3B 3reco BRAVedBages. SOOWING:thumbe,
qlilnac‘ipcg%tl(%hnatc& Algapsurecgé!}‘tnol’f {f‘]%zpegey&\é\és%g ?snagr%r ¥éﬂ-gm§ef@_%{1§ngcs at
demo_nstgratest at the magnitude of change’in AFP gene expression
(Fgares i the presence (right panel) and absence (left panel) of

activin A0EXactlyfimreekpisadartehatiavrchnyberscha P el S, diferhriating hESCs
supperiagribendblitn of QiRGER Asalysas: ik gisatepphangesiocauning it
theindividual call:levelJORH, Kiguigs] B AliMickog apBsMbichr arp,

show that exposure of DESCs to nqdal, activin A and activin B (NAA)

v S PR R TR SR R e ﬁrﬁ}rcnuﬁaé?iﬁ*é%&l?' cells over the period of
5 days (073, By GewmpaRntoimsecteliicissarahhte Bramdcsparssien of
tharpiabrasisabereiaeisipresenddan eanhsfield ceisitndicaieltdnd BAR] very rare

stalpedAualatQFArit cal hRsreh hakARRIXRAtEl30:0 Aahaliaalls,
arg Amﬁggore?ctﬂve for SOX17 after five days treatment with NAA. -10
[0 78 |gﬁ?% Pis a bar chart which demonstrates that activin A (0, 10,

30 or 108 F/mi)FiEss-HeB Rt Nt dReEs BeTe iy HE e R

differentiatingrb ESCs dnorpaSes expiessisris drchepambuisidfiens doys

of fealment ABdhe Ul wesHn di e inPsminnugh (sHseguentiis A

anegcagﬂgr %Xr?esogoggsﬁ;g %%%it?n%grucl} %aélﬂ’,%&)er supporting the utility of Q-PCR analyses
to indicate changes oceurring 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) vields a siriking increase in the number of SOX17” cells over the
period of 5 days (A-C). By comparing to the relative abundance of SOX17" cells to the total
number of celle present in each field, as indicated by DAPI stained nuclei (D-F), it can be seen
that approximately 30-50% of all celis are immunoreactive for SOX17 after five days treatment
with NAA.
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[0076] Figures 12A-C are bar charts which demonstrate the effect of
activin A on the expression of MDCLL1 (panel A), GATA4 (panel B) and
HNF3b (panel Q. Activin A dose- dependent increases are also observed
for three other markers of definitive endoderm; MDMI, GATA4 and
HNF3b. The magnitudes of increased expression in response to activin
dose are _strikingly similar to those ohserved for SOX17, stro
incicaliihat AORTIA B RN SOBCRATEH 51 (i cheh 7ol
alt/fd ﬁcgerh@sn(feemvremmpﬂlWRKW%NF%EB}WBPB%&@@W&&&
]éﬁﬁe@cﬁr@ basshastswikch densonatraie dheddifactabaatvin cfnfiivdimdrough
QJ SRS OLAP BRGSOt L(RANG! B) and SPARC (panel C)

T eré Is an activin ‘A dosé- dependent %eg ase |n e %ssmp oti:

visceral SifHoder R TRtk AR R BIATR ST Bf Britve  Srdoudsrhy
anorpseioierh MEIRE S dererl (OPBAIRY rerneli Mettneiiienamse Sor astipitt dOS‘*
SipaIRssinfeatsamast e-painte idicatingritatactiféfinki ¢oagonatnadiii. L,
ffg?ﬂyt %%@ﬁ%ﬁstth ra;zﬁ%b%x%& @pgegesgnegﬁus%ge& rarsbal,ascﬁ;ﬁspgeu pReris
e fact thaf the increase r no
PP TG (5 e A SO Aoior st o st ey
ipeigionge s g@ﬁ?ﬁrﬁ&fﬁf@@%ﬁﬁ@tﬁfé%%ﬂ e’%lbmtegﬁmh d the
effect off@mtivin AigmeZ184-(pantr ddrandiBréohyerytekp réssioindpama|oB e
Cee%&%%m [paRion, @Eﬂj@%@w@j -magkm@ tgalne‘lj@}n oRstAtes.ihal hese-
540912 dose:deoendent cffect of actyin, A annetal differslialion Lhere
ffno?éb e suppression of meso erm differentiation mediated b %
n@?ﬁiﬁ‘l"%‘in A eiiReh ot CRRARGY AR GBS SU°B8FE sTio RGP
brawginpsivy. <7 hissdstilikeppitkreinéicatitzofhth ectirivré alvetinop edific aphoy ghese exira-

definiive sndesaraalim thew ReRndegerHH B6LESOE: holwsidexaissiaf of
aSB WWEMW 2R4ReRUMN NANtRIG e exPressigngf o desinitive

rac at [ater timé points of differentiation relative to untreated control

f@@'}“@ﬁ%@fﬁ?&%ﬁ%‘ﬂ"@ are micrographs showing decreased
panetali@ﬁ&bderﬁt\g‘mﬁé‘i'érﬁlﬁﬁ@ﬁ' hareshonse the tFsaitmertWith adivingane!
ReyioaseeliMy paseiabcndedarm asesifennekihesghithie aultulr enfAenaien
d'SL%{&@M?%APtﬁegqmnal@@oswﬁyﬁa@eme@w@que TV GRllS1i%:86RARS on,
When actlvm are include fEB‘()? nd ral |ntens,é%%g:d‘Jl;l\/lm0 el of activin A
If‘)l;e%&a[ Vit RSP (008 |gures SRR RS oG oS Whic
smmmak@}deﬁsﬂéys%i?ﬁr?e%mw BFSERATRET- Whtt? é%'ﬁgﬁ B TRegfiylt of e
achbreastd. spdcifitson ef é-fisiste drdifoufrooiscoetive day withsastiviweAlevels
a%@am Qstgﬁgtt{i@l%&@l@%@gﬂm% Ziﬁéé zmpﬁﬁBmc?g&ﬂnﬁi?gﬂﬁléﬂ@&e points
e and Panel D -
op c? h{?ﬁm% hve? untreatchconu’oF %thﬁ

PRase e nUmerous s % positive cells (A) associated

with the BFMplet& @B ricé B ArPHBIEZRE TRPTER ifffithist ety dpdem
[O8SFigioner Zaseamichogrephsiiowintysth &appe af SA€e rofiddfimilpdem are
engldermand vsees ak prdadefiaiiivil e e AbSCshikheregiemnsob TV
VIS ral endOd%ennLc 'Q%L%E‘EH&%JRXB%%’ o(ré%mens*{guw M@r&acuwty &

ena erm disg plays the complete opposite profile, SOX17"YAFP'l-. This

fidffFas selectively chosen due to the proximity of these two regions to
[0080] Figures 16A-D are micrographs which show marker expression in response to

reatment with activin A and activin B. hBSCs were treated for four consecutive days with activin
A and activin B and triple lzbeled with 8OX17, AFP and TM antibodies. Panel A - SOX17;
Panel B - AFP; Panel C - TM; and Panel D - Phase/DAPIL. Notice the numerous SOX17 positive
cells (A) associated with the complete absence of AFP (B) and TM (C) immunoreactivity.
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each other. However, there are numerous times when SOX171'/AFP™
regions are observed in absolute isolation from any regions of AFT" cells,
suggesting the separate origination of the definitive endoderm cells from
visceral endoderm cells. [0082] Figure 18 is a diagram depicting the TGFP
family of ligands and receptors. Factors activating AR Smads and BR

Smads are useful in the production of def|n|t| e endoderm hum
embrydiig Stem M8 kgé%ajﬂtﬁ‘:@ﬁf&?ﬁysf’gﬂﬁ%%"zﬁge?éﬁ‘ 6[(9&5[5%’—%%?

apvistsacatrswing wieeifien iSRsoflBOselre¥iessbrdeden ﬁm@e&gﬁ&d by
resuit/sbigEtmemtewitbingividuabane campbipatihns afipEEPodaciaes. profie,

[QQ8AFighwe 2Q,is:bak Chat:sipwing:the e 3RRIRPAXLEARE, gions 1o
number wé@ time s a result of trgf?ﬂtme t tlons of T%Scmd o

1588818050 g’ﬂ‘—efgu%e C i Dar chiart S ovv\\llélkr%?ln tction bf SOXL
exisrbysiplE v Ftn avh sesre S IABT Treslbn RIS E5rBIRtiCREBETGE e
faeimitv] B 6k igls & @2 viscardd andobrant @fiowing that activin A induces a

dose- dqma]dentsfgﬁ%%&%%ﬂdzp@@g RuMees 10087k E@Mgeag@resegm
bar chart ShOWI gha} Tﬁlﬁgr& of Wnt %ﬁ acivin éuag]d ??1 in B trg{a&eed
CRtTESTHEE: e§s expressmn § dbove the Tevels Thauce tby activin
Aferdhugen virPBoaionen o g ST FgcFeR A8 2fe-Har charts showing
differentimtizin to Eefinitvés erdodermadsepiznoddtinon oWSEBY camelitionsye:

THRAteRLof &ﬁégénwmmm/a\amaﬂ&m%@eﬁ@ﬁwwng 2% FBS
(2AA) yields a 2- tlm?‘? ter Ievel of SOX17 ex res é% om ared.
N1

to the SAMd treatifs e r(tff)gi%f)'a pane T
thiemd efimitisa MWWMMWW%@FB)%S also affected in the

same W@)mpd tmg&émngsmmﬁ;ftmu@iﬁ@ﬂﬂn ersinrie HX PR ol ik as
greater i 2% tBhan JE)O% FBS: ng'rtsions [0089] Figures 25A-D are

8 resuit o oris of

micrographs w h show SOX17" ce are dividing in culture. SOX17
immunovg’ﬁﬂtlve Eisee rethrcte Pt IR ISR AT g SfEcH RSfERmdent

cotonryse(€ SO} dnetibretabeled with proliferating cell nuclear antigen
(PCNA) ftiognel BFyat areinataociabelesyitheOGlib pamek Q) ol acadsitom:

C'%%mqﬂ %O}E%ti@ééﬁ{?&scﬁ&egge?%ﬁ%w 2L1aBslNg. of, AUGISHIA ROvin A and

X17' cells (arrows) as well as OCTe, undifferentiated hESCs
(a??BWh%ﬁ’ﬂ%ﬁ (D). [0090] Figure 26 is a bar chart showing the relative
expressigpsfevel BieCxCR4Grirobfetert sung ESeeninige fovdsfipiice rdersm
copdilignsd -h2J0 0K Kigikes.2 ThcdnaredaEcharsithat whow fdviBan media

paaa% SN ﬁmcwe%m mr;;sssrgra@ﬁ@v@l x@sbmméegr@a&@gpc%pamd to
épressmn to %%(m I@f} é)ss (?fd'ﬁleé?nﬁb'on trg%grg Sve do derm
BT EGLRL 26 % i ure BK-E’aré Dar charts Sh Al??
mm@vswaﬂrhé@aaéw FETRERESI D RSy S0ROeH R RscRaPRAe RSt @Wcml
angdasgenydbeel d dayrrmtdSOXY T ind A% AB8medredationship to CXCR4
expressiggsaCross;thRSHNS LeAlMRRIsRISRIRYRHJR EigUre @fs are dividing in
culture. SOX17 immmoreactive cells are present at the differentiating edge of an hESC colony
(C, D) and are 1abeled with proliferating cell nuclear antigen (PCNA) (panel B) yet are not co-
labeled 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).
10090} Figure 26 is a bar chart showing the relative expression ievel of CXCR4 in

differentiating hESCs under various media conditions.



[0093] Figures 29A-F are micrographs that show the relative difference in
SOX17 immunoreactive cells across three of the media conditions
displayed in Figures 26-28. [0094] Figures 30A-C are flow cytometry dot
plots that demonstrate the increase in CXCR4' cell number with
increasing concentration of activin A added to the differentiation media.
[0095] Figures 31A-D are bar charts that show the CXCR4 cells isolated
from the[(%?l]dh doBE SRS RTIAPERATITHETHE BRICRPYCBOP) iteasd pé Aefuitive endoderm
ertBisosher defimitimmibnosdernd crpadserstth@RRe pake Mipapi|atiRRntiation
(AdeBnelR0RBlfHg R 5.2 bar chart showing gene expression from
CXCR4 CX&R4- cgllsdsolated using fluorescence-activated cell
szﬁﬂ% @3@ ag%ﬁ %‘L@Sgn%gef arreg%ilrogn fﬁotwgg [;%“én’f'%r 6&I5?foff§"’fﬁf§l
demonstra Sthatthe CREBACHI AR Sseat thanyiamiROBR eribit a
géHEeprEeuin tp FEEEHt srrrenich paeritpepeiiorandsheTX R4 26.
populatipassontaipusep At erOnioR&asis Bk GRAe RXUARSIeRI0097] sox17
FaanaaaD.aisbat shartsdbakdenonsliote fic.depielion gl resoderm
(BRAC %%?Y, I\ﬁl.OXQ3 ctoderm (ZICl) and viscera endodermm SOX7)
gene e:zpre sion it the %’)& B AL SHETEBIAEtPIPE s Pratrtib Ge Begen in
A SR RE RHTER 1318 riasreryint prventsetigr T expivassiediof th@seditferentiation
nordefinitive endoderm markers. [0098] Figures 34A-M are bar charts

showingiue;xpregsien PaBes.CLMAIEY GRNES (AAhGANRLERd 10, o
|dﬁnﬁ| OQGJéQItIV%%@%Egﬁr{n&?&%Jhe expression analysis of dse_lnltlve
endoderm markers, FGF17, VCRLER, FOX ek saiiecrisgem
iR Baresrteriaiasddetvely. The expression analysis of
previousWibscribedditoage:nbakinovgarese SEXdid BREXCRS and CXCRA
gamzamingmwz&@&eampe&i @ﬁﬂ%%&&g@%?f@%m@&?&&%@%m
expression.an .. With respect to eac
o E S o S e abi e
p&?ﬂ?&é%ﬁﬂ?&ﬁ%ﬁ%@%?@%?ﬁ%ﬁ%?‘?ﬁ@ﬁf&%gowrwéﬁf@@ Vet Littie
29 PEE R4 gsetiviaressidition; O.1A100 indicates cells treated with 0.1%
FBS, 1@@yig/ml a@&\gmsmweommtﬁa Q@JL@J{@@JQ@L%HMSS@ J%(%(,;‘Ssoh%
n FIBA; r‘tgﬁ reated with.2% FBS, 1 L
n%ﬁ&&nf%&%ﬁ 35 |s}%a§c(izcﬁ%ag§m\1?v$1%§%?3v@ssaﬁé refative oo ®
expression of the B "‘gé]%?é’lﬁ? OB AR OFNERELRItE 4 magssureresed in
d SRR Srierhitprotabat mdrdemepEsence of retinoic acid (RA) and
fibroblagetgspwth Faoter16A-{F G tho st etbamglay dxpriditd MR Gutesker

364wk mie.shRis i shaus i elaliva-expressiop ol marker genes. in.a
culture of hEk%rCsFelgtle?r és 819 dgp%g%/s with and without .actK/ln in the
presence of retinoic aci A&)E and Tibr blgW%rﬁ@%@f@}S G

addEPHHGHy TR sssiriereSFo0 prrxipetitirsctsidincedeaairag sions oS A 7,
foHOWINBOREVROEGSESZIN) SONDK (B)sGOXE (GHARR; DS, phE) M
Zk@ﬁrﬁlﬂﬁ @Eﬂr@d&&M AL LEBUHRS 3%5@3@;5&%%4&1"3@&9@%@@%}% column
rQL%gl\ég HESR aRled é)ezzm%rléggog%%ren%unﬁed human embryonic stem cells; 2NF indicates
cells freated with 2% FBS, no activin addition; 0.1A100 mdicates cells treated with 0.1% FBS,
100 ng/ml activin A; 1A100 indicates celis freated with 1% FBS, 100 ng/m! activin A; and
2A100 indicates cells treated with 2% FBS, 100 ng/m! activin A,
[6099] Figure 35 is a chart which shows the relative expression of the PDX1 gene in
& culture of hESCs after 4 days and 6 days with and without activin in the presence of refinoic
acid (RA) and fibroblast growth factor-10 (FGF-10) added on day 4.
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in a culture of hESCs after 4 days and 8 days with and without activin in
the presence or absence of combinations of retinoic acid (RA), fibroblast
growth factor-10 (FGF-10) and fibroblast growth factor-4 (FGF-4) added
on day 4. The panels show the relative levels of expression of the
following marker genes: (A) PDXI; (B) SOX7; and (C) NFM. [0102] Figures
38A-G are charts which show the relative expression of marker genes in
a culturd’8Plefirfirrersifdotiur et g ftavtdy Wakrserresrnpiming geoes
cormbittation WEit0s githéddydvind)s 2apdvivist SuD%ipibbtretingi o @i grifsd) alidiadic

o&ﬂMJ&@ﬁ@@@@&h@%&&aw@w@) IRMel S8R rESSIONIOhREN: relative

following marker gen PDXI: H H
;;;9‘(" Q& 6?7é (F 1%1(()%%&% )mlglrlléer T%S O%}< é%tijregﬁ_' g éé%a@%a
S Fefative expression of marker genes in a culture of hESCs
after 4 d¥y&l and Belrey S ithesersbivsi ot shetivin islathve prresencel obrker genes
cerbinatn sR¥onifinniciacishdR Agysfamw blastgrewthvia cior be(m6a for L03ence

apd one:ofithe orqléeerxrpqmﬁe@sr r%&%&m&%@&mﬁrﬁ'&eﬂw an%fymobm

(FB or B27. The Cls show the relative levels of expression of
§°r?far€(?F r?es B\ PO FABfEORYY fooyrdEs lfﬁ)lsiqeﬁm%ﬁ?& pEfe

N@M%@ﬂ}?r@&?@éﬁ@@mﬁ AR R RISRFMhow the relative expression

of markgnggnes Fiprgarsreas (RENhTINKG) ancilives (BNEG) i raafitphes

ofNESfrseafter A Hoy SR HAk 1R-addition, ab RA).ARG-ak LARYSi G v

daxhs after exposure to RA). Variou Tlscondrtrons were included to compare

tHE Satiton o ACRUIN B E HOSELET TinaeT PRIty oo M 2os) B e
négTFE QISRYrHsitTeop fassBHensf rithe 2EBh GNP PR 250 HOM Ay /f6] HO8TY5; (D)
aGoHA B3; Ehemxndiisoxwithou amyiactivin A or activin B (NF) serves as

the neg ﬁﬁ con EF@M& r6gf Mévcﬁaﬁpgﬂigﬁ Emv@@ng RS Ieﬂa?@&é’neo%qg%gegrﬁes

produc on. nels sh wthe re trve of ex ression of the
following T r%grrl}grggenés Ian W—gl Tﬁg‘aﬁrﬁyﬁfﬁ?s@’%@f

cliaptangfisneh @h@%‘tﬁeai’@la(ﬁ@é é@?m‘é%%‘sl@r?‘bﬁlnfwﬁerog €idslih acghere dte
hESGsnitarbOGangtanihA (OR), HG!nglint (&bO) @BSYitcry7(NF): astiziniatis

d@éﬂﬁw@ tr@tera liokiadsiineiceeidAdditionkand-at ) foRdS 98Y5 afelFRAD)
>5?] 9 and 11, respectively). The percentage label directly

er eac bar |nd|cates the FBS dose during days 3- 5 of differentiation.
Starting'&%hy 7 Fions faete iR AR Mes GRIRmeTR RS P grnes
comprising (FBX FBE6Time IRé GO ntratidivwe aSHES (vl adter diadzy? (ugidrionto
dayidRianek G2)nivk QR o-d4-datel kahepangisehnihe reée@ageclﬁmetfnpfm
exlr;’d@&%r% "ah{he (elloning BatieE asham.Co) g @ sl @81 50

