PREPRIMITIVE STREAK AND MESENDODERM CELLS Field of the
Invention [00011 The present invention relates to the fields of medicine
and cell biology. In particular, the present invention relates to
composmons comprisi rimitive streak and/or mesendoderm cells
as well as ﬂ%@&%ﬁ&%ﬁg%ﬁg&%ﬁ%&ﬁﬁ%&lg%ground
[00021 Human pluripotent stem cells, such as embryonlc stem (ES) cells
and embryonic genii (EG) cellsgdiefdhfidanvtssiated in culture without
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Shamblott or al., 1998; Thomson et al., 1998). [0003] Human ES and EG

cells (hESCs) offer unique opportunities for investigating early stages of

human development as well as foP#kgg¥adtic intervention in several
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pancreatic islet cells. (Shapiro et al., 2000; Shapiro et al., 2001a; Shapiro
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cells in culture Tor prolonged periods. Pluri oiency IS e Ine the a
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directed differentiation is of great i Fortance for therapeutic appllcatlon of

Plgpnseecy | fotsds AL sleraiidifidshts KcAiEsIRy atitiett titbte@! all 3 primary
cedifferentiatidndfhbESCSierm, ectoderm) which, in turn, form all somatic cell types of the

mature organism in addition to extraembryonic tissues {e.g. placenta) and germ cells. Although

pluripotency imparts extraordinary utility upon hESCs, this property also poses unique challenges
for the study and manipulation of these cells and their derivatives, Owing to the large variety of
cell types that may arise in differentiating hESC cultures, the vast majority of cell types are
produced at very low efficiencies. Additionally, success in evaluating production of any given cell
type depends critically on defining appropriate markers,  Achieving efficient, directed

differentiation is of great importance for therapeutic application of hESCs.
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it would be beneficial to identify markers which can be used to identify

and/or segregate cells at their earliest stages of differentiation away from

hESCs. Additionally, it would be beneficial to identify factors which

promaote the differentiation of these early precursor cells derived from
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embodiments described herein, human feeder cells are also present in
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orowth factor is activin A.

[0008) Additional embodiments described herein relate to cell cultures comprising
mesendoderm cells, wherein the mesendoderm cells are multipotent cells that can differentiate
into mesoderm or definitive endoderm cells. In such embodiments, the cell cultures comprise
human cells, wherein at least about 5% of the human cells are mesendoderm cells. In other

embodiments, at least about 10% to at least about 90% of the human cells in culture are
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cells other than feeder cells are mesendoderm cells. In some
embodiments, the mesendoderm cells express a marker, such as
brachyury, FGF4 and/or SNAIL. In certain embodiments, the expression
of one or more of these markers is greater than the expression of OCT4,
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gonadal ridges. In some embodiments, the cell cultures containing human
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98% of the human cells in the population are mesendoderm cells. In some embodiments,

mesendoderm cells express a marker, such as brachyury, FGF4 and/or SNAIl. In certain
embodiments, the expression of one or both of these markers is greater than the expression of

OCT4, SOX17, CXCR4, FOXA2, SOX7 and/or SOX1. In still other embodiments described
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cells. [0012] Additional embodiments described herein relate to methods
of producing preprimitive streak cells. In such methods, a cell population
comprising pluripotent human cells, such as hESCs, is obtained,
Pluripotent human cells within the cell population are differentiated in a
hergiRdfriclRIARS e S P AHbUroost sditrmt srdode ekt diergistitrndodermal
cellagitimahthend&db{Bal spe dafinityy s vheseimikiecgiowthfiastar islprasestiksodermal
Ceﬁge medium in an amount sufficient to promote differentiation of at least a
portion of said pluripotent cells to preprimitive streak cells which are

multiff8ieht and'éaiy itteramaatBgpio deresErd ddeim e, Igamtiods of producing
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. the expression of a marker selected from the group consistingof =~
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or other comparable method. [0013] With respect to certain methods
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medium at a concentration ranging from at least about 10 ng/ml to at least
reaghigtt CrboB niImIRTYertain EMBb aikerrEPHabS Skt factor is withdrawn
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(v/v) serum. In other em%odlments, the medium Is 16W serum S sl
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orSRIMMLlsesa N d eRIGLENE R [QQR AL Ather methegdsdessribedinereid preferred
are methods of producing mesendoderm cells. In such methods, a cell ,
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probtaimetlic Bledipotent humanraéhs it thercellipopulationfang/m! to at least about
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at least one growth factor of the TGF13 superfamily, wherein the growt
oS preadht fahrenadinsisihs e rosErse ot sroBtabout 1% (viv) 1o
less than about 0.2% (v/v} serum. In other embodiments, the medium is low serum RPML. In still
other embodiments, the cell population is differentiated in the absence of serum or serum
replacement.
10G14] Other methods described herein are methods of producing mesendoderm
cells. In such methods, a cell population comprising pluripotent human celis, such as BESCs, is

obtained. Pluripotent human cells within the cell population are differentiated in a medium
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differentiation of at least a portion of said pluripotent cells to

mesendoderm cells which are multipotent and can differentiate into

mesoderm cells and/or definitive endoderm cells. Some embodiments

include a further step that comprises allowing sufficient time for _
COTREISBRABHEH RNST to fSfMWErBicasiansusiendhtairing forihe TOFP superfamily,
wheaasendogenmcellsdo formrhas beein detarvninad by geteatisgibent to promote
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o LB SPERE UM RS RS eé%‘hé%%?r\r/ﬁ’b ST OETATSHR Y CRERYNe B
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FGF4 and/or SNAII is greater than the expression of a marker selected
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se}andi(}f.cﬁiﬁ)(é iﬂ@ﬁidﬁﬂﬁﬁﬁ@@ﬁ&fﬁhﬁj@ﬁdﬁ&%/@ﬂﬂ)@@mﬁmw neasketie marker
fro,(ljne eeCtl%ﬂ C&)n Sti)S il? oq'@c“f”ﬁagéﬁ?( Pﬂl(\f% S%&Qﬁ'? I ﬁ‘d@'ﬁBQ% cells of the
|mmu%rop9toc emistry or other_ comparable method. [0015] With respect to
celt greRinaHBthylg tib strbRdaE e Ofr gninatieastiapietiti5us thatiseonsisting of
brBut 90%-ofthewinan celisin auliure differentiatiednigimesendadriMihe group
cells. In i 0 e descri herein, the growth
oIS o I TGRS & BTN P o B NIRRT ot ol
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present in the medium at a concentration ranging from at least about 10 _

ng/mti 3 least 4BSTRPLOBT HEIMTH et s Sinb BUitie HES™ hEyFgRa! %0 to &t
leéﬂ@t@ds%%hdfammm mbmﬁzﬁ4MW§j.%§mglﬂD 4Bhodosedn cells. In some
enfRAGIHQRRI SMROGIMENLS NG ME AN, CAMPERGS T AMIE SR AN AR LY Rm is »

(v/v) to less than about 0.2% (v/v) serum. In other embodiments, the

SronEidRR9E 16lv BeruNeIRPIH YN StingstHer dmbsdiftehitssypefaayly. In preferred

enfbRPWatiQNis differentiated oidhe ADSENER:GF SRIINMbSBRMRS, the growth factor is

replacement. 10016] Still other embodiments delscrib%d herein relate tcf _
P FRBALTEH AR it BTSRRIV & SHANEY ] PRl sbou
10gtregkntells. Sueh rrethdascconiprigerttie Steps efwitiolytainig @out 24 hours, 36
hoBRRilatiaR of PiiRRtERLaelsySHERAS @E%émﬂﬂ%ﬁﬁfﬁ@% least RSl out 1%

of the pluripotent cell po ulation comprises a copy of a nucleic acid
(v ’édaéﬁéé‘@ﬁcﬂmwgog?réeﬁfwm&%em ﬁrBiém@év °Bial Biokgiedlys low serum
Riadtiven feald meat dneodofiemdelicthal goptitaliaf theifé&dBatpdombterysare of serum or
sof llﬁ%ﬁlp%g%g&the plu_rlpotent cells so as to producg preprimitive streak

cells which are multipotent cells that can differentiate into mesendoderm

cells|#H&l(c) sepdratiisy trbopraptindave drebiredrns#om sutectideasradicing a

coBXRFRSS:GRR: N seme-embadimantss the.calbipopulatian RN psisessathe steps of
east.about 95% to a st.about 98% pr cells. In som

o A e B ol Bk BBn ! of o
pleopnjsrisesiprovidiridea phmipetert celispopulativriaidtiiad |eamicore growe green
fifacteERiHhe T GhtB)Reanulya  BURRRSfragment thereof under the control of the FGFS
promoter, {b) differentiating the piuripotent celis so as to produce preprimitive streak cells which
are multipotent cells that can differentiate into mesendoderm cells, and (c) separating the
preprimitive streak cells from celis that do not express GFP. In some embodiments, the cell

population comprises at least about 93% to at least about 98% preprimitive streak cells. In some



activin A. Preferred concentrations of activin A range from at least about

50 ng/ml to at least about 500 ng/ml. In additional embodiments, the cell

population is differentiated in a medium comprising from less than about

1%_(v/ﬁ/\) to less than about 0.1% é‘IV/V) serum. In other embodiments, the
CROAHIGHITS oW SEFERH ARV St DIREF ¥ BEEHREAETHHR COmpEHuRIGSHine 2
pidﬁp@iﬁ‘fﬁ&@ﬂtiﬁﬁﬁldﬁoﬁhazabsfen@etoé@egwmerfseﬂmmﬂemaicreme:ntpe[ﬂ_%ﬁ}, such as
w15 chbodipents described herein telate tometads for PIOGUENg A 4 teas

cell population tchat_ Is enriched In mesendederm cells Sdch methsds
abpermiftisethe Stepysiopia)) cobedimegsa opgelatiendasppliriibeemtiostsinsyeredium
coﬁﬁngg%w@ga%@tds@%t @/pme_/\ge{EQE§QQh@[kua'm&ed_ o.tw;@lt@@g?g@mn in other

omprises a copy of a nucleic a equence encoding green fluorescent .

e TP B0 4 B0 U1 AT RV T LA PGB UM A EBrarfion
difthentwadhy try 1 5s8~4 drsShNALL promotgrcébiedifferentiating the pluripotent

cells;gg;a to pipguce naReRdadeR el whichare, midRen! sRlladRRta cel

can differentiate into mesoderm cells and/or_definitive endoderm cells,
PORHRHER) YapT ARG hassisdeRh Geifs ot card tiateB bt etkprases of ()
obf@ikiRg N saietembadimepisthe e lbpbpuldife conmprise atatieastaabautl of the

0 t 989 sen erm cells,. In. some emhodiment o

R R e e e R
flugiesgdingr elsiutipotent celbpbsinationciith Areust drecgfowtsdetorniie! the
brabfabf) SEERIfamiy AsuGhas eetivun drffssfemad conaenisations efaciivip froduce

range from at least about 50 na/ml fo at least about 500.n%/ml. In
“’eﬁ%iﬁ??%eﬁlgl Shboamehte the S sSputation Ts” diffsreRgatsa iy S Spsurs iy avd/or
deoitiysrisidgidromelis srihan abeatingtovisstodessithat aboutcelis Yeapuy)ot express
Gﬁerwygomeoetﬁi%mmmglm@m ﬁb@u!&%ﬁ‘n‘ Q%‘ﬁrl@é’ RN BEMosIn Blilk 1east about

other embodiments, the cell population is differentiated in the absence of

98 B Yep A AR BT S S RBS R e Al dhsibisthods described
hehdreinrarésscpepning: methopsdor ddéptifyingea differe rtiation: factoth factor of the
réapalsataromaling ihedifferantiaen of pLepimitive stisak celg 0 A gell eas
population comprising human cells. Such methods comprise the stéps o
abpy) ShitihépatéispanwatithedmprisingdFinmd rephegmmitivaistresdiknesiigtion is
diffelepronding acandidate differentiationn factontadhe celneRWAHABLUED. 1% (viv)
deter wu)ng expr ssiotn %f a mg(rker. in the cell % la 'ontf?lt atfirst im "
St ST R RGBS P S5 TR B R SaME AR Ih tHe BRI BSpGTRRGATRE™s: the
celh mpobwidtind pointiaivhardinabrerse cormiutimye poimt ispdatesequent to the
first Ypaggpoint apd NhGIeiR: SREPIL 4 BMEPAHDLISSHRSSAUENE Ror identifying «
_providing the population with the candidate differentiation factor, (d?\ and
S ta AT e pRaYSiShPs e Ta Ark T TAEEn YoPtRAEH rsthalk cells in a cell
poselond timerpoiatlismincredise B athdeetieasetagrepnipasedstothe obtaining a cell
po%?i(qﬂ{%ﬁséggqusm m%&lﬁerr%ﬁ?n%tﬁ%"sggﬁuégﬁlso &b%t?tg[rﬁ%d?z@t tlga]i?dp {Qtdifﬁeremiation

wherein an incréase or decrease in expression of the marker in the ce
o0 IREGR! PRICETS tHa U eHi A e TR EdR facls Ge loapalsiiopat a first
tinfy pRIRtingrEhaiclitetapiiation of thespreprinitve sireakicgiisidngestainecond time
POlenrtn tx)v%dl!*gi]ne 1t eS 'ngggng rt?rtng rﬁ(grﬁ) ?SI r%})é%e%eg{#% g{eaélis tlargcpé%éll{na%tc?lﬁlh%qgn the second
. sa?ne |me as prowdmg t .el candidat I ere.ntla 10N Tactor. |rl other .
tigggdimarnesatiset firsprimépsoiin orttisegushthe proVddingithacstindit dtetor. (d)
and EEeRliBLORrfagiRksion of the marker in the cell population at the second time point is
increased or decreased as compared to the expression of the marker in the cell population at the
first time peint, wherein an increase or decrease in expression of the marker in the celi population

indicates that the candidate differentiation factor is capable of promoting the differentiation of the

preprimitive streak cells. In certain embodiments, the first time point is prior to or at
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In some embodiments of the screening methods described herein, the

human preprimitive streak cells differentiate into cells, such as

mesendoderm cells, mesoderm cells and/or definitive endoderm cells, in

response to the candidate differentiation factor. In some embodiments,
APPHENBAEE A& TR LBt B D U BRp RS STt Biefh af ks K algetor.  In- other
embreichymisy e GFsd tand foriB NAlbsclpoathe r;ﬁmbmgmem&dmeeadﬁbmmsamon factor.

[ f ers FOXE LKI BMP4. .
n USRS TSI ST F, P o

cel BRI e esilestioh af mareladaticiels axeRa lane%r g@ikr] gefinitive
ensﬂ@@élrﬂll Aith ﬁesaeetﬁ@ tbermr@eaiﬁrgdnﬁmmae%cr&eﬁ hqreirhrﬁeeréﬁirbdlmems

odiments re rovrdrn a candidate dif ere |on fafcg}?r
mesen erm s mdrca f Plfe ori mfr f_r SUC :ac 4311 /or SNAII.
as a eas one row actor from the sup erfam ch as activin

I Athigy @tﬁé}démmedlmem@mhe earmeétbydﬁifrﬁere&mraﬁu@n féomrrkgsa sialls FOXFI,

FLROlegule an@polypepiide. insiillpthel.ambpdiments, ihe candidates indicated by
drfferentra?? Ector is, not a factor of the TGF(3 superfamrly In still other

R SU e R e AP ds e dlietRdRRa0A tctor is a factor that is not
kn ovr[ﬂﬂlﬁ]caus@fﬁﬁe: chifferantiationcodipgeprimifivéesstisakeelts. (6020&mbodiments
1eEQy}g Fgﬁé&%@@%ﬁ&%ﬁﬁ%@&hﬁ(&lqﬁ{& SGIg¢ EHQQ g&%%gg(%lf Qo factor from the

identi a_differentiation factor capable of promoting the differentiation

Tihserahavlestcatadivi cell lhoparaisie otnprisingchrhdals édiigesigghn factor

is ngthodsemprise hiaypiepsof ()abtaiting:#6eihHePWRtAN SOMNIISNBation
human mesendoderm cells, (b) providing a candidate differentiation factor

48t B HOHHARoN o) HterRRTHE ExprdSsioh SF i nAtReT ThcR fa) candidate

diffpopuilation fatter first timeer pbintisdetekminingrexpressioditittheigsamer preprimitive

str@&ﬁ‘@éﬂ'é in the cell population at a second time point, wherein the second

time [oornt Is subsequent to the first trme£0|nt and wherein the second

time [Y5fk is st FRIRCIB Y Wefitié tH e e ERSHETRRE tReteetsdRIddsntifying 2

d1ﬁéﬁﬁﬁhﬁﬁﬂﬁﬁt[@ﬂ5ﬁ€ﬁ@ﬁb(ﬂ)oﬁﬁbdmﬂ@iﬁgf’fﬂﬂalﬂg'"ﬂrfl expression i narkeein i a cell

po u?at(i\(%!l UIatIO t%%}ip}eee 5. ctlqugeg stclcs)rm(i:lrseea }%dstf? g d § ig?eu ing a cell
8om are expressron ‘of the marker in th ceI Stion Ht the Fist

pmnhelﬁemvwrﬁeréﬁw ineteasdoon G@éﬁre(é%erm@rpreeemm@ﬁetﬁréfwrl@em factor

to Hﬁéh@lﬁﬁﬂﬂﬁm%@ﬂdﬂamﬁﬁiﬁsﬁbﬁ%im sendidate diffierentiadanafactal dStrst time
S\ble af ) romotln the djfferentiation of thl% ? isendoderm cells. In
0

POgEr A BHRBBAARERTICHS HIS ARG T 12 RPAFHBDAArirsRay e PO
wisagnethimecasdprovidg thewaeidate diffénsntiatiorfactod. wheathethe second time

pofinRQdiments: the fitskitime. Rt r%&uaﬁﬁqy@@&racemﬁmmlse%ré@t@d} and

differentiation factor. In some embodiments of the screening methods
defsgatnpel Reveiromy HgmarshEsBRasiarhTEnS ithsranaddinteallls ncreased
orsl&d%aasdmesmdﬁmfﬁ(Ieﬂ,ﬁa’amqh/rﬁﬁsﬁi&flﬂﬁtﬁder&madﬂrmecﬁlspdipmﬁpﬁ)ﬁseréd'rst time

Eﬂ? &Qg‘gr ‘:ﬁ 1g'ﬁ§£%ntckg‘y%gs£e}gtg [ rlcpss%gm Enrgz?r 1 1% r%?socj%{%iﬁndicateq
mdrcae tlﬁe expression of markers, such as F I‘—Dl
thay Bk | @HEl eefrhffﬁfetﬁetrcenﬁaeermerﬁ@aéﬁmr\moem@rm {iTremeiation of the

mdyrhRexpEessian @iﬁﬁ@rk@wﬁﬁehsa&é:m%nawﬁr DEH6k fo of QABAbximately

Wlthr s ect to th screenin s described herein, certai

the sa rov 1tn0 {Ee candidate Q%ﬂ reat c?gf)e ae L0r, TI Mher o ?J Igiuéru%‘ﬁ the first

em O |me eto providing a can erentiation fa
tmagp@gﬂégg{u@m@mmmm{}@;gﬁbp{pﬁnéldam differentiation factor. In some embodiments

of the screening methods described herein, the human mesendoderm cells differentiate into celis,
such as mesoderm cells and/or definitive endoderm cells, in response to the candidate
differentiation factor. In some embodiments, mesoderm is indicated by the expression of
markers, such as FOXF1, FLKI1, BMP4, MOX!1 and SDF1. In other embodiments, definitive
endoderm is indicated by the expression of markers, such as CXCR4 and/or SOX17.

.



TGF(3 superfamily, such as activin A. In other embodiments, the

candidate differentiation factor is a small molecule or a polypeptide. In still

other embodiments, the candidate differentiation factor is not a factor of

T e B B et
relgifferentiation ofamidenddterntiatetiSa§0022 A delitiderst enstaydivtiefigor from the

Td@%ﬁé%a%me@%% Ainsreasing, the expiession.of dbe FGE8.9ens Rrodietiacior

In"a human embryonic stein cell (hESC) in vitro. The method comprises

is praling e kEse MIEPaNEE M cefpHam RS itRes a Bt gl i fferentiation

facBETHLENd eamtagingdheshE Stramith aydifferentiatian: fastasdimansameuididate
. Sufficient t%%ncreas expirtﬁssion of the FGF8 %erl)e praduct, In some dod

O BB e R e PR A IE A ShEBSTY Bt TRESE SRS GBI PRRSH FSTRncoder™m

celthe TGF(3 superfamily, such as activin A. In some embodiments, the

medi[‘éﬂiﬂoes &%ﬁ%‘ﬁr&'ﬁ%oﬁ%%ﬂ%&?a%?&%%%&k[@@%@%%f_éﬁsﬁib%e expression of

embodiments relate to a method of increasing the expression ofa gene ,
thes G dteas eI b AnHHEE ORI O R §3F Bty Oy e G EXe 4R ggm@pmes
obiﬁlhﬁn!gL.ﬁiﬂ&Eseﬁmﬁmmﬁi&t@@ibiﬂﬁ&@)ﬁﬂ\d’tf@lt-ﬂh’e(melhaﬁlmmmtpbiﬁescting the
hEgEt%m}lng gi?fggl%%](l)% ?‘ %t]cie%dilll]”a?n %ﬁ:ﬁ?ﬁg%#@ﬁclx%% tgq%qfrgc%,%lje&ﬁ%)séi\(!ly )of the FGFS

erum and contacting t ESC with a differentiation r Ih an amount
gengiffieiat tdhirersasebedinreysi gt o GaHE PROdtiet Setblaesd Freraremel factor from
thITRHR GRRSISHNg Ql-Rrachyrty, £ GR4anc Skl Soe AMBOgiBIeRtSomprise
the differentiation factor is at least one growth factor from the 'FGF[3
SeIHERAAIF "Such as activin A. In some embodiments, the medium does
not cdy3tise seriinthepladenient:{00R4 Semebnbddimentmdéscritpadssion of a
gegﬁeé%' &g‘%@ez?e@ £l GHIUES, COMPISIAG JIIPRAGRIPRANICRIEGNERISn o human

! SOCS and a medium comprising less than about 2% (v/v) serum, ‘
CTRRERSIFTE FESEIESEA gin diferd HEARTHICAt R FoNETErRRAHIE BBIRESCR @ medium
cothigt@xprassian aldkGR8yRNAIS subsiantially pregdlated asidorapaiea factor
. to baseline F ngiSQHrtn%l\gAceeégressmn in thef ahESCs bgdg(t:)tout 6 hg?fg% J}rotm} group

m an amount gi ¢ “EXPression o tgg:ne gr selecte
the reférence time point. In some embodiments, the expression o

cofgigite nirPpelypeplidd beeins\bbedomertoealivdmemtthb e differatisbipctor is at

1 APOME 4 RQUESEF aaRR Felerencs HmG PR b ather M osimemtdhRnts, the
expression of braehyury. FGF4 and/or SNAII mRNA is substantially

Mgt aa BB ETUMERER YR the reference time point. In still other
embgaimgnts, thenexpresgionmd BesadherinriRNAabeging t@becuiture comprising

- %%V% {%@%&x &*ﬁ%gggg%& ST iRe referenca dme Roifky: 2o (v serum,

Additionally, in some embodiments, the expression of SOX17 mRNNAis
WGBSRt TR RHEI By ABE 9 ASHIERSCHENG thETSRsPeliebamiespent! FOFs
mRRG/OE thesexpiession of QXA 2 mRNAI is substaptiply LpiRyulatestdyion in the

Lg 9% ho%rﬁ from the 1refeq,ence {ime oipt. in certain. e bodim%nts of .
h s by about & hours from tac(f reference 1mﬁ1p% 1t 11 sOme embo mentf. e %xgressum of

cell‘Cliltures described herein, the meditim comprises from less than
P-alpouit IReypehtdoHedsstiareabout @2 (Wi s erlimudleestinrabout 17 hours from the
refROAIMENSnthe . § MediR samRLisss abPULARVARSIAN FRSUha/or sNAL

other embodiments, the medium does not comprise serum replacement.

mRNA is substantially upregulated by about 24 hours from the reference time point. In stiil other
embodiments, the expression of E-cadherin mRNA begins to be downregulated by about 12 hours
from the reference time point. Additionally, in some embodiments, the expression of SOX17
mRNA is substantially upregulated by about 48 hours from the reference time point and/or the
expression of FOXAZ mRNA is substantially upregulated by about 96 hours from the reference
time point. In certain embodiments of the cell cultures described herein, the medium comprises

from less than about 1% {v/v) to less than about 0.2% (v/v) serum. In other embodiments, the
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[0025] Additional embodiments described herein relate to cells culture
comprising human embryonic stem cells, a differentiation factor of the
TGF(3 superfamily and a medium comprising less than about 2% (v/v)
serum, wherein a first set of marker genes is upregulated or .
MeYBiTh FOGUIATEAEAYr 1, bt S50t tHe Ll emredifstiprégumtitpoes not
coppakeaxfiie ssitnramiaa second set and/or a third set of marker genes. In 7
som odim . the medium does not include serum or serum .
B .5 dt . S dese . ) g
repiASinbnt 000L] G S Bt 1 TR e comprisng
hugiffe raritizting seths dtlla ceflifutriiipy tormacfities a €& cukeraretmprisingedium
cozgm ebANIS.Hten @@‘U§ é@éﬂhﬁm%w QR ré?'ﬂgri@?%ég@st ik ulated or

/0 serum, providing the hESCs with a differentiation factor of the TGF[3
o EHIGRT P IOh dCp SRR i FRIG BN 5F 1S HESHE P SuRi P gBmdon of 2
seembadiménts, tsuckimethokls peocude getls hahidgnantiy sisatdimarkenot include

sefENes.ihat ﬁﬁg&g&l@ted or downregulated prior to, or at about the same
time as, the upregulation or peak expression of a second set and/or a

third S826F marke gBMesMbrdtraaemiBdimantiatieomdtifEimaiieg qells in  cell
cuinglude cseruimerssesntuieplacamesid 0 dd aeraiid ukistictians;itherenedium

may not.be any generally accepted.definition of -the term. “comprising.” As . .
o R G € RO o Sl bR SR el of
T(ERguagéantiichndarnitst thedithesioniof ahipatidiionaletementsovyitmtidiments,

sul %%oésdqﬁﬂ?ﬂ@é %éﬂ?%lﬂﬁﬁf@ g the;pressentinuentions ane dﬁsggggglated or

with reference to the numbered paragraphs below: [O°02.8] 1. Acell culture
dORBRTBIEIRY Hiffnin YelfsAWHE B Al e 8t atio 5 Y8 SH CH 1Mk gepigssion of 2
searel pee piitititiven strealoCalls; ssaich preprimitivenstoaakeoalishedagum does not include
eMultipotent r&ﬁ!i& 4 can diﬁ‘erentiate_into mesendoderm cells. [C_)029] 2.

The cell culture of paragraph 1, wherein at least about 10% of said

humaféélis aré'saEpinive sirsaltiansoosbpsamre s siasgreatet definition of

thpasiagraphpkiswherein atdeastanaut 2000 -@bsaidsimancalsaie represent “open”
_preprimitive streak cells. [0031] 4. The, cell cylture of p raph 1, wherein,. .
o T A 00 17 ol R B v ot By Sdidonal
enfoOB2E6Ls Phébe elicseitunecof par atirdpieried Na feirgiatcheg st dbo ot bes ©paragraphs
beR@ld human cells are preprimitive streak cells. [0033] 6. The cell culture of
paraﬁ{zﬁgh 1, wherein at Ieast; about 50% of said human cells are y .
prepritiftive streak cells. Jo734 e B LUHIMEER SaadrAPR L ZWhsHéRput 5%
ofakléhstraboat 68%opofpsmidteumnanh cellis sui@ preprintitivetstrgakicalsng multipotent
I0RRL A dheLoleuireof parRgARAL, wherein at least about 70% of

said human cells are preprimitive streak cells. [0036] 9. The cell culture 0of .
paradpgaﬂ 1, wherein at selisyiscUparesph 1 wherein at least about 10% of said

human cells are preprimitive streak cells.

[6030] 3. The cell culture of paragraph 1. wherein at east about 20% of said
human cells are preprimitive streak cells.

10031] 4, The ceil culture of paragraph 1. wherein at least about 30% of said
human cells are preprimitive streak cells.

[6¢32] 5. The cell culture of paragraph 1, wherein at least about 40% of said
human celis are preprimitive streak celis.

10G33] 6. The cell culture of paragraph 1, wherein at least about 30% of said
human cells are preprimitive streak celis.

[0034] 7. The celi culture of paragraph 1, wherein at least about 60% of said

human cells are preprimitive streak cells.



human cells are preprimitive streak cells. [0037] 10. The cell culture of

paragraph 1, wherein at least about 90% of said human cells are

preprimitive streak cells. [00381 11. The cell culture of paragraph 1_.

wherein human feeder cells are present in said culture, and wherein at

least it 596 0f humar Keif StlLFIRAREEEHUMARFEBE <25 AR 0% of said
huprepkibitivesipeakiceliaefB@884.12. The cell culture of paragraph 1,

whergif fumar feeder G?He?c%f?cﬁ{]&%%ﬁgé?a%?aﬁh%“ '\%%?el%%%x%ere'{}‘t 8hos of said

least about 25% of human cells other than said human feeder cells are
humag o HeifF SPEER E I epbGAtL 13. The cell culture of paragraph 1..

wher[e'[mhuman deeder cefls arecpresenpifagaishOulitheciandiwhengin ab, of said

¢ least zﬁbout 50% of human cells other than said human feeder cells are
hiliman celis. are ep m HIve 1re
preprimitiv cells % 14. The cell culture of paragraph 1,

wheré#$#iu maﬁ i‘eeder CBlits enle cplazent mreaigpbulturéerandhwherdiedsr cells are

prd@astahut 1B, @ﬁ@b&ﬂ&?&ncﬁuéa@{tﬁ%nﬁm saidman Jeedencelis fifan feeder
reprimitive streak cel Si [0042] 15. The cell culture of paragraph 1,

e LT RISTER SFiRTVe heak cells express a marker selected from the
groufié#fisisting of FGF8land!huclear-idqalizedpil Catbaicin [00438] 61T hells are

pr @%@Jﬁ cHlwre Qfiparagiandonwheraintheexessian.of a/marker Selectad human

from the group consisting of FGF8 and nuclear-localized (3-catenin is
feedre SEds AR e ElisrEEdb A8t -a marker selected from the group
consjstmg of brschyury, FiFé1l SNA oﬁ@%&,@&@)ﬁﬁar@ﬁ?&%aﬂ&&@ﬂns are

p}égc:ﬁ@!lgl PaﬁprﬁM¥ ear%r\efv"f‘lé: g}%”§t {Q% ceI Z SEA}eo(fq”ll %%l]t Wi Blar%ggg Q‘,atd human

erein said preprimitive strea do not su stantlally express a
Foqsinagebls SEIBELRPIBYA tiiealyeslip consisting of brachyury, FGF4, SNAIL,

SOX](}TMEOXA&L SOX7 5[319 &@Xﬁlﬁ@@@%&%ﬁ@ﬁ iceliheribigQfn feeder cells are
ra where| sai rjimitive str cells express F F8 and
pr c;em]a %1 Etulg (g,nca (= 50 2% 1 0 %g/o ?Ihifﬂ} e a(% 81;, élﬁ)ﬂa f@‘d human

nuclear: oca enin. [ e ceff
feapitrenadlh altperprassionrefkRER8 and nuclear-localized J3-catenin is

greatgpippn thesexpressign ofi raghyury, aFGIFflh @'\%Hemﬁs%f}mf%%ak cells
SOX7 and SOXI in said preprimitive streak cells, [0047] 20. The cell

XA BINSAralGrETH T8, e ram Cé’&f*df‘iﬂ?%6ﬁﬁ9€f\$e"i%‘ﬁr’é'ﬁ’kwééﬂ%38@%8tme“m

subs;amally exygress braghyuy, dlaird, @N&nga%ﬁ)Xi7WE@ﬁAaleS&Qﬁstmn of a
ma P 004 L Z%Ungns?et“ncm (Ie; eP n ci g]hl }N Sgemtsald cell ter tf

ure IS SU S an?gf' Pree Ofg legﬁs se ecte frome OC?’O%Jep Ocﬁlselg ]I]nlS %]@a of than

thW|§a@Pa$lemdﬁdenmhbt@ﬂ1§0§gérfe¢m tOgemooderssaheelfs bpdmitiye FGF4, SNATL,

scendodernal eelig; defintive endedsumal krlilsyeeiadgrmal cells and

mesodermal ceIIs [0049_]1_22 The cell culture of paragraph I further
he cell culture of paragraph 13, Wherein said preprimitive streak
com prep

cells do I.}Oi substantlal]y express a marker selected from the group consisting of brachyury,
FGF4, SNAIL SOX17, FOXA2, SOX7 and SOX 1.

{6045} 18, The cell culture of paragraph 1, wherein said preprimitive streak
cells express FGFS and nuclear-localized B-catenin.

{0046] 19. The cell culture of paragraph 18, wherein the expression of FGF§
and nuclear-localized [-catenin is greater than the expression of brachyury, FGF4, SNAII,
SOX17, FOXA2, SOX7 and SOX1 in said preprimitive streak cells,

[0047] 20. The cell culture of paragraph 18, wherein said preprimitive streak
cells do not substantially express brachyury, FGF4, SNAIL, SOX17, FOXA2, SOX7 and SOX1.

10048] 21. The cell culture of paragraph 1, wherein said cell cultre is

substantially free of cells selected from the group consisting of visceral endodermal cells, parietal
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embryonic stem cells (hESCs). 10050] 23. The cell culture of paragraph

22, wherein at least about 2 preprimitive streak cells are present for about

every | hESC in said cell culture. 100511 24. The cell culture of paragraph

22, wherein at least about 10 preprimitive streak cells are present for
endgdsiipehvisii PG sneadgd cen itsrde iz o8odsd e bulagredgmal cells and
mepadagiaipilR2, wherein said hESC is derived from a tissue selected from

the consisting of the morula, the inner cell mass (I ofan . .

emb é%c]j%g d the%5 gonadalt}ﬁag%es#o gr{a gm?r)}ry%?ri%&%]ﬁzég %%er cell &lifitife human
embryparagierelsi(i$eés omprising a medium that comprises less than

abOL{Ta_B%}(V/V) Bprum. [W@L&Y{Ih@r@%&“%ﬁ‘dé@a { paragiaphil HrRes about 2
comgnsmgﬁ(rgsglum that comprises less than about 1% (v/v) serum.
ec

PrIGEE] 58! PEURGFE DI PAPAGEBT L Rfrthe e SASHY S medium
that @8fiprisesess thari aboalt 0:6%révir) sergmpODE6XIRSIThe ¢altt about 10

prﬁlmr@@&par@&ﬁmI&%@QA@%&QH&H{@@& 2 pegiym that compuses less

an about 0.2% (v/v) serum. [00571 30. The cell culture of paragraph | '
furth&%SEhprisiig a medilifrf tHat e STSRHIMBE 126K E gflingaid RESC is derived
froreplacemerit- kA0S Bt .cfhe cellstuliyre afparageaph hibether GRmpIisig of an
3 growth fagtor tlag N daI/A(guvm subgroup of the TGF(3 superfamily.
em[O%Sé 32. 'ﬁweacg{flcﬁ tsucr)eagfef)narlgaraph 31, wherein said growth factor of
the NBERIJActivifi- subgroliy 6f tHe TErBrstsepanmiRresmprisasiastivipedium that

colRN60] B3 Aagelbaulbyrecomprsing human cells wherein at least about

5% id human cells are mesendoderm cells, said mesendoderm cells
beinggﬁhipote“n‘}ti‘ cells tk%lte &%ﬁ%ﬁ%?eontpgfg’éiﬁpo r?n%"g Q&éfr‘ﬁ@éﬁén%ra medium that

conefisitiveseihaioeleareh [Gells'vjoee]-34. The cell culture of paragraph 33,

Wherﬁiﬁﬁ@]{ leasiabout 19% 9@1]%@1@6@@5‘{&5&1&1&{ ‘?Ji‘i‘ﬁe?%%%ﬂ@ﬁ e?ﬁll:%ium that
[00621 35. The cell culture of paragraph 33, wherein at least about 20% of

COmPIRURIA N ULARCHE e SENASHERm cells. [00631 36. The cell culture of
paradfiéfii 33, @herein atteast abbut30%uakrssid Humancoelisiarg a medium that

comssendaderm a%%“x?()[%%@)%&ume cell culture of paragraph 33, wherein

at least about 40% of said human cells are preprimitive streak cells. -11
[006%4088. Thelell cultuFEeorPardBrash Boastinbréifivakiesrapos sl that
lagaichunamaellsare mpeaendederm cells. [00661 39. The cell culture of

para%w 33, \_lavherein aﬁ"ll%%csahacgf%tyrte% (;){oarnggraph | further comprising a growth factor
of the Nodal/Activin subgroup of the TGFP superfamily.
10059} 32. The cell culture of paragraph 31, wherein said growth factor of
the Nodal/Activin subgroup of the TGF[ superfamily comprises activin A.
[0660] 33. A cell culture comprising human cells wherein at least about 5%
of said human cells are mesendoderm cells, said mesendoderm celis being multipotent cells that
can differentiate into mesoderm cells or definitive endoderm cells,

[8061] 34, The cell culture of paragraph 33, wherein at least about 10% of
said human cells are mesendoderm cells.

[00662] 35. The cell culture of paragraph 33, wherein at least about 20% of
said human cells are mesendoderm cells.

106631 36. The cell culture of paragraph 33, wherein at least about 30% of

said iuman cells are mesendoderm cells.

[0064] 37. The cell culture of paragraph 33, wherein at least about 40% of

said human cells are preprimitive streak cells.



said human cells are mesendoderm cells. [0067] 40. The cell culture of

paragraph 33, wherein at least about 70% of said human cells are

mesendoderm cells. [0068] 41. The cell culture of paragraph 33, wherein

at Ie out ??% of sa d hyman ceIIs are meﬁegdod rm cellj 10069
u §bd5'd

1]
ell culftire of paragraph“\l:p?’»1 ereiy at least abou apou, 50% of

Sairhbman cdlisareesasiedefodetin cells. [0070] 43. The cell culture of

paragiaRrh 33, wherein hyman feades celia.are.aresenhinsald RIS 60% of
and wherein at least about 5% of human cells other than said human

saighugan ediietsriradaiidBdstin cells. [0071] 44. The cell culture of
parageph 33, 40herein Nimasiifeddes oéierageapprédenhincsaid eadturisyut 70% of

sax@ﬂ%@%&ﬁﬁ@rﬁ%@é&%ﬁ&ﬂ«t &%4) of human cells other than said human

feeder cells are mesendoderm cells. [00721 45. The cell culture of \
parai48h 33, Wherein Hlmarieeder cEmsarenirédelibiicinnd laurout 80% of
saian@nvwhesainatlesstiabeaut &% of human cells other than said human

feed O%EIES ar%jnesendﬂger Celt re[ 91331 39 The C%rlr%lijx{tgr?ea 1 about 90% of
paragraph 33, wherein human feeder celfS ai% present Insal ture

saiéhdimhér@maatir@a@mé@m #H%6 of human cells other than said human

feedgyees|ls argmesendogleran @@Hﬁrel&q%‘zﬂvﬁph Ehevarlgulturafeeder cells are
paragraph 33, wherein sajd esen oder IIs exr%:[ﬁss a marker

PR AN e B oLl S5 SHG B1 bracihy LI AR s SHE SREATYS o eeder
cel8ird neserdbdedturellof paragraph 47 wherein the expression of a marker

59"9‘;6%91?0”‘ the group eRNSIFUNG QL RIACRYHLY L RS RMARE RN fSder cells are

reater than the expression of a marker selected from the group
prf‘ésrrsrgﬁﬁ@i SPETANG PR E, ERERADHOKAD 0@8‘%%‘%&’?8%@% fhegaied human
fedie sendod ersecedideP0a16] 49. The cell culture of paragraph 47, wherein

said ndoqﬁrm Ce”ST}ge cQﬁ) ﬁHQ%tQP%QQ\%%PE%S%ﬁe ﬁirﬁgﬁlg?ll%g&%gcells are
from roup consisting of ocT4 SOX XA2, SOX7 and

PrS@Xin [p@irvqlts@ Thib WeArEnIaAsest HarigiaphosBumerslit siigr than said human
fedlseNdadermeaedsexqnass brachyury, FGF4 and SNAI 1. 100781 51.

-ll:-geFE&%%J lture f parag%p ﬁ?allé:r%\ﬁg%rg Erpa?rreax rﬁsb%%%elg é)r;%%?lyfu egér cells are

SNAI IS greate eexp essio
pr&xCR42ROXAZ:. SOXhand S8OXkirkaid iHésentotrvete e D40eFid] human

ey ddne sellewhae gfparagraph 51, wherein said mesendoderm cells do
not substantlals%express OCT4, SOX 17, CXCRA4, FO?(AZ SOX7 and

sox/PYtid80] 53 The cell Gkl BFpaAGFFAPIS wHEFSHH Wlictsafpiodem cells

exptitsinenisker selected from the group consisting of brachyury, FGF4 and SNAIL.

10675} 48. The cell culture of paragraph 47, wherem the expression of a
marker selected from the group consisting of brachyuary, FGF4 and SNAIT is greater than the
expression of a marker selected from the group consisting of OCT4, SOX17, CXCR4, FOXAZ,
SOX7 and SOX1 in said mesendoderm cells.

[6076] 49, The cell culture of paragraph 47, wherein said mesendoderm cells
do not substantially express a marker selected from the growp consisting of OCT4, SOX17,
CXCR4, FOXA2, SOX7 and SOX1.

0077} 50. The cell culture of paragraph 33, wherein said mesendoderm cells
express brachyury, FGF4 and SNALL.

[0078] 51, The cell culture of paragraph 51, wherein the expression of
brachyury, FGF4 and SNA1! is greater than the expression of OCT4, SOX17, CXCR4, FOXAZ,
SOX7 and SOX1 in said mesendoderm cells.

J12.



substantially free of cells selected from the group consisting of visceral
endodermal cells, parietal endodermal cells, primitive endodermal cells,
definitive endodermal cells, ectodermal cells and mesodermal cells.
[0081] 54. The cell culture of pa raph 33 further comprising human
embIJBHE stertoells (HEBSS) {608SPS8HHEREN CORCFTOR SR el
do béy, whersiniBtdeastabout Sohaseaotarmarels, e&@)prese sofor about
everyfiSC in said celqultyre, [9083],96, e el cule of PAragIaplure s
54, W?‘l in at least about 10 mesendod rm cells are resent ora

Wérwlrﬁ Escelifcsait ettt imoréeosa)srsitie eéwwrﬁl@éﬁqgamb@a% parietal

en@stice KRIN: Saithif S Enisaierive deiftoRfm tinsue selestad HpM a1 eiakRells and
co srst an the morula, the inner cell mass (ICM) of an embryo and the

mes%na aI ridges of an embryo. 10085] 58. The cell culture of paragraph 33

furth&ﬁéb}nprrsﬁﬁrg a medismctHatcwdomprisesdessnhaiy abobe2Y%fyijing human

SR JARR6HERArdhg cell culture of paragraph 33 further comprising a
medlum that comprlses less than about 1% (v/v) serum. [0087] 60. The

]
cell d0ifre of paragraph™@$ feith&P B8 ShisTE FRL ditm T i prisbgbout 2
mdesgditam alibutOrbeefviv) sentrnc@088]BlinTdhel cell ciltuwre of paragraph

33 fugifen compyising a mgdium that, COPRIISESISSSINANARAULD- 22 4nour |

(viv serum [0089] 62. The cell culture of paragraph 33 further comprising

m AtiFh AR RIS 8 Fim PO SRKE éé?&ﬁrﬁ r’éﬁréize%érr‘ru[eogol 63. The

cell quiisye of rﬁazragraphm fitharGePHSHAg @ QBZ(\NWhefIaﬁt%ﬂf tRSC is derived
; Noda/AcU %h of the TGF su(%e famll 9?91%764 The cell
TOM & TISSUE qe & Srou censz } the 1 ner ce §5 . (1CM) of an
culture of para rap , Wherein said row flacfor NodallREtivin

H@W@h@%ﬁh@ﬁ@#&@ﬁﬁp@%hﬁw comprises activin A. [0092] 65. A cell

POPUIGHEN COWH@“SIHQ cetlg M%ﬁtﬂrébr%ﬁﬁig@aﬁt@ RO SR GRYIS Al&lium that
human %}% %m |veg¢, eaaﬁ cells, said preprimitive streak cells being

“Rititipo S iR Bntiate into mesendoderm cells. 100931
66. TiH@86kll population ofipardbralph«68, padagraih 2t fedistrabopti9bde: wedium that

cO%%&q@&aﬁ%r}ug&a@(}Q@R imitiye streak cells. [0094] 67. The cell
population of paragraph 6% wherein at least about 98% of said cells are

huma&#Ppreprinfitive strealE &R Y [BOOBTBE AMhe’ It o SemRibT &f medium that
coparagy &phtbh; subereistsaid hwran preprimitive streak cells express a

mar ebrﬁﬁ'edegrfrom the- QIUP SRNRISHNAALERRS ANl UFRRALICAIZE n that
commlses less than about 0.2% {(v/v) serum.

[0089] 62. The cell culture of paragraph 33 further comprising a medium that
lacks serum or lacks serum replacement.

[0096] 63. The cell cuiture of paragraph 33 further comprising a growth
factor of the Nodal/Activin subgroup of the TGF[ superfamily.

[6091] 64, The cell culture of paragraph 63, wherein said growth factor of
the Nodal/Activin subgroup of the TGF[3 superfamily comprises activin A.

[0092] 65. A cell population comprising cells wherein art least about 90% of
said cells are human preprimitive streak cells, said preprimitive streak celis being multipotent
cells that can differentiate inio mesendoderm cells,

16093} 66. The cell population of paragraph 65, wherein at least about 95%
of said cells are human preprimitive streak celis.

[6G94] 67. The cell population of paragraph 65, wherein at least about 98%

of said cells are human preprimitive streak cells.

-13-



[00961 69. The cell population of paragraph 68, wherein the expression of

a marker selected from the group consisting of FGF8 and

nuclear-localized O-catenin is greater than the expression of a marker

selected from the group consisting of brachyury, FGF4, SNAIL, SOX17,

FOXRE?Box7%nd SOX|Hf <&il RORHEH BreprifrtREslteak cllsoog¥f human
prefdintithe cetbpopellationefsparagrapha8wh érein maiddumams BrRprisn s and
nugggz_alléc%ﬁggd 0 ot 1%ubsta\ntially express a marker selected from the group

consisting o bracrhy'ury, FGF4, SNAIL, SOX 17, FOXA2, SOX7 and SOX

1. [068EPY1. ThR cell popltatitrpofdeiray rdphareS apbhetetrheaid thareramession of a
mapkePdmitiversiteak colls expigst FARSFaafNucieatinaalized (FGaien e than

[0099] 72. The cell population Qf:paragraph 71, wherein the expression o
the-espissiog O3-datbhsisyrelste frimanithe e easisinar r Rershuiny: iS4, SNATL,
SCBNAIEQSOX BTXF@XA) XS i ahehaOpkéirsaideRuBaardikeprimitive

stre s. [01001 73. The cell population of paragraph 7.1, wherein said

humﬁ@)lgep[rir%lﬁive stregﬁecéﬁ! IO'OOD %%éoﬁbs%gﬁl%ﬁéﬁ%aéﬁpré%s brac nilusr'?/l,d human
PrEPERRIVE NISEK cSIB Yol FEhamRialis OXPeam UK. seBe0d [iran Mecgipup consisting
of PERWHaHOFGCRMPKIING sels wheneiy atdeastabauk 0% of said cells are

hum?gﬁhaggﬁsenqﬁderm cegl,s, saj mes ndode{m cells hei g_m ltipotent.

cells an differentiate infS mELBYRIE c2lisP8raERAitive eNBRg8rpid human

pr@eifsit{@ls@@]ﬂ?ﬁeﬁﬁhem&i* poptlatiomgtpdragiiaghS/ckianierein at least
aboufyle of said cells e umag.maseasadeim els. 19103 16 é&hl%ssgon of

__cell population of paragraph 74, wherein at least'about 98% of said ¢
FOlr #id irapiohie de atratse thac B o 020 p7bmeleyeal Heptiatiod bfSOX17, FOXA2,

Sy AKX T 4y Winerains P IHMAR smaseadoderm cells express a marker

sele om the group consisting of prachyury, FGF4 and SNAIL. [0105
78. ﬁ&el%g%" poz“fjlation o‘% Ceg)lra%?? a/tf%hg%eWﬁ%aggpﬁéss?ﬁ%er&f”a said “human

ara
prepanker selediad! roin thiesgroupi donsisting ohdrachy G6F 4 GRALaMDSNAKOX A2,
sos grpatenthan the expression of a marker selected from the group

consisting of OCT4, SOX] 7, CXCR4, FOXA2, SOX7 and SOXI in said

huméwlﬁ%sen&%derm celSCHOATEYRR e e Bt SHGH B P dFataigHt 90% of
saifl elderdimsal chinemdemeséndodenmcalisdo naisSubstantialytaxpeesshat can
diflOATKEn REIRCIEAL Tom I, grouR consishing, of PCT4, SOX] 7, CXCR4,

FOXA2, SOX7 and SOX1. -14 [01071 80. The cell population of

paradthPH 74, Wherein salf KeihiaRulsiEsetioeaesirrbelfs ehpiggt least about 95%
of Rracky e Faka apckSNM {0108] 81. The cell population of paragraph

t7h7é ‘é‘@rﬁggggi&%ﬁxggfz?gg%% g%%%g% ho!fggrgé‘%u FNALLIS IR han, g
of said cells are human mesendoderm cells.

{0104] 77, The cell population of paragraph 74, wherein said human
mesendoderm celis express a marker selected from the group consisting of brachyury, FGF4 and
SNAII.

[0105] 78, The cell population of paragraph 77, wherein the expression of a
marker selected from the group consisting of brachyury, FGF4 and SNAII is greater than the
expression of a marker selected from the group consisting of OCT4, SOX17, CXCR4, FOXA2,
SOX7 and SOX1 in said human mesendoderm celis,

[6196) 79. The cell population of paragraph 77, wherein said human
mesendoderm cells do not substantially express a marker selected from the group consisting of
OCT4, SOX17, CXCR4, FOXA2, SOX7 and SOX1.



SOX7 and SOX1 in said human mesendoderm cells. [0109] 82. The cell

population of paragraph 77, wherein said human mesendoderm cells do

not substantially express OCT4, SOX17, CXCR4, FOXA2, SOX7 and

SOXI. [01101 83. A method of producing preprimitive streak cells, said

methBd?8ompriSing the St distaiivey a Yelbpogatdtion.compeisingtid human
mplripaisnthwBanselmandrdificrantiatingsaid pluripotent human cells in

a mew%com ising Iesrj than1 about 2% serum and at least one growth

0

facto e TGF(3 supetthniiiy, WREHSASHPYPSIRS ractsPRPrebEmpyession of
brapley e it innd b Xrid inesuffictbm thepromsteiffapeitiation of, af ¥eHdst, #0XA2,

scpertion absaig sQIHﬁiﬁﬁ&%‘?ﬂh&&“ﬁé@eﬂﬁ%ﬂ@mve streak Ce”S_’ said o
preprimitive streak cells being multipotent cells that can differentiate into

mesentblerm tells. [0171% SATRRPHR LIPS BAREGRIpH B3 HirisHy said human
meendpdsing:the étepofubliowingysufficiendbime fapyprepdamitive sioealocalfsK7 and
scb@ form, wherein said sufficient time for preprimitive streak cells to form

has been determined by detecting the presence of preprimitive streak

cells ifi&8id cefibopulatiénotad PBBroTHE A sHsaU O Pardtpkppely, said method

covipeeRin sufligipnbiineds atleast) gheuta0usspthL3}86pdihe Methedelis and

.of paragraph 84, wherejn detecting the presence of preprimitive streak
O Tl APy HOtG G I BUroEloHy A e rom

angd g lemsare rzselsl tedidromtth & gidupcofsisting lof FiG Fe@damawth factor is present in

1h£‘%@ﬁ?ﬁ'%%%%ﬁxéﬁﬁ?%‘iﬁﬂ@eﬂp%%J@ﬁé&a %fﬁe%fﬁ?&lfrmgngagr%uyporﬁ01 of said
con5|st|ng] of brachyury, FGF4, SNAII, SOX17, FOXA2, SOX7 and SOX)]
f

PIKRUAY 6F'SaiRa e oIt dithier & PrErspressibrrbr el imayigrnultipotent cells
thaeleciét-feotiathetg mupndarsistslg of FGF8 and nuclear-localized
[I-catgnin s greater than.the expression of a marker ected from the
gro_u|ct)at%lt‘¥)1#sjstiﬁgg4 of brack}it}ljrﬁ1 %8@4?%%%% @%E?Y,fs *?{A%‘?’@B‘* a%r’fﬁ _Swp of
allgmng MiSkienpraprinetivertreik celisal 02k o g7t hshaeithericosufficient time for

prgafagraphss viereintherexprssion ol Aldeastcone osajdRaskeiSiS primitive
determined Ey !,Jantitlative polymerase chain reaction (Q-PCR). [01151
St]'§§ . gg on

(.ﬁerlwémmsélf d%oﬁgraa{braph 86, wherein the expression of at least one

of saliiRdrkersifs deterniimedigfdidned paaeytotfemidtey:ij040BdiBO tiflees at least
abethed,Qf paragraph 83, wherein at least about 5% of said pluripotent
humzﬁ%cells differentiate into preprimitive streak cells. -15 [0117] 90. The

methBd '6f paraijtaph 83, \WharW&e el EraBlt 1 oW I CafliSitipbtepresence of
préurman celisabliffdremtiaié tatopppepiticnitivenstiealkdaalls d Ak18pRbsibher at least one

mdAEOSLALPRIBIIARY 85, WISISIN, Al RASL DO SR 0 R SR BIIRAICHN ot teast
human cells differen |atéj|nto preprimitive streak ceﬁsﬁ f&‘i F4rhe

B EPPafsgrayR 8Rsivirg efnbecleast Bt 30%10f S8 7. FOXA2, SOXT and
SOX1 in cells of said cell population, wherein the expression of a marker selected from the group
conststing of FGF8 and nuclear-localized [B-catenin is greater than the expression of a marker
selected from the group consisting of brachyury, FGF4, SNAIL, SOX17. FOXA2, SOX7 and
SOX]1 in said preprimitive streak cells.

[0114] 87. The method of paragraph 86, wherein the expression of at least
one of said markers is determined by quantitative potymerase chain reaction (Q-PCR).

[61151 88. The method of paragraph 86, wherein the expression of at least
one of said markers is determined by immunocytochemistry.

[0116] 89. The method of paragraph 83, wherein at least about 5% of said

pluripotent human cells differentiate into preprimitive streak cells.



pluripotent human cells differentiate into preprimitive streak cells. [0120]

93: The method of paragraph 83, wherein at least about 40% of said

pluripotent human cells differentiate into preprimitive streak cells. [0121]

94. The method of paragraph 83, wherein at least about 50% of said

pluripbtddt hunfén cells ditrersibieteiesraphifditivacseioak leasisibpor 287+ of said
pi@mokhenmeihedotiparaghaphintSpeherainaatieast-about 60% of said

pluri t human cells differentiate into preprimitive streak cells. [01 .

56, THLleton 6 paragiiof B beh S ot SRS Fodeear Lk 200 of i
PlgippisbtERPRY PRBNIEEIs Hife rertipmpiimbiprsprrhitille streak cells. [0124]

97. Themethodof paragraph&gevhiesginableast AR 80%.0f SR36t 309 of said
luri ot?nt human cells differentiate intp preprimitive streak cells. [0125]
PPORE] B%

I IRBHR G B PATSBYASH &3P R APSI At st Hbout 90% of said
plurigdi@it hun¥an cells differeritiederfmo qarepiflitivestieak leedts:HO1 26} of said

pidholdie et RLpRRRARNS3 gifSgid,atlgast one growth factor
is of the Nodal/Activin subgroup of the TGF(3 superfamily. [0127] 100.

The M&Hbd of ParagraphEgniikreteinpasigali SastBriesiy Bt powrighe of said
plihieddodaletivls silfgratpohth erdtoin(3 supesiamily comprises activin A.

[012 . Th ethod ragr 83. wherein said at least one growth . .

facto?%g%%ovidgﬁn a coﬁfﬁ?ﬁ%ﬁﬁ EP g? fes sgt g%awi%i%nnﬁsr%ﬁﬁ%g]%é?f satd
Py R B b AT rEH B3 NFHEreIHYETd Stddastibne growth factor is

proviged3n a cogcentratipin: fakdeastpREuL0R Ngimbif0l 30193 N8, of said
methog of arae(i;lra(plt} 83, wherein said at least one_ growth factor is
r 1 s dilt % g

P llbfg?/tl%fe NA Edncentration of At TeASIaBSUTED fg/iml. [0131] 104. The
meth8dZ# parajraph 83 T whexsindalthatieast Shegrowthit factoatisut 80% of said

phiipMidedinA concgntalionohal Jrashabeul £00QJg/ml. [0132] 105. The
method of paralgggraph 83, wherein said at least one growth factor is

withd &M after &bout 6 ﬁgﬁr’?e%ﬁ%‘c} T abe hethua b fhlrsGrapH By of said
plyvipereinhsaith at b asffonaigronth pfaetoitisesithdrawn. after about 1.2

h ' 4] - The 33 éN re 'I;-]ﬂS ail leg' _t(%rée Fowin
e Al PAARI o NI S0 3 RAT rom

growth factor is withdrawn after about 18 hours. -16 [01.351'1
fagloetn 66t parabraphissihsiverethtbat ES sprpiimtion is differentiated in a

medipyneepmpriging less thamabeutckHavipsesd M 0L 36L10% ThS one growth
methoﬁ?%é%%gra h 83, wherein said cell population is  differentiated in a

fasiednd S I SLRERUCABNS UL O BYS RGN P ES AT 10 The
methd 28 paragraph 83, Wieerethglaid sedgpopubHtionmiscin said at least one growth

factor is provided in a concentration of at least about 10 ng/ml.

[0129] 102. The method of paragraph 83, wherein said at least one growth
factor is provided in a concentration of at least about 100 ng/ml,

[0130] 103. The method of paragraph 83, wherein said at least one growth
factor is provided in a concentration of at least about 500 ng/ml.

[0131] 104, The method of paragraph 83, wherein said at least one growth
factor is provided in a concentration of at least about 1000 ng/m,

j6132) 105. The method of paragraph 83, wherein said at least one growth
factor is withdrawn after about 6 hours.

{0133} 106. The method of paragraph 83, wherein said at least one growth
factor is withdrawn after about 12 hours.

[0134] 107. The method of paragraph 83, wherein said at least one growth

factor 1s withdrawn after about 18 hours.



differentiated in a medium comprising less than about 0.2% (v/v) serum.
[01381 111. The method of paragraph 83, wherein said cell population is
differentiated in a. medium comprising less than about 0.1 % (v/v) serum.
[0139é 112. The method of paragraph 83, wherein said cell populat|on is ,
diffel8fiited idthe absehte BFULA! oritwEeRRsEhEMGIURRHA coll population is
diffeplatement.(0did6)] biprifine e thad0bparagraphd&3nwherein said cell

popiﬁt 5 dllf)f@rentlat%g in atm)%d&}m com |s§§g ape%lejgt O%Q(vévi)l serum. .
on about the first day after add ing said at least one rovvt ctor about

diffprogigiea) nserisd i ?@g@@ﬁnaa%tﬂﬁﬁ@ %@éb%é%qég/saﬁéwaddung said at

leastjgpreygrowth factor amﬁeam@mba%f()éév@%ur@:aorw@s@iansabmmﬂpulam is
ﬁhll’d day, .after ddln said at I]eas one ro% 01411 114. The
di eretrﬁiat fs| ? tl

11 4 me 1L Tt £5S t 111 ’%6 um
paragraph Wwheréin Sai popu nis differentiated in

low J€#gh RPI\PI]]medlumT 1[@121@]1<1€.H.5f'bh@grv@fh(ﬁa ofiparagraiph@B, population is

ditdherein SaId RIKIRRISHRUMARColls SOMYIsS umaR.gMbryonic stein
cells %}T]ESCS) 101431 116. The method of paragraph 115, wherein said

hum&H&hbryohit stem ¢S A8 We Rl B85 A fostBeEfe s Pl apation is
diffpeupacahsisting ehthelmoraley the dnret: o€ Hamass{kGigaf an embryo

and nadal kidges o TeA feak iation is
cell gpgﬁ?:ed t?y the metkf{gg ]c%‘%géér(a f{%é%% his %T%%Sm%l }rﬁec%rtl\o% lat

differsatisiiy e S AUSHERPEENS, B9 étﬁ(b‘ﬂ %W&ﬂﬁ’@%’é‘%féﬂs%? after adding
saﬂtﬁalemgoaecg}bmpfdaaﬂmmpa%n@/pbumaﬁfem higmanaeelis @8decond day after

ffere t said [ otent human ¢ medium comprising less ., . . .
Ry i R e R
af@upféh%ﬁﬂsd,%héﬁ@ﬁegam”é?&ﬁm factor is present in the medium in an

amoyp} fficientio promele ifgigntiyn plal Ieash Rpartanolekbpuiion is
g ﬁ%‘ ot?t cells to m%%wdacﬁgrm cells, said mesendodenn cells being

THSTRARBEEAR SR REN Gif M itiate into mesendoderm cells. [0146]

119. [BhéZinethddof paragteph«i@ifoftihengomplisinghthestep! of aliowindwman

Ceﬁgﬁ&%@ggilﬁg{:}l;g@m&{;ggtggrggiqul@g@ orm, wherein said sufficient time
for mesendoderm célls to form has been determined by detecting the

presaRtE bt meséndodentednshi Hidesi Ppllatdhtoi 47 fpmas fabryonic
stametbindaedf paragraphm hh&swm:eimsmﬁmlem @m&p iscatileastoatheuh@dia, the inner

cen]n!iJ R I%K/[;}'Qil 18911}%%;0 1rene<;[1|?ao 9@ dBQé‘ %l’rh%% wherein detecting

resence of mesend. cells in §a| I population comprises
detecfﬁﬂi@“ihe expression 6f amals@*ah% ﬁﬁé?keﬁ%%le@t@&lﬁémbbhetb%wﬂwd of
pee@gstierg of brachyury, FGF4 and SNAIL and at least one marker from

the gigp consigfing of OCTA, SOK 17 CXCRA, FOXAZ ST SP:Mhetnos

comprising the steps of obtaining a cell population comprising pluripotent human cells and
differentiating said pluripotent human cells in a medivm comprising iess than about 2% serum
and at least one growth factor of the TGFP superfamily, wherein said growth factor is present in
the medium in an amount sufficient to promote differentiation of at least a portion of said
pluripotent cells to mesendoderm cells, said mesendoderm celis being multipotent cells that can
differentiate into mesendoderm cells,

[6146] 119, The method of paragraph 118 further comprising the step of
allowing sufficient time for mesendoderm cells to form, wherein said sufficient time for
mesendoderm cells to form has been determined by detecting the presence of mesendoderm cells
in said cell population.

{0147 120. The method of paragraph 119, wherein sufficient time is at least
about 24 hours.
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cell population, wherein the expression of a marker selected from the

group consisting of hrachyury, FGF4 and SNAIL is greater than the

expression of a marker selected from the group consisting of OCTA4.

SOX17, CXCR4, FOXA2, SOX d.SOXI in said mesendoderm cells.

oL A T method St BEE SRS TRl Lo the LA FELS oo g of
mefeadgtdone ofisaid smdrker pipuaienncinest by gletntitative pabyrrerass chadmast one
ma{:ﬁé?%g%té@ﬂ%ﬁ Ft@e JT%I]JE’ 9&1&?@1&!?%&%9& v, P&pﬁ%g r@@ﬁl%%ﬂd WW&J’&%'&W marker

e expression of at least_one of said markers is determined b , ,
frofpifuEeRp aasHRg & Cto s 19 54 FHerhethde of B%?Qg?&%ﬁéﬁé,m cells of said
celwhareiniat, ledstabhatit Bpetsaidopluripoient sluman tells wifferentiatesisting of

into. m qder lls. 101521 125. The method of paragraph
o e, ATt DOb sy ol e O BRI o e roup
conpigraesExddd it telis e3P A28. The methoddfiparigraptdorgrm cells.
whergingt leasbabout 20%:ohsnid Plpipatamt humancelladifereniiafer at ieast
into m se_dodeg‘n cells. 015411121:7' ThF methoq of para raﬂﬁ@’]&%’
OHEREIPAT TER S SBTTT SO0 oHSATE pLRPOIERE uah CallS ditferentiate
into M&E¥ENdodErm cells. IR188)dP 8! Freerneithdd. ofparadghashiptdasgion of at Jeast

oSG AMERS! abouh A6 afSRid.RidRatenkhuman cells differentiate
into mesendoderm cells. [01561 129. The method of paragraph 118

wherdi St leasPabout 509 3PS BIaRBBRIT himEHrisana! drrahfi e of said

pliritotenesengoderndifietisw {4 bird ri3enddiermethod of paragraph 118,

whergiiiat least;about 60%6.qf said plyripatentunan calls AUIetentiofgy, of said
into mesendoderm cells. 101581 131. Thé method of paragraph 118,

plupjpeeafi e ieast apdlsterool Fre agsPRifsEtet human cells differentiate
into meesgndoderm cells. {04 58hdB83f Jhamethoe ehpaiagrapk 388t 20% of said

whereﬂ]at Ieasil'iag%lt 8 ‘% of saidéé){igjrh%otentuguman cells differentiate

S ig}é"]) E]L]§ 1 TN C

piurnt')oten um%n cae eﬂan. %

Into mesendoderm cells. e method of paragraph 118, _
whenéiif4lt leastdbout 90bkeonehi Ploriporstit Hinvdisreslla Hitfe rbaniai8”s of said

phiffRmeseRdodarneeis: R1atd dadndhe-methed of paragraph 118,

wherein said at least one_growth factor is of the Nodal/Activin subgroup of . .

e TEREE] sumd iy OIS AT THT TS RACHR or BAFEA A Feraipout 102 of s
phwinetreinsaih atleastonsigronthmfactdpGithecNiodal/Activin subgroup of

the T[@;."_s%?g supegkamily CG}“HQ%%@BW%@-&&& [Q1681136+ The Mmethesohs said

paragraph 118, wherein said at least one growth factor is provided in a
PleRLE fation G af 1S BB IR TSRS IT68Y137. The method of
parageaph 118 wherein Saidmtdedsiigne:gepwth sfadioris griewidaebin @Y% of said
p1&9%95935%%%§‘ ghahlpastahout 190 ngiml. 101681 138. The method of
paragrap 8, wherein said at least one growt
[0158] 131 The method of paragraph 118, wherein at least about 70% of said
pluripotent human celis differentiate into mesendoderm cells.
[0158) 132. The method of paragraph 118, wherein at least about 80% of said
pluripotent human cells differentiate into mesendoderm cells.
[0166] 133, The method of paragraph 118, wherein at least about 90% of said
pluripotent human cells differentiate into mesendoderm cells.
{0163] 134, The method of paragraph 118, wherein said at least one growth
factor is of the Nodal/Activin subgroup of the TG superfamily.
[0162) 135. The method of paragraph 134, wherein said at least one growth

factor of the Nodal/Activin subgroup of the TGI8 superfamily comprises activin A.
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factor is provided in a concentration of at least about 500 ng/ml. 10166]
139. The method of paragraph 118, wherein said at least one growth
factor is provided in a concentration of at least about 1000 ng/ml. [0167]
140. The method of paragraph 118, wherein said at least one growth

factdP1&Nithdrifin after dBoIESRholreraEREs) 14 1 HTifd ikt deatt one growth
facpanagraphbed 18s wheteirnisaidadt leastabne groyytht.factor is withdravv_n aft(_ar
aboyp g6hours;;101691 %ﬁgm%%&%; 299%9;;3%&{ agrapli A48, whereln fﬁédgmmh

at least one growth factor is wi after about 48 hours. [01701
factyiés piatidsd Bf petagraisHon P8 alsrstaiy EalitlciPopulation is

diffefengmted in@ mediummeaRpiiging pesg:HUran abOokkkn (M) SaBdfNone growth

sndORTLL L, The methodof paragraph 118, wherein said cell population i
(ﬁf‘fe I’% ntiate P

In a ' medium comprising Icéss?évaﬁ about 0.5% (v/v) serum.
[017H1945. Thé&3thethod dhparibwdph nargramieréfn shicvethjsopuratiopnis growth

raciliffRreRNRIRO; N adnedikm s amprisingHass doanabeut 0.2% (v/v) serum.
[017 é 146. The method of paragraph 118, wherein s?id cell population is

diffet8HtiAted i ‘& mediurh EAREBITSING REES RN AbotP B 1A Gt i erowth
fadod id4dithdrawe aGamethodOiquaragraph 118, wherein said cell population is

differgpgigted in the absepge of SEFUP QLG APSANCH QLACMMat least one_growth
replacement. [017%%48. The method of paragraph 118, wherein said cell

faqipstipaifesianen affré AtatadtH™a medium comprising about 0% (v/v) serum

on apmpgbthe firstoday aftamadsingdsdigaddeast anewwrawthstactaricabaitt growth
fa Og%o “(}%\Qrg%% eo&égﬁﬁgpoabsout the second day after adding said at

east one growth factor and about 2% (v/v) serum or less on about the

third [@&YPlafter Hdding saithamehist oriergiasinph fatfory[1eps sa1di ool pepulation 1s
dimeeihadofparmatanhdiSisvhesainsaiserll popuationds differentiated in

low serym RPM1 medium), [0177] 150. The met of paragraph 118, .
wherbh L plpotent MU AI¢ GBS COHRBITEE ol AR aBppiaion i
diftelstHESCs)n¢0L#8]dhhtisTigdemdthodbofigabagraphsd®0)- wherein said

humagy esmbryonie stem gglis,ane Aesived framna issusselecied oM dBBiation is

, rou]f consisting of the morula, the inner cell mass (ICM) of an embryo
diEeErfEe Shany HHQ%‘%"BF‘&‘H@%?BF%’. 1B S A8 5Y/ K §EBndoderm cell
prodyeed by thedmethod dhparagedplt 3B grap® 108 801edE3 sAdmetthpeboltion is

Al HQ@&.&C&&W%@@&Qﬁ%%@ﬁ]%mowi{mt&wmﬁéf cells, said

method comprising the steps of obtaining a pogulatlon of pluripotent cells,
wherbii74t leastone cell dhsamstprdriplobsiieeant poulabeiaiecripisiapulation is
difeastiang copy akanducieicacdidsethecteniinl epiheni8 promoter,

said Rﬁqﬁic aCiPﬁ%g.ompriSiﬂ% %%t%gg en:)r}cp%ragraph 118, wherein said cell population is
differentiated in a medium comprising about 0% (v/v) sefum on about the first day after adding
said at least one growth factor, about 0.2% (v/v} serum or less on about the second day after
adding said at least one growth factor and about 2% (v/v) serum or less on about the third day
after adding said at least one growth factor.

[6176] 149. The method of paragraph 118, wherein said cell population is
differentiated in low serum RPMI medium.

{6177] 150. The method of paragraph 118, wherein said pluripotent human
cells comprise human embryonic stem cells (hESCs).

[0178] 151, The method of paragraph 150, wherein said human embryonic
stem cells are derived from a tissue selected from the group consisting of the morula, the inner
cell mass (ICM) of an embryo and the gonadal ridges of an embrvo.

[HE79] 152. A mesendoderm cell produced by the method of paragraph 118.
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encoding green fluorescent protein (GFP) or a biologically active fragment
thereof; differentiating said pluripotent cells so as to produce preprimitive
streak cells, said preprimitive streak cells being multipotent cells that can
differ élate into mesendoderm cells, and separating said preprimitive
srealiels front-cells wHHUEAGE BYpHsBEE e ROnEATorsAr Pk I @tRpimitive
strgfkpariig rayph &8 dvbergitssaidhe ntighed edllaipopulatiguiadmpsispisdiotent cells,

whSast abut 20%o.oreprim zrquuﬁrsf%cc%rﬁ;rg‘ga%%%f#% TREMENAOf. cony of a

paragraph 153, wherein said enriched ce ation comprrses at least

D“%lﬁauﬂcg’s%dﬁrébruﬁﬂﬁ% Stk Eehig w@mrl%d THEGREFB S UTREBGRapHiuence

enddfiphereindhedifferentinting piep WHMM&@[@%@@@@%@W'ﬁﬂf@ﬁhtlatmg
Scugel jolo) gpye%ti wrth at Ieast t pne rowth factor fr m e T Fg suRerfam %{( cells
ote

In an mount suf?u:len c?prom e%rwgrgﬁtlsa 1on O Sélleu |UI‘I n eﬁ g

beiyeeprviRivastrelk delisca01diTentae The n@meéloéﬁpar@@mmdl%paratma said

prophRrein salgkatlrastPbaigiandh dfaciarn %ﬁéﬁeﬁﬁ F(3 superfanily is activin
157, wherein said activin A is

158 The met d of ar
prov?g%g in a ¢ohcentrati g 'gttﬁlf’ega aB%ﬁ%%Bhnéfml [OEEAY 188, gighed cell
pomér@r@obmﬁpamgﬂtdphf%wWﬁ%rarmsmdiaQWﬁa edgprovided in a

concl%@gr tion qkat least Q‘Qg)uztﬂgtggdnma@g’h%?ﬁ' 1‘@0 mgr&hetba‘?&j QIrnched cell

paragraph 157, Wherern said activin A is provided in a concentration of at
p“l’é%"‘é’PHBB’E}P%EfG #. %ﬁ%%‘i@%‘T1%&P‘*ﬁﬁ8"m&ﬁ6808’f’-‘paragraph 153,
whel@its3aid celigpopulatinin isedifieentiatechiin aInediwmicanplisinenteshy step

GO R{%t}gb‘\; &%’ (%/A\Q gﬁ]r egtogé(?g#}grpugat;gg & ml'ae tz!r%old otf gnaéra rwBIh f%ct ¢ from the

erein said cel population is tiated in a medium comprising less
TQﬁ%ﬁ@m@fs%a(wrﬁ)@@mﬁﬁ EEro0} pE®I0Thdiffrethiddiof paraigralohmBay cells to
pravhgieir saigcelipopulation is differentiated in a medium comprising less
thanr@% t0.2% ;v/v) ser}u)fﬁ [01911 164. The method of paragraph 153,
wherdit 8aid cél ‘populati et rs prseanh 5 P SRETRECHH BHiSTAY RRgGerowth
fadloan{ @OUGEER N Ued{An) iBerumi{B1021 165. The method of paragraph 153,

whergin, said cefggoopulat nis_differ ntlated bsence fseru
the al%se%?:e of serum replé%g’r%é%t [? Er)%‘]ri 11il]zﬁre & method ?Cﬁlgir%lA Hp‘ﬁo‘”ded
in § SACFHEFEH Yaidesligpepuiansmmis differentiated in a medium comprising

abous046; (v/v) serum onahouttha brpheay.gites adding:r 20l 8t leaShovided

. _one growth fa o, about 0. ?0? (ﬁ/ serum or less on about the second
St ohe

m%con for A nat seﬁrs(t:iaaf} f&a growth factor and about 2% (v/v) serum

or Ieé@&?ﬂ abodlﬁthe third deynetfted eiddinngrselid &t [wasteongigrewtinfAdtarovided
in KR4S e hexmethas.of Raragiaph 153, wherein said cell population is

{0188} 161. The method of paragraph 153, wherein said cell population is
differentiated in a medium comprising less than about 1% (v/v}) serum.

10189} 162, The method of paragraph 153, wherein said cell population is
differentiated in a medium comprising less than about 0.5% (v/v) serum.

[0190] 163, The method of paragraph 153, wherein said cell population is
differentiated in a medium comprising less than about 0.2% (v/v) serum.

[0151] le4. The method of paragraph 153, wherein said cell population is
differentiated in a medium comprising less than about 0.1% (v/v) serum.

[0192] 165, The method of paragraph 153, wherein said cell population is
differentiated in the absence of serum or the absence of serum replacement.

[0193] 166, The method of paragraph 153, wherein said cell population is

differentiated in a medium comprising about 0% {v/v) serum on about the first day after adding
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differentiated in low serum RPMI medium. [0195] 168. An enriched
population of preprimitive streak cells produced by the method of
paragraph 153. [01961 169. A method of producing a cell population
enriched in mesendoderm cells, said method comprising the steps of

saif alfftlg aepBpUTALBRIGT BReHD Bt (CElIScHRerisat TR a8pEraccaIPeTsei after

adgibyripidentest! pepiationeamphisaboat Rast aneLanyoids BreiRiciagithird day
nd selected from the group consisting of the

g r the control of a promoter
‘ rrg((i:%%rs?l partoﬁrer?gttglrl,e t%rg%éﬁt%fomoter and the SNAIL promoter, said
nucldit ¥lid coMiprising al$equhee cemetdiapghgtéenvhsorieserditcpliopeiniation is

differEfnhe & hidlegigallyragtivedtagment thereof; differentiating said
pluri?glt%*g celli,é%o as to eroduc mesendoderm cells, said mesendoderm

celis'being mutfipotent cels TR EAR BT ER HA R SRS HES SEn T guced by
thlefithitiVel emdodehnm3éells, and separating said mesendoderm cells from

cellspfagh do ngy expresg GER,JP137] LLQudihe methed of RAAGIaRliched in

169, wherein said enriched cell population comprises at least about 95%
mesrRderIB ST GRS RSB AT ISt R YRR B R A B P 2B a0 Ao Riuripotent
ceBaidientichedselnpoplddtion shmprise sl pepshalott8W es at least one copy of a
1 §§89%ﬂ§£mh%e&%n[8%%9a] &Z%o%b?e@%%ﬁ ror%fégg%arlggggn%lﬁsgﬁgv cn‘et!:i%;lgrachyury

the differentiating step comprises providing sai ripotent ¢ -
PrOseREnatism Withrapeeist e froWH FactoiotT e T aESe stigeraniiiiin aspquence
enddtiapRtsuificieaitoiomatediferantalionofsaidelvdpatantcels W@iferentiating

mesendoderm cells. [0200] 173. The method of paragraph 172, wherei :
ol APIEAL B o AP 51 (TR s LHarily TSR, s b
mul ORea]t P4 Tiie partAdt ol dgraptekigmvheiein sitidotivimddsrm cells, and

sepfievided; dmassonseniratianehatleastapant,a.agin dPR02] 175. The
meth@g{ﬁf par?)%raph 173, wherein said activin A Is é)rowded_ ina
r

concentration of dt least Jﬁ%u?i%‘@%é’ﬁnﬁa‘f@ﬁ@é]i 6. THERHetPY GRriched celi
poparagnaphil78s whereirbeatit &t tiviseidsgprowstled in a concentration of at

casyafigyt 50 no/ml. 19804 hdiida The neiad of BAradABN Of enviched cell

wherein said cell population is differentiate a medium comprising less
PORH ARV AV ICRE RiRH 0 8] 19804 %] f5dthod of paragraph 169,

whergitespid celtpopulativir isiedifferenpiateehin a mediuneicampisIngIess e step
Rl Tl I A S TR

erentiated in a medium co
supssigrianialiourOR2% (Wiljserumm. jeR07} 1BTeFEhentvethddsof peiragrapt celis to
meiBonhigrein said cell population is differentiated in a medium comprising

less than about 0.1% (V/V]l serum. o
10200] 173 he method of paragraph 172, wherein said at least one growth

factor of the TGF[ superfamily is activin A.

{6201] 174, The method of paragraph 173, wherein said activin A is provided
in a concentration of at least about 50 ng/ml.

[G262] 175, The method of paragraph 173, wherein said activin A is provided
in a concentration of at least about 100 ng/ml.

16203] 176. The method of paragraph 173, wherein said activin A is provided
in a concentration of at least about 500 ng/ml.

j0204] 177. The method of paragraph 169, wherein said cell popuiation is
differentiated in a medium comprising less than about 1% (v/v) serum.

[6205] 178. The method of paragraph 169, wherein said cell population is
differentiated in a medium comprising less than about 0.5% (v/v) serum.
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[0208] 181. The method of paragraph 169, wherein said cell population is

differentiated in the absence of serum or the absence of serum

replacement. [0209] 182. The method of paragraph 169, wherein said cell

population is differentiated in a medium comprising about 0% v/v? serum

o 2l 1Pthe first day aftdr SRS AU S0 STRH FadcielaBBR o i
diffe2%ifef/ nsantdiuor tespivinabeutiibesbecondday afieruradding said at

leaSt[%]grOng({aCtor a@geatpgtﬂgg%% 9’4&?3%?#%&," %?egln]s%%%gél_ll_thgpu}ation is

_third day "after adding said at least one growth factor. [0210
difFREtHBE SIS GPAP R OHY WA F e Ea i Ve pBpUIARI8FYE! differentiated in

low gezugp RPNV imediunmr{©2detjciBét puragripehamh paperationiefeell popuiation is
ESERdedeH gelle. produced by, the methed of paradraph 169. [02121

185, A'method of identi ing adi erentiation factor gapa fé of promoting

the d#féf8ntiatibi¥ of prephimitkashstedeelisin d €l lypopttation cell population is
dif6HBARASING BuneaRnCelisp it methad coMPLSAG the,sLePHoHRRIRININg Aadding

.%elltcy])ogulation %%nﬁn rising humﬁma pre/primitive streak cells, providinga
S it S irfERET i TSN -£AREBH oSl CopEPUTRLTR, “H 8RS hiRfnggeond day afier
adéixpressigrefiaomankertinfsaid oell gpopulitionat edastdirhespointiout the third day
2fERIREMINING eXREsRion.Qfthe.same marker in said cell population at a

second time point, wherein said second time point is subsequent to said

first tfH&%oint &hd wherelisHitsscehaiaeEoil s Wb gigkheeth population is
difireviditag saidvpepulativiiwitidisaid candidate differentiation factor, and

detergupjng it gxpression of the,marker, in.said.cell population.at said . by the

second time point is increased or décfeased as compared to the
meghastasasreBPindMmarker in said cell population at said first time point,

whemgin #n incrgase or dacreasadneXgeassion of saitbmarkaminesaid callabie of

r(pﬂq&y{!atii en j};}gricaitg%ltiho sr%iq.%%nvdidgte]diffﬁrentiati%n fac?otr. is capable o{
Prpromating o S S ARPO LR Préprimitive SreaR e To2 i3 188 man
celfhesariethoitiodf paragsagsh (185 iaphereirbsaic:bumen! preprimitiveostpeiakig human

prcﬁﬁl@iﬁw{@@ alileast-aleult 105, ofithe heoamaalls %@'%Cﬂld cell population,
opulation. 102141 187. The methaod of paragraph 185, wherein human

Y > .
derd PR I ETR O ¥sBAbHHERIT G SEPISRIATARd WhEFain BE 1@t aftmining
exfif% of thevhsamamedids othed thinsaidtifeederseoelis! &[ﬁepf@pﬂ:imﬁfé@n said second
tin%rﬁﬁ}ft 9@%&%&@&% d HPS? 6}[?%%8&%9%9&%%9&%%%@%9‘?ﬁ%é“rpﬁ]%e'{jzs subsequent

human preprimitive streak cells comprise at least about 50% o
© iRyiHge il dnrearatan poiBulsibrradifas 167 Eaatintee nigiipdase determining if
expataigraph h85nwherginssaid-biurpanierdescells awqresentinsaid pelkased or
deBRRYIAtion and wharein at t%é‘?&?%’f’%ﬁeégié gt the hum ”&e'f%igﬁhetrs%hé‘%m time
Said feéder cells are preprimitive streak cells. r%)izi ] 190 Thé fethod o
pPopiragteiph 185NeTRRSEein SaRtchsmiarmprsprienitiesasiraziieelis differehitinteulation
indiiRcalis: selgctadfamitheraroup.consisting glrmesendofern «PesedeiMion of

said preprimitive streak cells.

[6213] 186. The method of paragraph 185, wherein said human preprimitive
streak cells comprise at least about 10% of the human celis in said cell population.

16214) 187. The method of paragraph 185, wherein human feeder cells are
present in said cell population and wherein at least about 10% of the human cells other than said
feeder cells are preprimitive streak cells.

[0215] 188. The method of paragraph 185, wherein said human preprimitive

streak celis comprise at least about 50% of the human cells in said cell population.

2.



and definitive endoderm in response to said candidate differentiation
factor. [0218] 191. The method of paragraph 185, wherein said human
preprimitive streak cells differentiate into mesendoderm cells in response

to sai ndlda dlffere tlon r [0219] 192. The eth

perelAgh 161 nercin ARG SO o PR gt G '
aregfrbrat iy sayd &G ipdpatad SNA Lwl[@ZQO@t]l%t Tvemethod b paragregh other than
qax&@e@d&"&@ﬁ@%ﬂ human.preprimitive streak cells differentiate into

mesoderm cells in response to said candidate differentiation factor.

(0221484, ThEfhethod bR pEIEPAGH 8 TRitehin Waier Fhatidepygian preprimitive
straleecte diffeommiithe igrocyi censistingont HOXmIp bkl stBMEdn ik dddame mesoderm

am? <P F Ilﬁl[f%ze%(?fi(gélgfg I-lr 1h ee met 9}%&1 «E paam? gata c?il-anIQn’UV\{%le”irF Sald human

preprimitive strea ce S erentlate Into tive endo enn cellsin

resptRdélto sald lc‘:andida“ﬂé\e dfarsmiaristefarton J02 SR OB idriandepkgimitive

str@ikpaag taphichAie ieraics ariskBnarkendsseleptast toithe.siQuMR differentiation
consisting of CXCR4 and SOX17. [0224] 197. The method of paragraph

fac
5, wherein said first time point is prior to providing said candidate
diffeiéatftion feStor to salitlecesithopulatione fpR25]! 1 98 Five smiétitadkwofis selected

froRPIROIRRD dRRsWReraimsAId-firsinepaihig at approximately the same
t|me as rOV|d|g%)Jsald candidate differentiation factor to said cell

popuf&dh. [0258] 199. THE eSS PRRREGIADR 1 8B Tieraih e mapfpgprmitive
stréik eqtioitiffisesibsenqueniddeprovdding rsgicheandiddtemtifieredtfatienifactokcror.

to sajghegfl popuation. (0247120051418 gﬁ%ﬁl&%ﬁ' piPIAQL %P'Qai'cﬁﬁfa}’té@xeﬁa'&;eaed

expression of said marker is increase 201. The method of
fropathgFen Wswwﬁ@efér&éﬁénwgﬁlw Hadd ®Fécreased. [0229]
202 ;ﬁmtnethWOf paragrepheﬂx&'a wbe@mmmesﬁwﬁeef sai0hmarkefeSimitive

sl em“”e e%é’%”t”i% Ive Rely {Feras‘a ghain repction ?% P;%R) 1402391 candidate
he met f paragraph erein expression Of said marker
dl@@t‘e?mme@@yﬂmmunocytochemlstry [0231] 204. The method of

Ioara gsaph 185, ra;xt;;:herein ?ai]@i ﬁemetdatepa%i%ietﬁ?tt@tgmitggg%g]%%r?efrtﬁess%1ected
east one growth fact perfamily e
ﬁor‘ﬁ‘éﬁ‘?é&%? ﬁ%t%ttﬁ%p Eﬁ%zf:%v%éﬁdi %aig at least one growth factor of the

TGF[8dperfantily is actiVir AclfR331 206rdbhel Baethiodeaf paragraphme point is
préb?'t:o 1%\5?5%9 Sald sapdidte-Aifferentiationfaciar.compisgs.a small

molecule. o
[9225] 168. The method of paragraph 183, wherein said first time point is at

approximately the same time as providing said candidate differentiation factor to said cell
population.

[6226] 199, The method of paragraph 185, wherein said first tune point s
subsequent to providing said candidate differentiation factor to said celi population.

[0227] 200. The method of paragraph 185, wherein expression of said marker
is increased.

|6228] 201. The method of paragraph 185, wherein expression of said marker
is decreased.

10229} 202, The method of paragraph 185, wherein expression of said marker
is determined by quantitative polymerase chamn reaction (Q-PCR}.

{0230] 203, The method of paragraph 185, wherein expression of said marker
is determined by immunocytochemistry.

[6231] 204. The method of paragraph 185, wherein said candidate
differentiation factor comprises at least one growth factor of the TGF[3 superfamiiy.
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[0234] 207. The method of paragraph 185, wherein said candidate
differentiation factor comprises a polypeptide. [0235] 208. The method of
paragraph 185, wherein said candidate differentiation factor is not a

growth factor of the TGF(3 superfamily. [0236] 209. The method of

oaralah 155 Wiverein She EIH A A R TGP SO glE
facsaidfeed pofutatiethatia sandentration of between about 0.1 ng/ml to

abo o/ 0237] 210. The.method of paragrapk:. 18 rejn. said. ..

canﬁk‘f;aaft%e{n dif?gpéhtiation' a%to?%hgcr?ov(f%iga{o%gﬁ’g cgﬁ‘5 ﬁop‘?&]lé}{t%lfn a%?lg Ehndidate
diftsedistirafiotPof et a @vdunaiepigfml to about | mg/ml [0238] 211. The

metheshaf paragraph 185nwhereinsaish candidata diferentiation fagtor dsndidate
di Fﬁrovided tg stai_d cell po ulagiﬁon att]fa concentration of between about 10

TGS ABSHY tOBRGIRIP 103391912, The method of paragraph 185,
wheré¥38aid cadtlidate differentistibndacroragrprovithsd tovbeidrceshid  candidate

aiRORHIANANY LS CAREEIHRNNR.OLPEMRER:RRULAR:ng/ml to about 10
g/ml. [02401 213. The method of paragraph 185, wherein said candidate

diffelé@ition ftor is prolidettbshidcelpptatiot at 4 Bsiitentritiofrndidate
difefrabnubh glend: (024 &40 Aameifipdopfiigdrintify i goacdiffiarpntistianaatiabout 0.1
W}:rguﬂgb eg&f“?lrlcl) n(ating the differentiation of mesendoderm cells in a cell
“po ufation co rising human cells, said method comprising the steps of
obtait§#i la celkpdpulatiohtecoristisiAg tunrairsreBeriddderrreslssaid  candidate

diffrRyiding, acandidate, gifferentiation fagion 1o 5aitk CRMRARLBHQN, between about 1
determinin(};rﬁtix ression of a marker in said cell population at a first time

nedRi 28RN expression of the same marker in said cell population
at a. $288nd tirdé! point, wihereimetaidl sefcorrdagmehpdibi.is sbisaquent teandidate

i 581 Rt e PRt AnEWRELSID SR SREARE UMeBAIBLiSRIPSLAUERLI About 10
providing said population with said candidate differentiation factor, and.
ngﬂ@té‘fﬁﬂﬁ‘?ﬁg‘;@ﬁ é%‘?bssion of the marker in said cell population at said

secoptibme paint.is incredsednonidecreasea-asapbmpéiedvtbethia  said candidate
di&xr%q%% 1%)%nfaocﬁ:omse rpe%%%{e {0 s%%dcgﬁ I]B(Pp%a'“ﬂilgi%lglpa to%%_é JH&M'G}%&W&% about 100

wherein an increase or decrease In ‘expression of said marker in said cell
ngBliglakivn iAdigAtes that said candidate differentiation factor is capable of

promgting, the differentiatipR ofsaiddnesendagenn cells. 10R42{n2 15idT handidate
aipeihiod. of paragraph 214 Wgﬁreiﬂ said human mesendoder CellS

comprise af Teast Aou %% ot the htman Cehs iR Said cell popu attio g%
[024392316. Thelfnethod 6f pathefaph Beatifvinereiriiiismalirfioedéctesllgapable of

prdfRREERE N H SR RAllLPARUBHoMARdWhRr 8B AtIS RS AR HRBn cells,
human cells other than said feeder cells zre mesendoderm cells. 102441

s AL SHRROH R B g e 21 St LY B L R RS dpendoder

cells, providing a candidate differentiation factor to said cell population, determining expression
of a marker in said cell population at a first time point, determining expression of the same marker
in said cell population at a second time point, wherein said second time point is subsequent to said
first time point and wherein said second time point is subsequent to providing said population
with said candidate differentiation factor, and determining if expression of the marker in said cell
population at said second time point is increased or decreased as compared fo the expression of
the marker in said cell population at said first time point, wherein an increase or decrease in
expression of said marker in said cell population indicates that said candidate differentiation
factor is capable of promoting the differentiation of said mesendoderm cells.

j0242] 215, The method of paragraph 214, wherein said human mesendoderm

cells comprise at least about 10% of the human cells in said cell population.
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cells comprise at least about 50% of the human cells in said cell
population. [0245] 218. The method of paragraph 214, wherein said
human feeder cells are present in said cell population and wherein at

least gbqut 50% of the hyman cells other tha id feeder cells ar. )
moalatiermdéls. 1024) BYUHA REHHG of par0rdi ST sl &
preseit ihganhee Fsgehdodenh whelksrdiffaas helztet b célisesalaateer froptheh ghan said

recHEPHR I CONRSIstingIQf mesgderm and definitive endoderm'in response to
said candidate differentiation factor#0247] 220. The method ﬁ)f paragra

p
214 Widlein sHid humart FRESERbat et it rRHAL A L RvB s derm
celeelisnprive sp Base:tous al caittidateditfé remtiatibreTagiprlaiio48] 221. The

metl’%@ 4 paraz%"?‘ph Zz%h\é’%%bra %%9&@@"%%@%4?%%%?’ sﬁﬁﬁfﬂuﬁ'{lgngfe%g cells
consisting of FOXF], FLKI, BMP4, MOXI and SDFI. 10249] 222. The

areREOH B BHA e AP REan dkevdridait isarhaPPHi e8enaotisime|fglis other than
saidiffesentiatesiniadafinitive eadoderm cells in response to said candidate
differentiation tor. 102501 223. The meth ragraph,222. wherei

caid (Rt 15 oo 1BATIFE 0GR oF CSLR Sag g eae
celo2Bfip2pdatT hknrstifosesEsdrgraphe2 vy sersivisaid firestaAseTp it jdelmitive
endIRELOPFOYIGING Sl caslidate: gifierentiationdactor to said cell

population. [02521 225. The method of paragraph 214, wherejn said first
Come i - 2bproxim S Lah R ORI 1 Sy Al CAAaRL o0

providing €hid CaRuida
celilifféifentictionnfactesabrsaictitelh papukation: f02BE]d2R6!H Thentrethodwf: -

paraggapl) 214,wherein said ficstdime B%&h%%%ﬁ QRRMIAINGs selected
said candidate differentiation factor to sai cellfopulatlon. [0254] 227.

frophb et et e AR D4 Lk e exyiféssiat 6P4did marker s
incremgad; [0255p228. Thawmettwod af paragpaph 2 Mewhetdimhexpressienioderm

ce f %‘?figr%%géee rin{.cs) ggﬁ%&%%éegldko e§“§]_c ﬁgi;ur r}gsﬁrgﬁggqg QELQ %%%QYQ;RQ gi%}%rentiaﬁon

wherein expression of said marker is determi y quantitative
faggiymerase chain reaction (Q-PCR). [02571 230. The method of
paraggaph) 214wherein exprassion of saisbmarken isaetarndneehdier is selected

. immunocytochemistry. 1231, method of paragraph 214, wherein
fr%%;tgec%ﬁgéﬁg B ?}é%[ﬁ?a %gnafﬁc%gyggmprises at least one growth factor
of thd028IF(3 sdpérfamilyTResnjoRsd]of 3Rraphwimethodisfoyaragt dpki 281, point is

prhersin.said alileastane sioudhifactanebtieJieEiBppatamily is activin
A. 10{.%'%(3_)21} 233.2;I'gle method of paragraph 214, wherein said cdalﬁdidate

The method Of paragraph 214, wherein said first time point is at
approximately the same time as providing said candidate differentiation factor to said cell
population.

16253} 226. The method of paragraph 214, wherein said first time point is
subsequent to providing said candidate differentiation factor to said cell population.
(62541 227. The method of paragraph 214, wherein expression of said marker

is increased.

[0255] 228. The method of paragraph 214, wherein expression of said marker
is decreased.

{6256] 229 The method of paragraph 214, wherein expression of said marker
is determined by quantitative potymerase chain reaction (Q-PCR).

[G257] 230. The method of paragraph 214, wherein expression of said marker
is determined by immunocytochemistry.

j0258] 231, The method of paragraph 214, wherein said candidate
differentiation factor comprises at least one growth factor of the TGED superfamily.
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differentiation factor comprises a small molecule. [0261] 234. The method
of paragraph 214, wherein said candidate differentiation factor comprises
a polypeptide, 102621 235. The method of paragraph 214, wherein said
candidate differentiation factor is not a growth factor of the TGF(3

supeitamily. (02631 236. RIBHGY BIPErRGraph Dharcimaidm kapy one growth
facandigatecdfiferentiationfastioris provided to said cell population at a

con tion qf, hetwee bout 1 ng/ml to abo mg/ml. [0264

The %‘2% % 9 % %fm Saras d%[ f’{@?é Batid candxdate

d of paragrap ereln S A& di
diffa@ﬁm@pﬁéﬂ@e@@wﬂ%ﬁbwﬂ@tﬁbn at a concentration of between

abo‘-{biﬁﬂg/ ml tg.about 11Ro/ml.40d6%F Zﬁﬁa&%ﬁ; m@fQOdv@Ie%tiag;gﬁPhcandldate

14 whereln said candidate differentiation factor is provided to said cell
‘ﬁ%%ﬂﬂ%‘f%h A CORREITARSH SPHdween about 10 ng/ml to about 100
tg/mi6pER66] 2395 The mé’ﬁkmd;ma‘dp:aragfamaragrépmfmmln shdctpandidateandidate

S t|o at a concentration
dlfgémﬁé%ggggga E)atgt]ﬁft gl%r%‘/’}[4 )?eo %{Bjout 1@%1 812?%19 %40. The method of

paraliiph 21424fherein daid cagiiidate! dﬁﬁe?ehﬁrﬂhtléﬁﬁfact@melpro@\ﬁﬂdedlwdidate

dlfsegﬁmibmm@&aﬁi@&ahae@@@@eet@ri%wleewtIagémbe[%ﬁ&l &Aktfeen about 0.1
thogi che?ang the expression of the FGF8 gene product in a
to about L

h uman em rydhlc stem cell (hESC) in vitro, said method comprising
obtaifitfglsaid BESC in ahseditathasoneprisimgaess than, abduted?% (i) candidate

d;@&éﬁf]ﬁ&tmdf&@&t%%%@t@%§@c‘é’i‘1ﬂhﬂ3u‘ijﬂ§;§%tﬂ<§@ﬂ§m5drb?@em%%‘%out :

sufficient to increase expression of the FGF8 gene product. [02691 24
e PHEARNO U S Paragraph 241, wherein said differentiation factor

compeiseg at lexst one grbiwthrfaciod 06iheé‘f@&plﬁupmjamﬂyre[ﬂﬂah24@3=1didate
d]f}-e}l]&lmﬁmoﬂc?&p?‘ g}ggﬂfgﬁ %4;4’13'\’ c ig %ldlf %I‘%Ql'glc%'% Wk If(}a ct Mhetween about 10

comprises activin 02711 244. T of paragrap ah 541 erein
“gé‘z%éf’r?’fi&ﬂ‘ﬂulrﬁoléékélserum or lacks serum replacement [0272] 245. A

methigdesf increasing the mxpression oba gepepreduct selecied fram thendidate
dﬂgeren a‘(c:ton? él(g% Ofrg{f?cfelaxgr alif G ;‘r}%ragr; a‘c?o'y]?x!tl_a IQ g‘c%rptyaé?%n %@ éw%en a?bout 100

stem ce or a preprimiti In VItro, sal
ngewhptising BHeiining said hESC or preprimitive streak cell in a medium

comryeemg less jhan aboyt,2 o/?n(éf{YﬂiSQﬁU"&ﬁQQa%@n@ﬁyngﬁ/h%@ﬁa'gamE%g%didate
r saldﬁ eprimitive str %I)( cell with a differentiation factor in an amou

e %%%%ﬁ%?%&@ﬂ%“ﬁF&u‘i&’é‘P@H@‘é‘i’éd’?P&ﬁﬁﬁé”’““
gl’OUﬂ)@@ﬁSIStlr@b]‘ brachfumyiieGédiranchs BNl pression of the FGF8 gene product

in a humarp embryonic stem celi (hESC) in vitro, said method comprising obtaining said hESC in
a medium comprising less than about 2% (v/v) serum and contacting said hESC with a
differentiation factor in an amount sufficient to increase expression of the FGF8 gene product.

[6269] 242. The method of paragraph 241, wherein said differentiation factor
comprises at least one growth factor of the TGFp superfamily.

[6276] 243, The method of paragraph 242, wherein said differentiation factor
comprises activin A.

[6271] 244, The method of paragraph 241, wherein said medium lacks serum
or lacks serum replacement,

[0272) 245, A method of increasing the expression of a gene product selected
from the group consisting of brachyury, FGF4 and SNAII in an human embryonic stem cell
(hESC) or a preprimitive streak cell in vitro, said method comprising obtaining said hESC or

preprimitive sireak cell in a medium comprising less than about 2% (v/v) serum and contacting
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[0273] 246. The method of paragraph 245, wherein said differentiation

factor comprises at least one growth factor of the TGF(3 superfamily.

[0274] 247. The method of paragraph 246, wherein said differentiation

factor comprises activin A. [0275] 248. The method of paragraph 245,
saidl REPSINSY RIS VS SREA I 8t flike sabigion dinise dhidritoy gafficient to
inc248e dxpelscultoie sompiigingshisonaniembiiyaniostemiealls (hkSEa)afdF4 and
gn& fpedium comprising less than about 2% (v/v) serum, wherein said

hESCs begin differentiating at a reference time point such that expression

of FEREMRNA1S: substahitfamythogrelgiagarh s tompencie sadotigemmmeation factor
comfrk& MRMARXRISSIAR:D SR NEFE S H%abeu. 6 hours from said

refer time paint. [02771 250. The cell culture of paragraph 249,
Wher@?r? ge]xpre éq"%on of FGI %”ﬁ{%ﬁﬁ,&fe@a&%ﬁﬁﬁb&ﬁa raHeribtiprsauation factor

coipuss: fromisaid refere_nce time point. 102781 251. The ceII_cuIture of
paragya) 250, yyherein %@%%gﬁeﬁ%ﬁﬁpﬁ@f@ WBNA IS {SA6 A48 serum

time between about 6 hours and about 24 hours from said reference time
or BSISEIHISP BEIFe cell culture of paragraph 249, wherein [3-catenin
polypeptide begins to becamedaaatizechpoithe Gethnueieusday akautdik (hESCs)
fourg fro sg(gg eference time paint. [QOS 53. The cell culture o o
a‘;‘ aaragrap 249,1\% E’érgin'e5§<prggs|élz[))ﬁu€5f ‘b?zac%]ﬁ)r)? er%ﬂ]NAN%rgﬁ ssflé%tﬁé %/CS begin
dlfg%?é@%lageﬁ By dbtsut 2 4o BrEHremhsHid retereriee ol p8imRfgé1 bstantially

uppdlathacelgttuanhpanagaphs 2RBNwhessinexpression ol ChrachysY 6 nours
ﬁOQRa'}‘a“ré?eﬁugé%a”“a”- downregulated by about 48 hours from said
feférence time 1168i%?. {02821 255. The cell culture of paragraph 254,

wheéi#y feak e¥fressionldf brichiumy oh RN redChedata tinpesssion of FGFS

miPeINE DAk 121 DAL SRt abigtiL 48 ks fren.said, refarence time
poin 831 256. The cell culture of paragraph 255, wherein brachyury

t. [02
RN ot Sibstantialy R GLBHb) BT RSl ot pression o
FGEfen@noe timedpeintt §02841:264n Tha:celhauture abparagiaph 249,said reference
tmyg?g{]%i'n expression of FGF4 ruRNA is substantially upregulated by about
24 hours from said reference time point. [0285] 258. The cell culture of
paralffaph 2572%herein xpressislivat HEmagmmRNAY isvsatsgtahtrgyin polypeptide
beglaVMONRQuIRigs by abRuULA& NaLER LM SRIM [eTRIBRGR HIMEIRRIBk i ime point.

[028 , The gell culture of paragraph 258, wherein peak expression of _
FGF%%%@QNA is"?éacheduglt' %\t‘f%e %‘i’é\%e?fa%ﬂﬁri@h%ﬁ%s ShareBotitession of

brivhpwsy frothy Sdicsvbfereinte uiree point) {6287 L2 60uT Henealidultiareiof time point.

para%@ﬂﬁ 259y wherein FgF4mRNAS ngt paragraph 253, wherein expression of
brachyury mRNA is substantially downregulated by about 48 hours from said reference time
pomnt.

16282] 255, The cell culture of paragraph 254, wherein peak expression of
brachyury mRNA is reached at a time between about 12 hours and about 48 hours from said
reference time point.

[6283] 256. The cell culture of paragraph 255, wherein brachyury mRNA in
not substantially expressed by about 72 hours from said reference time point.

10284) 257. The cell culture of paragraph 249, wherein expression of FGF4
mRNA Is substantially upregulated by about 24 hours from said reference time point.

[0285] 258. The cell culture of paragraph 2537, wherein expression of FGF4

mRNA is substantially downregulated by about 48 hours from said reference time point.



substantially expressed by about 72 hours from said reference time point.

[0288] 261. The cell culture of paragraph 249, wherein expression of

brachyury and FGF4 mRNA is substantially upregulated by about 24

hours from said reference_ time point. [0289] 262. The cell culture of _

paralff4ith 2612 Wherein eXpression Bt HrREHFERY amP Federrih Rk jgpression of
F(3ubsrantiadlyeelombnegtilateg toyaboutid® hoursafrdonbsaitBriaferefnca stimeeference
mgqjgilh,{_[OZQO] 263. The cell culture of paragraph 262, wherein peak

expression of brachyury and FGF4 mRNA is reached at a time between

aboufd¥ hours'#hd about™ecribare iRt RafEFeferetcd e J6iht. TopA) is not
sudodidine-cplt culturerpfparaghaph b hiwhereinbachysry and FGF4
MRNA, in,not supstantially.expressed by about 72 hours from said :
refe’:@%g}é} timeypg()ﬁnt. [02345]e 2%9:;3 fH%UE%IIGCU ﬁrraérgp%a%ég‘rdﬁ elfiflg,exmesmﬂ of
oraghieyeiane prE4JitiNgf SNtamRIAsesulastaitiathpuipté dalaseiomysalogterence
tinddpbiaurs from said reference time point. [02931 266. The cell culture of
paragraph 265, wherein expression of SNAIL mRNA is downregulated by,
abmﬁ} i@hourgﬁgom saiderlléefe?féic%“m*ﬁ% SbiRPTE584] 5% THEER) Bl of
braghparagrhphi266R Wheseirh paalk bxpressign aéd SNAbuTHRMArSrgachddeference
tinfll R dime between about 12 hours and about 48 hours from said reference
time point. [0295] 268. The cell culture of paragraph 249, wherein .
exprg%?s%%h of ES¢adherin MRRABEYHS i Battimfeg TAtE ) albstrresion of
brivhuis, fradiF Saitmefere naeatinge painie (29642800 iTeheeatk aulfubeudts hours from

Sa@@g@@gﬁgg& 249 wp_erein expression of E cadherin mRNA is substantially

ownregulate %‘f/ about 48 hours from said reference time point. [02971

270. BB Lell céfttire of pdRsgrapti bure ahRErEiIXpre SIS Bf SoXTy and FGF4
mIRANALS suRstanislbk breeguiatas by ahaut 48houes:frarnsaishtefergnce

time pgint, [0298]. 271. The cell culture of paragraph 249, wherein . _
oror o PBScns AN ATY S e ey Bl of SNAT
miBS s fowtesaid yefereniotdiheipint4 [BRO0T @Y i e sakciltam o

para 249, p¢herein sgid mediyme SO IR legs, HANAPOULIXRVASN AT
se_ru?rf%OO] 273. The cell culture o?eparga?igg%%@,Wherein sL'glid

mRREHIEATY BRI th AR BUE O U U [8381) 274. The cell
cultufezédparageaph 249, Tvherdindad rqumﬁwgraph)ﬁﬁmsﬁ&@bogﬁﬂ%@w}ion of
sieeHmre8 [Q3021i245, ThacelbGuture. o Raragiant 249 wherainsaid qon g

medium lacks serum or lacks serum replacement. [0303] 276. The cell

retitisre e Patgraph 249, further comprising a

[0295) 268. The cell culture of paragraph 249, wherein expression of E-
cadherin mRNA begins to be downregulated by about 12 hours from said reference time point.

[0296] 269, The cell culture of paragraph 249, wherein expression of E-
cadherin mRNA is substantially downregulated by about 48 hours from said reference time point.

[0297] 270. The cell culture of paragraph 249, wherein expression of SOX17
mRNA is substantially upregulated by about 48 hours from said reference time point.

106298} 271, The cell culture of paragraph 249, wherein expression of FOXA2
mRNA is substantially upregulated by about 96 hours from said reference time point.

[6299] 272, The cell culture of paragraph 249, wherein said medium
comprises less than about 1% (v/v) serum.

[6300] 273, The cell culture of paragraph 249, wherein said medium
comprises iess than about 0.2% (v/v) serum.

14301 274. The cell culture of paragraph 249, wherein said medium
comprises about (% (v/v) serum.
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differentiation factor of the TGFO superfamily. [0304] 277. The cell culture
of paragraph 276, wherein said differentiation factor comprises activin A.
[0305] 278. The cell culture of paragraph 277, wherein said activin A is

prese étac entrati ou 100 EI%% 06 27 A.cell .culture
comB)r’f nemb?ﬁi‘m% tem cell% L2 erenpastlogn aé%%?] lacks

serphthiedFG R superfamilynand a medium comprising less than about 2%
(vIv)rgessm. (03071 280. The cell cylitire ofip3ragraph 249, whereindmgslisny a

of sald cell culture, eg)ressmn of a marker gene selected from the group

%&%ﬁ%ﬁ%@ﬁéﬁﬁ FYREEMIEYI, GATA2, BIK and IDI is

upregalafed prior to upregrdationcofaxpsessioa ghamarkeégenaidcalestediation
; from the%T EC sisting of brachyury, FGF4, SNAIL, Wnt3, MIXLI,
SPRREN "DACTI, FLJ22662, SLIT2, GAD! and GRM4. [0308]
28119 kcell clilture of pahagrelpls8e; whesedgranicalls: ofbaRincadid activin A is

préseitue, Sxpigssion af admarkergeme selected from the group consisting of
- FGF8, Nodal, HEG, HEYI, GATA2, BIK and IDI is ugre ulated rlort

pea [g?ﬁ essidn of a mafké?lbéﬂgjlge“l%@?éﬁ”fgok}ﬂr?ﬁ’ 'L?’ﬁ%%ﬁéﬁ%ﬁ P ESCs).
a difiaehyidnyn Feakod 0B NAITT GV ARt WDKK 4, NETO kommpAC TdW, than about 2%
FJ22662, SLIT2, GADI and GRMA4. [0309] 282. The cell culture of
(v/v)se
paragraph 281, wherein in cells of said cell culture, expression of a
marké3ane sabeted fromarselralipconsrsasgRyr by IRz ! said cell

culdd, I&];fgs@l@wamgumgﬁi RHOKIR W Ef-abant hesamelime as ek Nodal, HEG,
X ene s Ie ted from the group consistin

o P o B SRR s

seiE@@@ﬁ@@QihsEW@ @ﬁ@tlagldf GRNAFOF(H}1288 AFheVeill -Avlitke dPKKA NETOI,

T. M@@‘ﬁapﬁﬁz&z\ﬂlﬁﬁfﬁnmgelg@bm cell culture, expression of a
"marker gene selected from the p consisting of FGF8, Nodal, HEG, §
HEY]%RrA2, BIK and |E5PFs°6éq ngﬂ‘l‘gt&@ DR IB LAY QUG B coTs of said cel

cubkipressiosiiof afmankeregene sdtectettdrorhethergrowpscomngisting 68,304l HEG,
HFZY F%éﬁ‘%’? C@S& %ﬁ‘l"daim I}él Iﬁ%g&@zﬁ&?‘&%ﬁ 450 B@%( %%HLI%E@HI‘I%PQ RARYY QBQ: selected

erein in cells of said cell culture expression of a marker

Bl oo BORSTSG B EhaShyty, PS4 MERGA DRIRGNETOL. T.
DMIXLIFDKI642 NETQIGADDAGTIR WL I22662, SLIT2, GAD] and GRM4 is

upre d priggfo or at bout s t|me as]uagqgulﬁltlon A cells of said cell
exprgssmi of a%{narker gfr}]le sefleltjztel(‘ffO m the r]ou conggﬁna of - 0 e

CUB@X LFTFENAY, OXCRY St WEKES. 520 [08 gzqugggtwr%@&@ﬂ Ruldréiof A2, BIk
anRArAGIARNZ84u WRerRibr iR cells %ﬁﬁiﬁ’e%ﬁ&e@;&kb‘&@n REAK-SXRERSSIAN Bfadker gene

SR g%%%?)gé%g CRRiE BRI S5 RS g, neron
T.amiGR V418 668 a8hBd JribPtoaod atddybut the same time as upregulation

of exﬂffﬁﬁion 0of @& markergene, selagieds paragraph 279, wherein in cells of said cell
culture, expression of a marker gene selected from the group consisting of FGFS8, Nedal, HEG,
HEY1, GATAZ2, BIK and ID1 is upregulated prior to upregulation of expression of a marker gene
selected from the group consisting of SOX17, FOXAZ, CXCR4 and MIXL1.

18311} 284. The cell culture of paragraph 283, wherein in cells of said cell
culture, expression of a marker gene selected from the group conmsisting of brachyury, FGF4,
SNAIL, Wnt3, MIXL1, DKK4, NETO1, T, DACT!, FLI22662, SLIT2, GAD1 and GRM4 15
upregulated prior to or al about the same time as upregulation of expression of a marker gene

selected from the group consisting of SOX17, FOXA2, CXCR4 and MIX1.1.



from the group consisting of SOX17, FOXA2, CXCR4 and MIXLI. 10313]

286. The cell culture of paragraph 283, wherein in cells of said cell

culture, expression of a marker gene selected from the group consisting of

FGFB, Nodal, HEG, HEY. 1, GATAZ2, BIK and ID | js upregulated prjor to .

uprelfiion of 8pressiolibFa il (ge‘?iiéa%%‘i’gc% f‘?fgé%etﬁemg%ﬁ?oo said cell
culoonsistingrpfdssmohyurpaP@radnSediatte AW o8 v xXdup DiKod EM@Hchyary, FGF4,

sNRNC WnBLA2862 st 2ne A andRRM4.{0PbAd 287 1TNese8H CltEeR M4 is

of paragraph 279, wherein said medium comprises less than about 1%
reaciR) RELIMONTADEY: Sssamp LTee ARl IPA LGP o7 8 maREhasafgelected
fromeicigroucompkisesdess tharabout. @ RUR@vAv) serknt. [0316] 289. The cell
cultu paraggaph 279, whergin said medium rises abaut 0% (w/v).
seru@ %&17] gg% The cqgfv cu Ft:r‘ucrléﬁg gpﬁgglrga%ﬁ%%?’w%ge%égf ﬁ lsHaﬁ? it gY Wa cen
culesdienprtatks osaroier BrRsSslerinh Frepldee e, cros18E 26 T OFifeNedpl. HEG.
Hopltusa of pasagraphi2i7 . uvherein Sait diffepentiation Jaster-afithe MGR@er gene
superfamily comprises activin A. 10319 - cell cul
A S G R CHSIA At SEI A 1ot dhe e aPEce NETOR,
T, EpvcEhtratidto of. AbdTE. XO0hgindl GBBE0] 293. A method of differentiating

cells igsgypell cyftuire, said-foethad CRAMPIFING, (R)EANASHNGRFEH CUHI G cdium

comprising human embryonic stem cells (hRESCs) with a medium
CORBRTSHHG R MAL 408U 585 Cerum, (b) providing said hESCs with a

differ@ntizition f&8tor of thiéghd GE(3 sugperfamilyranehtc)3F8rmittingin  said medium

. o%?r‘?sre%%i%qf?ﬂl% |gﬁ/§§,§;§ %Qrggpur. 103211 294. The method of
X ;

ragraph 283, wherein in cells of said cell culture, exlgression of a

markédy8ne seéfeted fromigh&graiiesnelstiig SFPGER) NbgEiped medium
collfr¥el aGATAZ(BIKs@neh IDI is upregulated prior to upregulation of

expressjan of a marker gene selected from the groyp.consisting o . _
Tl FOE I aNAIL e KT, RRAeKET O FUERAEY medium fecks
sefE) 286 sSRIT pBwperand GRM4.. 103221 295. The method of

paragiap) 294 wherein imgelisiofisaid elhCrliHpe, BXPRRSIOR Afid@ differentiation
marker gene selected from the group consisting of FGF8, Nodal, HEG,

faglpr of thes APADSUBTIAGRY BRI apTEGUIALEd prior to peak expression of a
markgizgene selgrted frorecthelgralipreanisistingaph rAchyiieys ik Gdd activin A is
SNAIL, Wnt3. MIXLI, DKK4, NETO, T, RACTL, FLI22662, SLIT2, GAD]

pmasr?atéﬁ]?\%Efe-si’Om[OBaZ%Olm?e%. The meﬁwd of r;baragra h 295, wherein in

cells BP38id cef“éulture, éxpréaaion fiivimEILgene SefeetbPWaNs-thad method
ccﬂfﬁl‘i‘@n@c{ﬁiﬁﬂﬂﬁtﬁ&dgéﬁ} ku%%ﬁ%}@ﬁﬂﬂ@@ﬁlmw egualad prEsde with a
o S 7 D L
faDCIGATHN EFEY superfamily, and (¢) permitting differentiation of said hESCs fo oceur.

10321} 294, The method of paragraph 283, wherein in cells of said cell
culture, expression of a marker gene selected from the group consisting of FGF8, Nodal, HEG,
HEY1, GATAZ2, BIK and ID! is upregulated prior to upregulation of expression of a marker gene
selected from the group consisting of brachyury, FGF4, SNAIL, Wnt3, MIXL1, DKK4, NETOI,
T, DACTI, FLI22662, SLIT2, GAD! and GRM4.,

10322} 295, The method of paragraph 294, wherein in cells of said cell
culture, expression of a marker gene selected from the group consisting of FGFS, Nodal, HEG,
HEY1, GATA2, BIK and ID1 is upregulated prior to peak expression of a marker gene selected .
from the group consisting of brachyury, FGF4, SNAIL, Wnt3, MIXL1, DKEK4, NETO!, T,
DACTI, FLIJ22662, SLITZ, GADI and GRM4.



T, DACTI, FLJ22662, SLIT2, GAD] and GRM4. [0324] 297. The method of

paragraph 293, wherein in cells of said cell culture, expression of a

marker gene selected from the group consisting of FGF8, Nodal, HEG,

HEY TA2, BIK and, DI is upregulated prior pregulation o .

exprla&s?s%%ﬁ of égr?’arker gé%e n%eé#‘)é) té%J Pr%rﬁ%pﬁ?é gﬁ%yupwggrneé?st’ilﬁgcecg%s of said cell
cuISBXEXPESHAL, CHCRY mnd EXiet {0828 288pThesisisthodbEY I, GATAZ, BIK

an®ASAGEARN 2L NNESEIR 10 Gelis.abald calle ehiue B&%&P&?&%L‘%I&%ﬁa marker gene

marker gene selected from the group consisting o rachyur@gGM
selegeA TR e I PRI INERF YT FERE PR AR LY 86621 *Fé?‘é%DII‘IETOL
T, MG}Rmﬁ%&mmgiﬂPageﬁlmimﬁdo}ﬁmt about the same time as
upregyafion ohgxpression, of g matker B8N, SRISEIE AN (NG AAUP.r said ca
consisting of SOX17, FOXA2, CXCR4 and MIXLI .f03‘26'] 299. The 7
culHEHOP 6Ty & PaBR SO SeimetsRiETh kunshet e censistingré fsdgi Nodal, HEG,
HIBXRressian, iR manker gepe:saleetesdrom Hhe;gudp CoRISINEQST a marker gene
brachyury, FGF4, SNAIL, Wnt3, MIX KK4, NEFOL, ACTL,
S SHRAN TS BABI i g ke b B 54 about he
saméfiafé as Wifegulatiohhefresprdssiopatizaaniarkeér géneiselectelds frbrspid cell

cuﬁrfah?e,ga%tl;%sgééa?@tm&wh%%%ei%@eé%&%ﬁ@Fgﬂ?apgé)m@lk%- %ﬁ@%&%f&’a@Q FGF4,
Jlne metnoa or par a wnerein |In ce che,}cuue, .
SN NEi O SR e letiol Mo o Bt Curtisthg of HespgRoMe i
upigdaledHEG:, 1¢HerYatla G TR saB1IK tamd dDiris-ppiregulafedppeisiotoo! a marker gene

seMREQgHIAtQR %Bﬁ%@&@&s‘tm@ Qi Rrkenggne-selretad Yary the group
consisting of brachyury, FGF4, SNAIL, Wnt3, MIXLI, DKK4, NETO1, T,

DACHB261 122682, SLITZ s Avstiida GRIRET0R25E 301 he et breid celi
cupakageapbxaR3siwhereinssaid gneditl Bted rphi seseiesscthai: alb o blfb(ufy) FGF4,

A0 . 2. ] . par p herein, sal edi .
R A I PR e S e
regsApEGYAPTC2O 3! GPRETEIR Sale TSR HPEERNess APEERIOAT(v My &eraie selected
£ dP38d &3Qtohhigimethod of Paragrapl RO84 whekgirisaid medium lacks
seru I lacks, serum replacement. [03321 305. Jhe method of .
o e o s S A s o LS cells of sid el
cuBupse rfamilyi@ont prisekactivin Al0388p808s Ehaprethotinf paragitapindal, HEG.

H@@’é,d%bﬁ@i@ﬁ@igﬁ@ﬁ\ﬂ% 'ﬁ‘[ﬁ% E@@@%‘i%t%;@@ﬂﬁ% ar é{ﬁ%ggﬁ]g@g%ﬂgr gene
about 100 ng/ml. -31 103341 307. A cell culture comegrisin huma
|

nan
SRy i Kter Er TS PaHE e iim CEhhbri¥ity LS hah Sbut =101
T. 29%A (W) aranswhdieinoseid hikSasvbegin differentiating at a reference

time R%%]SUCth?at exPreﬁ%%%ﬂ%ﬁb%ﬁﬁ'%?%@& tba?dgn%%HF&m comprises

consisting of FZD10, FGFS and OCT4 is substantially upregulated as

lesdhpahet o biase e

10329} 302. The method of paragraph 293, wherein said medium comprises
less than about 0.2% (v/v) serum.

[6336] 303, The method of paragraph 293, wherein sald medium comprises
about 0% (v/v} serum.

[0331] 304, The method of paragraph 293, wherein said medium lacks serum
or lacks serum replacement.

6332} 305. The method of paragraph 293, wherein said differentiation factor
of the TGF{ superfamily comprises activin A.

[G333] 306. The method of paragraph 305, wherein said activin A is present

in the medium at a concentration of about 100 ng/ml.

3=



expression of a corresponding mRNA selected from the group consisting
of FZD10, FGFS and OC'F4 in said hESCs by about 2 hours from said
reference time point. 103351 308. The cell culture of paragraph 307,

whe aid ?ium comprises less than about 1% (v/v) serum. [03361
309.@1{% cell Z}lﬁ ure of pérr]%gﬂrglpﬁﬁu?o%l%lé?l nH%%}i%11 rer(1néb' Orrﬁlccso%p??giéil IESCs)
andess tiedivabout @296 (We) skrunabfo8374 310) Thewselvditeire gfid hESCs begin

sifRAANAR SO Lrvberginsaid.madium: comRLise s ARAHRRY MO8 the group
[03381 311. The cell culture of paragraph 307, wherein said medium lacks

COnSETiI B IHCRS et il TSS9 S T el clintpgpec t© Dasehine
exlpafﬁgmapf_n 30t fywtnen coRprisintpacd ififercmtiationpfactesioddhd TGH(B FGES and
oczﬁfﬁr‘;g‘smﬁs&%@%lb%& The:Galheuivre0f paragap, 312, wherein said

erentiation factor comprises activin A. [03411 314. The cell culture of
parafl3ih 3133%herein d8rd sVt PreRsntabh cBhcatifipnsgld medium
combaLs 180 mginod034 213 1&uA cell culture comprising human embryonic
ste Is (hE ) and a medium comprising less th bout 2% (v/v, :
oru herein i nESE Bt e (RURE ot re e G0, i
comnubethatsaixprebaibh 0 4 \hRINM-selected from the group consisting of

GBXi@i3ghP42 and SOX2rig.substantially dowarsgwatethas Gasmnaresido medium
base ir:;h ex&ressign of a corresponding mMRNA selected from the group
CORBHETSARGOP GBYD SFEB42 and SOX2 in said hESCs by about 2 hours

from [$aidlreferéhte time Pointel0848}386 patherasll Elturkeofiparalyragolsm lacks

seraiPoNELEIN SRidMedium comprises less than about 1% (v/v) serum.
103441 317. The cell culture of ara?raph 315, wherein said medium

compft lessitan abouts. 2% (VA& uRh. RISHETPE1 8 0T h BB R Ising &
difdpaiagraphdls, merensspidianedium comprises about 0% (v/v) serum.

[034 . The cell culture of paragraph 315, wherejn sajd medium lacks . .

seruﬂ};)o%o?acks Serum rep g%ecré?lgﬁ ﬂ i 3%9&"‘?26‘%"%43@ !Eeﬁﬁf}réab afffétGhtiation
fapyaragramples a8ifurther comprising a differentiation factor of the TGF[3

supegiamily. _324 [0348] 321 cJihegrll-culture.of-pAragraph340, whessiin A is
said differentiation \}\;ﬁ%&’m compr;es activin A. [0349] 322. The cell culture
PR AR B TOWHAEH S8 @ vin A is present at a concentration of

aboufBa@g ng/niis. A cell culture comprising human embryonic stem cells (hESCs)

and a medium comprising less than about 2% (v/v) serum, wherein said hESCs begmn
differentiating at a reference time point such that expression of an mRNA selected from the group
consisting of GBX2, ZFP42 and SOX2 is substantially downregulated as compared to baseline
expression of a corresponding mRNA selected from the group consisting of GBX2, ZFP42 and
SOX2 in said hESCs by about 2 hours from said reference time point.

[0343] 3le6. The cell culture of paragraph 313, wherein said medium
comprises less than about 1% (v/v) serum.

[8344] 317. The cell culture of paragraph 315, wherem said medium
comprises less than about ¢.2% (v/v) serum.

10345] 318. The cell culture of paragraph 315, wherein said medium
comprises about 0% (v/v) serum.

{3346] 319, The cell culture of paragraph 315, wherein said medium Jacks
serum or lacks serum replacement.

{0347} 320, The cell culture of paragraph 315 further comprising a
differentiation factor of the TGF[ superfamily.



[0350] 323. A cell culture comprising human embryonic stem cells
(hESCs), a differentiation factor of the TGF(3 superfamily and a medium
comprising less than about 2% (v/v) serum, wherein in cells of said cell

culture, expression of a marker gene selected frogn the group co siigpg .
of FAS! FGF3§,1Nanog%?d%’(fl"%‘f%eu%fer%ﬁ%f‘@ 3t ‘expresiiot g glierentiation

facmatkeprgenetsalested from the group consisting of GBX2, ZFP42 and

SOXgdgsfownregulated pyor iy URIEQUIRtON.Of exPIessIoN.f A Markelvin A is
gene selected from the group consisting of FGF8, Nodal, HEG, HEY1,

PregeATAR CENEAIHIDN (035119824 he cell culture of paragraph 323,
wheneps@xpressin of a malkenlgeoeselgsiedHiiem thebgraup cansisinGESCs),
FZDIO. FGF5, Nano OCT4 is, upregulated or expressiqn of a e
s e S R e D SR G B SR D A oo 2
(v/80Ans Wousireguielte dipror o uptegel ationsoibe b ressidar afacmdrkesd from the

grcgl\?%rﬁ%!ﬁg%% .fffgﬁ]l d-hle(ﬂfﬁ? L’!@aﬁ@@%ﬁi@@i b§ éﬁ@{keg GG N of 2 marker
nt3, MIXEI, DKK4, NETOI, T, DACTI, FL722662, SLIT2, GADI and

ERSRNFAITD §5) B8 HReCBI L e Bt DarabFApH 23 b dr i easguiated prior to
upreaditio comprses less tharapoutst kb Hieserimrf0p53) 326 FEGEH, Nodal,

Hé}%%pf@ggﬁ%%ﬁ&herein said medium comprises less than

about 0.2% serum. [0354] 327. The cell culture of paragraph 323,
wher@it said medium cohiprisds @B 0% RYRS §dyuth- (09557 B28PsEon of 2

m&R cltidre Qi dparagsapind2aowhermiissaid mednnmlacks ssexdm OrdacksC T4 is
ser

1 replacement. [0356] 329. The cell culture of paragra .32§§f %‘f
B e e
and K@ B8 Icdinnecpf padayieph 8POzvAtErein saleeslifarehtiaiskerfagtoselected from

thC QDR ISERRGHY IR A-O3 o33 FLhe el culthre RfiRaagsARN 330TwhereibacT,
said activin A is é[Bresen at a concentration of about 100 ng/ml. [0359]

Fl43%0% idiod difft ‘fng cells in a cell culture, said method
compfidiap (a) gntactinglaccelticulturereom ppsirgahlunia. emiisryonisagtemedium

CO%%UQQ(@@%%L%%@{%T@gj}%}‘ggmprising less that about 2% serum, (b)
providing said hESCs with a differentiation factor of the TGF(3

supelarlly, antt{c) pernfittingditferéiration BFEaidthESts Yootayraid medium
cowperainis selstehsairbcelhgulitiie, expression of a marker gene selected

from fae group 5533 consisiing of FZ[10, '39':%?'\%9 P%i’s“,d A Raid medium
upregulated or €xpression of a marker gene Selécted from the group
CORBRISEStARG U PBBXY, SZRP42 and SOX2 is downregulated prior to

upreguiatipn of expressionyefaimarkee genisslaated framdiae giUmedium lacks

selc':u?"rll‘]cs)i'sigc- ggrlfr%f@%iaye?%%lﬂ HEG, HEYI, GATAZ, BIK and ID1.

16356} 329, The cell culture of paragraph 323 further comprising a
differentiation factor of the TGFp superfamily.

[G357] 330. The cell culture of paragraph 329, wherein said differentiation
factor comprises activin A.

10358] 33L The cell cuiture of paragraph 330, wherein said activin A is
present at a concentration of about 106 ng/ml.

{0359] 332. A method of differentiating cells in a cell cuiture, said method
comprising (a) contacting a cell culture comprising human embryonic stem celis (hESCs) with a2
medium comprising less that about 2% serum, (b) providing said hESCs with a differentiation

factor of the TGF[3 superfamily, and {c) permitting differentiation of said hESCs to occur,

wherein in cells of said cell culture, expression of a marker gene selected from the group

33



[0360] 333. The method of paragraph 332, wherein expression of a
marker gene selected from the group consisting of FZD10, FGF5, Nanog
and OCT4 is upregulated or expression of a marker gene selected from

co SlSt]g %IS ,Of,\%-lgo)((gai F(g) 4124anq1 Srg) ate? downlrees 1UIat marli(er ene
(0] up express@h ol a marker 66[%3 selecC edq?rom%e group g

Se?wﬁklﬁtmg of! Mywlﬁe§¢f§hﬂi&ﬂl VRS, MIKSHBKKAUNEFOIRS prior o
upPAafibn e 1226620 SET R A Rnandi GRM& 036 L334 oA melPPa 8], Nodal,

bjé)gra raph 332 Whereln said medium comprises less than about 1% (vIv)
i W{o@é BlkrardHethod of paragraph 332, wherein said medium
comprig®s lesdthan abdliteOu2% (Vv sengraplj(363 33T beprmsitodfof marker

w&%ﬁ%@ﬁ‘h%%%h‘é’@%&d”cé’%thgegMF%rﬁPd“PE'%%S NARGUELOY ¥4 1§et[}5{mfulated or

337. The method of paragraph , Wherein said medium lacks

eX@ém?ﬁ Fradeidsein SReEE et f{m gBBISTRE thelhde St paratihph s> is
do&&%gmehlaerpemmmlam@alﬁiﬁﬁer@m;@ﬂ@amﬁa@toa ohdher Téaie(Iselpeifaraity the group

0366] 339. The m ff
oS50 RTS8, MR S TS
Smiefé%%a@éﬂiﬁﬁﬁ A'is present at a concentratlon of about 100 ng/ml.
[0368]13¢ will besappreciategt thatiteMpthedsRnd CampesitiansAeseHRethprises

| lgove relite to cells cultured in vitro. However. the above-described in
syt ditRtertiaYed ¥ compositions may be used for in vivo applications.

[036¢13aziditionESembodilitentstobdhe’ presentliiiEntidrrenayaal sosdarfounprises

133%15}{%%%%@4?@%%#%9na' Patent Application Number 60/532,004,
entitled DEFINITIVE ENDODERM, filed December 23, 2003, U.S.