%’%é ures 42A-B are charts whic ow the re atrve expression O
m

SREREHON AT AESES Ce TP R RNt S tRARI iR eoRE S
to"rﬁhﬂ%@lﬂmweoewd@d&ﬁi%aye% Sndegabre wattrdy fxs HeARBR P ndadinimd
cqmmietrsgn%&mlsaihaﬁﬁm&auﬁeliﬁqm saniausraRe kanest Bgeiton of the
(M@E@MW ercdVHE (A\H4hand RA to induce PDXI-expressing

endoderm. &l eXpress on was determined on days 5, 6, 7, 8 and 9.
The pan[e 1ﬁureg 41§L JZ are charts %‘u nllOW the relatxve expression of marker genes

in a culture of hBSCs with 100 ng/ml {A100), 50 ng/mi {AS50) or withowt (NF) activin A at 5 davs
(just prior to retinoic acid adéition) 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 medivm
comprising 0.5% FBS. The RA conceniration was 2 uM on day 7,1 pM on day 9 and 0.2 uM on
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relative levels of expression of the following marker genes: (A) PDXI; (B)
CDXI. [0107] Figure 43 is a chart which shows the relative expression of
PDXI in a culture of hESCs treated first with activin A in low FBS to
induce definitive endoderm and followed by fresh media comprising
activin A and retinoic acid (A25R) or varying amounts of RA in

conditioned media diluted into fresh media. Total volume of media is 5 nil
indagl Ilasﬁﬁ-ﬂ%@&hﬁ)@ﬂé@e&ﬁv@!&é@é&ﬁ@iﬁé@iﬂhwi@lgif“%lmarker genes: {A)
in}@gﬂ%@ﬁpi@é :{{pm RA- treated definitive endoderm cells 3 days
(d8) and 4 days (d9) after the addition of RA and 50 ng/nil activin A.
[0109] FI§te 455 aes drvhArs CRa Y HdHERNBe d7lsthesames s of marker genes
flibresitonethbathveatad &t o eiFACshdPEBR| v oditiveldirigig dndoderm (day
enflesieam cels ganetioatly iaguecwithimES RRweRONS! WNAereoRiroLal
the BRALPIRO IR EFIE UNHI UGS 15 2-eRa(LShQNing é%lf%%"é%df 2 ressing
expression Ie;{(els normglllzed to housekéeping genes for sorte
pOPUISTONS B ERBIRfL IR foEip. fo Gative Belid (ig) dhepancls show the
EGEPeiositivicustsioarhe follgwing prfignsendT (8)ZRRErRIGMMING relative
PDXI exearssiorriemelss norohali zadiendaousakeeningeanesfonsoiatulre
pepriations.ed e callscthive) :BGHEEIAtive sallsiNed)the halfof the
E%F%h%(&sné\ée Ce&go&'{"aﬂ%ﬂ tlgat has the lo %S'EEGFP slgnala?ntensny ]
(LOY and the “hait of the EGFP-posHivs &gt 6%%)& O IHAEHEL RS Aighedt
ECSE gt i feforady Erilrelme sl medidss shired showing the
relative €xiessidipisvélsnoeatizeath: thdvahs eker pivgugenesafifiveom RA-

PaigEeabis:ARslosiBERMAIker &l &eyied RARWAUNNSOTIVEEAS ek so
EGER-nedafive cells (Neg) and EGFP-positive cells (GFP+). Panels: A -

NKX2.Z; B - GLUT2; C-HNF3[3; D-KRT19 andE-HNF4a. [0113) Figure 49
are a cHYHY shoWAFIELHE F 1A tRraTEs rdedigitnisyiars e ritralizof aofluorescence-
hatisekeegingrydinés)of tiaopsipantrent crendot exit mackely inggartedh -
PEOrtEiipREQhiMe GRS of LVEdxE riRmegative cells (Neg) and
EGFP-ppsitive ¢ P;E) s:.A _ca(w:ré' B -rg-s;s'i:cépév 51%4 .
Figh;uresqggﬂ-D s%&y%gt%g in Siggrg%?g%ﬁﬁgt%lon 0 efinitive elr\dLo e%a%zeeﬁsm
that &k SREE FUIRA@PRRE R B EAHSUIE 5P RrREReESHT SRRy and
micET Pasiercdis (AR atoxylin-eosin staining showing gut-tube-like
structurgs1 B - artipedyimmtiaom@actyiaiEragainst-hepateaya-sRasciic,
anfigendivens lhady,jngs Iy InstMillin, (IesiNgL e
e g R
5TA-C are éﬁlaﬁgsg‘r‘w%\?\ﬁ nGHhe Rormaryee ?81’%5%%%6?@’?%?8?‘?‘1%@(3@ Bpd e
mztkelr &S wp s satipoRe mrhe ep s iisten § EFT RRIptintoes Hikells
contactétligfith \iigt3s 48A20angd bk bt the BEATE ofpniafon iB-EORrREHmE
orodRYRi8eHiR RisctafersdQAaHnivR 8060081 Ranals b aAlRR RN B cons

PROXL.and C - TTT 19[‘50%}16 igures 52A-|. gre charts showing the
g et e S A R T 5
GLUT2; C—-HNF303; D~ KRT19 and E - HNF4o,

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

[0114] Figures 50A-D show the ir vivo differentiation of definitive endoderm celis
that are wansplanted under the kidney capsule of immunocompromised mice. Panels: A -

hetatoxylin-eosin staining showing gut-tube-like structures; B — antibody Immunoreactivity
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of markers for liver (AFP, AAT, hHEX, GLUT2, APOA1 and VCAMI) and
lung (VWF and CXR4) tissues in cells contacted with Wnt3A at 20-50
ng/ml, FGF2 at 5 ng/ml or FGF2 at 100 ng/ml on days 5-10 and BMP4 on
days 9 and 10. DE refers to definitive endoderm. Panels: A- AFP, B - AAT,
C - GLUKO, D - hHEX, E - TAT, F - hNF4a, G - CYP7A, H- GLUT2, I -
APOAI, J - VCAMI, K - VWF, and L - CXCRA4. Detailed Description [0117]
Adgrirstabprigesdnseefic hastan (ievelopraentitetmes g astelalion QE6H S
2-@nsipeksna fter feftiigatienmGastiiationisexy amealy significant because
it is at thigdme t three primary germ.layers are first specified and
or ani%(@gléml_et ar. E2]&(9)5‘011; S%ﬁ%}éarﬁv%&%%ﬁgm%?%ﬁﬁlﬁ”ﬁé%mﬁmﬂs
is TeREETR ST VST (ARUEGR A RO A 188 (e Bk dionevaripgss ofthied with
bItRP&riéi e ehtiefR etvousms ystehs whresisithe deatt] hlDBG./A0 R e finitive
skefetainpsele andisther, Tonregiivdissyessare derived from the |
mesodegn sPefinifl derm.| fined as the germ layer that is

e e e
esophagus,” Stomach dhdt smiat att argehRtEs Y CAME teddropASWF and
wiTEH LTS Hr GrHstPratatitd uid Yotk as2(he demdsEERR e thyeBi sy FGF2 at 100
pagathyrdigsarid sy RNicPglantss oal laddessRbRBRGIRASHRARINCBOILON_

angelton, 2QQ0sKimelan.aed Gliffiny 21999&@; mblay 61 alyy 2%?[%&2, I

W_ﬁlgAqnfijatlng,g\ng%gWe f_a Melton, 2000). A very importan
distinction should’be ma éa‘tlage WE%%F%E definitive endoderm and the
completely separate lineage of cells termed primitive endoderm. The
primitive endoderm is primarilaeisgarsibiedor formation of
extra-embryjonic Aissues sie R.apatciakandyiseeral endoderm ) .

PQUL fdhe. placental aI gascexnegné e.ex racellular matrix material of
R e i Rk T

e NS IETRT YIRS balGifet Witrtsba meeriel dhivsteke ARk Witishwolf and
mEsEn 8k rrcediedtonlis eammsileft the fommmesades biaReRERSREMes of
”t}éggz ﬂﬂﬂ@@ﬂtﬁeﬁmw r@S@ﬁ“ Q’Qeﬁéhl@_ I‘ﬁﬂé‘ W}{[ﬁ(’?}g{’%&ﬁ%ﬁi%{ i%égsgle and other
e ;| Ve ens, wnl ro e anterior

o B R ERb e ket e
D e ISP RRIS O RAT ey E O LS AN coophagus
e forE M poplaadds shrintastioemustizrrsris mijish tisbee dineh cul minatesiwiih the
tHengorinvetidofstherpostaras entiokiaegutuhesalfdQhl A Lefigiive w0
engdodQrm 8o mqagsm@%&ﬁeﬂ,%@,dﬂ&%@%[f%&%ﬁﬁh aaﬁ"ée&g%%&tmg;

[tipot tart ints for the derivation of cells which
L e AR LGP GBSt R GEP T TTRS B

eMIYERMf e sqeriath nepants, inast dlodintiord ryarirasadeidrenTal ptsti
irpsetistherapiesiiAssuctibithirmethassot eseriaet JrreindQrisentifving ey,

differaptiatianfesiyseApabie shcausing e diffgrentiation.of definitive
epdaderm,gells and/or PDX1 express?r?g endodermgélg?ls to ot tg"ﬁi ce‘iesm‘1 of
types derived from the definitive endoderm cell lineage are beneficial for

the adVAHEE me it BRE SFRETERSY 10 Poofsinop drfiiiiv cadndrre fMibodtiméntss
olvifie priade mignrontivsntl atetonmetfioltsn k1l (cells competent 1o form mesoderm

or endoderm) migrate through a structure called the primitive strezk. Definitive endoderm is
derived from cells, which migrate through the anterior portion of the streak and through the node
(2 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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identifying one or more differentiation factors that are useful for
differentiating cells in a cell population comprising PDX1-positive
endoderm cells and/or definitive endoderm cells into cells that are
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|HarynxOfaifbradadmar Tin SKPHTER ders [t ER AterRiosma reprosent
aspeatstwhichoelateting gipesitiohs ofdafinitifecdhdadermaells; ERXdly
-Regiive.eRdAder M AS w@h&am&%@@@eﬁﬁm%&ea& YEf fhcn cetls,

producm such cells are "also ¢ %ﬁcrlbeﬁt{;eg@ﬂ foflnl ons J[ﬁjhzgg gertain
lic on

terms and phraaedastisas ¥hroughou? his. ave

i ﬁgswg R Oitle B O P2 PR 9SSt HBF i, BRI i
tesiddunged$ delelOpMentaksiagesiofean cdlganignT bdlgitypiaganitd &rom the
singigazy aQiRand-gnding wét&&mmwﬁﬁmmwmﬁwgwger

Compns[ﬁ%glu”pﬁtearﬁ 1%'[0'[0%0'[ %%% Q6L than g%\x{*gnlogn rglagea .t%ads of

cells. | ition 10 ryos. derive game e fusion, the

e e T E T&%ﬁ%@%?%&ﬁf?o%&%éﬁﬁﬁﬂé%t?&ﬁ%F celi
[Ob24biAs eosedsha iy “posittip ctdedtrorctti ahipotéainiet tréddrmterit owdl cells
type ihadaeae givenisestmadifeiteskiiinnRiatelbefnaiclohCRUIRYPEiSh are

[Olgﬁlspﬁ H?Sé!u@seﬁd%r &%ﬁlﬁﬁ%&ﬂ RchRle %%tt%y}]%t%%?e‘d%' 190, 0f2 ARk,

OI’ substance as wel| as the level or amount of production of a material or

sﬁf?%ﬁﬂ@w*ﬁ%?m@tm%ﬁm&&@?ﬁﬁ% 2giﬁg%fiﬁi(‘?rma\rker refers
to detecitt}leithekdditonal athoetsortighseirinde eomensiiont ehdefnibiRerdpisriscells
eXpesseies Sinphh deteltingdieipiesenpoaioansenrietdhe mpakesells are
[0 261 Asdsed:herein, "marker” refers to any molecule that can be
observed or detected. For example, a marker can include, but is not
limited to, a nucleic acid, such as a transcript of a specific gene, a
@%&we product of a gene, a hon-gene product polypeptide, a
glycoprqiein] a carbehydratezd ghreslpd, welpittpeghpopictepiontmsiaal the
molechile (arLxamplewsmolecules having a molecular weight of less than
10, OOO q%% -17 0127]hWhepmsed In. connection wi I cn%%ar ?a e@%/ 18
tila the

i onic” refers O 2 range o deve
cell pop e term portlon means any non-zero amount o

ceqraemmr@w MEBRUAHE AYSRRRN FAARRE oY i e ERTTS Hene longer

entirgiysef theimeticertivtpamt eliss ppu lhtioAs{OaRE ddtitticredpeclnteddiity to

in &@ﬂ}%ﬁ'ﬁbﬂ%ﬁ ey sl napy iatians, “he-phiRsefcsubshanfialifee®isomatic
u&%ttrtgl specified cell type of which the cell culture or cell

popu ation Is ree is present in an amount of less than about 5% of the

total nurfidé&f of céﬁé‘sﬁé‘%i‘i‘t RSN TR (o FUPRY S R, 3R B
Asays Hiereinltitmoer efefestparécidfoFeligupral or retinoic acid as well as
derivativps:ef anysefihesp-eRinpepaEBn” 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
amotmt 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, & marker can include, but is not limited to, 2 nucleic acid, such as 2
tramscript of a specific gene, a polypeptide product of a gene, a non-gene product polypeptide, a
glycoprotein, a carbohydrate, a glycolipd, & lipid, a lipoprotein or a small molecule (for example,

molecules having a molecular weight of less than 10,000 amu)



[01301 By "conditioned medium" is meant, a medium that is altered as
compared to a base medium [0131] As used herein, "foregut/midgut’
refers to cells of the anterior portion of the gut tube as well as cells of the
middle portion of the gut tube, including cells of the foregut/midgut
junction. Definitive Endoderm Cells and Processes Related Thereto [0132]
Embodiments described herein relate to novel, defined processes for the
productipm'qf defimiiiy @sent ectepn eetatirtultitnedyndiffesp ptiatitgns, the term
H%@%aﬁﬁ!'&ﬁ%ﬁ%éa%&ﬂl o@mﬁeﬁt&mwm@f}&pd finitive Sndodesn «

s As _describ above 1&jefnltl\c/,rec Srm cel o not differentiate
me’%ss‘fﬁeS roﬂtﬁﬁgﬂ s GhIL ciute O < o83 PRSSS8 m. but rather,

d.ﬁerenﬁ%&@} into it gematide adiivis| sl 6PHERSs that 478 BRsTHAGeRTr GG s
gutibdsesidiyceetat prefernad thenipeditaendl, tive difinitlvehendd derre oslls:l

?‘oﬁlﬁ{ﬁ\éﬁ%fﬂém @5&%&%9&&%@@%@&%\@@%%@ 288IRAREr of celis

mer&tlﬁ)[}i U]?tl Qﬂ(en;hu L‘r{fgdodermal derived tissues such as
pé’ncreas IVEr, s%orﬁrf intestine thyroid and thymus. For
examp|dﬂﬁ%ducﬁ6rvsa¢ BRatiRiTRAEna K SRR Y hagh B RPRrSte prify as wel as
diderentiet i anp bétiste mergetintd.a functional insulin-producing (3-cell. To
obtain ugafiel quapiitiendtdnasinnRedusing: (3 saken highs affieie acsoabared to
dlffgggnnjl%gﬁ is desirable for each of the differentiation steps that occur
prior to reaching the pancreatic islet/(3-cell fate. Since differentiation of
stem cell¥8] defintirEBITETGH MR CEM D eLEh iR SR RLE e gpEgp of the
stept towardsvtheapresducfiche ofdificthorioh peihSre aut idietfeduding(gells of the
shewpifiguradidahigh efficiency of differentiation at this step is
particularly desirable. [0133] In view of the desirability of efficient
dlfferentlatlon g)f plunotent ceIIs tOidefIItIV% endoderm cells, some
' : ibed herein relate to in vitro

methoddmgga that%mﬂmenﬁsabmm@ry@M@%@@h\;@%ﬁmﬁmm for the
plyegatant delsHovdafinitive-aendoom gallferbypital nsuehtrrtthodsas stzm
e”%ﬂ%@%ﬁuﬁ@&@ﬁﬂi&%ﬁﬂ@@eﬁ&cﬁ% ben@nd s deowthdfactar @%@h@@aﬁa&aﬁ cells
degned temt%orall%sugemf uchfla%h|og(13t lcilgrther enral.chmgr)ct %ﬂxi:ell finte
popuila iGh Tor detfintive endoderm cells can be aé%lever&l’by isolation
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defijtve, epdodeimn Cls. a5 Ml a8 gL HLadHNG ARGIROIA G,

and/or purifying suc cells 4] In order to determine the amount of

deffiititreis e JEpit é@f@maaoeai %Hﬁ‘ﬁr‘@llé? ESPHERtER P eSS T
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herein relate to cell markers WhFQ“B% ‘f? ence absence and/or relativ fﬂs’i step

expresdti iR S Epatiie 15 S TR PRSP RITERR
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[0133] In view of the desirebility of efficient differentiation of pluripotent cells to

defmitive endoderm cells, some aspects of the differentiation processes described herein relate to
in vitro methodology that resulis 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 temporally 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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expression of a marker is determined by quantitative PCR (Q-PCR). For
example, the amount of transcript produced by certain genetic markers,
such as SOX17, CXCR4, OCT4, AFP, TM, SPARC, SOX7, MDCL1,
GATA4, RNF3b, GSC, FGF17, VWF, CALCR, FOXQ1, CMKORI, CRIPI
and other markers described herein is determined by quantitative Q-PCR.
In other embodiments, immunohistochemistry is used to detect the
PSSR, SPAsTn IS dremaHtsy ee e i BPRULP B R &siRg StpasHl Rt specifically
ehisd dintemsive) sRgRmadlimndy rothis tooh emoditteth diguibsi dreeib otinte to
usemhiteddantitapadateEmin iR MOpBLRIHEIAE VR IRIQPAIIGNSaH8Ychcn
maykers. [0136] By using methods, such as those described above, to
determine the expression of gne or more appropriate markers, it is
possiblé’td HentiR, HERvE BRYBHERG L en S Vhenadrnsdiiinfeghere
pro B BT o efmitive efibensivringdbs ielldavee frouthsraber el lingopulotio. in
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WB&FE&%M?&@@%%QQ&QM&&H@RQ&%@%@.&%&&Q&I‘@;&'K%&E%%% g
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dSRmiaE e RIS TERRT T8 e B P U TE e PBG B BY-of thieethsi e fievel
cuttureHreé getemitivle rsaisderareel S mesfrieibiy préddaredebimbedirnent
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PL&B‘BOGQJHD W&a@&@ﬁ%'k&%&ﬁ%& %&@&%@E@g{: endoderm cells. Some

preferred embodiments relate to cell culturss which comprise definitive endoderm cells, wherein

at least about 50-80% of the cells in culture are definitive endoderm cells. An especially preferred

embodiment relates to cells cultures comprising human cells, wherein at least about 50-80% of
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[01381 The compositions and methods described herein have several
useful features. For example, the cell cultures and cell populations
comprising definitive endoderm as well as the methods for producing
such cell cultures and cell populations are useful for modeling the early
stages of human development. Furthermore, the compositions and
methods described herein can also serve for therapeutic intervention in
diseasesstatss, isuchuas diabatasven elitdsntoslRXaBtpiese SiRCelefipitive the
emﬂr&ﬁry&m&n%ﬁw&e fprpala, WW{ QhHESHER hGaR
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q e devel pme nt of tissue or cel Production of
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ceIIs hESCs are malntarned on a feeder layer. In such processes, any
Brod ef iviniivy sEsaSieihenndaintained in a pluripotent state -
Can be l{tﬁ@ﬂ Onﬁ&@&@%'&fﬂé@%ﬁ@ﬁﬁﬂ%ﬁ%z&h@ F;HJ&M:}U;QP N o@ifures and
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MaifeRanceehpldipatent Eﬁ%&dﬂé&%tﬂ@@&lﬁﬁs%ﬂqﬂﬁﬁ%@ieﬁﬂﬁ% endoderm

Mgthods atm&m@m%gm&%plaaﬁ ient hﬁgf%ryc@dn%&ﬁo@? dr88ne defimitive

conditions have been described in US Patent [%p lication N

2 GBBTT 5686 A TP PN By o @S tifn® @é?féglﬁﬁﬂ"ﬂe%ﬁeéﬁﬁ“’e
bendedimaimeliciveulBrd eihratavitbeiby wittroutelie e oiigisem éaanribryopride,

stermbresi MainEN ARG SEEIeS, ﬁﬁﬁwmbmeﬂag@mmdgegseﬂnﬁleeﬂmﬁa

SEIUILIE C.6 HURAECONIGUES - SUCD ASHIORE ARSCHRAAIR Ml BIEN i ation
Apgllcatlt%n tha Zoeqm/0190748 are 101421 Stem cells are

maintained in cuttare mnap tﬁﬁrr ot &a?@dﬁ PR S S K EP iR B atent
dé%qreia“’ffﬁéﬂh%ﬁ]%g%ﬁﬁé?%ﬂ%ﬁéﬁ?ﬁ% @é‘fprﬁﬂ@énéﬁééﬁ@rrn. In some

processB$4idiffe le nbation dedefifiti verértgdémniis-ackieked byipronsdingr:
tofhe:stem.celkeuliurs.a arowth processes, any feeder layer which allows hESCs to be

maintained in a pluripotent state can be used. 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 hE8Cs (see US Patent Application
No. 2002/0072117). Alternative processes for producing definitive endoderm permit the

maintenance of pluripotent BESC without the use of a feeder layer. Methods of maintaining
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factor of the TGF(3 superfamily in an amount sufficient to promote
differentiation to definitive endoderm. Growth factors of the TGF(3
superfamily which are useful for the production of definitive endoderm are
selected from the Nodal/Activin or BMP subgroups. In some preferred
differentiation processes, the growth factor is selected from the group
consisting of Nodal, activin A, activin B and BMP4. Additionally, the
PURRA TS Crpn e -bthemiitioos amdlyeen eembibes £a18 Baeful igiden No.
predstiersof definitive endoderm cells. In certain differentiation
proces @g,l co ations the ove: entloned growth factors
SE én:ll g:% With ?%Igpe%t {0 Some osfeiihe TR EB KL BR e in culture
erewhatlon BidFEBtert SHBHTRENSTS Hewm tril @airemsoer mocelisesthrerm
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promote; giffereqtiafio n of the stem ceIIs to definitive
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leaskiahou o bout40 at Iea about 500 ng/ml,
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e A S OBOeRg it W@éﬁ%%@iﬁ%@@agsﬂm] & sooverdary
?”5’6‘% FrafeRic (e ih feertaincpucdssetderdthe difereniiation, aftvin
phuripivte BlzsteBnpella deriseiiniive-prdodarmsallssaPane meioned