ProvI&t9rhl Pateiit Appllc};ti%ﬁ‘?\tlltﬂﬁilﬁéﬁ’%@?@@é 5873 WHttagHhRydium comprises
ab&%@REszSI;MGTENDODERM filed April 27, 2004 U S. Provisional Patent

Appl n Nu%%er 60/5%? 566, entif ag NE CELL %ngeFAﬁ
RECITE THE (BTN §E i’TIVEEEE’NHL)S?)1 ERM, filed”
or gk 9ergm0ep lr®ntovisional Patent Application Number 60/587,942,

entitlgd dsH EM@JéINE CElile SERIACkRELERPIARHEQBMbHENg a differentiation
ongtPTl?N OF DEFINITIVE ENDODERM, filed Jul), 14, 2004; U.S.

IS

fagiu e spiic atish T{I‘H ber 11/021,618, entitied DEFINITIVE

ENDOBERM, filgd Decermbemn2Bp20045rdd:ShPate nthaypplicatioifihtambésn factor
CO&%{%@a@@\%hg@titled PDXI EXPRESSING ENDODERM, filed -34 April 26,

5, U.S. Patent Application Number 111165,305, entitted METHODS
FORIMSENTIFVING FACTORS e & piieRENTATHKS s/ is present
at E%B@B;Eﬂﬂom@dd@n@ng& 12005 and U.S. Provisional Patent Application

NumﬂgtSQ]O/Gg?ﬁ wilt £ teltggxdecﬁ)a@g' tha{NhIIL\T{eIS:thods and compositions described above
relate to cells cultured in virro. However, the above-described in vinre differentiated cell
compaositions may be used for in vivo applications.

[0369] Additional embodiments of the present invention may also be found in
United States Provisional Patent Application Number 60/532,004, entitled- DEFINITIVE
ENDODERM, filed December 23, 2003; U.S. Provisional Patent Application Number
60/566,293, entitled PDX1 EXPRESSING ENDODERM, filed April 27, 2004: U.S. Provisional
Patent Application Number 60/586,566, entitied CHEMOKINE CELL SURFACE RECEPTOR
FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed July 9, 2004; U.S. Provisional
Patent Application Number 60/587,942, entitted CHEMOKINE CELL SURFACE RECEPTOR
FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed July 14, 2004, U.S. Patent
Application Number 11/4G21,618, entitied DEFINITIVE ENDODERM, filed December 23, 2004,

U.S. Patent Application Number 11/115,868, entitted PDX1 EXPRESSING ENDODERM, filed
34-



STREAK CELLS AND MESENDODERM CELLS, filed June 23, 2005, the
disclosures of which are incorporated herein by reference in their
entireties. Brief Description of the Drawings [0370] Figure 1 is a diagram

depicting the differentiation of embryanic ste s (ESC).in the_
AP edinc R Bt i AP R B o b e of AR RGHODS FOR
IDISUSADRY arichin T thiesafisie el Iof gy diffenstiti O MNHOtOESES b tisdfuliled June

23 Mgskengeneseol e i eatificalionand(ag, fete @ind 95 each Sl BREBITIVE
also listed. %?ngﬂléﬁ\l?igures 2A-M are bar charts showmgg)the expression

STREfTS b eSS AR A 5e-Lisetit6 {uentrfy WEfinttivdistrigere ch hich
areGeli@pihedckpeassionfanalysisiadidefinitide endodenn markers, FGF17,
VWEF, CALCR, FOXQI, CMKORI and CRIPI is shown in panels G- L,
respectively. The expression analysis of previously described lineage
BraHyy O/ BONPWINS Z|Cl, and MOXI is
Shov?@ﬁ!l]panetﬁgﬁré:,l rQS@GQ@/zﬂ]‘V dfaRkMh SheweiReeX RIesSIfonic stem cells
ieXs aexla}; '?H(g%%(c%R{i%%g:?s,rﬁfﬁg)%ﬁégegc%co-fgch%B%E’fﬁé'\% RGO <405 and in
gene expression from purified human émbryonic
thestbyemeeiiSapNEHieditates leeltsstreatedupitil 2861=BSnno lacthrindertditidron and/or
de@eVHQR dndicates sells freatedvith 0.1% FBS, 100 ng/ml activin A; IAIOO
indicates cells treated with 1% FBS, 100 ng/ml activin A; and 2A100

indichte’s bells trERIE With 298 FBE& FoO YR SRR A R FSTIRigLinEEker genes
thaBAah aeeukalr chartsisholfiingithe:axplressianpatibenspfesartaimansickef definitive

en@RRAR SXREESSRGHT (DMArepXiniive SYERK Galg kB -R) PRTVIVESIERK, paneis G-

~ (mesendoderm) celis, (E-F) mesendoderm and definitive endoderm cells,
L. (esperéfiplitive Bradbas i candysin periiyuiispreetbriclinrassdoprivigiganes. SOX17,
sceqdordeny/sells7 Markenexpessimrwas geterninesidey QP cakheaiiving tianel M

course of differentiation a g% 48, 72 and 96 hours af erﬁ;@gi jon
5185 Ry Fﬁfsggtiz\lﬁﬁhﬁlfir?g%ﬁ% 'y%/’i"‘j S Comonalion B E00 1 gt

latBIARE B chdi GG SUEA02CINd iEate dias it BISUWY rmpreased| tumtyeds, ATF indicates
cemfiléaﬁL@ig{q;a%gpi§§3ﬁ’d>/ﬂctm§gum;&grgaim%Q%ﬁacﬁdy);&%%@&&iayt% %. é% FBS,
irs qurs), 0.2% (v/v) FBS on day 2 (24-48 hou nd 2% (v/v) F .
1o R St (00 TS TR TP 4 by S e o S As and
2Apfdvidechies Tdbla<hiD8MBPFGIAed @rugrdrectan ¢harts showing the

MRNfsexpressigppatterns ot (A): e Rraghuuy mark rtggimeﬁlﬁ%%d%memn
(BRACH), (B) the E-cadherin marker for hESCs, and (C) the SNAIL

MG O FIRESETL B PEIFA e rat 48 hollid il én e etsndoderm)
ceESTS) indicateanbynESG)iiR théogdeesenie of QG KigimbattieimAstncnd (H-L)

wrepteb ) ERS, QA Elguiss, S4and & are bar E‘sa;%]s Showind the vy opcr
r%RNA expression patterns ofr the Brachyury mﬁ)r er for mesendoderm

dyprACHy 4G tRESE DBethliding REgioh Y-BEht Porssafs o)y hidrkgrne/ml
aci;f{}][}]dﬁfiﬂﬁ&{@a@%@%ﬂ@ﬁ@éég%p_&ﬁﬂyﬁd_' L)faoelbuéh?g%ﬂ;ﬁ_gfﬁﬁﬁt 48hapisaf fziSO éuvi SUS402
_ differentiation from S (Indica "ES") In the presence 0 o
AT AR A E50 (U] PR [6oe) P i e HctBriptiaie 0
(vAnhiEFS sinalaycellir#8-hpunsaftél differétitfatiodafro (A4AESCserin ae2% (v/v) FBS on

daﬁé ?3%?%(@@@909%’%@@%4%@&1@%@ QAW £RSs FR0RLA TS 2

18373} Figures 4A-C are bar charts showing the mRNA expression patierns of {A)
the Brachyury marker for mesendoderm (BRACH]), (B) the E-cadherin marker for hESCs, and (C)
the SNAIl marker for mesendoderm during the first 48 hours of differeniiation from hESCs
(indicated by “ESC”) in the presence of 100 ng/ml activin A and 0.1% (v/v) FBS.

[6374] Figures SA and B are bar charts showing the mRNA expression patierns of

the Brachyury marker for mesendoderm (BRACH) and the Sex Determining Region Y-Box 17
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cells stained with DAPI. Panels B-D show the same field of cells stained

using a primary antibodies against Brachyury (B), SOX 17 (C), or both

Brachyury and SOX 17 (D). [0376] Figure 7 is a diagram depicting the

differentiation of embryonic stem cells (ESC) under low serum conditions
(SGKiHe prexeAved S?Tﬁber?&ﬂ%‘?eé@nv?ﬁpﬁ\%‘,&“l Bt Hssthiaragksifentiation
fromdiEstesipdinitivéstiesl oalls }ﬁmesemhbm@mgmell&);@%l ackidates(v/v) FBS.

def”’[@%‘%]e”doﬁ'%(g} %?\”% ggﬂ-\OWI %1@9&%%%&1 ll‘?m[%?’a%ﬂ differentiation

ures 8A-F are bar charts s e expression of the mesoderm

fr{’n‘ﬁgﬁ%?“ Hehesresy B RACNEB)! F@Xirr |A(@51 Bk () BRrpZage vt a field of

celaneldig S DA el paltuy as. rafipsdoue days afdacubationsimitbe using a primary
ontlnued ce of | activi IOO or aft yS of

amncu aﬁ’%&ﬁ%?& “art%t OSA@ ?é{?v{t%droarv%%% rac Wer?/rs‘} a?ﬁﬁﬁ)g arker
expréBsien stgﬂleQe?m|ﬁéﬁ%gﬁ@@@ﬂ!ﬂ[@gﬁﬁlﬁgmésﬁgﬁ\@ andriparic stem cells

(ESOREiRShewIRa e RuRIGRsIonOoh e Hefiniie, LAORISTINAMALKE! G8AGS absence
FA ) GSC, (B) SOX. 17 and (C) FOXA2, in cell cultures after fou%g%s of

o Bt B i1 Gt PSRRI A A A CA 600 O e

celloumddy sndicareuizatidnmmtrdicein activin A is withdrawn after the first day
(NF)ddanker e%&'iﬁé?'@{‘ ?*Vaﬂé HIPIRLINGALRY QP &%L@%Z%lf 'ﬁig WES R tharker

are bar charts ShOWIeg e expression atternso certain marker genes

seRsefth Rt bclEhh b R R o eI B ot ceRel cutures
aftM askedia@mrﬁassiﬁﬁouasﬂebeﬂﬁnnadpb@s@cP@Rdm@rﬁNw@lay @I@Ime{bl) or after four

cuIt ntaln fetal bovipe serum (FB 5%
S0 o?ml(gg 3 ai gﬁm “19 Hné]/ﬁglvgct:ktlf\{/?ﬁ’g A ?%fa% or no “Jctivin &? ﬁiﬁf ehprossion
ng‘h\aé@ﬂfﬂ%nd B are bar charts showing the mRNA expression

patltemlzszqf ddegrg'uv& epdoderm rRarkers (@%ﬁ%hﬁf@ﬁﬁﬁs}sﬂmfﬁ%ﬁ@ definitive
cuturs Ifferentiate. g/ml actiyin A for
e NIAPR G Ao o W SN o) GH R e g e s B o

mfdlﬂﬁﬁemntmtﬁkm amdne R 413014810 6diolrsafier @c[dtﬂu&% oﬁa@tﬁmﬁq&r days of
mc[%%g»]} E}!/gWe%? ;&ﬁ P ﬁh}@%m@%w\é@téi'f{ﬁ{%@“? mﬂeﬂmg}{%r expressmn was

endoderm cells that are transplanted under the kidney capsule of
delEHRAGE Stiprmised mice. Panels: A - hetatoxylin-eosin staining
showiiitgQun-tubieulike BiAuCteme $iaB chaniibbdyimndienereastidty pagainstt certain

mﬁﬁ&%&%@s%?%ﬁlq %qﬂglﬁﬂi &LW%‘D at%/ Gta@qu Q%Yz I&P Bl‘f%ﬂﬁf \eeag 15%%%9@49? t Marker

villin™(intestine); and D - antibody immunoreactivity against C

CxTtaEHnGYS -SErRRe B eSS bt B 038 2R A el erl %‘t‘él@@‘ir?%‘&ﬂ?’ﬁ%% bovine
sed@valegme atciermnesdgastiulatonaceurs 2 -adweeks aftes/fertibaation (A100) or no
acd % n is extremely significant because it is at this time that the
hreelé ary genn layers are first specified and organized (Lu et al.,
2001t08#Hoenwattead 1Snaith B20003r Thisteshotierartlis ﬁe%ér%m@ff@w tpréterns of

deﬁxﬁnwa{cf@amtm@rgh@w@m eovaangs ehihe bodyipndithe anftRutiated in the
prisghes OF T80 el ‘acthin A Tor 1ot davs. ONEarcer Sxpression was aetermmed by Q-PCR
during the course of differentiation at 0, 6, 24, 30, 48 and 96 hours after addition of activin A.
16381} Figures 12A-D show the i vive differentiation of definitive endoderm cells
that are transplanted under the kidney capsule of immunocompromised mice. Panels: A —
hetatoxylin-eosin staining showing gut-tube-like structures; B — antibody immunoreactivity
against hepatocyte specific antigen (hiver); C - antibody immunoreactivity against villin

(intestine); and D - antibody immunoreactivity against CDX2 (infestine).



connective tissues are derived from the mesoderm. Definitive endoderm is
defined as the germ layer that is responsible for formation of the entire

gut tube which includes the esophagus, stomach and small and large
intestines, and the organs Whlgh[ dlerl %Sfcrom the gut tube such as the

lungs, liver, thymus, parathyrm%zmgﬁ‘vyml%tg?a ds, gall bladder and
pand$edH (GrapinBattotrcant M@t@m@@@@vq{qm@maﬁiaﬂﬁmr@ﬂﬁﬂ@oemurs 2-3

weel—iJsem@xlaf}ér@ﬁﬁltiogOQQasWﬁiﬁ)ﬁ-r@eMﬁelﬁgqy 3989 Wealls and iMeltomi28R@)that the
A very important dlstlnct n shoy $e made between the def ifiv ' and
threshRfSGERneER HETAhp 8?&|§P%%Bd% AP eRyEdrLaIg talrm?eﬁ ARl an

Sméhdp8im TTihecprimitive rendodsenoistgrienaribaréspansible for fmtmauwmgs of
the%ﬁﬁﬁ‘d%‘é*%ﬁ%f?@ '196%%%& %éstmml}\érgag tgéﬂgg‘ﬁl b%}% Vﬁ%ﬁg r@le@&glqg@m and other

portions of the placental yolk sac and the extracellular matrix material of
comgqbrp S NTeRTISE 6T iR g oriEH cirrpraERds dgefistidly eom
laye;ndﬁdei rrepsmatiomopeginativithabe utae naigratienvéveantinivdaicthe esophagus,

Stomao angOdefm "S Cl% le%tgnoegq% é% égo Ei%ggvﬂnc%s e%%"g %ﬁ”%ﬁ’ﬂ%ﬁm uch as the

migrate t rou a s ructure cal imitive streak
lum@em@@@m d@l‘lﬁhbﬁg’ﬂéﬁgdtﬁhﬁﬁgh ghedsrimitidaders ardthesr At rgyranbotton
an€Nitheliabtoonessnshy mal Gﬁﬁ@&tigm(EMJ&mdebecmeiﬂwg EESAdesm) 1999,

defj F(%ierm Deflnltlve en oderm |s d from cells
Wi GEIQ T o i BEFIOH S Sk BUb I Habe Jgine
enctpburamzedaesimmﬂm@}meﬂ"«neaeﬁtmagpnﬁ@slﬂTefgmrﬁ@frmhelstreal@)iems The primitive

enam%t'erb%fam Hefinitivie @RAeLRNR, RERUIAIRS RS HRE:BIAS ARETOME Whrietal

tube and culminates with the formation of the posterior end of the
and e oo aREr BEhASFIARVY StFeiRBrECHPEDF eff (&Feﬁﬁ%?ﬁ%‘%ﬂ%afmeﬁéﬂ)ﬂa

Reaherpyinitivearstreak cells (mesendoderm cells) are early stage precursor

cells Hiﬁa%"e rﬁs %9 tassm%;mem gtggceg@e&ec@% iy @rga%qgm fg%t% begins

prep |m|t e stre ﬁS and mesendoderm cells may be the earliest

withre calbTSIH B B VeI pitehital Proteedenn r?Fmaf}bﬂtéﬁw%%Wﬁmwwdeim

or @tﬁ@ﬂ@ﬂﬁlﬁﬁﬂgraﬁﬁﬂﬁoﬁﬂsuﬁ%@ﬁd@wﬂ@&%ﬁﬂ&d@/ﬁ@tﬁﬂd}hemeﬁ@dﬁﬁmmﬁm cells
. defnltlve Enkdoderm Ilnea s, Until .now, nei er.c Il popu slennche

ingress throug TINHIVe s they under oé[ & 10 Senc nsitian (FMT)
% %uma rep |m| ve S rea e¥|S nor Ppgpuelaflons enric ?1

anfriwsend sdbrnresiiisave dsdeiiobtadieder nFLiﬁﬁemﬂ@remih@eeue @reeférfrmn cells

wifgl! nee%agﬂgﬂerh%eﬂer!%e%raaevam&ymafmrﬂ%@lgn m&rm@%?ﬂp@ha fized

view of the foregoing, some e iments of the.invention descr
Strﬂ%?nare%é‘m%nn&?ﬁmﬁééoaﬁab Bectitred edl BBpe ot COrpI fiShgndodem

pohulmertipraprimitivetstieaigels ad dellnetdtures andiongmmictabkgelicrior end of
ihPgRYatons comprising human mesendoderm cells. In such
embodiments, the preprimitive streak cells and the mesendoderm cells

are FSHle 3 POFHRERAHEERISHEROR S HOLTHE D et drifiby and primitive
sudﬁilwtlyeﬁﬂa@de&ma cells) as well as gelscdissues aid/grorganstbefivedierm and

the r%ut%%eelll@o%a &> IEO%Q; ];9 éhgl%%r\pebs Qea[l? ﬁs%];': %'%{%@Hg’%rg@ﬁgﬁ&g} be the
ds for pro ucmg ce ftures and/or enrlche el populations
eaéeﬂsﬁpwgqh@%maﬁhapéémimmve%tm@ﬂ@%eﬁew%n%wmé@tﬁe@efw}y differentiated

ceREOGUGING£EU;Cortere SranE /R nHE had-aelhpaRulAtRRS QRIS LBAN Until
now, neither cell populations enriched in human preprimitive streak cells nor cell populations
enriched in human mesendoderm cells have been obtained. Furthermore, the cells of such cell
populations have not been previously characterized in vifro.

[0385] in view of the foregoing, some embodiments of the invention described
herein relate to cell cultures and/or enriched cell populations comprising human preprimitive
sireak cells and cell cultures and/or enriched cell populations comprising human mesendoderm
cells. In such embodiments, the preprimitive streak cells and the mesendoderm cells are capable
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 mesendoderm cells. [0387] Still other embodiments described herein
relate to screening methods for identifying one or more differentiation
factors that are useful for differentiating cells in a cell population

omprising preprimitive streak cells or mesendaderm cells. Such facto
o SR EE I FS 10 TGP ANEh o7 SE BTG & ol s ol
tissmesodermy and eridefifritivebendodesm. cells as well as cells, tissues
and/ppeEgans deilvedhfmeioerahingse:asl 106R0RSHABER] eriRiBucing cel

other aspects of the present invention relate to methods for increasing the
cu*&%ﬁégé%ﬁeaf@éﬁqa%ﬁéﬁw*@w@ KM S EUNRBR RS AL AR 1GS well a8
meBielicofmpesitiorisg caspeisingceligiexpeesding celtapopniarkass curngitize human
cours Igf gé{ﬁserentiation. Definitions [0389] Certain terms and phrases as

Mehsed t%r%ug out this application have the meanings provided as follows:

1039035 usedtilerdier, wrmefyBIE feteibeb MerdRge!sF devesIspfientagthods for
idesiagRg 0han: arganisre-bRGIMNGWD R.singleeRgate amteRdingMItNsain a cell
multicellular structure. that ng |OQ%€{ comprises !uricpﬂtergt of pt' otent -
PR PR EVRIGE A GBRene Sl T ACIGA 6. embiyo deivedre™
prapyogagtbtaiifisioniative téiiresensBryonidt referdesn ambpy dsiteihreghdnderm cells as

wesoalic, cellauglear dransfen {039 LLAskisod fekein) Thutinotent” or
"multipotent cell” refers to a cell type that can give rise to a limi egé B :
numBEB8E othdrsparticHIE SRACE oL BSE2T ATTLISY HEHSIH, Mt Siofereasing
the efgnestiothef prodictiany oftazmaté niadberssubsttmcesascwelliats thectdvelngpositions
coRMIRYRL QhPLoguCtion of 3 Mmatelial Al SURARRER. Thigr.deieryining the
expression of a specific marker refers to detecting either the relative or
absolute amount of the marker that is expressed or simply detecting the
DdIngsence or absence of the marker. [0393] As used herein, "marker”
refers,gany malegle hat gap b ebeerved.or deleied. For SAMRIS: Ruve e
marker ¢an include, but is not fimited to- a nucleic acid, such as'a
mepamsenptofed spedifiesgene, a polypeptide product of a gene, a non-gene
lF_JrOdlﬂ@iﬁ(@?'ypeﬁg%TfﬁhQB{QPTEQE%n@’Cﬂ%F@hMQﬂ%@gT%@ sl dipichgds of an
ipoprotein or a small molecule (for example, molecules havinga |
O R Y B P, S0 S 1856 T DRIt re that o’
coggnnechbmipvitnicet| cuitores anidyorteallthopdiatibmsg thentermceportibnadditon to
ed@%@%@ﬂ%d‘%ﬂ g%ﬁ{é%eaﬁk%{]ttﬁ)é EQ%G%MNBHE@’%E?J'tQ%@@%@@emmy somatic
ranges from a single cell to the entirety of the cell culture or cells
ceH Bt 188 [03951 With respect to cells in cell cultures or in cell
populafier]s, the. phsasecisubstaniialyfree ofmmieansnthatithefspecifieditetbe that
t of which.the cell culture or. cell jon.is free, is present in an
C%’%oﬁﬁ?%%lgns!g {%gﬁ] %’ﬁ%%ff&?%ﬁég%g%f%ﬂ%%g of cells presentinthe
cell cl¥8% or cH pepsubisn. 103U6TWth TESpdet tor cRIPéiitivie Phetlitigicrial or
suBSAHSEhOQrgINgs low seEIrRMInt of production of a material or substance. Thus,

determining the expression of a specific marker refers to detecting either the relative or absolute

onger

amount of the marker that is expressed or simply detecting the presence or absence of the marker.

[G393] As used 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 polypeptide product of a gene, a non-gene product polypeptide, a
glycoprotein, a carbohydrate, a giycolipd, a lipid, a lipoprotein or a smali molecule (for example,
molecuies having a molecular weight of less than 10,000 amu})

[6394] When used in connection with cell cultures and/or cell populations, the term
“portion” means any non-zero amount of the cell culture or cell popuiation, which ranges from a
single cell to the entirety of the cell culture or cells population.
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refers to a low serum containing medium, wherein the serum
concentration is gradually increased over a defined time period. For
example, in one embodiment, low serum RPMI comprises a

Con%ﬁ?& tlon bOUt 0c2 g fetﬁll ki)l?vc!,e cu rgrys (ErBlsn) Oeri]l the ﬂ@ég 15 %e phrase
cell abo 0B FESSn the Secon ay of celf rowth an

“sup§i FBEY ofrethe thingthw dhghthétmisifiot cell grsweR. Whisinowerell e or cel

po&mt?o@' iment, lRwrserin RPMIGAMBIReS @LORcsRtalioN Qf RQUEARBONS cells
ay .one, about 0.2% on day two and about 2% on the third and

pre§%é‘éaﬁéﬁ nge[ﬂﬁy]pﬂ@‘&’é’ﬂ herein, "serum replacement" refers to
serufigapstitutéittormprising dEFcoitinsuliniWode| okEadyikvEkts sethe RPMI”
rengfISfemkas&m&%%@ ipdahinifye Endaderm Gels 10308 4 Jgungm increased

displays a model summarlzmg the early transitions of human embryonic
O\f%térﬁ%@ﬁé HESEEPh Vit coifelentidis PEPRESES tovb iy Bodbggmprises a
cotb@fielasely arﬁﬁapaudat@s pastulation Cas e archiestiated byith@wth, about 0.5%
p atlon of actlv n Ainthe tof ow.sery
FB?U(P éﬁfnsgc?a%o %e eﬁ)reslsmndo '&ég § noﬁc%ear focal fS&ﬁ%r? %lfl Ff y of cel
grcwte nim ,a@@zémsmha@megﬁwmum&ﬁmwépm@ﬁmﬁwwﬁmf/ébgtﬁéhfk on day
on%ﬁﬁ%@lﬁ@@’/j%ﬁw Mﬁ&@@%%ﬁﬁﬂiﬁ@ﬁ@mm@g{%ﬁﬂe% cellﬁ)
igh level expressio the primitive strea expressed genes (brachyu
o o AT 2 ST TP SRR e S S A A prising
IGthe primtitive streak cells (mesendoderm cells) are eﬁ|C|entIy converted
into definitive endoderm. In contrast, in the absence of activins, these
mesendoderm precursrs become mesoderm Treatmenci[ of hESCs with

endq«iwm andHrglphet:tedﬁrm Bremdmluueaxsﬁma@(}ea&amﬁ transitions of human
em'éﬂé%?p d?e%?f:n] é &I}ISQSB 'Bdmpﬁ% %ﬁﬁe&% %&t&% 'P%i%t@ sjtgleb%gﬂ‘ a process th&t closely

odlments escribed hereln relate to novel, defined processes for the

reqeRINIORRBTYREPYIRHENE SIFOSRTBEHS A NFoRPABBIRA S AHED IS Rrdtifufe the

cobdiffersntiating stivripRientellshsuehrasisien celts inlo prapimiiMeation of p-
streak ceIIs and/or mesendoderm ceII As . described above, zre rimitive

< ffSa R CBITS e CEB B I P ERHEHA AHIAY FRES ARURHSEEYT bAM AL fodfy = ident
prias oaltsutiss uesranetprionganstaekivelds th éﬁgfrdmell‘eﬂ:esmdmdénmmusiave streak-

exg@ée%'%e% sd('&ff%ﬁm@tm it mesedern arlls anq/aLdeliniiya eRIPIS L dose

cells as well as cells; tissues and/or organs derived from either of these
aclifidalyedee IPFEUHYE SfiblothHdmes e dsapriii e slientisifonyaed info definitive
enﬁ@cmtﬁf tedy theatigh dim@sendaderny intermediate; inkodetadinallprecursors become

eg'zerlntl %gt Cellso‘% Egger“;hle ﬂﬁ&? gn%@%ﬂﬁfl{? Iélvc%se(n edlg ssion associated
Mineages. As will be described in further detai elow, such rocesses
widapr mm@@wﬂ?ée@aﬁ@dmp@m@wprod uction of a variety of human

endodermal and mesodermal derived tissues. For example, such

%DRI'EQH%G&S;Sﬁesg‘@Ca%] (pieg ![sy I‘gl d%g }{Idﬂ]ceegolleﬁsc?%tno&eﬁg %Ine oIooﬁsdslég élce)ﬁltggi t}H%‘l&Q
intesfi#i@sthyroibmitsnmesspheryriixdgbdiviadditcand Ilmﬂiar?eﬁmddetiocesses for the
prARAERNML RFAfUcE QR Sl rraRrmitive stieakoaels aid/er meseNAodeientiating

cells is an early step in differentiation . of a stem cell to a functional
Pl}ﬁg{ffﬁﬁl%}fu&lﬁb st Al IS HEPERIN DR Br ST AEVE stresgRdoderm cells. As

described above, preprimitive streak cells are capable of differentiating into mesendoderm cells as
well as cells, tissues and/or organs derived therefrom. Mesendoderm cells are capable of
differentiating into mesoderm celis and/or definitive endoderm cells as well as cells, tissues
and/or organs derived from either of these lineages. In some embodiments, the preprimitive steak
cells are converted, through a mesendoderm intermediate, into terminally differentiated cells of

either the mesoderm or definitive endoderm lincages. As will be described in further detail
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cell and/or mesendoderm cell differentiation can provide the basis for

efficient production of human mesodermal derived tissues, such as blood

cells, cardiovascular tissues, skeletal tissues as well as other structural

and connective tissues. To obtain useful quantities of any of the above-
bel8s HER PSSP LU A RS Mg et AEY HittePERIAHRM R derighieYopuman
endachnof the kffsfentidtienvsiepsdhat Boeunprit: todemchiagthenternvidalje basis
roldiffgiRntiate.collfatensinge. dffRraRriaton.of Sem calls . RISRIMIYS: jungs,

streak cells and/or mesendoderm cells re?presents very earl)ésteps
SRR dE REBrdbEtior B i dtiEEPte SRR T fefe HEiBtad Yatdepf thaportantly,
préveshdemarandt@efinifie endadernaatldingagese(Rssshaumyitdp guieidentiation
high efficiency differentiation at this. step is particularly desirable. [0400] In
o et SN AN AT HELUGH P BT SOHY aligmte suesk
cerap¥imiticecstaiakcetl diftfentrmésendodemiicalls, meméasfiadtstafrtiction of

hufifiEFRRIALANIRIARLISES. AeSRIORY REEINIEE 1218 IR AL YilF QORI QRQLRA Y ssues as
that results in approximately 5-90% conversion of pluripotent cells to

webl 85 ARRTIEUSHE IR RS RRTIST eSS dSRtiH LRI YTy R iy of the above-
demﬁbeJ.dEl'le.ﬂCGTﬁmasgﬁblﬁ applicatiaanof Cdlifﬁiﬁffaaaﬁtd}g.rﬁwﬂhsfﬁibﬁ@r for each of the
dgf?&@g@a@é g qefin ﬁ%b%%qiﬁ?%p%g%&!yné&%%%%@%b '%@fefg{sa & coll fate.  Since

_enrichment of the ce ulation for preprimitive streak cells and/or
diffsEssadvteT i BetRIT KnPHPABRIEG stepl etiand i anereidpdemietlisaresmats very

cafepsn v airaakycelisiandionmasendedannicallgdam.ethesiralistin & oderm
Qggylation b ortingl qells based on differenti flluolre%:ent m%r er ...

an milive enggo E‘,I‘I’I“i?-| | meages SEEPW]] 1]‘{ lél.}.l"e S 11 'he iclen(a/ % eirentlah(m at lhIS
expression. As such, some embodiments described herein relate to

staprisprriifiNasesateldells as well as methods for producing and isolating

and/qg4aiifying;sueh, cells @Eﬁ%iﬁ@bﬁ%&@ﬁ% éﬁﬂ%ﬁ%&t‘iﬂﬁ%ﬁ QEIEAt cells to
cells as well ?s methaqds for producing and isolating and/or purifying such

P A A B AP S R ESIPRT PR S SO ST Pt/ A SeFeRtidiarocesses
deraréogblectiitucbtordell poputdtidn]caymiethesudb distpguishing thigeeldypesion of

pltt F%&Q%QFDEI %Hﬁ&ﬁtﬁk%&%%@l@ra!{h/ éh %&%Rﬁ%@&%ﬁ (nglge§|{/ RES}; such methods

Accordingly, certain embodiments described herein relate to’cell markers
CNGOMPEES fResUmEE tilstincB R dfest rERAb daeiprexdBivnevels dyBngpeadicemporally
sptortiptefsimmiiv e usiheakn aelisandniethed sdpiidele atingranthalele madaingells and/or
mdDS BRIESTON of sheh markers, EQ‘}Q%JH' npme smbadiments described. sireak

erein, the presence, abserice and/or level o xpression of a marker IS
cefieiinas sydodamtietirePOR O PER) inFdeaenplionthe spriownedfs based on

ditfabsesiphpreduaa:hcerlaingenaiGIBRIKERS «iHRiARIRET4BGARin relate to
FGF8, 3-cat(?nin brachyu NAIL, SOX17, CXCR4, G

ry, FGF4, , C, ...
PRI PO AD: SO TR OB L OB KR E S Ryt v
cetisarkéhsrdaseribednirerdieiscdete pmindulnb p v aastitatives QPIORs fim pthércing and

is@mRedimentar-immunahisipchemistry is used to detect the proteins
expressed by the above-mentioned genes. In still other embodiments,

immufiSHistochBriTsiRi° fRfEEC o CREIHPIERIEEH o etk celiafn @ cell culture

orecothpattental lochiiz afidintabeshiaindgehgbiepticdeomdrketis;r suthiashthe:lture or in
: izati f(3-¢ in| Oother e | -PCR a

R T T T S Tl T

MRS OO BETelsgiasence and/or relative expression levels are specific for preprimitive

streak cells and methods for detecting and determining the expression of such markers.

[0402] 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 OCT4, ECAD, FGFS8, [B-catenin,

brachyury, FGF4, SNAI1, SOX17, CXCR4, GSC, MIXLI, FOXA2, SOX7, FOXFI, FLKI,
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proportions of such markers. [0403] By using methods, such as those
described above, to determine the expression of one or more appropriate
markers, it is possible to identify preprimitive streak cells andlor
hgiresendoderm cells, as well as determine the proportion of Ereprlmltlve

LBl AP RS B AN STERN (RGP B (BUIRNGC-PCR
In EGreexamplendntsomauentboodinveriisofithecpreséntinventitmsitiexpressed by the

ab@&@ﬂ{émlm{@ds”%él&ge”s Orﬁell EQE’U' 5 s thgtn%ga L uced?l%ﬁﬁl(ﬁ’l%%()g]em]stwf

FGF8 marker and/or nuclear-localized (3-catenin at a eve 0

ImBYHR IS ARG it dtefcasascHot R praprRiEy s Heaiop el typdngpolypeptide
m&RIQapLiations. dicRihas@maasinensqihe, Prepimilivg sieskiGeNs. ab-PCR and

._cell ulations th are p roduced express the FGF8 marker and/or

S NP 3 AR T oL ICOBH o AIGHE 2 3GFRIE G AR e claive

prm'atemz tHanchomdpmeprimitive streak cell types or cell populations. In other
emb iments qfghespresanhinvention. the,mesandagdem egils @ Cllermine the

ulations that are produced express the brachyury, FGF4 and/or

exef‘«fﬂﬂé e rs Be @?é?%f%eafkfrar&éfeﬁ%smsdﬂ.tﬁﬂef@r@e@mwﬁ Fiegak cells
anWms&M@ﬂ&ﬁm@]M;&p@&bﬁS%@ﬁﬁhﬂﬁh@ﬁ&pWQﬂhef eepedimentsaithells and/or

mJJé‘ﬁﬁﬁ&%dc%ﬁl‘ E%'L%ﬁ}ﬁﬁ!l&&%‘él% guﬁa&'ﬂo%t rodyced exp regaé B ents of the

brachyury, FGF4 and/or SNAIL markers at a | eve o moret ers
Presfrhayiitiele Gfebiter HEN NS ssBndoerdtpresktiypetaraselproduced express the

FMWM@%d[M%]&%m&QﬂW%QﬁﬁpﬁWv@?f@ ihalso 5%@@&%agfllltude oreater

" gre rimitive streak and/or mesendoderm compositions. For exam
ol e e BB PRt e Murtl COTRBARRG prepPiitive Berlens. the
pragelisiandiorahestindodeimopelisionhtie aseqgthens:¢élatertes b POptilationrs and/or

nuglgﬁqaggigécp?%{gg Hvﬁ Scltrl%glﬁ O?Hl%ﬁ 1 e(?l" Qfdo mrgog% 36‘ snen}er than non-

referred embodiments relate to cell cultures whic comﬁrlse preprimitive
Pf@%ﬁk\éeﬂge%%m@ﬁﬁ@wewaé@ng Whehsireadeiasnish Uh 5 rog9stdhivention,

themﬁeﬁﬁiuﬁdﬁr&lﬂwﬁ@eoa@lpﬁgﬂﬂﬁﬁﬁﬁé&ﬁfﬁﬁkpﬁ&ﬂﬁ:ﬁng(ﬁ%@%&eﬂg@lﬁ@:@ ©6H8-and/or

especiall ferre mbadiment relates to cells cultures compris
R e e o Taaet ARG(h & G0 Y RN Bl e !

tyRireopreprivitiatistredk céiis antidmemesdntiodenmdodelis cBecaust topulations that
arHicincy Qhthe diffsreptialionrocegurecan be.adivsted BYmOdiRIRG:, 2 orders

certaJn arameters which include but are not limited to, cell growth

of EERAIE NS V6w W&Sf‘o’?]e@fﬂ‘fiﬁgﬁ‘ﬁhﬁ%h@%d"iﬁ@tﬁ?ﬁﬁﬁ%ﬂéuIture steps,
the diffgré&ntiatibmipréceduresdebetibetherdin caiterasulireprabioist 53%sak and/or

m&p%tdg‘r(?to/%o Qut; %’ng%x‘?g(?eﬂ@o%peo%g(?d/ %e%% reta eo ‘%) bgp&ld %Ss%ompnsmo

about 40%, about 45%, about 50%, about 55%, about 60%, about
P‘%’é‘ﬂf‘?‘b%ﬁ%‘bcﬁi‘WB@@’%B&W“@B%%B@H% g5beTeabaiieonsB AL ut5pgpulations
enﬁb@ﬁéﬁi@fréﬁﬂﬂiﬁb@@ﬁr&&%&:ﬂ@Mefﬁiﬁﬁb&ﬁﬁhdﬁﬂﬁt@éﬂls -44o6RlISréRrred embodiments

p{ streak.cells and/or mesendoderm o8 IIs other e erred
refate CU tures witiCh com I’ES gre Fimilive s FE& S a1 Or mese erm ce S wherem
ments conversio [ﬁurl otent el popu lation, such'asa St

at &@ﬁtgbwat‘?@rfo o e bgiéamuewlgumﬁe mp@pmmwerseﬁe@aklmnmmmendodm m cells.
W%ﬁé@l&@ﬂ@ﬁ%ﬁl%ﬁﬂr@a@ ntempalad:: &9%@%5@@&%@9%@% NRherein at

bed her in haﬁe several useful features. For example,

ieﬁﬂ: céJl I(?u ref R SEISUIASBRY S8 BIEMY Bre shatuce s ke Eéﬁifénd"de““
ce&ﬁd/&ccmeeseiwd@@ermcaeﬁé ths Wigkastthemetiveds foraprodudingsubh celifying

ceﬁ&'i“%%%rﬁ&grﬁe\ufﬁgpmaugg%ut are not limited to, cell growth conditions, growth factor
concentrations and the timing of culture steps, the differentiation procedures described herein can
result i about 5%, about 10%, about 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
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are useful for modeling the early stages of human development.
Furthermore, the compositions and methods described herein can also
serve for therapeutic intervention in disease states, such as diabetes
ellitus. For .example, since reprlm e streak cells and/or mesendoderm
g]‘i‘i’s%wg“é@etﬁ%e%‘bﬁ?élé f6 8h|(}‘€5?ﬂ9\1/ fshGRBer Br HASLBE THEY ¥4 %088“"“3
corysextbindhe devedepmeditghplatertissuk aor cethtyged popebdivctiensdfstantially pure
prepERADUNESIEAA e s DAMEITRN R0l FElln 04081 IR same processes

or producing preprimitive streak cells, the pluripotent cells used as
starti%ﬂ‘ﬁ},atenébaré’@feﬁrfeeﬂ§nrd®§ﬁ3ﬁﬁﬁre¢@§se§eer@¢rﬁﬁﬁwe ik eatures.
Focelksiitres amnd-entsiehaddcealll Q@puiattﬁra&sﬁamm@r;gepremmrtmeamreak and/or
mes ﬂdsf) err%apcrgguacse\ge{ emrr?gé(omcf Stet‘[)n ig:cellls Sﬁc q lﬁgirerp ?Ut] { onulations
eriving preprimitive streak cells utilizes %umén embryonic stem celld’as
arethecBraleingadtesidicferbropanitl bustra dlexainsratudtishesigen, the compositions
anPlHsRQteBtcalsd trRr ke sellsthat orig ifrerspﬁrﬁm ﬂ;he VBRrsan errs@a@mmes, such as
di énner ce I‘\ltma s or those obtarned froﬁm etmb{\ adal rr%%gs Hu
9 Ic stefh TENEPEan'Be Maihtained v et ‘”";5’?8?? At Sta e as
thmﬂhwftstﬂeéiarﬁiaﬂdifferemraﬁ oRsusirthemneth (bdssmiamahe davolaprianthe @t tissue
or dnethods are described, for example, in US Patent Nos. 5,453,357,
5,6 6)372 5,690,926 5,843,780, 6,200,806 and 6,251,671 the
disclosures of which are incorporated herein by reference in their
Prehtireties jed0m]inesored: processeSioippraducihg preprimitive streak
ceIIs Csa Elay: esses,
foea o we T B S Cageripoen
celiip e igadin@ HiBteBrhARRIUSHE ReGERIAPEICRSPEh & ERIVETS U gk cell cultures

andNiRARE mr)éeﬁm%ﬁtﬁgbﬁﬁllﬂﬁ; ima payemafineausefibirblastsoMaie from embryonic
Sme eln;ry ibrohl t feeder Ia ers have bee r use in

developed f
e Cultrva 6€n€g é@g g (g%le ﬁg} r?ﬁr '&ntrﬁ% 3 Irggnk };1 &? %L?B'i&?mbrvomc
stethedisetobaraaofnghieteis ﬁ@bW&T@ﬁVhéF@ﬁ(b‘ylr@fQF@ﬁwunStgie]qbpp"@tyyent celis

caﬁuerd@agi\rﬁap@%@&é@%&r Rrodusing preprimitivenstreak aellsPermit heined from
marntenancgﬁ luripatent hESC without th

e use of a feeder lay
TR BRSSP ERTing BilFH STEHY HES S e uRS e8RS ‘ﬁdiﬁo“ﬁé‘m’e in a
plihave:teeredesoribetbimati B! Bdtent@pplicatigmNibo2003/0ik 6056, iithiee art. Such

mé?i%‘&k"%%ed‘égéﬁgéﬁh '1%;‘”&9&59;9@‘%9 bareinby referengesindts enfielys s 0926

8] The human emb ryonic stem cells used herein can be maintained in
ﬁe%ﬂ?e%ﬂﬁdo%é&ré& AR SO irRBFy e REEHs LRtrem by relerence
in marr&anarrtee procedures serum replacement is used. In others, serum
free e ues, such as osed scribed in.US -4
Apprfé‘aﬁ“ﬁn o o G PSRRI S G M, s are
maepdipdbyrref&edse dayer itslentive tyroarestisady [5409] Brenrdeis aievs hESCs to be

mdRAIHAIReE pEpHYRE JAd AusPiant StateRRUIRR PRS§ASyMNH ihdSultivation
esired that they be drﬁerent ated into ive streak ceIIs In some

repri
e e R e M
feqslay\idling Hov e stainy defledulturecan differéntiatorvfAERSFs mwas}’acfglro%wﬁicaﬂon
NJQQE)@Q/%?B?ﬂ?’,ciﬁa(?d%H‘B@&P@%‘ri%hir@ha@ %H?H&%éﬂfi@@ﬁt 159 reference in its entirety).

Alternative processes for producing preprimitive streak celis permit the maintenance of

pluripotent hESC without the use of a feeder layer, Methods of maintaining pluripotent hESCs
under feeder-free conditions have been described in US Patent Application No. 2003/0175956,
the disclosure of which is incorporated herein by reference in its entivety.

|0408] The human embrvonic stem cells used herein can be maintained in culture
either with or without serum. In some embryonic stem cell maintenance procedures, serum
repiacement is used. In others, serum free culture techniques, such as those described in US
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promote differentiation to preprimitive streak cells. Growth factors of the
TGF(3 superfamily which are useful for the production of preprimitive
streak cells are selected from the Nodal/Activin subgroups, In some
preferred differe e ctor is selec d fro
P GEHSIE o ATNDO I A HCS, W SERaA TR
in iprogessesicthegrowth factor actrvrn A is used. [0410] With respect to
sompfdhe Pracessas ik thaAiffrentiation of RIUNPQiRN: SIEMERlSiIR passage

preprimitive streak cells, the above-mentioned growth factors are provided
“mfb ‘fh‘é d&é‘ﬂ?s@ﬁ‘h@?i’h%"’g‘?&fﬁﬁ???ﬁ% 1B R IEBBREIFE &Glttird geme processes.
diftencaritiatiopsptifficienttesprostiiote differehbationvidiag leasteasportion ofilture a

dlf%hren%ra%onqect%rtos 'ieg nr%ltw%hs re%k o%eff]e TEF?; er%n(ﬁﬁg % amgunt sufficient to

ove mentione growt ?actors are presen e ce ture at a ]
prcemrzeh&ftemmmofn av lemstiabiow Sradirmtliat |Gasyabbutor0 vighmtt af leagerfamily

wh?&%}@%é%ﬂ!{”lb@td%a%mrilaé p%%nﬁhti@@%i@@”&e?@ r!igéngel@&l:%aﬁom the
about 100 ng/ml, at least about 200 na/ml, at least about 300 ng/ml,

Nf"l‘é"é@t"&ﬁ%‘uf B RGP BTRE 5T N R TAR |8&§F§86u¥‘1i0%58‘ﬂ5/r§"?rm‘ is
se}&h&&&hﬂbl@@rﬁ@@@oﬁﬁjﬂﬁﬂg af léasi aouin300hagimiatleastaloutidROhtiation

}chéggsl %Elg%wtr} 9 Or% ann /ml!lsgﬁ more than about 5000 ng/ml. [04111
P n certain processes |fferent|at|on of plu I}potent stem cells to
preprﬂﬂﬂbe Stréak éerrecme sesv et e iierreer b foitee rAt A BreoPefh dldpotent

steffopRIthe eelbawftive sﬁmsearsenhécarheér@admm honaxampite af@@r@mw&h;o the

actors c n be r ved within aboutL r within about 2 hour p
cel tthgt acto are Q{eﬁem i the S at %) Lemratrons n %toGpromote
s WI Bt ours, wit |n a out ours, wit |n a

dlﬂ‘i@@rreamrtmﬁ abéﬂasthhwﬁsmmﬂﬂheaﬁont@%@Ws@\ﬂmﬁwa{boﬁﬁi{e@kh?ﬁ!ﬁ‘s, In some
pre/é'gsl@@ ﬁ@%%\%QMHB%e Wt@@&%éér@%@nﬁ’mlﬂ;@ %%‘it&?e lagélﬁﬁnoemratlon of

within about 13 hours, within about 14 hours, within about | hoursH%/\gr(ghln

at BRI GPTE REGIE I b0 LRSS HIAPSBT B SIS AR U ne/ml at
lezabgiatil DShaiirs, avithin @oout 0ohowirst Wwithiabaholt2ihduss jeasthinaliddmg/ml,

at ?e%st@%ﬁ? u%th‘%ﬂxﬁbﬁ%ﬁ FIQHr %oé!"ﬁ@!ﬁ'l AP QU4 DRI §oBTWAThIN ABAML bout 2000
more than 24 hours. [0412] Cultures of Breﬁ rimitive streak cells can be

ng@réveh'ﬁnﬁréar&n%%marﬂ n@t Feat kot seitihigimhors it RO i or more
thGldiee sondiians, serum concentratlons can range from about 0% (v/v)

to ab ljjp]O% (Y/Vl IFLe%r ex}%rc% IE) ]%1 elity %ﬂonfpr?url %%en% %l cells to
seru centratlon oFtﬁ’e me |um can be ess than a out 0. 5/o

prregglmmwsab@w@le%e @oycimsstivied Atk éaztvsfwr@)rqeegeﬂwaﬁna%fu%e I culture

su@s&r[fhﬁw\é)ﬂ eesaya@ra)@b%t @xé%a(é//vae less thanc:aRaih b5 Yerkwie) Lesﬁm about 1
than bou 0, (VIV), n ab ut 0. 70/ Iesi han aboyI

RO, 4628 oA OTOVR /0y e HA =R D08 7o I R v

wibo wb@%os(Waslesghinaaboabd b ®@%6 Ywikin oz tidrabowittgo gy Jldsyrs. within

abmnoq%% @‘%’&(N Q‘Qotl??ﬁ ﬂ@t’ﬂ@ %J%HH% @ré‘?ﬂ@é"%o @§%ﬁh%§&9% K}%Qn(sv Ndivin about

less than about 8% (vIv), less than about 9% ( v/glor less than about 10%
AU ﬁ%%ébaﬂs&és%%s préprmiRtive Krdakscai&aratgHown Withott™n about 18
hos@yuivithih wikbaut Sarum. replacsment!) |hosti| ethisn priecesSSeboprepritmitivwbour 22

nireakealls aregrown. '&Jrh% Rissenge,of B2 sigh REecasses ihe.

concentration of B27 sup ement can range from about 0.1% (v/v) to
about®412] Cultures of preprimitive streak cells can be grown in medium containing

reduced serum or no serum. Under certain culture conditions, serum concenirations can range
from about 0% (v/v)} to about 10% (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%
(v/v), less than about 0.2% (v/v), less than about 0.3% (v/v), less than about 0.4% (v/v), less than
about 0.5% (v/v), less than about 0.6% (v/v), less than about 0.7% (v/v), less than about 0.8%
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20% (v/v). Monitoring the Differentiation of Pluripotent Cells to Prime
rimitive Streak Cells [0413] The progression of the hESC culture to
preprimitive streak cells can be monitored by determining the temporal

expression of markers characteristic of preprimitive styeak  cellg, | e
O OESSBBR TR i 1 U PIHAKLAS R G By AEethg o>
abding *presenics draabbenceof e aariten dlterigtively, e dxprssiciiofi/v), less
thaf SRR MAKETSICANRE ASIeUWINeA Py.eastring e, lavel at whighih@our 10%

marker is present in the cells of the cell culture or cell population at one or
(v/Fhor® (RS BT SHBSERIUBIY fostrakaefdiiar oreRe dTﬁBP&gﬁ%YHBhOFa%fB}‘?“iﬁemm
repftenn0dass@sithe preasusepanindfivaarkek exiressionvoaim e presence of B27.
ualitative or guantitative. On eth f quantitati e ressl f,
I g e R B SRR A0 o o
20%dantitative polymerase chain reaction (Q-PCR). Methods of performing
Q-PCR are well known in the art. Other methods which are known in the
M@itan aleDiRusedito aUantiatenrgarker BrepenexpectsionCEGr example,
the.gﬁgﬁ Slonl?gea ma%lggfogeqetgg%% & u?ee t?ve ?%%Qu@’eus?@% cells can be
antibodies speci |c}?o he marker gene product of interest. In certain
mapitsees e dethaitng b KoM S reaHesTiterie s kP OmARATSHE prapmie streak
celireak calls anwelbasitbelaskabnsignifieant @xmessionRimMaskerganesing the
charact(ié?tic of I‘LEISCS aﬂd otr;ﬁtr celtl. \t% e%his determined Ir}t still ot er can be
PrSFBEe S8 B5th the firfiAg And ARGt of exisréSion of Marker genes  ©
dechanactoristios ofigy dprimitive sirehkheetiglar oneroemiréitinsdspdifs cell culture or
ceﬁ’éﬂpﬁggﬁ@péttgn% %%tQHeqotim% Q%@ﬂﬁaﬁ%%fMB§c@%§W9tiati01l factor.
[0414] As described further in the Examples below, markers of o
In el ATPRAVESSTREAR-ASHIRIGRE S TS ERte iR SR W e guantitative. One
mdaiepmitiveistieakieallppreducedykthetimosessesuddseribackbregeins s through
express the. FC . ]! 1 ing they.
B ot e I e

wetlGmenh RN it BSrartiEyiexHres st BreBrititle stralak Menshift Agtiate

mdfk&EeteSxprebstantialupteguiationcefthe dmGIF8 maRNAete prangeak be detected
b leVElS, Ct S Obseg}/ce QOlnthaedfgg.%ggnft’%aﬁténﬁ lz‘rEé%fCHll'gel%' g%i byin6 C%?flélirﬂs ai'"]:)tger%%es the
yc%sﬁ‘fécat?nlgot 16’ HESES with an appropriat differentiation factor, such as.
exaustivien Aof Anatiie tivress ekpretssiore off mekerstinditzaiecofotierellrs the lack of
sid¥PR UG aHMeSendedenn. Brimitivesensogiet afefinitive ergederiiermined.
mesoderm and ectoderm ése,e Table 1), is still rcomparapvelx(low. In spme .
In St b U FREES S Hria Nt TR TR B S F RSB SU SEBYT, BHANTE End G Firacterstic
of defipitivielendocérmsllmasotterm and: edtedenmnareuhstsesstariiallyddition of the
diﬁé@ﬁ%ﬁﬁ&%@é{o@ haurs.aftey contacting the hESCs 44 with the

differentiation factor. FGF8 mRNA expression is maintained at high levels

for atfdadt abotit SpHBGAsTaET MadtiHg R RESETRA Y proprimitive streak

ccHiffetentintiandaciarhut heginsitaidesipenitiecantiar. cAudiionaky, Bythe processes
about 17 hours after contacting the hESCs with an appropriate, . _
OB ACES P ucH R SR I HOCaN DRTOR B dugine e FGFS and
p-(3taate ninipolypeptided(the ekpressiomobdivciear-tocdliZEdl [BrO&teninuistantially
obseryed by immunogytachemistry, In.hE t'}%bgg'&%e In.palypentide. rors
o B B e g R PANBRRE.
mRNA, to near peak levels, can be observed in a differentiating hESC culture by 6 hours afier

contacting the hESCs with an appropriate differentiation factor, such as activin A. At this time,
expression of markers indicative of other cells types, such as mesendoderm, primitive endoderm,
definitive endoderm, mesoderm and ectoderm (see Table 1), is still comparatively low. In some
embodiments, markers indicative of mesendoderm, primitive endoderm, definitive endoderm,

mesoderm and ectoderm are not substantially expressed by 6 hours after contacting the hESCs

A4



[04151 It will be appreciated that FGF8 and nuclear-localized [3-catenin
expression is induced over a range of different levels in preprimitive
streak cells depending on the differentiation conditions. As such, in some
.embodiments described herein, the expression of the FGF8 marker
Wil lifol tHEALRISRATCEIZEH It RITAHASY hifapvRfiie Sihdaietselny ot least
abaut CEllhpopulaticnstistiatd ebshabOstvdtiolict highesitnaddeastoaboubegins to decline
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exFreN BRI RINEERES MRRke!in ARl haNUCIRANIRRRIZE A A REAIERIRESCs, the

marker in preprimitive streak cells or cell populations is at least about
B-opiroret PROSPIAE e A Gtths-teibpritiien Bthasst dboriedaesId higher, at
leastjaboyt 10xeld hohe-ahieast:abart Irdfeldinighrhiatdeaskabplpression is
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AR Hb Sut 10 - (Bl HiGHEY, st iEast BBl T50 ol Fifh&r Saf@safine on the
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FofROHQIELANEL At IeRs AUl 00l NS A1SAsl BRANL SROG IO or con

higﬂf;er, at least about 5000-fold higher, at least about 7500- old igheror
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S i

hours, of differentiation frp: ments, the expression of the FGES marker
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expression of the FGF8 marker and/or the nuclear-localized (3-catenin
OrRifdesli nensrepiitve St b e s it aftopoplifatiotsh aufnigabiaut 40-fold
higher firskeGstanbb8: Boussiofi glitie ee ntistighyironn hES GighdQ41 & sAdditiorsallisidt higher,
il be a iated that there is a range of differences, between.the .
o L A L R B R e vier.
leastabRyuH) O OHEH eBNATL lesO0PT FOXAN BOIXT ankifer SOXPAYArkddshigher. at

leRQPHINithee-stigalerells: sSimilalyuther®exitisnrengeahdiderenssor the FGFS
between the expression level gf the nuclear-localized (3-catenin marker

marke QL SPS LSS B e By E R ACTSRIIM B feak cells or cell
pOEWIAIi’S, SEHy .ai]’dldi()lﬁlSCﬁ)ﬁt _rﬂametsﬁp@&raﬂ‘r imﬁhralsmmkﬁaﬂszﬁgcs;uchn some
entBo nqé:%tselgl}g%g 'gg%%ﬁ’ og S%@Egg%é%lrndnm&%@ gggﬁ%'&?—rl]oggﬁheedlzgcﬁgnil marker
marker and/or the nuclear-loca |'zecf -catenin marker is at lea taaboult
prepfiidt Figheeko eis easehponitiatnooo-falthikibhbichsa hthdhexgrression of the FGF8
miNeDEACRYUR RGES iSNAYL BNk REXA2imSQXAaRHRi R QMak celis or cell

markers. In other embadiments, the expression of the FGF8 marker
PORHEFSP RS FliE ARSI ERRIIZR A 3 St e PR i oS BrddSiabout 4-fold
highdn4asleast albbubedioldihighie heatpeasiaboutB-totehigheraatdeaStifferences

beﬁ?&‘r{t a;_leoéltg,k%smah%e@uﬁﬁh t abeut 1odfold highe @g&@%%t ﬁ;@%gto%%fogachyum

her, at least about 40-fold higher, at least about 80-told higher, at least

9 . her,
Falbout10b-foif highdiPatéa 0@t 43061y hiHeCatlebisPapine streak cells.
siziiarfolehfrighessat deast-alaan:6Q0sfeld:bighes, cableashabauty 8R-faldear-1ocalized

. higher, at _least ?out 1000-fold higher, at least abo % Oé-\l lﬁh' Iggr

U AN LD At HEHER i et Aol B00 oIy MY oy ot - |OXA2
SQEBUNEOC0d|dihidieer thanethenaxpressitn @flthe As such, in some embodiments
described herein, the expressior of the FGFE8 marker and/or the nuciear-localized B-catenin

marker is at least about 2-fold higher fo at least about 10,000-fold higher than the expression of

the brachyury, FGF4, SNAII, SOX17. FOXA2, SOX7 and/or SOXI markers. In other

embodiments, the expression of the FGF8 marker and/or the nuciear-localized B-catenin marker is
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brachyury, FGF4, SNAI1, SOX 17. FOXA2, SOX7 and/or SOXI markers.
In some embodiments, the brachyury, FGF4, SNAI1, SOX17, FOXA2,
SOX7 and/or SOX1 markers are not significantly expressed in
rimitive, streak cells. Enrichment Isolation and/or. Purification
ot BPiTEO StERel AT AR T Rt ettt fa-heRfoH A Spets B s about
10gratesdes aesaribbduhéfelivld prgprimitivetsibeakXeltddcinbbe enkchedout 40-fold
hxéf fo'ated.angd/ark Rl d: gﬂeﬁ%n%a%@paﬂ'm@ N34 G5 PP HAIQNS L1 tPPo%’ higher,

or preprimitive streak célls are produced by isolating such cells from cell
at wﬁmé%u’f[éﬁ%}’ﬂn‘%me %H?Bﬁcﬁh‘?éh?é’%f‘tﬁehb%%e%@s“%é%@ﬁ‘b%‘i?ﬁ%’ﬁ’emgher at
1e$femwmw&rea@;ﬁela aredhmigescentyinbeied, hamisalated @noid higher, at
1ed"s‘t°Q pa, eé?%%eids PYdsing 2 L%Q{e%“e{‘?ﬁ 088%"%“% %e” BANEh ('iécéess%on of the

SUC Iments; a nuclelc acld enco reen orescent

b‘”?(@FlP’) SiCitoREMALRRSIS Adi @%ﬁéo&%’f’&m#&pﬁ@é‘éibmme@régcf@mmh@érmem&

theBeizksedte, abgk pswkmimze@bgellﬁm%@ KENAMIge SOMER significantly
embodiments, at least e copy of a nucleic acid encoding GFP or a

R T T ARA IR Cﬁ% thereof is introduced into a pluripotent cell,
preferably a human embryonic stem cell, downstream of the FGF8

Enﬂ@m%erlé‘}’é%fbﬁ%&fé}%%ﬂﬁ%ﬁiQMJJh%E%F%Q&Q%QMQdUCt or

~ biolo |caII active fragment thereof is under control of the FGF8
pro n In somd efiB6Himentddtherantiasehuity PgiBiResrire Ateidied berein,
praﬁld;:uwalehezﬁnmﬁeﬁﬂ:ﬁél%&; isheaplagdeddoynd/ oupleiticdcidrenead mgbtGibents, cell
po hi 1%%%'%% %QX %?th\/ prr%%r()? Q{reweggl? II"Q }911&%(3 Oltsjg)ml.e rp tsgutc}?}e eEEs from cell
ucleic acia encodi g GFP or a blologlca ly active ragment thereof
cujf§éed in frame with at least a portion of the nucleic acid encoding FGF8,
therel*amgener@ti@@@ fusionipeateint ﬂﬁb%ﬂ@&b%@%bﬁ&mﬁﬂtﬁmﬁiﬁ fsiRmitive streak
cLofEInretans 2 luorssoent actiyity, similar (0 GEE. (0449} EUorescentl  conce
marke(gl Celis“Sth as the above-descri dn 1ur| of’enf cels; are
actifftscb ptlatetiao(prégrimitiveushrenk abiisas desmﬂﬁb@dcmem@@mg gtyoudiuorescent

prEAAUS PEERIMIIVE RIKERKCEIR EXPRSSHRA fINeTeRGE REMAKREIERE is used to
whereas non-preprimitive streak cells do not, these two cell types can he

1a5d BETIBHC YR L b b MERtE CcBIPS TS SERS A MorAbiEihg s ARkl e ruetere
acof fhvodesceintheiabislddprdpravtitiversgreak dellsindiunidbeletito a pluripotent cell,

pr&%&}ﬂ{?eE’rHﬁlﬁh\{ e shigakicellsAre sousdiusing a,F AL S dRrentimitive %Eﬂalﬁat the

cells are collected separately from non- preprimitive streak cells, thereby
eXPERTIAR G IR SRR R AR ER CMB i WcasseeTibe ool iisBidge qoasn! of the
FERIMpositiens tardae fuihelperfiethoyadditanas reuhdsofibomingdSHg!, which
oA B RS DI s

thegelaklcetientaipodissibe Bokiedibyatirereditridiiey %b@&gi%laﬁshve fragment

thAeditionally, preprm itive atr%ktceeﬁarmﬁyoatﬁe he-RArighe b RIBABIRTHRY hereby
methods of serial sub uItur wth conditions which promote. the

o< LERH QLAY BP < oA BURBHE SEAG BROBRTL e e e v

sufokP 1q 4tWill be appreciated that the above-described enrichment, isolation

and j6419] Iluorescently marked cells, such as the above-described pluripotent cells, are

differentiated to preprimitive streak cells as described previously above. Because preprimitive
streak cells express the fluorescent marker gene, whereas non-preprimitive streak cells do not,
these two cell types can be separated. In some embodiments, cell suspensions comprising a
mixture of fluorescently-labeled preprimitive streak celis and unlabeled non-preprimitive streak
cells are sorted using a FACS. Preprimitive streak cells are collected separately from non-

preprimitive streak cells, thereby resulting in the isolation of such cell types. If desired, the
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purification procedures can be used with such cultures at any stage of
differentiation. [0422] Using the methods described herein, enriched,
isolated and/or purified populations of preprimitive streak cells and/or

tissues can be produce ro fro ultures or cel ulations
5o SRRSO PO BHATER PR B S REDe Lo bt 34 e same
or diffursit imsberglamiposiengnt&ripereelisivndergoeindom differentiation. In

a pregasgd erﬂm@'arﬂemohmtvav&re&tres%te aediacied inifferantiateeris may

primarily into preprimitive streak cells. Some preferred enrichment,
alst’s‘iﬂéﬂéﬁe&ﬁ&/&hﬁm‘tﬁl&%&ﬂﬁﬁ Retbdeiste t%dﬂtféomwraearaata‘é%%@r}r cells may
als@ eprntitive stietk<eels framdumaniensiinydnie steprveelisofddd34 Wsthgromote
thelll e%vtgs%%%v% tt?ecﬂv%%gg%sra"o@%u@ lons Q.Ggllgultyres can be

enric In preprrmltlve str l Content y at least about 2- to about
1000%83dl as chimpdréd t@pmwé%@téaabﬁtrnémrer@a%n%eﬁﬁaﬁem spleggn and
puSHEHISSpIR:-&0ME @MROLMents s pilmitve: siyealkcells Savdneenriched

by ari ﬁ t about 5- t abou 5 O fold as cf:qlmlpared to u%treatrege(? and/or purified

SHIZ metho escr e, . enriche éso
une d cel poﬁu fions or ceflCuiittres. 1n other embo

popreprimitiespaakicellgrean cbiés emdchetbfromeat |bagtradisad 10- ératfsoe hESC
cuR0:1Qld A comrRrsdinMniealadpmoeanisad 6ol RaRMALINS Ph&elko about

cultures. In still other embodlments preprimitive stre lzcells can be}L fosred
24 difitehed™ figMEa RESSIAB G ut BD-F S BBLR 4D TIaTas SR o [0 @ preferre
embniieatedomanentichedicett pipuledionsiidereatcultunesiiniyet wHpeimitive streak
ce t@%@% EEBK}EH&%V%SI{%%&? ”a%c%ﬁ ﬂﬁ;ﬁ%%ﬁ%ﬂeﬁ%’&l Q@lﬁ@% the in vitro

about 40-to about 80-fold as compared to untreated or unenriched cell
Pr%ﬁh‘l’&tféﬁ@é‘?”ééﬂ"%ﬁtﬁﬂﬁl HrTeBH IR B RBEBIAENTSprelbrimitive streak
cellsjgagsbe enuahgdhtrereaattteaacabautasm ahppéRfold as conpared can be
to.u treated or. unenn ceII ulagi C uIt re ition
en?,ch '3 i lwlglvﬁrﬁfﬁ%/e trea tEQ a[goﬁﬁng ﬁcomposﬁﬁogr‘?g?)@o%é@a% pared to
unbsrathré abmmrdégérmédameﬂtmg ﬁtd@ﬂé@éire&ultarw@o?ﬁﬁ‘ﬂélﬁﬁms preprimitive

suP{EREMItve sraRkicRlIs,andeellpepuiations RNHcHed inPERRPANIVE untreated or
streak cells. FO{ exam Ie1 ce é culturles hich é: rlse g rrrrgrtrvetstre%eg can
enEER SRR RS A S5 BB (f)f%g1 RN et P PR A mitive
bestrgalked ditsy eakdseaprodifced. sBagalise thieaseffiviemay tofuttieadéfferantiatioked cell
pogﬁ%%§§ SR peadivsted by, r&ﬁ@%ﬂf&cﬁ%@ﬁ@ B@ﬁﬁmﬁw SriRich) IRGIUGE nriched

ut are not limited to, cell é;{rovvth conditions, growth factor concentrations
frogt tiestiRig 2B Cuthre %@dtﬁ%carrraréﬂﬁaﬁﬁtreﬁt@cedm%t gEddiitldgrulations
orheleinlnear. ressb iniab enibblimatng e 100y abattal 58s abobt 20%hedliomt at least

0/ out, 309 ut 3 ut 4 ut... ) ons or
abg %o%l(t} 5 %atbg ‘Lo%’('gaé%@)asag(c{%i{%%(aﬁoagroé%ﬁ%%@}?a g%?%%%ﬂng égéﬁgl Aions or cell

culfistt 508D ST BN EHIEPORIRY O ARSI FENPASBTiERs S ghom at | Edst about 2-
to GeRVENGIRNGE RhsReient ealisial prepamitivg siieadpweellss|n pEncasses.in
which isolation of preprimitive streak cells is employed, a substantially
pure preprlmrtrve streak ceII populatlon can be recovered. 10425] Some
@bt ' D Piarein pé slisompositions, such as cell

pOPUt@H@t}S and:eﬁllceht%gﬁ%ﬂ&hmge@@rt%eth@t&%rtﬁ%ﬁpé@etah@&chqaade celi
stein cells, and preprimitive streak cells. For example, using the methads

C‘Héé?érfﬁéajﬁ%%rﬂre@&ﬁ%‘&%ﬁ 6‘?% cells and cell populations enrich®d in preprimitive streak

cells. For example, cell cultures which comprise preprimitive streak cells, wherein at least about

5-90% of the cells in culture are preprimitive streak cells, can be produced. Because the

efficiency of the differentiation process can be adjusted by modifying certain parameters, which

include but are not limited to, cell growth conditions, growth factor concentrations and the timing

of culture steps, the differentiation procedures described herein can result in about 5%, about

10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about
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comprising mixtures of hESCs and preprimitive streak cells can be
produced. In some embodiments, compositions comprising at least about
5 preprimitive streak cells for about every 95 pIuripotent cells are

uce ther bodim |t|ons compri tIea tab
SOt R AT S O ot AT 0 & ST oBl PR BBy oot 180, abou
90%r@dmﬂéd°/¢§\ddgmtﬂaﬂIy;arcdm'p&éimtmwsrq@r@im@ommntaﬁ@st@fpreprimttwe streak
ceiﬁreiﬂrﬂ%'&a\é@e§‘iﬁe@iﬁ&¥ag§EB@<91|ld?'%ﬁmiﬁ@g%%% g@@@@%?&i EQfibstantiall ly pure

example, compositions comprising at least about | preprimitive streak cell
pr %F%B’G&f’é%?ﬁulp%‘éa@%cﬁfhl?lf‘p‘i?fé’ﬁ‘frt?@Is at least about | preprimitive
streghkdesll for abest evesyinko®, QREcphwipoten calls; at leasiabout,| such as cell
reprimitiy IIf bout ever p atJeast d
pe Lg?)%)tn parﬂegp%iftlve stre %e‘fl ?ﬁ rrg%g%%%\% %911)180%% S}Lﬁrl B%Eintaéells at oS,
pragaBitaBotitcrrephmithas streaRicelisfos éb‘bu‘t“éb@‘?? émf&%@@feﬁt calpgositions

compiRast abautel Qfemmbtl\éﬁcﬁtﬁ@@ﬁﬁﬂﬁb@rs@m%%%ﬂ% pheipetent In some
em%ecglsmeqt IeaSt a(Ps?‘clth 1 E rllsrlrllllcyv?]gftlge ]fgeJI froer gb%{; e\t/t%r ceq} for about every
piuripo ant Cens’ a?lfea out 1 preprimiti ve Bifeak 'Cell Tor about eve ry

95 pluripotentdélisearidastdabo vt prepritnitives serestogtliforalpifiaaing gt about
o5 IHIPQIRRL Cellsical-Ieast ahout & Rrerrimitiveisireakicalls fprabaut evRlYidnaliy,

pIurl otent cell, at least about 5 preprimitive streak cells for about every ]]
CO’ﬁHﬁ’ﬁB’Bf@nf@@ﬁ"5‘%&%‘?%%{’&%r@ﬁ?ﬁﬁ‘?ﬂf\/‘é‘“’s%&é’k Eelits Tor bR Vel
cophunipatenticelbxatidasteayositi2ts preprimitive streadboellsifiopaboieeveny tell for

ab&l't‘é g%eﬂb&?li{)@‘p \GAsL @RS PIERNDAYE § e?%lﬁqﬁﬁlkssﬁperaé‘kagﬁtf&%%{ every

pluripotent cell, at least about 100 preprimitive streak cells for about ever)ll
109 Bﬂﬁhﬁ%‘ﬂé‘?ﬁ‘%llc‘élskeé‘stleéﬁoﬁkf%o’o Pﬁ@ﬁﬁwﬁvéi@ﬂléaqe tdfts fSPupaRy 10,000
p}@i{%tynﬂ.délwlﬁlﬂﬁﬁﬁﬂaﬁﬁlh ablepsiabeutrdik QOO0 prepamiivey $ME)qk@e;ﬂﬁefarcells at
B e L
prm@pﬁmtﬁ&@@é&@él&r@@%ﬁ%@lﬁblhﬂ(}eveﬁ*yqffﬂaﬂiibtaﬁﬂ@éilaé?ﬁet 1 preprimitive streak

ceBORtaRaRiated, o %Qﬁﬂ&){%m Redimenrts: &B@uPﬂJEEQIEﬁﬁ!E]G@U&s’akecHM FOakhout every
]plurlpoten stem cells. ertaln embodlment gw tun cells derl\t/eg s, af
PR RO, I IRSh CaIFTALLA ot A1y ooh I GUHadeP HUBEE el
leash &mibryopiepcertain otivek erisodinvdnts, emevpliumpmnecnmﬁeﬁ@iare least about 5
prgﬁﬁW%Qef%ﬁ%lg,%gqg&g rQ&NTY W&E el %'%%QB&WW&M Alve streak

has developed past the embrﬁ/onlc stage. [04261 Some embodiments
cefiuerBed Rerein PRIERSIES g8l @uHf&fé%bs?tcé}|p5%m’é‘er&§feébﬁ?ﬂﬁ§%a‘wﬁm :
platjeast abbut EG(prepr ﬁntme;ﬁmeateaedkeiiazatsleasﬁkabom@@% pluripotent cell, at

ez%[ea%?tr}t“ WE pRireat RIS I S efc%@f?&q Ments the gel E&”&H‘ieﬁt%a%ﬁﬁbom 1000

popu ations’ CO prise mamma an cells. In refer ed em odiments
PreIrELierds B %séh; p”@fpe#aﬁbﬁ%ohmawg@qﬁe}haﬁlcénée%ﬁb% el reprimitive

st@ert@anssa@egmﬁ@w?dlmemstée{etﬂltetqedlstcwtm&eﬁ)aonwmis}uﬂ@ahummak cells for

cells, wh ren .from at least about 5% tQ tI bout 99% of th
woEBRAFS R DR Sk Ao o TN BRSPS 1By o s
eveulturég oormprisihgr hm@m@eﬂhﬂ Wherememﬂe@meaboﬁm%l ipgteeipstls are human

lﬁ%ﬂgnjcg%naéeiﬁastr@@%rign{%ﬁ“ﬁﬁét aRoyt 0% alrleast Rl 3% mddtila, the
least about 30%, at least about 35%, at Iegst about 40%, at Ieas about

g s el AbSTIPEG0R B REeraliiies 80 A RS SbeTrEhk %ﬁlﬁ%&mm
thabbuip6edh cdileast abeutitoVtatdeast abeaty b%caleastuibolit 8Oy etre that

has developed past the embryonic stage.

[0426] Some embodiments described herein relate to cell cultures or cell populations
comprising from at least about 5% preprimitive streak cells to at least about 99% preprimitive
streak 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

48



least about 85%, at least about 90%, at least about 95%, at least about
98%, at least about 99%, or greater than 99% of the human cells are
preprimitive streak cells. In embodiments where the cell cultures or cell
ulations comprise human feeder cells, the above percentages are
ST R r%EB%déP]f’é“ﬁtE?]ﬁﬁnﬁ%ﬁetééHEt‘rﬁéﬁ§‘ﬂt"tﬁl§‘%@ﬁf&ﬂhﬁ?}é§ Sfberein
froge ltpepulatiton $2p04 27| 1Bt thieue Ao diments:describie drbexepniretate d@eak cells.

ozﬁ&@&@é&t‘i&%ﬁs seGh &5 cell. sl es. 9 call ﬁ!r%&ttm' RS, GRMRrsINghma a{‘s%, at

cells, such as human re;rlmltlve streak cells, wherein the expression o

leagh abees 6 afrleartaharor the ﬁdﬁ%@%éﬂ%ﬁ%&%@% Fiarieblerst about 30%, at
1eagteatwitmmthaaa>@tﬁ$wm af thet hrachyury FlefdadNAll, %Qé‘al?abom 55%, at

least F g 6(§/O )ﬁe%q qt/%ut%%l eaglt( gboutr%a‘;/ O%ﬁt abqb 0{% fth ast out 80%, at

In otfier embodiments, the expression st eithert P8R
eaatﬁ%t{ théontickear deealPASel eeiﬁat@hwtrﬂarkat isagtrelatetr‘it&‘?anattieast about 99%, or

crP@esioNOf R Rrachynt FGF aNALRQXLis. 3R O RNk e

OXI mar erin at least about 10% of the human cells, in at least about

“UlEg5 8 i H?Pntgﬁ"eéwm’*ﬁfa?@%@%B%eﬁffza%}% -GPSR RS RS i ealculated
witbasrespotit® Bohofrtmeltndaari s @il 8 dnedtdaast aout 30%iefithe human

cellsyjgat least ghout-3p%xnfihe Aumancalisi rtatéee?ostattgtttﬂo%"o et as cell

the human cells, in at least about 45% of the human cells, in at least

CUlHEY 568 BRHIE USRI 4E IR SE Koot 5 500 HPha I e afigak cells.
whr<d lersé:abokice 0% vE theﬁwmmeeahha/dﬂ ﬂ;te@a&%@b@bﬁ 16830p0fdiBgin marker is

ma IIs in at leas 0 t? % of t abo
g“"?g"% it ra?%“““é’én‘étf?rgea S Sbou g?%ﬁyﬂnér%l %2? w?ﬁf” and/or
SQ&asrabeatiBEdkeot thethdfat “&*}éllslﬂtﬁnat@ﬁésasha@bmt @0¥lofetive e m@ression of
cith&lIsdNraiigashARPULARY Qf the-Rumancalls AR ALlGaSLARUEL98%.0f than e

the human cells, in at least about 99% of the human cells or in greater

X BFRH Bo% Bt techuian GBfls S Emiotimdis whet e udircittirbgiker in at
leasedbpapufationsedomprisgihumanieetencals dha-ahove RRECRNIAESS k&t 20%
of cﬁ%l%ldl%g é’l\fg[hq a%res egt t?z‘?l/e tﬁpe nuI eaendceerll(s:ellasslcreﬁs ant%s/ur%she human

cell popu atlons Aélldltlona embodiments’ erein’rela

cellg Ebih SELiARME, @dtﬁfaéed@maétﬂﬂjﬁeéi F leafi pop oS, leomprisierls. in af least

abtstumara HERGeaR RUMaNPrapRrixpiive Bl eak cellssavvharein §ute§ta5mlz 55% of
the g]llj QQP” of thle gtx%essgap of I%EGFS MRNA occurs in ceIIs of the ce
out

iré or celf goputation by a “HtHhy Aol 3 8t By 456 Lﬁféhe human
Ceﬂfowgt Ispstout 2Moafhe by%mﬂﬁ hwlisab)piab@l’]ﬁ% hbeshumyembelist # at least

ab&ﬁtsr@/nw ALUERNQUIES DY 3RQUER B RUTS oY ARAHE L0 ROYLS l?ééﬁ‘g%ﬁt 90% of
hours, by. about 12 hours Dy about 13 hours, by about 14 hours, b

e, BB HodPs by bt 8 b Gt by et 7 HBd oty dbuiiPts ﬁ&th% human
celﬂ)s/ aboutdsd mwsmy of4@calnontn2: frouir Sp Ry cato vt A190BiLES, thy beut 28s. In

em%gtlﬁltﬁetﬁy @P&Qtﬁ?@ QQ%[&ULIQ% @PQ&'{ ;?‘}) QRe Qogﬁtgr?%%%tpeaegeia&qg %e above

hours after contacting hESCs in the culture with a ropriate
PTG ERARGAITALST, Slbpraimayin ﬁlwhuwéhf@%ﬁcfa#ﬁeh@eseﬁssqﬁnttat or cell
popigisggeation of the expression of FGF8 mRNA occurs in at least about

5% hum IIs atI t about 10% the h man cells, in at leas
aboﬁtﬁ%g/o of tﬁl%(ﬁu%gnercne §1 Hllﬁng east a {"j‘blﬂ RSN Osmméeﬁuch as cell
culfyrgs | sehmontirgonsofcamertisingahvewiis Jlﬁsgt@ |ea<étfazb@ut Bepsroftitre streak cells

wiRtaRGellgiaN@tdeastion of the expression of FGFS mRNA occurs in cells of the cell
culture or cell population by about I hour, by about 2 hours, by about 3 hours, by about 4 hours,
by about 5 hours, by about 6 hours, by about 7 hours, by about 8 hours, by about 9 hours, by
about 10 hours, by about 11 hours, by about 12 hours, by about 13 hours, by about 14 hours, by

about 15 hours, by about 16 hours, by about 17 hours, by about 18 hours, by about 19 hours, by
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about 35% of the human cells, in at least about 40% of the human cells, in
at least about 45% of the human cells, in at least about 50% of the
human cells, in at least about 55% of the human cells, in at least about
60% of the human cells, in at least about 65% of the human cells, in at
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abdoy B0 Wi 13 hones, deyiahouict<hiaoties, Wy adont hﬁnmw’ﬁlﬂb)dlﬂb@lﬁxﬂ;ﬁents where
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11: such eﬁ’pboduinents ergressmrg]ofnu Lfﬁé Ioc%h ed (3-catenin occurs .
CulATSS |9 ST aBODT BYS ST (1 RUM AN L8 5P AbBIR AT RS YusHaH cclls:
wh@:edis mtaﬁaleaa‘strmbbaut 15%1Ut[tmh1e dffuthnalﬁ»cm;nnmtymtd@b@qm 2000 off nuclear
I t ) human ce lIs, in at least about
o R B B B e BB B3R Y o

bylé%@{fa?om}tmd% PPthe hararPycaiditin brdesadty atbout 2%08usf therbinarkours, by

ab@ﬁ' ishin-atieastaob0% @Ml}@humam)}cau(sutimoatd@@sgﬁla@m B9%uef by about

e human cells, in at leas about 60% o f the n cells, at least abqut
12 A& tﬁbchullaéﬁ“é&ellﬁ & atle%g?urﬁo %A}@ﬁ Ogrﬁu 0&‘&@18“5% by about
1bastahottonsy8 bbthe Ehuahaln Celisrin ot 4bast Hbbutr8 0% abbthé hiwmanby about

22GRMs: By ableRst ABENT BPI6.8f e LHMaN,celsin @.ueﬁm@a%ﬁ;%ﬂa@epémmmg

the human cells, in at least about 95% of the human cells, in at least about

9856 Bt Huiffal Kefls, TRPAINEAS: SHBRESM ORI nihiad gy ih 0 sue

enfjreiatentharpdS%oobihedemraalcels;- mtamb@&m’semtswuaaragﬂmemlb{ the human

U|t e%togbggé %%UH?O %ﬁzontmgﬁlssqnha%% rt]tf%%%elS %t SI(P %tx]agl abi?s n at least
rcen ages are calculated wi hOUt res E‘CfﬁS o the human ee er C ST

abmé?@&ﬁ ciuthaagnay sl p@@ﬂ]m%ﬂ@l{t)%@@]oﬂémQtﬁh@m@ihodgide@éﬁb@d 30% of

thIBEBIE, @gmngsdtiwaa GRS D PIRPHIMILY @ BirealCrlls JWBSIADtANY ihe human
ee of Pther ceII es.can be produced. In some embodiments described
coliarif i f

7. 58 im0 St SAI B oL BrC Bl AT E0 BPARGE L By =
abthue SFethbts Teserisdd heselersirebsubEtantially freeaofceBlisithatieast about 65% of

thcsigmfziﬁaéaﬂx %XQ'EQ%%QSOQ{%W%%& %41’;1 cells, in at ieast about 75% of the human
cells, in at least about 80% of the human cells, in at least about 85% of the human cells, in at least
about 90% of the human celis, in at ieast about 95% of the human cells, in at least about 98% of
the human celis, in at least about 99% of the human cells or in greater than 99% of the human

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

=50~



SNAIL, SOXI 7, FOXA2, SOX7 and/or SOX | marker genes. [04311 In one
embodiment, a description of a preprimitive streak cell based on the
expression of marker genes is, FGF8 high, nuclear-localized p-catenin
high, brachyury low, FGF4 low, SNAIl low, SOX17 low, FOXA2 low

e SN PARF SEREFIGNA SO B LR AR RSBl S o e cell culurs

or Rluppotenicells 104321 In some processes for producing mesendoderm
cells %f'u“re?';%g&ﬁeehlé 085 SO I RIS preprimitive

certain processes mesen erm cell cultures and enriched cell

Str%p%ﬂﬁ%léﬁ@@ﬁﬁ‘iﬁhsfﬁ@ m%%ﬁd&@@rﬁip@él@%reep?’m*&%‘a frémseffbRpBfidiments
dessieRiGRHS:, Aq@pﬁa‘@ﬁreﬁ\memlaﬁad@r ﬂ@ﬂﬂf@lﬂlﬁ)&@ﬂd@ﬂﬁﬂ@pﬁﬁﬂﬁ:&&lﬂ?ﬁ& methods
desgg#égmerqubr Om St%%@fi he St nilnggn ?Ias tﬁ/ fé})(r :[Qs%stﬁ Wé FGF4,

ction. ?en cais S at rlglnate ro
SNhBrLﬂ@Xéﬁ]E@Eﬁ% Mh%? @é‘lﬂ’@ﬁ&%émﬁéj@e&@mmned from embryonic

gonggad; [idges, A RmRIYORIGSIERSEbS SARDeMANTAIRAMUN based on the

culture in a pluripotent state without substantial differentiation using
RO THAFSrEEoooh G S i RoHOLE SR ImBEoTROpY fov FGF4
lovexampleoin BisxPatert NoXAS,#63,35% 7 %6700 %2)%51680,926 5,843,780,
6,200,806 and 6,251,671 the disclosures of which are incorporated herein
by reference in thelr entireties. 104331 In some processes for producing
= IR IHESSE YO A gt'on a feeder layer. In such
procm% anyﬂ‘e,%d@r ;L?d@%éé@’"ﬁh @Jmﬁlﬁaﬁ@&l&m&ﬂiatﬂe@lﬁh@otem cells

urlpotetnt stegt%c rérl;c)estu%egelpne commonl ussge(g f}enege(:-:;]rdléa&/er for e mres and
USEtivaRD mébf’hurlﬁan em%ryonlc Stéin cells f s a ayer of mouse fib lol

enivbbed ¢el&:emiyathummnﬁbﬁ@ma@ﬁé@é@t@"ﬂi&y@wﬂqm@d%@rﬁﬁewm*oﬁem cell
g&%&%ﬁ“ﬁ&ﬁ%%@?"&&%@ﬁ%é@@&ﬂ#&E@%HB@R{&M@HMmZQ@B{ Q@ﬁfZaq the

17, the dlsclosure of which is incorporated herein by reference in

St e Rt ARSI AP OERE Y 1BIBREiking Tk SEHIS ST 5u§a5e5?%1ﬁ6“5 that
ortfieama ditotethance of plutipatentnh& S8l without theuseoisl ﬁé@demayemc gonadal
rl%gle%th%gﬁlﬂi éﬂl%p%@)'@@tgiﬁ) 'UJL'B%%J‘EQ&%A‘HE%%(%@@& g&k@!ﬂ%?e without

ave been described in US Patent Application No. 2003/0175956, the
subRgEIBEHE TP imith ‘ié“?ﬁé&‘?B]@F}ét@&tﬁé?é‘i‘f?W Féﬁé‘Fe?%’&eﬁH‘i‘ié%‘ﬁﬂ%*t;?m described,

fot0434bIEhe husnanembryorig st cealls7ased, r&ﬁemansbemamtame{om% and
c Jg).%ure delther with.or, WlithOUI serum gl som ryonic. stem cell
6,2 res gf which are mcorporated herein| re ed1yej ce intielr ehtireties.
mal ntenance procedures, serum rgpﬁacement is'used. In others, serum

free diriie technm}esqrg%heaioshwé@egcmwdﬁm wafehfﬂ%pﬁeaﬁ@ﬂmned

orNGre RO éx%htbeo@ﬂ&%@m&&ﬁwh&@@ri&ﬂr&pﬁn@@atﬁgs@r@i BeYaintained in a
reference in its entirety, e used 5iL [94%51] S&en? ceII talne tnl
PR A St PR B TR iy

paSsage untiit |s esire
enfieydifferentiatet inte hmerfdedmrﬁbeﬂéﬁsm sbfne provebsdsyman ﬁblobiaqt feeder

ia?éﬁ@%!&v%“éééﬂ%@e‘i@ﬁ&?ﬂQQ{ing’tﬁg'&% mmeaﬁ%@&ﬂ@wm&m 8Mion No.

cell culture a differentiation factor, such as a growth factor of the TGFR
209509kl i ARATSE R st f&cmﬁ%ﬁé BtraveRtidfifieRse in its entirety).
Ameesendederncells. trowthofactiansioddine G (Breuparfamilytaninich cdrguripotent

I}Fﬁ’%fm 285&[‘ roguction o messndederm sallsare Selested fromstheunder feeder-

Activin
free conditions have been described in US Patent Application No. 2003/0175956, the disclosure

of which is incorporated herein by reference in its entirety.

[0434] The human embryonic stem cells used herein can be maintained n culture
either with or without serum. In some embryonic stem cell maintenance procedures, serum
replacement is used. In others, serum free culture techniques, such as those described m US
Patent Application No. 2003/0190748, the disclosure of which is incorporated herein by reference
in its entirety, are used,
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subgroups. In some preferred differentiation processes, the growth factor

is selected from the group consisting of Nodal, activin A, and activin B. In

certain differentiation processes, the growth factor activin A is used.

[0436] With respect to some of the processes for t e,differentiagon_ of

plur{BEh StoMTRALAG T BEEHHEROH LIS HoPARAER Moty e pesseze
unttjrawith dagtefstane thegvided fortheigellsiso thatithaigrowthifactorsane processes,
diffl§ iear:cllIo;pE em%lgglfg(?d%r% C&ﬂ‘&%”&ﬁk‘?&%@%@'%‘?&lﬁ&%gfm@ stem cell culture a

_differentiation of at least a portion of the stem cells to mesendoderm cells.
differasimioplescerssed ahe sEBobdarientiohed GF6vitReATohs Brangiagessificient to

prdfisccateWivig: At & caneRtalipn alatdeastaRoks 2 NBAMGRTY RS- ARAUE which
10 ng/ml, at least about 25 ng/ml, at least about 50 ng/ml,ﬁt IeaTt about
/

are7 85ty b fe A UBUR TOOMGAHIOL TS MoBiit ZU0H ityhe ar fisagtodel/ Activin
sulabaut 300 aghmprafdleastdboetti400 pgimbsat lbasiratydufb00 ngktdsted from the
Grolt? a%%ast?g%tgltg%qgoﬂgﬂglctﬁﬂe Staﬁl&)%%%g% ng( @érékl'%%ﬁ&é}%%&?@%esses, the
© nS/m : at’least about 4000 ng/ml, at least about 5000 ng/ml or more than
2roafibiBOEON g /Mis F0ZB7] In certain processes for the differentiation of

pluripptegt steny gelissiecmesendadann selissthaanpyaimentianed of pluripotent
rowth factors are remqved from the cell cylture .subsequent to.thei
s Rl et SAEre e B BO TaE e ot e Faracu el AT Sl g6 =
thahghes gwithiinfatiout a9 mowest vinthile abdutc2 rhsarsehthimalsplicnt to promote
difﬁQH@atYMHWaﬁQ%ta%%ﬁm%ﬁt%’gﬁm ARyt 23RS WItRIR akcidt’drocesses, the
hours, within about 25 hours, Within,agout §6‘frourst, within ab?ut 21 ¢ teast about
abpsuire "iiiih BPEU 38 o s PIHHT AB S 2 BTt RiMTRABELT gy * 'east 2oou
5 hpursztidtkintaboUt 84 hioar sastitivionabiout/ B2 hidasst, abitktin(alnwut. 38 least about 75
ngEQHE%’Eé’Xé%QOﬂPRH}t1%4mh%'t"i§a§{\_'£tt%9t%@@HL . ,Q@%&%&%@@%ﬁ?m least about
0

urs, within about 37 hours, within about 38 hours, within about 39 .
A0R pgre it 56t A9 RYTHSs AvRAThABBYUICNYT P AW B g Yhne/ml, at least
abh@uIso N i, alp Qat 4D Mo WEWiEhin, ab eutdbhoursowithin @beoite4ban about 5000
an}%urs, within about 46 hours, within about 47 hours, within about 48
"fw'OUrs or within about more than 48 hours. [0438] Cultures of

mesdféiderm teltstan Broegrown T MsdilifresrEMing rebubeg seftin cclls to
m&em&f%mblés{nﬂ@r &%EI@EE’;&&&'&;E@ %@ﬂdﬂﬁiqa&)oﬁﬁﬂﬂénréﬁﬂﬁf&ﬂmﬂﬂmﬁecwl culture

ange from about,.0% (v/v) to about 10% (v/v). For example, in some, .
o TR S o R e SR B Sl 28 W
hdess #igim about 105U VAijhiessthaRlabout. 0viden(whautl@shehven wiioatabout 22
hdre Ve ) 1R5S Shan QRO Y ou\)4 1858 than Ak QUbE- 4%0H{MM), 18880 about 26

than about 0.5% (v/v), less than about 0.6% (v/v), less than about OZ% 30
h) MHENE ARAN SRR B8 (U RS S 59 ial HBBAPE 606 (U518 L AR M
haaboutififh @kiw); BEsBdiranvalbiontaBeat(9A holess wiam aboutt 3Vhofvhy )wides about 34
@@@,ﬂﬁ%&%‘%@?& (yéV%bJﬁ;Svmm aBout 5%, (). Jags than about8% (i abour 3s

ess than about 7% (v/v), less than about 8% (v/v), less than about 9% ,
hawzay)wiigsaPavard BB 1DIIRANO th 4EdinEpritBEsaoundbdraTasfyn about 42
hRlISWARNQ WA WitheusSerdmh abwithous sesumieplasementidorssttintinebout 46
R L 2 BRI eSS WD NG PIERSNGE O BPLs .such

processes, the concentration of supplement can range from about

0.1%[{#88lto aboutpae!(wkprndoderm cells can be grown in medium containing reduced

serum or no serum. Under certain culture conditions, serum concentrations can range {rom about

% about 18
e

0% (v/v) to about 10% (v/v). For example, in some differentiation processes, the serum
concentration of the medium can be Jess than about 0.05% (v/v), less than about 0.1% {(v/v), less
than about 0.2% (v/v), less than about 0.3% (v/v), less than about 0.4% (v/v), less than about
.5% (v/v), less than about 0.6% {v/v), less than about 0.7% (v/v), less than about 0.8% (v/v}), less

LN
2
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Monitoring the Differentiation of Pluripootent Cells to Mesendoderm Cells

[0439] The progression of the hESC culture to mesendodenn cells can be

monitored by determining the temporal expression of markers

characteristic of mesendoderm cells. In some processes, the expression
thagrabapafh AN S5 dete bbby Hbtelhh § R e ey bk Absdhn Bhput 3%
(v/ﬂ)leldmﬂﬁerabﬁlﬁeiﬁat%lyeih&tﬁxﬂfﬁﬁﬁ@?n(@fvﬁ;elémlmmabl&ef s%an/ beless than about
7% g\ié g}lﬁg%bry am() sl ?g’\ft’p%es!seye% atk\)lc\)ltqtl(a%tqu HS&'%QE%%%’J{ IR)‘W%V/V) In

e cell culture of céll popu ation at one of more time points
songg ERIgEReht s R wdanieRofth & elffe raheti s Factb IV ITHost e proselssegent. In

smths%héﬁae@weme@taﬁmaﬁlﬁereemr@gmﬁ sanm@aw@taﬂmvorrg yaEtiabdeses, the
One methoc% ua trtatltn thee ression %] /%ry rts trgatag L Pt]rced
ConSIRAIRR Y ?8‘&9 1thae“%secl)? PBC C)}irv i are

known in the art can also be used to quantltate marker gene expression.

Al be detected

by uwgsqntlboﬂreaa@egttrﬁlf@rﬂt@am@r&ﬁrugemrm@mmeaﬁlmﬂregt #8 monitored
b certalné) ocesg,es thF ressio arke genes{ C racte{r SdtIC of s, in s
Y REENASa SR HBIL A v@effrsm“tﬁe”l‘ &S SGATHESRE ExPresEich O marker” ¢
prayestes, thhaxacteiistic’ of hiiSGskand ottersetidypastistiutdrmineshchpstilisence of

PR RrOLRSSESV RO the piming and amaknk ok XPIRSRIRM AL thREKSkasuring the

genes characteristic of mesendoderm cells at one or more time points

13‘?&1B%@“éfﬂfén‘ﬁ‘?o”tﬁ%‘%dﬁrtf&?%? hd Rk HoR B S i hRon ot ne o
mdMQ} Asidescbiaedkfi ithew indtheok xdmplésibeloimimmadikers @f such processes, the

nte%%?%]gx?gﬂmrﬁgrj lé%( ﬂg&‘ Qﬁ%% )()l.él’ 1’12!: %F %Pﬂu%zNﬁ%VeA%)ﬁb‘%EBE of quantitating

mesen erm cells pro uce yt € processes described herein express

thelssmPaRitiy BN APGE AN AN PESh ANdBRT RN St FRloy PrBiguisingf (R CR. Other
m@ﬁ@@bmﬁyh E@Eﬂo&ﬁdtﬁh‘fd# mRker geneProduaisiate BQMKE gene expression. For
o RS ity £t A DAL DA R A o
1hfumre@<aramm wtﬁeb@ctmthGF$MMP@N%, rﬁlﬁl\ﬁe&pt@%earoﬁeﬂaﬂxker genes

chlg¥alsisgans e eheeivarima-ditferentiat %$E@%ﬁﬁl§éﬂ&b@é 24 B hafkeF genes
contactlng the hESCs with an appropriate differ tion, factor, such as
SHERRTHERS At HHSGE: SHETSEIon B cBrtA RArRerd: Ao aive BFbifer. 0 e

tinc@isabpespsuch appsitivé eadodernss definitivesendodesendpdesodeismt one or
m&@qm?ec Qfler Qﬁtﬁ&ﬁﬁ%ﬂ@ '&é&d&?ﬁ%‘ﬁ'%@9@9@@%&&’4&?%4& 0B rmined.

em odlments certain markers indicative of [1)r|m|t|ve endoderm, definitive
endoH¥, mesbtstr R uRRSE dhia F IR SRR AR B preResadgger cells
ar2drhcuis-afferrcontacingl the hESEs wvitmthendifdenentiditignolactar binthe processes
de cr%edq@r%0d|r2p§er]sgst a'%rt?c@?{ ]F]%Ff aai'ad’b%rA%\I{ﬁ‘ah(er OM'% e%@t:ﬁﬁsbq Qducmé the
B deciine after abou 4

egins to out ours Subsequent to c8ntact|
briyfh gy Withithedditfévd ntationsietBiodicEoiesuss eleirﬁ%mﬁreﬂt% brachyury, FGF4
antaradmrm Frﬁ&%artdé%ﬁet}tﬂm}nﬁalasemre%@am t@tcteeuﬂe;after hESCs.
bout 30 hou s, afte 6 ho fter a after abo
RO a0 T A CHEDLES Taiye WeSa 0ot lS Lo adthg B v, cn
behEBE@wewvith ethefmﬁetnetm@hﬁﬁ@amtwrelma&]hml|aﬁera;ppt@@paehethasCs with an

a;ﬁ@ﬁbé@é%ff @Iﬁ%t%d{&téueéllr KXRIGRRIAN iRy 't'ﬂgutﬁﬁg RiFRNG&Gfain markers
different levels in mesendoderm cells depending on the differentiation

ngAHTIHC S STERYRPSOTB Ehibsut Hreﬁréoééaanﬁe"a%retﬁ §figm, mesoderm and

ecexprassien Okthe Drachyilirgpmparatively low. In some embodiments, certain markers

indicative of primitive endoderm, definitive endoderm, mesoderm and ectoderm are not

substantially expressed by 24 hours after contacting the hESCs with the differentiation factor. In
some embodiments, brachvury, FGF4 and/or SNAIl mRNA expression begins to decline after

about 24 hours subsequent to contacting the hESCs with the differentiation factor. In some
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FGF4 and/or SNAIL marker in mesendoderm cells or cell populations is at
least about 2-fold higher to at least about 10,000-fold higher than the
expression of these markers in non- mesendoderm cells or cell
ulations, after about 24 hours of differentiation from hESCs. In other
e BB FISIHE k&S SN BRRSHy BRSSPt Skl ater about 30

hoirefer ibhomesdndadeien aels 4 ieellspopii abenr s ishatleasifab adrd thaldabout 48

r bout 6-fol higher, at least
1013*69816?%3% eﬁ er “at {}gﬁé&%omﬂi% (flt ﬁrerhig}mgt%egst about 20-fold .
high&4kl Ieastlfaﬁtbhtbﬂﬁoaﬂﬁrd%@ﬁeﬁﬁath@aéi"aboﬁ@é fordl Higher! aeleagsion is
incAbau twéDQanlgehig dereabdeasiabomtEadoteldighe lepdd@astaab@utditrerentiation

2d09f dhlghe at least ab C{500t f Id hi Qa aIIe st about7505f%Idb i
“ORigher; at e%“é’ Jotit ToBB oI Righer, A eas]?mb 2B002618 Righer, at "™

er, a
FGBhshdivo M@O’fﬁ@i@ﬂﬂg heq%eaﬂwalst abbur7 5610 Iﬁoldllhﬂg’henmtalﬁeasbout 2-fold

higloys 10.000-fpid highesdhan therxigssiap et thedrachyuteFGftrs in non-

and/or SNAIL in non- mesendoderm cells or cell populations, after about
messPORARTR 61 il RsHHRRSH i HESER I ‘sBAHE SBidairEsSn figm hESCs. In
ottexpeegsidimafttheteractyenyo GF4AtandiocSNAIL Fedkesridhor SNAIL marker in

1ne@?:ﬁ§§&‘?19dc%[ﬂ‘o?%'éﬁ 85;)?1%{18195}) g@{t 1QLL? a%d[?[f IE'F&'X 19191'39 Eh?a@ttgb%m 6-fold higher,

expression of the brac FGF4 and/or SNAI1 marker in

at h?aﬁ ﬁ#@%’eﬁé@éé}%ﬁ@eﬁé laﬁ%éh%ﬁﬂtgﬂ6@%@‘[&%&@%%%?%%1@m at least

ab&lﬁ@(ﬁf@ﬁtﬁﬂi@héf o 18E=5565ul0AA2] Aniditionalbasitabilden appregiateddina: about
ran eof iffer ween the e pr on,level of t

10 r%lﬁ]hll%r mlfl 3}lor?g?\&??_9 ar earlslglaﬁt ?I)ine i?(%ﬁré%g%ﬁhfe\/etlzea? %bom 200-

fol@@mer%kw 9@9@@:%@, P xmbersOXPsantior BOX oddredes ipf least about 2500-

foi@%@ﬁﬁoﬁ%mt agls: Amauah. insame m%@m@ﬂiﬁ(ﬂmfﬁb&% N&reiNeast about
the Eg'%reszlon of the brachyury, FGF4 and/o‘ SNAIL markers is gt Ieast

1020801 Ble RighEr 18"t RREEEBBUP 008 t6M Fgher adtier SNAL in mon-
maxpressiondfsthe @CTpuBOXL AIEXORY 2FOXAL pSOK7eandior 8GXhESCs. in

sofArkRER i aersembadinents, dhe EXRIeRsIeN of e PIAgRY U AP Flarker in

and/or SNAIL marker is at least about 4- fold higher, at least about 6-fold
myiRgHaTeEt REASt UGPSR Hiy Ffei‘lfé\}“i@aé“t‘%lﬁlﬂ%lbt%I%I‘Pf@“ﬁ‘é’i‘ chthagpehyury.
FGahioatd1e-fold highekeatd @astahlentcdoriola ihighee] laidedst @louftedQridold 24 hours
ofl}l‘%l%ﬁuaa]ﬁlo%af?t clele 580-fold higher, at least about 100-fold higher, at

least about 150-fold higher, at least about 200-fold higher, at least about

500- 18t HigherAadiéaslisbsutPb Ofolmirgiaerd diiedberabout TO0T- fHlgifferences
behigaeBaate&@ae%hai@%ue%@@ref@adn@berF@Mﬁ@ﬁ&/@bQN@EpDQM@@ Esi%haé c;]&bresﬁon

east abo | t 10.00 er than the
le\éefprefz@lolﬁ(gf the Qgg& pgéi‘%gl?glg%gfﬁ?rgégg CFF b’%endedem
cehivarkersidn someemibodimentsaite @CTAIBOX1KprE4@XCRY bROXMAZ, FOF4

an@ SR ANARLRH MAkers /e @9@%%@!%%%@%@%@@@ #00-fold higher than the
mesendoderm_cells. Enrichment, Isolation and/or Purification of

RIESERESn Edits 51 With Rés Jdt o aditiondl UeipatS otkers: T other

enprabesses itessrikkedonering imesengdoBefh oellsrcindie eariehédat least about 4-
folFRRIRA andior pytified,in.seme. ?E@PQ&H&?@%S%%}%@%'@H&%&'@”&%ﬂ higher,

for mesendoderm cells are produced by isolating such cells from cell
at least about 15-fold higher, at least about 20-fold higher, at least about 40-fold higher, at least

abaut 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 iigher, at least about 1000-
fold higher, at ieast about 2500-fold higher, at ieast about 5000-fold higher, at ieast about 7500-
fold higher or at least about 10,000-fold higher than the expression of the OCT4, SOX17,
CXCR4, FOXA2Z, SOX7 and/or SOX1 markers. In some embodiments, the OCT4, SOXi7,
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cultures. [0444] In some embodiments of the processes described herein,

mesendoderm cells are fluorescently labeled then isolated from

non-labeled cells by using a FACS. In such embodiments, a nucleic acid

encoding green fluorescent protein (GFP) or another nucleic acid
CXrtbdifgan- presyisier fidré seekemaiker gesufisande @ tertatse|in mesendoderm
celmesendoderm cells. For example, in some embodiments, at least one

copy of a nucleic acid encoding GFP or a biologically active fragment

thereof is mtroduced |nto a pIurlpotent cell, preferably a human embryonic

i ) setior yndad eIBNAIL promoter such

that T{'D@atﬂxpfeﬁiﬁieﬁ R}f & Q’('): %@ﬁ%a@foﬂb&%@r&@&g' @J&s@g“{ﬁeswlbed herein,
fragment thereof is under control of the brachy uh‘%ﬁi 4 or SNAII
€g

mSEBYRERER. T Sore SISO S HE AR G Fegibh STHREEETS. col
popdidioniciriencofesnurachydinyn fE8k4agr GNAledisyeplasad bya nutiei@om cell
-uR%id encoding GFP or a biologically active fragment thereof. In other
embodiments, the nucleic acid encoding GFP or a biologically active
fragriidétheredt FSMHEPRIMSHE itk ¥ teese ndsentibis Grisie. Maadederm cetls
ardGithencadingdoaehywy , if@icd GrcﬁNﬁdMatb@Eﬁbyegﬁmﬁr@E% afegion. I such
enfby Hnentsn a? lfla%!:]le;emb Ime%ts trr]eeeg 1'1%1[] %) A emogg E}a gﬁ"ag!)lilogzieo enlgucle}c acid
activity similar to &ﬁ{’ 0445 Fitorescently marke uch
engfsbiie ale Stpisebp] uﬁlﬁbf@?ﬁlbwé“karréedﬁfeﬂreﬁaétéd lebeh @@émmaemn cells. For

ex@ffie asdessrinechpIgMaUS!Y: akayeoBecaHSRMESROLRAGENN GRlGIng GFP or a
ED%ogre sthe flu rescent marker ene whereas non-mesendoderm cells do

£ BN T5BELEE o LR i S BRI IR @ Puman
rrémrfpemr@msqeﬁnmrstgeanmﬁtmﬁe whflyoreseéeitlyolatieldd mesendotenthat the
xRS AN H{é@%ﬁ'@gn@‘ﬁ%gﬂ&%ﬁ%%%% §§$‘§v@r§a§9{$§ﬂ}‘r§éﬁﬁléf ébg§0ntrol of the

esendoderm cells are collected séparately from non-mesendoderm
brachiarinEfddy Yeslitihg AP RICTs diatioh of Shefieentty fisse e treon of the
nuidalated cellicompodsitionsicanybedtnthespunifiied yladditpaahxoundsi©bncoding
e r arkers that ecific for
O o e o AR e gdgencoding
GFrHéée%éé&%ﬁ?@e|ﬁt%§%a§6%éh¢s%1&téd%§ﬁovﬁhérrﬁt@wﬂﬁbq@ééepé? ealprion of the

nutgelatan. e&dﬁlﬁl@ﬂﬁ&)hxmgsﬁﬂgﬂ)@emﬁﬁﬂ|S{l’(é}%}d§,aﬁ%ﬂeﬂﬁlnem’lﬁf§%ﬂ Bfotein. In such
emgoé%n 1‘{5 m thods of serial subﬁulture ma%rowth conditio &g which
he

RS SRR AT FORIaD & LRI TS Bn B b
meséﬁrﬁ%ﬁdierm Chttsefaayy mankdt bfé‘appw@mﬂe@aﬂmta{#ﬁ@@ib@d/eldmﬂﬂbeﬁlls are
dighdghment islalion.and. pusifigatioppraceduins.6an b LSE WItleSHG L celis
cultures at any stage of differentiation. [04481 Using the methods

exBsst sl HETETA BANEh B ISUisteRt AT pRARTEE" SOl fatoheltsee two cell types
camlﬁsmpeimdﬂrrﬁncﬁﬂseaamdf@:{rmussuessﬁansbemmd uoeqirnm@tmﬁmmelﬁﬁﬁbmscenﬂ)

UGS, Qs GRIP RHIAHONS WRIGKNAYE LAY IonG %'efff%r%%“@&% fE%E: PN EAcs,

about 18 hours to about 48 hours. In some embodiments, the cells .
MeisaeRdrs o AR SRFIT ApPetetrawsripemett Rermvissuties in the
;smakkslafesdmee&ed}tpw|fieﬁe@iﬂatetn&rlmaﬁla3d D roppendesierm eeliertRomeified by

adBItkgr?aqed n%nrlg r?%ntﬁsl,ﬁxo ! tlon and/(ﬁ fP lf'{-!:flqgclzayrgersn’]hee%th%)'g % %%Q?Eef(glc“)nt’lQ‘Sﬁﬁr&Odelm
VItro pro uction o ese O erm Cells Trom human empryonic stem cells

cells.

[0446] In addition to the procedures just described, mesendoderm celis may also be
isolated by other techniques for cell isolation. Additionally, mesendoderm cells may also be
enriched or isolated by methods of serial subculture in growth conditions which promote the
selective survival or selective expansion of the mesendoderm cells.

[0447] It will be appreciated that the above-described enrichment, isolation and
purification procedures can be used with such cultures at any stage of differentiation.

-55-



104491 Using the methods described herein, cell populations or cell

cultures can be enriched in mesendoderm cell content by at least about

2- to about 1000-fold as compared to untreated or unenriched cell

populations or cell cultures. In some embodiments, mesendoderm cells

can B 4Shrichddbby dhfeastisiiuesctidbdeteabobiehss dophtetndr purified
po;ttﬂifﬁﬂﬁ&ﬂ %sbtmaﬂétﬁhedtceﬂmm@t&oa&ofeqﬁudwlw @Sy GRehESC cultures or

celg opt(ﬂa mnesnt%']éa Eseng%%erggec(? l‘lts rEntiafon ohlr? %bf&?t”t & lttcl)eraé%t %Bos'ittﬂrS hours.
B oa OYS asc mpare to untrea?edr or unenriche e?l

In p@pﬁl@ﬂb@@@?%ﬁelF@Rﬁiﬂésmﬁtlgﬁllf@tﬁ@ﬁ ehisoelinesents, Mes@rdeerstpmbodiment,

ho®Bl§, Qﬁ@é@ﬁﬁéﬁé%&%ﬁ%i%@ﬁ%&%ﬁh&@ 1R aResdbAOFOIIRS Some preferred
campared to untreated or unenriched cel lations s ceII cultures In ;
e Siier SHAHERINANES, RMELEAHSHE & gﬁ) ; Hoderifithdy HEh Bi9dadin ©
mea@dudeﬁ@ctﬁs&bwh&@ato@asf@umedlm untreated or unenriched cell
poplLe ps or cell IR, GRUAREBRANITENS, MESENIOS T EEYS can be
e

can nriched from at least about 2- to about 20-fold as compared to
et d el BFRERHEREY CicpbBUIRkISAY APREIPc(fghed! é%ﬁ@é.ﬁéﬁgmpmd to
unfeamprsingvesendddennidels 0450 Gettcomposiiianshpdodercediayendoderm
cefl€.3P d‘%egr‘?r?&cﬁbﬁgd 5'?%'3%%&?'%d%c%tlo&%”#ﬁ%ﬁo%p&) Fred to untreated or

mesen erm cel and cell populations enriched in mesendoderm cells.

un%icivéstaﬁ%tbl@pé@w%tﬂt@fré%it/\ﬂ#iéﬁe(éorﬁpﬂéﬁrﬁ@@@ﬁw&srﬁwﬂéomr%s can be
endéll@asbabeuks Aol the: epdia mw&mr@qai@ﬁms@md@d@ém@eldmlﬁanc hed cell

Qroduce caus thele{uencg fthe dlfferentl t|on tiocesg l%
pogg ations cfnbcv 1 cuz res. 1n spil.otner em o(%imen Se.nd % can eenrtc ed from
INg certain parameters Which ine u

at Ilmtei&dctw Zféllt@ﬁbmh 1@@rfdlﬁ@ﬁsrogmmrﬂ1 tta@t@m@@dcémnatmcaﬁ@ th@uiatms or

celimiRgQf %'%%%%b%ﬁﬁf@ reRtialioR-Rrocaduiesdesciibedhareiicast about
can result in about 5%, about 10%, about 15%, about 20%, about 25%

402 i5otRO5038; RIS Gt SBYE St M9 LB AU ABOR LR B B StiE B e wres: 1o
ceadiotG08tpabo ub 658G dinout 1026 aboutidicUoiratnout 8BBLehabou 8886yt 20-fold

as B0 20%, ADOH A BrRRLeY AR ARRLS 504 gapyersion of

pluripotent cells to mesendoderm cells. In processes in which isolation of
mesendoderm cells is employed, a substantially pure mesendoderm cell
CpoRyiatencamhererryareédetd4sld Some embodiments described

herei =E sipte tocc fos'é's? énsS%%) A2E8! &Opéing\tf'é’ﬁés&%d GG R tude cell
that rise bo plur potent cells, suchas stem cells

cume@ewﬂmém Bshendogeraxertipad @gthgoméamétw@@s‘ WasemreenHedein colis. For
exﬁﬁmm%itiQﬁﬁ&m@mmg@wﬁ&&ﬁb&s@&mdumgﬁaruiqgtgtrabsadIs SN of the

ro ced In some embodi nts - 6 com itions comprlsm
Ceﬁeg Et (ﬁlfte atﬁeglgﬁedlg%eeﬁﬁ c?ﬂs fof abou léov‘eg?ﬁ 5 %ﬁ%‘ﬁo et ca gﬁ%leét% of the
diffecdtieed: prootherze tribotiimehts, noohipogitionsnoomaprising vatiisast aboutt are not
iR MSSEOHGARNR CRHRIAL APV ENME: SRIHRIENL GRYSRIERIRAUCE frure steps,

Addltlonally compositions comprising other ratios of mesendoderrg cells .
theorfiaREEIAT CEME T CORBIRBIARET RGP Sk Mleabtlnipbsittst 07 abaut 15%
abeompmzslﬁig;at leastaboutotcmesentidderinweldfor about Bxenpd0008but 55%,

abBtH! réBQt ‘E%'%% %B%T%@b?é‘o% TREsendodsrm, ggutfé’s' RORUEENREY about 95%, or

uripotent cells at ast about | mesendoderm cell for about
gr@%fr;tht@,@mtp?é?/mﬁétﬁrwlsofathéa@t%éﬁlﬁ axsRpRderth ¢dlt folp processes in

which isolation of mesendoderm cells is emploved, a substaniially pure mesendoderm cell

population can be recovered.

j0451] Some embodiments described herein relate to compositions, such as cell
populations and cell cultures, that comprise both pluripotent cells. such as stem cells, and
mesendoderm cells. For example, using the methods described herein, compositions comprising
mixtures of hESCs and mesendoderm cells can be produced. In some embodiments,
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about every 1000 pluripotent cells, at least about | mesendodenn cell for
about every 500 pluripotent cells, at least about 1 mesendoderm cell for
about every 100 pluripotent cells, at least about 1 mesendoderm cell for
about every 10 pluripotent cells, at least about!%1 ndoderm 1 cent cell
comSEP B B S BBk NS SHPTSHEPABBLET B CapRarPorent ell
are goeutevely 2ipitdpotentesallsoaplaisinaloutrpisingse ot ebruic@iisnfisendoderm
ceus bout e LRuripptentsell.al lGashaheul > MEReRARIQIRARISIRN comprising

about every | pluripotent cell, at least about 10 mesendodenn cells for
otheiperficevefymepitisisiEntelt, B REEPABBUC S nigsSRAABIATLeNs B xamPle.
co@ﬂ@lﬂhﬁy%ﬁl}hﬁﬂu{gwwﬁﬁt Al amheaﬁﬂatwmt&m mesmdedmrm el |g0fopluripotent

cella Lfta%y gbgu prlllxjer‘*lgn#eg ! Ce” u &%&J ! 0(58 9%?5@11§% %e!ig{ about 1
abou every F [Uripo ent ceﬁ ?east abou oderm cells for

meaiyémeem@tvllfpmhp@temméﬁ %%hwa@am% @Dmﬁ@@@wdba@?ﬁ%@m&?” for
abRPYLS Vel M@B@tﬁ%ﬂ@“@ﬂé@ﬁ%@b@@t QAN Mesendpdensueetsry 500

for about every | pIurlpo ent cell and at Ie bout 1,0
pluﬁf’é’é%%ﬁﬂ&e?ﬁy LERROY ADSUERY i &yl ﬁl‘urlpo %0“ Se r(Pe&(}: i
absomeembetimernts fthebplukpoteit eblﬂwﬁﬁetrmhsaﬁ mlpbﬂ@tnit m@@iﬁs‘m cell
forlgb&%ré@épv ?@9896(&%%’@115@?1%&%@@!'? AkeAgsived é@%@am%@r\thﬁ)lunp&em

inner cell'mass of an embryo or the gonadal ridges of an embryo
colpertulfPStABPEABBEERE e P otSH GRS a1 G Foln s oot 3
megaiaagahocge o tissuesvefa inmplitipetiukacestrucione thethad niewl@p@d_n cells for
dbgﬁ%%%he e Cy%&% 09 L%%?mem@%m%@ﬁ% %@%@dpﬁgn%rﬁmuripotellt

relate O tures or ce populatlons compr|S|§g from at least out
celbog Anessehedetmesendodsat reAStTab BRRIO9YE I SRS LIS lepst about 100
meomsiemhedimaenissthe el cyliuvipsar eell @p;aadaaw pEMptisendoderm cells for
abggap%grggﬁgoggigf if%l%eq% errqgase m Od"W &Sﬁ these% 0 el!'lllfftlurg SOF Ceal

uman ce |S OI’ examp e, certain SpeCIf Cc
phemhexdimémslpakavéawgid@w,@gﬁmeegmﬁmmm@sﬁgrn@hwteﬂ@yv&hévéw%ﬁﬁei and

at Aaleast abans 536 iR-atleastakut 89%ofthe-RUManGRISAE6N are contemplated.

mesendoderm cells. Other embodlments relate tg cell cultuEes co prls1 Dertain
In oA RENLI RS relhf o RS ot S ob ol Y30 RBERPTOY6 IR (st ©
enfiooitichbYshatieast baut @0Y6d dtdeastabdut @5%1,1fatd@astaamﬁms®%rm or the

gona%sF f %g%f?’g%%m%yhe agt AR A0Y0. Al JeARk- A0 At AR o RhdCaR! ADALEved from
50%, al‘g st about’55%, at least about 60%, at least about 65%, at Ieas%

theyBPRALP0%% S8PTeHEED6LIP 7505l WAASTMBNR BB0M At RALPRE ot BBe ey oric
stigast about 90%, at least about 95%, at least about 98%, at least about
99%, pr-greatet inan 2934, SlNe NumaR Cels Ak MESendolRIn el buiaions

emb nts w ere e ce tures or ce -57 popu ations comp rise’
compman: feeeiat deits abl@été%wﬁiﬁé%éﬂf&@é‘ésa‘?eabml%ﬂ Witk Msfé‘é‘f%’é‘f’ cell
intQothe huinandegdek calls inithecell eultygsipriesl wwiaélemnwéa] cells. In

Further embodiments d scrlbed here n reI  t0 compo: 05| %Q}slscgﬁ S . example
Prelsireg AR BT ERIlSSSUISHERE Ib(r;ﬁplps}) O SATERlTS T Auman pie:
cmmdmmwh&mheimrwtmi exbwgmnmfsmkma@hww V#@Fm from at least

ab%[}{jé@/r NAL Markersds, greater ihan dhe Q?@ﬁ%%%@d@ﬁﬁh&l@Qi_tﬂer%@&dlments
CR4, FOXA2, SOX7 and/or SOX] markers in at Ieasfg aboqt 5%

il BLATAA 8RS PG ERE ?ﬁlé%ﬂ%h?ﬁél eXpragsiBbf enfbrtie out 10%.a
leBrashuyuyyF S Fdsancior DA lenarkent 25%, at least about 30%, at least about 35%, at

least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at

ote 1t cells, at least
tecs. In

out every |

least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about §5%, at
least about 90%, at least about 95%, at least about 98%¢, at least about 99%, or greater than 99%

of the human cells are mesendoderm celis. In embodiments where the cell cultures or ceil
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is greater than the expression of the OCT4, SOXI7, CXCR4, FOXAZ2,
SOX7 and/or SOX] marker in at least about 10% of the human cells, in at
least about 15% of the human cells, in at least about 20% of the human
cells, in at least about 25% of the human cells, in at least about 30% of

PORRISHAN M BENS TSR fosisr S50 SO0t RSE AlRRET AR RICHAS | abp Ui tRect ©
thed0aafitbehisman teelis) unia&&easbabmm%%mf the human cells, in at
'eaS‘l@zPe t50% fﬁha an gell eseﬁb%a'% 3%, 30U P2 gmomynaa& as cell
5% 0 h

cells, In a Ieasta out uman cells, in at least a out 65% of
cultn@mm%ihp@énélpwatq@a@ﬂﬁ%hwav/eeélﬁm%ch@M&méfénsﬁsm%td@w%owm

the/@Weafithehvmanisels rin@t laast about 8004e! thehumaarcalisxiieation of the

least, about 85% of h eII in ast about9 % of th
Occiﬁtsgé?lﬁ‘iflgggfg%é@t%?é% a‘hu%%?é%?e sar%(r?rafﬂ eaés & %38%1 g% ﬁge ruman
celthe Inuthancebiidjme ms. | dastabosit 9996 igftHbaunthrice IOEH ipndieaidi 1 marker

is haRSWaolithenan cels. Inembadimentsyhereths el SUlUressr sox1
cell populations comprise human feeder celis, the above percer}m%es a

gt o AT FA2h et TR i P T 8 SNBSS n ot

leagelbpomiiationk: Lodo4dkisdditioratembotiifiertddescribed hereinastateut 30%
of E%ecloum%% %Itignﬁf ;ﬁ%%’g%gﬁ' |3 5‘5}‘”8%%% }%n?a%"cBﬁp l‘”‘f’iy{qgg‘st %GB&PE@P @1 the human

human hESCs and human mesendoderm cells, wherein substantial
celipragllertbrPerthe expssaisios Brachiury S FeT e tsNsmeh iR at least
abOACIH'S, ibY tﬁehhalﬁiﬁh;e;@elhwlwe roaetopopitationnny abioutl 8 hasrsbdy 65% of
B S o W L M N RIREL TOH T B0 22 DM human

y abou fours. b ou ours y about 25 hours, by about
celipimsy byabowt 37°h eﬂﬂ@, bymb@eklszgxw@wé} pypaboGt zé%bﬁ@aw%dﬂtat east
abat d?)@%?tpé/kﬁ%wc@ﬂsh&%sbew ARUH32 borishiyakeut, 3§ zh%!{ﬁ,alwuz 98% of

about 34 hours, by about 3;% oﬂy% b about §6 hours, b {1)&] n
g el Hob By B30 Pl By A6 S BT byaabou e uman
cehouis, doybabioutd vhaursichye hbolttrd3 dealispiyy abowt nhossr $ubyabeder celis,
the gbcﬁfg e%c&r\(a éégctﬁ%fﬁ wﬁ%@l@?y&p&% Q%E%upr}/a@l?&ldt‘: 4&@&&@195@%’ cultures

greater than about 48 hours after contacting hESCs in the culture with an
Uiéﬁ%i@ﬁﬁlé%@‘&rfferentlatlon factor, such as activin A. in such embodiments,
substansial upre@diatlﬁm ahﬂa;e@xmmmm@f brachyduy, (b Ghbasiddos. such as cell

urs in at Ieast th
%ﬁ:(‘)ea tO.JI. 635 8}@}6 TOHS, comgelﬁmﬂ L%le%ég s ai?dnltﬂrﬂﬂp g!la%d@&éﬁﬁ%te Hs, wherein

uman s,’in at least about 15% of the human cells,

suWa@u@hgpsag@awo% F R THRArP6 SRS aY [ESEE é}%@ﬁ 5504 bftRA occurs in
ceUmRMCels .« atleastrlRpL 3666 6f mﬁlmma;a&ellsy iﬁbaﬁdaaﬁﬁ@b@tﬁ/ about 20

35% of the eIIs in af least t4 fthe lls ; A
qlérés 6%?“2?52%?5‘[% %Dr%tgzn ?(l:e & w‘i%ﬁ eas Boiit Ou %ﬁ \%MS B abou 25
haedlshi m}axulefashm@w%@@ifo?”kh@thumﬁﬂbc@1|§8|hoatSLéa*s@b058«%myf56©§Voab0ut 30

hﬁghgg’ré%m@@ lcﬁ(lllﬁ's '%@Eé%@tsﬁ'al?&% Q%O/ngfn”}@ H«Sﬁﬁaw&ltﬁn Im@l’{)llﬂ@s%y about 35

abouf 70% of the hurman cells, in at least about 75% of the human cells

PP 8T PHEOA B R LRI T 858 B 8696 o the ™ 2bout 40
hdwrnanpells4 inhatledst About D0serofthebhunidmeelshimbtdedsthaboity about 45

?u?g/%g’ Bm%tqgrpgtﬂfs %ysefbghtaﬂ%%ﬁgsagg) %cﬁﬁ%ﬁ %E)H]seotp 'ijlg‘(%@a &l Itﬁmilna%ui 48 hours

east about 99% of thie human cells or in greater than 99% of the human
afiss| RONFACH RSB e N & U HECHE b & 2BRIRGTEE o EBATBRHAITAS BBtV A
mhuarfesder-aelsuherbovergieeningesrregatestated brachyury, FGF4 and/or

SNAIT mRNA occurs in at least about 5% of the human cells, at least about 10% of the human
cells, in at least about 15% of the human cells, in at least about 20% of the human cells, in at least
about 25% of the human cells, in at least about 30% of the human cells, in at least about 35% of
the human cells, in at least about 40% of the human cells, in at least about 45% of the human
cells, in at least about 50% of the human cells, in at least about 55% of the human cells, in at least
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without respect to the human feeder cells in the cell cultures or cell

populations. 104551 Using the methods described herein, compositions

comprising mesendoderm cells substantially free of other cell types can

be produced. In some embodiments described herein, the mesendoderm
ab(&én?%"épmaﬁd}v%? edIp e hrBRII IRy thehath sl salistrifg about 70% of
theh@nrain argSubstantialiydaeesof eeliscthamsigndicatitly: exgprassuth&80@GT the human
cei?sqg( zlz i %s%(%@u ’ 5/9 4’%126’ h%ggg}?cal?sq/igraﬁgﬁ] %]0%'% /ﬁefnt%g %91%1‘? @llm in at least

one emho |men§, a éfescrlptlon SF a mesendoderm cell based on the
abeBasibhohrmankeniganeas lrasbrbeti At gehame sigh; BRAfshrRjRut 99% of
theSttartdd oW, GXE BéatloWh i OXAIoWe SEneh lewisanth SRXddRWnts where the cell

Productioq of Definitive Endoderm Cell 104\'-',17] rocesses for leulated
“ulitferahtiatiRg BIAMEBEAT Rt RSO ATEE" E Uit fES ant SriteHe 4 Eelif

tires antdf "ehriche
withopulespertscobmiprisindedbfinitiird ehd odérnitiscd esceibpebbiigfiysbelow and

in defgikdn US PatentNQeld0ad:64R4 eptited RIERINTIVE ENORDERMioderm
filed December 23, 2004, the disclosure of which is incorporated herein.
celiy YERSBIREY iff s Erftibety>cth SBMEHE feRE BlsCesbs R BRIHBIAN, described
hefee{l_s@{smmmmngem@t@mmtﬁm stemkbghﬂsuﬂﬂ wtmmpm;ésse&;hods described
nefRIAVecRdeR Rl culiier paf apKshrd celroplations, QPSRN cra.
definitive endoderm cells are produced from embryonic stem cells. A

FOhréferred imsthipidSfor Hanistedetmitive endoderm cells utilizes human
embigarig steny cells asdhastartingdaatprtiah for defiriiivecdagodeMbased on the

xprodustion,  Such pluripolent, cells can be celishat originate ftom {h.., ek
orula, embryontc Innér cell mass dr those obtained from~embryonic
logorfadalridgesOMuimesnbiybhie' stem cells can be maintained in
culture in a pluripotent state without substantial differentiation using
P methods fta are known in th(? art. Such methods are described, for
: I A BLNS F ~5:453,357, 5,670,372, 5,690,926 5,843,780,
620(‘0%9?1] an.d 16 gc%%é?s,?%} hcgfgelsttclto%y (€3 Egitiwor%é%p S I[})C%B&[Qvetec%lp%ﬁﬂu.}es and
by reference in their entireties. i&_f_%S’ﬁrFso e processes erFProdumng . _
engleliipsitipl IIGHeRNCeBIS SHE SETY iine srefRaih bolessritdde 1alrdpwand in detail
in SUChARIRCSSSESI AW feestardaysrwiichvallows hiBEiSGs, teikeDsaiiained 004, the
thfilpoblasts! Mbseusetantiahiomantfitizbblastefeadiy. lalyepstiraverioeesics. definitive

endB¥EIARed fQise Ndhe Lultvalion QiESG (5681l Ratent-ARRIGRIAN s are
-59 No, 2002/0072117, the disclosure of which ? incor _oraf%(%gliagerein Y

PURgHSFEHEE FRETEMIFSYT Kltera AU s custhes f5F §?8 Bifg AlRsifurerm celis
uténdobanam pefmhﬁh&maiméﬁnqmdg qfapiugipmerial iz S&iwitho ot dhd: us @rofluction.
S%g?efg?[goll%}{? EEIM %m%scgﬁ Mmgh @l Qfﬁ‘zgepill%ﬁp ate mol;lxﬁ§ QEMQS\‘EE fxﬁﬁgeJéH mass or

conditions have been described in US Patent Application No. o
thogoRoTP3dE! HDWREOSUEIGF#EN IO POFEEM HEpiifhycan be maintained
infafRignee Flithasiiratye [4bALsThehunarrembnyoniosiemedels tiaegte known in
wlSiein can be maintained in,cylture SIhef, with 0 WINIQUSETUM:1% $P8G 70572,

embryonic stein cell maintenance proceél)ur’es, serum
5,690,926 5,843,780, 6,200,806 and 6,251,671 the disclosures of which are incorporated herein

by reference in their entireties.

[6458] In some processes for producing definitive endoderm cells, hESCs are
maintained on a feeder laver. In such 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 laver of mouse fibroblasts. More recently, human fibroblast

feeder layers have been developed for use in the cultivation of hESCs (see US Patent Application
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replacement is used. In others, serum free culture techniques, such as

those described in US Patent Application No. 2003/0190748, the

disclosure of which is incorporated herein by reference in its entirety, are

used. 104601 Stem cells are maintained in culture in a pluripotent state by
Norcifidetradd dgbe st pergeads B Hat thapBal dirhsrein it defSrer e dfiditigatirey ).
AlendadenncRssome pracangaridifierentiation idefititive.endadermrisluripotent

hieyed by providing to the st ell culture a growth factor of the

B e

fregsfindivensdndodermdSrawthifdetoPstefitherfGr(® Slipeitily Whtehardisclosure

ofﬁﬁ?gy}g&\%cg}ﬁo%@bgH@:@%ﬂbﬁifre@&gﬁﬂgY@ifﬁ%ﬂﬁﬁm are selected from the )
odal/Activin subgroups. In some preferr Ifferentiation processes, the
growdifaktor is BeaEEg %Wﬁ’i’écggi%ﬂp%%ﬁwg?gﬂﬁ TSFNBAE RURGeA m culture
citmmdwiibtivinvBthtmtcemtain diffexentigticmypnicesse sciomiiratiors wbadyrof, serum
refNE-ARAVE: MENtQNGH growdh freters 6aRbe MaRE {0481 L WHRLESREGEL® in US

some of the processes for the differentiation of pluripotent stem cells to
Pagatinrris ditadtRrRicdlid fé- dbolissinantishall grawhiaRetais freein by reference
in pEevided tardheeaells so that the growth factors are present in the cultures

at copgepirations suffigant Io.piemats, dlfterentiaion,ofalk §as'a RRlpassace

of the stem cells to definitive endoderm cells. In some  processes, the

unghdvé-rirsirerioy grawlly fadtoarebrasedtiitithe ceiesiiire Bt gome processes,

dicansentsationahatieasbabalknginl 8 Inastahott 10 Aginkiptleasta growth
about 25 ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least . . .
fodBoti 160 HE ORI A BUeTO AL B ca HBBE OO it ceimiive
entR@strabaGito4d0 Agion, &t iea SO uirRaBNNg/ Mihat leastafdufol QRO mgdwltion of
t least about 2000 ng/ml, at.least abqut.3000. na/ml..at least ahouy 4000 rorred
ST AN b e B e S
diffyreetitaien prersesses tor thendifféreritiatiopiastdluipotest stei cengsng of Nodal,

Adrfiniive crdedem celssiheibavaimentpnacarQUMbIAGIONS @My of the above-
removed from the cell culture, subsequent to their addition. For example,

RGO FACRSIEE S 88 Ysifioved within about one day, about two days,
aboufitrtle daysjtabewefotr days cbburfivesdaybr abodifEiseuayonatioutripotent
ste?g\é@ﬂsqg‘@ﬁﬁ@l@@%ﬁéﬂﬁ&ﬁﬁ&é15?%9%9&0@-19%%@@9%5%@ %@%ﬁfvided to the

their addition. In a preferred processes, the growth factors are removed
celpaRutUP YIS S HrBr R AR HERISh 1R Aty FORE3T ToMFRE Bt finitignt to promote
diffadoderm ceélls castbegrawn if Mediem ebistaindenteducetdenuneidr. ndn some

pr§&@%g@; t%é*%JVs%E%knogéﬁ_tggr&vﬁ?@a%kmﬁe LM GOMCRDIatiaNe GANEAPY ration of

rom about 0.05% v/v to about 20% v/v. For example, in some
at e e o PrloslsaEsivaie | Sewin-cofeshiRatibr ot ddethabedh hge . at
Jelgssuthanahowt 3:05%% (wHa), lessdhanabauit Al (VY Hess hanakaBne ng/mi,
.2% (v/v), less than about 0.3% (v/v), less than about 0.4% (v/v), les
S A8 D VA ) o har ALAITD Bk o e e Bl 557 g 2000

ngfei)aldersthbrrabin Q8% apvisastleayitHAA g ol (RO YR VAR Head thagimi or more
thAPMH A Yo dyhdnless than about 2% (v/v), less than about 3% (v/v), less
than about 4% gv/v), less than aboyt 5% (V/-}(é less than ?%?ut 6% gv/v ,

less n certamn processes for the differentiation o uripotent stém cells to
definitive endoderm cells, the above-mentioned growth factors are removed from the cell cuiture
subsequent to their addition. For example, the growth factors can be removed within about one
day, about two days, about three days, about four days, about five days, about six days, about
seven days, about eight days, about nine days or about ten days after their addition. In a preferred

processes, the growth factors are removed about four days after their addition.