QoW RGLAES AEEMQ) ell cultur subse ent to their
addition. For effa ple tr\fgg%g%v%hg?g%%% ce}n bEé removgf%f’iﬁﬂ?ﬁﬂ‘f"a?f&?r“‘“s

one day Shoat ?w e&%"‘? %"6188&"&1?@3%%@1‘%&% ¥8dr days, about five
days, a[gjdﬂ six 8’%@“@5@&? seven Haysrcaboitreighlitiaysjahoot flifgotent
desyscoliscb defter: dayaaitesith ei asiiionha PIRIAIEM-DIACESSES 16,

geavdh facter, A DR faur, fggﬁcg]a 3 {?‘rgd icie 01451
Q{ﬂé&}é&%«a% %g‘ injtive endode g p&ggl%gce‘g\aﬁg Qrown ﬁrwtrlnedq 'I‘Jﬁr?] c[(%ﬁ?é’rﬁfﬁﬂe

reduced serum of nNo serum. ncfe t%‘éﬁ%%t&ﬂ"fﬁ?&“&ﬁﬂlﬁfﬁﬁ% cglyurfy some
R R P R A TSl EXCCOB % i e tor b diute 209 bombeniaibn of

éf(&hﬁf;ﬂ@uirﬁ sgimieatiifferemtintionfiogossesotines seRIB: CARGBRAI 3HIQRaf »

themntedivimean bedessihanabamt 9. Qé?/ﬁb()‘{[‘é)ool %@%&Q@ﬁ%@%tg&o (e

s % th 3% th
om0

SEERL ISR 0 SRR 2 dest hant sefwuws% IqashApoe s agrralbmtore
@@%’Wﬁf’o%ﬁlﬁhan about 1% (v/v), less than about 2% (v/v), less than

about BRe4V/V), lessrthampakeut 436 ﬁ\d%fﬂ&&&m@:ﬁ AQUE D% (V) Ie?s to

hamab ekt 86, (M1 BTl t70°/ .Jess than about 8%
s than.about @%?\?)ZOI‘L{% tk%)n% % out afs/)wnfgveg st EYR

|

g tetgs t“aan about 2096 R t%%?iﬁ?éﬂﬁ%&é@g‘&fﬁ@éfﬁﬁm@@ Aeftierm
1%“9& Gt vaiteis direefars srowithisénrebeplicedagntbbn:still @isebout

proodaze shaledigitives,ehcodaent: paliS ke g ewi iR heIesence, of ?e%’elrehf‘

siich pésegean Hae 6 A0S ENAlIAR kR, SHRPIRIDEINGRN ranoe T

about 9)‘1]45f) vIv t&aret:)soc'i%t c? gm%va 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 sbout 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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Monitoring the Differentiation of Plurinotent Cells to Definitive Endoderm
[0146) The progression of the hESC culture to definitive endoderm can be
monitored by determining the expression of markers characteristic of
definitive endoderm. In some processes, the expression of certain
markers is determined by detecting the presence or absence of the
marker. Alternatively, the expression of certain markers can be
détEPnifiEtrR Porvetating the tevebat Mtictvihdem aienisnIesentiNdhems

celgnobiite @, cuslivie afoted OOPWRtOR tih el RFRGER588: S, shout 0.5%
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U et i ' b I tatiye or quantitative.
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krisehainetioe aFtoav)atsPsh e B6hi 00 e ke AR EL80 8 AXESSION. -,
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SOX7 is monitored. In other processes, expressibh Gt tetb ot o s
nTarkar GeRe andT - dieindnafRetorens QUiNR s eHbkaoteristic eft. Other
hieds idonitisied indditoralblsdecause gefinitve.anigdesmealls. Fo
exprgss the:HRXib dmatker-gans.atalevaliobas ARIDaLaLine ALP: ¢
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The prifitipal rolesdef:thel GXGRA tRCERINTRORINICEllsIN e AdHLAS. ..
elosed dstoe A of BETAIBROSIE SeIB. 9, bone mariow
\ymphosyie. rafficking and the differentiation of variou "CETIAef Processes
macrop agembeio%ﬁsgeﬁa#r)]eag%%ﬂff{iFﬁr,lec?i,‘eé‘?]?éi BPeviRe fer SPKY. geatikdyte
B8 6528 50f1 $50H veT PRéCRIT R MBE0F AR FIGHRIN &S, FF GBLEC ST
fOAIHEReRBY @t BMKCR Intol TRl [Feageiiiel alideianss 352872 $7
(2996)|edn an-exiensite- seres.obstdiescraried out by '\ﬂ‘ichrﬁ‘Jr';‘eteK's%b s

. ' Ak e%%gfeSe ? 9)], the expression of the chemokine
ki Q@méﬂ %é) (?ts u m%ég]lg?&’n SR R Pe i By SO

rece%%r CXCR4 an

jz.nd 7 1s monitored. In other processes, expression of the both the SOX17 marker gene and
the OCT4 marker gene, which is characteristic of hESCs, is monitored. Additionally, because
defimtive 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.

22



Leukocyte Biol. 65, 6-15 (1999)], were delineated during early
development and adult life in the mouse. The CXCR4/SDFI interaction in
development became apparent when it was demonstrated that if either
gene was disrupted in transgenic mice [Nagasawa et al. Nature, 382,
635-638 (1996)], Ma, Q., et al Immunity, 10, 463-471 (1999)] it resulted in
late embryonic lethality. McGrath et al. demonstrated that CXCR4 is the
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[0150] It 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 PDX1.
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least about 15-fold higher, at least about 20-fold higher, at least about
40-fold higher, at least about 80-fold higher, at least about 100-fold
higher, at least about 150-fold higher, at least about 200-fold higher, at
least about 500-fold higher, at least about 750-fold higher, at least about
1000- fold higher, at least about 2500-fold higher, at least about 5000-fold
higher, at least about 7500- fold higher or at least about 10,000-fold higher

than thédBpressionrinf thepmQxid mamﬁn%%rtbg&gg%%é@g[%%}gn i«
neselafigitive ehdedgrmsalls %&gljnpg%gggnagﬁggr example pluripotent
SIem.SRIS:, N.some emsbo iments, the expression 0 O KPP HREr o8y the
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pEgTatidest it pelblsonshs, cokapatedt BrilEnRNRRs AN BHLEATASLMIXI 1.

T 3pQS Gld Bigid 7 WM GALGR: ERXQL ﬂ&é%"iﬁ%&oagg E%%Z
t

i
nggzogfiniti s, 0k cell_populations, [0153] Additio ailyﬂfti?w'dc
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ex ressu%t"fé‘\i/te B PSS Higbsricoariabens TR selisaber | enlestss bt e000-
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Akt Muapdereodismarkers. In other embodiments, the expression o
the SO[&JSZ} maE{(er P{dth% CXCR4 marker is at least about 4-fold higher,
at least about 6-told. RGNS, SR TRAEE BB R X RT PGSR fionesisd disoim te
TOPTBRPR g HRT S | sslstedinm s st eighisinmpfcBaT AbQUER20; Iiehjghe,
AT s (VA0 R AIO-Fol 8ORGH e C)\E dra sima brrat 8Gxfalel-high ehasi-leashabouly
Yofi-failels higheeaat eash-ahaut taa&-f%%éaégﬁ% legst Ef%%%é%h %
-fold hi ’

igher, - -24 hi at least about er,
atglgugéﬁbiggﬁggg#%é ﬁigﬁ%r?a Tgéts LioRrostte FisHer sifoasel

Bout 5000-fold higher, at least about 7500-fold higher or at least about
10,0009%81d highéditipratisthe eibiessiorekO GEAWGP ARCHAER: TMerences
&riditon SO K Frannokesss |6 SRR MARKMEN S AT 4uRPARE L ARD oM,

angter alpX ? Significantly expressed in_definitive * ~
endoderm cﬁsﬁ%&%ﬁﬁ%ﬁaﬁ% éeegrgg %/ecc}(g{elaltﬁéf I GERE there exists a

embodimente e B RSO e S&ichf srerershsuiucta frorh
PG RS- SBABISHER o T ATtAS QoI Pthet ek M1EBHIHG SRodEG FAR, YRS, in
©Fik SRF@NQLEMKRIth AR GRITH 1 Be B0 Ve SRAoderD SRS IS, er
D et @aseeout 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 ieast
about 8-fold higher, at least about 10-fold higher, at least about 15-fold higher, at least about 20-
fold higher, at least about 40-fold higher, at least about 80-fold higher, at least about 100-fold

higher, at least about 130-fold higher, at least about 200-fold higher, at least about 500-fold
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as compared to the expression of OCT4, SPARC, AFP, TM and/or SOX7
in definitive endoderm cells. Enrichment. Isolation and/or Purification of
Definitive Endoderm [0155] Definitive endoderm cells produced by any of
the above-described processes can be enriched, isolated and/or purified
by using an affinity tag that is specific for such cells. Examples of affinity
tags specific for definitive endoderm cells are antibodies, ligands or other
bmgmgaagenﬁsom aztsawensa@ﬁm&t%atmeom%m&eﬁ%n@am 2500-fold
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bead and then aIIowed to blnd to deflnltlve endoderm cells in a cell culture
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s“a%f}%r%%ﬁ%s B O et e
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10187} Additional methods for obtaining emriched, isolated or purified definitive

endoderm cell cultures or populations can also be used. For example, in some embodiments, the
CXCR4 antibody is incubated with a definitive endoderm-containing cell culture that has been
treated to reduce interceliular and substrate adhesion. The cells are then washed, centrifuged and
resuspended. The cell suspension is then incubated with a secondary antibody, such as an FITC-

conjugated antibody that is capable of binding to the primary antibody. The cells are then
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is SDF-1 or a fragment, fusion or mimetic thereof. [0159] In preferred
processes, definitive endoderm cells are enriched, isolated and/or purified
from other non-definitive endoderm cells after the stem cell cultures are
induced to differentiate towards the definitive endoderm lineage. It will be
appreciated that the above- described enrichment, isolation and
purification procedures can be used with such cultures at any stage of
diffesfeAtiation:gt0 k6cnspadit anticith e TheeeR AR bsjbiS RSCHRSL S and sorted
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Seiionae Lo%en-a R 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 8§0-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.

26-



15%, about 20%, about 25%, about 30%, about 35%, about 40%, about
45%, about 50%, about 55%, about 60%, about 65%, about 70%, about
75%, about 80%, about 85%, about 90%, about 95%, or greater than
about 95% conversion of pluripotent cells to definitive endoderm. In
processes in which isolation of definitive endoderm cells is employed, for
example, by using an affinity reagent that binds to the CXCR4 receptor, a

sbstariialyquiedefintveendedesmn cell population can be recovered.
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1 pluripotent cell, at least about 100 definitive endoderm cells for about every 1 pluripotent ceil,
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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comprising from at least about 5% definitive endoderm cells to at least
about 95% definitive endoderm cells. In some embodiments the cell
cultures or cell populations comprise mammalian cells. In preferred
embodiments, the cell cultures or cell populations comprise human cells.
For example, certain specific embodiments relate to cell cultures
comprising human cells, wherein from at least about 5% to at least about
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at least sbout 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 hurman feeder celis
in the cell cultures or cell populations,
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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. [01671 Still other
embodiments described herein relate to compositions, such as cell
cultures or cell populations, comprising human cells, such as human
definitive endoderm cells, wherein the expression both the SOX17 and

the CXCR4 marker is greater than the expres: lon the OCT 4, SPARG
AFP, TRf8nd/oft SBXF ﬁ?ﬁﬁ?éafa%%ttlg%né% about b ?eﬁnbﬁ%mséen cells. In
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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 CXCR4
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endodermal cells, in at least about 55% of the endodermal cells, in at least
about 60% of the endodermal cells, in at least about 65% of the
endodermal cells, in at least about 70% of the endodermal cells, in at
least about 75% of the endodermal cells, in at least about 80% of the
endodermal 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
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{0172 It will be appreciated that some embodiments described herein relate to
compositions, such as cell cultures or cell populations comprising mammalian endodermal cells,
wherein the expression of the GATA4, MIXL1, HNF3b, GSC, FGF17, VWF, CALCR, FOXQ1,
CMEOR! and CRIP] markers is greater than the expression of the OCT4, SPARC, AFP, TM
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described herein, the definitive endoderm cell populations or cell cultures
produced by the methods described herein are substantially free of cells
that significantly express the OCT4, SOX7, AFP, SPARC, TM, ZIClI or
BRACH marker genes. [0174] In one embodiment, a description of a
definitive endoderm cell based on the expression of marker genes is,
SOX17 high, MIXLI high, AFP low, SPARC low, Thrombomodulin low,
SeXidr lsox CALR4 highmw e Rl n 9
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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 posierior 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 partion of the foregut
region of the gut tube.
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differentiating pluripotent cells, such as embryonic stem cells, as
described herein or by any other Imown methods, A convenient and
highly efficient method for producing PDXI-negative definitive endoderm
from pluripotent cells is described previously herein and in US Patent No.
11/021,618, entitled DEFINITIVE ENDODERM, filed December 23, 2004.
[01781 Processes of producing PDX1-positive foregut endoderm cells
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to enable the detection of PDX1 expression. Such fluorescently labeled cells can then be purified
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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[0181] In some embodiments described herein, the presence, absence
and/or level of expression of a marker is determined by quantitative PCR
(Q-PCR). For example, the amount of transcript produced by certain
genetic markers, such as PDX1, SOX17, SOX7, SOX1, ZIC1, NFM,
alpha-fetoprotein (AFP), homeobox A13 (HOXA13), homeobox C6
(HOXC®6), and/or other markers described herein is determined by
Q-PCR.jhasgfher ghediments:-mmunahistes mgglg%ii%rgsqd tp detect
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Production of PDX1-Positve Foregut Fndoderm from PDX 1-Negative Definitive Endoderm
f0184] The PDXI-positive foregut endoderm cell cultures and populations

comprising PDX1-positive foregut endoderm cells that are described herein are produced from
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PDXI-negative definitive endoderm cells can be used in the methods
described herein regardless of their origin. [0185] In some embodiments
described herein, cell cultures or cell populations comprising
PDXI-negative definitive endoderm cells can be used for further
differentiation to cell cultures and/or enriched cell populations comprising

PDX1-positive foregut endoderm cells. For example, a cell"culture or cell
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molecules, such as nuirients and/or growth factors, to be added to or depleted from the original

levels found in the base medium. Jn some embodiments, 2 medium is conditioned by allowing
cells of certain types to be grown or maintained i 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 2 defined

termperature for a defined number of hours. As will be appreciated by those of skill in the art,
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maintained in a medium comprising about 1 ng/ml to about 1000 ng/ml
activin A. In still other embodiments, a medium is conditioned allowing
differentiated pluripotent cells to be grown or maintained in a medium
comprising about | ng/nil to about 1000 ng/ml BMPA4. In a preferred
embodiment, a conditioned medium is prepared by allowing differentiated
hESCs to be grown or maintained for 24 hours in a medium, such as
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the use 8{ %]retinoid_ in combination with a fibroblast growth
[a18 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 interfere
with the growth or maintenance of PDXl-positive foregut endoderm celis. 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 2 medium, such cells can be differentiated

in 2 medium other than RPMI provided that the medium does not inhibit the growth or
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factor, a member of the TGFp superfamily of growth factors, a conditioned
medium or a combination of any of these foregut differentiation factors
causes greater differentiation of PDXI- negative definitive endoderm to
PDX1-positive foregut endoderm than the use of a retinoid alone. In a
preferred embodiment, RA and FGF-10 are both provided to the
PDXI-negative definitive endoderm cell culture. In another préeferied™""
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at msét least about 4.5 uM, at least about 5 pM, at least about 10 pM, 2t least about 20 uM, at
least about 30 pM, at least about 40 pM or at least about 50 pM. In a preferred embodiment, the
retinoid is retinoic acid,
[0193] In other embodiments of the processes described herem, ome or more
differentiation factors of the fibroblast prowth 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 300 ng/ml, at least about 400 ng/ml, at least about 500 ng/ml, or at
least about 1000 ng/ml. In some embodiments, either FGF-4 or FGF-IO0,
but not both, is provided to the cell culture along with RA. In a preferred
embodiment, RA is present in the cell culture at 1 M and FGF-10 is
present at a concentration of 50 ng/ml. (0194] In some embodiments of
the processes described herein, growth factors of the TGF(3 superfamily
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j6196] Cultures of PDX1-positive foregut endoderm cells can be grown in a2 medium
containing reduced serum. Serum concentrations can range from about 0.05% (v/v) to about 20%

(v/v). In some embodiments, PDX1-positive foregut endoderm cells are grown with serum
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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% (v/v), less than about 10%
(v/v), less than about 15% (v/v) or less than about 20% (v/v). In some
embodiments, PDX1-positive foregut endoderm cells are grown without
serum. In other embodiments, PDX1-positive foregut endoderm cells are
grown with serum replacement. [0197) In still other emboediments; -~
PDXI-positive foregut endoderm cells are grown in the presence of B27.
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{6198} As with the differentiation of definitive endoderm cells from pluripotent
cells, the progression of differentiation from PDX1-negative, SOX17-positive  defmitive
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
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determined by detecting the presence or absence of the marker.
Alternatively, the expression of certain markers can be determined by
measuring the level at which the marker is present in the cells of the cell
culture or cell population. In such embodiments, the measurement of
marker expression can be qualitative or quantitative. As described above,
a preferred method of quantitating the expression markers that are
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foregut endoderm cells are fluorescently labeled then isolated from
non-labeled cells by using a fluorescence activated cell sorter (FACS). In
such embodiments, a nucleic acid encoding green fluorescent protein
(GFP) or another nucleic acid encoding an expressible fluorescent marker
gene is used to label PDXI-positive cells. For example, in some
embodiments, at least one copy of a nucleic acid encoding GFP or a
biglog cally actlve fra ment thereofls mtroduced |nto a pIurlpotent cell,
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cells from human embryonic stem cells. [0207] Using the methods
described herein, cell populations or cell cultures can be enriched in
PDXI-positive foregut endoderm cell content by at least about 2- to about
1000-fold as compared to untreated cell populations or cell cultures. In
some embodiments, PDX1-positive foregut endoderm cells can be
enriched by at least about 5- to about 500-fold as compared te-untreated
cell populations or cell cultures. In other embodiments, PDXI-positive
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12%, less than about 10%, less than about 8%, less than about 6%, less
than about 5%, less than about 4%, less than about 3%, less than about
2% or less than about 1% of the total cells in the culture. [0210] Additional
embodiments described herein relate to compositions, such as cell
cultures or cell populations, produced by the processes described herein,
which comprise PDXI- positive foregut endoderm as the majority cell type.
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foregut endoderm cell for about every 1000 PDXI-negative definitive
endoderm cells, at least about 1 PDX1-positive foregut endoderm cell for
about every 500 PDX1-negative definitive endoderm cells, at least about |
PDXI-positive foregut endoderm cell for about every 100 PDXI- negative
definitive endoderm cells, at least about | PDXI-positive foregut endoderm
cell for about every 10 PDXI-negative definitive endoderm cells, at least
about 1 PDXI- posmve foregut_endoderm cell for about every 5 PDXI
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SOX7, SOX1, ZIC1 and/or NFM marker in at least about 5% of the human
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embodiments, the expression of the PDX1 marker is greater than the
expression of the AFP, SOX7, SOX1, ZIC1 and/or NPM marker in at least
about 5% of the endodermal cells, in at least about 10% of the
endodennal cells, in at least about 15% of the endodermal cells, in at least
about 20% of the endodermal cells, in at least about 25% of the
endodermal cells, in at least about 30% of the endodermal cells, in at
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f0217] Using the processes described herein, compositions comprising PDX1-
positive foregut endoderm celis substantially free of other cell types can be produced. In some

embodiments of the present invention, the PDX 1-positive foregut endoderm cell populations or
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low and NFM low. IncreasingExnression of PDX1 in a SOX17-Positive
Definitive Endoderm Cell 102191 Some aspects of the processes
described herein are related to methods of increasing the expression of
the PDX1 gene product in cell cultures or cell populations comprising
SOX17-positive definitive endoderm cells. In such embodiments, the
SOX17- positive definitive endoderm cells are contacted with-a-----—---
differentiation-factor in an amount that is_sufficient to increase the
ex5Fe S8 GreRKes X R HETS st e S S EyX Ay - B EmIvaly cisithecells that
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SO o L A B TR st 2
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f0222) Methods for increasing the expression of the PDX1 gene product in cell

cultures or cell populations comprising SOX17-posiiive definitive endoderm cells can be carried
out in growth medium containing reduced or no serum. In some embodiments, serum
concentrations range from about 0.05% (vw/v) to about 20% (v/v). In some embodiments, the