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 processes, definitive endoderm cells are grown
without serum or without serum replacement. In some embodiments,
definftife] endbchcell i fofIwRTstlint e fiacsmant Mediifbfgfinine
redDé@@@&Sﬁs oflefinitive: endladenniselisiare goadindnsiRerpresencenafiBR alnrange

frombou tgb%%%%/s v t% ago&%yra Ionl\ﬁ) (II Be%:ZmS pllr? ryo#p& d?ﬂ‘g}éﬁpd%%r; rggkesses the

v/V'to about /Bv/v onitoring the Different at on of
smmrun@m@maw|§ﬁ@1®éﬁdiﬂ%@hé@dwl@én§%4)slﬁf/¢ﬁ\é‘ﬁré%ﬁe%@fbﬁbﬁf*t 0.1%
(vARaER chltre 1o, @@W%‘é@tﬁﬂﬂzﬂﬁﬁfm Danbe, menitaredobydeterminings than

the expression of markers er| tic fdef nitive endo some .
PR BLEEEY thE S TR SR %fﬁ aﬁ’ rﬁ%srkearns a|lsc'(§llet8eﬁn|$Z|el?nl g]%‘?% g 8%
(vithelpresencbat 85%ence)ofeththan atket. lﬁ(btévﬁ\dtlwwﬂmeaé&piré%“shfwaiess than
ab&ﬁr§%qmr@£§}ﬁﬁ%ﬁﬁwwmﬁ? hyeasing dhevleyelatishthe, (v/v) ess

0

marker is present in the cells of the cell culture or cell population. In such
B2 The MSAMER BB B harkeh GDARUIGH A bareu AN GE s (9

lesg] utazlﬂtﬁ“aiuel s@ne/methiod iquiantititingwhe axpressioncofsmsadebnstiragndoderm
ce rogxlilf%ev(«/ji PXut %(l}%r(g%ﬁ%{l‘? ggr QHQQJ g‘c%llr‘]&%% OEHQOEQ E?néBH}‘ﬁEms definitive

6as Wh| are known in the art can also be used to quantitate marker
en@@qén SR EESIBIAVE S BxariplEcrivecBRBre dRisH S hisPReP e R BT doderm

celanrdersletastad Bﬁéééﬁﬁ&gafmq(ﬂieﬁcﬁgﬁ@dﬁfsé@ rithe fRasketigere Produpplement
of inter Iest %E ceBt?.g/Q\ rocesse (}‘pe }axpressmn of marker genes

can gan V1o a G
Characts ernstic 0 definitive endoderm as WeII as the lack of significant

rellable marker of deflnltlve endod m is he So{%ﬁr&u ene As such,

the
%ielam can be momtored

definlfiés* bndoggﬁﬁrgﬁrﬁsiﬁ%%&‘ga %Ftﬁ ok hérein
byexpressithe 83@)6:155markeﬁgeaﬂethmidggcipr@ducuﬁgdﬂfm@‘@xwﬂcgiem In some

p! ché%gééctheg%ﬁersm?t%ﬁ@nguqﬁ;mg}y% qedadarn WﬁeM&%t} aAMBce or absence of
F17, VWF, CALCR, FOXQ1, CMKOR CRIP1.

thesfpkede iR Bl dBF ARSI B S e SR T 7 s?reéw@ksﬂé%f*&amn“ the
leteved {Mgaeﬁmmﬂ&atl@btmrsawemaikef gene;whichdsschaltaeteristionof In such

rimitiv and V|sceral e erm in some proc SSEs \t/h%e Rression Qg thod
BRSO LSRG COs e eomreal e S S S ABTRIER Yo metv
ofm@m@ma@S@X@sm@mﬂé@ﬁ%ﬂaﬁ@ﬁw@w byrarKest geire lhieHel the use of

osharacteristic Al HESGsh ismoniaradiAdditienally, hecause gefititiventhiler gene
endoderm cells eé) |§S the SOX17 arker gene at aéegeégl%heg [rﬁgtgd by using
XS the XFBEPRRE STPTRHTSMB oﬁlgﬁuﬁ EFRT) Pharker genes
angikpdessionitt thede geres san plstibemyniteret f@ﬁ@@]mnmﬂh%*ﬁ@?mm of
m@kdefinitve.sadedarm isthei¥ GRAERNS: Toe £XERA 0808:8Mead8SHRssion of

cell surface chemokine receptor whose li lgl;and is the chemoattractant
maglssp PN BB ERS YolES Gr ML WRCR A YBR SEFBBEHy cells in the
adult @asdielievad tosbebthefintigrationhe dhxhapiatdpbeticacelistie tivezoné definitive

en'@og fOW;s'M{Q@w%&ﬁgff'm&@m%ﬁkﬁt@@@é@&éﬂﬂ 9&@9{&9&@@% processes

macrophage bl cell ineages [K and Broxmeye

dqseiResc e BRAES, @el%o(ziébgﬂfklshé@%éﬁ‘f%@éﬁ’é‘?@sﬁﬁ&ﬁ@ﬁ%%ﬁ% groduct.
oarrespplor for thenemiry efddivm are MIXL1, GATA4, HNF3b, GSC, FGF17. VWF,

CALCR, FOXQ1, CMKOR! and CRIP!. Since definitive endoderm celis express the SOX17
marker gene at a level higher than that of the SOX7 marker gene, which is characteristic of
primitive and visceral endoderm, in some processes, the expression of both SOX17 and SOX7 18
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 definitive
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I into T-cells [Feng, Y., et al. Science, 272, 872-877 (1996)]. In an
extensive series of studies carried out by [McGrath, K.E. et al. Dev.
Biology 213, 442-456 (1999)], the expression of the chemokine receptor
CXCR4 and its unique ligand, SDF-1 [Kim, C., and Broxmyer, H., J.
e“dl(zé‘imb%‘i}%éGB%T’.SSS%]F&Q%%(?L%@W G el BRI PRI a Af the AFP. SPARC or
Thidewelepment BV adul ifedn theopessen JhteeeR4(SDAD interadtioadin
deVibngient %Coqure 1%’1&@%?%%@8@\!@ "‘ﬁ%%d%%”’ﬁ?'%ﬁér eﬁﬁ%ﬁe‘?'ﬂi‘ﬁé CXCRA4
gene was disrup ed m?ransgenlc mice [Nagasawa et al. Nature, 382,
2er835c638 (18Y6YTMe cometiag rasaRimityhore ligeBlardq tbooypirseanitiahir. The
prul)@I@afméQg){grﬂfé d%f@@ﬂ)‘e%&ﬁ@rﬁéﬁﬁg abidem@asiiateddhaloXGREcIsEhigration
most abundant chemokine receptor messenger RNA. detected duri _r
of 8%@1}%&%|a%ﬁﬁgf%&%‘5@826(@??%“&5%“5?&% Rt ot T M et of
varprotéctio aridniacsifhipgobidizatidhlimegrodslogiés. mdhiyrgastratating. Leukocyte
Bift'Y 9!8&5??_@%3&6/ S%'é—?(éfﬁj@ %L@&@Pﬁmc‘éﬂ&?ﬁ @waeé@ﬂ@lvﬁq 2 entry of HIV-
‘|nducF|ﬁr:?ém‘|gra lon qu‘ﬁnmltlve-strqeakgqermla er cells andis expressed ?n )
I igfetinide istedend, thesasim and ﬁ?&éﬁ%@%nicI%%S’&%?Fh"ﬁ?@’ﬁfésn? ayudies
cariiis dibnig: [MEFah/ B.Meuskt By XCR44KARG alplkasietopretemssia of the

cnptually exclusive tadicaling 3 lack of gxpression {ﬁimS@er%Qn@mﬁm H, .
NicGrath, K.E. et al. Dev. Biology 213; 442- 456? 999)]. [0467] Since
Legfempiitviidiodernd b%%%]pmg@wwaiﬁr@e@aﬁaf RYPRIPRTBERN KAkt life in the

mdxpresshecGXER4markeegens, axpmrssiomRhCréR4ccapfagimonitaret was

in order to track the rodupti n of definitive gndoderm ells, Additi Il
ST LRGN EoTS SFod Ry T SREROle G SEFE hori . 352
63e4pheeViiieMnarkers of definitie dAdAtAT!inENIaM: bkt iimitsdemdryonic

m%%ggw%?é%ﬁ%éOﬂh%éft@m@f Rl fne/ Mﬂgb (oihdai?, OE@%:&Q%@ receptor

an . Since definitive endoderm express the CXCR4..

AR R ASE AT HIGHEY R GIAE ST PR SO hAMSD SERGIHE of Rxase

pr@mr@ssimlnisofsmmkyﬁmeﬁimamdtﬁ@c)(@gcan bethearitonédinmentingr, CXCR4/SDF-1

SiREESRES EXPRESRIAN bR hoth i%c%%‘}amﬂ{@?zgﬁﬁ%@l&%m SEAGHA: cells
marker gene, is monitored. Additionally, because definitive endoderm

ang | @5 rEs BT CERAEFRRIMGENE 1 40 STEP RIS T ARr AT Briaent at this
tinfFP SRARC. Drnlduemhamosulink (M) markiphgénesothie expressioly ofsciusive

. these genes can also be monito.[ed 46 'IQ iated th
9E s jlpeaprresiaied fatey 213, 442-
1]“ée%%i%flrie"“‘s} ggellgﬁio EXERA In en %eéaér%la ceévs%}(\j%gsgﬁdt pré%g%?d?the e ’

456xpPE88ion of SOX17. As such, definitive endoderm cells produced by the
processes -62 glgschbadiheraitondihsuhisiandtally Expessr-&OAhd potpotent celis
CXCR4 byt will not substantially expre P, TM, SPARC qr.PDX1..

CAEOTOAC IO AHoF BRSBTS ERiudsA GBI © ek e

pridi&8nDEfinitiveverdduizrm cills prlilimadbyidimtof trdalsovesdesevibyee by the

mAfRaessesirea N Larchedusolatad ana/erRmrlieddayHaing Bl AR ot limited
taé%?that IS specific for such cells. Examgg',)les of affinity tags specific for

(o8Nl o eivh IS Y6 A6 NiganAY or M b heHY AgSHEgR ! and

Crhet aterspeeiiidticcamadiker rebleopiessue A& R polypeptice;, thatdse! higher than

th gtrers gl%t %‘ﬁgﬂ ?na?ﬁ& %'éﬁfeacf% %&gﬁg glllvgsf %Bglog QUR £ §”§ @éwla!ﬁtbles]ﬁ]&hmed In

substan present’on other cell type ,
other processes, expression of the both the CXCR4 marker gene and the OCT4 marker gene, 1s

monitored. Additionally, because definitive endoderm cells express the CXCR4 marker gene at a
fevel higher than that of the AFP, SPARC or Thrombomodulin (T™M) marker genes, the
expression of these genes can also be monitored.

[0468] It will be appreciated that expression of CXCR4 in endodermal celis does not

preclude the expression of SOX17. As such, definitive endoderm cells produced by the processes
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that would be found in a cell culture produced by the methods described

herein. In some processes, an antibody which binds to CXCR4 is used as

an affinity tag for the enrichment, isolation or purification of definitive

endoderm cells. In other processes, the chemokine SDF-I| or other
desgribrschesinpaslot bipRB Y carr I SO B (el 2SRy ilheoshsantially express
AFmaiegyesiacdudextut not limited to, SDF-1 fragments, SDF-1 fusions or

SDF-I mimetics. [0470] Methods for making antibodies and using them for

cell |solat|on are known in the art and such methods can be implemented

yhuset \Aohe A s 3 fitiydlendsie cells described

hereln In one process, an antlbod WhICh blnds to CXCR4 is attached to

a miyhtic beﬁd?aﬁaetﬁaﬁogww@%@B?Haef’ohﬁeﬂﬁw.ﬁééﬂaﬁ%ﬁe%@esﬂé W@S%S
caraeathatiitura svatel fasoheeiliehzymaticala fedate digohaducesitiferdellslelr cell
Examglessu<98 t@ E?wag\%:ggegtf]eht%xcg %ﬁl EQ%QXé‘&%%Q cgﬁmée%%%&{ %sth‘r:zﬂnds or other

6sed {0 a movable magnetic fie d which is used to separate
bingingdsaiiribtdetinmavd eltdorarir saiscrsniushiso ama ketiiidoribe tharesent on the

cemgffmwereed@deémnaeﬂmr@enhyﬁﬂmnyh ssamraneﬁfﬁwnqumeu&mer cell types

thact:u\lft UI‘% %he antclib%d}@/& bind IS dIS [% the C e rrelg gt?erem In some
appropnate ISsue cul%ure ruedeu]? |ona méthods for

pragbtgining erficdedyhisblateds de purfiRd detfﬁfﬂil\?é aen@fﬁdémﬁaeefhrcmmﬁelémmem

150%99B{Jﬁ%@%ﬂ%@é@%@vy%&d@ﬁ SXAMRIeHA SAMaLMPediments:dRer-1 or
CXCR4 antlbogdy is incubated with a definitive endoderm-containin

G HEUEY HAE BBID OAEBHS Pl MGG SHERSLTSHAge e, bt

linaghesi6PFTheagektsiar8ithenfwashedsDertrifugedand resuspended. The

cell éamnﬂow&ﬁ@&n&nwﬁ 1ed it . SeanAAN, ANHHOAY: iSHERAS 2 Rnown in
FIT njugated antibody that is ca})able of binding to the primary

et e Befls FebhE AnssHdd ettty By eﬁ&?é@agﬁ%ﬁd@aﬁiw endoderm
celutferribbe I%HlﬁUSEﬁﬂlﬁOpﬁtdSeﬂée&]mmd\a}ﬂth&ﬁwﬁthSlH@Réi is attached 1o a

ftescence agtvalee cel, sore (FAGR) LR POV £ollh Al wiich has

ecte separatey ga ive cells re y resu |ng int
bepsolatiorriatablicheaiel typedicH dsieeldiatadigahaial ediceom pHﬁtf@H%&?r«?dy/ bead

coR@ifuEthet ra%&fieg)@wﬁinglmﬁlt@mﬁt&ﬁéfmﬁ Ranradymethad Qpabyte bead bound
dditional rounds orting us ame or ifferent markers that a

SRS AER AT GPARIH S5 (D750 SN QRSP GHeChcelg e phsial

septefinitivenendederiin ioalidrare tha muh@dv F@ob@edwhdimt%wﬁréd wSingareplated in

aphegnd.onQther,melegule hat binds to CXCR4. In some processes, the
molecule is SDF-1 or a fra ent fusion or mimetic thereof. [0473].In

prefeflttt broces4EE B it %de ritio ARHA R&IIS S8 N e ioRtEled definitive
enandbior cpldiiecrfsampotieninoncadefinitive .eadotiermxaellk aftevthesieniiments. the

cﬁ@ﬁ&%ﬁ%& iy induced 1o diffeventiate tovards the. definitiye.eRAQ48Mas been

lineage. It e appremated that the above- described énrichment,

U‘%@‘ﬁdﬁdﬁ%ﬁd’ﬁﬁﬁﬁ@ﬁﬁéHiﬁr%}é’é‘dﬁ%@%‘ﬁwlﬁ)eﬂ’é?e‘t?]\l/%l%e%@hvﬁmﬁ‘f‘e%eé‘?‘fuged and
re@fyerdi@uerat dbflfi&ru&ﬁﬂﬁii&m1s]tQéWt4ﬂ:iﬂBa@éMP¢1€}ﬂat§b&hﬁd9f§D@ﬁdw®§ just as an FITC-

cod Sgtre eaql t%e mltha? endo mdma¥0 aijr}e bgnlasmat%% b ﬁfe cells are then
e ques for celfisolation fl\dd iona inftive endo

washed, cenmfuged and resuspended in buffer. The cell suspunsxon I then analyzed and sorted

using a fluorescence activated cell sorter (FACS). CXCR4-positive cells are collected separately
from CXCR4-negative cells, thereby resuiting in the isolation of such cell types. If desired, the
isolated cell compositions can be further purified by using an altemate affinity-based method or
bv additional rounds of sorting using the same or different markers that are specific for definitive

endoderm.



may also be enriched or isolated by methods of serial subculture in growth
conditions which promote the selective survival or selective expansion of
the definitive endoderm cells. [0475] Using the methods described herein,
enriched, isolated and/or purified populations of definitive endoderm cells
and BKEZkues laati betlisrarsstr indGitive A dFTROIEN: SRt Eehhdeolied and/or
pu@ﬁéﬂﬂ@m«g'@u@@ﬁd sHehastirnicel:cultidias orxomaulationss waiehsbave: molecule
er(g]ronfea ateIIe{aPt some n(flggfeetr]gq“laag{g)fn In some methods, the cells
undergo FARUSRT difterentiation. Ih a preferred method, however, the cells
are dfi€6ted toldipfereribreoprintarisiimty defiitioen enltiotermicBuieolated and/or

puﬁfé%tﬁtfeqd%ﬂ%ptﬂ;myfe%gf?ﬁett@tletm%&gtpeagme;@ﬁ meth@b@l§ selatestathgificed o
vitro production of definitive endoderm from human embryonic s
ORGP RO HHOBLHSo R TfEopiialincE RO GUHt B L3y bove-
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sia Qgpd ﬂ{eqeg&aggmpared to untreated cell populations or cell cultures.
ositions Comprising Definitive Endodenn Cells [04761 Cell

comp¥itions protfliteerdy the RBeRivsRoErINEt hedh SedikKfuERI (dgm cells may

als6UHLII@SaRADpIishag ﬁefmtﬁhve em@memmd celdqpapulatiorsiarivicbethivrm cell

definitive endoderm, eII ultures which_com defi t|v
. en(is(’)odgrs'm ceﬁscew estpefkneat east a%outfg )- SEQC%bCP f%éeegllgplr\tv%tec%]eél] ot which
proptgrécor e celiphsl sl are getitive Sntoddi veradedpeets.
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30%, about 35%, about 40%, about 45%, about 50%, about 55%, about

PrEE BBt D508 B ut 09 Attt 5k AiB Ut BT AU EEYS, Aeueniive
enS@omalautQodieradicut 9B%ena ol B8 Undogpedfenthamathodt @886 to the in vifro
pr&&ﬂgslts'3%%9%09@%95&%4'%rt%dﬁmgtveﬁmg%%tp et%ce%%gﬁgl% methods

hich isolation of definitive endoderm cells IS em ed, for exam
deprgifgr A aiffirit) ROBfEREthAE b?Hcteitértﬁéaleaéewtezép%ﬁl’&%aBgtiﬁﬁﬁgnyomeﬂt
byRiiexclelipiiive e aEadenmcaitpe pulation eanre/ecoMe dulitionB4r cell cultures.
embodiments where the cell cultures or cell populations comprise human
feeder cells, the above percentages are calculated without respect to the
NEN g cuts, &l limgkoess eeltell populations. Identification of
Factors Capable of Promotlng the leferentlatlon of Preprimitive Streak
andJBH Wlesentibinmaes o CENAR sCretiry Metioud todusihat include cell
cuhereindselaiaty mathodsdatoitentfyihg apipasiione diffdrehtiatiefnfactomdoderm.
rdhaLissapable l pomating s diferenialion oA RIERAMIUYR, SIS Kay abou: s0-

mesen enn cel S in some embodiments of these method S, a

99%e v dtion fééﬁ?é‘n%‘iﬁ?grﬁ)@ﬁﬁ?rﬂﬁ\té’@t?éﬁl@’éﬁt?/é‘?%ﬁ@nﬁ@ﬂé‘?w ‘célis, can be

proiglRas Beman taﬁe&ﬁmtttve sireakiigpdiRhmaseadadenn S@ﬁﬁjﬂﬁed by modifying

obtained. Thec opu |s then provid dW|t aca
T S R R AR e & s, srovn e

coapproRinnately titfetxgange)ﬁmgtag steps, the differentiation procedures described herein can
result in about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about

40%, about 45%, about 50%, about 553%, about 8(%, ahout 65%, about 70%, about 75%, about
80%, about 85%, about 90%, about 95%, about 98%, about 99% or greater than about 99%
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 substantially pure definitive endoderm cell population can be recovered. In
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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 time point and subsequent to the step of
emBegiRgity theTe Abfrahte biresr ehfieiiBAPHEER S tHETE8 NBupL RadH, cells, the above
peR¥RERESIAN afithRis@mMBnmAarkepds agaie Helarmised. JAhathertbal cultures or cell
candidate differentiation factor is capable of promoting the differentiation
PORFEHE definitive endoderm cells is determined by comparing expression of
. the marker at the first time point with the expression of the marker at the N
& h % ] 2835 AT RS AYIARTER [ RIAOR FEAA Kb Y MRS and,/or

Mesradoder or decreased as compared to expression of the marker at the
first i oint, then the candidate differentiation factor is capable of . . .
orontBhFA the TOIEATATON S BGHAE SRBOMCRI G (oAALE Godsenining

at Basbotimeiasioitve SuteeHirgnrephbldsUesoilied Herdiffantilizsioel! preprimitive

strRRPMBHR N2 A6 HFHILUES WRICH:COMAIRGRUMAN RESPTIILYE STeaK population
and/or mesendaoderm cells. For example, the cell population can be a

COGRHREIR) B et BB ISR PSP HSIGHEA e inittile s tHUBR aRigpsm tive streak
andhesepdodermcells. Altebnatiadely] thedelqpoptilati onticanibey aldewiithedhndidate

dif?é?@tmgttiiapfagtfop uma‘irhpgtetﬂﬂwy%ﬁ? %Iﬁ%‘ﬂs%ﬁfp{o@zeﬁ%’ﬂg%%ﬁ%%q@ same time as

wherein at least about 90%, at least about 91%, at least about 92%, at
Progiitantt 9BYEIAE ICHSCHRBEM D406 1o SEPEBURN 9500t afikEt Abdiptermined.
AlRePaatleashabaut DFYhatiaast abhoub98ikteahinastaaboHrSA¥mer the candidate
difgerr%?'%lealgiggafgc%r.le%%ta astggo%tdg%%/g of itn ev\%c a0 (s:etys% Igetnr?ﬁocﬁllgqg tutlaan;ueogoint and

are human prepritnitive strea anaror mesendoderm cells, i other
subsiibeHinfe s dasefiey Hareiie thandishtp sifitaivintsompricet Hbenegh population,
expRlswherginahleastiabaulha-atdgast ahouhlsih ahlaast AeUEAYon factor

. at least about 25%, at least about 30%, at least about 35%, af least about ‘
s S S AR A T A O it S AT e freipid by

compou SOY e stdeastimbouk§596hatisasnalpout 70%ihatieastabauthtsde et at the
seé@ﬁ\ﬂiﬁ!%%‘hﬁo?/? Aleash abaw 2t o areater ihamahleast aRouk8bYe & reased

the human cells are human preprimitive streak and/or mesendoderm .
35 CEMPAR'SEME BRI dihintaatie Ediipbptistion Mclite OherndidwafiEaratiaton
faguch @@zﬂﬂ)@eﬁpmantiﬁ@ﬁeﬁ‘ﬁahnﬂiﬁtmhﬁhﬁmbﬁ@ﬁmeht&;ﬁh&ﬂell -65
pop“tﬁi includes QE@M%&Q%‘}EQ%&Q@% h:ﬁé?}%%&d'@&@%%ﬁﬁé?a"%‘g(}}éte_;_ize cell

about 10%, at least about 15%, at l[east about 20%, at least about
PoRY REEeE Ab ekt S0Uscat leestAPYTRC AT RPABHIEND i cal0Yd At Teessndmsistn cells.
Fofto%amalleastabpeaie alleastabauibi%nm aifleashalaided%udleastimitive
suZHCHly 8. BLSASt ABALL (036, B least abott Tont Al Ieas! 200t B0 Brputa
STat1éasabou g/%f] AtTeaist about %, atjedsta o?ftgj‘gooec‘r)ipg?e}ﬁ r Popwiaton
of theinasit heastzibbu 59840 Bkithe hesrandelssDtherhbmm sditcafe edeytcdlls, at least

abBEENUMANRICINIGYE Sireak apdiesMeserAQdssm SeIS RGN 95%, at least
embaodiments of the screening methods described herein, the cell

2bpBpiatich Tt aed brotiarnBR brovidal ith R M diaate gy than at least

aboifferentiafion factom ThHe canididaté dif_fﬁehe'rmhiaﬂ@nlfanmr mprimimprigeeak and/or
mél}@{dml%p b’éﬁs?hﬁt d@n@ye%\{)% m&aﬁ%‘é@}iﬁéé‘ﬂé?é%[‘l%leceihﬁoﬂﬂfﬁf&%@ﬂ&@g@g human

uman preprimitive streak and/or mesendoderm cells. In some
celmbdrents ettt dd hetelfttid whndidate BifterERtiatibh: Rickss! about 25%. at

leBOBIPIISES/Q MRIRCHOHELIS at least about 40%, at teast about 45%, at least about 50%, at
least about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%. at
least about 80%, at least about 5% or greater than at least about 85% of the human cells are
human preprimitive streak and/or mesendoderm cells. in some embodiments, the cell population

includes non-human cells such as non-human feeder cells. In other embodiments, the cell
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known to be a differentiation factor for one or more types of cells. In

alternate embodiments, the candidate differentiation factor comprises a

molecule that in not known to promote cell differentiation. In preferred

embodiments, the candidate differentiation factor comprises molecule
PORHEHIRY ritst R@fé\h%@“ﬁ?ﬁﬁ%?@ifﬁeiﬂﬁf@?bﬁﬂ%‘%ﬁ’%% dhleriprepfintitivat least about
1 5sfreak-andiarn masendedersucalis, D4830]t0 60508 ambodubantssof. thaeast about
409 0INg methad aQFE&”a?ed BEvein, 1%%9 ou9§%9d91£f§¥% HANAR FARE: abour

cémprlses 3 smalt molecute. In pré erred embodiments, a smal molecule

6518, atrisete ket HAVing ﬁaﬁ’s@k@@albﬁr/m@tsiﬁa@w #Potf A0, 006aahaboyt keds. grjeast about

00S0MeaNhedimentsthe small-malecieina '%@@Q:iﬂth%%hn@ﬁ FeliNQiG @Gkl said
[0481] In other embodiments de cr|§ d herein, dldate

fed frsrentition AL I EBHS RSy bE‘S?Ed‘éio é’ I‘ypeptude can be
any peifpeptidérinctidifigest ndttimiteddoing giyﬁb@psot@mmaeﬁpchpr@temhe celt

ﬁﬁ]a%H@&@HM@EJ&‘@FB{h@F& gérbr@vmlﬂﬁﬁuacagbﬁg] f&% @fﬂa@m{%@mﬂ factor. The

ormone, an interleukin or a growth factor. Preferre polype tides include
canshgt e %ﬁ%%‘?é‘f?é?f%ﬁeeﬁ%ﬁ‘&?ﬁ?é}ﬁg’%&éﬁﬁﬂ?& feotential to promote
ihedlﬁﬁfaiaﬁaitm fa@tdr@mmpﬁﬁﬁ&mme cireaprengtowtincfactodsrselectrd fraim some

emtpo LEE) c? %0130 clr_lri]%rce)lfnlz%g g‘an’chg fli; q’eﬁ ﬁblq (févhe;s gonl;ﬁf{?e%] I %%aﬁ‘e that is

ments O e screening metho S desc rein e can |da te

knawreﬁ@hﬁaﬂ&ﬁefa@féﬁ@rb@ﬁﬁffrf@é %ﬁ@bmﬁﬁ%‘f@@mmﬁlkaci@)?ét@@r?é%ﬁ@ébﬁ%mems the
cablIRIgEO kigfe@_&milﬁtn ge{oAnsphpegulin, IBoMSﬂRih aeyterstRUIBIOKnI Lol Gromote cell

h mo oieti L/ Pre Bce colony enh factor
d rd]oﬁlecllal difte en? rr%oneﬁ tori (E éﬂg thelal’ hqgaﬁgog gomprises
metivating polypaptice 19, wlamtﬁpﬂﬂagbffmgﬁaﬁtm mﬁﬂt@my erptom (I EF)Lr eak and/or

maNafuralkilleg.cell enhancing factor (NKEFA), Bone mophogenetic protein
2, Bone mophogenetic protein 8 ( osteo%enelc protein 2), Bone

morphiggtinic pPbtefie, B M5B 5ot PF?”E%H%&?@%”‘E@SJ‘&‘C’“ the

cagiolathddttont{Eib 6 RpHE Glrid Bproteini{ neucosind doningdiffé rentigiiomts, a small
m(ﬁ%l%)us Xt%QQUIA%&U@gC@Qm%mﬂM%EO%&ﬂoﬁ%'@()]@ aalma& less.  In some

Gliablastoma cell differentiation-related protein (GBDRI),
enfhadaieAbasnob BN TACROR Mo IS 0% Hrecursor, Vascular

endofgdigl grawthifactenOdmiehty, (’ié@ﬁﬁhﬂ@ﬂk@fé:dﬂIhﬁllﬁr@fﬂMﬁf&fﬁ&fﬂmetmn factor
B ell.sp fc RA precursor, th I

col g FAEEh T R AR B A ol SN SRR g wgpied .9

gl}’ﬁ@@ﬂ-‘é@mrﬂé’?ﬁp@)ei}ht@”rlém@ﬁeﬂ“éﬁ_ m)avrm@ﬂéekw&mks)? |ﬁtéisrew% a peptide

hokhdB), zlﬂ%il#lékiﬁﬂo{'b AriHaHauKiNeS: (h8) phN et kineQ (llicRsowth factors. In

Lnterl ukln 1 t(%)é' erIeLéké Ié ,gflL 11), Int rleukin-12 (IL 12), h
SR sriansess Aty aion a%‘ﬁ factsr ‘Sféoﬁs‘ﬁ)‘“m growt
fa@crarmlcmydlérnmadmghageoa)@ﬂ@my sti ﬁﬁﬂéﬁr@iﬁfuﬁﬁ(@ MCBREPEB.

MaCfﬁH‘@é‘Pe calonyRlimulatingfactar (M:Cak Znﬁéytﬁlxwgtﬁ&cmbed hereln, the
Thrombonmetln Vitamin D3, Epidermal growth factor (EGF)

capdidate oI HEAP R TBRI C RPN Eaﬁwémfgﬁrmmﬂar{ﬁfa%fe‘fﬂ%ﬁwm the group
coheismane, ABasicefibliablastrgrbuethefatctari{lokGF)| @RGFdpGE:Ed, FIGEI6Apo-2, Pre

B cﬁf‘%tfjloﬁyéﬁi%g%}é{@é@t%@o% lﬁ&@habf A%%l%‘it%%%}ﬁglﬂég‘%&i?‘%t%&%aefr)dotheual

telet-derived growth factor-BB, beta nerve growth factor, activin

MR ATAEGroRRPe RISk DT e mytm@%%%faﬁ% @5 Ygural killer

celi enhancing factor (NKEFA), Bone mophogenetic protein 2, Bone mophogenetic protein 8§

{osteogeneic protein 2}, Bone morphogenic protein 6, Bone morphogenic protein 7, Connective

tissue growth factor (CTGF), CGI-149 protein (neuroendocrine differentiation factor), Cytokine

A3 (macrophage inflammatory protein 1-alpha), Gliablastoma cell differentiation-related protein

(GBDR1), Hepatoma-derived growth factor, Neuromedin U-25 precursor, Vascular endotheiial

growth factor {VEGF), Vascular endothelial growth factor B (VEGF-B), T-cell specific RANTES
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Interferon-y, Tumor necrosis factor- a, Tumor necrosis factor- 0, Burst

promoting activity (BPA), Erythroid promoting activity (EPA), PGE,, insulin

growth factor-I (IGF-1), IGF-II, Neutrophin growth factor (NGF),

Neutrophin-3, Neutrophin 4/5, Ciliary neurotrophic factor, Glial-derived
PrefRK, DERinEMEES e Aived dapSethaREF RERNE R Builakdnterleukin-2

(ILhydroxyaaisnle, ﬁLaZﬁ.Q)ﬁtﬁilaﬂqﬁ\mpﬂot‘arldiﬂeBatﬂcﬁGGrle dgidpisenbibatel. 6),

t ame 0 nisotinai
b 0 SOt vakaeyahdi L 461, ek
11 AblAoyelstiitciadHe Hornispey serki Shrdgin CHIBIR Ao TBpiisting factor
(GroWihdharmane, 1@5&’@&1@@e'bkﬁﬁiﬂjzmgnhramgrf@at&umm@bpﬁqmmp sage colony

. adoto in, stimulatin hor ne corti otr in-releasi cto ‘
R G lRerig RGOSR TbF Bl el o
facohiBifihy, fBictordgrowthehotmpne f@@aslwgkaut&m@@ﬁraﬁo@iﬁﬂn Thyroid hermone,

BaliYFRMRIG @&%%Iﬁ%@%@@rwﬁ@@nmem telatedpeptida. RArathYIG (KGR).
hormoneﬁgfgca on-like peptide | fucose dﬁipendent insulinotropic

PlasdRpt HiCaCFERT bk é@fé{f&?{eﬁ RO A ER nerve growth
fadrtestinals peDYﬁa;s%tbﬁt@nngthp&meai@mpolﬁﬁm peiptidetyroging feron-p,

ImQéEQ%;'Pe f‘&%‘&?@?&é‘s‘%‘?f&ﬁ&s@ or, IASHIR, GINGag0n gp@lﬁ%?dd%%%%«nty (BPA),

relaxin, angiotensin I, calctriol, atrial natriuretic peptide, and me [atonin.

EryHypdsiprameiioa SaayianiEE AbaRHoniis ditraasin é“%%f»%fnb (J5rbgestefoteNeutrophin
gr&%ﬁloﬁtﬁéﬂm}@(}@@rmltr@lﬂmcl)st&mﬂ@hﬂﬂd@ﬁtMBﬁg epingPPRdEactor, Glial-derived

nenore%g)?ap e%nngﬂean Stlent%eﬂcalCng(ﬂFt?%lggerEdD%(% %ega% Iardxvamsole 5.
%n’mercan} ethanol, Retinoic aci hyﬁroxyan

a8 ikivy mphoN g hoor i BIAGEr oot Asidvshaniine, indomethacin, [~

ﬁ%%&ﬁﬁt@'Qﬁ@éﬂgﬁmh@m(nggiyﬁﬁﬁﬁl@aMbam 9icotinMiER, vasopressin,
DMSO, Thlazolldln%dlones and TWS119. é%g%%éﬁln spme embodlme ts, of

RS e B s BB FEPRIR, tHEC Cafibi kR WRFenditio ormeme
pré&etor, isupiovide chtorthescélipap ulatiomin grnedimmone thinde iratidns.g |hormone,

coﬁ%m?esm%ymg%&h% Sandidate differntiation factokis Provided i s olactin-

Il population so that the concentration of the candidate differentiation
inlibifige j fafes neB e STRASE MR e REIE: AORGESTHYM BKEIPBI HigATIPE factor.
caRowh WRrnghmbd pepate eparmbodinbiis theetangemntiatiprpoddhe glucose-dependent

candidate differentiation factor in the madium syrrounding, pe&%@c&%%ﬁma

ln?rom a(ﬂjoutqobg)rm to’ a 051%11 ?ﬁ&rm1] In other em%oodlmen ts,
pegbioctiition 6f HacEtididakeaitidrentiiisriyasios W‘Ctﬁéem@am?ﬁptade tyrosine, ,

inSHEFOURAINEnhecells: raBeesram.ah ot kRngimt to.aheut 19RIUGHRirdR: peptide,
atlll other -67 mbodlm%ntsé th% cgggentr?tlor?]]gf tk(lgrcaﬁ dg;tmn rogesterons,
an |ﬁ81ren1ioa1tlon Ctor th%i?n{égﬂ% su‘rroundm thé calls ranges frorR' °¢

tegibroerpAdQ Ocngisnl. t@(ﬁb@mtel@lpghﬁbSmrpref@weﬂ@mbodrm%@gpﬂqem androstiene,

cafQRceNEation atdhe candidate differsntation factonin dhe. @ﬁ?!&{@& hydroxyanisole,
surroundin the cells is about 5 ng/ml, about 25 ng/ml, about
%@en ﬁl/gﬂ{neihacm

S-SBGUHYB NGB FoaMLIRE, Aot T MmO Db SR
glabenibldphag/micabeni 0D NS abolidiRa5 mgimkebvist 250 ng/ml,

abou;&%% ng/ml, aRQUt300 Aa(ml aot}oukfﬂéé&q{m',ﬂ@%@%@ﬁ%@&' ' herein, the

about 375 ng/ml, about 400 ng/ml, about 425 ng/ml, about 450 ng/ml,
Caéé'éﬁﬁe@ge?@’/‘fﬁtlmhﬁ'ﬁﬁ’t" S%JBT?IWQW t%ﬁ%‘f%‘zl%oﬁblﬁﬂ‘i’“dﬁéﬂf %@%@ﬁﬁ‘?“emraﬁom
inahatd &fSosigitdks, &b@u&:ﬁ@&h@gﬂrﬁbyaﬁ&uﬁm&m@/@ hrabioed G5B géMmbopulation so

thaatbtgm X6 n ﬁm):l %%%%l;g 7&% n /m re t; {oggéc?glmlﬂa%%)e%gg (s)urg]%undmﬂ the cells

ranges from about 0.1 ng/ml to about 10 mg/ml In some embodiments, the concentration of the
candidate differentiation factor in the medium surrounding the cells ranges from about 1 ng/ml to
about | mg/ml. In other embodiments, the concentration of the candidate differentiation factor in
the medium surrounding the cells ranges from about 10 ng/ml to about 100 ug/ml. In still other
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ng/ml, about 850 ng/ml, about 875 ng/ml, about 900 ng/ml, about 925

ng/ml, about 950 ng/ml, about 975 ng/ml, about 1 pg/ml, about 2 ag/ml,

about 3 g/ml, about 4 g/ml, about 5 g/ml, about 6 g/ml, about 7 pg/ml,

about 8 pg/ml, about 9 pg/m1, about 10 g/ml, about 11 pg/ml, about 12
e eI IFSATSBB AT 18 Bidote TR O A faalsr s MpAmaegrnding
the 1(76119/ Fahgad @il Sighm| | abaghﬂ%g/ mblabmjt;@&ag /mt, ahoetedbibakiiments, the

ut50 a /ml,_about 125 /mI about .
T S
5 qggwln iohalyo b m‘rrgn%hoatb&ﬂgvm ﬁ@lﬁ*ﬁ 7éb“(ﬁﬂ’h£?@‘§¥rﬁ IUO 1560k 50 pdAnIng/ml,
abRPOsH 5@%9%{% m&g/ﬁogkﬁ@f%ﬂa@m @&sz:/m!g@howow@sugm&i about 275

about 750 about8 IabouL 50 g/ml, abq t90 o/
ne B0 B BDAB 000 b7 e i B0 000 B TCRGl p et
abage Fté;mgfmb@dmteﬁfmngrthsﬂsmre@ﬁ mg/ me%hgutSSﬂ%sg/iﬁbedOMr@n nﬁﬁmlcelﬂout 550
n mp&ﬂ@&kow@vml%guwm%g@nda@@&% ghifferontiationfassatamichbout 675 ng/ml,

Fﬁrlses any molecule other than foregut differentiatjon factor. For
b p1&/th 8’ endtsonintBotts HaE R ﬁBb‘eﬂa?rbﬂq@ﬂp?B%aé%ﬂw%“é about 823
ng/adnshdated mffgr&mtmiumn fattioy wihidhaorprigas arpimolecudendthbsth@dt ag/ml,

abo%t't%' G %B?B?r ? ];B%Eﬁf] g‘%g] faa@dl}{ of ;ggrﬂwthb@?tﬁ)r&g/ﬁ@ F&&P% ng/ml,

FGF4. In some em iments, t population Is provided with

abou figate- é#félﬁehﬁafmh ahesfob Wiigh aé@?ﬁﬁrié%@bﬁ?%@dtﬂé“étﬁ’é?%hh pg/mi,
abéﬁlﬂplﬁg&;ﬁﬂd alA4B89} Iugslam@bamquments&bmps ofdhe. sareeningug/ml, about 17

;n ?thb gE?Sg bhdbtlgg{ ?51 F’JA@P Ti 88‘5 qgtéetéhm tg%ut)%r I%quf qnagm%tg? ﬁ%ml about

oné ma er aT time a se ime pol n'some o

75 erabbddirpents (ehedfirdt dhoet paintean bebpriol 16 Bgfatlaaﬁm*éxiﬁiat@@ﬂhébom 200

ARNGHIMe as Rrevidipg.thecel ponwiaion i Hhe, candittalg/m, about 450 pg/ml,
differentiation factor. Alternativel

in some embodiments, the fir
o A0 T S BOIR b SUIREFI L BT it et . abon
75diffgrentatensfactariin seme &inbodiments, EXpnessiorbofita?plupaling. about 1000
woMRIKers IS, deferminadat f@t};@t time point. [04861 In addition to

determining expression of at least one marker at a first time point, some
embtitents of thateiEr SBRMTISIS RS REIPes Cerstairp s, the cell
pophfaﬁ@ﬂm RipgvENXp r\eﬁs@E\a@cﬁzaﬁtkecaﬂemﬁemkﬁtat@ﬁemnqbaﬁm&ppmm ecule other

than %ﬁut sdli;t_?eregﬁ al {g)tﬂt E:boer fir trtlén gmﬁlomti aqg%gv Q I%h «:!hsmsclflL SS%Peue

%0 ulation is
providing t & cell population w tht didate ditferentiation -68 gr. _
profideich Binbodntinis Ekpragsion didee vtk PREIREFIstHBIERIREY aber than a

reRMD, thenfirabandr secantime.Qolnts, 15 semaiembedimelis) @XPressiony some
of a plurallggléof markers is determined at both the first and second time

emPBHIC UGN S BB EHs!S XTSI ot B theAGiERIFIE 6F Mhalficps Which
coisptigte emined @t katihdhd-firstand seédond time points. In some

embogiments, markar. expr %ﬁﬁ&@s'Ss%‘sgesm'ﬂ%dsafeaqmgfm&xo%fst@@&nbed herein

points, each of which is subsequent to the first time point, and each of
COUFPish HSSUPEELBHTES FoVldTh e BRINPBISTRtD At 8¢l Araecond time

podiffeme Riiation dfactaim b Gartal embedimenisnmakes @ipressianasroximately the
saig ttlm@agz)gob}{itgg@% |<::\)e gt a%%r? m%} Q]Itmgr%]sda@%rhgren RS 3!91'31 SAEternatlveiy,
et b |mmunoe§t o

in some embodiments the first time pomt is %ubsequent to providing the cell popuiation with the
candidate differentiation factor. In some embodiments, expression of a plurality of markers is
determined at a first time point,

[0486] In addition to determining expression of at least one marker at a first time
point, some embodiments of the screening methods described herein contemplate determining

expression of at least one marker at a second time point, which is subsequent to the first time

point and which is subsequent to providing the cell population with the candidate differentiation
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[0487] In certain embodiments of the screening methods described herein,

the marker having its expression is determined at the first and second

time points is a marker that is associated with the differentiation of human

preprimitive streak cells and/or mesendoderm cells to cells which are the
faciye g B RAB R cHPHROUR (RS GBS RAET dtgiianfst st efrfhedirst and
secthaMintbegatt tuResclicsamedambaditeniscthe tissuatindiantsgansithatined at
botﬁrt 1edﬁrrsl}:/eddfrgggntcpgn?ﬁj L (gynl?g ﬁlosnﬁ'&”%%_btg {r?agl%sllyeg Igeesgiec;%tlgft ﬁge %aGIlrll%'plﬂlraliiy of

Some embodiments, marker is indicative of pancreatic cells or
mapgrictedeierpreediricrogeis fishratbrsenariBedifeats isemhaprbpdinents, marker
expaRPeAtiEMadanal hamaaboxfaciink REX )+ neiher embadiments, first time

the marker is homeobox A13 (HOXA13) or hagmeohox C6 (HOXC6 .
PO S Sl ErBETHAS e Moo reaesy Rt gondidate

difrdiveriprdeursoricetisiain gebtgimprefencette mipodimentsiahemeatiker PCR. In
oMM AsRatasys shscific ARUYRR(HSAL OMRIARREIQHEIALEY. homeobox

| (PROXI). In other embodiments, the marker is indicative_of |ung_or lung.

preclfi& cellsMP&&Hie PraramEsE e AbaiTEr th& Rk AR THprdigerein. the
maiﬂ&ﬂﬁ@ﬁhﬂg(m lfﬁ@t@{.skﬁiﬂﬁ' Edi)erhiméelt atihefembatiimentsitheainarker isarker that is
asslgcqI9@%“\%%1]%1{'3%%?@%@1%!a?érol{]gg?ﬁqﬁgllx %@}%ﬂﬁ% v €C§}§q<|pe§99{9%? ﬂl&gﬁg&:}g&% cells 1o

emab(_)dlments,t e marker is villin or caudal type homeobox transcription
celfacebic € IR DA RR chHsEF BttipbtiheHESL e ARSI IRtIbaR/E drived from
theSEIMARN OF Stamashdqaecuisarcaliscinadditiopals praferedramboimentst wbe

Gogrpp?ign.a%[a}lss%{nla 13/%‘16&\/' I'n}égéf/i!](:l gél.g.xqugé%}% %hﬁé(ﬁr@e%%d Irt'ﬁentszlfr tgreisrqur!%eaéive of

IS ihdicative o thyrgslr or thyrold precursor ce n such eemTBO |ments, t .
pam@akecisls TITRtshstilirotirepraniliodimesity ethenbralikenis helivatiye ippancreatic-

dutR¥mUsRhdbanusRiecyiass cellsn [Q488LIn-same_mardimants:ofithieobox A13
screening methods described herein,@;fficient,timﬁﬁjs allowed to pass

HEredrprosig the e Bobilatod Wittahe dBrtiga e TeriP R marker is
incf‘aati}vg atﬁéi@et&:ﬂmWMWa@rs%m%smmmm@@MMMng the marker is
alb%i‘fl\msz B%é@?e%é‘éﬁﬁ@ﬁn%é&é’ t@i@ﬁf%ﬁ&@éh&%@%lﬁfé%&ﬂ%ﬁ@? F?ﬂgﬁg@ﬂa In other

differentiation factor and etermlnln? expression of the marker at the
eredBiA Mm@ BIRt At L Tittfe Us PR PHSHFH 58 Mmudh 48me preferred
en@tOiichQ, dRVSalesEME e bacionetits, theeXpPression nfyat teastconediments, the
mar (%zrk?sr .Iﬁ] 1%%?5@'%?%11 6ujtt'}£15e tlrm%%esgxqas eg?uc%?;[ogﬂo per]?syldlqg tpa%ﬁ%ual preferred
population with the candidate differentiation factor. In some
engethoeitnahesnalricierititrrecyédr leashameth PHEwCHPl®AdREPOUI GO X2). In still
ot RRUrS REARASE akoutdd RorIRadideasioaon bl &hinus pakleast@boutndiditional

hours, at least about 30 hours, at least 361 , at least about 42 ]
PR, HTELBt o B WOt S ISEC aPaLt B4 RoChe, ol ledah st apens: 0
maBQrhioundicat teast hpwirt 66thouis patciesst ahoutl7Zhdbursbatiieeys.aboutarker is
Tr8 NAWR AlRASEADAHS4, Rourset ilgeaatc%a@ysﬁ@o;lg%r@p AL IGASHBORM: celis.

96 hours, at least about 102 hours, at least about 108 hours,_at |east, ,
about™ 38 hourl sAmS AT 26! HbT PSSP IR SIS e RsLipg el sufficient
tireastatiboud th32hdurscat leastialgaut 138 houisjat iedstieboutdiidd hidimentiation

faﬁtolea%%t 8 Qr%&ﬁbg DOWS gﬁ%@%@%& 120.00UrS - Al deast aRAUL 16Gme between

7
ours, at least about 168 hours, at least about 174 hours, at least about _
Progoipotiscdt Reaskap it e atiida s JERETHIBHOr [90hBRit S rmeage expression
ofaROMEAQ BN Ol Sac @l Gast RINA WL 04 B Oitls aatleasbaiouicl heursciads about 10
dal)(?sa.ls nas%?n%t e%%i?o&%%gasté,%Belaeeai?:atreasgligrlil to ‘ %g least one marker is determined multiple times
subsequent to providing the cell population with the candidate differentiation factor. In some
embodiments, sufficient time s at least about 1 hour, at least about 6 hours, at least about 12
hours, at least about 18 hours, at least about 24 hours, at least about 30 hours, at least about 36
hours, at least about 42 hours, at least about 48 hours, at least about 54 hours, at least about 60
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hours, at least about 228 hours, at least about 234 hours or at least about

240 hours. [0489] In some embodiments of the methods described herein,

it is further determined whether the expression of the marker at the

second time point has increased or decreased as compared to the
howgyFeleaib AL G PRdIkF Kethabrt tre ottt 1At ﬁ‘i’@f@ﬁé‘%‘r‘“@lé&i@é‘é@b‘)‘** 84
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efin er S

itive endo m ce S|m arI exp FESSIOH of a Iura ity O markers
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red to the expressjon of this plur ers at the fi stt
AR A IRl 5 RO aL AT o PAL G S RIIAGAE Tous
at I:v,f{%n@aguﬁ% fonotharigseabval iatingthe anfesintblevallorbaativiey laftbout 222

aoﬁ?kafélf%'k@ dhsicelk FPLQQM'%U aahibe: fisstiand %?EQ@&L@L!’Q&PEHG%@#CV‘
determination can be relative to other markers, for example

houd&&&8ping Be etk pTBRIGRCY? a?fsgTﬁté“?W%‘égrtgﬁ‘?c%t?ﬁ%oiéﬁlfﬁ’éntg is further
detatinetiedn wheaitke riexpressiomissintre asekkatthé«seacond time pointlas ncreased or
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about 2-fold, at least about 5-fold, at least about 10-fold, at least about
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0-fo d bo fold Ieast al%ou (i) eh %1
ex] ress on 0 ers 1S de I daed i 1S rtler e er m ther t e expressmn
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of IfésﬂhdﬁinOfomkprmﬁ Bedivpaist S wiherathesy key W@Sﬁﬁﬁ#ﬁ@é@wed to the

exAHeibieSECARd, ItIMePOINt ARFORPRT ee Wit tRE Hir ShimR RN b the RO UNarker
of decreas? is, at least about 2-fold, at Ieast about 5-fold, at least about

ST A (8o SO0 T A 6 L ARBNL SOV S8 RS Sl o et
of 4Q-foldkcat elastdbopu 50dokd Hat fesstdlbowné O:feldoatdeastiathoennination can be

rel ZIQ\/&O!Q o%#éxe%h&@é) %rSQ(JQLIﬂe q{olﬁ@%fg)mu@rg% f@!gre@stléx‘ﬁa% abBQlte. I certain

100-fold or more than at least about 100-fold. in some embodiments, the
emn I o RS B S SSETTAAM2STUIEr PO 15 SE571! SRBBaIPhentgTapared with
thetl‘fesse:ﬁeepuitg rmethodsndeschitbedde reikaafterogroviding thescalbut 5-foid, at least

ab&%p]"ﬂ}lq‘tl](c)i 18 cp Itfrellé% ?%%?p 3f@ %?J }lp ?egl;y AL RERY qn lltl!\{gast about

streak and?or mesencjd 3 enn cells erentiate into one or more cel

S0optherdetimitit Shdpidethichiichge. Thistne SambarHidht! %ef?éﬂeﬁ?b‘ﬁ‘)i’amé() -fold,

at {baiGelb Rapulation withe-aitandidaie ndifferentiation E@ﬁt@éﬂb&ihﬁ&ﬂ@ﬂhe amount of

. pre rlmtlve str %nq/or rge&endodearm ceII differentiate int o ceI ?
increas ess { an 1 eftts wiere.m ar e%) et:';s:on 15 t the second
are derived trom- cellsinclu UEAre not limitet

timngrmfam@nmmfea@, tﬁwe“mhﬁngsp@mnﬁmnmm@tﬁ ecrEyraidit ﬂhgérfmlp@,lﬂ 2-fold, at

1eRP2RYEX 5 galibladder apd.uinany -£0ladderas wall a8 RIBCURSErSRlold, at feast
such cells. Addltlonallryé these cells can further develop into hlﬂher order

b MRS S A hE SR ThdToP BIGRRY. f08 KL ThiGTHEP SHAB O HALLeEY 200
Sotid s ereemning tne tliofisddeseribieddersifsfaliterr providing thiesselbout 106-fold. In

soRQRYIBIRR I R.Candidate differentiation faster, the human preprimitive

streak and/or mesendoderm cells differentiate into one or more cell types
of thdWoderth IRTRAGERIERTHE ShBEdRTEFtE CaftSHBrsv AT R Lapin after
preapmatien withhapaamdidaighdiffesefitiatiofifferentiation factor, the human preprimitive

streak and/or mesendoderm cells differentiate into one or more cell types of the defmitive
endoderm lincage. In some embodiments, afier providing the cell population with a candidate
differentiation factor, the human preprimitive streak and/or mesendoderm cells differentiate into
cells that are derived from the gut tube. Such cells include, but are not iimited to, cells of the
pancreas, liver, lungs, stomach, intestine, thyroid, thymus, pharynx, gallbladder and urmary
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factor, the human preprimitive streak and/or mesendoderm cells

differentiate into cells which include, but are not limited to, blood cells,

cells of the cardiovascular system, skeletal tissues and other structural

and connective tissues as well as precursors of each of the
blagrlseth Stftiotiet CaP BpisS sl dribnafly ditrusdl e s se a5 o fidive gy elop into
hightodnigherordes sithatiies suslt/asdiggies and/or organs. Methods of

Incr the Expressio the GF8 Gene Product 0 9

e ents OF o s et et A, B verein. e

Provihiaasitg b rgyleEgioNiBf theardiag ghleprgtivet fﬁF@lhdhﬁidwmaﬂ preprimitive

str@ARRRYORI Rl SRHHIN ae‘trspdlﬁa@nm@tmﬂ%ﬁ@mpﬁiaeetlaalswpfo@hﬁ@i@Haggd.ema
ngaalg ESSC in ame dlurtnc mprisin zﬁj an about 2% (v/v) serum. For
gt o USRI Ea CoRTBHEL S0 i R BTGP A opcain

fac(wv)th@f abwat 0PN {viv)iradioedot ¥ ez dipo it Ft{arAryjab oub B3k which
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(viv), about 0.2% (v/v), about 0.3% (v/v), about 0.4% (v/V), about O
Oﬂ’(?w;”ﬁ%ﬂt%%ﬂcw Yo 3D "‘WV?U/% PEESHHITD: @%eewwf Abotiorenggioned cell
tyfeyv) Adbioat i (vésd, @bouabd htthdv Ak cbdpout d H29e (Vb erafintite3 Yadiv/xg) tissues
m@}gpg}g& 4% (v/v), about 1.5% (v/v), about 1.6% (v/v), about 1.7% (V/v),

about™1.8% (v/v) or about 1.9% (v/v). In some embodiments, the medium

does not comprise serum replacement. The hESCs are contacted with a
Mdiﬁﬂmﬁﬁmﬁmm@&ﬁmwﬂtém@]’é’h&%@ﬁ@ﬁse expression of the
FGF?O@%X;G pr duct. I me em %élme@ls trée d| erentiation factor is at

least one grow ?]acfor (0] *ZWEHL?(S CS%S er am edl'e?iéc?lp giaﬁe fo'a method of

ingspaiioglithe pteraise gy v FACESr wshther TG (B 3dpemf3amw>rsomcwmwel in vitro.
sull®6APEERRANAR of differentighionfastontial is Lsediit CONRGtitR8ess than about

Cs ranges from apout 1 ng/ml to about | mg/ml. For example, the

"’ﬁ@éée&%m OECE SRR 05 S e HATARIT RCHSH B e ORISR vt 0%
(vivhgifrdbab S Beng/m, shbaut 2% righil Abdo it B0 (agimipalicut %5 vig/mbout 0.4%

(VQZ%BMS@QWL) ahout 428, QQ/W'a@&%t %5 \ng/ %o&b@.‘z‘? ](Zﬁz)”%%ﬂz 0.3% (i),

out 200 ng/ml, about 225 ng/ml, about 250 n g/ml, about 2751
SO 00 VL 45561 95 SR Aot 3SRl AL 87 A/ abou

0.@haut40ng/mi, @boutkb nglmly ahnaibdb0 ng/mily); abfa;ut 42%,Ng/M about 1.4%

v ut g/ml r /ml % (viv
( )agout 6t81856)r%hn tgfzolttIS gf%&r%;n ai atogjjt 6?3’6 abou g\SSO 19% (/o)
In 49815t TOPPALHFRLS aBEURPPBAGIASE r@b@ewsaenijfm Mﬂemstngmﬂ,hﬁscs are

coahient 866 Q%Hﬁreﬂh@&ﬁrﬁ@@t@glm ahowt 858:neimb @;@%&@&ér&%ﬁl@f the FGF§

about 900 g/ml ab 925 ng bout 950 /ml a ut975n
gelg Othfg /m]l SO %) L %%?Jt Flrt] E a(sitb %t%%ﬁ%lhﬁaicmr of the
TGld st gt ahaomte?eugi mmabhmbn%? 18 leodmily ahxmt & po/MiGEDeUbOmily is

acgmlﬁab?% %&&%’Ah&\b&“& ilf%i { naﬂgtl& Jd?’atpg/ 'J%' cﬁgoyonféélf B%/mé’SCs ranges
about 15 g/ml, about 16 g/ml about 17 pg/ml, about 18 pg/ml, about

frgmibosb U0 gitntbaBoUt 28 BlmI "absttseig/ihr, ABSkt mrghﬁwaﬁﬁﬁy%d with a

difEQenghmbnabout 12k cpgiaﬁhaamlﬁflsongﬁml abaut ﬂ&mg&mﬂuﬁbmgmo about 30
/ml, about 250 g/ b t3004 bout30 bot400|t

S A AP0 S R R SR e

abe?a@%nﬁmhtéb@nt?@@ lmjﬁhlafab@@ﬁﬁiwrgwpoabbm 800! gmtaa@@umso zbout 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 ng/ml, about 575 ng/ml, about 600
ng/mi, about 625 ng/ml, about 650 ng/mi, about 675 ng/ml, about 700 ng/ml, about 725 ng/ml,
about 750 ng/ml, about 775 ng/ml, about 800 ng/ml, about 825 ng/m}, about 850 ng/ml, about 873
ng/ml, about 900 ng/ml, about 925 ng/ml, about 950 ng/ml, about 975 ng/ml, about 1 pg/mi,

about 2 ug/ml, about 3 pg/mi, about 4 pg/mi, about 5 pg/ml, about 6 pug/ml, about 7 ng/mi, about
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pg/ml, about 900 pg/ml, about 950 ag/ml, about 1000 Itg/ml or greater
than about 1000 ag/ml. Methods of Increasing the Expression of the
Brachyury. FGF4 and/or SNAIL Gene Product [0493] Other embodiments
of the methods described herein relate to a method of increasing the
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(vig/aloahaust 360)ngseat, 1atbout/8)75uog{mbeabow)%@tmg/mta about%t 7% (vIv),
QT2 SRR THA0ONS 2 SR otk 380 RO TRAROUS
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ng/ml, abou /mT, about'5 out ng/ml; about %ﬁg
SCREATHD E&B@e’tte%%’@&ﬁﬂsaﬁo%ﬁlwgf%wﬁtl? éd&t@ﬂ@b%g‘ﬁﬁplab@uwzaﬁ sufficient

tonglmjas@b@kﬁ;Z@Q@gfmba@b&uéﬂﬂl% ngbynl abEu-80R N0/MbADEIEES Tn some
[, about /ml, about 875 ng/ml, about 900 ng/ml about 925
Pegb {\J}Fé‘g ﬁgﬂﬁ B %Cﬁ‘trd%%‘r\%‘t“s%%‘ttf G abBei! ?5@%3"@“‘“? In

praibou(t Sgbudiraboutidepgrov;aliatibb gfnih:aboreo ghaliahputs’ gimlm A, The
about 8 g/ml ou9a/ | t 10 t mIab
BT AR LR I e B B R Py

tCtl'a'?’cty‘)’fntl el 18rgramrbotie i@%@?rﬁt}léﬁo@ﬂ”%ta‘éfﬁmh éb@ff?%ﬂa?@ factor at a
cod @bt Rt 59;;@4‘[@'&@'@9b'tnéﬁr@gﬂ)@ht@@w&pgt@eﬂ{m@ abeut 2Rdgmb/mi, about

tg/ml,. 175 ut 200 bo t250 g/ml, ,
ot S5 To0 A BE B0 ey TR RSt sk QU sbout 223
n@mbwtasooz@@mmu@umsm Vig/mil, zhboud B00zgg/mheabddi 65@igehtmi,350 ng/mi,

atRROYST00,00/58l ABE YL AR0.804Ml> 2houk 8&%&%@5 OULBRC 991, about 500
about 900 g/mI about 950 gg/ml, about 100 reater than

“%‘Bbd‘t’i YR TR Pl B e%%%h%taafﬁg F*PBH%%Q PEER O fes M.
atj@d 840 rythehembodimentatoltie(pagsantvovertionzralatedo Cell guittiresout 775

ntbs"f’tylggout 800 ng/m!, about 825 ng/ml, about 850 ng/m!, about 875 ng/ml, about 900 ng/mi,

fg)ou} 1 ng/ml

about 925 ng/ml, about 950 ng/ml, about 975 ng/ml, about 1 pg/ml, about 2 pg/m!, about 3 pg/ml,
about 4 png/ml, about 5 pg/mi, about 6 ng/mi, about 7 pg/ml, about § ug/ml, about 9 pg/ml, about
10 pg/mi, about 11 pg/ml, about 12 pg/mi, about 13 pg/ml, about 14 pg/mi, about 15 pg/mi,
about 16 pg/ml, about 17 pug/mi, about 18 pg/ml, about 19 pg/ml, about 20 ug/mi, about 25
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certain temporal patterns of gene expression. In some embodiments, the
cell culture comprise human embryonic stem cells (hESCs) and a
medium comprising less than about 2% (v/v) serum. For example, the

medium c mpr Se Se um a a concentratio tO% v
o o0, SUHe oy B L58 IS ANBA B Bme Fohy, SbSEL e k! e
abaab ol QA94, (whoyt ABOwizOMBIbED; (abautl 02696t (YY) pg,{wutib))gj%S@//wgfml about
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out 0.6% (v/v), about 0.7% (v/v), about 0.8% about 0,9% (v/v)
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abcRiDOSI oAb, Abiv), ElOUteB % pfehr)r ahoubdub9%0(vAgmabout 1.7% (V/V),

about 1.8% (v/v) or about 1.9% (v/v). In some embodiments, the medium

does not comprrse serum replacement In some embodiments, the
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AR SRt 9o R, WBEHREE0 ngflSShOE S "Ggm

dl%outtazuggﬁmtmabotmﬁggvmheabﬁut i ggtmbmb@un@t;gﬁmldiéﬁgmt@pg/ﬁﬁﬂm s at

lea%P ? 9;94 r}%'ct&bél‘{tx? ﬂglé@ %9%']9%%9‘38'%9&%8&@919%&% factor of
out 12 pg/ml, about 1 gg/m about 14 gg/ml, about 15 pg/ml,

the@@ﬁfiﬁsmgm abboatz Gg/hie mﬁtl%*@g%@iﬁﬁ@dfml@ mf%wr@udﬂd to

thP YR 2RAELF-89/Ae@b0WRH: RY/Ae@bOWE 7R 199/reh, atam;btem@egmtbs can be
-73 about 12 /ml, abo%t3 150 s /mI about 175 g/lmn i‘ out 20

o)
cou§E5 258) il UBBUR oDl ASBUSE Gr. AnB 0D B ABoE =
ngABD gont, et 5800g/ i nghoutB50 | t@/ngrnﬁbmwsw tagtim; alrzmuﬂ %oszfm I, about

17‘&%%@3%&7%9! 1abaut 259 giml about 8Q0.g/m!, @QQHE%Q@QMMM 300
about 004 /ml, about 950 g/ml about 1000 p ’E’?/ml or%eater than about

ﬂgilob@barﬁrﬂm@%t A\ a?&vra RY; tHheHifreretiBit AP e ARk ne/ml.
abthe expressionaf G r8muRAISEUhstansialy hreguatathas comparecbout 575

&Pa%e"t‘go'ﬁ(i%s MEBNA £xpr ﬁ%t?Ethn”é?o '%Erﬁl‘rsctb%ﬂsﬁknﬁ /ﬁ':z%out 700 ng/ml,

expressron in NESCS Is the expression o ene product, such as
about 725 ng/ml, about 750 ng/mt, about 775 ng/mi, about 800 nc/ml about 825 ng/mi, about 850

ng/ml, about 875 ng/mi, about 900 ng/ml, about 925 ng/ml, about 950 ng/mi, about 975 ng/ml,
about 1 pug/ml, about 2 ug/ml, about 3 pg/ml. about 4 pg/ml, about 5 pg/mi, about 6 ng/mi. about
7 ug/mi, about 8§ pg/ml, about 9 pg/mi, about 10 pg/ml, about 11 pg/ml, about 12 ng/mi, about 13
ug/ml, about 14 pg/mi, about 15 pg/ml, about 16 ug/ml, about 17 pg/mi, about 18 pug/ml, about
19 pg/ml, about 20 pg/ml, about 25 pg/ml, about 50 pg/ml, about 75 pg/ml, about 100 pg/ml,
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MRNA, present in an hESC cell culture that is maintained in it
undifferentiated state. In some embodiments, FGF8 mRNA expression is
substantially upregulated by about 6 hours from the reference time point.
In further embodiments described herein, expression of FGF8 mRNA is

abeib i (Pt tter LBER 22 AYUF S FrEHTEn BTt Ah &8 THh @46 TSty about
30embodintents] Peptanexpres sitin of G EB-mRBNAus/ réacked H0autime about 550

ugprﬁt e%{ggﬂg/ﬁd‘%&ﬁt%@g 9981‘1‘%%&%6’5%%% QE&;{%‘?I Qi t'XB&PQH%tpg/m

In o er iments, peak expression of be reached
abQ R oy tHatP et Sap e%@h@%ﬁ%@o@kﬁ%ﬂ@é ﬁ?ﬁé%}h@r o297 tm%l?out (00
pg@ﬁnbodlments described herein relate to cell cultures exhibiting mcreased

nucl (%gahzéd? nof t{] &%t%‘}'fér%%% S t%?c%orl e gufoh%% S e %rhssmn of

the (3- nin poy ep ehegins ecome localize nuc
FGhg atkoit 1ﬂsﬁﬁmmiéjrmm@éw§ef@iréﬁ eemtiprs pohselnsbiid embddimmegon in the

hﬁm (Seeatemn-pelypghtide heginssiohesame rcalized tathe (6l B@igYS uch as
b less than aboﬁ(ﬁz hours from the reference time pmg In still other

é’&?ﬁ‘?&h’t& 4h c%FBéﬁ}W‘HSI%é&uﬁ‘é%‘é&’c%@“s‘b?@é ALty state. In some
emipehiized. t6G8 cdlNTuclgustiyn abenltstvthiursphamadihe beferemce time from the
ref@r%ﬂye [%9%;%"' f;aﬂ%&%m%m% qeﬁ@ﬁb%ﬁ'%@é‘u%%%@ﬁ%ﬂ hed-hereifrn A is

relate to cell cultures having increased expression of brachyury mRNA. In
d%ﬁ%‘éé‘i?%ffﬁrré@“ﬁr%”cﬁ%‘ﬁ/ffﬂﬁmw@%?%mﬁe.g%ufbs{&ﬁféﬂifmbodlmems peak

exposagulleted by raRsut Q4ehﬂtd:lﬁ5aﬁf @maﬁbaenafweab@nmm@md dhcsoMmiehours from

the 1%}%%9}(:@ 19;[(? bl‘ i‘%ur or em Adem Y%SSIO£ X I%stjg%ntkalyéll‘ﬁoreagf%%treached at a
prior to about OUI'S rom the re erence tim point. In some

timeiispHIR aRest é)kﬁ?é‘s@?ﬁﬁ B¢ FiSEma N MRINA is substantially
downpagulateddyabeybafiany sdmtae refarencadine @aﬁntcdmue@rt@mibmng
. embodiments, peak expreﬁ (ﬁn of brachyury mRNA is reached at a tim
InqLeATHE SHOABD (BRI ST 5 a‘ﬁ‘b%i‘f‘hé%&ﬁ?é‘??or#%ﬁ%"‘?e?&?@ﬂ%%eﬁ%éhe B catenin
popetntida preferre deemnbddiniendsiottie beAchylmy mRMA iH notisulbstaritialtyerence
[ess db abo t72 hour fr he.re renc | paint. other
R e R R R A S B8 b e o e
ce&b@@ﬁ% Mumrélmr@%féﬁeﬁeérﬁrﬁ‘érboﬁhﬂ apgnpotistbSiAtiallyp still other
etr%@ﬁ%@%dtpé/ DAL % H@H&&nﬁegeg%?ﬁﬁd%mekﬁ%%d 10429 Plillcieus by

further embodiments of the cell cultures described herein relate to cell
ab&ﬁ‘ltﬂr@%‘ﬁ%@ﬁ?@ ti??c‘ifef‘é@@ff E%15vB¥fon of FGF4 mRNA. In such cell
cultufe£8 GF4 JuR NAer- Zdtexpressian iBesulistantially depregul ateditbyelate to cell

cuﬁt?x%gthgﬁnmp lljrga"é Qi @(ﬁre@g%re%[ls%xté@]?m Iq}RWArQ’ oqe sgcmbc%ﬂlmﬁﬂﬁs brachyury

4 mRNA expression Is substantially Upregulated prior to about 2

m%mW&‘rW%éSr%ﬁé%W@éW%%&ﬁﬁdl Aysthne éﬁ%ﬂﬁﬁ@ﬁléh%ﬂﬁ?é@ﬁ%ﬁ%? point.
In E&Eﬂemm&dﬁ@ubbﬁil@rw;alLerd@vamp@u@ieﬁsbysab@ut%ﬁ@umetr@mbthe about 24

refe enc% time point.. In certain embodlm nts, peak ex reSS|
hourﬁQ "OfIL the T¢ n i7s rmef H%Jm In some ? En nts, ex r ﬁ%ch mRNA is
is reach etween a ours a out

sufigntiaie mmmép@#ﬂuqrf*&réf@rﬁe&@mﬁi@dﬂwfemyeth@lﬁ@mt In certain

enfBEINAAR NRLRURSIARIAIY BxBressadiby Aol Naw s foR R, aboul 12 hours
ref rence tﬁ? |nt In ot eré%referred emb(})ﬂgjlm ts, FGF4 mRNA

o A G A 54 G Ho HE Fo T LB e i

mBhd i not substanttally expressed by about 72 hours from the reference time point. in other
preferred embodiments, brachyury mRNA is substaniially upregulated by about 24 hours from the
reference time point and is not substantially expressed by about 72 hours from the reference time
point.