SOX17-positive cells are grown with serum replacement.
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endoderm cells, such as human definitive endoderm cells, are obtained.
The cell population is then provided with a candidate differentiation factor.
At a first time point, which is prior to or at approximately the same time as
providing the candidate differentiation factor, expression of a marker is
determined. Alternatively, expression of the marker can be determined
after providing the candidate differentiation factor. At a second time point,
which is subsequent to the first t|me point and subsequent to the step of

expression o the same marker Is again etermined.
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population is contacted or otherwise provided with a candidate (test)
differentiation factor. The candidate differentiation factor can comprise
any molecule that may have the potential to promote the differentiation of
human definitive endoderm cells. In some embodiments described herein,
the candidate differentiation factor comprises a molecule that is known to
be a differentiation factor for one or more types of cells. In alternate
embodiments, the candidate differentiation factor comprises a molecule
thit PPKERABHFHoch ot e BfRare Aestbw. Irrsirefisrrel) populations further
ervizguiin 8036 theitiva rickzte diffe rertdtio rrinototindrd prisBRXhoteitutelthatt
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factor (EGF), Brain-derived neurotrophic factor, Leukemia inhibitory factor,
Thyroid hormone, Basic fibroblast growth factor (bFGF), aFGF, FGF-4,
FGF-6, Keratinocyte growth factor (KGF), Platelet-derived growth factor
(PDGF), Platelet-derived growth factor-BB, beta nerve growth factor,
activin A, Transforming growth factor beta 1 (TGF-[3l), Interferon-a,
Interferon-n, Interferon-y, Tumor necrosis factor- a, Tumor necrosis
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embodiments, the concentration of the candidate differentiation factor in the medium surrounding
the cells ranges from about 100 ng/ml to about 10 pg/mi. In preferred embodiments, the

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

-49-



ng/ml, about 300 ng/ml, about 325 ng/ml, about 350 ng/ml, about 375
ng/ml, about 400 ng/ml, about 425 ng/ml, about 450 ng/ml, about 475
ng/ml, about 500 ng/ml, about 525 ng/ml, about 550 rig/ml, about 575
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expression of at least one marker at a second time point, which is subsequent to the first Hime

point and which is subseguent fo providing the cell population with the candidate differentiation
facior. In such embodiments, expression of the same marker is determined at both the first and
second time points. In some embodiments, expression of a plurality of markers is determined at

both the first and second time poimts, In such embodiments, expression of the same plurality of
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expression is determined at a plurality of time points, each of which is
subsequent to the first time point, and each of which is subsequent to
providing the cell population with the candidate differentiation factor. In
certain embodiments, marker expression is determined by Q-PCR. In
other embodiments, marker expression is determined by
immunocytochemistry. [02331 In certain embodiments of the screening
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hours, at least about 18 hours, at least about 24 hours, at least about 30 hours, at least about 36
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hours, af least about 66 hours, at least about 72 hours, at least about 78 hours, at least about 84
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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 hours, at least about 132 hours, at least
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cells include, but are not limited to, cells of the pancreas, liver, lungs, stomach, intestine, thyroid,
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thymus, pharynx, gallbladder and urinary bladder as well as precursors of such cells.
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Additionally, these cells can further develop into higher order structures
such as tissues and/or organs. 102371 It will be appreciated that
screening methods similar to those described above can be used to
identify one or more differentiation factors capable of promoting the
differentiation of human PDXI-positive endoderm cells in a cell population
which comprises human PDXI- positive endoderm cells. In certain
erhisiithmign tsesh e AR X e Siv e gnd odRy -eeUS ALY a5 tissues and/or
Pg}gggspositive foregutlmidgut endoderm cells. In preferred embodiments,
the hu DXI- p |ve endoderm cells are PDXI-positive foregut
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and/or the HOXC6 gene in the cell culture or cell population. In such embodiments, the
sxpression of HOXA13 and/or HOXCS is determined both before and after the cells are contacted
with the candidate differentiation factor. If the expression of PDX1 and HOXAIS has increased
affer contact with the candidate differentiation factor as compared to PDX] and HOXA13
expression prior to contact with the candidate differentiation factor, the candidate differentiation
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factor is identified as capable of promoting the differentiation of
PDXI-negative definitive endoderm cells to PDXI-positive foregut
endoderm cells. Similarly, if the expression of PDXI and HOXC6 has
increased after contact with the candidate differentiation factor as
compared to PDXI and HOXC6 expression prior to contact with the
candidate differentiation factor, the candidate differentiation factor is
identified as capable of promoting the differentiation of PDXI- negative
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contacting the cells with the candidate differentiation factor, about 5 days after contacting the

celis with the candidate differentiation factor, about 6 days after contacting the cells with the
candidate differentiation factor, about 7 days after contacting the cells with the candidate
differentiation factor, about 8 days after contacting the cells with the candidate differentiation
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-54 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 more than 10 days after contacting the
cells with the candidate differentiation factor. [0242] Candidate
differentiation factors for use in the methods described herein can be
selected from compounds, such as polypeptides and small molecules. For
example, candidate polypeptides can include, but are not limited to,
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dzfterentlamon of PDX1-positive foregut endoderm celis. In preferred embodiments, expression

of the marker is determined by Q-PCR.
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[244] In some embodiments of the above-described methods, the one or more times
at which the marker expression is determined afier contacting the cells with ttxe candidate
differentiation factor can range from about I hour to about 10 days. For example, marker
expression can be determined sbout 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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differentiation factor, about 2 hours after contacting the cells with the
candidate differentiation -55 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 hours
after contacting the cells with the candidate differentiation factor, about 10
hours after contacting the cells with the candidate differentiation factor,
about 12 hours after contacting the cells with the candidate differentiation
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EXAMPLES
f0248] Many of the examples below describe the use of pluripotent human celis.
Methods of producing pluripotent human cells are well known in the 2rt and have been described
- numerous scientific publications, including U.S. Patent Nos. 5,453,357, 5,670,372, 5,690,926,
6,090,622, 6,200,806 and 6,251,671 as well as U.S. Patent Application Publication No.
2004/0229350.



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
maintaining a normal karyotype. ES cells were derived from the 5-day-old
embryo inner cell mass using either immunological or mechanical
methods for isolation. In particular, the human embryonic stem cell line
hESCyt-25 was derived from a supernumerary frozen embryo from an in
vitro fertilization cycle following m%‘f’ﬁ@ﬂ“@énsent by the patient. Upon
thawing the hatched blastocyst WasapEfedlon mouse embryonig

fibroblaste W EF)rén &SsmediumoddEM20%EBS: HRIsentialAmingic
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displays gygng i reactivity for the OCT4 SS RA-
antlgenslﬁa?‘a fw |ch %re (?har%\tllczgtely sticofun ferent %gl(fc S1g o

&B}&@@%ﬁﬁa‘%@%ﬂ&%ﬁﬁ%ﬁw%ﬁ@%&mF@éﬁ?ﬁ&?ﬁﬁ&fﬁ@gﬁ%ﬁﬂ%}m
to stk dstablishidehE S@:lmé Sofrthommogeptie Hidgwantsdenancellisihed by
hESGyE:250@ise #eadibifesmeiamhnyeid-batios (ERs) wiass: cultured in
suspension. As a demonstration of its pluripotent nature, hESCyT-25
differentiates into various cell types that re?resent the three principal
germ layers. Ectoderm productio onstrated by Q-PCR for ZICI
as well as immunocytochemiSRHESObimedetiiorand more mature
neuronalepsgkersThimoain eeptoahe fitadeatair|ng o (S Whd whslinians normal

Obﬁ%ﬁ)ﬁ? ﬁ!a&%ﬁ glfo%]tﬂ Qﬁl@&éﬁr&%ﬁ%ﬁ p%}:@l@é‘st%@tig ﬁgﬁﬂrb{ QEHONS ¢ cent
Prfg}\l/lo slgﬁlwe treated EBs |n Sus pensg&wn ﬁtlnom aC|d to induce

Fentiation of IO Vs ceY HRPE g all of
extrBisBniBristtcHve A @dﬁ@mééﬁ%@ﬁe@w&hlw@wme activity as
a-feth ps@beinphalbE \idenik5 0 Hier batebalsakETSOlined Furthermore, the buman stem cell

time, hESCyi-25, also readily forms embryoid bodies (EBs) when cultured in suspension. As a
demonstration of its pluripotent nature, hESCyT-25 differentiates into various cell types that

represent the three principal germ layers. Ectoderm production was demonstrated by Q-PCR for
ZIC1 as well as immunocytochemistry {ICC) for nestin and more mature neuronal markers,
Immunocytochemical staming for B-IH tubulin was observed in clusters of elongated cells,
characteristic of early neurons, Previously, we ireated 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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VE, by 54 hours of treatment. Cells differentiated in monolayer expressed
AFP in sporadic 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
guantitative polymerise chain reaction (Q-PCR) and immunocytochemistry
for SOX17, in the absence of AFP expression. To demonstrate
differentiation to mesoderm, differentiating EBs were analyzed for
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production of visceral an par'e‘t%‘f endoderm (extra-emupryonic 16 8180
enBiBERETTHIT (PSSOl oRTaReproatds A ellitibe @yPEsEan of BEXatyin gas beea
portigrvef thedsimrarer SOXET. cD A (BB [IiNOer2) tor8sPioridmggsropriate
AR ARG (nathd (RAAD NG he: carbguderminghead:0tdhgde
SQ@M-%&%%L%@%%& 2) was used for genetic immunization in rats at the
antibody production company, GENOVAC (Freiberg, Germany), accordin
to procedtfres de@éﬁfﬁ%@%t@f‘aﬁ’%ﬁ%ﬂﬂf W@%ﬁ’é’ﬂ%‘?’ﬁﬁﬁ?ﬁ’ﬁ?ﬂé‘tiﬁ’ﬁ"&%ﬁ y
besfomint RIS 9P sepisNeMSI8 I0IZVB:r-BigihT, B3ZIGE 658D fndroduction of
6, 201K 28 posisw el msiketerpation aliRatent-Application.Rutlieation, NPSRC and
WaQIARAA 4. AR AW ORPLAER T 11052 6 ARG R SUIRARIG MEINQES QL OSNEHS,
im unlza%pén are 3'?0 desqubed in the nqn-patent literature. or
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genetic itftAtinizatioArde Bioredisi questbeyoEsreR 801994, Bpistifig the human
exantple sm g eS i INON Uniaadipadhe hadtntoxpie d urel atibpties@gainste
SD%&E&MH? &%%@di%es&t&ﬁ%f@ﬁ: @ﬁgmlfwaé %géd for genetic immunization in rats at

the antibody prodnction company, GENOVAC (Freiberg, Germany), sccording to procedures

developed there. Procedures for genetic immunization can be found in US 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 W(099/13915.

[0256] Other suttable methods for genetic immunization are also described in the
non-patent literature. For example, Barry et al, describe the production of monoclonal antibodies
by genetic immumization in Biotechnigues 16: 616-620, 1994. Specific examples of genetic

irumunization methods to produce antibodies against specific proteins can be found, for example,
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in Costaglia et al., (1998) Genetic immunization against the human
thyrotropin receptor causes thyroiditis and allows production of
monoclonal antibodies recognizing the native receptor, J. Insntunol. 160:
1458-1465; Kilpatrick el al (1998) Gene gun delivered DNA-based
immunizations mediate rapid production of murine monoclonal antibodies
to the FIt-3 receptor, Hybridonza 17: 569-576; Schmolke et al., (1998)
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pr@@éﬁ%ﬁ%eﬁ%t@@%tﬁwﬁ@@@x&eﬁ antiboiyra@nlsotteeristei¥izma, St
extragd, o hSOX17 transfected cells produced a band of -5IKda which

closely ni@tgdped tﬂ?%@'@}%&ﬁ Kda.malegular weight ﬁgrgﬂﬁsbgmgﬁmt were

SOX1 .
trans:Yentiy 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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-59 protein. There was no reactivity of the SOX17 antibody to extracts
made from either human SOX7 or EGFP transfected cells. Furthermore,
the SOX17 antibody clearly labeled the nuclei of human fibroblast cells
transfected with the hSOX17 expression construct but did not label cells
transfected with EGFP alone. As such, the SOX17 antibody exhibits
specificity by ICC. EXAMPLE 4 Validation of SOX17 Antibody as a Marker
of Definitive Endoderm [0259] Partlall differentiated hESCs were

BB R ST KE TSR A RS PSSR o HETFISioEste APl
SEXT PraniiBouysiectd seific Tentivmera 8 817 pridieincdoady fehntled fmorelet of
Matks defibiily ecanaodesm Hithals heer dermassiadaddhat QX 1d 15X

(which dsaa6lesebaislatad MemPeb Rl aRA-aane AR syPgroup F

(Figure 3)) and AFP are each expressed in visceral endoderm. However,
AFP and SOX7 are not expressed in definitive endoderm cells at levels

detectable by ICC, and thus the%&%@émployed as negative markers
for bonifide dediditive o iyes K MesisstfawiniinatrS@setyd antibody
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rejibreRrETR SE R Fpfere ﬁéﬁé%@%&@éﬁ@%ﬁﬁ&é@% (eichdsa
ofcBEIX tetatedetien(ierg off ¢ BPIS pmidafdyilsinderpar B @ nddpl et Kefs beemh
reppriac e SXERE$HakAskh ik dymolRbebRY wéﬂﬁo‘@%ézsé@%m%m
ngni tﬁlgnf 9 E ? tﬂeveﬁrtlfe? é:a%lp'g‘l:ﬁgca m%/‘gnr Tt{x] rombngd “nd(a-gl\'&ﬂelgeﬁ'lac marksrs

used to Id en| s that are pari etal cﬁigaerm OWI’] In

FigtiPaesa d@*ﬂfﬁ?&ﬁ?ﬁ%ﬁ%ﬁdﬁn I Fep Wﬁﬁ&%%weﬁémr}%? BRI
cetibs\Watexipr et dieac by varnto ol diffe rentiatisrmifzhE SieEP[6R60} Irelidevr
ofstheaboye.ce ki lahelingrexpetiments:dhe sdentity.of aeetinitivges with Arp;
e@@@&@{%fﬁ %Ja he ?&Mﬁ&?&@é’&@? ;{za@%f% W 'sexﬁ QX ﬁéﬁ ERALM:

or SPARCY, In other word s, the e>§)re33|on of 7 marker Is

orEhteFIREH W SIBPELLi SRR rfﬁsi%‘ﬁla?kw %fﬂd&?%%&f&é?éﬁﬁ%ﬁ@%ﬁ
vigedalyepeilsbding | Wity ${E<TM ersRARE nigrkearistaly Hishkerge SPARC  and/or

charaetensiiciofl Paretcdaneodaetenti A ceauiigllhase tepsipasHisadar As
Swd iPutnRpalive M?ﬁﬁ]ﬁcﬁ&%d%%xg?&ﬂ%é&r ; é@%}@d&@@éﬂei%‘%
en er a turiner. ceo e speciricity, o e
‘%E’ﬁ%“%‘%]d/%% é eiproflle as prgdlctlveyof definitive
endodeﬂﬂ?@oxﬂ"f e 9£|i‘3-r§ e ek o R AR ¢ defntve
comidvedott the etativishnginbée obdntibotly RBSEWATRISTMS shERARIT]. In
FigiEe wohds, mfsfgﬁegaﬁteﬂ%giMM&mﬁ @é@&% %ﬂ@@%ﬁbﬁ?ﬂﬁ@@ﬂ
or_actvin efinitive erm .iaucer in (0} Irer
in the le e‘Ievﬁ é fSOX: Wsecgrﬁlrécréé'lomzlaﬁls result rr%r%grge ﬁl ﬁf o
ﬂ%@ﬁ%ﬂﬁ%@%&% %Fﬂ?&ﬁﬂyﬁ%@@%iye g GFHB%?S’(CFY@{?F(?@%V out negaﬁve for
FurifienhenetiadeAdivm SEARG eredsRitctivipdirreatment of hESCs
suppresgaéi AFP gengrexpiessianiiye Gty b eQRpaIiSORHe MO /SPARCY
trm%&b'§sv¥9e§my%Mydgﬁi@%eeqdﬁxe&d@%'M%&@a& 'agtb%mm wes

number of TAFP Iatégled ceI{s in these cultures as shown in Figures 8
T6 guantitatively compared fo the relative number of antibody labeled cells. As sfown in Flgm'e 7A,

HESCs treated with refinoic acid (visceral endoderm inducer), or activin A {definitive endodsrm
inducer), resulted in a 10-fold difference in the level of SOX17 mRNA expression. This result
mirrored the 10-fold difference in SOXI17 antibody-labeled cell number (Figure 7B).
Furthermore, as shown in Figure 8A, activin A treatment of hESCs suppressed AFP genme
expression by 6.8-fold in comparison to no treatment. This was visually reflected by 2 dramatic
decrease in the munmber of AFP labeled cells in these cultures as shown in Figures 8B-C. To
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-60 quantify this further, it was demonstrated that this approximately 7-fold
decrease in AFP gene expression was the result of a similar 7-fold
decrease in AFP antibody-labeled cell number as measured by flow
cytometry (Figures 9A-B). This result is extremely significant in that it
indicates that quantitative changes in gene expression as seen by Q-PCR
mirror changes in cell type specification as observed by antibody staining.
[0262 Incubation of hESCs in the presence of Nodal family members
Sesi{Pen dnves SrvmmsseteA i fiis soretmatdsghit CameacreAER epe
S@lanwm)ﬁiry tesblt leftk cetider OviehtitrecaByib Ay stfcdpiibaldd usl apkihiet as

tre@uaﬁeaat@r@@%ﬁz@@@&@g&fagfﬁ%llsmreeéa@%%m Ry SEHELLt in tha it
(Fighies, 10AEM LGB et few ot o cells Jbeled Wi AL aiter 8 days,
of ‘activin treatment. [0263] In Summary. the antib gpro Uced agamst o
th%&?ﬁﬁﬁif*’f@i‘ﬁﬂH%F‘?’ﬁ‘ﬁbéf’ﬁﬁlfﬁdya"&ﬂ’é‘%f the human SOX17 protein

identifietPHidinan BOMXLF: protERCom \Westesmbiots Budatlitimidt mesegni@edal,
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subsetof. %@J@a%sdafffsgﬁﬁuam%ﬁ%&%L&@&éﬂéﬁ%&%ﬂﬁ Hf,ywm O iefed

IAFP™ éo%eater an 95% of labeled cells) as well as a sm ercentage
(<"B06) OF LeliSTHig: Eu2iibel 167 SOXFF Sha°ari la?rézderaﬁhe%g af&rrﬁ)days of
TrE4tERTBIRESC cultures with activins resulted in a marked elevation of
SOX17 gess explessinngpsivetiasiBfotictdapaieciealismandaramaicatimo
SuRREEISEIRE, SERtOSHIAN plARE: MBRNAGRE N6 M MRALELGRS but did not
|gg%|ed ng&éﬁ t's aosestd%x%mﬁ'vlgllin%; P&)% genehvxpresslon ?gfbas'gt of

owmg exp er|me , real-time guantl

@ﬁtﬁ%ﬁ@%@hﬁﬁ%@%@% 86t me#%@ﬁr‘ﬁﬁ’ THETSTTemeatatha s of
trelgtirhré ntdisdrshicB @ diftedit pttaticage i3 PartiCutils, inaadetithe MESGKIEMANSP

?f gﬁgﬁaﬁfmgm}apngéﬁﬁ%@B@Azg@qmwwl&%&m?%a?ﬁl@a%ﬁk%w&%? of
| nts py arker S Ired as w
n&%fé]} ene ex ssmn as Weh ?/%(?}FF(% 'iaé: ].ll %IC? armna! 8 I%talﬁ uSSf:% the

as un eS|re es were e aln a better un ing
thé%&?é?&?l"ég}ﬁg fa° Cutirs P %Eﬁfﬁs‘ﬁ@fhﬁ% SPth of Q- PCR

analysis includes its extreme sensitivity and relative ease of developing
the necessary markers, as the geprmgrseguence is readily available.

Furthermore, the extremelé @@9@%@%#%&& :Of Q-PCR permits detection of
gene expression from a relatively small” number of cells within a much
larger pdfititition. S daRERERESBI (S HERE AEHAG fevar Grifdherss
exPresisien proviaekion sisatarbfofediferaimationisiis iR ihdifferentiation. In
pommimeihmbiaasmwam sf@epastigdandifferantiatonPaianeyReiQetes at
theQuet tgfié%{@;@le@@ktm@epgémm%ﬂmnpﬁe IR LRESEARR 'Zsalmgesmd

usin |mmunoc mlcal te}g:hnqun es. F rth|§$aso -PCR pr vides
W e e aln a4 better orsta
a Metho anan yS|s fatis affeas complertientary an enfaﬂ§/ RRGER™

sua@HBP%% Wﬁﬁ%&ﬁé@h‘&%lﬁl@%ﬁﬂf&%@ﬁ%@éﬁﬁ@%@@@@é@éﬁﬂf
diffierengiagitn teeatmentserd edifionaltys QeRRGIR ipreditles-dldne chansina)ihe

wmﬁﬁﬁglﬁu@ﬂl@;&&b@ywmﬁaﬁa@@%%ﬂ@ﬁm BERLAGR] #0R VBRI UEn
formaiger SIS wz Qé%gclﬁ ar érj%csplg:uqa 5 O aqgj (%S&xe ability fo detect very low levels
of gene expression provides indications for “differentiation bias™ within the population. The bias
towards a partcular differentiation pathway, prior fo the overt differentiation of those cellular
phenotypes, is unrecognizable using immunocytochemical techmiques, 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 differentiaon treatments.
Additionally, Q-PCR provides a mechanism by which to evaluate the success of a differentiation

protocel in a quantitative format at semi-high fhroughput scales of analysis,
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-61 [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
the banking of cDNA samples for analysis of additional marker genes in
the future, thus avoiding variability in the reverse transcription efficiency
between samples. [0266] Primers were designed to lie over exon-exon
boundaries or span introns of at least 800 bp when possible, as this has
been enfiPifitally TS BPFRTABIRS RIFH 4t LPRTSHTR StiaiTe BFHIRGA H9H8 St R
geénemn DAy, O/ Eiaten Seke BY¥nedrvrene (Ennipd Peskihh) dd motesntdb-PCR
intﬁeaa Of:dnem wgstmw@lﬁgmaﬁm@\mem%tm %:%BM&@H&M&@
aaperiomed 0267 e, ouinely uset O-RCR tamease the 0088, .
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(spesiticnly IOk e SRR Nedelipiivare Reeaermn iminate amplification
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available are rovrde below in Table 1. The human specificity of these
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60C. Fluorescence data was collected during the last 5 seconds of each
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quantitated values for each sample were normalized to housekeeping
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CURSREBIYS &M AS:RRTQI Q0:; A8CREAIN HignaPeCHicit@htia FRACION ke
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ropriate for t R amp licon. In addition, reactrons per formed

WI'[ E?ﬁ‘t‘t’%%%@ ttyé’r‘?siﬁ‘i”i‘ﬁtﬁg% %e?%&tﬁg’iﬁé‘?%glﬁfﬁ?e%‘}oﬁﬁdtﬁ‘ﬁﬁdd8“rP‘Fot Toe

anpkipjitatgDvalues for each sample were normalized to housekeeping gene performance and then

average and standard deviations were calculated for riplicate saraples. At the conclusion of PCR
cycling, 2 melt curve analysis was performed to ascertain the specificity of the reaction. A single
specific product was indicated by & 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.



10269] A first step in establishing the Q-PCR methodology was validation
of appropriate housekeeping genes (HGs) in the experimental system.
Since the HG was used to normalize across samples for the RNA input,
RNA integrity and RT efficiency, it was of value that the HG exhibited a
constant level of expression over time in all sample types in order for the
normalization to be meaningful. We measured the expression levels of
Cyclophilin G, hypgxanthine ph horiQos Ilransferase | (HPRT),

beta-2- ﬂFéPéglo ROy ATa h%fﬁﬁaﬂ’é é yrthaBE R e vélidation of
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eXRISSIRNIeNRE Q‘&E%éﬁ?i@v%? et ss&%@?u‘?ﬁe%r&%@%@ﬂ%er for the
therefgre we excluded th e“pft slgren{'ue for normall%atl %g a%”’

geNELEY BHmit PR oRE expressmn SvE STEFTImRe vl

tré&werraige Wﬁmﬁw&%&@’e@bdﬂﬁ?@wobﬁﬂrﬁ?@w&@ws@@e%ﬁfé&@@e
neyakiz gidRSfari0y forddl anapl ERPIT el yheoedniutiple 4GS in differentiating
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th@%ﬁ?ﬁé&%ﬁlﬁ%@ﬂﬁﬁ@ﬁ’f@‘?ﬁ%weé%ﬁé‘ é%&ré%ﬁﬂhalgeﬁfé%séﬁe?ﬁ%ﬁﬁff We
maxideely esré ST fGsksaln fiesd 6TE wng!caifte rontasipaiombnitalfor all samples.

tregtaents mﬁhﬁlmmwweﬂmﬁ ichesehscasstithew
exh&blt enrichment. % tggy{aé{,%ns re §ent% e of the early germ
ave.

rocess ang jacroases e re Ene & sion sh
layersand In partlcu ar CUSGd on set genes that are

differentdiNlexpreSTe e ARGy & BHE Sy BITREAT S (- EnBry By gtilized to
endodenmihd ddgene sxaswerl laslthei maalativeka raiohment profilesteraving
higiketht ebtimtakl @ckimbAB LTclmisenitaseiplopt @ dfux prasaitiiDemaing.y
E@%Qél%mcﬁ%é H sge%ﬂﬂl BX&I&%&'&%&L M&Q@Bﬁéle [ggerg\@dqn:{aarhcular

endoderm and mesoderm GA efinitive and primifive endoderm

HRES A& THvEs ?ﬁ&g&émﬁtéﬁ&‘ﬁfﬁ%‘f RS BREGHE RS TR Rt
Pl TSV B deEe rRahEFTPRs 0l AT ERANS ORGSR ighted in
ermiyanic AFP visceral endoderm, liver SPARC parietal endoderm TM
parietal endoderm/trophectoderm £gtgggrm ZIC1 neural tube, neural

")!’“”e"‘.!tOYS |\/| sader D.DA("I—I nascent mncndorm rﬂ’)71 1 anr\o man\

‘ Gefm Laver ¢ -1 Gene I| | Expression Domains o T 2
TEEUHEIVElY QOB (Fatph e T BN G PR agEaies Withim the sarme
gxperiment. SOMIFIIS | endoderm and mesoderm
GATA4 | definitive and primitive endoderm
HNF3b | definitive endoderm and primitive endoderm, mesoderm, neural
plate
GSC endoderm and mesoderm
Extra- SOX7 visceral endoderm
embryomnic
AFP visceral endoderm, liver
SPARC | parietal endoderm
™ parietal endoderm/trophectoderm
Ectoderm ZIC1 neural tube, neural progenitors
Mesoderm BRACH | nascent mesoderm
f0271] Since many genes are expressed in more than one germ laver it is useful to

quantitatively compare expression levels of many genes within the same experiment. 80X17 is

expressed in definitive endoderm and to a smaller extent in visceral and parietal endoderm. SOX7




expressed in definitive endoderm and to a smaller extent in visceral and
parietal endoderm. SOX7 -63 and AFP are expressed in visceral
endoderm at this early developmental time point. SPARC and TM are
expressed in parietal endoderm and Brachyury is expressed in early
mesoderm. [0272] Definitive endoderm cells were predicted to express
high levels of SOX17 mRNA and low levels of AFP and SOX7 (visceral
endoderm), SPARC (parietal endoderm) and Brachyury (mesoderm). In
acRIiBRE FRETPREE s Berseraderrmhchip st e menneBhtiofkearl; SPARC and
eclddigerexprisal iy pGAEl Axtiaiaoh N B3 heyesexprass ackinshathdefinitive
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coaclusteriaiensdfian: e rebservation that SOX17 gene expression was
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MPLE, ected leferenq: ation of Human ES Gells 10 Defnitive
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unFEREBHEIRSHE tharreerh iy asa el errrRdedeeir iriffaheritiatedsstate the
Tmbshe&tmws ghitesqntisiiowas @BISHLRIQEUCHAR Off, SOX7, and SPARC
exteasemRiyenic endodenn cells comprised of both parietal and visceral
endoderm (AFP, SPARC and SOX7 expression) as well as early
ectodermal and mesodermal derivatives as marked by ZIC1 and Nestin
(ectoderm) and Brachyury (mesoWé}?&ressmn Definitive endoderm
cell appeararigieds rdntiative tepesibanifos makiehspecific

antubodyurm[kers;&E:SE@aJa@u{ﬁHﬁ%@mﬁ&%ﬁ&fﬁ@ﬁth defanlts early sonditons

definitiye gndaderm..oradyction InES cell ¢ Iture% gs not been

studied.. Since satisfactory antibo yreagentstfo SNtV endc 0(¥/ TR
ws‘sbe% RO ERAR R STE 2 Oy SR e il L e A bR nutslgnd visceral

have
ectettérm AT SEARE AT JORIt entste . Glcrabrtherearatigaificanttymal

gréaterting ek be XiKar bR aRi CcangRAe UkRctRderna &%Ed‘éﬁ%? %xB}essmn,

Coﬁaﬁﬁwg}l&g §Q 7 I !’ el ()Ilnsran acK, ¢ SCIIIC
dlfferggatlate ES c%ééi %%gg%%ggdﬁg%%ﬁegrgmla ghoé%\éi 5 fsé) i

expand on a bed o |brob? o f"éed@ Sm‘fh’emc‘.jeﬁ)é i éﬁaeéeg?lﬂ‘f% ERstTR

taREORtaREYBAacecigs hel ogidecnellaredigis tibintelretisfatiosentbity resioing:

withiinitive éndetion oflthexeoteny nhenyonf thesenuianadgeisels saANReed on

dl%ma%fa&ﬂe%.mswdﬁé%waﬁm &%Qﬁxr ﬁ-ﬁﬂe%dygl}ﬂﬁ& 9%% and DY« o

the sion of higher levels of OCT4. 1t has been d eSC]!‘I ed that a5 E§

ceﬁ{g% %R' differentate ey STer fﬁén]é\’/né ETEPE X1 7" defimitive endoderm
cells in random}y differentiated ES cell cultures.

[0275] As undifferentiated hESC colonies expand on 2 bed of fibroblast feeders, the
cells at the edges of the colony teke 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
iheir less uniform, larger cell body morphology and by the expression of higher levels of QCT4.
It has been described that as ES cells begin to differentiate they alter the levels of OCT4
expression up or down relative to undifferentiated ES cells, Alteration of QCT4 levels above or
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expression up or down relative to undifferentiated ES cells. Alteration of
OCT4 levels above or -64 below the undifferentiated threshold may

signify the initial stages of differentiation away from the pluripotent state.
[0276] When undifferentiated colonies were examined by SOX17
immunocytochemistry, occasionally small 10-15-cell clusters of
SOX17-positive cells were detected at random locations on the periphery
and at the junctions between undifferentiated hESC colonies, As noted
abwiey tresdifeatierddhpdekbtafigitencalany ety esiaRReAIRR 1098rom the
sopngiketh@dirst cells to differentiate away from the classical ES cell
morphol s thg,colon anded in |ze and became more crowded,
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an"!(;n O(f e&s% on a%?acﬂw tréglted é%ﬁlﬁ ORS8N Gstars ?gg’éé)(’f DOL iR AeitE for
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endesenveaalsiin differeniiating hESGrewiy @%&F&%@«ﬁoﬁ% B-andhL7ds T

10276 Y1, SOX 4 Aoy @ .5 R lonls described above e

% l(m activin ireated
have explored a number of procedures capable of icient

progFERm R HE S (BBERD AT %@@Wrﬂ%&@ﬁﬁ%ﬁgﬁ&m/@%ﬁ Rigerved
endidgiessm @ell. \Weestppticbe divarieiyiaf diffmertiotion $9510coistaimztitve
increiagingctiemaimbesang Hprdliferaty ceapaciy obibese cells as

measureg the gapulatemlevelbing-BER RIS Tgghe explessio
and gt t\%ée level of Ir |V|du | cells t%}/;gntlb l%y labeling o céﬂ&)eg(ffﬁowglr?a

eaV\?éané e flPs‘fcf’o LRFREENY SESTTEE HRREiEPHRSE (" become

far?ﬂWdréWﬁl RABISTM TN sedtiiaen B NiPeridied s eite i e aliffentiation
definitivds eingid deinmeadiisticammben g pnitestient GRS 16f RVt & lmeasured 2t

CUltdERBuliidy Rifab L ¥PRIME RIS KL (}Qﬂp eﬁn&%ﬁ'&gat BIVE. QT Sompinatan %y
of %Qu S rg\{vtg é%é%ﬁ were added to cultures of undifferentiated human

stem ce fine pix ombegln the differentiation process. [0280] As
shown in®&i§ure 19¢ &’Gﬂlﬂﬁ STt cHire AT CPouisghnt Few ot GHR fandy-growth

factors, such as Nodal/activin/BMP, for use in 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 siem cell
line hESCy1-25 to begin the differentiation process.

[62801 As shown in Figure 19, addition of activin A at 100 ng/ml resulted i 2 19-
fold induction of SOX17 gene expression vs. undifferentiated hESCs by day 4 of differentiation.

Adding activin B, a second member of the activin family, together with activin A, resulted in 2
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fold induction of SOX17 gene expression vs. undifferentiated hESCs by
day 4 of differentiation. Adding activin B, a second member of the activin
family, together with activin A, resulted in a -65 37-fold induction over
undifferentiated hESCs by day 4 of combined activin treatment. Finally,
adding a third member of the TGFP family from the NodailActivin and

BMF subgroups, BMP4, together with activin A and activin B, increased
the fold induction to 57 times that of undifferentiated hESCs (Figure 19).
WiThlS et net cndiimamieae tiHS andeBlinet wasined mifdragatomd Eordy.
meiditgn: eotielaar oife, WY hbnfolkbindctiapaasulted Bldhei e, ine4,
PQiatay e davs of pls deatment il agtvias 4,Rand BMP, SQXLT o
was induced more_ than 70 times higher than hE_SCs."Fﬁese_ data Indicate
thEHIGHET O SHL Sh f 181G dr tredtPie M T BBt NSuaaRaiR T v2s
farnitpame inbe e suauncmerias el e xpt e Sbhingdh SOX TsufB2 81 hevbdry] time
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SQX17aRd definitive. epdedesn. fopmAtian.in w%g;ﬁépdx'g@soadﬁmg%&%m
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BMRd e s ulidin-atdit wadiiene asestisr $0Xd ¢ indueti onvarekbencaidsfisiter
endaderm.formation sBYRd:addition for MRIQRgRd AR (A ARYEIID e
C%QI aot_lr%Q WI}h activin A and B may induce SOX17 in parietal ar_ld
visceral EREBEENN as well as definitive endoderm. In some embodiments
of the prif@&Ht invEsdeTs demsiaisiies Hetrrabireten rdastvias Biom B teepfheneih
tresmertw ithidddive ayeatad UKL {0R83h teldeierfadithengbieah Gdrmation.
TGkfR fasiRbd S RHBRAA LIS R e Rlon 3 HMBCAW SRS 5 Fluce
fagior padition was, examined i =R anfbody 1A0elINg. 288 epogiments
previous yps?ﬁown |.nvffggpres T0AE, there Was a dramatic increase in e
reRtire ML EF GRS ralie dalebifs D tarormahih & 9 B epatment within 4
quamtidiCattigion(Figure 20) shows more than a 20-fold. increase in

SOXllT-Ié%fJ(ﬁg cqﬁ%emsm*f‘fé?m@?@@ hathetnibe @H@Q@i@ﬁ{é&ﬁﬂpﬁa@,
as we Xpressign level are ingreasi time.o |

ot P, L ST SR TE ST UREL F0F SR0d bFERSbT T
Naaaiouttivhiwm, adligwr B! &l BINP & 2the derelio inSex 17 fivdutetioh number of
reachad et fotilsevarimadiffe reiatial eeh it S Ge. (Fighi @02 ehahaweetihat i1e-fold

f lativesd Hﬁ%%ﬁ ‘ﬁlie/;%%é( Lrpositivegrl lﬁd‘ic\!ﬁ& Qifﬁpb‘étiﬁ’lsﬁer E%Q&st Bfeé,-eo@i Lié; ien
0 ng/ml, or,more were capabple o ntly inducing .

S ey A
mérasers, tHienpit farhity sreRstceUledsmefvpldy etoielrrehBifitatiorevel of
anstfor maidieiaaneemwd definilivevenddiferemtialddehasSesof Mtt-nb|etule shat the
wagAlRonheneliciehiar thediffeirriation AthBsGms 10 delniiveendode im
as indicated by the nere¢ st—:'guSO@z{1 ene Q%Egarsesoglon in, 1f{\mg?!res that
weTe treated with %L%éﬁﬂns Efﬁs WhE3a OVET That of activins arone (Figure
23). [02881K| of the@ifsariptbniSHeSmibeeraboudhndie Faip phaelagsiesgnay

a tiesuerae i e cification and/or maintenance of definitive endoderm. The use of Wnt molecules
was also beneficial ior the differentiation of hESCs fo definitive endoderm as indicated by the

increased SOX17 gene expression in semples that wers treated with activins plus Wni3a over that
of acttvins alone (Figure 23).

[6285] All of the experiments described above were performed using 2 tissue culture
medium coniaining 10% serum with added factors. Surprisingly, we discovered that the

concentration of serum had an effect on the level of SOX 17 expression in the presence of added
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medium containing 10% serum with added factors. Surprisingly, we
discovered that the concentration of serum had an effect on the level of
SOX17 expression in the presence of added -66 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. [02861
Finally, we demonstrated that activin induced SOX17* cells divide in
culture as depicted in Figures 25A-D. The arrows show cells labeled with
SOty P ENRDARFHEAtAe TR tTLR aeks viee Aerd famd 0% to 2%, SOX17
P&hwadioniRtidabetedmatiotiof pleitepausih. and the phase contrast mitotic
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hP SRS 4R THGRRIE OB Pt THAIRATIRRR R TR RopiATRi DR teE R s Rhegf PR st
layaetioprtiée.application of cytoidnes of the TGF(3 family and more
specifically of the activin/nodal subfamily. Additionally, we have shown
that the proportion of fetal bovinesgi:(FBS) in the differentiation
culturemedlum effes the eff|C|ency of deflnltlve endoderm dlfferentlatlodn

deflnltlvg;m}jodem saéaexxagemusaate to the definitive
diff rﬁ@&naéég‘g 1&%3?%%%&1&%9@&%&%&@%%% M}S@gﬁd' %OYBeéaéciﬁcally of

mel}flment and S concentration has much milder effects on_the
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eithan Wit 9&%@@@ W A0 pelmb activinA fae S -days: tl{h@egw%daae@dtg%
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diFrSFRT %ﬁg\ﬁglés AR de GRE TR on Wlt mei ?‘?dacﬁﬁ{]r/L fgeee
Afterr theffBienyad fediRhransuirpradinersoiidetedr o Téeéﬁf%ﬂﬁaiaen process
cosfditBm. and analyzed for relative gene expression by real-time

guf‘”t;ta Mﬁfsgg iin-rﬁﬁsé'%@ﬂﬂ% ceﬂmweé»s@@eiaﬁawgmégsgemm
etectio expressli
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varie V4 acro§s ure co IthﬂS u

1qu
geﬂﬁé%ﬁl@@ﬁﬁ%&@?&ﬁ%ﬁ&%ﬁ?ﬁ%ﬁ%ﬂ%&%@%ﬂ9&%‘“&’?@&1‘ A e
anitblowsr theses wivchedidtriotdeaivbdikogemnbusrattivimsd(Eymhmetion with

addifiQRABIeRe e . AMBD Heatask GepitkessdeGRACXPIESEIGRMash culturs
highest when )@%&0 cen aetlonewa& oWest, g*}eﬁ%}mﬁgﬁmﬂa&e The

decrease |n C 4 level In the 0% FBS condition such'that the relative

exfsTRsERg s Sredif R AR o B AR PRt H bR EPeceive activin

A (NF). [0260] AsTdesepiositralsorie cbkBfadsionadf g el Frese, by

A, andidN 530 (raenessis BeasiateTK ariththesabaraciegizatianaiaeatiasitres

de{ﬁ'&%%n%@&:? g%e%ﬁ%@gg‘?rccaivc exogenous activin A (NF), In addition, among the
A100 treated cultures, CXCR4 expression was highest when FBS concentration was lowest.
There was a remarkable decrease in CXCR4 level in the 10% FBS condition such that the relative
expression was more in line with the conditions that did not recetve activin A (NF).