[6499] Still further embodiments of the cell cultures described herein relate io cell

cultures having increased expression of FGF4 mRNA. In such cell cuitures, FGF4 mRNA

T



not substantially expressed by about 72 hours from the reference time
point. [0500] Preferred embodiments of the cell cultures described herein
relate to cell cultures having increased expression of braehyury and
FGF4 mRNA. In such cell cultures, brachyury and FGF4 mRNA
exIgT AR HoHINAB LI st By AP @ b so liePA K JRRITERfitpfepoint. In some
eniel@irenes HoTe: paRNAlexseriee mhoskments; braghiuy gid PGRUMBRNATS from

nERESSORS substanaly uoregualed pUOLID SO ANOUR(ION B niay
rererence tlme p0|nt n some em ment expreSS|on of brac yury an

dop@EaFRNAR SatPstaatElijuoitn r@éﬁyraﬁéd:iw apoit DI HrEuRSHOPdiTARNLS, peak
exﬁeéﬁi&m GEHINE PRINH I CatRINEMBAINQRLS, PRAKEXRESaIRMBbut 48 hours from

braghyury .and FGF4 IS reached at a ti out 12 hours
e AR, R UG r R BRETG oo g 20t Sebsinilty
exgmbmﬁhmeh@st tFie tanae Hyumytiand: @i mRNWIM.ndt shbstariialy embodiments,

FOPPIRSSRI R ARAULI2 HOMSAQBE R IRI SRR MG RRIPLIBQINGRe point and is
preferred embodiments braeh%/ur y and FGF4 mRNA is substantially

nob%&d%@ﬂ%ﬁ”ﬁ%ﬂ?’éﬂbﬁbﬂ% PYFH TR tRerETBFROGSHE POt and is not
subsiestially expeesseddmpaboutt? bhaw sdiomithesefereiveé Heme point. to cell

cuﬂtﬁ’fég’ 1v/Addiig 3@38@%9%5’%%“5§ BLAOS GS!l Gultegs, qf?ﬁﬁﬁkbe%h &l ncleli cultures,

relate to céll cultures having increased expression of SNAIL mR
bl%H%éﬂ%ﬁ@ﬁf@@%ﬁtﬁﬁﬁﬁAﬁ@éﬁ%ﬂf @pg%%%@f%ﬁaugfbawré@ Uifeitesgfrom the
reiiamiéoutr%ﬂwws fronothe tefpsencadi mefmimryl rhﬁ@mai:emmdmnems@ssm is
mRNA SSIOH‘IS %Ubstﬁp Iatecrleprlor to about
su tan 1a u i3 C‘TEF 1107 aboilt O\} S 1 CNCE e poin h} Some
Yo Teferdhce fime point. Tn some embodiments, expression o

eﬁ@l\ﬁﬁmcmﬂ Nmrmu@mnfr@g‘ahawdmwgﬁéﬁﬁun%}howgbﬁ@nﬁl'fﬂhe Jefaregidettthhe about

48RRI HLEER @%1%{9&%@5%@B@m@%%%(ﬁéﬁ%&ﬂe@“ﬁé&%@&‘és‘én of brachyury
reached at a time between abou n%lz hours and about 48 hours frgm the

o TG N e O GG T BTN of inB B BIIRE dbdtBedom the
refrengin aiso pelate tdnceletuitdresitodiringta spedificligmporal éXpréssinofin not

subBfeRANSINEGADRLARS RIQAUGEH AN SUCh G 0APOMMEDLS, EXRY %ﬁﬁé? "breferred

of E-cadherin mRNA begins to be downregulated by about 12 hours from
e Hafsfe MEacting ot %tﬁ%%éﬁ%ﬁ@mﬁﬂf&y%?&%% F R s from
thenBRbiéneaniepaevanegulaebbyrabDulpsssiaabyldbhauns foarm the the reference
r%ferepce time point. In preferred embodiments, expression of E-cadherin
MRNA is substantially downregulated by about 48 hours from the
referéfit8 kime péiitiaps JobodIENErehisddinems desépibeberdigipiate to cell

cunaléwﬁ@ﬁ@lllwkw&ﬁéhﬁ@s@mresgm SERALY andi@eiFQXAZMatkeN AN mRNA
some embodlmen gresm [%obeO)éi.E mRI}IA |s] su stantl%l i
TSGR b A ASROLTG ol the e R e BOIRL I Bty 1 some
endmbodineits) ! Expgibigsionref PO XA shRINA smabStantieliyr tpregeldddburs from
th@%?@&*&: %a@%&:lﬁ% frqms% r&ﬁ%ﬁ%ﬂﬁ&lty%%%n 109 ISIQm@A is downregulated

embodiments described herein relate to cell cultures that comprise cells
byheRANg Gl SoBifiadsiatsmiet §et Rpraddn smppdiests: peak expression of
Sremibadimentseibedat| ittt tesween about 12 hours and about 48 hours from the reference

{1

time point.

H502] Embodiments of the cell cultures described herein also relate to cell cultures
having a specific temporal expression of the E-cadherin (ECAD) gene product. In such
embodiments, expression of E-cadherin mRNA begins ¢ be downregulated by about 12 hours
from the reference time point. In other embodiments, expression of E-cadherin mRNA can be
downregulated by about less than 12 hours from the reference time point. In preferred
embodiments, expression of E-cadherin mRNA is substantially downregulated by about 48 hours
from the reference time point.
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comprise hESCs, a differentiation factor, such as a differentiation factor of
the TGF(3 superfamily, and a medium comprising less than about 2%
(v/v) serum. In alternative embodiments, the medium comprises greater
than 2% (v/v) serum. In some embodiments, the medium lacks serum

repld@&fibnt. 10BHS] APSotHRCBMBBATIPRNIS R (R ettt euiiarearess the

Soprovidedlovitroke 2 diffetentiationdactain togiseicU ke 6ampsis 8D AN DrmRNA is

edominantly all hNESCs. During the course of differentiation, atleasta ..
S s e S 2 o e e o R B By e
eXRERpHERSIOR O HerprddustsHrrRIiAl andrerubsfdaptias ) 6fheertaliomtrkesierence
tin@gRa@s. 105061 In some embodiments of the cell cultures described

herejn, the expression of,.a first set of marker genes is upregulated prior

t o uIatoR PAEAESHR SAcBF LB S ARl U Jpoevse el
ha\é@meeémbmﬁm@dtszaem sé@@ﬁmrkas@ene@ mhirwllbdéimﬂemmm@a@ cultures
cmm%!é%%@%%i%é&éﬁ%l@&'%&lQE&%%BT#%%%&S\%@BQSff{QQﬁé}!%Q{;{)%rfamny,

substantial. For example, expression of a marker gene can be _
and, §raydidte dBYPEE ehstEHB 109 ascomparadto tHez Btprazignhofitments, the
mcSame:tarkes geaedmhundifferantiated hibS&:5e bnetaehembod Mants, lacks serum
o gg(%ggessfion of a marker gene can be upregulated by at least about 20%,
Fatleast about 30%, at least about 40%, at least about 50%, at least about
60%|fdast albort O ediemstsalso it809ks dhteast abburosraided with the
difgreatarthan-alle@st anoulifR% as,eRIRAre IR-the SXRIESIIORERINE During the
same.marker gene in undifferentiateﬁ ESCs. In still other embodiments,
cOWE HaTRET e B e SEibi BBl ke Bliskad Dy Pk erM et baees =
inchdpoust 13- foldxatdeast abbupddold, (atiNasirabouthfoldidat) teasttaboutker genes.
6'f0|%ﬁk!ea5t ﬁb&%e?ég%gdiﬁclrﬁggtc ﬂp:oééh %'\Iﬂlﬂesaéé&%%feé‘*ﬂ%hg 't[{%llgx;?r%ssion of

least about 10-fold, at least about 15-fold, at least about 20-fold, at least
a Tupott Formslis sftenkrdptHAL ASier tathe dRtespigtio ot foracond aakpmbiind set of
mbkefeitheat lpashabanibofald, aideastabouk80:-fald,at lRasidahouir more marker
ge%%?folﬁjpré‘éd%%% 3ot 100-10ld.or greater than at east aboyt 100-fold as . - ote,
compared to the expression of the same marker g%ne in unditterentiated.
eXPESES. Sl UL 07 A ity ehidsdimiesitsie the selretilithey d8scabegmpared to the
exPRESh &hﬁz@%@ﬁ@%ﬂ&@ée@ ﬁﬁﬁ%ﬁﬁ?&édﬂﬁék%@@ﬁ%@tﬂ%ﬂmmg expression
of ieguiated prior to the ”BT%%X@th‘%E‘eosfta N 07%9[3:’69{ BBt O ot sbout 40%,
marker genes. in such-embodiments, the' eachi’ Set™dt harker gefleSCah
at ingludwwrid’or amore Markel’gen dssikdwitiQipregetatidmofifenet least about 90%

or GXRIES RN Aouaresiiatien GanJapgediormsightiostbstantiah ot ker gene in
ession of a marker gene can be downregulated by at least

example, expr _
undHiSTRA %S aﬁﬁé&ﬁpapéo%‘ R B SPEOSIH U tHEC B Thaisr anesiipn can be
uptindiffedantiatedsh ESEE, ancadtc otiiet-edbadime ntsyue Xpkessiofeot about 5-fold, at

N 3EKEE 8807 canhe downragialed y.atieashabauta0%, At d%%%iﬁp% about

30%, at least about 40%, at least about 50%, at least about 60%, at least
10Blout 7698, 220 YebsfAB A BOR, Bt Ra&Y ABbiIoPor Grédteriiran apout 40-foid,
at leastBhaUnIOM asiesmpaiesitetie @xprassionofdaesame MHakKer-geneat least

i ndiferentat %é‘%?ﬁ)%:f‘oﬂ?st‘#' other embox 'é“s‘%lmt% Iheymarker gene i e
expressmn can pe 8ownregu a?e ) Yy at_ eas -?O 3, at least about -]%Bilcri,
exprefe st oo st mefoie ket desstadiiteretorichbfdast about 6-fold, at least

aboufgédinld, atileast-2Res Bl of the celi cultures described herein, the expression of
a first set of marker genes is downregulated regulated prior to the upreguiation of a second and/or
a third set of marker genes. In such embodiments, the each set of marker genes can include one or
more marker genes. As with upregulation of gene expression, downregulation can range from
stight to substantial. For example, expression of a marker gene can be downregulated by at least

about 10% as compared to the expression of the same marker gene in undifferentiated hESCs. In
-76-



at least about 9-fold, at least about 10-fold, at least about 15-fold, at least
about 20-fold, at least about 30-fold, at least about 40-fold, at least about
50-fold, at least about 60-fold, at least about 70-fold, at least about

80-fold, at least about 90-fold, at least about 100-fold or greater tha .
othE £ERHIRAFOSFERIHS Qb hPArks ﬁﬁl{%éﬁé%ﬁra@gmﬁg&iﬁﬁ% @a?ﬁée?ﬂa%}??@? 20%, at
leagi@beulrs indifferentiatedi vt 3Css[ObO&] ottt tthhententixoéinee htsiofthe 70%, at

ieasc%elllb%H tlgB@/S %Le %Crép ggon{e%% (t_)IP rg 81‘ %ﬁ'ﬂoﬁ ?Ja@tfg&;ﬁe‘;daj rgsa%ﬁ{pared to the

genes Is upregulated prior to or a about the same time as the pea
expERpRsSiofoTHIS dRB e SERiRCHOR RSt BF Sk gahebenrapediments, the

maBBRAIMaBEssRAChsek abMRKRLEEe NP CARETIPKISaABSONOIBfoid, at least

about aﬁ{ l%elrdg eea%t !1 u‘%@ell:o%n ;ieaiir?el?ggf étyqeic? XeRr egs%l ou?%%’“cﬂds ta? Edsgfa out 8-fold,

marke enes IS ownre rior to or at a OU'[ e same’time as
at b@@l@beuéﬂ%éslsio‘ﬁ bR s@mﬁdﬁ §dﬂa¢id¢e¥ta&ﬁwdl sdeldf migkenbeneas- fAlsi at least

ab&lRSeriBRd zﬁb@a‘é?aﬂ»@&l&@)bfoﬁfngqgi@ﬁ&gﬁt eachsel afnatwRe BeRAS. Galkast about
omprlse one or more marker g plﬁpihem;l]ore

[
R R
leagerte e Xretsivas campranye ttensslighictio substamtianFEberegcamipl@ndifferentiated
nEgypression of a marker gene can be upregulated or downregulated by at

least about 10% as compared to the expression of the same marker gene

in ulfitfirentidtedNESEY. FrbREREi0obitients! e PIRSSIOTF S Bshatiist: the
exﬂ@fﬁﬁ@lﬂ Dbearupregilaterktraaown pegdated hyiat leastabinut 2Q%,mat time as the

ast about 30%, at lea ta(p utzll ({) 1Le abou 59/ é ﬂt})
% v F9 8251935k L9070, 3t lGashanQut t
pe %7preisf8%§t about (C')%/oanat least about 80/0 at E:enaéta oht 90% or IS, eact se

of greshee eheincaatJeaBtisboIs @o%rasﬂédwfpﬁﬁéﬁ tOtRERPPESLiBATGT e expression
of 20HNE @@Hﬁ%@@é}%&%ﬂgimmmﬁ hESGS. dﬂ@tﬂb&lhﬂ{eejmb@@iﬂé%t%e peak

the marker gene expression ¢ e uprequl ted or do nreg ted
SXRRESIS -t '& at 184st bo%f) éaf%dr at teggi(gi bt #161d, VAItSIeas % EXV‘ n_such

enthddidenst teclstaivdutaBfolgkrat lwastaiposr Fofold mar %a@ﬁ@b@ﬁ!?% ﬁrﬂd}l@mmre in
é%é@@&@?@eﬁ%&b@éﬁﬁéﬁ% %%pl@ﬁ%rﬁ&l@%%@%ﬁ&éﬁ @ L%El Ession can

about 20-fold, at least about 30-fold, at least about 40-fold, at least a ouii

raigs.FesiE, SHEM AL S Blo Pl AP RS PHEB YO8 (B HicfeseSe 4B AF upreeulated or
do8@rfaldaal least labouto80fvidaatdeqstcdboubd BGxfoldoorgrbatemthander gene in

unlg?ﬁ% S%Ré)[gé %895 qunaéﬂ%q @Bﬂgggngﬁtgh%x&é@ 8??%9 A 8&% §91{Q %aW%Kﬁarreﬂulated

gene In undifferentiated hESCs. [05091 [h some embodiments describe

w@wﬁgﬁ%ﬂéﬂaﬁ%ﬁeﬁe%?&f/m@ CRAF! &) exBrdediorPerd 4%&@6%‘{ about
sogeneiselested fromathewgrauptconsistingafto@ B8yINadadsthHkfar, SHEY: kreater than

at %as Agou?%%nad ID] Is ugr? gﬁllglte%dr srsli%rnto res%u'atlon]ﬁ)f ex reésﬁ 1@ rehtiated
er gene se ec e omt up consistng o brac U% Ig

hl@&muxwms mm@pwemw@ TRIDAGTE, ELIRSEBY, csutrfz ugaDjated or
dALERMA I OIher ERROGIMeRTE:d0: 8 1Qashoeme .66 alrsid! dheaseibout s-fold,

culture, expression o ar ene sel cte tin
R T R L R RSP R o
1 (pledk sxpression of- @Matldezsgmt Seladded firosh dheigioupconsistingoof 40-fold,

atk?égs(f%b‘ﬁé’ 5B s N b MR YU X e RKKAnNE TR, ol 1At 80-fold, at least
FLJ22662, SLIT2, GADI and GRM4. In still other embodiments, in at least

ahgihriS- okl o et BMEUIF D b p RSB ER & mikaP YRl Sk sG] to the
exiresgroup tensisiingrofrtdtn¥ b, undifferentiated hESCs.

{0509} In some embodiments described herein, in at least some cells of the cell
culture, expression of a marker gene selected from the group consisting of FGF8, Nodal, HEG,
HEY 1, GATA2, BIK and ID1 is upregulated prior to upregulation of expression of a marker gene
selected from the group consisting of brachyury, FGF4, SNAIL, Wnt3, MIXL1, DKK4, NETO!,
T, DACT1, FLJ22662, SLIT2, GAD1 and GRM4. In other embodiments, in at least some cell of
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GATAZ2, BIK and IDI is downregulated prior to or at about the same time
as peak expression of a marker gene selected from the group consisting
of brachyury, FGF4, SNAIL, Wnt3, MIXLI, DKK4, NETO1, T, DACT1,
FLJ22662, SLIT2, GADI and GRMA4. In further embodiments, in at least
thegesh el o RS elifparkexsrassrlitst & ‘Pﬁé?%‘e%"@léﬂé%éﬁ&%a fifGiRe. Nodal,
HHOeIgFeUp CansisliBIK okl GFBisNoaaly iy rdEN lpdaAdps 8K and Halids gene
s<RLEQUIAIG prigy 1 WeaMIBIan AL, XRGSIAR Bl 2 sk aqasne seieetRd o,
rom the gro pconS|st|n of SOXI7, FOXA?, CXCR4 and MIXL). 1 still
T, &thér én%éa%ﬁéénféﬂﬁaﬂé% ageoER e d#tﬁ@ic@neémtﬁ?@dlés@ﬁ%s§|éw@ﬁt some

cel@oMmegken gﬁn@esei@eé@ﬁbfr@mtﬁerwpb@x@wmmﬂ@{ Qfeﬁ%&iﬁd@brﬁﬁ% of HEYI,

GA%(,&H%X g MI DKK4 ate E-ilf-lg‘l ’EOle”DAng thlfeLs‘girzn%qﬁrr%é %LITE expressmn ofa
s unregu rlor {5'0rat he same time a

mammg@naﬁ@hqwdeﬁpmshm@l @f}raqﬂarﬁmgg@“nbrgémmﬁ frbfn thesgrodipit3. MIXLI,
D@Bﬁ@mioﬁw@ﬂ E%%Z%%Wlm%kkmy% Qe embodiments, in at

embodiments, in at least some cell of the cell culture peak exPressmn of . .
leaé“ ﬁﬁ’ﬁ‘r%?ib%f&& <SRG o PIRE Rt 3 BBRSISERY &F et Hy Oy pesien consisting
of SNAIL NAatSHEEX HEDK KA NETBIK TsDACT 1s, Fird 22662 ,pShi T2 u@adlation of

ex&@gs GRVE IR feachrd sgfég{eaoﬁ%qﬁ}@ &Fpﬂ:‘&%ﬁ%ﬁ %ﬁ%#m@t@ﬂcm and

of expression of a marker gene selected from the group conS|st|ng of
MIZHK] 1 pdhalr RO ML IR AR SHA DY bel B (Rgfession of a

mdgastsamecelidfithe erll guliy r@m@sﬁﬁgs&mmﬁaxmamﬁr4gemselemed MIXLI,

l{g NIE?&I‘ O(’Elf Stﬁgﬁ 553 %?iﬂog’%l C%i (I;E\XJ: 19%1;@ 1211a ecr 1‘101’ to or at

is upregu éte prior to “upregulation of expression of a er ge
-abg@tlé}@fteﬁfﬂfbFﬂﬂfhésgi*@tﬂg‘&%fﬁgisftfn@@fewaélﬁuwﬂaﬁ@&el@Nﬂ@EfeWﬁ?gl the group

cohdlefind o@m@ NEG QL GRAG L FUIRRE62: FhlTBeGARI@REGRMMeast some

eofthe cell cultures havin pne or more 0 e temporal ene
CGéy?ﬁlrti SO PR S db e h&ﬁua%ns%%s&.ér?%%br%’% sisting of

brablanbBUF 29N wM) %mrﬁ\/f[ﬁ]s@lr%lé‘?nﬁﬁﬁm"leﬁt@ﬂféTméﬂW@béﬁm GAD!
anlNERIge ﬁ%@ﬂe&rb;q&p% &@pﬁgﬁp%tsc‘arﬁg %z%%ngme%%ﬁmsﬁf %resswﬁ of a marker

replacement. Some of the media used in the cell cultures described herein
2efiscTEaRCelam WE Y UBheRtitRA T tha abotitt BlardA Teds dhadditional
endtod it chi8%m (/W stesenthanl ab dut k17 Solt(wyxless ithan aboukd. 686e(wiekted from

théesféut}b WQ%%[ ?C{%nggdg?sﬁé%a%??ess "14A/f ﬁ{)ai %SI% h@@l %Q%{ed prior to

less than about 1.2% an a out 1.1% (v/V), less
uptﬁawaa@wﬁ PATEAND [Ess WakraBetf S99 (o) 188<2thEh %@W gyjbrachyury,

FEPAY) stessi thanabout0. 7Y, lessthanraloout10.6%. (vigholess thanGAD! and
q?ﬁ%u'[ 0.5% (v/v), less than about 0.4% (v/v), less than about 0.3% (v/v),
ess’ than about 0.2% (v/v), less than about 0.1% (v/v) or less than about
0.05%3WN). [05p1keSbthe wilthdtest bulturesheavirmgeoridhgrtempreabitheexpression

pa%%‘éﬁ@%@&%ﬂ%ﬁ%@@éﬁl@@ 2 PALEIRS-08pRtRe d.abAYS ARMPHSEAL GRSk, 1n some
one differentiation factor of the TGF(3 superfamily. In -78 some

emhiBaI e HIS “iﬁ%“tj’f‘o@\?ﬁ? ARSI %%fé‘l‘macﬁ{hﬁ%?“ ARPS AR e predium lacks
sepnefepracremb dtinertts)ethe difieedritiatiors factonris detivibeAbdreimordude serum at

» PIRIGHRHSOPRIIments e 13<§<¥‘V On At IS PIRSE DL tNQINEAYMAL Ran about 1.7%

concentration of about 100 ng/ml. 10512] It will be appremated however,

(vfﬁhthﬁeﬂaﬁf%t@ﬁula@féﬁ\fﬁfétéﬁ:s(gf:ltﬁéaf)@lpBgﬁ% {v/v), less than about 1.4% {v/v), Jess than

about 1.3% (v/v), less than about 1.2% (v/v), less than about 1.1% {v/v), less than about 1% (v/v),
less than about 0.9 % (v/v), less than about 0.8% (v/v), less than about (.7% (v/v), less than about
0.6% (v/v), less than about 0.5% (v/v), less than about 0.4% (v/v), less than about 0.3% (v/v), less
than about 0.2% {v/v), iess than about 0.1% (v/v} or less than about 0.05% (v/v).

[0511] Some of the cell cultures having one or more of the temporal gene expression
patterns described above comprise at least one differentiation factor of the TGF[ superfamily. In
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superfamily can be supplied to the cell culture at concentrations ranging
from about 1 ng/ml to about | mg/ml. In some embodiments, the
differentiation factor of the TGF(1 superfamily is supplied to the cell
culture at about 5 ng/ml, about 25 ng/ml, about 50 ng/ml, about 75 nghnl,

som SR AR DR SR PG as% 350 1 RS AL S fyymin Preferred
embditie2Q0RgdiNkrabotb 2 Zaterghnatiaboat 2bGnng/mkfabeléRE nghmi, the activin

A%b%‘é&%%?tﬁg m#z abaty %%%élﬁf'%‘!m %B'&%?% %/m! about 375 ng/ml,
about 400 ng/ni bout 425 no. mI a out 450 ng/mi, about 475 ng/ml,

abodf’%@) ng/ihwébmr@mscwge/mh@%@t 100 ﬁg@/ﬁlﬂff%rb@ﬁﬁttisvequ@/rnﬂf the TGFR

suftP@k QAN M ARAULERS NG/ Bl ADRULASG RAIBAL BREHLEZRNHAL 1 ng/ml to
about 700 ng/ml about 725 no/ml, about 750 ng/ml, about 775 nghnl,

AU BB gl RB SRS IEn AR S BT S e bt 75 giiperfamily is
suraiied O mg%mt;kua’eeuh%ﬁ mg{gmﬂakmmt A5Gaalmipadnciat Sgmnghmly 75 ng/ml,

b8 Qgg& %”}mﬁou e %’J}mi‘?‘o §oq/5“ ABout %%’ ks %'Bg‘s‘rtv%@ D1 apout 225

'@ml about’9 hnI about 10 ag/m
ng/adotord %;Wﬂl%f@b@lbp‘1122@?nﬂgfﬁ’é>&homg3ﬁﬂﬂ1gfﬁﬁoeh(&l& i?@/ﬁﬁ/%amr&é% ng/ml,

ab&UTms agewtal)@@g(rmhgahpuba& mghkgaﬁzobﬁolﬁ @’mﬂg@b%ﬂoﬂ,@ﬂgmgra@%&n 500

/ml, /mI hnl,, a/m 00 g/
N T e
ab@B0 Y/ m/ ﬂdb@iMUB@@ apirh ] adbout BB g, ab.b'@il]tz mrg!/mlboabb‘iﬁ)tm@i about 775

ngRSY bR %&@gémh ROyt BR0Meaik 2RO 600.a/mk aBRt 8RR 900 ng/ml,
g/ml about 700 g/ml, about 750 g/ml, about 800 g/ml aboutSﬁlgﬁ/ml

b e SBCPDANTIT ABIaSEHg T 3B L0008 )Y BY-GREAier HRAH BRHie Peim
abdiB00.aghinkhbd 051 33/ Me tihodstof diffe réntiating/ hE Sos:Sopastn proddaey/ml, about

mC,?g'/%«rbaawg ceriain, [mperal mrhe5&%9%eﬁ@rﬁrsae&p@zrqmﬁ@rm%qs wgml,

contemplated herein. For example,'some embodiments relate to a

abﬂaéﬂfoa@malﬁwn%&m@rﬁuﬁéaw B BhiRE LA thERS Ry e/ml. about 25
gﬁﬁﬂt@ﬁlﬂgiﬁh@ghﬁs@swﬁb edmeduuﬁum@nmgsmg JLBSﬁttHai abeslt 236ut 150 pg/mi,

abgetr%%fﬁpVIdl glfhl%(h d%g:ggfleptl%tl %he tOt‘ 9 ﬂ})e utc_;’%:d?pgfml about

hen rmit atlon 0 0 OCCcu

409)53/43}11rﬂh@méf'émefedrrﬁefmeiﬁ)ﬁtme/a%oak@lﬂe%@nb@d‘ilmétﬁ@d@@fuy’ml about 650

neihiffersptiating, S B Gue exRressieno ke fitshseh ol Mek el GRNE@sAE 900 ng/ml.

upr Iated p ior to the u reg ulation of a se an / r a third set of
abﬁ?é?lgg ?HtéSHQé‘%r%b%&Fﬁ%tﬁ’iéh%‘ é’ﬁusfg Sléj? ﬁ%g?ker genes can

mcludihsbﬁe or Mettednarkeli {ffemssitidpradiiflation of genedugeresiiohagany certam
telfNOEE (ﬁ%@eﬁ"@%tgxﬁ‘ég%ﬁ%@ef Qra?é@!bm@on%ﬁ’ﬁ%%%&fi@ 'iﬂ?%”é%mp le, some

ne can be upregulated by at least about 10% as compared to the
"gsesreggraﬁemh@ SaffRth ket Garmatin tin direrentrbar e SEE, F LA SC): by
coefrd‘bmq|maem]Es.Ce>«.prressmnmmﬁa:mkehgmethmbmuwegmiateﬂ@ycazﬁgeashESCs
a} FL(J{[ Oo/nixat lee Sctt(}abQHtetapg/ E?;[#Be%% atma O%El %;ééi atilnen B%’Ier n%a?ion of the

eas tfeas tieast tleast
hFdsoue 9@%“ or greater than at least about 90% as compared to the

expregsian of ﬂﬂes%ﬁm%mdﬁfé&@ﬂ%lm@@%f@r&‘&@ﬁ%g RERGE WP Hilferentiating
other embodiments, the marker gene expression caanJ ulated .
R iolde S ORGP el RBOTS T A AL aBOTR IR 188t WBeeson of

sebefdldpdbteastdboutitafalck; atleastraiout Mdgnatnkea@tchb@mfaafmﬂebl afenes can
in!:%ﬁi%t 919%0&1 I%Eﬁgl%arker genes. Upregulation of gene expression can range from slight to
substantial. For exampie, expression of a marker gene can be upregulated by at ieast about 10%
as compared to the expression of the same marker gene in undifferentiated hESCs. In other
embodiments, expression of a marker gene can be upregulated by at least about 20%, at least

about 30%¢, at least about 40%, at least about 50%, at least about 60%, at ieast about 70%, at least
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at least about 10-fold, at least about 15-fold, at least about 20-fold, at least
about 30-fold, at least about 40-fold, at least about 50-fold, at least about
60-fold, at least about 70-fold, at least about 80-fold, at least about
90-fold, at least about 100-fold or greater than at least about 100-fold as
abQ Sl AR WS S B T S A ABAKE Y (s SATRRAERHRS ShtigtRgssion of
theNzDE s1a[RE1 Hdnkn inthel Ssrdadaid eSO nethtdstief difiesentiatingebSCsr gene
ex;%gsss%ilﬁbceagt erelngu ed% aﬁg%'{)f @z{ r@d?{ thIltm%lf(? g%Q& l!)%utél fold, at least

ownregulate ate prior to the upregu lation of a'second and/or a

abcmﬁrafg& &f ﬁﬂamb@t@érfe@ Hﬁ lspiitiibotiithetisathibad dhieldr dflpataut O-fold,
at @@srﬂ@.soﬁammweﬂ@@ﬁamumm%maak&rag@aeﬁt AsiwvithaURFEUHAH®V-061d, at least

&b(%le%% ?)EB rat €ast agout efgwat![ Qas?%gout%% t%“gsht 0 SL@ %algtl%l f'::zics){ about

example, expression o ama er gene can be downre ul%ﬁe
8%@@1@1@% abw@ﬁﬂa@ﬁédatdfmé @/optel%rrﬁwbmr@es@nréaﬁhatmsg@?@fmoo -fold as

COMB&I@WB@;@%Q@%m%%z@mpgaamﬁ%mwm@@m@ marker

gene can be downregulated by at least a %, at least about 30%,
s SH13hr 401, SPIEHEP BTG Eat AUBLB0ID: I BastabELte e

the?@%pﬁideaﬂaabeILBbBﬁl%laatelxe%teabz)dm@@%/glé@tgte%e}athamat thetist upre gulatlou

ofQQ@@B@Q@&%%epa@arsﬁnsgr@g@ XRIeRSIN, A IBGIFATE, MAUER 08B Arker gones
undifferentiated hESCs. In stllfgother embodiments, the marker gene

caip iSRS IEN BaliBe BHRTrEgatated m} h‘fﬂ@&é‘ﬂm?of’oq’é et ERTEEBL IS BIEg ation

ca@tig@st abautiddold, atdeastiabowub-talahat |eastabont &- f®|d‘;aaitellegﬁie can be
about 7-fol least g-fold, at least about 9-fold, atleast o

oo o R L B I e T S e s i

un@mﬁﬁrcﬂ@rwa@deagsﬁboutmooﬁ@m, am@a%maﬁéute@m@mn atfleqstapsut gene can be

doRArfQltadl IRastaeut A0 feld, atdsasi-afond0nfaleh @Hﬁﬁ&@%bﬁﬁ%aﬁ about 50%,

0-fold, at least boutIOOf Id or grea atI ast 00-fold a
o ARG A BloA o 0 S B thiiler his AU et o

kergene in tndiffeérén
lehESCY. 0516} stﬁvﬂr@ﬁh@r émboglimentditimethod swafkdifferentiating ferentiated

nrRESGs dasciked,haraib.the.expigssionof 3 itsh sRhbArkar-geRRa i at least

upregulated prior to or at about the same time as the peak expressjon of
2 4o RSBt A1 HifEFSeB B Rer HeRES  Suh ErfbothmEt, o010 o
iegashoset-oflharkersganestchnicenprisehand doimardenvazker: gorfest, I least about

150 ']graﬁ”?i% dimenisy e, expre a%%'l% efadiratisgk %5{}@{5% 4eN8SAIS about 50-fold,

ownregulated prior to ‘or at about the same time as t eseak exp ression

at dyfagl §é@6rf&~§@flaﬁd¢éwﬁwﬁd GEolef phisacerRpvh I, & |B€?:}“a%fféd at least

ablusushBmMbegdineniGaeachSebRiunarkes|geRSIRANCADDESVARION of the same
m 1~ore e;]r%e}rr]kgr r;]eensn tFe'ért grmore in the above-described embodiments,
thgu reg ufaﬁlon an ownregulatlon of gene expression can range from

slig ht[@éléﬁl bstahtialilFoihexarripléimerpressishah somdiflergeneschindbe described
netRregidlatedaf dawnregulated W&EJ%@%@QQL&&Q%W@&;#& t0dh€the same

expression of the same marker gene in undifferenti ted h In other b
imé?nil)soa FnB?ﬁ]é eé:)?bqsgggﬁ O?f %fsgcmgrlg& IS C?:lr]ihbr L?E)ll’ & dr}ﬁr ar ofenes. In suc
entloviinregsllatet by af’ leastahrut2086, aﬁﬂeast about 309¢; »BCkat lwast. In other

elﬁ%%%égﬁeh@te!?p@&ts%o&ﬁ 0% @t leash A 0004 A IR AROHE S %00 about

least about 80%, at least about 90% or greater than at least about 90%
the SEHhIEATEN BetRERkEIPEEEION BF therihac MBS iyl et of marker genes. As
delsaﬁijff@rzﬂﬁbﬂateﬁi hkSGsabldisithehatierabodiments, themarkesigetie one or more

m&t re§e§ngsn Furthermore, in the above-described embodiments, both upregulation and
downregulation of gene expression can range from slight to substantial. For exampie, expression
of a marker gene can be upregulated or downregulated by at least about 10% as compared to the
expression of the same marker gene in undifferentiated hESCs. In other embodiments, expression

of a marker gene can be upregulated or downregulated by at least about 20%, at least about 30%,

-80-



can be upregulated or downregulated by at least 2-fold, at least about
3-fold, at least about 4-fold, at least about 5-fold, at least about 6-fold, at
least about 7-fold, at least about 8-fold, at least about 9-fold, at least
about 10-fold, at least about 15-fold, at least about 20-fold, at least about
at lepskaheut 0fEadt I5tb b Yole sl aban S0 soLisi: doradl amblsest about 80%,
at Gasfalshvabieast about (R-daldicalt Ieask @out 80niplekdablershahatibn of the same
mankl Uk GRBHRPAUL AR On repter Dan B el AU AT A8 resion
compare e expression of the same marker gene’n unditferentiated
cam ESPE 05T Pl Ensodtiniders aégtg%n@‘e@aﬁ‘eqrbw infeldl e Srsorheut 4-fold,

at Iéﬁ!;k&l%dh?»f%@“ a@l}liﬂdf @b(ﬁ%@[ﬁﬁ@@ﬂl&i@aﬁ&ﬂkﬂfoﬂﬁ Reisglesisd frem tmea‘;t about
5. [8 cons t|n al HE HEY 1, GATAZ2, BIK and IDI i

lisrei ATt 60 bfe ﬁféﬁ%ﬂu&]% F%é’él%ﬁsiﬁ Qfhatiel g@‘h‘ga%éféoé’tte%) ~fold
at femhaﬂmetg%ﬁpdwnmsmragogf BrdchlyarysdsGbd;t SNATE, Wiet3 ML 0-fold, at least
ab&Kﬁﬁo%Ei%stﬁb%&)Tﬂa@a??%@%oﬁh'(f@fo%a‘?lgéﬁ'{érﬁ%%‘%14&941'3'&& 100-fold

embodiments, in at least some cell of the cell culture, expression of a
s FRBHRSP Griee S RIERS TS AR B S g Bfieemate bRl s HEG,
HEY [851GATA2nBiknaneh Hodiisanpregeleated peielitoipaakeexpi@nsiofliofd the cell
K sel om. the group. consisting of brachyur
o T e or A e SRR o Ssngy. e
HFaWd eRM; BilsanbtRdrertseuirmsEoTcatsasisone eeirsitheieiarker gene

seletitl r@@@xmecsa@m@fsa;ﬁngdfefrmp@-ﬁatemOIsmm thengroupceansigting RETo1,

T, %EXJF %ATﬁgﬁzB%{EﬁndGIPé S \gﬁﬁg u nt %gré%bt%l?reaE alki)loamle g cell of
same |me as peak ex reSSIOI”I 0 a marker gene se ecle %I’ 5‘6?86]5

thecmilsissxﬁmg:mpra@mmam@ﬁm mtewm&om L EroDiKeoasiIMET Q17 ARS8, Nodal,

HRAGEY Flo2280265L A BAR! AL GRM4rih Wrsk eROAIHONS RL: gene
Se]ﬁ%ﬁifome cell of the cell culture, expression of a marker %e selected

BB HSRNG St PEEB B HER M LEY M MRS BIKhd ETO!
T, IDASIUpFegulated PridRicnpregudatifiviofl expibssien ofiathacker gendeast some
ccBSlesiedfram the Qroun;sonsisting of %%&M@P&%%&R% 99 ing of HEY]1,

MIXLI. In still other embodiments, in at least some cell of the ce tu?e
Giakre SlfoAngrR i iungaiacsdIbatan frohiiRe ﬂ%ﬁﬁﬁ‘ééﬁﬁ%rﬁ@%fﬂpmsm of 2
mdkachynr yseleGEA SONARE, JAaE3cdMdXdidg BIKESAINIET Gl g, BAGTIL, Wni3, MIXLI,
DIEI&A?%%E)?C%’ISIUB%C?A?L%Q %Mﬂ“ﬁséfg gmgt& PB IOEnt (%urnarte%g #%[Qne‘ts in at

same time as’upregulationo expressmn a marker gene selecte ed
leareqgtosp! ebRsistihgiERS XIS RIXPHEC RepasdeNiK from| fhy graythegnsisting
of gbedimgntsiincatieast some calipf the gell ﬁuﬂlﬁ%@uﬁ%kpﬁﬁpﬁgsc%% @htion of

a marker.gene selected fro I\}Ih OL_Jé) COI‘]SIS'[I ;rach o 5
BRI W AT DR NETOR T BACTIHL92586 & AGA@f R4 an
Mard Gmmiis%éacmeuogmlt@ oF at Ebsutothe sahté tﬁﬂ@@.lscmpneg usgiession of a

mBkEXRIESSIN Qf ehmlards@r 98P SR L I Om NG IradR-§OBRIRINGWE ., Mk,
SOX17, FOXA2, C and MIXLI. In"additional embodiments, in at

Dt G o A céir-‘c’;aﬁﬁ?resb%e‘é%ﬁ B FRAfRe geire dardopsigr to or at
abfrenthethengrog: congistingiofi-GRIpNadtal, dfl e GoardlerY g GRARAZY Bisane group

COJ]PISIf W@@Hlﬁteﬁﬁ&gj @XH@W%&H%#%??]( qX %Sé)% n Ofbacﬂ;I kPrx% ?eést some

selected from the group consistin chyu - NAIL
ceflpk e BlAINETFORs PXIRATOR © Emsezg@gmwcmmraﬁhp BRI 4onsisting of

brachyury, FGF4, SNAIL, Wnt3, MIXL1, DKK4, NETOI, T, DACT1, FLI22662, SLIT2, GAD!

and GRM4 is reached prior to or at about the same time as upregulation of expression of a marker
gene selected from the group consisting of SOX17, FOXA2, CXCR4 and MIX1L1. In additional
embodiments, in at least some cell of the celi culture, expression of a marker gene selected from
the group consisting of FGF8, Nodal, HEG, HEY1, GATA2, BIK and ID1 is upregulaied prior to
upreguiation of expression of a marker gene selected from the group consisting of brachyury,
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[0518] In some embodiments of the differentiation methods described
herein, cells of the cell culture are contacted or otherwise provided with a
medium that comprises less than about 2% (v/v) serum. In some
embadiment the medium does not in mg ﬁ[Lme
il MG Atk SLAt BBt Ry S the e Sodh el D! and
GRNEthods described herein include serum at a concentration of less than

aboyhd:§% (V) J|8ss &Q@Qdﬂﬁaﬂ; oF- %@o(l\fée/)mlﬁa%&h@@ﬁt@%@&%@dﬁf{&)@m celi

less thanabout 1.6% (v/v), less than about 1.5% (v/v), less than about
of $a1951(\A e SE tRRAHEAEE T PRIPRANTIEEdREdoBHDIh AomReises less than
abdbaprabout ko (Miv)oless:thtaidiaboutibfmédivy less: theniaddalst &0 In other
em{)%()ut f,ss6 jwe(a\';ryl\e? Onléltlz? g/segy/r}]/)f ]%l%]?g}}]r%sp a?o ot %fl tiA) é\é)lél A)mat’l}e methods

esst an about V Iess ana OUt

dederdedhizancEb OO 3B R, al@ggcmaﬁt@boﬁtl@sQWwﬁbwreég‘i{qﬁhVéH@ﬁatﬂwﬂ about

1. sgn#‘e/mﬁv{ys\s%ﬁ%%ahamb@gi RO3FaAWHG [Dg%&@ra@sqﬁm@mthmm ess
irrerentli UC Vi scriped t (0] tterns

thabf b@ﬁ &Y l5f iﬁr?fi%‘l éq) ha OI%VI Ci‘lngﬁ ES Fe s. than out ?I}]p va}fh:i.:s§@an about

cehis i ddntire, sud
L. ]\%Ith’/&ﬁ Iéastimnemﬁelr‘érmaﬂohsmmmmé T GR@vsUpsrfaamipolt &8mév/v), less

tha%rﬂpaﬁlm%t%mm@g;%h faston i nedal, RetivinA-ang/arsastivin Elesmthan about

referred em odlmentsothe differentiation factor is activin A. In.m .
% dictrelfe BB arEits, tHe Retfin A is prus et i the g i B 0-1% () or

lessdnreeabtratioth of @bout 100 ng/ml. [0520] It will be appreciated, however,
that the gifereqiaflon faglon,ahiie KerdrStRgIIAMIY.San e SHARIETHIC above.

the cell culture at concentrations ranging from about | n,-/ml to about |
derpiglrer] TR P EIPIBO B RSAES IS Ciffe FBFHdt SFOMAdtes Bty aoppalture, such as

hESUREHAMIM dsst SR Rliga- i ihr call eulburg-at @po Ul S AR, alRaldidSmbodiments,
ng/ml, about 50 ng/ml, about

75 ng/ml, about 1 /mI bout 12
e B e SN e T
difidyenttaP60 fagmlis abrout 27 3mgtmi palioutB80tndgminabbak828nny/mpresent in the

mERHL3P ORI AP 34D YR, pout 400 ng/ml, about 425 ng/ml,
about 450 ng/ml, about 475 ng/mt about 500 ng/ml, about 525 ng/ml,

about¥53H ng/nit, sblot STEerEIRHI, eBstbE O Eetitges %@Wﬁ o the TGFD

suphaktifbQunebuliahedtHie agl mlllt@ﬁécﬁﬂ@ﬁ)&ﬁ\giﬁ&bﬁﬁﬁgﬁﬂZﬁ)ﬂﬂgelﬁﬂht 1 ng/ml to
about 750 ng/ml, about 775 n /mIh gg t800 ng/rfnl abo

S A TR e T e
supiiaudt ©56ngintyabeut 975 ng/matmabdutt ie/mglpabout? iiﬁghgﬂnkatabmti% ng/ml,
abg(ﬂooar% aHt 4! 0@%@%1%89&(‘1‘5@9&% 6.00mh 2haut.l sak: ﬂ)@%xﬁl about 225

out 9 g/mi, about 10 g/m1, about 11 pg/ml, about 12 g/ml; about
ﬂgiﬁlgﬁth?lu‘iagé&}t mlpBPRY, ABotH TS A POABE(Y 18%@‘7%?%56‘&% EPPG /A ne/mk
abalQLrs 18/pQ/ aicaloohipabml; avout2Q ﬂg{mhﬁb@m%b@g/mﬁ abeUtdHOut 500

ngprg(jut %uygbl t 7%/1%{() bo%tg%gb 10%9/31)6&%9@'[1]& 1 @OHE ut%f;fr? 9 %”ht 623 ng/ml,

out /riil, about 250 /f‘n about
abe@tﬁg?mghab@b@ua@”@ ﬁ@fﬁﬂl,ﬂﬁ%dtoﬁ%/ 1) Pbabblﬁ%mw@#?ﬂmamutz@sb about 775

nﬁlrmlat@t@n@'ﬂb@(ﬁgfﬂg/ HBBL@-QQS’trﬁﬁQl a%&@/gﬂb Abeut Mt@lﬂﬂg&ﬂo%ﬁ(%o ng/ml,

abg Oéu:)’[?bo t8 0 ﬂlggb abo ut oL %%jl o%vjtugtqnﬁgfm abao%?gtpgg n(‘x)l %out?; pg/ml,

about 4 ug/ml, aboui 5 ugf’ml, about 6 pg/mi, about 7 ;Lg/ml about § pg/ml, about 9 pg/mi, about
10 pg/mi, about 11 pg/mi, about 12 ug/ml, about 13 pg/ml, about 14 pg/ml, about 15 pg/ml,
about 16 pug/ml, about 17 pg/ml, about 18 pg/mi, about 19 pg/ml, about 20 pg/ml, about 25
ug/ml, about 50 pg/ml, about 75 pg/ml, about 100 pg/ml, about 125 pg/ml, about 150 pg/ml,
about 175 pg/ml, about 200 pg/ml, about 250 pg/ml, about 300 ng/mi, about 350 pg/mi, about
400 pg/ml, about 450 pg/ml, about 500 pg/ml, about 550 pg/ml, about 600 ng/ml, about 650
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104621 Having generally described this invention, a further understanding
can be obtained by reference to certain specific examples which are
provided herein for purposes of illustration only, and are not intended to

be limiting. EXAMPLES _[05211 Many of the ex les_helow describe the
v (R B ATHA CAG TR0 b B B E Ry e
abonelstare/mieltknoiddn: ghel arteacrchtive dbeenldesagbeld numerous
scienfipudlipaions Jging U B atenh Nason. 4%, H870:3TRe can be
5,690,926, 6,090,6 f 6,200,806 and 6,251,671 as well as U.S. Patent .
obtalpisli CatiSHPUlIEatEIRN o P HEARI2DRIs5 0V I ATEdIEURES BFFIRIEN Brgposes of
ihineamaatediiereinobykeferencs imthieir entireties. EXAMPLE | Human
ES cells [05221 For our studies of early development we employed
human embryonic stein cells, which are pluripotent and can divide
seemingly indefinitely in culture WhiltME&iR¥aining a normal karyotype. ES
cellsiyeeie derivagfromitbe aralaysald aminyeiRNGE el HIassiisiag eilhth cells.
immunologjcal or mechanical methods for 'gglation.. I&gartic%]%r the

M BIRBIBRR SIBAEEQI AR FESEI'SS WS HeivedTrbin & 1< Docn deseribed
nusepesmemreifrypirbzeniembrgbifiomtan. iftarro NertifizZafion Gyole fellcwing0.926.

6,%8%6@,%?%%9}4 t@ﬁﬂ%iﬂn_tasu%ﬁ thawirg ﬁbﬁeﬁﬁtﬁtﬂs%éﬁ@tp%aﬁm No.
was gﬁted on mouse embrggnlc fibroblasts (MEF), in ES mediu

209HRAEN Do TS IS SurrS P 'eRRER AT BmOTAE E‘?“’B@tgi’ﬁieé%%’ﬁ?dgErrg%iﬁS‘l"fii“?@s'
supplement). The embryo adhered to the culture dish and after

approximately two weeks, regions-of ypglifferentiated hESCs were
transferred to new dishes with MEFs. Transfer was accomplished with
mechanical cutting and a brief dig@stida-fgtls dispase, followed by
mechgnigal remevalofithecell elustessewmshing asa ey alatingsnSineeyonic stem
erivation, hESCyt-25 has been seriall ssaged over 100 times, We. _ . .
ce B o RSy P A 3Pt Sy S e e i o
nomatdualdiypehé protlsction dsfiddfinitiviehdereiredB2ammengiflseass using either

imﬁﬂHB‘ﬁSé@Eﬁ%W&bﬂéﬁcM sl dasthe adithah stampeelisior, tbafRidripaeahic stem
cells can also he used as starting material for the differentigtion

cel GRe dUr S G@sc B FRRFSINT R B B URTHINTERNY JEYARed o SHbriBnie Vi
feitinadal ridgesoilhichecaridpedsatatechbypymbehpaskinovipin tewirtg dan hatched
bl_%% ?Q&%B'ﬂéﬁiBRE%B&&G&HW#&FWH&%B?&%@EF%}@é%l\é'(%ﬁ @BMEM, 20% FBS,

Cyt-25 Characterization [0524] The human embryonic stem cell line,
noRESEiebETHAS #Hdi2iHed S ARSI Phdrph SR8V &R ot e SPOVATERE] to the
custetrerpwatipraperiigsovandy nonthsdrs culivies TéisupélfdineidisplaSCs were

trapeionga TRl %‘?%Et\'z}f’a't%?éﬁﬁ?e@é%g(é‘f A %&gﬁ%%ﬂgg_ﬁﬁfﬁ_ QRAMHYPOFAY and a
,0 \{VhIC' ) ar_e C _aracterlstlc of undi ere.ntlate ESC_S an lsplays .

briglditpsiphogpiiitese dclivitydy Weshaicd rMBHRbI Friedhtiearto basene and re-
piagtablishedibRaoiness GUItharmeEe: tREIMIMARSRINGEI 00 times. We employed
the DESCyt-25 human embryonic stem cell line as our starting material for the production of
defnitive endoderm.

105231 it will be appreciated by those of skill in the art that stem celis or other
pluripotent cells can also be used as starting material for the differentiation procedures described

herein. For example, cells obtained from embryonic gonadal ridges, which can be isolated by

methods known in the art, can be used as piuripotent celluiar starting material,



line, hESCyt-25, also readily forms embryoid bodies (EBs) when cultured
in suspension. As a demonstration of its pluripotent nature, hESCyT-25
differentiates into various cell types that represent the three principal
germ layers. Ectoderm productio %% onstrated by Q-PCR for ZICI
as well as mmunocytochemstryﬁ%@? rEestln and more mature
neuronal markers. Immunkigs g for (3-111 tubulin was

obsepuee in C'%&eﬁﬁlﬂg@'aﬂmw %@41§ ah@"@@@ﬁ ok 6AUMAGHIRNS 2 normal

Previously, we treated EBs In suspenS|on with retinoic acid, to induce
mognASHitibATSA FRpRIFERERT StUrFRRNE R ReRisrr WhdB R pEgulipye. This cell
In@gEprenbiyapienlineagactivieatead ﬁE”S)Ce‘Kp,rmﬁl’H@ﬂﬁ\R@lSleO antigens, all of

a- feto teln %AFP]QP W, kers 4 hour )
,wh{rea men%raéte Ilstl £ und1§ior tfa% dohg?f_(s an ;F\{ag ggme 8“0 Ritase activity as

erentlate In monolayer ex AFPIns oradlc

wePatchesrakthamigastcalde %permﬁﬁbhwtb‘%ﬁﬁ rhav@m Erathergorstigiliean stem cell
lindlesgithed Deiow, i NESE¥TRofehine: was1ea e@@ﬂ@%@ﬁlf@ﬂ@ﬁﬁglon As a

definitive endoderm, as validate uan tatlve polymera
e GACHoH (B P S e TRE R SRy gt vpes ta
repadbsentbe OfRPFRRKpessDmRTC c@uwéﬂmrmeddmenemraﬁ@nomtm@édﬂ’éﬁﬁm for
71 HTRrenAtng FRR JMgseHeRA e esder Brarbyiinaaene X EeSeioR @bnal markers.

several time points. Brachyury expression increased progressively over

ImepereRRsReBHesBIpHRine-TH VIBWIBF the RisgsmdD thl TS el Tlopgited cels,
ohi&ﬁ&éﬁﬁ‘i‘fip@tﬁﬁﬁlaﬁr&mm&}bt@@ abilipededorm: celisgepresentingdheic acid, to

hre layers.. E. 3 Definitive. Endpderm Cell 525]
i B Ol S ekt e AT 837 e oo
nnage;:lmﬂv& @N&@Dﬁﬁwmde@éc@mﬁeto@@t@emwégeﬁtﬁé&i&enwo markers of
VEC%CgH@%%ﬂQ epriched.cell Rerulations:semprising.niman defipitiverr in sporadic

oderm cells. Also described therein are methods of producing
paifbtth GEBRBBEEH rolf RESEE By artfn MY brs R B abelov. e
hrdifferentiationmfaetonias mﬁba&ﬁfeﬂm@d&frmmhm@asmlau ngi@dagoby real-time
quaﬂgw hese qef '&%xlere ladermseslls, fiom.mixed sallayliures; a&%ﬁ in the

pop ations. Further describ thereln are markers that are useful for
abghecideintifiCasmeatiofor HetdutioiteradiifitRdiBdodettesedng adillnnsstye EBs
wdndasker psafl idhs pyrificatiopeisuchicallgrd hedisdnsed BfdchRury expression

._Pate tA lication No. 11/021,618, entitled DEFINITIV DODE )
R[N %@r éE Sweg/f “5h: ﬁ%ufﬁ%o];%era}fgcf ]ﬁleerpetln}: by “refe egrte%lgce)r? “fte® KM bescy

25dhﬂretylurmtﬁ%%ihﬁmgfﬁxmiéwm@hﬁd@bﬂﬁ@gsaﬁéf&Fhﬁéﬂ?@r‘%@th@eﬂ
detection and/or identification of definitive endoderm cells, it reproduced
from the aforementioned copen patent application. [0527] In the
following experiment, RNA was |5%%al}ggjh%rh purlfled definitive endoderm
and human embryonic stemlzglhpoptila gite expression was then

cnalygeskpy seng i enabsis of o RNA,igm AU PDPURIE s
sals%){%erformed to further Jinvestigate the potential of genes

Dlé&%fgééfédﬁﬁ‘a@ fé @ﬁo@%??ﬁ%ﬁ@ﬁo’t(’i?f‘eﬁ%‘f%ﬁ‘ﬁ&egté‘fﬁ%ﬁI%“%”é“’hed cel
pomaskesfesaaiiniivie.eRE@EafNive endoderm celis. Also described therein are methods of

producing definitive endoderm from hESCs by differentiation in the presence of a differentiation

factor as well as methods for enriching, isolating and/or purifying these definitive endoderm cells
from mixed cell cultures and/or cell populations. Further described therein are markers that are
useful for the identification and/or detection of definitive endederm cells as well as a marker
useful in the purification of such cells. The disclosed of U.S. Patent Application No. 11/021,618,
entitted DEFINITIVE ENDODERM, filed December 23, 2004, is incorporated herein by

reference in its entirety,
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[0528] 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-mercaptoe ol, L-glutamine, non-essential amina
iR poniL AN G TR SR RNt (SR ondror
ideetifiodenubyetuitivingdiatebrd agits intREknvedifsuppie afiented vithdl O@pending

patgﬁ/%bﬁggﬁ&qmbinan.t human activin A,_fetal bovine serum (FBS), and
penicillin/streptomycin. The concentration of FBS was varied each day as
folloWs20l 196 (firdbadghion s wouctraiadyy o dietakys i icefginitve
endweEanisalatech by duosescesee activaiedktelk saring (pACSnvayrdemtenalyzed by
gen%béﬁ{n Eﬁueﬁlfsls?sdoﬁ%%umgnlsro%g %Ec%par 16% %%fl&l&](}/%‘e g?ﬁrmafsoglgoengrfomed to
expression analysis. [mmuno-purlﬁcatlon hs achieved for hESCs using _
furGgEASHHGERe (RENDytapmss exapesma B 495 Eridderaafifitiiet in embryonic
steBNACeND MaIRG oXdeRd(R&RiUstems, cat* FABL70P). Cells were

dissqciated using trypsin/EDTA (Invitro t# 25300-054), w j .

oS b bt AT AT (SES b UG Sob T MR ERra S P12 medi
suppisuspeddedhirl0B0% nkitan SemmBsanlicerfont1@ ngmitesctonbiook human basic
fibRYlSRESIG Rinding reiaining Was:CREEH0hIAE 30 MINMESORJIE.B¥htial amino

adding 200 | of phycoerythrin-conjugated antibody to 5 x 106 cells in 800
acigh Al SERITeR RS Werd Washed ANTES TS TS BiRey Ry Culuring
forrésiwpep_ﬁém{nﬂeﬁik Gﬁ_{ﬁb&iﬁarmel. va@cOS(js_giaﬂorf wasnbamiedwtnnetine: A, fetal
boG%Eeesg?!ﬁﬁ'%%g gi% %&ﬁ&m%%%ammsmgt@ouc%n%ﬁ%%ymm@i@ach day

Biosciences). Is'were collected directly into RLT lysis buffer and RNA

as {plletsolated Byt RN S2y deesitinigyto e dantifacturers instructions
(Qiagesny)[0530) Ruvified A wagisoiaraiited dniduplicaliesteiEX pFassipm order to
Analysis. (Durham, NC).f neration.of .the expression profile data usin .
LY N D i
ImareagsuDatatipresentedhis adyrivuphESthpanisen that it entifies (ardsSystems, cat?
Flﬂg%fi;;ﬁﬁ;@?}i%hh/ fxoll@a%%g Qﬁw&fﬂ mﬁg{)@%@utﬁﬂaﬂ%ﬂ%@@,%ﬁ@tﬂ?AB_l 70P). Celis
efinitive endoderm. Genpes that exhibited a r. t.upward change | -
S SRAHANAUEE P P LN S R D S BANE oot b
saGanthtatemarkes2hdtemenhighly ehbracteristicl ofl défitithvenendoderm. ice for 10
minGRGhH GERCTNEFSARSHNA LY LihkRwAS RS NRAAROVERIRNSHNING adding

ene expression changes found on the gene chip and also to investigate
20fhis! ek prasereRtpRSTSH R RS darifly @i EoUHsRIBIhEesE: Cells were
walittdrentation. s-86 053] buFiguiesr@Aspdnghow theigenkeexpre SBIADS isolation was
results for certain markers..Results. are displ |L.cultu: - o
L B B S G T ki A Vanase (D
BigxeREexprdsshgedediteve dreobieriiy dIE duritidatir tatd R ofthe fivlted by
rideyciffesemtiatione peocadure{Gastiiclicandingurified hESCs. A

comparisgn of Eigure and G-M demonstrates that the six marker. )
on e 17 FE R CR FORIT CIRGATEn CRIBT SIS B
NgxfregsionyatteT ththrapissaimastidedtivalto e dch/dtherardiatich ipdlsd 33 Plus

z.éﬂﬁ@i%&%@&%f@{&@f@qﬁé XS SIONOh EXGRA AN INE iR Rfison that identifies
SOX|7/SOX7. As described previously, SOX17 was_expressed |fn both dod
et QR BrBaRit 2 WaTralin thePSBIRT WRpfEssifgnd delimitive endoderm.

GendyaherabintoniCa robust upward change in expression level over that found in hESCs were
selected as new candidate markers that are highly characteristic of definitive endoderm. Select
genes were assayed by Q-PCR, as described above, to verify the gene expression changes found

on the gene chip and also to investigate the expression pattern of these genes during a time course
of hESC differentiation.
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endoderm. Since SOX7 was not expressed in the definitive endoderm, the
ratio of SOXI 7/SOX7 provides a reliable estimate of definitive endodenn
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

FGFIPF3UWF, ERIERAPOKGY, CMRIS RIS SRS higrRE ggphers Results
aredfiniyee ﬁndeidarmr@nﬂaﬂyaidhey afe Hoisightfichntydaxpressetip/m! activin A,

C)\%ﬁég egnllebsr IWS 1]]19 v é%c{: %Scég?:é@lge}%"ﬁlt Qge rg]g {ﬁéeﬁjvgh@cw%ffm entiation

-PC resu escribe erein can be further conflrme
proe%w BEEDE T e po AN SedlEREE of CRRRESHIraEEisr T %S“ewmtféé\d demonstrates
thaEﬂquefmrE’e&ege;h@OP@allﬁ W%B%Amassasmhmm@mcmfcgaae exhibtted an
expre sr&% Slagttnertxb %t O%Ca &ggﬂg&gﬂ?rg gg&‘tl er alccii It ¥ ?s, elgg 1 e%rt@ﬁi w0 Ehe pattern
res ion of numerous genes was monl ore eren |at|ng
of @m@sssmpﬁ/ézm tmaﬂpmmt@ dnﬁrfsﬁ@(tW@@Pﬁférem ﬁbenrt&as;v piffeperitiabion 7 was
exRICEQUSHdR R4 kRReCicalya R SCWere rHitdred i e .absenee@fembryonic
FBS for the first 24 hours, in 0. 2% (v/v) FBS for the second 24 h?# O?E) 1SOXT

CnRISER (VIR é%nW&ayg@mS% \Aﬁtﬂ‘ecdﬁﬁﬂﬁh‘f&fg SBELS f88ifet
provgdm| of mbtivin Attadndufeldifierentiatiofeto definitveoreridotierfO0t] I0&pression

wJ‘:géE@h‘?‘; %M;E) A%{ﬁg]{%ghé M%Ege ﬁ(c-:f’lszl% l@W&@E&éH%Q%ﬂW%%EE C indicates

differentiation to a mixed cell population of t ectoderm (TE) and

thay Arltve ‘é%&&hﬁiﬁaﬁé}x%& haficeof-gehb Bxpaseis i digfve endoderm

an@tHbl lte@w&r@odﬁgamwe@ bypragasuring-generexpitessief ratcgagious time

points, during the differentiation proc arti pxpressi ,
was t%ete mmgg b;ﬁ/ g PER At fqrge&ﬁr%% o? ﬂ(?d%fgrsfﬁoy %g ofeif re?]tlhntl%arrll % further
cofdictons siWell as 6 hours, 12 hours, 24 hours, 48 hours, 72 hours and 96
hours after the addition of these factors. Gene expression profiles over
this time course for several diﬁerzﬁ%ml; gr.genes are displayed in
WSt at expressmn of FGF8

Flgures 3A L 105351 Flgure 3A

aCtlva@SFG F&Sé@'&§%@@{%§dg ggg@@@iﬁfe@b&%g&)J@M%ﬁﬂ%ﬁ&@nﬂaﬁon 0o
began to decline thereafter. Treatment with BMP4/SU5402 caused ver

e B AT (HE VPO PG S SRS S A FIgE B BAy P B aggfgting ol
culemonstiatesthiat @cﬁwimmﬂg\emﬁat'e?&@ﬁpml trantifiomoiiih $ostolEGF8

eXpr?&%ﬂg Ce”§ %ﬁic&gﬁf e%vsé cltﬁtg q tﬂethe8§o§'é§$ W%@Qrﬁ)ptﬁhe first 24

posterior p attern rmatlonl last, the rar%d up-re Iatlon of FGF8

h‘“l‘fsad#f@r%ﬁ’ti(é(t’ﬁgr ﬁﬁ%éﬂﬁd%ﬁt@s%a@lﬁe@@ éartyestayet §h§%5 3 and 4, with
cofiffarrptiaiedaway drom the hESCeelktype 10 formiacipaeisisaaiion to deﬁmuve

o IRPHITINS Steald) coll papuaton, 0831 s ShOun 1 FIGUIES FEE: U1 e

ive s rea esen oderm al ers ‘'SucC
diffeahigtioy, G m,@m]Lpowmmlanﬂt@s@ctb@gmwmmr@nnwr@aacﬁc@m (PrE).