[6290] As described above, expression of the SOX17, GSC, MEXL1, 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 demonswrates thai CXCR4 is also a marker of definitive endoderm.
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expression of these four genes across the 7 differentiation conditions
mirrors that of CXCR4 (Figures 27A-D). This demonstrates that CXCR4 is
also a marker of definitive endoderm. 67 102911 Ectoderm and

mesoderm lineages can be distinguished from definitive endoderm by
their expression of various markers. Early mesoderm expresses the genes
Brachyury-and MOX1 while nascent neuro-ectoderm expresses SOXI and
ZICL1. Figures 28A-D demonstrate that the cultures which did not receive
exogencﬂ’f&9 Hetivifiomdie it Snsr oot KreasiicFe dbfo Aiiaesded nirop flefinitive
ectotiérm @rféeexpnessr@n eihektiet artony theshctingsedrtreateckssuttereses
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number of definitive endoderm cells in each condition.
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Differentiation conditions that enrich for definitive endoderm increase the
proportion of CXCR4 positive cells 102941 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 in the culture. [0295] hESCs
were differentiated in RPMI media supplemented with 0.5%-2% FBS
(increased from 0.5% to 1.0% to 2.0% over the first 3 days of
differentiation) and either 0, 10, oEX¥@@PREANI of activin A. After 7 days of

differentiatiopithe-eelisiveierdisseciated i RESHdthasaalxMg2'

containing 2% FBS and ¢ JERTARE P mllgl%%gnat room temperature.
The celi re filtered t rougﬁ 35 un nmlon pf‘ﬁ%‘e‘r_t'ﬁ“s unted and pelleted.
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EXAMPLE &

Isolation of CXCR4 positive cells enriches for definitive endoderm gene expression and depletes

celis exnressing markers of mesoderm. ecioderm and visceral endoderm
[0287] 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

deiermined simultaneously,



dependent increase of CXCR4' cells (Figures 30A-C). It is also clear that
isolation of the CXCRA4' cells from each population accounted for nearly
all of the CXCR4 gene expression in 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 expression, but they also contained gene
expression for other markers of definitive endoderm. As shown in Figures
31A-D, @8 x c e candvivkrelf RS R eran capever vepdmentilhOBoreased
popithationstay 3§60 X4 GSOFgNEBE, BncbdBEMIed vdry adtlitianihthe@CRe-
i il g S s A A
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Cqulsnlﬁrﬁngﬁ{ ln@&@a{@,t@Q&J&&%&%&Qﬁé&%&%ﬁ@d&%f?@ré@ %A~D_shows that
quﬁ?%@{:‘ﬁ? Ogutsh% cﬁ)er Q?gggr} Qf gn%flenltlve, endoderm ceIIsO resentin ace
culttire of Celi“popuiation as GefShmines preiotER steliCarty 45! and SOX7
de@HimBdlR AMfearStaesiriovisioiab et ppiskition We alrcady low in
60¢EB20041 dintitlecr b FdhH T WELENDOD bR Afiles Deserabel 332003

celipPuRressipaentE RA-ARaihesMmarke st Aalinity 8. RIde M Were iy
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lyzed by FEACS, [0301] Usi h hods s
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the above amﬁ’les, s were rentiate
endoderm. In particular, to increase the yield and purity in differentiating
cell cultures, the serum concentraigavBithi® medium was controlled as

follows: RS andaylydr0l:kR Sandard andi2i0lo BB S:erdays
3-6. Diff iate swere ted by FACS usin ee cell surface
epito es?sg-aé ad %%i%&@c%ﬁ%gﬁ Elpﬁrg?n}%o “’S‘éﬁ‘ﬁ?\ .0gégo;kr{f]é‘%IV%:eeﬁ’ld%'dm‘n %1_15
poPEEtiShE Herd el SRAT By IBERY Yeterferraz e determined in
expréssiciriey dyationhrRetsifoldfirtitve Nmnd @@BasMbryuitic: e PEBTIBIRYE
asENDIbBERMh fleC B cypesz CHERAReMHRE s tstaken fiam opiatdctnitive

diffgsentiatatchliyasyeawéed in the isolation of definitive endoderm cells
that were >98% pure. g302{lﬂTdabIe 2 shows the results of a marker
i)?;ﬁ 8 suc

analysis for a definitive Sndoderm TS REEWES Bifts Etafaahhin hESCs
hEStSifsirgard hrefise d-desEr msadpereln Parguralidrerae o oiidendafuity
D efidiffereninido der miGul] e sRareanhPementik eieint 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
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 culiures resulted in the isolation of definitive endoderm
cells that were >98% pure.
[6362] Table 2 shows the results of a marker analysis for a definitive endoderm
culture that was differentiated from hESCs using the methods deseribed herein.
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Percent Definitive Extraembryonic hES Marker(s) of culture Endoderm
endoderm cells SOX17 70-80 100 Thrombomodulin <2 0 75 AFP <10 25
CXCR4 70-80 100 0 ECAD 10 0 100 other (ECAD neg..) 10-20 Total 100
100 100 100 [0303] In particular, Table 2 indicates that CXCR4 and
SOX17 positive cells (endoderm) comprised from 70%-80% of the cells in
the cell culture. Of these SOX17-expressing cells, less than 2%
expressed TM (parietal endoderm) and less than 1% expressed AFP
(visceral endoderm). After subtractifagitiie proportion of TM-positive and
AFP-positive cells &gg{gpm KBk ecRrR enggderm; 3% total)
from the proportion of SOX17/CXCR4 positive cells, it can be seen that
about 67% to about 77% of the cell culture was definitive endoderm.
Approximately 10% of the ¢ells were pgsitive for Eszadherin {ECAD),
which is a marker for hES §era€ﬂ'd atmmnm Zo%rmw’tdfrﬁar@ells wme of other

'trngbcell cul brres that are50bta|ned prror to
praeyed as egompared tothe above-described
iIftedtiing the@dBS concenmtration at S0.5%
reﬁ?ratron pr@Jcedure However mam'tarnrng

FACS sepa«a:tion can be i
low serum greBédure by m
throughout ¥€°5-6 day drff

also results |n a reduced number of total’ defrnrtrve @ﬁdoderm &”(glls that

are prod . [03051 Defini endoderm cells produced b methods
descrrbe@gh rein aeehbe%rhtﬁsr/r%fm arrr9 dt?inﬁaexﬁa%eanm L PRt colls
prédpleam PaETTRY forgieatoraptie solainyee wittrolrrea Sl taesiadfIi 1 7-expressing
diffelentiation 24 m@m@aﬁ@axaﬂip@a@&é 1M|ﬂ§h11 Kodkrbeded MNP Bi8ceral
géai%aaa&%m%%eep S@giots%vma%ostﬂm ,‘fé i IHnaty. {Mg (comibined
W ected in
'thgsetgb fires it et dﬁfm’t)ég’tétu i Celts 8’°ﬁ“6té‘"rﬁ5|n r?}ct% Stﬁép%%gﬁal&d“

in AMtDFeSTER Ebabaniti 'ﬁ’{? gt 56 daysllitibae dppréadieibe endodemm.
differertiation. 1B AlViRLEl WekdphitionaloMiatieterof BefiDjtiveifhricedestrr for

Ceﬂm@%@Lﬂmmm‘@m\r\ﬁe@&m&r&m@r&rE%Mﬁe/sas isolated from purified
defrnrtrvemgd;ldodewp %Qg &rgpoa r&%%’%'c stem CFI?%ulatroQ% Gene

-expression was then anal yze gene C analysis O? tﬁe I’O

ealT PRty SEpeHtsh 16- Eta%/wéré Ly &%%é@%ﬁ?a rfffbe improved as
inveestigaicaihs potentimrbigenesraxpresded in definitive tbn BBY emrsrivetion at

nokirs e ArkigBRIChSleMigetis-Retatmnarseniel defisity menadafermd cii culture at
<0.5% throughout the 5-6 day differentiation procedure also results in a reduced number of fotal
definitive endoderm cellg that are produced.

[0305] Defmitive endoderm cells produced by methods described herein have been
mamtained and expanded in culture in the presence of activin for greater than 50 days without
appreciable differentiation. In such cases, SOX17, CXCR4, MIXL1, GATA4, HNF3 expression
is maintained over the culture period. Additionally, TM, SPARC, OCT4, AFP, SOX7, ZIC1 and
BRACHE 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 Defimitive Endoderm Cells
[03046] 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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[0307] Human embryonic stem cells (hRESCs) were maintained in
DMEM/F12 media supplemented with 20% KnockOut Serum
Replacement, 4 ng/ml recombinant human basic fibroblast growth factor
(bFGF), 0.1 mM 2-mercaptoethanol, L-glutamine, non-essential amino
acids and penicillin/streptomycin. hESCs were differentiated to definitive
endoderm by culturing for 5 days in RPMI media supplemented with 100
nglml of recombinant human activin A, fetal bovine serum (FBS), and
periei iy saysie miyiirRIh &wo arsk afichrer P was GRred Sechederjedde
foll@uvs: iBsektipatficnd StayiaOo? Mnés eanaded ayje2dfiveoaysiarh) iR 8] &dksomic

wg&l&%pgggﬂ@mgmgﬁg&gﬂted cell sorting (FACS) in order to
obtain p r|f| d pgpulations ofhESCs %%98 nitive endoderm for

expression Analy FAPRGIRAC Stipie e A TGRIIATUR T L}g A
smﬂm&ﬁﬁr@éﬁl{ﬁ% I@ysls@hﬁs%em#w}wm%ﬁ)% foPoErbiT faman. basic
entedesngsithFex QRANRRID:SY stemeptatidel B EIRin€ als cssefR] amno
dih§§19§ hf@n%%mgs&%d RRHY EDfPEé\c@) W}U@Qﬁ'ﬁm@cﬁ%}ﬂttgﬁm%%ﬁom Chifriog
phosphate. buffered sal containin an serum an

resus?pgé in 16655 RERT qeégﬂrel%%rur% éﬁélcﬁgfﬂzi G mmu Zée“imaﬁl an A, folal
nd??"é‘ﬁ‘-e“ﬁ'ﬁ% Birrehiad EpaiiR AP S SRR EFTS B P AR RS SvaTV isiedispeh day
addifujo@00. 15 Girplaypodetyithervadciajigatddharitiody to 5 x 106 cells in 800
gl humarhdsﬁéum é&iﬂll?éﬁlé%&afm %M&ﬁ?’!@ﬁb&e%e@%&%ﬁ%@%ﬁ%&r to
resyspen in I ml.oft solati as_carried out
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(Qingen)s iRk Rurfiee FRNA Was-subyvitten Im dsp|icalRdcEKRMBES Tfered

Ark%i%%'ﬁrﬁ% J&%ﬁﬁm&@h&@?&&&%‘a%{ R ERIORIO e dalA Uing o
the Aff rix_plattform and U133 Plus 2.0 high- den&%ollgonucleotlde

gteaaéa%ég%m%?&*fs Qd&%u?fat‘lﬁ?ﬁﬁ”éﬁ%%ﬁeﬂw‘ﬁ’f [eritifeg ey ahisg by addne
dlfﬁé%ﬁﬁnéy@&pﬁémab@ﬁd@é@ﬂ% o POt B0 WRSES s, Cells were
detipithverandodennl oFasesthahexdatbiada irobusiAfpate chartgeiftion was
expression isuel %'mﬂpfm eWﬁ{%;sﬁﬁlt@ GI&Y 35FREWVantage (BD
candidate rgarg(ﬂ's that are %gg% %’larac{ﬁi_s |c o f|n|t|v %ggj? ih
Seléd mgnéer? swe?ew5r§s°a o R &sde crl da ove 0 verl ‘ﬁ% Y

geﬁ@%%@%ﬁtﬁﬁéﬁ@@g%ﬁﬁﬂméﬁﬁﬁ@b@@%lp and also to investigate
the exprdé¥igin pakieifiedOR Hrewes geimaged unidgphctime Eouesipnofdaly8 O Durham,
difigeg piiaiiam, 'k Mféﬂ%s%x%ﬁﬁ-@ﬁd | M%&qu ﬂE%Qﬁﬁﬁnﬁl wsﬁlgmdggwltgsf@rus
ce | ers. Results..are |sp or cell cultures analyze

% & %f]t e Addition 6% A S EXCRA &%ecsmsltr%lm lfmt?ﬁes

T

5 daye S e sdtons S %f ﬁ?@cﬁl?\%r‘}ﬁ"f‘ﬂfe g
progeduite:(GHBED 2 anvasinparifiednbES ©eretsioo tnpad nvo thofiRiglieBEs4Cwere
angefaM slampbsitatesmihattine: siX MarkergrrasicBiekfin VeMko Al Gt
Fog“g “%MLé sﬁé& Qﬁ& &iﬁ, E&d&é&ﬂ%@&%%@ﬂﬂ@ ANGERL A éﬁaﬁém%d

| entlca to eac er and which is also identical to the pattern -7

exSPLE RS SHERERA BT e BPEORPHED X RS SWB’@& t’me course
predivEEhAiBEXEIs expressed in both the definitive endoderm as well
as in the $£X7-expsassiag-pxdianchalaeyo Bifression results for certain markers. Results

are displayed for cell cultures analyzed 1, 3 and 5 days after the addition of 100 ng/ml activin A,
CXCR4-expressing definitive endoderm cells purified at the end of the five day differentiation
procedure (CXDE), and in purified hESCs. A comparison of Figures 34C and G-M demonstrates
that the six marker genes, FGF17, VWF, CALCR, FOXQl, CMEOR! and CRIP!, exhibit an

expression pattern that is almost identical to each other and which is also identical to the pattern
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endoderm. Since SOX7 is not expressed in the definitive endoderm, the
ratio of SOX17/SOX7 provides a reliable estimate of definitive endoderm
contribution to the SOX17 expression witnessed in the population as a
whole. The similarity of panels G-L and M to panel C indicates that
FGF17, VWF, CALCR, FOXQ1, CMKORI and CRIP1 are likely markers of
definitive endoderm and that they are not significantly expressed in
extra-embryonic endoderm cells. [0311] It will be appreciated that the

QP erveinIn §E6&4sed herei ehfBe HIRNEr confirhesd byviagy, SOX17 is
EXobddddbnTEb iR @ftniafifel etk GE 4ol aduces RDXk:ppeail Gt dRbryonic

Defifjlive, Eqdoagsy Q%Héf_ﬁes&@@ 12hd he RN WIRGEXPRIMENEF soX17/50X7
demoqstrate qat RA and 10 |ndeg§r§1 tlggn ex uEressm g PDX1 in

definitive enasdérf cers.” HURAAH amBRonic Stem LRI ere Sxpresion
chﬂB‘i"é“‘deMHhS va&hmséetwhﬂ% fORT O aEy L 1ty fed Mo naR A iaietes
50ing FGFFGFAE WaTER duBdiin MKOH! cult UTRIFF Gty 1xigh indilotr S fafieinitive
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other ma ge Speclll I antitate
Q PCR %ﬁ é The 5%% |c%3[r|%cﬁa(§%c&£ ggg‘?r%tlve endo egr%mgcé efts cat{:)usﬁng{l

Shrddse in PDX1 gene expression (see Figure 35) without

mcreasmg the expression of visceral endoderm (SOX7, AFP), neural
(SOXI, ZIC1), or neuronal (NFM) geremepression markers (see Figure
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of h ShC Céj tures wijth ac&l}gn foIIo ed.b ret|n0|c cid m% ﬁ; ed a 60- fglgy e

SVIOUS STen itive. endo
mcrease n é’expressmn ul'%e addition o %gq}?
treatPniotst Wﬁ%ﬁﬂd’é&%lW%WWW&?&W@XW%W@%M%V@F@?\ to those
al otutyrdsl v eacetved yoaditiHagpkdtd: RDapplication.

EXAMPLE 13
FGF-1¢ Provides Additional Increase in PDX 1 Expression Over RA Alone
f0315] This Example shows that the combination of RA and FGF-10 induces PDX1
expression to a greater extent than RA alone,

[6316] Az in the previous Example, hESCs were culiured with or without activins
for four days. On day four, the cells were freated with one of the following: 1 uM RA alone; §
M RA in combination with either FGF4 or FGE-10; or 1 uM RA in combination with both
PGF-4 and FGF-10. The expression of PDX1, SOX7 and NFM were quantitated by Q-PCR
ninety six hours after RA or RA/FGF,



and retinoic acid together, the induction of PDXI was further enhanced
60-fold over RA alone (see Figure 37A). This very robust PDX1 induction
was greater than 1400-fold higher than with no activin or RAJFGF
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. [0318] Addition of RA/FGF-4
or RA/FGF-10 combinations did not increase the expression of marker
genes n#8EZsocidite dresithefibrd ghRSEnclddesnwith esticanyiated t9 calimiaaiid
em@e&a@m&%s&@mmagwm IGEG RRAGH R AN Ll atmen:
Refinoi s’f*%ﬁ' Do;se atg %}g}tgate? 20 teréo%%\& %P eg olvtvlé)nl Vit og[(%%l%
To determine w er the 0se 0 f%c S on Fﬁ’l &S
cu‘?ﬂﬁ‘r’&gn‘tﬁé%lf&%% éi?d’é‘?‘fﬁﬁ‘@ﬁf’wgaxbé’%ﬂﬁ%ﬁ ﬂfé‘%%ﬂ‘ Pl Aver R4 alone
enfiseyiigvie $taim Tellsayerbug it thivitivowawitivetst tetivitos-fad fgher day sdth

Ondlay-hour, G Qakk nglamlivias addes sorbe culluredrn combinatian,
W'L'Boﬂﬁb%% %%né}"cm‘? e 05 1nQ RMe TJ“"‘? fB sign gf the f DXL marker .

gene as well as other markers not specific for foregut endoderm were
quUEHERERE 1 6 3192 10321] The addition of retnoic acid at various
doses, iff@inbinadditowith FERGEY at BOTGHIIL comtinedadiffe ren tiatgenige
expressianop aliten gdhraheoreladedwih speqifiendsierormPOstasiaNd to cells not
posifianah RARRIPSIhR-fighestEoRe 4l RA (1 pM) preferentially induced
expression of anterior endoderm marker (HOXA3) and also produced the
most robust increase in PDX1 (F%@% ;B). The middle dose of RA

(0.2 M) induced midget endoderm markers (CDXl HOXC6 see Figure
38C and 41E RARE AT STl co T REEB LR hordierERbLhy induced
a markei‘}-’df’hlnd@'@t@ﬁd@@bﬂ%@#@%ﬂ%)oﬁs@é ﬁ@w@%ﬁym‘ﬁh@ Rividogell
hachlesachtiatpwinselipecinan: the pigbative expression of either neural
(SOX1) wsmuromFMMmmeﬁ LR EURAPG2d: TRIBCXAD R o

hi hI| he_us ogen in_vitrg and in particular as a

m%“‘r3 %jljogeér"]i s ureFéQ' : Z@?na% nFfvatlves S fRr IR HE e T B
15158 DB 27 I SuphlchherrEmiantds ERBasionssfrDXd o382} X not
exgressian finegefinidvererdodemeanpe-ifluenced by the use of a

number ghfactorsiancheglarouihidifigrentiation coandiions.JAtNGe rar-10 &t

foI Wlngﬂex e{é We Show tha’gsthe use of 27 su Iement enhances
the exﬁre‘ssmn of TR SR ST SSR 3erm BEETeE nfRHror

eniBFpEpTecsat catie ke feci Miduebdtsootififert mifateefermﬂmw@ceéﬁawewf
by dfeasmeniah mdifcrenkiateehh BS solscgr awRQNFHRUHErQ8 I YORIC(Figure
fibrghlast rieedlers with High 89%%%&\4@&%&& 9%9% ko, 2(5)%10/%{03{(36)

FBS/DMEM/F12) for 4 days. The no activin contro receive
FESANAEMAS AP bR o RAr Rt preferentilly induced & marker

of hindgut endoderm (HOXA13) (see Figure 38D). 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 Bxpression of PDX 1
f0322] 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 PDX] in definitive endoderm

cells,
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days, cultures received either no activin A in 2% PBS (none), and in 2%
serum replacement (SR), or 50 ng/ml activin A together with 2 M RA and
50 ng/ml FGF-10 in 2% FBS/DMEM/F12 (none, +FBS, +B27) and
similarly in 2% Serum replacement (SR). B27 supplement, (GibcoBRL),
was added as a 1/50 dilution directly into 2%FBSIDMEM/F12 (+B27).
Duplicate cell samples where taken for each point, and total RNA was
isolated and subjected to Q-PCR as previously described, [0324] Figure
39A-E siidmws thatisesunsfraesgupple mnivB2 7indrosd de didiaradleiti on dkfinitive
b%@é&fﬁ@p%@iﬂmfomgeaedem%ﬁiogfmm%m@%eﬁc fibrobiast
enceieoarz(;" anfhe stféreés'o& 860%%“‘%‘?:&?19‘8’3%5&%5/8%%&%&% Ega“s [ Theno

m as comp are fo 'suc ne expression in CE”S

witRéiR %WE%A@R}M@%%?@%M@MWB ’EBﬂEﬁﬁéﬁé‘é" |t e“ft four
P ¢4, {0B825]-FhieEotamplediiovisnt tia Fibfiuse) ofsictitin SrenttalacesthEr),

d'@?%@ﬂ%ﬂﬂ oRiRin RRdgReoatlve oalle 40.RRK irasite 6ollSdniayBieseto

ure 6] an embr nic stem cells we e induc erentiate
to er}ehltlve%enggg] A b m%%? mengl)?%cmﬂrﬁ ATTaTEY z%%C% Hrow emem’
mé@@e@%ﬁrw&%@ﬁﬁrw&éﬂé@@@@ww ﬁf@ﬁ‘@%@%ﬁw;& (%Zﬁgnﬁw?ﬁw
loweberupiRBbA foeb fotaypsh ddve, BB BHdoREAVEs Ghehadaytpaed t 298Ches
daydnBndse¥6-@n days 3-6. The negative control for definitive endoderm
productg ) TebeNeH 22 ESIERMLINL o addenactying, 1 older.

to induc Xl ex ressmn each of the cu ture received fetinoic adl

2 [IRAh B dEierRPRITS ﬁeaagfeesrﬂ% et ad rRsta oA &bﬁ\%ﬁ‘ﬁ%ﬁﬁ"“ of
daperiorresthroun lspfisiGovie rer e videdtwith diffeaed todusingrico gehirations o
actyingAvandiastivimB. or remained in activin A alone at 50ng/ml. The no
activin A control 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 WF& from duphcate cell samples.
[0327] Figure 40A shBggef# MO i BDAEldoses ranging
from 10- mzﬂg/mllﬁa&@xﬁ% m@ﬁﬁmm&,}p@r&ﬁmw&e ng/Atfet&Bh)cnrlor
50#19([%%%@%8&@&%5&%05&'% caRet e Flandugxpression at least 2-fold
over the 6‘jret t recelved onlg activ. hn Aaet 15n(()1 ng '[QI %}ge mcreasdeémnve

€0l CE W
PDX1 as aresult of ac |V|n dlﬂon was without increase | n‘ﬁﬁﬁ%

exﬁ?@égrém%éﬁmam%ua@@mwréﬁf’?@% AR FEPYR SRR s fTrgblast feeders
pamGhess: aibthistimnesitodeie)apime nérdf ke v Sultésigg €Bts Thatitewas 0% on

propedienetcalla.difierentisting sgypmcr@eséagﬁ@%ﬁhdnﬂ%ﬁeqv@eéa&a&m
to “V%f -75 Amweg ju] gedto Enh dgn&e Iraductlog of PDX1

€ expression o |n el n|t|ve endoderm ce

mfﬁi‘@’f‘?&%‘ﬂl 69% ﬂé"rﬁb‘ﬁ‘ﬁ?é?"%‘e?ﬁ fﬁ“b‘i‘@s@ﬁﬁ#tﬁ@ et tﬁﬁw@%ﬂw Sute
therdiffer emtisdiontiprovass, Théfolbonimgueh five were provided with different dosing

combinztions of activin A and activin B or remained in activin A alone at 50ng/ml. The no
activin A control culture (NF) was provided nejther 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 (210, a25 and 250} in the presence of 25 ng/ml (A25) or 50 ng/ml (AS0) of activin A
increased the PDX 1 expression at leest 2-fold over the culture that received only activin A at 50
ng/ml. The increase in PDX1 as a resuit of activin B addition was without increase in FINF6
expression (see Figure 40B), which is a marker for Hver as well as pancreas at this time in
development. This result suggests that the proportion of cells differentiatimg to pancreas had been

increased relative to liver.
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experiment shows that the level of serum in a culture during the
differentiation of hLESCs to PDXI-negative definitive endoderm has an
effect on the expression of PDXI during further 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 fibroblast feeders

with high dose activin A (100 ng/ml) in low sermnfRPMI 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 gxkaarreliANF) received the same daily

FBS/RPMI dosing, Blég (\ﬁzgh no[gggg %{i:\éiﬂ{ﬁm%g)g% ression was
induced be:lvgéjnnin . buring days 6-7

arday b by'the addition o s 6-7,
culturesiPd ived%ﬁ%ﬁﬁ?sresao&afé’tﬂiibm 6 5% PRSTRPHE T girsieay &°
arch®® ofveon phaseg-in theriboaltty thravehonshe diredtiun G0mem| Thardpigpwing
retifeitnacichiraatiment ane wosdel ahsentd aniihemp aipesiiving 6OREEs to

(NEpx 1Q330% Eigare:dd nalawsak el %ﬂ@&%&&uﬂ%@ P8 B AANe further
period of d_eflnét ve endoderm induction é%aﬁ_/s 3, 4 and 5) had a lasting

1 VAR L RN SRR EIB NSRS expression during the

retinoic #&ftreativere Thbsopes eehesiie sigsifedintdatre AffomiaitHe definitive
expidaata hyaHermos A dEigate i B @svm@Xhdksiguievbhic Yigeblast feeders
EXPHE SR BosES MR LER0d 8 b&endifienaddegdiimio AR 0.1% o
inducton o POXL[0351] Othe faclos anloron cononS Ch .
infitieca RE SxprasSion of PBXI i ‘deffnitve andoderm cells were alse
stutifddectiirg s R e cerra waterraddes ceiftiorted iamion
onvtizeidiffet datiation of DK bn dgativsdefintize Badgdéyn €& isitod Bxdived
pzﬁktj}\e% %@%(fiqﬂmig@.lé% ﬁ%@%@hﬁ!ummmbgd mﬁlif;ﬁmﬁ%ﬂ@.}ﬂ{e Phe activin A
induced to entiate to definitive . endoder t ent o .
Ry e B S 120 SRR DA SEAETEES e o st
Wit‘f?”r?@jf@ﬁbse activin A (100 ng/ml) in low serum/RPMI for 5 days. The
FBS dosé3fis 0. Fon dayoon 0B nickng tainarin 2dssamritdyps GBitive
[0338ki&hededficitive e ndodarmmsu i ucascgemer aleshhy hoaysohactiviRiAene
tregiment, wers thendaduced . differenfiale fo Bl eXREeSSNdreration in the

endoderm by the addition of RA in 2%_FEBS/RPMI containing activin A at
25 FRIAIRARST 4 4ls: FHERARES T BFAEAiRST I8 8RR of addition,
1 gM on the third day and 0.5 [LM on the fourth day. This base medium for
PDX! induction was provided fresBX2wPER)&or after conditioning for 24

hours by one of faur.r £6 differe el popmations. ondiieped media
o om B8 e R R A P By Bty gL L
corifaREYe R e SN (e sydist it Parc AP R CEsTBRLTI e e effect of
maorphvigedinqitoteithd d{Bkidi oGNP X ActpstvAdefBiviRAdaetorsiverePDX1-
prq;ggtgg adRAdngiml under the same FBS dosing regimen described
above (0 {63%%] O'S%hr%g{g)éx;lrb@}eosn?ctggrenece Efevstf‘cergtig Lfceege Qot iﬁgpepenﬁate to defmifive
endoderm by treatment of undifferentiated hESCs grown on mouse embryonic fibroblast feeders
with high dose activin A (100 ng/m?!) 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.
{0333] The definiiive endoderm cultures generated by 5 days of activin A treatrnent
were then induced to differentiate to PDX1 expressing endoderm by the addition of RA in 2%
FBS/RPMI containing activin A at 25 ng/m! for four days. The RA was 2 pM for the first two
days of addition, 1 1M on the third day and 0.5 pM on the fourth day, This base medium for
PDX! induction wasg provided fresh (2A25R) or after conditioning for 24 hours by one of four
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paradigms yield three very different populations of human cells by which
the PDX1 induction media can be conditioned. The 3% FBS without
added growth factor (NF) yields a heterogeneous 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) yields primarily
trophectoderm and some extraembryonic endoderm. [0334] Figure 42A
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generated from differentiated hESC cultures. [0335] Figure 43 shows that
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polyclonal a d |bo PDX C e used fo detect the presence
of t%sg protelrtrll1 éff |rs PERB&RRR alne(P ° 1y e%t%? FF £y
antiBsey ‘ibmt#h P&?éﬁ rtjeateelwas%mﬂlm Bylyve stea At 43) of

anabyéfsormi timgeavraliiisd ihe foistdingiofAZPR). aHRRXcantibgaky Tanhd @rafitioned
total.aallysateranMbd2 hidmanHonablasisonMAL? S8lSy nigher PDXT
tra 4 | reviou I Xl e essm t r

com aré%g %évheesre!iﬁ ?srjg?eg%s\?g?atae %’e y ?‘:s t%a?tnsfveg?? ef&”taf glfect of

eIAES W@Pet?frts‘st‘atﬁﬁ@f P&tﬁé?f?ﬁt’&%é’&d%}ﬁ‘ﬁﬁtﬁé@mdm on e release of

some substance or substances from the celis 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 PDX1
{0336] Antibodies that bind to PDX! are useful tools for monitoring the induction of
PDX1 expression in a cell population. This Example shows that rabbit polyclonal and IgY
antibodies to PDX1 can be used to detect the presence of this protein.
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IgY a-PDXI primary antiserum followed by alkaline phosphatase
conjugated rabbit anti-IgY (Rb a-IgY) secondary antibodies. Different
dilutions of primary and secondary antibodies were 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). [0338] Binding was
detected in cells transfected with the PDXI expression vector
(PDXI-ppsitiye) anadl fiktheptasiad aitibatheomiynatidnx] Binshody Wasing o
oy ehgervactin, alansies e ERX LN CAINE)HIREORIASE WRSRHEING 1oy
the highest concentrations of both primary and secondary antibod
toBEIE] EETRIOHERY. S0 EH R B OB A R Rt AR )P
theadefecioti G lob aryariditi@ialbEMl sreremofevedar waeighustigghtJihigicysates
thasnRRXbisboi U rkaRstactetans-up basziactastiiiproblasiHribaC39 H he
2 icanderpedmeanh ne. bidng o/ pakelonal bR LANLERS(ER Ay w

P pﬁf%antibo y to PDXI was tested by immunocytochemistry. To produce
a 3PN AR bedisTo PETRFPE SPEITAN < BTIMRS 1 2 catRe T entibedies were
CRipl24 60)eprerie tramsibhitlyntasie ttabieiithveing expriession ¥eEtox dfiution of
PRXeEG R dsonsHuE 0 dsiag D ESE Bodk] 1 enteen)sobkansiBeis cheelisoos,
W%B%éa)eﬁ J] p&l QOVHH'&. b a-PDXI and a-EGFP antisera. Transfected cells
weré visualized by both EGFP fluorescence as well as a-EGFP
mmunolAthen AR BeabrEesme Bt bas iy oo
anBbadypoRX lairminefribfl irsiels exthody vearsbide tieniz e BitHirgUnps thndy becofedirn
a-Ririy-eo Dy ategsas thdantanihodye B34QhdiodingrefitheoRidtn primary
| a'%@c%%ﬁaﬁﬁﬁggm@% ﬁo%oAkQ%%'éﬁ%gn%%ﬁ‘éﬁfdﬁ %%mzerizcd

EXAMPLE 20 Immunocyt%r(q:hemistrvo Human Pancreatic Tissue ||

: . P 0341]
THIE BSERHIR ShBVS R Rt S B Y P et PP B hhReth the
usersiestidartiaerneed Beoklepssitive cells by immunocytochemistry.
[0342] Inmst expericant-paiakin eahedes: $etions QBHEMarDX1 (Rb o-
PaRGIE RS WSS téﬁﬂ%@{em%gmmwﬁ&& ang-Insulin, (R A4 %f‘éssmg

primary antibody at a 1/200 dilution_followed by dog anti-guinea PI% i
a- &Py ESL AR SRRy conftigHEn to Ey2 S0 a FATo SR T Wit =
SetFRIsERpErivn ehFIRE EEM dopraraniity e oddEd-Néctoniscbl himyalcted celis
paRekcRs MBHed ShairechiopRDX Wity ¥nash Xipran.anptiradyisaliaed by
1/ wution followe - ~£8.secondary antibody conjugated.to - .
A O e B Do
ex PR RHERE TR @Fﬁ@d@m%%sé?ﬁé MR EHEe e bR e of an
stairdOpittonigpetal-einthantiiadies were also stained with DAPL [0343]
Analysis gidfie NUSIRAG, PINGERIGSPEHORN BN CAIRM NG RIRRE N6 0ized with
strgglgexstr%érsliggg of islets of Langerhans. Although the strongest PDXI
signal aﬁpeare‘d in islets (insulin- positive), weak staining was also seen in
acinar tissue (insulin negative). DAPI and PDXI co-

EXAMPLE 20

Immunocytochemmistry of Hurnan Pancreatic Tissve
[06341] This Example shows that antibodies having specificity for PDX1 can be used
to identify human PDX] -positive cells by immunocytochemistry.

[0342] In & first experiment, paraffin embedded sections of human pancreas were
stained for insulin with guinea pig anti-insulin {Gp «-Ins) primary antibody at 2 1/200 dilution
followed by dog anti-guinea pig (D o-Gp) secondary antibody conjugated to Cy2 at a 17100
dilution. In a second experiment, the same paraffin embedded sections of human pancreas were
stained for PDX1 with IgY «-PDX!1 primary antibody at a 1/4000 dilution followed Rb a-Ig¥Y
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staining shows that PDXI was mostly but not exclusively localized to the
nucleus. EXAMPLE 21 Inununoprecipitation of PDXI 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 endoderm cells that have not been
differentiated with RA, a rabbit anti-PDXI (Rb a-PDXI) antibody was used
to immunoprecipitate PDX1 from both RA differentiated and
undifereniaiedtebingive endodesm ealisihmonumepecRitolesR AW @S first

defectedRVesISRn MIgt apRlysisHSHa Wy 3 Fe%éma&&at)%yw@c%gl&d Mwith

obtain ffer ted and differenti efinitive endoderm cell lysates
fobrltar}nm%l?l)wop NG Hie EEEWe wer@%‘%f ed for 5 days with actlv% A at
100 ng/riff] Iow s“élﬁébﬁﬁs Pl EfriiveE aHBGIEPCTOND Tred it theoermsaeast ofjishong
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d Ay Ove M0k O0asdaY (RDX QQ%&&J%%{ gﬂféﬁr%ﬁ&@ynm co-
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CRES R Qﬁe‘aﬁﬂ B e el %Bs%%as
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M wﬂ@ﬁéw&amml sellvas elimeihase KoM Elay8:8N8A8: b B8oderm

days after e skas ﬁﬂﬂﬂﬁ&mgﬁn‘gﬁd@&%&aﬂo A9 jour daysafter )

the start of RA) c s were positive for PDXI protein (Figure 4 UZT)ITg
Pré&¥Ritites obtained from undifferentiated definitive endoderm cells (that
is, day 518 treatedbigrhidiirmiateddod giierath 8 dafritiguradditinard lysates
unhifierenipiedihESOe{hatis sentrpiedgayih calsdesignaarasNkn
in M@v‘lé)d @cﬁg@y&/ fi?&ralgll&&(%xﬂ? g:t%e\l\ét%b a@e?f' p@ans RA for

ofPD r t rEGFPt | hESC lines [034 norder to use the
)% ?mrceﬂelsd’laﬁg gene ga 3Pag R BORIESERE™- As2

for%‘ﬁl‘}f’%rf&%if?ér?ﬁ”c@ﬁ%‘%fﬁfﬁrﬁléﬁm%ﬁglérﬁé’pmérvgéﬁ@ PASER ARBIE460)
deserfresd thzhco ABH U ctipmsdinave@eto POAM prsinthenseipcitiar-c asSatRg Rb o-

Wh}!ﬁkﬁ%ﬂl@&‘ﬁé@%@c@p@&tﬁ%ﬁ&ﬁ%&@@ ko Qa&@g%olxﬁé 15%,?&&599&1@&%@

re |o % e also essvgg%b Es%ﬁ'? atlon of abcgll sugoadaa a 02

uman e é nic S c%}etfletrans ecte Wu%h IS vec]Iim? as well as a ce

ha MG TE S Bther ATESStRETHIEG At BB it oot dag) membrane by
PDX¢beipressing definithe eiidtdenncelitinesngenetiballyitaggaditiad Xo

repoter.genevera canstructed by placing a GFP reporter gene under the

control of the re
{ % guljrrmm}(/)preclpltates collected from the MS1-V positive control cells as well

as those from day 8 (lanc d8, three days after the start of RA treatment) and day 9 (lane d9, four
days after the start of RA) cells were positive for PDX1 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 (INF) in Figure 44) were negative for PDX1.
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region (promoter) of the PDXI gene. First, a plasmid construct in which
EGFP expression is driven by the human PDXI gene promoter was
generated by replacing the CMV promoter of vector pEGFP-N1
(Clontech) with the human PDXI control region (Genbank Accession No.
AF192496), which comprises a nucleotide sequence ranging from about
4.4 kilobase pairs (kb) upstream to about 85 base pairs (bp) downstream
of the PDXI transcription start site. This region contains the characterized
regulatory elements of the PDXI| gelRdranRit is sufficient to confer the

normal PDXI| exptessian gatehis: i 'ggai,ggbgrk@sulting vector,

express fEF - ry PD n sorQe o
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by trypsin dlgestlon and so on a Bect inson EM} Biva rect

inf RN AN SIS BEfor 87PR 8. TAPSEAfIICH T Wit e e StRol aTaramot Erdp
withsiregRatihgHoK BEBRER(. irepancisirgteivigsortiorware gateek kit HSPs.
positive {(348P) anch- GER! hegativedieg:erpwhaionsd Ba8-a%pRIReR  and
th%&%ﬁ&%mf@gm Was SERATREH. nig W &%&é\é@%%zé; ¢ tunder

uI%P s according to fluorescence intensity (Hi and Lo
owm%fnéorﬁh‘ﬁp%é VEEBURRTSHS SRS En Ry 2EHBePLBtT S e y flp
|rrfﬁ%em‘a}wromemwy&%ﬁc@er@erfaﬁaly@ﬂsthms%s Prispaiestionsienger was
QiagefrNehkyndatitnns iahdEbeneaneded IotoNAmRE Ri@Eng 10-14
copguGast %6 80D L R IOMS Y- F 0 MBRNREMIQLNAMI Y. ANAYSIR.
cells were sorted into PBS, fixed for 10 minutes in 4% paraformaldehyde,
and adhered to glass slides using a Cytospin centrifuge. Primary
antibodies to Cytokeratin19 (KRfﬂ’Wﬁrom Chemicon; to Hepatocyte
nuclear factor 3 beta [dhifes anka Entiodésiicose Transporter

2 (G LUT{&ésfrpm R‘&Pf&yg@%xéﬂmr%ﬂé}}&%§%%@@%ﬁﬁﬁéﬁﬁ e PO

o F1T (are mine were u to d
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[6351) PDX1 promoter/EGFP transgenic hESCs were differentiated for 5 days in
activin A-containing media foliowed by two days in media comprising activin A and RA. The

differentiated cells were then harvested by trypsin digestion and sorted on 2 Becton Dickinson
FACS Diva direetly into RNA lysis buffer or PBS. A sample 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) popuiations, 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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percent isolated PDXI-positive cells in this example was approximately