THEGRIMERE WHRLACIVIR Ao H NGV LR FNERS LR FGHe8 IDINGHRRNg gene expression

expression of these markers continued to increase and reached maxima
at WS G WETE e S A RO HE Ko Ul PATHSH fHe SaGITRANGTOR Was
degetivirdAbLittle(te natncieaseddaxpression dffaryalitheprimitivevell as 6 hours, 12

hours, 24 hours, 48 hours, 72 hours and 96 hours after the addition of these factors. Gene
expression profiles over this time course for several different marker genes are displayed in
Figures 3A-L.

{0535] Figure 3A shows that expression of FGF§ increased to near its maximum
level within 6 hours after treatment with activin A. FGFS8 expression remained high for about 24
hours and then began to decline thereafter. Treatinent with BMP4/SUS402 caused very little
change in the level of FGF8 expression. (Figure 3A). These results demonstrate that activin A

mediates a rapid transition of hESCs to FGF8 expressing cells. As FGF§ expression is one the
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streak markers was observed in the BMP4/SU5402 treated cultures
(Figures 3B-F). Furthermore, the expression levels of hrachyury and
FGF4, which are not expressed in definitive endoderm cells,

down-regulated extremely rapidly to at or bejow h SC Ievels 48-72
Firh GBS E AR RPLBY BT P LS P B PAL PSRBT S fOFe i

difenoh@SQ ctstinuedidadalsigtificastty expeessbdiatet8iiedhivars (E\rgluré@m the
hE%@c@ df¥ 3/ lnh abgrt SZI%ARG Walierireatiment it agtiyin A, SOX17

displayed robust up- regulation, which is consistent with a transition from a
prlm[ﬂ?)%ﬁétrealé\ém@%’ﬁd%&W%téﬁﬁedﬁ%‘ie S VRS THE oIS W pLreak
(méadedddigmnendGlriyeustial vpcegitatiorirof SOX 11 MEeSprassiGisOcouredtinbout 6
o R bR LSRR ACH IR (i OISy LB RROI R e
tence of gene expression just gscribed for the activin A- freated
ma»cém e@meu%@slﬁwmlémﬁt@ctﬁ@weéhkmléalal@b@étri?édraw@%gﬂ@%‘b?ﬁses 48
ho@@ 0t SheSHEARSS thatthe Eﬁ% &r@\&raaiaséagyalregpﬂamug st;mllaf the primitive
str%%l%z%% dlates dlegjrs:% ?}ft% proce cul?n‘sess)g}]’ dl_zén es “9{1 tlgurtmei more,

itive en igure
thesﬁﬂ_eshmw @heis atf abwhy @ H.Mg Gx%rwhrg‘bam u@regumm!mfdeﬁmme endoderm

celﬁ%oﬁ’&k% gﬁg@é @Qge%m%)ﬂﬁi@qg%g&r @kl‘g@ﬂfﬁfé %@k@‘sﬁft}igﬁo%&%{ activin A
SOX7, CHRD and E-cadherin (ECAD), begnan in_cells treatedf\ﬁ/lth

el Eig8A03 e dpregtirat o%‘r‘ hé‘@ larRHS ContTEHCth B g arsticantly
expacQfheups. Houealtrast; b-Bpregulation of HCG, DAB2, SOX7. CHRD

or £ L@ggge“n F 5{;%'90 ¢ S8l GUIES SxRSRdIR 109na/MLACIMNMust up-

(Fig H-L). T ese results indicate that hESCs have the potential to
regyikfEpENtREE 0 i oisheiEt ertithatd T Te BRodePR B etsaproprmsistodem)
infcansitiens QQié’ﬁ\dﬁﬂcCHﬁﬁf&ﬂﬁka&@ﬂﬂﬁetbﬁgarHrﬁ@geﬁd@@ﬂﬁ@@gﬁﬂﬁﬁaxaof SOX17

significant degree |n q Ped culé Cﬂlﬁ I\? man
exﬂrﬁ’ﬁ? jonic: m |éll esenc smon 05401 During

vertelﬂfﬁﬁ gastfé}iaﬁ@npembm@tf@eﬁs)ﬁaﬂ@rg@#@%mm’é‘l|é¢i‘&3’1bed for the activin A-

reRESeRGYMAl tiansiion EMToaltheRrinutive stieakaltertbe/XRIARSIOMd thus,
pattern of E-cadherin protein on the cell surface. The com(g)lnedtgcu(?%%mmmm

Suﬁﬂéﬁ“éﬁﬁ% e S GEa CaPE (5 R G DiSoRighss umas ki oH

préaetor SNAIL, which is a direct transcriptional repressor of E-cadherin. -87
This fgx p'e showihat anaeripion Ab EGALREYIN iS JRRIeSRER (U Gicfinitive

the earlgﬂ ifferentiation stages of activin-exposed hESC cultures in vitro
enfipdess %H@ﬁwtﬂwo@ea%ﬁhwwM.%&O@faﬁ?matmeﬁ@é%ﬂ R (Rityctoderm
dnerpkmﬁyamsﬂemrﬁeﬂxmﬁmesmasam&emnaté{mm taRiaysdrithelherin (ECAD),

bep ASigilS s?rfegftce)g) %l/ r%ll\/ﬁ%fglﬂ m I%llvlepul &S q!a"é g o?@i%@é”'&grf?eﬂs%o( {Xl)xed through

Xpression of certain ma er gen S\ﬁlaS etermlned using

Wd?&ﬁﬁ@ﬁﬁno@f@éﬁéﬁh@@@?ﬁ@d?@@%ﬂf BCShowie GPE r?rri%aadhem
ocBNREE SRR Of dBraghiuEYeposadRerinang SiNAtvim RI\{P\LgJ%pﬂmWE lyFhese results

Immunocytochemistry was used tg.determine the expression gf brachyury, .
i_né[?:ate ‘gmt XES(F‘S 1!12\!6: the poten.t;a? to %lgfgrentlate %o trop%egto erm an% pt%tr%?t] eueXdoderm
under appropriate conditions, however, differentiation to these lineages did not occur to a

significant degree in activin treated cultures.

EXAMPLE 5

Human Embrvonic Stem Cell Epithelial to Mesenchvmal Transition

[0540] During vertebrate gastrulation epibiast cells undergoing epithelial to
mesenchymal transition (EMT) at the primitive streak alter the expression pattern of E-cadherin
protein on the cell surface. The combined actions of FGF and TGEP signaling serve to induce the

zinc-finger transcription factor SNAII, which is a direct transcriptional repressor of E-cadherin.
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cadherin and activated (unphosphorylated) B-catenin. 105421 As
described previously, activin exposed preprimitive streak cells in culture
differentiated to primitive streak (mesendoderm) cells after about 24 hours

of activin exposure (Example 4 an ure7).Ac arlso of Figur
T AR BT B BRSNS Ekal B nvacon
stagb ot 2AvioergoAGHABAr qwaiesmexmes&wwwashsé@MT@ﬁ@MmmR N during
as@g%% 3C), In relation to brachyury expression during this time period,
the expression of E-cadherin mRNA was decreasing and continued to
decrtfadd! mord tHah STSINWKF At HAiTHs AT e RITARER GISCRiATR days in the
pred@REMENDRigne 48)iBy LQMB[S}{MSI@%WQ]EM@QBWB(WDG&‘BE- Expression of
B A e S R g IR BB s 4
Sll%éb@e@rﬁﬁ@edﬁfﬂﬂﬂé@ﬁa@ﬁfmk apicardsirsurfacadhsimunelocalizBiohRNA,
resgéd%%@;dhqmm@?wmhhémvmqs@m agherensiikngtongrdmbrachwsyhyury, E-
osmve cells at the ogcglonles After 24 hours, as the number of
S CHYHrELY, n%os é“)s R Eas8H M, loss of junction-associated
E- Ceiﬂﬁ@iln in mwwubyctawn;vest;el@wasmdrmbmsmﬁrvambnelﬂﬁeﬂ culture

diffBRrRRRIP ey i he cellk APRGaLaE, Oﬁusuf@rq&asa%{@%qﬁql@yomum exposure

differences in morphology of DAPI and brachyury-stained nuclei Eoth
ExRi 2AhDIEHES £ rtr{éfﬂgt?aﬁa%ﬁé T it o BT o i P vy and
ShadditNto khelfigregeing geneléxpressianjithirniptracel kipreiscalizatieanofor FGF4

miRE3HS gue%%g %?%%gmmg ﬁﬁcﬂﬁ%&ﬁ%@ﬁm@rﬁﬁg aﬂsqﬁﬁwpgd @@Q%{g@s,on of

Using an anti at recognized only the unphosphorylated (Ser37 and

E-qaqhatyfarRiNGs wgsﬁféféﬁﬁn& W%%ﬁﬁ&‘iﬁé@ﬁ%aﬁr&%"ﬁ %ﬂér&@&%ﬂ%}ﬂw after

thakineeytieplasmic surtase-in ungitersliatediBows By Iditausspast, when E-
tvmt men o h nuclear and membrane bound

Cage ggtfengﬁ? 'g‘bo}’ﬁ %raéhr(ﬁng/e%% %[t}t?\llﬂéjaflrélpd JTAC e‘ﬁr@}“ &]Blr%ss%iﬁgglceT %Ifferematmg

cefrurthermtes wetgt@rﬁnblétaame@mfﬁlm@@ﬁﬁée [SresEes st (Lgl@étéﬁinsurfaw

imih R RelRies embiane-eXgIHded ROtk frratinn §a@£1@if£emﬂaﬁiggub Wrachyury
not undifferentiated cells, These results re conS|stentw é}%f cg othesis
e

PORHAY R R TBLAT AU B BIL 3 Shge i BUELPS 1K AUV SRy Ry
cepsoteinasxprbssion oA daitionalyo takeinE 1Ogéther itheabpye detdisugglestas more
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develops, a classical EMT occurs in which activated (3-catenin
d‘ﬁ%iﬁ%‘fﬁ%a]t&?fﬁ“ﬂ%%cﬁ GéfR(find é@%wah%é}%?dtﬁéc&afé@&w& w%%é&wmgmhel
sup]ﬁelt&ﬂg angdregincidas Wi disassembly of adherens junctions at the

epith gorde{s%% veen ellg EXAMPLE € Differeniation.of\ 1. locatization of
Mesendoderm to wﬁ’ﬁv% m Om %}ﬁﬁx%iss&Exampﬁ %emuo%rst?caaeizéa ton o

ﬁ«ﬂa@reempfe@emytmdﬁéé@ﬁﬂ@déﬁrﬂpﬁ@@@ns&eﬁéityetendﬁ‘ﬁér@nﬂé‘t}égmbanﬁbod\f that
regc%fllxr%(y %;?fﬁ%%%%i%ﬂﬁlﬁ%&”ﬁ@%ﬂ %ﬁ%ﬂbﬁﬁ'k%‘ﬁﬂfw@]“&nd that this

inCubated for two days in'th resence of 10 g/ml activin A in RPMI
PrRYEBIVA Reving AR AtF6Y BF O WUy ES RS MSSHolh iR hours post

ackiigv iR e R aiy uikiBaRMNA axRiession RRaked:ali aeu 24 dauis béh thischyury-
negative and brachyury-expressing cells. Furthermore, westemn blot analyses confirmed the
presence of B-catenin in the soluble, membrane-exciuded protein fractions of differentiating but
not undifferentiated cells. These results are conmsistent with the hypothesis that the nuclear
localization of B-catenin occurs in advance of brachyury protein expression. Additionally, taken
together, the above data suggest that in activin-exposed cell cultures, as the primitive streak-like

state develops, a classical EMT occurs in which activated B-catenin transiocates to the nucleus in



same time, the expression of the SOX17 gene began to increase (Figure

5B). By about 48 hours, brachyury mRNA expression had returned to

baseline levels (Figure 5A) and SOX17 was expressed at about 18-fold

above baseline (Figure 5B). These results, which have been verified
advisrethAl SeVETIRBe HAURTBYpEHTHE A, SPEUE BNt RAtCRYY of adherens
junbypatiesis:hatdbchyembexpressing mesendoderm cells begin a

conversion to SOX17-expressing definitive endoderm at around 36-48

hours post activin treatment. [0546] To demonstrate the validity of the

above hypothesis, immunocytoc M@?&Ekﬁ%sed analysis of the brachyury

and SOX17 markesewasoperfvmedodde ttMeaaukseriaioderachyury

protein expression shows the appearance of immunoreactive cells which

begdfSddthe péripherypt srostisrgeschioniepatt? bf asrddesighyprecursor cells
i SPreadiia. the, interiar of theggalonies by 36- 48 hours. At these later times,

the rr[‘lp%prity of the cells in the culture were positive for brachyury protein. .

As slittSthe bIEERGUSPBTSt8IA SXBr&sliSH St el dLHBt e Py o8y in the

prd@@id:ESdfl Inelation] tethie peak@&brazcﬁmymrymmgm expre ssiaanshawnafG. 1% (v/v)

FSE!gH\EeSE@WﬁA {rtlelsié"l?rehg)}ﬂ sb}%&}ldﬁﬁel;gﬁwlggpr\é\éh%% §e%éa’ thrgﬁ)mgﬂgurs. At this
protein expression were rapldxfyriyncreasmg and brachyury expression was

saTpgTENy e craueipign RioBe OPMME’ SO Prepb &itipe et ‘Baussphesdagprbout 48 hours,

brRFRGHY Wiy (RoEsEAD)d hesedria deary.drmensiiatethial) imtheoX17 was

ex;%lé:gg %né;c%ig)ftl%qg-POQérgLO%g IVIS%I%%E?VLYEE %%ﬁmﬁhe%errrlgs]ﬁ{gyw flc (})‘xéfléz)eﬁn verified

ositive cells were derived from yury-"positive, mesendoderm cells.

moFy trernsore, itkiepfimdtinigekpighiyis gy estivetof thatiexisténeetlsfss that brachyury

ex%%ﬁ@%@ﬁ%é@}ﬁf nedigteqinhuman development AdditionalhiSiiCRdoderm at
brachyury expression does not occur in cells of the primitive endoderm

i aget SPURP e HinHE s opment, these findings conclusively
provéfdeidefinitivécnatineoftthe dctiginiiediced endddermin@dnocytochemistry-

ba%é(’%ME/Hs:' Zf Fi%”@)%&% u9\t' %%5%‘3{[9 %qk%f'&!}évﬁeﬁ”&%%e”ﬁfﬁé%e course for

esendoderm Cells [0547] In addition to the foregoing Example,
brasRpRIAENY \FERE SERItONY S %@%@H%ﬁr&fé@ﬂ%%aﬁé%éﬁ‘gsoﬁéﬁh began at the
petifienediaies describerhereincandiapiarg opcitie re miadienito oeithetblonies by 36-
48'90%519(1% h %(?a%felrn %Itll;\lleesggg Ogleol;ﬁ%%%l Re LQEESA'LBJ 1!]: O] uZeshe(?gv Sotp[%e for brachyury

experimen al esign an cuttiiré Conditions used in this Exa pﬁe.
pr&gecifisaliyh. the pagaiel MRSOsoweees o iaree s o eted/8yin R Mgurs in relation
to NpRdigin: AS iBrExamplerihe saumeoncantration fdhissmediag WeasShours of
i djusted such tha%g contai 0% (v/v). FBS on the first day, 0 i'zi% (v/vg) . d
HELH e ¥88n &‘a@ ARG 206 WA PEBE oS e IR SRS SRR dayeiipe an
brgdghrofethecpavallebeuitirts dactwimA was supptictDOik theculitereshedivenpressed
br?c%?u&o{i‘}&%@%%ﬂtﬂf EH‘]QSQQQQI J%_lt ed@ﬁ%]%ﬁéft‘@%ﬁg Az Eh@ ﬁ@&&fetmsl()() ng/ml

time period, activin A was_removed from one of the paralle] cultures (NF)
actiyify AMiAERindsU -t GTREFEA 200 10548 i rsS B A SithdReechyury-
povasaniackOf@xpredsiom fanrdmeraasodartnniatkers braghyiuey e Xdstence of a
meE;%cyi‘ Fd]éhﬁ Ln'ﬁ' n%%ﬁf&’ zangu%lg:!: 'd%%‘f‘%rn@&h a&&&WOQ‘Q%,l%\{YlJ:eB&achyury expression
conditions. Tﬁese results demonstrate that the
dogﬁa)@hmyﬁzgpﬁymf ﬂ@|%*ﬁf@§§ﬁ@)ﬁ?@’§éﬁ@@i§ém any time during development, these

findings conclusively prove the definitive nature of the activin-produced endoderm.
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cells were patterned towards the production of definitive endoderm rather

than to mesoderm under high activin A conditions. This was also
demonstrated by the robust expression of definitive endodenn markers,

GSC, SOX17 and FOXA2 in the culture treated with activin over the entire

four day period (Figures 9A-C). Iﬁ)%MPésrt removal of activin A at 24

hours, Whichisimtildtesddonerdiodaliactivin signaling kesuliédidmaCells

dra 3%497{055 qf dgfiniliye gndedsrm, &ﬁg‘eﬁxﬁé@ﬁﬁ%ﬁﬁﬁ%&f%@ﬁ dnducted to

simu taneousl wit adramat|c gain-of meso racter F| ures
dﬂsﬂlw)a@bﬁw E@@‘lﬂ@ﬁ‘ﬁiﬁiVé“EWﬁ@ié@?rﬁchﬂéﬁﬁ*c%ﬁﬂﬂrFMé@ﬁﬁ%@%}ﬁf‘éﬁﬁfﬁﬁon to
citksPieDestnb QR To durthendemonstrate the effect of serum reduction
ont ductian of f|n|t|v endodenn els hES were differentiate
to dg1ﬁ ﬁ%\f/e eng}ﬁ errpr/gi ?:elY’s edium ermé%]ﬁ glcrlnn nv%?lous rerﬁ?ﬁ} ftions tsed'in this
Exeonlsenirations! {0581 panlividi dpabrysmie sremicelisivises sukbidbnedifive As in
Ex%gé& im/ti;?gg%m%ﬂagg?tﬁ%%&gép irJH% é@;@mms iy&é&&iﬂ%h@ﬁfr@@%@b% (viv)
" o (VIV or 0 ontrol_cell cultures
PTG A8 A X WERS SRS S5 o S i g an four

dagerum tevielsi For pachedfdlimss, caltiviesA expresgipicofiseverabimarkesdiom at 2

co&%ﬂﬁ&xﬂéﬁ§ﬁ%¥?¥%¥ﬂ?ﬁy%e%§@51&!:1}1%“rﬁ? 1'1%’%1]'3 d%%étlﬁgglbéh% activin A was

amount of the S rotein produced by cells in these cultures was
rerpRtEt TR B Y mﬁﬂﬂ%&‘yﬁ%ﬁé% ‘s\%}%@.ﬁ@lﬂﬁ@r&ﬁﬁﬁm&es@w)that has
been@eiouslyigeserized Elerﬁllfhe{(Oﬁ%] Etgwe&lﬁéflesb&wlthﬁfm the mesoderm

mATRATS %%O:O?z ﬁ@r@gs‘?ﬁi%‘ﬂ"% (o] ‘g%%_ ‘ﬁar NS and low FBS

concentr SO n partl |gures OW t ecreasm
condém@érJrheWé\élﬁﬁ@fmmﬁa@ewMW Pé@%béﬁfé'ﬁiﬁrﬂ#ﬁ%ﬁ«}nqwﬁé%lmémwdodm

ccBUbstaplialingreases mﬁéaﬁ)m%%r@mmﬂm@%ﬁe&%%w&ﬂgmﬁgstsa&lﬁﬁ under
bi qeflmtlve/gndo erm p q?mve ma SOXl? gs}% I\/LXLI and FOXA%Zd .
'§1 1R Ehse B A Rers F’\}VNFHC% ,&né&f‘)li@es WS Yo GrRAEEI 0! definitive
enfledponserioractivin. A0 Hikers 8T hoh-definitiverendodermitelktippesyer the entire
folRGHAIRG Brachyts AMOX, 9L, SQRLang £, degreasingtenserdllulates

concentrations resulted in substantial decreases in the production of
loMTRAPAR KBTS B RHRE S HEsE ThakeraEigates fORINY GB8%]eReene expression
(Figlative\ proponticnoikik Cheohwertdetinde fimtivieendodenm (elisrat $asich

of the serum concentrations was determined by immunocytochemistry

using antibody to SOX17. After 5 days of differentiation in 100 ng/ml

activin A in 0.5% FBS, the proporidft¥fi$dX17 positive cells was greater

than 80% (R3saparaie@perinrbis) ansithene nasnodeteciablenm

imm actlv r h feto tein r thrombomodulin (THBD

mark fVE/lig P % tr% Dns m e?r{}n %{F Cr’%ésegcl: |ve VAl ﬂeocl:]ogr%glgt"[oodmm of
deﬁeméewmépéas%@@s@m WNNI@%WQS@@ ﬁ(&@éﬁﬁ%’r‘@asm‘@dwm lselsofnedium

comnidd JRBERARCtYe Gelisacross these conditions indicates that the
relative gf}ne expression measuremean is also a reas?nable measur%ment

of SORF-posittBEEATRIBE Withit the' BEpttiiish ExXAmprE g KPM! medium

containing 100 ng/ml activin A in the presence of 10% (v/v) FBS, 2% (v/v) FBS or 0.5% (v/v)

FBS. Control cell cultures containing no activin A were also established at each of the three test
serum levels. For each of these cultures, expression of several marker genes was determined by
Q-PCR (Figures 10A-1). Additionally, the amount of the SOX17 protein produced by celis in
these cultures was determined by mmmunocytochemistry using the antibody to SOX17 that has
been previously described herein.

[8552] Figures 10A-I show the expression of certain definitive endoderm marker
genes at varying concentrations of FBS, In particular, Figures 10A-D show that decreasing the
serum concentration in cell cultures treated with activin A resulted in substantial increases in the
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Unregulation of SOX17 Expression Precedes the Upregulation ofFOXA2
Expression [0554] This Example demonstrates that in activin-mediated
differentiation of hESCs to definitive endoderm, SOX17 mRNA
expression_is upregulated prior to FOXAZ MRNA expression. [055
Progiih G BRI EREAT LB WP B F RS B RN PRSI ?%353%73 GSC,
thuhﬁs@réﬁﬁnde dhabtivimsA eindddwr s énumhash deBbitbesbprewiously itecreased in
@@{%l &1\5%9[%%%%;@ OTSQ(?S tligf“ ?IRRJIJ: Qté@i%l%%t}%?é dﬁ&%fmtgeﬁh p&nyury
-PCR. As shown in Flgure I A, SOX17 mRNA was substantially
c8S&d-beginnayg £ bbtfte%ﬂﬁ%@%W%ﬁ%ﬁ%ﬁ%ﬁtﬁdﬁ%@dmavbstaﬂtlal
de@attstamttal pRENQAISE T mxwasﬁ@amnmwﬁ%ﬂewmmwb&ewed

Ut oyt 96 houis,past selbvin A agdiion. eSS eI CBIIEN <ot
with uction ofgl |n|t|P/e oderm and not aX|aI meso erm (see als

acﬁluguﬁr‘ég SAUD) CTIseFEAIEBUINES M@Wévef:si dontraseogiehiteberaisiporang amlbody to
SORAreagiaNsof.S O ARG A2 INIMRUSE . 8MRNYOIM @@@U&%mw@ategomon of
Wwith actlens here FOXA% essu)n recedes that o (3)%1 7. As su gté rable
SOt MES st ”éaﬁn%u%%‘é bod a%‘/tét%tﬁer%’r%“to“é) IRiZEE o7 TRe vt
lmpmdmont@ffaxmbm@mdem ratﬁ@} thahratefipitivgenddBEmn. EXMRILE E/PE
and &:E8RAUGHOR ot Pefinifive;Fndoderm in Fiaht Piiaient NERGsHnesdPpalrN A

This Example shows that definitive endoderm cells can be produced from
XRRGHCTh BDERERIRERHIRY HIE SE Tinés BRING ES ietfititis Heseribeyy conditions
indieneintha9 1hE0 Edat]vEighidifferenidnbESGslines(CTaS) CyEadMBleBa@yement of

C%é,) 0 H e cultured separately for five days
3 int gops?(é\éee%c’;nz}o 1%0‘%1 ﬂ%%t?\%%xi%l{:n low serum RPMI medium.

Specifically, the RPMI medlum contained 0% (v/v) FBS on day 1, 0.2%

(v/v) FBS on day 2 and 2% (viv) EB3nap gays 3-5. [0558] Each of the

eig t(;eelllllnesO_ ted to S(BXl? CXC%4 goa'

|tlve
ation of

Enddeisi#h Cenﬁmmawmmmr@gs @apsutet{%squ?@éedeiﬂﬁ%mmeltnéhESCs

to thErkman definitiveerdedaim sellgpradiced wsingither Methedsoxa2 mRNA
described herein are capable of responding to differentiation factors so as

“P5°pY8luce cells derived from the gut tube, such human definitive
endoi@éfdj celldhwvere subjectedstoralkily visre cdiffecemiBfdf pratogofor four days in

thi%&@kéé%g&ﬂﬁ%'&'}{& %@%ﬁﬁﬁrﬁs%&%x%@&ep{%@%%‘?%%% fef '«pe%)lgregsmn of

the foregom Examples. Such cells were harvested and transplanted
SQihtetth Riipstife ditemmethdcBhpfomised mice using standard
proceduraswAfieFihire) weeksXiienRica wersuisastifitednandsddebeginning at about

slfRnsplanted s Gddin °Veﬁ’a; geuoned and uRiedisd o NRIHRSIS mrNa
and immunocytoc emical an

was not observed until about 96 hours post activin A addition. These results are consistent with

production of definitive endoderm and not axial mesoderm (see also Figures 9A-C}. These

results, however, contrast with the temporal expression of SOX17 and FOXA2 in mouse

embryoid bodies incubated with activins where FOXAZ expression precedes that of SOX17. As

such, it is tikely that the mouse embryoid body systems are optimized for the production of axial

mesoderm rather than definitive endoderm.

EXAMPLE 10
Production of Definitive Endoderm in Eight Different hESC Lines

[0556] This Example shows that definitive endoderm cells can be produced from

eight independently derived hESC lines using the methods described herein.
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[0561] Figures 12A-D show that after three weeks post-transplantation,

the human definitive endoderm cells differentiated into cells and cellular

structures derived from the gut tube. In particular, Figure 12A shows

hematoxylin and eosin stained sections of transplanted human definitive

endoBET tiss e At TR IRt erREtAC A ot TR A Gy BlafasB003. 1T, 9
anFURS T2 Besholve & kgnspténfedihurdan deafinitivecendatiernm gedtiorivin A in low

serTAMBARBIRALS %WgEtﬁﬂ?Hgﬁg &ﬂ%"%ﬁ?%{% %ﬁ&ﬁ%@%%ﬂf‘?‘%ﬁ?m 1, 0.2%

result indicates tha an definitive endoder are’ capa

(viifdtentidang Meofiver oriRePpAsearser cells. Figures 12C and 12D show
a trgospdantedratiman definiive eaulogerMasaeianladMNGEXIMBdNIkY -positive
degmgbogx %VI”IH ﬁnd antibody to caudal type homeobox transcription
actor ?& X2§¢ respectlvely These results indicate that the human
definitive endoderm cells are capable of differentiating into intestinal cells
or intestinal cell precursors. EXAMPLplL2 Generation of FGF8
Promoter EGFP and Brachv ry | Promt r- EGFP Tr nenlc Human

markigfsdor celrcschdatn@strehEﬁﬁshhawvg EGih8ior yurgegep@duced using the
me!?r'{Q&Ts‘Qf@s@;BH&%@r&Y{%%%%BE?%?*Pé%%@fﬁfl% Qﬁﬁ&eﬂ(ﬁtﬁ%ﬁ&%@t@g -allYo produce

articular, this Example describes the constructlon of a vector comprising
ce ?@bﬁ@éf%&?&féfmréﬁ%ﬂﬁﬁ’éé@é"F@ﬁ&ﬂ%ﬁ’dﬁﬁﬁé@ﬂﬁ&’éretﬁ\ébﬁéf?ﬁéfl) gk in vivo
diffaekt @3 pegatatory region. -92 Additionally, the construction of a vector

Com%'%@)? 2 reROTIer GARRRNE "é’héc'&en%mc%'ﬂses 3:'% ter e”eé}éscr% d in the

the control of the]brachyury regu atory region is his Exampi

forgiangesesitpesth&ysteprataticre dravesid %éﬁra%s@lmﬁarr@mwwm@stwuie of
imﬁﬁlhotr@fﬁﬁmﬁl% WitBe0 Gﬁng’rsliﬁﬁ’di@rc@f&b%%;\é%ﬁoﬁgt@ﬁ wel a;se@k@el{ Jaarrmg were

g oth of hes 1 orter cassettc?s mterc[q intQ |t§ npme. d
(0 8%‘? é?é‘i?ﬁ?%%% “ pr‘u"’n%fu B SHEaR B TNEL ARt jeced T Ristofogical an
imbmmm@h@uméssrhgtsmesendoderm cell lines genetically tagged with a

reporigfgene agGensiNGied By Rlacing azk wJ&Qgéﬁfz%E'ﬁdﬂ%%E”&% Tuman
control of the reg ulato%regron promoter) of the FGF8 gene or the

Rty P U SRR A Cotpl A CORGE ORE PSR A g o the
tuexplessiarundrivendy2 thehhumbarmaGEgiokdachiusy, genadpromoté tissplanted

hufif! ﬂ%{&ﬁ%@eﬁ@&%&mﬂ}%w&r N r@& ;%%C&F REEHE Mh}%lr%?t%?@v)re 12B

the human FGF8 or brachyury contro region.” These contro reglons
Shearﬁtauﬁfﬂ?@&%ﬁ%&t@ﬂ%&?@@ﬁﬁo?p@@%rﬁ@%@%mérrhétwmﬂg\ﬁr ftpntibody to
helpa&sz;@myegﬂe@m@ad(tkwlszsﬁiffemtnsalmw@rathﬁenmrmaldexprmaoderm cells
arg%gtea'i) eorgfﬂéef% %Eﬁas I%gct;a] enl vrgzlc?ecln theer su m 165 %](H and 2D show a
exp‘?essmn 0 E sgdrlven elt er tne F—Iécil-'g romo I‘OI"[
tra?ﬁamwlryrtwmnﬁﬂ’émtlrﬁs@m@d@ménmemtsn@mw@em cahbentierisfaeted!lin and

kMO0 ES G364 TheFEE-pamater/ RGHPCASSRYS AfiReRIAChYe results
romoter/EGFP cas ette |s |sed from thea ov ctor, and then
mg B&B]r%la'mi ]&]ﬁBﬁ eir%l&ﬁ El?ﬁ?‘@a e fgﬁ%ﬁﬁnmmo nto intestinal cells

phtwphbmﬂrmﬁemesgene under control of the phosphoglycerate kinase-1
promoter. The

EXAMPLE 12

Generation of FGF8 Promoter-EGEP and Brachvury Promoter-EGFP Transgenic Human

Embryonic Stem Cell Lines

{0562] In order to use the FGF8 and brachyury markers for cell isolation, hESCs
having FGF8 or brachyury gene promoters fused with an expressible reporter gene are
constructed. In particuiar, this Example describes the construction of a vector comprising a
reporter cassette which comprises a reporter gene under the control of the FGF8 regulatory region.
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selection cassette is flanked by flp recombinase recognition sites to allow

removal of the cassette. This selection vector is linearized, and then

introduced into hESCs using standard lipofection methods. Following

10-14 days of selection in. G418, undifferentiated transgenlc hESC clones
AR Teliarcls AR EUHIER 58] AT 5 &I ERTARRCIRAT Geush comprses o
repoaptainingi@&ERercEGEPofeho e geme segrdenthezcont ok of thel F G4 prample
a}sc'?'h\épéhb%%??@ﬁa%%ﬁlﬁ% 99108%%9%tﬁ&lnfﬂ%m%’{lm&%té&%ll lﬁ%nsfected with one

reciated that reporter genes other than GFP or EGFP can be used in
or ameo?ftﬁlé%&féoraééewd & corietr et e tRab e %Ht?ﬁ%f%?&ﬁrsmm*
inforacalligeparationdy FACS. EXAMPLE 13 Production of Cell Populations
Enri &m Pr?@ilﬁl%\(ge é%sé[{g%ak Cell%l[tO‘%6§ e-:lgi](echlqu@ge}E&(%l%ury-ex ressing

dem nst tes that smg an FGF8 promoter/EGFP cassett
megerdstseiffatelinpatevnsrieal priageeditiie strenkieatpa st e agisddyudtye @ GFP

redwtga]@mﬁh@ﬁﬁ@%ﬂ&@raﬁtmat%g@a{bgofsgngr(lfﬁﬁﬁase[%mf@@@s gene or the
moter/EGFPtran] eg‘nc hE adre dlffer ntlat To| roximatel §

oAU OV I G owth eI R har o0 RS Bt R AR e

theskywomam FRES @ﬁf@mhﬂmegecelts @netthen mmsdewbypﬂwpgrﬂm@éﬁowomoﬁer of

ve&&dp%f@dl\ﬁn(@1%@“@1?%@%91&5@@&8%9’%@@% dMRIRNAIYSIShese control
buffer or PBS. A sample of single Ilve cells is taken without ga%ﬁ)gbfor

reEBFRHAG &ﬁﬁi@ﬂ%fé@@%ﬁ%gﬁ%& e EGFB Bt it e drachyury gene.
anfegativeffepulatiansierds ndmalseparatenexperinétittheekeGRERposgttivenice. In

therla gt %rr}] I%e% é%%%ﬁ?&s‘i%}. o‘["‘é‘%@ﬁq?ﬁ}‘nﬁﬁ% 69@}@”9&'?@% @ﬁ%g{ggomhe brachyury

fluorescence intensity (HI and Lo). [0568] Following sorting, cell
PrOSRIET i TS B B RE H@m@m@ﬁfﬁﬁ&%‘mﬁ% hemistry. For
Q-PGRemnalysishRINA i Rieparathnsiog-Riege R Neasy cQlinos: TP cassette

. then converted to eDNA. is conducted as described previously, . . .
b }6{?1serdr?r%ﬁrﬁlo§:yto%ﬂem‘ig Fgaﬁ% tshlgn 8§ﬁ§ are sorted into @Svef xogdcf)otawn e
nenmmme@mﬁ%ma@@mﬁe&@mi@oaw adte et b giesEliisgaseihgramoter. The

sefHOSRIRCENE flgR: dTIErRriRBRL AR RN S, (3-GateniBwARIRRRI ePlidtassette.

secondary antibody conjugated, to FITC (gree )or amine d).i
grete i R R R A

mdtidtier Suljedcted to! Q RGRanalysis. Diffididntiatetcoeiiztshwmsgenic hESC clones
sl g&lgggg&&ﬁd@ﬁ’ fluorescence with endogenous FGF8 gene

expression. Compared to non- fluoresc%é; cells, the EGFP positive cells

shovd%’feﬁbaterlfh‘aw PFIRPIRCAEAS DI FEPB SRFaLs S fogals Chgeporier genes
ungepawatiankaf digh acddaw ﬁ@sﬁppﬂiﬁﬁmﬁyzﬁeﬁsdﬁﬁlm@dﬂm EGERermore, it will
beﬁ(é’reéﬁkon teysl C%%E?'gé%%‘%é« fs Sét%fb'%é’l?'bé%?e% QDI the above-

er ana yS|s sorte are sub jected to
dqwrph@m@wwaﬁ@mt@yddhﬁw§@@Pﬁerc1€aw1éeaﬁ%*éémr§s&@ﬁmf Miclear
p-catenin). Nuclear localization of this marker is enriched in the EGFP

positive fraction. In contrast, |Itt|&%% Iclc;allzatlon of (3-catenin is seen
in the EGFP negatlve fractlon 1 i EE iven'these results, at least about
5% of the éedig il A inteligd in Preprimitive Streak Cells

10566] The following Example demonstrates that hESCs comprising an FGF8

piien

promoter/EGFP cassette can be differentiated into preprimitive streak cells and then subsequently
isolated by fluorescence-activated cell sorting (FACS).

[056’:"} FGF8 promoter/EGFP transgenic hESCs are differentiated for approximately
6, 12 and 18 hours in growth medium containing 100 ng/ml activin A and no serum. The
differentiated cells are then harvested by trypsin digestion and sorted on a Becton Dickinson
FACS Diva directly into RNA lysis buffer or PBS. A sample of singie live cells is taken without
gating for EGFP and single live cells are gated into EGFP positive and GFP negative populations.
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cell cultures prior to sorting are FGF8/nuclear [3-catenin-positive cells. At
least about 90% of the cells in the sorted cell populations are
FGF8/nu.clear (3-catenin-positive preprimitive streak cells. EXAMPLE 14
Production of Cell Populations Enriched.in Mesendodenn Cells [0571] The .
I oGRS EEITE He o e R AT b ARG s BB grgrea . sed
porpiainoterteG@FR ctdbsettewaniberdiffelidniiatéd)into primitive streak
(meﬁf@&%ﬁ)der@oﬁ%?ngo%?g _égpgﬁ%uaauxslsg@%%d by both Q-PCR and

~ fluorescence-activated cell sorting (FACS). [0572] Brachyury _
ImBREASIRT IR trafRigBHE hESES S B & dVERiEY TSP RpReRIMRER s4Mmmns
andNQUES in@raatd medu £ontajrdiR 160 ngihlcactivin Aancbad sesvioudy.  For
. 100 ng./ml activin A,and 0.1% (v/v).PBS. The differentiated cells ar o
Ry e g S N e ARAEEn o
parpfirsefiieietirintd mRikayelsstrdides PES 2 damis ecor dhisgd v eréamy jgptibody
is @kenithout gating fosEGER AR sincigylivenrelisare gated inten Bl RRodamine
positive and GFP negative populations, In a separate experiment, the
(Redgp BpbGifoHRirdiBR 94 B BEPBT R W0 equally sized populations
accoiie to fliorescericeainténgity éibjand o) TV 3h#pllowingsortinggd cells

el BORUIAIANS Bra-ARRAZSARY RAINQIECR and: I BHDREHACRE MiSHYparcd to
For Q-PCR analysis, RNA is prepared using Qiagen R"Neas%l(gcolumns -94

noprseriEorRISrat t5 CBNPSEHYP CRITs BENatEE s e ritpiy increase in FOFS

exreeMiaLsYeiForTinrRpnacyiocheigtising dealysigrcalisnate selitetiditocPBS; EGFP
fixed for 10 minutes in 4% aformaldehyde, and adhered a, Id -

XSt 5 oo e g e Ty sl a6 G B i

soiBN Adtl A proprigteese coridaryrantibodiesepnjughréd 06 RITGa(fradipydoP-catenin

(m@ggxgﬁ-w{%ﬁir(ﬁ%ggcﬁg %%%59(9%?9;1?}9&1{\%9 Qfeﬂ?;%l{%ﬂ%%_é ﬂwﬁﬁve fraction.
[05741 Sorted cells are further subjected to Q-PCR analysis.

In pifferentinkeerelsisoshbzptiacorfetation of EaPP thesrddcassd wpiffiction.
endogengus brachyurgenQIeXRressiaRouCOMpRIRA40:NRAdH N @RCGerentiated
cells, the EGFP paositive cells show a greater than 2-fold increase in o e

celh SUUHTRTF % ST SRET8R R ENE ST SEI 4IRS S1RTY &R 1% EgSpmout 90% of the

ceiRtRNsitycelscindicptesithairEGHFR expreIsiontevebeorretatesnithe streak cells.

brachyury expression level. In addition to brachyury marker analysis,

sorted cells are subjected to immunocytochemistry analysis of FGF4 and

SNAIL. Each of these markers are-éhtttedin the EGFP positive fraction.

][n antrasgégtgfdg@&éoi@ﬂ(mﬁml Q%ﬁ@&ﬁégﬂ%ﬁ;@%&ﬁi@g@%ye

raction, iven these results, at least about 5 the cells.present

i the B rentieta B Gl 0 BB GOHING 418 s Sompriibe & Brschyury
privrachyEGfF G416 Nl be dositansiaellsitapleaghalboutiofsesafdizrvelslinand then
sumQqﬁ&ﬂ@q39@4{09%,?%9&@9&@&@{@%%@{{ ESA/ aMeHy positive

mesendoderm cells. [0576] It will be appreciated that, as an alternative to _
vectd® Empridti A EGEPISIICHYIly CBRSETY, VEGGRs Gmphlifgrgacd  for
ap@@ﬂtﬁﬁﬂ%mmﬁ@%gﬁﬂmmﬂﬁf ¢bﬁmimgoloqfnghe1 kGiF& or SN AdLserum or 100
ngzreﬁ?lr%(c)é%%ﬁ%&n at?a% %31%/9 t(}/\t})‘%Q?S%%gocﬁﬁvé%n‘%{;{éﬁh@?ygﬁ‘%&QP ‘f@wested by trypsin

SCIl
digestion and sorted on a Becton Dickinson FACS Diva directly into RNA lysis buffer or PBS. A

sample of single live cells is taken without gating for EGFP and single live cells are gated into
EGFP positive and GFP negative populations. In a separate experiment, the EGFP positive
fraction is separated into twe equally sized populations according to fluorescence intensity (Hi
and Lo}.

165731 Following sorting, cell populations are analyzed by both Q-PCR and

immunocytochemistry.  For Q-PCR analysis, RNA is prepared using Qiagen RNeasy columns
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this Example. EXAMPLE 15 ldentification of Differentiation Factors
Capable of Promoting the Differentiation of Human Preprimitive Steak
and/or Mesendoderm Cells In Vitro [05771 To exemplify the differentiation
factor screening methods described herein, . populations of hyman |, ]
andy fhgp nﬁﬁ%elétﬁ‘gatlg af‘}a%eseﬁ%dhgegrrﬁscéﬁgdb’t%%ducaesd GSREthePRess T
imideseybetidnesein anelsepacelielyeprondsd with 8B%erakednfiidate minutes m 4%
argl}%%'agﬂ;@:n Eﬁﬁtoe{&wgﬁletodgﬁggngﬂﬁag m%goﬁn@}! 6§Qnewﬁ§§§ I-ﬁy@ lﬁnmary

of certain'marker gene %%(é(iucts at various time points, [05781 uman
amﬁ}‘éb‘i"ﬁﬁ’ﬁv@sﬁ@é‘k &t ThedendOBBIR L Samnfey s iBraighcegingated to FITC
(grél@scripaddinthe (Reegatngdxaayiesvildibs ef, oS acealisiarégrown in

the ceqf 10 [ml activin A ip. R t N

houﬁsé(%g rlmolgtlvegstcfeeqak or 2 I 1oauf e ri%ﬂsentgq?e q&%ger?%rmgtﬁ)%ﬁ%% cells
shqyrepringi @é’f@ﬂ?eaﬁ CifsPartaairsaanel oEmeadfse bl cBIRCBUpYIfORsARsession.
Comipiatoeddminsividual plates i RPMLGoNtAINKIEM: 2% AR SRR are! | mcrease in

treated with one of; Wnt3B at 20 ng/ |, FGF2 at lor FG
B SO G2 0
EGFHEX}aﬁesqmaht«ltate:drl}smfg @ﬂP@R?hé%}[@Sﬁ@&smwmﬁorirofaﬂdewn to brachyury
maPFERITNEYE Sfreak.gelis.anddnemeserdRdennealis vithaiRR of FGF4 and SNAILL

above-mentioned molecules is expected to cause the reprlmltlve streak
Bagh 1S WAt (HENFrOSE DB OB iRRTBNATE L Eelfs HaHEd Hmid andor
SNefiniticenandodenrPlingage. EaXPLE 16 Summary of Marker

Exprisign in Garly Gmprvonic GallTynes: 5804I his XATPIE ROYE S

aTa hich summarizes the expression of marker genes useful in t

celemitRecEn ﬁw@z@rl@@i%b%%wé}é@%@&%b@ﬂﬁ@wﬁ% hothisasaiRput 0% of the

cetliffietantintianaf M&@&Jlﬁ%%&@h&b@'ﬂ@ﬁh@ ful n@m&;wﬂ@a’m&mm Oflls.

for eﬁg], arke{;s Arov vided in. th%fuijst two colurlrgns ,{Eac of the

colu escribes Whether t Céa ene |s‘ ex ar%saSedn finnéesﬁ}em ?co{l%scﬁg} prising an

E@B@réﬁhﬁufalmmﬁgcahmw$ml$a@@eﬂﬂﬁpé B DsenpriC pHEICigdhsreontrol of

thé@@@&%@&rﬁf%{& RRiMitive.streak (ReseRAadesm.rrls RetRuiei@iSribed in
to ectoderm cells; Meso refers to mesoderm cells; DE refers to definitive

thig 5888k cells; PrE refers to primitive endoderm: VE refers visceral
endoderm; and PE refers to parietal endoderm. -96 Table | Expression
domains - gastrulation stage Gepg LGM/APrE/ L Gene Name Abb. ESC
PS Ecto Mes? DE VE/PETE flbroblast growth factor 8 FGF8 - - + + + -

ffegentiation Factors Capable of Promotng the Differentiation of Human

Preprimitive Steak and/or Mesendoderm Cells In Fiiro

10577} To exemplify the differentiation factor screening methods described herein,
populations of human preprimitive streak and mesendoderm cells produced using the methods
described herein are separately provided with several candidate differentiation factors while
determining the normalized expression levels of certain marker gene products at various time
points.

{0578] Human preprimitive streak and mesendoderm cell cultures are produced as
described in the foregoing Examples. In brief, hESCs cells are grown in the presence of 100
ng/ml activin A in RPMI medium without serum for 12 hours (preprimitive streak) or 24 hours
{mesendoderm). After formation of preprimitive streak cells and mesendoderm cells, the cell
populations are maintained in individual piates in RPMI containing 0.2% FBS and are treated
with one of: Wnt3B at 20 ng/ml, FGF2 at 5 ng/ml or FGF2 at 100 ng/ml. The expression of
marker gene products for albumin, PROX1 and TITF1 are quantitated using Q-PCR.
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IH fibroblast growth factor 4 FGF4 + - + - - - snail homolog | (Drosophila)

SNAIL - + - + + + + Mix1 homeobox (Xenopus MIXLI - + - + + laevis)-like

1 goosecoid GSC - + - + SRY (sex determining region SOX 17 - - - - +j + -

Y)-box 17 chemokine (C-X-C motif) CXCR4 + + - - receptor 4 hepatocyte

nucléhi PActor 51 ResRN20F the repdpd s abtal) Fltnafdg'y AT odeny elis it
theSRYvésexntdetedminirguiegienSaXdl e -canse -tHé)-Bepriintiar dime@HEDs - ahd the
e e AMeHIRRINEIANCAR ! I e R AREI TG P00,

)-box I zinc finger protein of tff}e ZICI +/- cerebellum 1

domaln class 5, OCT4 + - - ~il - - + - transcri tion factor | forkhead box FI

FOXF] rmesenchyme homeo bor X M@XI- 1t - - VEGFR, kinase insert

domain FLKY.; iy o B rSeeptonbong, morpiogenetic protein 4

chori@f$®lgonadietr sprmipetr @S a Table which|jpaptitiecs UG REXANIP [Of marker

gedel AdgitionaliMadarstiasfubiarddentifying sndior Retecting RIeRUMEIMEe carly
581] This Example describes

treak Cell Mesendoderm Cells [
diffe Siel I%th%]l ﬂ% ﬁé?g tﬁgt"léar}g i éﬂi)\m tllaee h)m e and abbreviation for each marker is

provided in the first two columns. FEach of the next columns describes whether the gene is

expressed in a specific tissue type. The following abbreviations for cell type are used: ICM/ESC
refers 10 hESCs; PS refers to primitive streak (mesendoderm) cells; Ecio refers to ectoderm cells;
Meso refers to mesoderm cells; DE refers to definitive endoderm cells; PrE refers to primitive

endederm; VE refers visceral endoderm; and PE refers to parietal endoderm.
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and/or detecting preprimitive streak and/or mesendoderm cells. It will be
appreciated that the preprimitive streak markers described in this
Example can be used in place of or in addition to any of the
previously-described markers for preprimitive streak cells. It will also be
appreciated that the mesendoder

ers described in this Example

can be used In place ¢f or in addition tq;&pye%me(ﬁggmgugweg@fm@@age

markers for mesendoc
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straak,
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Unigene database is publicly available via the National Center for

Biotechnology Information (NCBI) website. The nucleotide and amino

acid sequences for any of the marker genes described in these tables

can therefore be obtained by a query for the appropriate Unigene

Identification Number at the NC Site rhe Unigene database is

insddporatddatereinsbiyrfeféncévingtsdéantidetyctGo Rrepnithitee Sithie(edishnd

table provides the commonly kpown,gene symbol for each of the

markers. The remainder of the columns provide the relative levels of gene

expré&§ibn at thesoEvnplodesybag wldiigehairimeinints. yefts&y igpntifying
andhesedablesprdpimiieferstaidafiniiviec endoderand IMwnefersppreciated that the

mesoderm. -99 NN- NN .M .M W. QMtn Mil- LO N(Or.N W 0 Wr ON W.0Om
PO CORAER VIGO0 & CBRGD RO T U5 U g o
of N PMN(OIW G0y Ma eGP RPaIIeY sthaak Gt (Gt NN AsNbe1apelyeipted that

theCrk MY dde M LGN dreeribe dSO Bhirs A 0 \MA£0%) sV MMAQ LOPYWY L6Q 1 1o any
LON-Ncofl-'IT(D'IT MOOIRCHIOQWTIC).VOrVr =00WMLOM

OF PRRIF IHD WFEE WANICEL 'R MRS 1) Eo NCo C)W " TN- |
MrNQIEBM W OnOiN it) BOshgatvl i @Oc¢dsl oVhESCL diffyren@GOo® N Melrimitive

str&!k,l- %M%d@rﬁxcgd\/\é&md‘ugrwiyr Eoc%ﬂ&%rw Q}gco%g;gc}é{MleQ MiMducted global
MCOLC)Oi~N I~ L s- rCOrco 0 CON- NW ONV NW OLLo(O I--W rNN

expression profiling of differentiating hESC cultures at short time increments under low serum (=

2% (v/v) FBS) and high activin A (100 ng/ml), with or without the addition of the FGF receptor
inhibitor, SU5402, after the first 24 hours of differentiation. Adding SU5402 to the activin A at
24 hours resulted in a drastic decrease in expression of genes charactenistic of definitive endoderm
and greatly increases the expression of mesoderm markers.

J0583} To mediate cell differentiation, hESCs were grown in low serum RPMI
medium in the presence of 100 ng/ml activin A for 4 days. Serum supplementation was 0% (v/v)
for the first 24 hours, 0.2% (v/v) for the second 24 hours and 2% (v/v) for days 3 and 4 of
differentiation. After the first 24 hours of differentiation, mesoderm was induced in one set of
cultures by the application of SU5402 at 5 uM in addition to the activin A. The other set of
cultures remained i activin A alone and thus produced definitive endoderm at high efficiency.
Samples were taken in duplicate at (0, 2, 6, 24, 30, 48 and 96 hour time points. The 48 and 96
hour points were either definitive endederm {activin A alone} or mescderm (activin A with
SU5402). Total RNA was extracted and submitted to Expression Analysis (Durham, NC) for
global expression profiling using the Affymetrix high-density oligonucleotide arrays (U133
plus 2.0). ‘

[0584] Gene expression patterns over the time course of hESC differentiation were
studied using hierarchicai clustering analyses as well as comparative analyses between groups of
paired samples at the various time points. Genes that displayed an expression pattemn
characterized by a robust increase in expression over the first 6 hours followed by either
maintenance or decreases m expression at the later time points were identified as genes involved
in differentiation of hESCs to preprimitive streak cells. Genes that displayed peaks in expression
at the 24-30 hour time points were identified as genes involved in mesendoderm differentiation.

[0585] Table 2 below describes marker genes that were expressed at highly elevated
levels by 6 hours after contacting the hESCs with activin A. These genes are indicative of
preprimitive streak cells. Table 3, below describes marker genes that were expressed at peak
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LOCIHOrrMrOCIHNCI) r pNNcoClI)-U)V (OLOO TV rN(OW 01,-
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COLOCOTr-tiNLCOONMWWV'rNMrNMOWNTr NNMmWr-NWO

NNCONNO c)VQOMMO.LO L O V'O NO MLAINOQOY.aLL
YRl RERCE 1 PR TARE T R EGT TE T by Rk are
indNG) v @MV OYENTMMIL. N W et QO HERer M/ Rt DIur@Niss rthaoprobe set

ideﬁ%CMiNl r}Mm§el I, BN oM N il %Ev?&éé/ %hQQJMgelnelTdéh(ﬂfgltumm&ﬂ?o@ The
~OLOWWiCocoWMP-OWNNNWW ONCOFfrNLINNrLOW |
Unfgqs #abare Vs LMDES b R bler BOeN ARG (PR, o R pRilpay gfprmation
(NCRR(Dbsie. B 10 ZXyecfi{oaMNQmin{ B W e Gdd iny of the marker genes described
. LL~~dCAZF--OdLLCoCD(D_ . 7 0 - € . et
" O R WROT0 DT OMRIE 7 RETRO® LS W0 TR e
Nugphey @ BANCR! wehsi (Gl Loigers Nag3sy) DiocPoo g TR Nrefereyce in its
enthr@yN EMMHUNECEr (B WO O NI e Bomfln G0N £0d/syMb £V each of
thecl:lparlgerlél. l}é rel?n%ircz:d% })/f %Iaelvclzc}{mlﬁgs 5‘0&'&(’?{'& }{lletpelllafﬁve levels of gene expression at the 0,
2, 6, 24, 30, 48 and 96 hour time points. As used in these tables, “DE” refers to definitive

endoderm and “M” refers to mesoderm.
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This Bxample describes markers that are usefyl in |dent|f(yﬁng and/or o < o
detecting stem gell differentiation prior to theﬁ@mﬁlve streak gt &t eE ¥ % 8
e

Suawum T t%ofés are ﬁcre%rred to here as primitve ectoderm cells. 1t will'b
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[0589] Table 4 shows that the expression of FZD10, FGFS and OCT4

MRNASs is substantially upregu.lated by 2 hours after contacting the

hESCs with 100 ng/ml activin A. In contrast, the expression of GBX2,

ZFP42 and SOX2 mRNA is substantially downregulated by 2 hours after

activin A treatment. The expresstolBfRldhbf) mRNA is expected to be
Mstkostantiail Yorlaeaglniesh abartine: P ente-she b aws PeBtAGHMAAon Prior to the

treatment. -101 I\fj A M]. MN C MrN rM 1N ra Lnr N SO MM M M

N-WNO I--W "Mr rl-Cr

0000i8P8F 00 NhisNVENARIe Mawibdyl @@ ksns Ohat Gy Mot Onr ide@i@i(@ and/or
deDNEINE Vel IEIOH E)iabbABN G +£2 lb‘feﬁ@n%é\lstr\éaf?%@) Q) MN-clr types are

-OrClh) MO)r NNc)MMrM (OCI)CO ir0),1'tncl
ref[ée/lrryd It\lo \Q&lzrggs pif(‘})mitlc\f ectoggnn cells. Pt will be appgreciatt):d that the p)rimitive ectoderm cell

markers described in this Example can be associated with primitive ectoderm cell compositions
and used in the methods that have already been described for producing and screening
preprimitive streak cells and/or mesendoderm cells.

[0587] In order to investigaie the process of hESC differentiation to primitive
ectoderm, we conducted global expression profiling of differentiating hESC cultures as described
in Example 17.

[0588] Table 4 below describes marker genes that were expressed at increased or
decreased elevated levels prior to 6 hours after contacting the hESCs with activin A. These genes
are indicative of primitive ectoderm cells. As indicated for Tables 2 and 3 above, in Table 4, the
first column lists the probe set identification number and the second column provides the Unigene
Identification Number. The Unigene database is publicly available via the National Center for
Biotechnology Information (NCBI) website. The nucleotide and amino acid sequences for any of
the marker genes described in this table can therefore be obtained by a query for the appropriate
Unigene ldentification Number at the NCBI website. The Unigene database is incorporated
herein by reference m its entirety, Column three of the Table 4 provides the commonly known
gene symbol for each of the markers. The remainder of the columns provide the relative levels of
gene expression at the 0, 2, 6, 24, 30, 48 and 96 hour time points. As used in this table, “DE”
refers to definitive endoderm and “M” refers to mesoderm.

[6589] Table 4 shows that the expression of FZD10, FGF5 and OCT4 mRNAs is
substantially upregulated by 2 hours after contacting the hESCs with 100 ng/m} activin A. In
contrast, the expression of GBX2, ZFP42 and SOX2 mRNA is substantially downregulated by 2
hours after activin A treatment. The expression of Nanog mRNA is expected to be substantially

upregulated at a time prior fo six hours post activin A treatment.
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MM6)NLO MN MMOLNNOLhmMm McoCOcoMd'V .Cl-0Md
(O NMMCI) 0)rOD rN-N~tLO MN(h-a) LOMCON O -rLnOX X Z
Ow LLU ZOONoO ITLONO"Y Mco c (O Oa)a)dLn(U 0)hNV MM, M
MMNrMIn CrnmfANNNC6 DS1Z1ZZ1 6(ol-co coco Nl
CUV'(NCN-(NCHOMr(MMN-N ON-C)rinLOVpa)o0'ltOU)YM
C) rNrrinrNN NNNTN -102 105901 The methods, compositions,
and devi %d@s% lggd“rggrgjn are presently representative of preferred
embodimg ts ant gte exémplary and are not intended as limitations on
the scopé®gf the invention. Changes therein and other uses will occur to

those skillgdsinthe arto © «©
e oy O

o LU - O ) -
QOQ o) P
(s3]

48 hr-M

48 hr-
DE

30 hr
25912

8716
28083

24 hr

Table 4
6 hr
33053

2hr

33882

Ohr
8341
26278

FZD10

Gene
FGF5

Probe Setld Unigene Id Symbol

219764 _at

Hs.31664

Hs.37055

Hs. 329926 RNANOG
Hs 249184 OCCT4
Hs. 184945 GBX2
Hs. 335787 ZFP42
Hs 518438 50X2

210560 _at

21372Z_at

210311 _at

220184 _at

214532 _x_at

1554776 _at
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which are encompassed within the spirit of the invention and are defined

by the scope of the disclosure. Accordingly, it will be apparent to one

skilled in the art that varying substitutions and modifications may be made

to the invention disclosed herein without departing from the scope and
spirit$PHe invéhtidRcYoNe1 FARPAEEETT B¢ cialieshatet ddierdtghoutesently

regRIBEAISCOSUSRfEYethenpbiasentscRSIStingrasasiial rohés imeasrt lmi;adtaﬁbns on

c% eIe nts |IS ed after the rase a d limited to. other elehtent h%
the F e mv 10n rgui rc{xn oth r uses will occur {Q.t ?FI in the art
not terfere WI or contri e activii y Or action specitie

whitiBcless erreoforatsedlistisdnetbenents of s intraphrasé ﬁc@dsfsmgbeeheﬁmh/of the
disefolnclicates thakthe: Ugiestalgments AR LRAKYE S RL MARIALN DU I tons and

other elements are tlonal and may or may not be present depending
DpTR IR IE B B8 tht&} ﬁ%&ttﬁ%@fﬁt&%ﬂl&@f R BredfEpgpe from the scope

aneélpmentseReferemces [05921 Numerous literature and patent references

have[t’%%[‘ Cltegsjrhggg 1’3 V%GEILHH?‘%?JEQBRH C&F&ﬁhﬁﬁ%ﬁ;?@%ﬁé’ﬁ% by the phrase

reference that is cited in this_ patent application is inc éggrate
“copviHag caSHERN fitS BISHREH)C BB LB Hetet eﬁ“etﬁ@%%ni‘ﬁfbt@“wd to
otkﬁﬂ&ﬁmﬁbtﬁslﬁhﬂﬁﬂcbﬁdytﬁ)ffethﬁetaxm kocathitteiepnaasthetitation ipethged in the

dy. of.th by autho ear the £om lete C|tat|o :
oo JoLBd NG RN S HEmy & 11t ey

lisid wleqpgoye @a&a%oalma%ﬂam é)atlshetrmheégemmﬁere pierdbaletmay or may

nofsngtiendrgrRafishpLeiRIak2 45 n034R-3 5 [0205 hoMeXandeliich, @NGe Iisted
Stalnler D. Y. (1999). A molecular pathway leading to endodenn

efmrmatlon in zebrafish. Curr Biol 9, 1147-1157. [05961 Ang, S.L. et al. The

formation and maintenance of the definitive endoderm lineage in the

mouse: involvement of HNF3/forktp{%@geHEQ§e|ns Development 119,

1301-1315 (1993). [0597] Ang, S.L. & Rossant, J. 14NF-3 beta is

esselfidPtor nodEsFY hAIGEHBFI O Ao ARGt BB it TCly present
paié8; Hplichilch (1204 08B Blakinde. Ba; Maithiti, tHis Sadnt dptieunien is incorporated

bv%?g%%!ﬂ%r%ﬁm e@yp&;as N., and Rosa, F. M. (2002). Regulation of

nodal signal and mesendoderm formation by TARAM- A, a
TGFHE R elatddtypq idespest: %wemttz&famwzeshf[@sésgff&h%w For other

refSrehcet ik BrathyimhisoadargetgenaafitheiinifasiancaedimnSignaliign being as
fo ‘ﬁ%athway MechDev 91, 249-258 (2000). -103 [0600] Bachiller, D. et at.

e organizer factors Chordin and Noggin are required for mouse
foredftiPtteveldprrader Natdtells08e:6581661c(2000). [oc0d] Baittler, B.6Y. (1999).

CRbndNEIRNSGNRIONfRCIOLANAI s feRteashh oh aRANEIR GERS. Dev Biol 275,
343-357.

|6595] Alexander, J., and Stainier, D. Y. (1999}, A molecular pathway leading to
endoderm formation in zebrafish. Curr Biol 9, 1147-1157.

[0596] Ang, S.L. et al. The formation and maintenance of the definitive endoderm
Iineage in the mouse: involvement of HNF3/forkhead proteins. Development 119, 1301-1315
(1993).

[0597] Ang, S.L. & Rossant, J. HNF-3 beta is essential for node and notochord
formation in mouse development. Cell 78, 561-574 (1994).

[0598] Aok, T. 0., Mathieu, I., Saint-Etienne, L., Rebagliati, M. R., Peyrieras, N,
and Rosa, F. M. (2002). Regulation of nodal signalling and mesendoderm formation by TARAM-
A, a TGFbeta-related type I receptor. Dev Biol 247, 273-288.

[0599] Arnold, S.J. et al. Brachyury is a target gene of the Wnt/beta-catenin
signaling pathway. Mech Dev 91, 240-258 (2000).
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expression in epithelial tumour cells. Nat Cell Biol 2, 84-89 (2000). [0602]
Beck, S., Le Good, J. A., Guzman, M., Ben Haim, N., Roy, K., Beermann,
F., and Constam, D. B. (2002). Extra-embryonic proteases regulate Nodal
&gnalhng(})durlnl%cgastrulatlon Nat Cell Biol 4, 981-985. [0603]

Beddfitd Hsfshb e Bre arapnsion Chowiy apd aspigreequired for
magenpretffactirgeropuse. gasirdlaimnn sk eariy@rganogenesis. Dev Suppl,

157- 060 G stru at n the mouse: the ro
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0 Bre an, J. odal si nalllng in the epiblast patterns the early
o bl VARG 413 HERD08 (o015 1600 LM A = e v

gagitoltioantlaMostt Bdefirts B4dvel homeobox gene subfamily and are

diffeigpiiilly expressedduing sady,mResodsmalRaerNINGdM MOUSE \rv--a gene
embryos. Development 116, 1123-1136 (1992). [0608 Candla AP. &

affwvfw%svgﬁwé%%ai4&&%?&%}9@1%@% PR ) Boteins
indicH@estdistinBiuialeg dﬂruhg(ﬁettelaﬁmanthmmanl@evﬂalmblémfﬂg BobdBAox gene

gog;g%@ 4069 ]1%9?” pgBiown, C.W., and Matzuk, M. M. (2002).

Genetic analysis of the mammallan transforming growth factor-beta

supetafilly. ERgB8IREy 3317:87-823NI610] ChitthBaBag:, Sdhiiditzselation and
cullagRalnke; Eamaguehi, ol héRassanic ks Ghimers-analysisofifibroblast

gro dtbj tor receptor-1 thﬁrl)t\rocﬂ?t'?ﬂta ngol%f r FGE% L Daiems the

mor netic Movement through the primitive Stréa S 2, mouse
HTZ’SSZQTQEBWE {189%p- ?@81&9(@}runa B. & Rossant, J. FGF signaling

reguigigsimesedanm califate spegification andymoRRAYENGHC 9&%@&,@9; gene
th? pr|m|t| %fitreak Dev Cell 1, 37-49 (2001). [0612] Conlon, F
oyl

Y i FIRsRGIg e R e?(t%ﬂ’é‘?toitmﬁbt’ﬁtﬁﬁﬁﬁc “&H‘ae smbryos.
DeRgbertson, &.1J241994).189primary requirement for nodal in the formation

and tenance Of the:-pUmpilys, streak indhe Mause, DEVeIoPMSILLA% nox-2
1919-1928. [0613] de Caestecker, M. The transformin \gq growt factor beta

Prge iRdaks oS HEERiiET SUTRACRIFO PR FhRR BRe\Y.5 1 1911 $3 00
[0614¢dDdougangang. WV aegan R M., KaneaRuld MSENIEnA). Gedfd analysis of the
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05-511 (2004). Dugﬁ 6 Feldmang Gates

e P R DB, P Ra 7, Sl PRSI
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specification and morphogenetic movement at the primitive streak. Dev Cell 1, 37-49 (2001).