7%, which varied depending on the differentiation efficiency from about
1% to about 20%. [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, the EGFP positive cells showed a greater than 20-fold increase in
PDX1 expression levels (Figure 46). The separation of high and low
EGFP infessity c@&ﬁd@ﬁﬁgﬁ@%@h&u %Pnaxpmsimw@l@oma@ﬁdﬁ
PR aRisssion v eLBIBGAT AR 10 RDK, clicpanalyss,

sorted cells were subjected to &%ﬂzh analysis of Severalgenes that are
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are deriv@dspm therglibdiibars iethdn wibiased afinithor endedemealisanerals
SURiBREA] 18-85 ymeﬂ%a%a&a@%&%g%&?@éﬁl LRGN e
eng(%%g_r uoge%gl%w etgeq%%%ed asrd cribed in the f%ﬂﬂg&}: Exa les, 1
Such Celfs Were harvest r?ﬁsfraﬁs?j S EE &6t
imFETEEOHTHE Afiees 1icehs srvitand aigt prélosdiifes xnﬂmeww#@%@@hat
theEGiE expesgon Bk anrdicaidvith dke ¢rpnrspiaited Figatse Tyam retimead PDX 1
sechionechARg: %HR&@G&EM&J}@EQ&%%@ ARl HIRVRQEVIREHRIIEA 2re expressed
erghai 0258 Eaeston D shgw el aler e s,
cfefln m"’f:rik aé é%‘

post ?rans antation, the uman itive rmec i ere

mtéﬂé‘éﬂ% %&E‘Efﬁﬁ‘ﬂa?f@ffr&&ﬁ?e@%ﬁem@a fieR me*gatﬁmm mm|w> In

hum@égrgsejgmgy@gndoderm tissue that has dlfferentlated into gut-tube-like

structure ure 50B _shows ranspl t an five en
section nir%%osta%gﬁnv”ﬂt %eboc?? tor{%‘ﬁgaa'%‘ﬂﬁ’ sk lﬂf!f @%’%ﬁsw"”
(HSEY. o ra &t H&f@a?éﬁﬂa%%ﬂweﬁh ﬂw rpéémé’ﬁ%re@fsené?ém

capabig oMdiffef értiatitigwato kv EPNDE fivedtivedgunsbrdgetisnikbigures 50C and
50D show a transplanted human definitive endoderm section

immunostained with antibody to villi tibody to caudal type
homeobox transcrlptlon factor 2 (C respectlvely These results
indicate tHEEHEEHERE HHGEHE RS- el IE R e A bIETE

differentid##¥gl into Tnt@gtmaimﬂst the human definitive endoderm cells produced using the
methods described herein are capahle 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 celis were harvested and transplanted under the kidney capsule of

Immumocompromised mice using standard procedurss.  After three weeks, the mice were
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or intestinal cell precursors. EXAMPLE 25 Identification of Differentiation
Factors Capable of Promoting the Differentiation of Human Definitive
Endoderm Cells In Vitro [0359] To exemplify the differentiation factor
screening methods described herein, populations of human definitive
endoderm cells produced using the methods described herein were
separately provided with several candidate differentiation factors while
determining the normalized expression levels of certain marker gene
predifitsl ahy @arsstimeO oinis wH 360+, samsaliniiveendod ermicals and
wetkeMdierd.As gﬁgg{gbed in the foregoing Examples. In brief, hESCs
cells weL§ rownlltn the resence %f 100 r}g{ml activin A in low serum

i i
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[0361] Figure S1A shows that expression of the albumin gene product (z marker for
Iiver precursors and liver cells) substantially increased on days 9 and 10 in response to FGF2 at 5
ng/mi as compared to expression in definitive endoderm cells on day 4 prior to treatment with this
differentiztion factor. Expression of the albumin gene product was also increased in response to
20 ng/ml WatlB on days 9 and 10 as compared to expression in untreated deﬁx:;itive endodenn
ceils, 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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herein, populations of human definitive endodenn cells were screened
with candidate differentiation factors using procedures similar to those
described in Example 25. [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 the fetal bovine serum (FBS) concentration
on day | was 0%, on day 2 was 0.2% and on days 3-4 was 2%. After
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concentration of F(‘}F?. (100 ng/mi) even in the presence of BMP4 (Figures 51A-B days 9 and 10).
In contrast to the above results, the expression of GLUKO, hHEX and TAT mRNAg was
substantially upregulated in the presence of FGF2 at 100 ng/m! and BMP4 at 50 ng/mt on days 9
and 10 as compared to expression in definitive endoderm cells on day 4. In the case of GLUKO,
neither Wnt3A nor FGF2 at 5 ng/m] with or without BMP4 caused an increase in the expression
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CXCR4 were examined. Previously the expression of each of these
markers has been correlated with specific cell types as follows: The
markers APOAL and GLUT2 are highly expressed in the liver and
moderately expressed in the duodenum and small intestine. The marker
VCAMI is expressed at a high level in the liver, expressed at a moderate
level in the stomach, duodenum, and small intestine, and expressed at
lower but significant levels in the lung and pancreas. In contrast, the
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expression in definitive endoderm, both VWEF and CXCR4 mRNA expression was decreased after

contact with Wni3A in the presence and in the absence of BMP4 as well ag after contact with
FGF2 at 5 ng/ml in the presence and in the absence of BMP4 (Figures 52K-L). Contact with
FGF2 at 100 ng/mi, 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
substantiallty maintained even on day 10 (Figure 52L),
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method of identifying a factor that promotes the differentiation of human
definitive endoderm cells, said method comprising the steps of: obtaining

a human petpopwaiiei, SoMpUsAGR)ERAE{iDiliNa-@NDosesA flStson, E. 1.
whesajs) i Buraanae intivesendadeaaals S0 B B 1885006 ligts
the uman (%(;”Smlrjlg id cell population; providing a candidate

differentiation factor t6'said cell population; determining expression of a
marker of@4H diffelesHeraaEerive M-obihitl & -Srripeert, ifuseid Yellknd Rosenberg,
pofiulBtiaeoa) Pefickiptivnelyontaet esm ningexrassiabonbiie SapaemRieion
in saidcetnapuationale secenflodime point, wherein said second time
point is s guent to said first time pgin wfp rein said second time
point is sx%ggqueﬁ fge’ﬁ‘?’c‘)‘{%a |ﬁ§‘£§$ & égéﬂgﬁ%%?ﬁ'a i(‘)“?ﬁa%\/ilth Jz’a"?ﬁd SarrargRe™ O
diffErE i TP PR i BRP RS BT AR Yo H\E prd STl afithe FA anteydrsisuiginoma
celbgibpbietioingt GHltedésond AradnpdiSietes e dascompanediarthess,
expressioqn of the marker in said definitive endoderm cell population at

said first time point,,wherein a rease in ion of sg?iﬁi mar%<er in
said cell gggé%llatior{y %rei{él %ﬁ@sa{ﬁgg%lg%sgaﬁd?ﬁ{ﬁﬁﬁé&% iSHOR TR fyelopment.

prontBte e dtrdrshifaddii ol said human definitive endoderm cells. 2.

The meth@dBdf claiWelk, ivNereid Helrabfde (08e Hsraredqre saditidmsaiphtterned
cellpppplationrafawhaeinah past. BV Glihe Arman.cehs other than

said feed lIs a finitiv derm cells..3. The method of claim 1, .
wherein s?g?d umﬁﬁggﬁ{h%vgggg?do eeﬁiﬁucszee(#ga ggr%%ﬁgnec ﬁylrengssotg@la%g:)n?mm
the Eﬂ?fa%e’beéﬁsi?ﬁ"ggi‘d cell population. 4. The method of claim 1, wherein
said hum#f¥edefesiFafe FRESE (iosaanitheetil oopkitation BME wirekeiniathe
leasicf@¥Gakiheshendan cells other than said feeder cells are definitive

endodermgggyls. Szlhe xeghad af claim b, WhEIRInexpPressian; of ﬁﬁ‘igc%ﬁ).

marker is deter guantitative polymerase chain reaction (Q-
e T S A, FSPETEM PE RS B R 0. nire
detéfittéd¥y
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immunocytochemistry. 7. The method of claim 1, wherein said candidate
differentiation factor comprises a small molecule. 8. The method of claim
1, wherein said candidate differentiation factor comprises a retinoid. 9.
The method of claim 1, wherein said candidate differentiation factor
comprises retinoic acid. 10. The method of claim 1, wherein said
candidate differentiation factor comprises a polypeptide. 11. The method
of claim 1, wherein said candidate differentiation factor comprises a
growth factor. 12. The method of claim 1, wherein said candidate
differentiation factor comprises FGF-10. 13. The method of claim 1,
WHhévdihABERdRdidate differentiation factor comprises FGF-2. 14. The
method of claim 1, wherein said candidate differentiation factor comprises
Wnt3B. 1}?. The methad of claim 1, wherein said candidate differentiation
faQOr is Mol S Sty UL EHERER BTt PIBnoftie e fibucateiaip s human
definilinsreidodainl cdhdidiate diffd rentiatidry tactamisatot a retinoid. 17. The
me_tho_d Q)fbfélﬁi %1%@1@5‘3&5‘51 Qu?a@f%?!'g%%rﬁjéﬁ%rﬁﬁ‘% tl%Qﬁ];la 1toere|r’T:’dQ(§)e:trm cells
retinoic acid. 18. The method of claim 1, wherein sai candidate ’
diffEPEiHRIh AR BHAA daa dea el e sl atisrsat icotibe tratiorells
of retsieerii Botungioal to 10 mg/ml. 19. The method of claim 1, wherein
said candj i iatior is.provided to said cell population at a
concentr(g}tgij("?irtgg 8% gegﬁ@g%gﬁ Er%?r%ﬁ%%@ﬁ%?ﬁl %&Lgﬁg?lrﬁgfﬁ%‘g{’ég claim 1.
wherein SSfITRRHE dater HiTketeAtiatiorerhetorfisstovidkntinisdidhonll definitive
popudadion af aicescensaiion of betwess gihng/ml to 100 pg/ml. - 92 21.
The met f claim 1, wherein said candidate, differentiation factor is
proyided@%g r&é?dl%gr fgf)sllfl)gti%ﬂﬂzet %‘rggnn&aé"n%Falt?osr}alﬁ(f%ét\R?é’é Y¥o*hg/mRrond
to By RAME ¥ IgsE Fiidhweaost digienpeinyrereinegaddt candidatest time point and
differentiatianstactaris previdad.iasaidaslhbRepHatian %El@;ﬁ?ﬂﬁ%@ﬁr@ﬁ@ﬂaid

of L%@Jat%%if}—pee &“%Q?Q t%f-dr?c!m 1, wherein said candidate differentiation

factor Is provided to sai cé’lfpopulation at a concentration of 100 ng/ml. -
93 determining if expression of the marker in said cell population at said second time

point is decreased as compared 1o the expression of the marker in said definitive
endoderm cell population at said first time point, wherein a decrease 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 1, 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.

A

3. The 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 expression of said marker is determined by

quantitative polymerase chain reaction (Q-PCR).
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| SEQUENCE LISTING <110> Novacell, Inc. Kevin Allen D'’Amour Alan

D. Agulnick Susan Eliazer Emmanuel E. Baetge <120> METHODS OF

IDENTIFYING FACTORS FOR DIFFERENTIATING DEFINITIVE

ENDODERM <130> CYTHERA.045QPC <150> US 60/586566 <151>

2004-07-09 <150> US 60/587942 <151> 2004-07-14 <150> US

11/021618 <151> 2004-12-23 <150> US 11/115868 <151> 2005-04-26

<160> 2 <170> FastSEQ for Windows Version 4.0 <210> 1 <211> 1245

<212> DNA <213> Homo sapiens <400> 1 atgagcagcc cggatgaggg

atacgccagbgacgadcayea gecagatecangagegegetdbthiceagrggtgaetermined by
Emmtgg)c&gg)gg&,;lg,ggcccctgc ccctgggceceg agtcgetgag ccccattgag 120

gacatgaagg tgaag gc gcgccgggg aacag accggccgg

ggccgeggdt T8h° g@eﬁdgﬁ’b%ﬁﬁﬁééﬁnﬁf%é@gé@&@gﬁ%@ﬁ@@ comprises a
smalittiosig . gtgggctaag 240 gacgagcgca agcggctggc gcagcagaat

ceagacclys Agancgcron alipaseany 300 AAGII0RR AGIEAA9R: compries o
ggcgctgacg ctggcggaga agcggccctt cgtggaggag gcagagcggc

gcgtgca gcacatgcag gaccacccca actacaagta ccggccgegg 420
09@99033@@ aggignagegigctgaagray 9lg 3389840 GERRHOLR CIFESIATBh ises
retmmc |, gagccgeagg cggecgeget gggeceegag ggeggecgeg tggecatgga

cggcctggge 540 ctccagttce ccgagcaggg cttcceegee ggececgeegce tgetgectee

gcadfatggdbeanahyyeicdtade Yoganigedayuiteydigerguirisectetor comprises a

polggRggcta ccegttceee 660 acgcccgaca cgtccecgcet ggacggcegtg

gaquCgaFﬁe?gg gCt} ('::Igl%: % 1171252@ candidate differentiation factor comprises a

growth factor.

ret

12. The method of claim 1, wherein said candidate differentiation factor comprises
FGF-10.

13, The method of claim 1, wherein said candidate differentiation factor comprises
FGE-2.

14, The method of claim 1, wherein said candidate differentiation factor comprises
Wnt3B.

13, The methed of claim 1, wherein said candidate differentiation factor is not a

foregut differentiation factor.

16, The method of claim 1, wherein said candidate differentiation factor is not &
retinoid.

17. The method of claim 1, wheremn sald candidate differentiation factor is not
retinoic acid.

18.  The method of claim I, wherein said candidate differentiation factor is provided

to said cell population at a concentration of between .1 ng/ml to 10 mg/mi.

19.  The method of claim 1, wherein said candidate differentiation factor is provided

to said cell population at a concentration of between 1 ng/ml to | mg/mt
20.  The method of claim 1, wherein said candidate differentiation factor is provided

to said cell population at a concentration of between 10 ng/ml to 100 pg/ml.
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atgcccgggg actgecccggce ggeccggceacc tacagctacg cgcaggtctc ggactaccct
780 ggcccececgg agecteceecgce cggtceccatg caccceccgac tcggeccaga
gccecgegggat 840 ccctecgatte cgggectect ggecgecacce agcgcecctte acgtgtacta
cggcgcgatg 900 ggctcgeecg gggcgggegg cgggcgeggce ttccagatge
agccgcaaca ccagcaccag 960 caccagcacc agcaccaccc cccgggcccce
ggacagccgt cgcecccctee ggaggcactg 1020 ccctgeccggg acggcacgga
ccccagtcag cccgecgagc tecetcgggga ggtggaccge 1080 acggaatttg
aacagtatct gcacttcgtg tgcaagcctg agatgggcct cccctaccag 1140 gggcatgact

ccggigtgdadeletodgdcage acgeath cealttentedg@tgiataa 4 Gactor is provided
tata ttactgcaac tatcctgac 24 <210> 22
o B e e SR (U0 ser ser pro
AspAla Gl TiEhihosekimsp Abpradiraséeaidrndiffaenduisn GitrSistndaided
o skauR o plaakMeLRAGliok em GlyRro Cys Pro Trp 20 25 30 Ala Gl
Se Lau Pro IIe G Met L S Val L lu Ala. 35 40 45 Pro Al
act ot QIS KRG ATk o ATIR (9 A AR YL Ry 26 B0 gl
to S@‘é?eﬂrlg?ﬂéaﬂ(?g ﬁ@gcwmmatomﬁ WEnee-Met Val Trp Ala Lys 65 70 75 80
Asp Glu Arg Lys Arg Leu Ala Gin GIn Asn Pro Asp Lau His Asn. Ala 85 90
95 Glu Lau Ser Lys Net Leu Gly Lys Ser Trp Lys Ala Leu Thr Lau Ala
100 105 110 Glu Lys Arg Pro Phe Val Gin Glu Ala Glu Arg Leu Arg Val
Gin His 115 120 125 Met Gin Asp His Pro Asn Tyr Lys Tyr Arg Pro Arg
Arg Arg Lys Gin 130 . 135 140 Val Lys Arg Leu Lys Arg Val Gin Gly Gly
Phe Lau His Gly Leu Ala 145 150 155 160 Glu Pro Gin Ala Ala Ala Lau
Gly Pro Glu Gly Gly Arg Val Ala Met 165 170 175



Asp Gly Let Gly Lau Gin Phe Pro Glu Gin Gly Phe Pro Ala Gly Pro 180
185 190 Pro Leu Leu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys Gin
Ser 195 200 205 Leu Gly Ala Pro Pro Lou Asp Gly Tyr Pro Leu Pro Thr
Pro Asp Thr 210 215 220 Set Pro Leu Asp Gly Val Asp Pro Asp Pro Ala
Phe Phe Ala Ala Pro 225 230 235 240 Met Pro Gly Asp Cys Pro Ala Ala
Gly Thr Tyr Ser Tyr Ala 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 Let Gly Pro Glu ,
Pro Ala Gly Pro Ser lle Pro Glyshetrdeurtasd75 280 285 Pro Pro Ser Ala
Leu His Val Tyr Tyr Gly Ala Met Gly Ser Pro Gly 290 295 300 Ala Gly Gly
<156lyAe&ly Phe Gin Met Gin Pro Gin His Gin His Gin 305 310 315 320
His K8mHis Xein Hisddis Pro Pro Gly Pro Gly Gin Pro Ser Pro Pro 325 330
335MI9’F0 IBERI&eEU Pro Cys Arg Asp Gly Thr Asp Pro Ser Gin Pro Ala
34% 6Eé|galeg§g Lau Gly Glu Val Asp Arg Thr Glu Phe Glu Gin Tyr
Lau His 355 360 365 Phe Val Cys Lys Pro Gin Met Gly Leu Pro Tyr Gin

<P EIS AshP %\7 Val Asn Leu Pro Asp Ser His Gly Ala lle
R el e I

Asp Ala Ser Ser Ala Val Tyr Tyr

Cys Asn Tyr Pro Asp Val 405 410
«1303> CYTHERA, 0450

<150> U8 60/586568

<l5il» 2004~

<150>
<151>

<150>
<151>

<150>
<151

<160 2
<170>

210> 1

<211l> 12458
<212»> DNA
<213> Homo

<&00> 1

atgagcagee
cecgogghiyga
gacatgaagg
cgagocaagy
gacgagegea
atgctggges
goagagegyge
cggogoaage
gageocygeagg
ctecagtioo
ggecactace
acgoocgaca
atgcocgggyg

ggceocoogy
ccoctogatte

ggctogooey
cacecageace
coctaecggg
acggaatttg
gggecatgact
gacgecoagct

<210> 2

C7-08

Us 60/587942
2004 -

07-14

Us 11/021618
2004~

1z-23

US 11/115868
2005~

04-2¢

sapliens

eggatgeggy
tggceggget
tgaagggcga
gegagtoccy
ageggetgge
agtcgtggaa
tgegoghbgoa
aggtgaageg
cggeegeget
cdgagocaggg
gegactgeca
cgtecoogot
actgocogge
agceoctacoge
cgggectoot
gggTgggeyy
agoacscacee
acggoacgga
aacagtatct
aoggtgtgaa
cegeggtata

atacgecagt
gggcooetge
ggcgoegycyg
tatecggegy
goageagaat
ggegetgacyg
gecacatgoag
gctgaageay
gggcecoegag
cttocececgeo
gagtctggge
ggacggegty
ggccggcacs
cggteoocatg
ggcgocaces
cgggegegge
coogggoaee
cocccaghoag
geactiegtg
tetecoogac
ttactgeaac

FastS8EQ for Windows Version 4.0

gatgaccaga
ceotgggeng
aacageggag
cegatgaasg
ccagacctge
ctggeggaga
gaccacccea
gtggagggcyg
ggeggcogeg
ggoodgooge
gogectooge
gaccoegace
tacagctacy
cacccoogac
agegeoatte
ttooagatge
ggacageogt
coocgoogage
tgeaageoetg
agecacgggy
tatcetgacyg

gocagacsea
agtogetgag
caccggecgg
cttteatggt
agaacgocga
agocggecett
actacaagta
gettectgea
tggocataga
tgctgoctee
tegacgacta
cggotttett
cgoaggtate
tcggeceaga
acgtgtacta
agecgoaaca
cgooecctos
tectegggga
agatgggect
ceattiocke
tgtga

gagegogetg
cececategag
ggcegeggge
gtagggctaag
gttgagcaag
cgtggaggag
coggecgegg
cageetgget
cggeetggye
gcacatggge
coogttgace
cgeoogececg
ggactacgct
gecocgegggt
cggegegaty
cocagoaccag
ggaggcactyg
ggtggacege
ceectaccay
ggtggtgteoe

&0
120
180
240
300
360
420
480
540
600
660
720
780
840
800
860
1620
1080
1140
1200
1245



<211> 414
<212> PRT
<Z13> Homo sapilens

<400> 2

Met
1

Gln
Ala
Pro
Glu
&8

Asp
Glu
@lu
Met
Val
145
Giu
Asp
Pro
Lieu
Ser
225
Met

Ser

Pro
Als
305
His
Pro
Glu
Phe
Gly

385
Asp

Ser
Ser
Gin
Ala
80

Ser
@lu
Leu
Lys
Gln
130
Lys
Pro
Gly
Leu
Gly
210
Preo
Preo
Asp
Leu
Pro
29¢
Gly
Gln
Glu
Leu
Val
370

Val

Ala

Ser
Ala
Ser
35

Asn
Arg
Arg
Ser
Arg
115
Asp
Arg
Gln
Leu
Leu
igs
Ala
Leu
Gly
Tyr
Gly
275
Sear
Gly
Eis
Ala
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