[06612] Conlon, F. L., Lyons, K. M., Takaesu, N., Barth, K. S., Kispert, A.,
Herrmann, B., and Robertson, E. J. (1994). A primary requirement for nodal in the formation and
maintenance of the primitive streak in the mouse. Development 720, 1919-1928.

{0613} de Caestecker, M. The transforming growth factor-beta superfamily of
receptors. Cytokine Growth Factor Rev 15, 1-11 {2004},

j0614] Dougan, 5. T., Warga, R. M., Kane, D. A., Schier, A, T, and Talbot, W. S.
(2003). The role of the zebrafish nodal-related genes squint and cyclops in patterning of
mesendoderm. Development /30, 1837-1851.

{8615] Elms, P. et al. Overlapping and distinct expression domains of ZicZ and Zic3
during mouse gastrulation. Gene Expr Patterns 4, 505-511 (2004).
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3. The cell culture of claim 1, wherein at least about 20% of said human
cells are preprimitive streak cells. 4. The cell culture of claim 1, wherein at
least about 30% of said human cells are preprimitive streak cells. 5. The

preprnvtivestréak: cells. 6. The cell culture of claim 1, wherein at least
about. 50% afsaicuitimnameelisnareupie RemsitiversiieakeaalIsbolt Theotellid human
Cel(fulture of claim 1, w _errﬁ'n at.gaast about 6 %lgf Sﬁ-ﬂcl!)human celks

S aic | reFr:mltwe sirea fe § S?h rea mnﬂve streak cells pemng multpo eln 'Slls that can
preprimitive strea cells. 8. cell culture of claim 1, wherein at least

difggsenitak0%r ofesaiddsemetsitells are preprimitive streak cells. 9. The cell
cultuge of claimcdy wherneinralidgast abewiSaPalsaighhumancalls Br8an cells are
preprimitive streak cells. 10. The cell culture of claim 1, wherein at least
PrRRBUE GO R %%}TEI human cells are preprimitive streak cells. 11. The cell
cultute of clénct|lwilereinianan feddercell atepreseiitinisaid louturestis are
préapghwbeteinatdeast about 5% of human cells other than said human
eeder cells are preprimitive streak cells, 12. The cell culture of claim 1.,
wheréin huri¥n e cens &preSBREiR 8althtaltife; G witdiap celis are
prdpastakoutab4iof human cells other than said human feeder cells are
prepym itiv ter%e c(::uq!!}srejo 'cilgxht% ?e%lgel%!}i%rgtq a%]tazimtgt ’ W‘Dneng?%igl‘f}%& cells are
feeder cells are present in said culture, and wherein at least about 50% o
PR CElRoHsEF than said human feeder cells are preprimitive streak
cellsgl4. Thacedicultiuie of laimilwherein usnapsieeder eells@i@man cells are
present in _salid ﬁulture, and wherein at least about 75% of human cells
P& AR €hidhiman feeder cells are preprimitive streak cells. 15. The
cell culture dhelaiinctinwhefailaigaid phmitive! dtreakboetl §Bxpregsdahmizmkep!ls are
pl.ggglgggg,g fram the.group consisting of FGF8 and nuclear-localized
(3-catenin. -112 16. The cell culture of claim 15, wherein the ?xpression of

a matker sel&Ed oI the" grdtip <OREEEH SrECEB LAY ©
prentcigavelecalized £-catenin is greater than the expression of a marker

selected from INe, OLOMRLONSRING QfRIBENYUINLF, z%ﬁﬂ'zﬁ%%@ga%qﬁﬁrﬁa?r celis are

said human cells are

FOXA2, SOX7 and SOXL1 in said preprimitive streak cells. IT The ce
PrERITe BFERICYS, wherein said preprimitive streak cells do not

substantially expsessiasnarkasiselectaddom thagaup eonsisting diman cells are
pr?ﬁﬁ%@(%%r@%'::e l’s.s NAIL,

11 The cell culture of claim 1, wherein human feeder cells are present in said
culture, and wherein at least about 5% of hwman cells other than said human feeder cells are
preprimitive streak cells.

12. The cell culture of claim 1, wherein human feeder cells are present in said
culture, and wherein at least about 25% of human cells ofher than said human feeder cells are
preprimitive streak cells.

13. The cell culture of claim 1, wherein human feeder cells are present in said
culture, and wherein at least about 50% of human cells other than said human feeder cells are
preprimitive streak cells.

14. The cell culture of claim 1, wherein human feeder cells are present in said
culture, and wherein at least about 75% of human cells other than said human feeder cells are
preprimitive streak cells.

15 The cell culture of claim |, wherein said primitive streak cells express a marker

selected from the group consisting of FGF8 and nuciear-localized B-catenin.
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SOX17, FOXA2, SOX7 and SOX I. 18. The cell culture of claim 1, wherein
said preprimitive streak cells express FGF8 and nuclear-localized
P-catenin. 19. The cell culture of claim 18, wherein the expression of

FGF8 and nuclear- localized (3-catenin is greater than the expression of
brack§ury, Eesrall sipam ofsbx 75-rbsap hsoxrsng SoRpikcssspeted from the
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and SGKereisngaictioelicuttsireaisslibstantially free of cells selected from the
group-consighing 4f visceral epdadermal qcells, Radeialendadermalicelis do not

primitive endodermal cells, definitive endodermal cells, ectodermal cells )
subshe b GYRfitial EeHke2s o Satmclift e Y EAAMTCI SRR BBRprisig: STALL
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every | hES in said cell culture. 24. The ce ture of claim 22, wherein

angtiskpat-tiselizctidsrégimitive streak cells are present for about every |
hESGin saighcell gultiige 27- hhg: CRll GUlthes o claipraRiowherettrsaidd nuclear-

hESC is derived from a tissue selected from the group consisting of the
logaitsrish & e e Al ik RNy BT 8hibRBY 4R 6 Ago%t%l‘ét%%é@ EPRAZ
SCR(T eRdsyo: 126 sdiereplmidiureraficlaim | further comprising a medium that
comprises less than about 2% (v/v), serum. 27. The cell.culture of claim 1
furthed comoEita aC AT 8 e St LA SRS do no
sukgppiral (2 8xITeRe BalouRUAECHT clath] fafRdr cEmphising 2 maeditis that
comprises lggs thanyabout Qi (Videsanumd 291 Theueell cubiusief claimor cells
‘11 further comprising a medium that comprigeg les th?]n aboutio.zgoa%v/v1 "
SCISEI 30, TR CORCFY B Qlaif 1 FaH el CSHBSTHG a RadiUR ey ™! et
primcke sedaferorlacks Eéninveeplademelntslid E8i8krTiedblked uredsfmal celis.

claimyd furthey.compriging aqaronmh fagtarefdhg,Nedal Ayt tbRURem cels
of the TGFR superfamily. 32. The cell culture of claim 31, wherein said

(hﬁ%\ﬁth factor of the Nodal/Activin subgroup of the TGFI superfamily
compises aditvialAuBBreAftalicutilretearmprisiag humahpeglsvidherginagiteells are

priSARLAPQUL P20.RT SRIGAYMAn £olls,ALe mesendoderm cells, said
mesendoderm cells being multipotent cells that can differentiate
24, The cell culture of claim 22, wherein at least about 10 preprimitive streak cells

are present for about every 1 hESC in said cell culture.

25, The cell culture of claim 22, wherein said hESC is derived from a tissue selected
~ from the group consisting of the morula, the inner cell mass (ICM) of an embryo and the gonadal
ridges of an embryo.

26. The cell culture of claim 1 further comprising 2 medium that comprises less than
about 2% (v/v) serum.

27. The cell culture of claim 1 further comprising a medium that comprises less than
about 1% (v/v) serum,

28. The cell culture of claim 1 further comprising a medium that comprises less than
about 0.5% (v/v) serum.

29. The cell culture of claim 1 further comprising a medium that comprises less than
about 0.2% (v/v) serum,

30. The celi culture of claim 1 further comprising a medium that lacks serum or lacks

serum rep‘;aoement.
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into mesoderm cells or definitive endoderm cells. 34. The cell culture of

claim 33, wherein at least about 10% of said human cells are

mesendoderm cells. 35. The cell culture of claim 33. wherein at least

about 20% of said human cells are mesendoderm cells. 36. The cell

cultuté of cibiifh 38! WHEFEINCAt &t abdtittBour OPHEP UM EENS faptor of the

Nomesendrdaun sellst 87 THRE aglbeitiye of claim 33, wherein at least
about 40% of said human cells are  preprimitive streak cells. 38. The cell
cultute of CI]Z]?&CZ? RS P8Rt aBBtEBo GNP HIRE LS %{Pélab Activin
sulrpesenddaerti fellpeFoniTheoelieultureioficlaim 33, wherein at least
abOL!St3.60% rqfc%%l%u[ftﬂ@%gng %ls %rﬁunrp %sc%ﬂg%%grﬂlcﬁ Il aséﬁ"gb(-)m% onIIf said human
culture of claim 33, wherein at least about 70% of said human cells are _
celip gsenersagenTBEiRY Rid Reserdpdent relsheiaminabippmer ethsdba et differentiate
inraRubEYcof saiddnimancaelsarecamesendoderm cells. 42. The cell
c?z;[ulr%%g’tl?n grlélt ge(t)fo/l%agsg%%gt %@J%? sca:ue(!l%tgirlgn cells are

cultu:gg of cl?]lm 33, wherei
. ihe ce cuig;e_i)
meséndoderm cells. 43."Thé cell culture of claim wherein human

mefgadieiepplisidre present in said culture, and wherein at least about 5% of

human cellsrpthey tharsaiduman (erden cells:aremenrsndedaim &llS cells are
44. The cell culture of claim 33, wherein human feeder cells are present in

mesghg ML Sand wherein at least about 25% of human cells other than

said MumanTieeddr celisearecimesendddeimacédist 4bouT hétcell cultbirenail cells are
m&BlRA3, Whgrein human feeder cells are present in said culture, and

wherein at least about 50% of human cells other than said human feeder

cellsHre méBeRebeaRie ik £4- 2811 2dAesLANE bf‘¢laimaahiuman cells are

prapfigsein kewmacefeeder cells are present in said culture, and wherein at

leaStS%.bOUt ﬁ?é)/?;e‘?lf qu meanfc cqzlilf’ 0315] ,e‘l;vﬁg%p 3 'i%aggrggttha%@/g%% sCa‘? ! %1?1{1%11 cells are
meséndoderm cells. 47 The cell culturé of claim %, wherein sai
messadedriBdstin cells express a marker selected from the group consisting

of braghyurynk @fid-and-SNAm 48, Meselheiturenefclom 4 £aWRBRSIRA cells are

)é[gress' n of a marker selected from the group consisting of
Y FGF4 and SNAIL is greater than the expression of a marker

mth%_ge
BrachyuR

selectéd frohb¢hel gropconsistng ofBGTMaS@X 2P @ XCR4L F@XARan cells are
meQXAand.aRXI in said

41, The cell culture of claim 33, wherein at least about 80% of said human cells are
mesendoderm cells.

42. The cell culture of claim 33, wherein at least about 90% of said human cells are
mesendoderm cells.

43, The cell culture of claim 33, wherein human feeder celis are present in said
culture, and wherein at least about 5% of human cells other than said human feeder cells are
mesendoderm cells.

44. The cell culture of claim 33, wherein human feeder cells are present n said
culture, and wheremn at least about 25% of human cells other than said human feeder cells are
mesendoderm cells.

45. The cell culture of claim 33, wherein human feeder cells are present in said
culture, and Wherein at least about 50% of human cells other than said human feeder cells are

mesendoderm cells,
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mesendoderm cells. 49. The cell culture of claim 47, wherein said

mesendoderm cells do not substantially express a marker selected from

the group consisting of OCT4, SOXI7, CXCR4. FOXA2, SOX7 and SOXI.

50. The cell culture of claim 33, wherein said mesendoderm cells express

brach§ury, eralasidtsnai clan Thevdeicsulburabiierdin Sils wisepeireihan said
culexpressianetibrachyurns G4 anth aNAlelis greatenthamtRe.expressioRs are
meggig(%l% 8695)(17, CXCR4, FOXA2, SOX7 and SOXI in said

mesendoderm cells. 52. The cell culture of claim 51, wherein said

meséndoderhs eellsdsotisubstaatialheraxpred eSS TS Xd B, @XGR4 marker
o EQMARSRIT AN, 5%:Tho.eelkeyiupahlaim 33, wherein said

cell cylture is substantially free of cells selected from the group consistin

Is s .

of visCeral endSHEMMATEENS E tdt kbt FYATCENS, O HiRERRS selected ffom the
grendodsimal celisadefintivEsEndadetinal icédlgrectodermalkcells@rion of a marker

meadsERl G8ll5-sidhe Grieyliuge of SlRIT33 TERELCRMPHSING X 1 in said
¥ human e?mbr)é/:lgjn%%tlesrln cglls (hESCs). 55. The ce’l?cgﬁtr’e (?tb%lalm 52, o
megRardfiTactdast about 2 mesendoderm cells are present for about every

1 hE8C in said eell cettiie. 56. ddie cell, culhivreiof elaimnadnahiRigin@tls do not

least. about 10 mesendode ells are present for about I Cin,,
s TR0 AT SIS iy o BRI G ESELG- CXCR
FetretPfidrnd tH93ie selected from the group consisting of the morula,

the inper ceflimassdleM) otamembiRandiiegeadat Hdaes QA brachyury,
F(eprybrx%,[\?A .lThe cell culture of claim 33 further comprising a medium that
]corraff“)rises ess than about 2% (v/v) serum. 59. The cell culture of claim
33 further convpriginglaumedicinmthal, compiisets: |esprebaem aboutchPoriv/h)iF4 and
SNSRFUD o80T e Sl GRS 0f Claisn- B3 Wusthey corpprising aumedinm halsox; in
comprises less than about 0.5% (v/v) serum. -115 61. The cell culture of
said iR 4CASFREF Bomprising a medium that comprises less than about
0.2%3v/v) sereall 6Rlvdrhefcddiaulturehattlaig 3B ddbesreamprisingtaubstantially
[ S,S€ ement. 63. The cell
ex&%%@eggg]c gr%qg‘B urétlﬁgr%%%n%czr%ﬁg{ g%%%vetfiactor of the Nodal/Activin
subgtéup of et ERIE s helFumily. "Eurerhe et butlineof ethianeally free of cells

seltierefisatilegpeh fastriief the Modal/AglViRrmal cells, parietal endodermal cells,

primitive endodermal cells, definitive endodermal celis, ectodermal celis and mesodermal cells.

54. The cell culture of claim 33 further comprising human embryonic stem celis
(hESCs).
35, The cell culture of claim 34, wherein at least about 2 mesendoderm cells are

present for about every 1 hESC in said cell culture.

56. The cell culture of claim 54, wherein at least about 10 mesendoderm cells are
present for about every 1 hESC in said cell culture.

37. The cell culture of claim 54, wherein said hESC is derived from a tissue selected
from the group consisting of the morula, the inner cell mass (ICM) of an embrvo and the gonadal
ridges of an embryo.

38. The cell culture of claim 33 further comprising a medium that comprises less than
about 2% (v/v) serum.

56, The cell cuiture of claim 33 further comprising a medium that comprises less than
about 1% (v/v) serum.

60. The cell culture of claim 33 further comprising a medium that comprisés less than
about 0.5% (v/v) serum.
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subgroup of the TGF(3 superfamily comprises activin A. 65. A cell
population comprising cells wherein at least about 90% of said cells are
human preprimitive streak cells, said prepri,mitive streak cells being
muIthotent cells that can differentiate into mesendoderm cells. 66. The

cell BbpulatiBh GHOHCY, HHB rein AP RS SLTREBTE G202 BF AT CRMEA less than
abduyinzin grepsamitive streak cells. 67. The cell population of claim 65,

whegsin at %Séﬁ« aﬂ%u? % of.5Ri95CRIS, 8" 8o RUMAn RrGRAMITVESHRRK serum or

cells. 68. The cell population of claim 65, wherein said human preprimitive
lackrsak cEINAcERSFéss a marker selected from the group consisting of FGF8

and @ycleaﬁh@ca&e@(&eatenmm% 3Theerlk pepibation of glaitibactor of the

wherein.the expres no marker selected from the group consisting of
Noﬁ%glégné{ﬁgdsﬁkiﬁﬂg e&r? f%g% pc"é%ﬁiﬁ is greater than the expression of a

markér selddteddifomitive gf@iqnméﬁsmhﬂglmebmekwuﬁy fREF4! SR Alpdal/Activin
sub%%&%%?th':(?éﬁg \%%%1 And; %k in.gaid human preprimitive streak

ells. 70. The ceI opulation of claim 68, wherein said human eprlmltlve

stredk cells'dee! h@?@uﬁfg@aﬁﬁmfe&gr@é@ ¥ heEiRat dE et tlesgibegsls are

hufenSisine afvorachyunid G prSNA Ry ST O XAZ BOXForndSIBXhat can

di Zent ;I;Qlet%eﬂ Dop 0I(fttlon clalm 65, wherein said human preprimitive

USEER G express FBF8and nuclear-localized (3-catenin. 72. The cell
popLﬂétlon diﬁela#h Fpolgtereih thimekpredsisinof FERS b f3%catentlisells are

hugﬁ%@g%&@&gﬁp&g@mn of brachyury, FGF4, SNAIL, SOX17 FOXAZ2,
SOX7_and SOXI in said human é)reprlml e strealﬁﬁ eIIs 73. / Ife 4 cell
popUiation SPEISHH PPRFHEReSh A Komisf ISR gHnTAT S SteaR cells gy cotls are

hunet sulpstantialbresiprdss brachyury, FGF4, SNAIL, SOX 17, FOXA2,
SOXdgand $OX by § ﬁ;ﬂfﬁ‘aﬁg” BePHIAlien camRNsg GRS WhRTGInALIEASLaK colls

about 90% of said cells are human mesendoderm cells, said

X PSS GRS RS LSAs TR r AT AR HE B THAE & AP diFfdpenipatizsflrcatenin.

mesgderm ¢gllsar ;;teﬂm{iy@cﬁ@mdemﬂﬁu & Fhe-sethpopuwhation efected from
claim 74, wherein at Ieastd;;bout 95% of said cells are human

R eI 18 B oHie SEH LA GA b APy 0, irgion of &
mdelastabout 8% bt saidcells ates bimammesiisdShn el 77, TR eaN SOXT

angfg%! n,of Glaim £ g%pwﬁ?ﬁ%'&,%%'%ﬁman mesendoderm cells express

a mar er selected om the group consisting of brachyury, FGF4 an
SNAI: 78. ThiecsHIPpOPiiaich Grielditn ‘Trersih st i s REEibT 6‘F%?k celis do
noMarkeisalectegiam &helgazowee@nsfsimglm‘ braghyonyskksFdf reb BNAILFGF4,

ﬁﬂreﬁgngtg?%%%‘e marker selected from the group

consi ‘R4, FOXA2, SOX7 and SOXI in said

The eell populanon of claim 65, wherein said human preprimitive streak cells

express FGF8 and nucleasr-localized B-catenin.

72. The cell population of claim 71, wherein the expression of FGF8 and $-catenin is
greater than the expression of brachyury, FGF4, SNAIl, SOX17, FOXAZ, SOX7 and SOX! 1n
said human preprimitive streak cells.

73. The cell population of claim 71, wherein said human preprimitive streak cells do
not substantially express brachyury, FGF4, SNAIL, SOX17, FOXAZ, SOX7 and SOX1.

74, A cell population comprising cells wherein at least about 90% of said cells are
human mesendederm cells, said mesendoderm cells being multipotent cells that can differentiate
into mesoderm cells or definitive endoderm cells,

75, The cell population of claim 74, wherein at least about 95% of said cells are

human mesendoderm cells,



human mesendoderm cells. 79. The cell population of claim 77, wherein

said human mesendoderm cells do not substantially express a marker

selected from the group consisting of OCT4, SOX17, CXCR4, FOXA2,

SOX7 and SOXI. 80. The cel%populatlon of claim 74, wherein said human

meséfidodédiif eSS Bralamyr, e desi Abeusie T sgf cells are
huﬁ@@ﬁiag‘éﬁﬂba&ﬁ{&imﬂ? wherein the expression of brachyury, FGF4 and

S e S 2108 SO SRR s

a Immls&imﬁeéﬁ@l@lrﬁeﬁf?wm@mlswf braehav M ESEH dod M Eells do not

su bSténtia”m%@re&?p@e@MoM 77 GXREBRA QA2 DKL AR S bted from
83. A method O°£r0d cmg r|m| |v reak cells, ald method .

e IRy e BFBbs ﬁga%\ o 6ﬁﬁ|%fﬁ8‘ﬁf ?ﬁﬁh%u’f‘@’ﬁ?ﬁi}‘?ﬁo%ﬁf“arke‘

selbeteddivoealls andrdifferismtiatingSaid SP Hp dteiitumalk £B180OX aameBiixi in said
hu&%ﬂ‘;ﬂ&‘éﬁ%&@rﬁﬁ Iban about 2% serum and at least one growth factor of

the TGF] superfamily, wherein said growth factor is present in the medium

in an’*amo .W%B%raﬁﬁ&f@g/?fe‘?@ﬁ’f%aﬁ%\ﬂw@a%lﬁaﬁ%ﬁ gills do not
susaadrpluripotest eallsrier peeptitiive shke gl e kensiadih O eepDinTitye SHEaKCX CR4,
FCB‘(EE %&g 515@ lent cells that can differentiate into mesendoderm cells,

84.the meth clalm 83 further comprising the step of allowing

sufficient tinhbe feH praplitiftive deenkicalhsoTonm iWharansssaiedsun cidlsexpress
bribmedRroepsimitivg streak cells to form has been determined by

dete ing t ence, of repr m|t| streak cells in sald cell populatio

e eI Ot T oA s Ml O Pt sy HESe g, s and

SW@r§. Qsaﬁ'rktéaméth@dpmsakalmf%%éﬁé}ﬂ- detecting: tﬁé&‘i&és@@é@' ehd SOXI n

saRRRRRINVE SiFsaky celfs in said cell population comprises detecting the
expressmn of at least one marker selected from the group consisting of

FGF&and nfeisa-RoeAissd BEktEnit aREeEt Tesidt BHEThARSP RSP Elts do not
suat G agistia@Off braCAYC FGE4 FEXALL SSBXdnd, FDXA2, SOX7 and

SOXLin cells gf. gaid gell &R&Hf?‘tb‘?%r}’m%@ 0,0 %é%e?pﬁho%%gd“}%kﬂ%mé the

selected from theggroup consisting of FGF8 and nuclear-localized
SteRsCAtERIMID G reatErnpTarPtiva é%ﬁ?é@%i@ﬁ‘éﬁ&%@rk%@’éI%f‘é{ba“ﬁdjrﬁfﬁf‘é’“d“ﬂg said

piuﬂiﬁ&egtquml@@r&siﬁmg @h%@hywﬁpﬁﬁﬁ%ﬁl\mdh 2DEIX Y, Eéﬁﬁ&A&;cS@Xezsz one

ro 1?&9[ p the lpé erx%ltlv Strfeaf‘lén(l:gu c?g;e }qh Orq Oficilgtm dium in an
8 ereln he expres IOI’SJ eas one o s§r8 mar?(ers |sp§ee[erm 61%

arrqmamataiﬁmenpa«lymena’sé gl medction (Q-PBR). ﬁ&lfﬁhe’mmoﬂhopdwmells to
préﬁuﬂ\(i"@é eigdhe @éﬂ%re§§i'@%a%ﬁ¥dﬁﬁ§t Qneiof said markersigpdelerunedhar can

g qy Immunocytochemistry The method of claim 83, wherein at least
ran

GG SRS PB&HE human

84. The method of claim 83 further comprising the siep of allowing sufficient time
for preprimitive streak cells to form, wherein said sufficient time for preprimitive streak cells to

form has been determined by detecting the presence of preprimitive streak cells in said cell

population.
83, The method of clatm 84, wherein sufficient time is at i=ast about 6 hours.
g6. The method of claim 84, wherein detecting the presence of preprimitive streak

cells in said cell population comprises detecting the expression of at least one marker selected
from the group consisting of FGFE and nuclear-localized J-catenin and at least one marker from
the group consisting of brachyury, FGF4, SNAIL, SOX17, FOXAZ2, SOX7 and SOX1 in cells of
said cell popuiation, wherein the expression of a marker selected from the group consisting of

FGF8 and nuclear-localized P-catenin is greater than the expression of a marker selected from the
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cells differentiate into preprimitive streak cells. 90. The method of claim
83, wherein at least about 10% of said pluripotent human cells
differentiate into preprimitive streak cells. 91. The method of claim 83,
wherein at least about 20% of said pluripotent human cells differentiate

LrpocpresiRAihiebstrEaR e i§Td2. THE metHdd bf Uik B Wherdih aAst said
preplieudi Q% af caid plurlpotent human ceIIs differentiate into preprlmltlve

stre% Ce”S'EQS ngdeﬂP %E erem hgve}‘ler}%slsgl(?ﬁt (l)?ats eaQOUt 49 I&fk&rs 18
said pluripotént human cells ditférentiate into preprimitive streak

detpeinebhi oot EayrPeRMWHeralrat kgt alolitB0% of said plurlpotent

humag cellsdiffencntistedntosprepmiive stgalsralls: A adhemedartsefikers is
clalmgﬁ wherein at | ast about 60% of said pluripotent human cells

deigrrpep %\f?‘?ﬁ%"%‘ﬁ IHRVE streak cells. 96. The method of claim 83,
wher#in at [Bastaihodt70%inf hidvidwipetdntduinan Stelis diffepentiatent human

celh@t&f@%{?{ﬁ{@ﬂ}{@ Susakiaelsad4. Ehe method of claim 83, wherein at least
about 80% of said pluripotent human cells differentiate into preprimitive

streald cellsT BB T hRetHBE oF clibfre3, Wiiarerhat 164 Absis Rigwpfnt human
celsadirfplaitpod it mwmaﬂ:tﬁelﬁehﬁemntlate into preprimitive streak cells. 99.

The grethod-of ¢laim B her%k“ S?!edre?}% le3stpRg.Qronah fﬁ‘&}%rl,]&%;é%%%t human
NodaI/Actlvm su group he TGF(3 superfamlly 100. The met of

ceiéﬂrahﬁeg@@umévéuﬁrﬁaraia%%abﬁéﬂgrowth factor of the Nodal/Activin

subggoup of themtfabGst supariamilyceamarises astivinod 40did BRripotent human
claim 83, Whereln sal east one growth factor is provided in

I
Cep%oﬁ‘&eélﬁ ration %F%f“ elgg outcag ng/ml. 102. The method of claim 83,

wherin saiflhatihetstdoriectpionth fabtorisaplovidenbin 4 coficeldtrdtoprishabuman
celRaSkALRELOR AP LR Ibg mgthod of claim 83, wherein said at least

one rowth factor IS prowded in.a concentration of at least about 500
ng/mi-*-118 AR REMHE JF el as SRaYethoshnt 4t féaBICorE Brotit M mar
cefaclidiisnprovigdegriepamiavicentratidiz.of at least about 1000 ng/ml. 105.

The thOdl Rfi ﬁl%cﬁgf chQﬁlr %'? ﬁ@l‘fge‘% L‘%qg&s? RE9f %W;h 599«119({ {ﬁurapotent human

withdrawn after about 6 hours. 106. The method of claim 83, wherein said
celi fRAYCHIHE GIBIRK ARG i WRthdrAWn  after about 12 hours. 107. The

methad of claimBaiovherimsal] atieastonegrawih fattor isivitheigwnt human

cells differentiate into preprimitive streak cells.

97. The method of claim 83, wherein at least about 80% of said pluripotent human
cells differentiate mto preprimitive streak cells.

98. The method of claim 83, wherein at least about 90% of said pluripotent human
cells differeniiate into preprimitive streak cells.

99. The method of claim 83, wherein said at least one growth factor is of the
Nodal/Activin subgroup of the TGEFS superfamily.

100.  The method of claim 99, wherein said at least one growth factor of the
Nodal/Activin subgroup of the TGF superfamily comprises activin A.

101.  The method of claim 83, wherein said at least one growth factor is provided in a
concentration of at jeast about 10 ng/mi.

102, The method of claim 83, wherein said at least one growth factor is provided in a
concentration of at least about 100 ng/ml.

103.  The method of claim 83, wherein said at least one growth factor is provided in a

concentration of at least about 500 ng/ml.



after about 18 hours. 108. The method of claim 83, wherein said cell

population is differentiated in a medium comprising less than about 1%

(v/v) serum. 109. The method of claim 83, wherein said cell population is _

differentiated in a medium_comprising less than about 0.5% (v/v) serum.

110.Phe mBtAGHBPERIFIHS SihEPETRTS I LIRS SHRFON TS e rigtaded in 2
coiteirraiediim campsising (8ss:than about 0.2% (v/v) serum. 111. The

me“]%‘%' of ﬁlﬁ Q%DF{V hP [ alr}nsg‘l”d &g!elrg) ggg 9 té ieﬁ%td(gﬁg égwetgc'tgrais withdrawn

medium comprising less than about 0.1 % (v/v) serum. I12. The method
aftesfebraiihe 83Uwherein said cell population is differentiated in the absence of

serurmor thenabsanse af seipsreplacemant. al 1&sT he methodiafialaimyithdrawn

ﬂ ’b e(;eln said cell population is differentiated in a medium comprising

AeKBoto vL}v serum on about the first day after adding said at least one

growtb7factdheabeho® Sty § Senimmeor fesk adrcat cuethw stcdnthdiywithdrawn

falteradding,said at least one growth factor and about 2% (v/v) serum or
less on about the third day after adding said at le st one growth factor,

114. "Phie mEbUH G i S WherdhrSiidse %paraﬂemg GirflisTaL g 0 2

meididoveosprism REMbmediun 24 18y lkeexmethod of claim 83, wherein said
pluripgient hyman,cells, pmprise human, empryanissiemdeels éh@%ﬁ?&m@ in a

116. The method of claim 115, wherein said human embryonic stem cells
megiuHeVRE kT e S e &t WoRRe group consisting of the

morula) the Tapergrlimass (& N) ofvaseambikyeangdhe-gonaealifidgesaall i a

n embryo. 11 rep imjtive, str k ceII produced by the method of
claim: Ti§g§f u#tgr%/stgc?ng mesendodenn cells, said method

comﬂﬁlémg he @@éﬂ)@%ﬁfo@iﬁaﬁﬁlﬁg Fdetepospitageh E@?ﬁbﬂ@ihgs pliiFpeténed in a

mé&%ﬂﬂ%&;ﬁﬁ“@ﬁ’g‘!@@i{ﬁi@ﬁ%‘ﬂﬂ@t@@“@@%%@ﬁhﬁwtent human cells in a medium

comprig! ss than abou 2% and at Ie t one rowth tor o
the TG (3 S Oi@ g\/ﬁ%’ﬂ@l Salc}T ‘a%mﬁ’?ac?orplgpﬁrelsoenn cfl Eremamd in the

absaedi chyamamahrobstnsufficient teprormete differentiation of at Ieast a
portiqn-0f saigl pluripotent Gells 1 Wgﬂog%naeﬂlat%ﬁ:ﬁugnS@'%fforenttated in a

mesendoderm cells bein gg multipotent cells that can differentiate intg
mehuBL FYBRIETRE 2L 0P V‘Théeﬁi%‘tﬁiicf“?:ﬁ“élﬁiﬁf TS RfEr edtngrgigiest one
erstep fatalowing Gofficient tme: fordnesendodeioseelis! itforfie; whigreksid at least

on%f;gQ Sufficient imnes rm@%frlﬂosgﬁr@ §8lls. 19, ggrrw@@ peendetermingds said at

etecting the presence of mesendoderm cells in said cell population.
leapponeTHENAEHEY of claim 119, wherein sufficient time is at least about 24

hours 1121. Tikeeethodrafiglaing 18 cmihemin deteehngdhe prasens@afd in low
semesendpderm cells

115, The method of claim 83, wherein said pluripotent human cells comprise human
embryvonic stem cells (hESCs}.

116.  The method of claim 115, wherein said human embryonic stem cells are derived
from a tissue selected from the group consisting of the morula, the inner cell mass (ICM) of an
embryo and the gonadal ridges of an embryo.

117. A preprimitive streak cell produced by the method of claim 83.

118, A method of producing mesendoderm cells, said method comprising the steps of
obtaining a cell population comprising pluripotent human cells and differentiating said pluripotent
human cells in a medium eomprising less than about 2% serum and at least one growth factor of

the TGF[ superfamily, wherein said growth factor is present in the medium in an amount

sufficient to promote differentiation of at least a portion of said pluripotent cells to mesendoderm
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in said cell population comprises detecting the expression of at least one
marker selected from the group consisting of brachyury, FGF4 and SNAIL
and at least one marker from the group consisting of OCT4. SOXI 7,
CXCR4, FOXA2, SOX7 and SOXT in ceII of said ce]| uIatlon
cellygibimeFra e FBsSidh b ATKePsRics s fg? (petondisig gpodem

Isting o
cellrachyury, FGF4 and SNAIL is greater than the expression of a marker

Sele%%d fm{@ t%%t%g) Ldp CGEQ Qﬁsﬁténﬂzmepggl;éns% >ﬂZ s% %ﬁ’@vg Qg%r?ﬁment time

SOX7 and SOXI in said mesendoderm cells. 12 he method of claim

for ypepengideamoghis @xfﬁ\*‘ééé/}’é‘ﬁf@flé@léé§¥f&*@b?‘§8|ﬁ>ﬁﬁ%ﬁ€’é‘@d§‘8éféﬁﬁ?n@6m has
beelasﬁétumtitﬁtbgew@bymm@aaja dﬁaeikhﬂd@rﬁ C#R). it 234 Thiepmeilaochof

clalm 21 erel on.of at Ie fsal rker
deterrzrjg}lned\?/by |mrg1un%f(§y?%chemg%rere}iﬁ eqr%ﬁg]t o gi?E'E:gltal%ﬁ?nL§tj§ hours.
wheréih at lBastetbodiobvkior $afd Wheripodairatiimin %@ﬁ%ﬁéf@%ﬁa@éﬂm cells
in éQﬂPc@I @ﬂgﬁ JE’nﬁTﬁ’lL@s gigtgctﬂagff@@ib@gs%}(ﬂam&alﬁmw Rekeln @ﬁé&é&tﬁ'om the
about 10% Og?{ﬂ f%urlpo i mag Sdl ere tiate into sep
SrOURISONFEFHY HAASY of Crbirn 148 W re| egaét u?“gé% Om i group
coznlnsmg)d:émamh)(dzélI@Wé?@i&t@uﬁ@%@érﬁ@ébrwdéﬂlsf 42 Pﬂ?hﬁi)pulaﬂon/
wi @ﬂhﬁg 8}2;'5%'%'5‘%14&% WQ@&'&%&!&P%@&W& Qfr3nichplur 'WQ&%O&W FGF4 and

uman cells differentiate into mesendoderm cells. 128. The method of
SNARIs ETEt S RRE e RIEST b BUE A BRI (HBbIBH BIUMARPSERE of OCT4,
sodifferentiate, inome sendogders0oalls: s2dndfedmithoctbd claim 118,

whergip at least aﬁogt PA%0h §§ il plur 99}5@%& WoAn £l Aiffsrentiate) markers

into mesen derm cells. 130. The method of claim 118, wherein at least
is dgtutiabyslsaitRplarmsbrastbtshai rexnerifeféttiate into mesendoderm

cells;131. Tihe methedafiglaim LiGsdrengingileash abeul/Q¥nobsaitt markers
luripptent human cell dlfferentlate into mesendoderm cells. 132. The

is @iﬂ%ﬂg I8 RGP 4t least about 80% of said pluripotent
humag4 cellSidifferendiatecinito hésehdoderieslsbaB3 T hesméiistngtent human

cchlaimSaharsinahleast-agut 90% of said pluripotent human cells
differentiate_into mesendoderm cells. -120 134. The ?j

h 118
wheriri-said b REROHE GIBwHH rARTETE Brifre 3984l E(c%g & gcd:bll]rg OrgThfuman

up o)
cethealiffab({Bastipertamihyiolidm ddhis. method of claim 134, wherein said at

least gpe growih iaclon PhfG H@%ﬂ/&&ﬂvaméa@gsg&pz@f/ he G F(Bripotent human

superfamily comprises activin A, 136. The method of claim 118, Whereln
celfa i ratiae ohie BrOWHIIERIGE S provided in a concentration of at least

about 40 ngiMY. method of claim 118, wherein at least about 30% of said phuripotent human

cells differentiate into mesendoderm cells.
128, The method of claim 118, wherein at teast about 40% of said pluripotent human

celis differentiate into mesendoderm cells.
129.  The method of claim 118, wherein at least about 50% of said pluripotent human

cells differentiate into mesendoderm cells.
130, The method of claim 118, wherein at least about 60% of said pluripotent human

cells differentiate into mesendoderm cells.
131.  The method of claim 118, wherein at least about 70% of said piuripotent human

cells differentiate into mesendoderm cells.
132.  The method of claim 118, wherein at least about 80% of said pluripotent human

cells differentiate info mesendoderm cells.
133.  The method of claim 118, wherein at least about 90% of said pluripotent human

cells differentiate into mesendoderm cells.
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137. The method of claim 118, wherein said at least one growth factor is

provided in a concentration of at least about 100 ng/ml. 138. The method

of claim 118, wherein said at least one growth factor is provided in a

concentration of at least about 500 ng/m]. 139. The method of claim 118,

whetéh safdraredet ot Gidivit Sadibr i piddidt st oo Eati daoR o at! the
NolgastabautdQe0rgiml THAQ shpe-mathod of claim 118, wherein said at

least gne growth factor is withdrawn after aboyt 24 hours. 141. The oy

metrﬂgg‘ of Ié?mmf%?f? W fSeér/ileallriins}:\%\g’a ?éeées!f] o?'laéldgi@(t)v%fﬁﬁsﬁa%rf%r%rso‘\;\vrtl?hti;ar%{\(/)\}nOf the
NodftexabboutuBerivgurstht4Z: I Thae radtholy ofictairasi8yiwherein said at least

one grpwth-factor s withdraywn safter about 48 hours,L43wiNemeed Alied i »

claim 118, wherein said cell population is differentiated’in a medium
CoRCSAsBHETRY fedthaiv 08wt % (viv) serum. 144. The method of claim

118, whereimsaieticelljpoputation iaeifierantiateddnoae pedinfaccarpsisinged in a
Corllggrgr%aq (%%?#et Qt.gg@u(vll 8 serum. 145. The method of claim 118, wherein

Said cell population Is di eréntiated in a medium comprising less than

about8. 2% weserdiat clad®. 1T hevhetiothisfas ki MBTRMBrBitisdicPrtided in a
comQRationds: differantiated ip/a: medium comprising less than about 0.1 %

(v/v) serum, 147. The metho claim 118, wherein said cell population is . .

ol tate T HEOUBLFD dF BT n G A8 B Seh T < Provided in
coneplapament: k48.4bte hiébtheddf claim 118, wherein said cell population

is diffgrentiated . medivm GoMRHRinG abauk Q%Y SR QARROWithdrawn

the first day after adding said at least one growth factor, about 0.2% (v/v)
aftelabipHt 3 183N about the second day after adding said at least one

growth ifactahame:about 2BV} setaraiosdes st devaboutdhe thifdiday withdrawn

aﬁ%ﬂ ra I‘il%u%glld at least one growth factor. 149. The method of claim

18, Wherein said cell population is differentiated in low serum RPM1
medilif#. -1Zhernethrhelpleifol &f imsin1Eed WherdinSasepllirfptieart withdrawn
afiBupaRn eellsieomprise human embryonic stem cells (hLSCs). 151. The
method of ¢laim 150, wherein said human embrygnic stem cells o .
deriv](e)%”fro a ﬁ’féboéi sel6&8Y from't Eémé’?oﬁaf)gc%%g%? ﬁ%gg the Fﬁ%%b gf,lated me
mdthignngrenteinmiassifaCh o En(vémisyoiand the gonadal ridges of an

embry. 1534 mesendoderm ¢edl praduced.ly the psthedofclamrdidicd in a

153. A method of producing a cell population enriched in preprimitive
mg{%ﬁ%@ﬂgsmg less than about 0.5% (v/v) serun.

145,  The method of claim 118, wherein said cell population is differentiated in a
medium comprising less than about 0.2% (v/v) serum.

146,  The method of claim 118, wherein said cell population is differentiated in a
medium comprising less than about (.1% (v/v} serum.

147.  The method of claim 118, wherein said cell population is differentiated in the
absence of serum or the absence of serum replacement.

148.  The method of claim 118, wherein said cell population is differentiated in a
medium comprising about 0% (v/v) serum on about the first day after adding said at least one
growth factor, about 0.2% (v/v) serum or less on about the second day after adding said at least
one growth factor and about 2% (v/v) serum or less on about the third day after adding said at
least one growth factor.

149.  The method of claim 118, wherein said cell population is differentiated in low

serum RPMI medium,
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said method comprising the steps of obtaining a population of pluripotent

cells, wherein at least one cell of said pluripotent cell population

comprises at least one copy of a nucleic acid under the control of the

FGF8 promoter, said nucleic acid comprising a sequence encoding green

fluore¥tent ProtheGEP)or 4 Bordyreaniaberiginknpan srls comprise human
embiffarentiatiogisaid slwripotent cells so as to produce preprimitive streak

cels, said pieprimiive. stigak £5ls Reing mROIent, SRS KGRy are derved

differéntiate nto mesendoderm cells, and separating said preprimitive
frogtretikceelslctfetriical ovBierpdomstiagsiabs omEplag e impes sabHat GCM) of an
emBlMnkaRB: Whetsinisaidearicheg,.cell population comprises at least about

95% preprimitive streak cells. 155. The method of claim , Wherein said

enriélggd cel 188?%1[#&%18 nccc?rlliﬁi}?ggtéegp NeTS h8§tog§a%%ﬁg'rimitive streak

cells] I566. Thewtiethot wHdlaing £53] vwherkincthendiffereimtiptgngmsiieys streak cells,
s2iGRBRHSES REAVIAING. SRIC RIUIRIGHE colReRtation it RHICRRE ARG rein at least

growth factor from the TGF(3 super?ami-ly in an amount sufficient to .
ong, Bt i RBFERISIGH! DR RRHATISR FRIBRERTCRIE3Eh P RiverLfg ke g gder the
codthed . dthehen&thpel efcclaim, 1661 whdsginasaidcatipastone gwibefactariofz green
the TGFER s mily i iVj 8 T, thod-of.-glaim: 157, . :
R P PO AT R PRI A A IO0 MRS i plarivoen
celifgimts 18 @ aThecrREHEB G CRFH 1SS vRdreTAPsa s sURTAcr pRstigeuiypotent
cels CRNGRNURTGEokal Ieast ahesi-:0Q.ng/mld180ariie: methaehahtlaidstreak celis

fmlS?,n\évQV rgirg@% eaXctriE\z/SiSn I’gs provided in a concentration of at least about
gb(ffng/m1. 1B ThePhiethiod of claim 153, wherein said cell population is

differéritiatethinracthedditiviabomprisivitg s sstivhanaisbis ¢9%b poRiasEmygnmprises at
leabBbotie Methashaficlaim.i 833wherein said cell population is

differentiated in a medium comprising less than a,bo%{ 9& % (v/v).serum.
a

163. 'Fhie m&toHBI Wi 143, WhePdH Bt K Poptfiatfonar «ion comprises a1
lecdifieoendidttect ¢nranimediurakeotaprising less than about 0.2% (v/v) serum.

-122 164 T@ﬁerﬁx%m&g S glaim, %35,%‘{!%'1%% %1%@“3%9@%’[@3 Q'ar}ﬁarises providing

differentiated in a medium comprising less than about 0.1% (v/v) serum.
saiflgBuriioie phetH oW BRAaIY 15 3¢ {#Hé rsth BardcErisopigiatiamn 1§ TR superfamily in an
anfdffgrentiatadintogcabsgecaptiseiimuanieRbse0ae ef sepiitive streak cells.
replacement, 166. The method of claim 153, wherein said‘c:%l}lﬁpfggulﬂatifon TGE
is differentiatst T QoM compHSHY aBELE 058N S5 ot TR
sutleddingy daycafterradding said at least one growth factor, about 0.2% (v/v)
Serunser Ie%%é’ﬁl&?&%f@ﬁﬁﬁﬁ@?@v%ﬂﬁ% &%@kﬁ%i@ﬁo@’id@@ﬁ% aWfcentration of

rowth factor and about 2% (v/v) serum or less on about the third day

at el R Sl at

159.  The method of claim 157, wherein said activin A is provided in a concentration of
at least about 100 ng/ml.

160.  The method of claim 157, wherein said activin A is provided in a concentration of
at least about 500 ng/ml.

i61.  The method of claim 133, wherein said cell population is differentiated in a
medium comprising less than about 1% (v/v) serum.

162.  The method of claim 153, wherein said cell population is differentiated in a
medium comprising less than about 0.5% {v/v) serum.

163,  The method of claim 153, wherein said cell population is differentiated in a

medium comprising less than about 0.2% (v/v) serum.
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least one growth factor. 167. The method of claim 153, wherein said cell

population is differentiated in low serum RPMI medium. 168. An enriched

population of preprimitive streak cells produced by the method of claim

153. 169. A method of producing a cell population enriched in

meséttodén E@fﬁ%odsﬁilo‘ﬂﬁ’r@tﬁg& cobrsHsitRIcE! sRAIpE BT BhisifiHg gptiated in a
me@i@sﬂuiaﬁﬁﬂs@fglmm&he&ﬁcﬁﬁkaL%hWEsBrahleast one cell of said pluripotent

cell 98?”'81}%"] CO{EQ&'%?S agnge?ﬁt W eer%? HUC| ‘i:a?c' |1’]S r(]b I‘ til;]tiatod in the

control of a promoter selécted from the group condisting of the brachyury
abgspeprotrth e MG RRspEe RICREF A feP RS TSIA L promoter said nucleic acid

Com@!@@ingﬁr@‘i‘ﬂ&ﬁé@%i@@lﬁﬁﬁ“m%gReﬁ‘é"erﬂuéﬂ"ﬁsgﬁﬂb%@zﬂiﬂn(@Fd?ﬁfé}érﬁlated in a

jologi actlve fra t thereof, differentiatj aid Iur tent cells so
el IO rGei B EEIS Safd Hebrocunn g 4 o one
grcrwt]itrputemtoou@ fat ean sdiffe reritisteriniow dsoskerm c;élb@ﬁmdwmﬁ\ﬁ@id at least
ongggﬂriﬁrmtsﬁléﬁd %&%@%(rmge%m dresendogermmests fremp gellsudichaid at

do not express GFP. 170. The method of claim 169, wherein said
leag fertserdaifpi8pulation comprises at least about 95% mesendoderm
ceIIslGJ?l The meltbod0Eelainmsl, 6thendnerein sdideprietiedicelifferentiated in low
se9) eapmprlses at least about 98% mesendoderm cells. 172. The
method of claim 169, wherein the differentiating step comprises providin
said HiiripotentraihesopRaBE At PEPTEBsh S TE lonmls frediced fiethe method of
clalifoHB superfamily in an amount sufficient to promote drfferentlatlon of

said pégrlpo‘&enteﬁelldi o me endoderﬂﬂ cellpat173 Th ethod ofc

ucin 0 1 St mes en oel]s said
172, wherein Sa1d At fedst'o row FRRtof of the ( super am IS

meglatilirpprisin fhhetmem@fmmpwslamméﬂémhg‘ardt@lotrxﬂlrsmherﬁio\ﬁd@@ﬂ one
celNR &9@%@9&3@%@9 & %Bf)%@ﬁfoﬁ%%@o@g(qgagf?éeEGSV@@W@QCQ‘&@‘W under the

173, wherein said activin A is ltErovrded in a concentration of at least abqut
cORER) Al oTos" SR dTRTR D FEPRITRTTHE RIHEF ARSI Rr e FOF4
prpmowideddinha édh'denpration:ofsat leadtiabaid 500maging. 4 7equdine metiiod: green

ﬂu%]:‘e%l;%!mplcﬁgnwﬁﬁﬂg 2 %lg SQUamg Bb‘é@g %Jﬁ@},ﬁ{&@&@%ﬁﬁé@@ fmx?q%gbiurlpotent

comprising less than about % (V/v) serum. 178. The method of clairn 169
cellirserasiy S5 ESIMSeRaRdEN T8 HBIE R stadPisEn rRbURSHREBIHRRNAYeRisdhat can
drﬂé&lﬁtﬂﬁ@hht@rﬁé’@ﬂv{w SerUS ddfTBtiThen toethad afsclaitnsdiestivhesrimsadtkdoderm

Geg %I ?QV nCrsc%lflfergntlate 19% a medium comprising less than about
1%m(v?v serum. 1%36 The method of claim 169, wherein said cell
populdfion iSifferéntatbdig 169, wherein said enriched cell population comprises at

feast about 95% mesendoderm cells.

171.  The method of claim 169, wherein said enriched cell population comprises at
least about 98% mesendoderm cells.

172.  The method of claim 169, wherein the differentiating step comprises providing
said pluripotent cell population with at least one growth factor of the TGFPB superfamily in an
amount sufficient to promote differentiation of said pluripotent cells to mesendoderm celis.

173.  The method of claim 172, wherein said at least one growth factor of the TGF[3
superfamily 1s activin A.

174.  The method of claim 173, wherein said activin A is provided in a concentration of

at least about 50 ng/ml.

175.  The method of claim 173, wherein said activin A is provided in a concentration of

at least about 100 ng/ml.
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medium comprising less than about 0.1% (v/v) serum. 181. The method of

claim 169, wherein said cell population is differentiated in the absence of

serum or the absence of serum replacement. 182. The method of claim

169, wherein said cell population is differentiated in a medium comprising,

abodt'®% (%r%%mfirlogﬁl%ouﬁw@w G5 TSI RGPS e & ReseapBetion of
at igrewsbuaciongabiout 0.2% (v/v) serum or less on about the second day

aftengadng sl alieast e LM RGIOLAN PR AVA) SRR AL in o

less on'about the third day after adding said at least one growth factor.
medig®: cPRETRBthise draslahvit 69, (Whete said cell population is

differeptiatggdndemoseuamiRPMb magdivm. k84 cANnpptichied pogittatamel in »

.esendodermlcelI.ﬁdoroglug%c%cpy tp(? method of claim 169. 185. A method

meo’f”?ﬂé’ﬁﬁ’fgfrilﬁlél% erertation Tac BFC%E)%%]G of promoting the

differéntiatibhe ohghegdriphititransti 62k sdedtsiinsaie et apaidtion dordibissinggted m a
meBRRAPESIS) SAid methiedeomprsingtha steps of obtaining a cell

population comprising human pregprlmitiv,e streak cells, providin ) ,

canditfite differdfifigfion flter t8°satdett SSHufﬁﬂond‘éafé?Pnlﬁif? erentiated in a
meékpressipisinf @snankebinvsaidcetlvpeputation at a first time point,

detergining RAIERSIPBANANE PTG ABRIKL SR ERLAPUAHRDAidted in he

second time point, wherein said second time point’is subsequent to sai
abSFFSEHNSTHBIAT BRARIHSFTH SSHIE S8U1EIhe point is subsequent to

providing saict pegulation ciith seid eandidatediderpofiation factoffeandated in a
megleutﬂelrgnl.n{)rllgig ee)ii%‘iﬁstﬁl/g) %\fpj th;"umnaor;I}( %E){Bﬂtstéy i%%!ldg -QQH'eaté%H'x? ! ge‘?iflp at least one

second time ﬁ%omt is Increased o decreased as compared to th

graevprassivnishitid marke siusaid el popildtitn sesaidfrstitimedppinaid at least

OUWQ%WL-W ARINEHEaS/ONIECIBSEi: BXpIassionafisaidimarker insaigiaellsaid at

| population iRdicates that said candidate differentiation factor is capable of

cas 8P ST & Wi¥rerentiation of said preprimitive streak cells. 186. The
methdd .of cThinmi8sdwhetsin $a3d Wherean preé prinitive stieak deligentiated in Jow

ot RMIRELadileast about 10% of the human cells in said cell population.
-124 187, The method of claim 185, wherein human feeder cells are

preséfitin sl BIFASOORABBIBHCANGI WPRSFEHT SE TR ADBIAHUTSS, BY thg method of

cidsam@n cells other than said feeder cells are preprimitive streak cells. 188.

The mathodsol lait T8, MNAIEID sidiiman BreRimitug alfeak Golfiorny e
comprise at least about 50% of the human ce Is in said cell population. =
diffgonpHemitRGETER Eiiniteh, Gieitin saldmuHiEiPTeeTarTiENs hyman cells. said
mdPh88RbkiInSaldiEeepoprbationand-wheipimatleastpalngtihofn efdhenitive streak
uman.cells other than .said feeder C(%Ils,are.(pre rimitiv§ Str atk cells. 190. .
cells, grovidine a can idate géi%rerﬁ;lat]on facax 10 said cgll popuiation, getermining expiession

method of claim 185, wherein sai human preprimitive strea Celfs

of differestinteiihtellgalis: bélecied firarinth e gro Weteonsigtsgrofssion of the same marker
in RRFEMARAGHRMES KM @R point, wherein said second time point is subsequent to said
first time point and wherein said second time point is subsequent to providing said population
with said candidate differentiation factor, and determining if expression of the marker  said cell
population at said second time point is increased or decreased as compared to the expression of
the marker in said cell population at said first time point, wherein an increase or decrease in
expression of said marker in said cell population indicates that said candidate differentiation
factor is capabie of promoting the differentiation of said preprimitive streak cells.

186.  The method of claim 185, wherein said human preprimitive streak cells comprise

at least about 10% of the human celis in said cell population.
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definitive endoderm in response to said candidate differentiation factor.

191. The method of claim 185, wherein said human preprimitive streak

cells differentiate into mesendoderm cells in response to said candidate

differentiation factor. 192. The method of claim 191, wherein said marker

is sefdéted frofmieteogreliplabbrsistingest bratnyufedecrdlanmg Sy said cell
pop@dickheninethashafi alainab8:, vehrergimsaichynan peeprimitiveistraak: celis are

- ece,Isi‘:l(%lfitli‘fsmj-%rﬁ%ri){tiaeﬁe~ into mesoderm cells in response to said candidate
P difterentiation tactor. 194. The method of claim 193, wherein said marker

is selddted fronmuteod Wigirivolisistiherof FOXRMmaFpiiBIMRA IO Xdlaemnprise
at BRFIbAA50%Ne mathog-lalaimA85. agleinssaid human preprimitive

strealégells 1giffer%ntiate into definitive endqderm cells in response to said :

candidate dlfEr8RtRtIEh TaRtotS 188 PR HSHBEN P Eisife Tofe Riseri said ccll
pogalidinnanké misesategtdchfrabvih é Qoefpthednsistinglbf XCRénand S Zells are
preboifn i NEsMmethedof claim 185, wherein said first time point is prior to

providing said candidate differentiation factor to said cell population. 198.

The hidthod Bt cRsitbrd 88l whbeilt Saity TR&ttimdd ot ie apspprisiinatergk cells
diffeensSamentine:is prexidingosaicheandigatendifierentiationfactorto sridderm and
defiflliponmation 193, Ine method of claim L85, wherein said first time point

IS subsequent to providing sal candidate differentiation factor to said cell

populdtion. D0 M tnethstist cldim Y88 eiyhardinhensressionoftisaidireak cells
difleaikelidsniaGreasddeP leikhe /methad ot slaim d8h. Winerainxpriassion

of sail(a;narlﬁ]r is decreased. 202, The method. é’f qlfgjm 185,1Wigereérn .

expression of said Markerid Heterminad By Giamtdie poNiHet a8 _Hlf eroup
copeatipn! (QORY. OB FieSmathod of claim 185, wherein expression of

said magr kerT'ﬁedﬁatQﬁan@g E’M;ﬂ{“ﬁ%‘d”%ﬁéﬂa‘?ﬁ{‘e@hﬁt%n@ﬁ4JJ}EH?G%@O%%\ celis

_claim 185, wherein said candidate differentiation factor comprises at least
PRI e8I AR T (B D LR o i fpn i i ST B AR IRTAr of

cIailetO4', W'hereit_fﬁ@aimﬁtcleiast@ﬁe ghowii f;a‘(ztlcxmigmefsTﬁFe(?ﬁed from the group
cons RIS ig-AGHVIN A3,B6. \iBs MEthod;qf claim 185, wherein said

candidate differentiation factor comprises a small molecule. 207. The

methbtt of clfinM8BodvRéréifBaitt caridierate différéntiationrfattoiive streak cells
dieranprsastcal galypepiidedo20&The ragihed ©f¢laimmidawcwiraseinisaid factor.

candidate differentiation factor is not rowth factor of the TGFI3

sqpel%%a%mils?f g?)é’}%oéf) rﬁétﬁ%‘?oﬁ%éi%ﬁg wherein said canc 1ﬁ‘%at
cogstfergritiationaetoryex17.

187, The method of claim 185, wherein said first time point is prior to providing said

gom the group

candidate differentiation factor to said cell population.

198, The method of claim 185, wherein said first time point is at approximately the
same time as providing said candidate differentiation factor to said cell population.

199, The method of claim 185, wherein said first time potnt is subsequent to providing
said candidate differentiation factor to said cell population.

200.  The method of claim 185, wherein expression of said marker is increased.

201.  The method of claim 185, wherein expression of said marker is decreased.

202, The method of claim 185, wherein expression of said marker is determined by
quantitative polymerase chain reaction (Q-PCR).

203, The method of claim 185, wherein expression of said marker is determined by
immunocytochemistry.

204, The method of claim 1835, wherein said candidate differentiation factor comprises
at least one growth factor of the TGFR superfamily.
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provided to said cell population at a concentration of between about 0.1
ng/ml to about 10 mg/ml. 210. The method of claim 185, wherein said
candidate differentiation factor is provided to said cell population at a
concentration of between about 1 ng/ml to about | mg/ml 211. The
meti88- of diBinPeBsd whelréth eidvdirrildend diferermigignriciaptp of the TGFP
Sum@g,qstgcgam Lell populatlon at a concentration of between about 10
ng/rg%l t§ t 10 ?/ CIF he rﬁtethod f cIa dp W hereln
candidte 8#8?1 i5 Provide o"%%u‘ a“”’ oA %’H a“t‘“‘mr comprises
a swﬂaeasitmﬁ@n of between about 100 ng/ml to about 10 ug/ml. 213. The
methid of claim, @y Whersin said radidate RIS HAHOMIAGIA tRtor comprises
provided to said cell population at a concentration of about | g/mi. 214. A
2 PR DT identifying a differentiation factor capable of promoting the
diffec@stiatiohomaieseallddermsce kehinetn celt papdiditiodifferapiisingfactor is not a
ncells, s ethod comprising the steps of obtaining a cell
gm‘%énf at?ér? %3%%%é?nsu]ﬁ§%aﬁ mesendoderm cells, providing a candidate
differ’itiatidhdanrhed shidieal éépuIﬁh@fﬂllﬂe@etmﬁﬂm@d@)(ﬁﬂécseﬁbfﬂﬁmla factor is

préVREAL BigRid; Gl armIaion, REATUSEIe R ARIGTIMINEE BXRRSS I mg/ml.
of the same marker in Sqfld cell population at a seco d tlme E%mt Wher?

said SBkond Hin@ BBt & stBEeqden L THe: IEB Y HRE AR Bifactor is
preaitsecanttimepombisasu b&squemm Prioviding Said bogimatqmbomﬁhng/ ml
sald spdidie CTaIGI(a1on fRCigs, ApLARCMRINAA I SPIRRSION B fetucior i

-marker in said cell population at said second time point is increased or
Profdse sl £8 LBIRPAYER HorHe stk shPeT {58 PRarke? /8ty ekt 100 ne/ml.
popuiataon athsaidefirsd trhe:jpaint] Wheﬁﬁtﬁ‘eﬁﬂ ingreaséiondecieasedion factor is

S|on of a|d rker.in_said on |n h
10
pmv; C?SO Sal d%‘?e UEEL? a CcOnGen ra i&l‘bgflttween a uﬁﬁ? Bg Ist% gbout ug/ml.

can ate tlatlon actor IS cap promotln t erentiation
of safd eséhelgaehst cellsigns, ltﬁe\ﬁtétﬁédsetdceﬁmwa diffsrattrdgid factor is

prbuaaatbmhe@eadpqgtm&ettsa compiiagial Jeasialbutli0% of the human

Ce||SJ’ aid cellg Cg |on 216. The thod of claim 214, \I\{ﬁl }n
Inable o1 pr

human feed%r HiLd mr%salg PSS tatis arfdRyHerSin A metne the

dif&aeﬁabembﬁ@%@ﬁﬂﬂemum&mlneiIseckitmemthannsemuﬂelemerlmeﬂsl ardls, said method
%@&MQQ@@{%&G% dgt%ﬁ}ggj Hﬂ? H&ﬁmgtpfc%lﬁﬁms%4hmr%5§%derm celis

human mesendodenn cells comprise at _least about 50% of the human
pr&‘é‘ﬂlé“mas&?ﬁdé%ﬂep@gﬁ’iﬁ‘tf&ﬁ‘oﬁJ%C“Fh@ FREHISSH BPRYETIRD £ATTIB RS ERRpsion of @
mirienansteéddi palls-aire presant imsaiccelletpopulationpaned whénbmnsabe marker in

sa!g%g’ﬁ% Bﬁjlta 29V gtoaf ihe, m“]m?enpgﬁusx%hr%ﬁ han said.feqde %g%ﬁsmsequem i0 said

mesendodenn cells. 219. The method of claim 214, wherein said human
ﬁrﬁﬁé@%a@fﬂew c‘éh%‘ﬁﬁfé”ﬁérﬁ‘?ﬁt’éd .ﬁfeedalgtgé|é1&eatﬁatﬁ0trté0§i@a% said pomﬂﬁtion

pOC% (tildat gerent Iton f%(%t?r %20 a-ls-&t] or etg%d & gg%l(r)'n zalrg'd t%e expression of
gala ]ﬁﬂr%asﬁlmseegglﬁldo&er%t e}fs 1810% erentiate In O meso erm CEﬁ P
threwpdnuséntcashicrCandideitendiffershiatiohrfaetont. wherein an increase or decrease in
expression of said marker in said cell population indicates that said candidate differentiation
factor is capable of promoting the differentiation of said mesendoderm celis.

215.  The method of claim 214, wherein said human mesendoderm cells comprise at
teast about 10% of the human celis in said cell population.

216, The method of claim 214, wherein human feeder cells are present in said cell
population and wherein at least about 10% of the human cells other than said feeder cells are

mesendoderm cells.
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221. The method of claim 220, wherein said marker is selected from the

group consisting of FOXF1, FLK1, BMP4, MOXI and SDF1. 222. The

method of claim 214, wherein said human mesendodenn cells differentiate

into definitive endoderm cells in response to said candidate differentiation

factor. 223 FrR@RHh S8 driglatht 229 RS EERY MGPRRIGLEB Stk gomprise at
leaft@pdiheogrebipcconsistiag of GMCRAbandaB@X17. 224. The method of

clai 4, wherein said first ti Int. is.pHor vidi I | .

ek et IR s O S R S
popyhiieishithirentithEpoirhod AP Hpprakeniatery asds shirfetinend feeder cells are
meRpyiding said candidate differentiation factor to said cell population. 226.

The method.of clajm 214, wherejn said first time point is subsequent to... .

provﬁuli g S 1?8 @5%’%3 edaﬁlfqee"r{g%’tig '|(e)rrell?a%:atl(():!;Tl1 0 Sl S%Wé:%ﬁu aﬁ%gls. §£ Femlm
intd hellrrretbuel] Gfootatim @avp wineistire eXpressiom ofiddidinfakerdederorgmsstonse to

waid 28 dlde.method:of glaim.214, wherein expression of said marker is
decreased. 229. The method of claim 214, wherein expression of

markeris d&lerMey BY BBt tatVecpiy e BB RNRMTESEHH c(%?_‘sﬁg&)@uate

int&ﬁ&s&d@&menmﬂrm‘poiam&m, omlr_ttédeiﬂ aXpressiom desaid marker is
detepined . IMmuPaviRshemipty, a3l Lhe methed oLalain 2 e erou

wherein said ¢ ate differentiation factor comprises at least one

copisith FalctOr of e TERIB s MerfamilSBBD. The method of claim 231,
whergin. saigat leasionegrontiufackeraf thie hk(3 neupeiiamilycigiadiivérntiate
im:A'dz nﬁii;freheengg)%prr? ge ];?largp 211%% 'C‘)A{s.hlegeén 192196 8%?@@91%'[ 1(:1laif e?cr%r.ltiation
faCtor comprises a sma molecule. . The metho ofc’ aim §i4,
wher#if. saidteangitiedecdiffsienfiation hatsor eoinprides ia poRaRsbfgar the group
GO?;gg}%%@Cﬁ@{mgr??fplair? ?F]14_,I_VGVEe?r)ein sai;:l ce_llndizdgée _Icilgferentihatic?nf
actor is not a growth factor of the (3 superfamily. 236, The metho .
Claint St wHEVGH S e Cbte G AT A ERR g ol R
casdligpopififatiotadafeoncertndtish pfivétween about 0.1 ng/ml to about 10

ma/mh 52374 The method of Glaim 24, whereinsighcandidatey approximately the

differentiation factor is provided to said cell population at a concentration
s HEHEEHOX BB 1 PRRCie s e P HiG I F288 e AEtReBRGY ikim 214,
whereia saidicamneidatediffarentiatibaréacteidi §rprovidedntassaiteplint to providing
%ocpul %%n ﬁfa cgngentragiori] of .taetvﬁ en about 10 ng/ml to about 100
Sag/mafq.leg1 . The metnod o gfalorﬁle%’, v%)hgrﬁeil?rlm said candidate differentiation
factoris- provieethesaidadn pdptiaisn aiicetneahtradiBrbryetivesrcd
aboutA90 nginhiaaBeut kOntalmlwherein expression of said marker is decreased.
229, The method of claim 214, wherein expression of said marker is determined by
quaniitative polymerase chain reaction (Q-PCR).
230.  The method of claim 214, wherein expression of said marker is determined by
immunocytochemistry.

231.  The method of claim 214, wherein said candidate differentiation factor comprises
at least one growth factor of the TGFf superfamily.

232.  The method of claim 231, wherein said at least one growth factor of the TGFp
superfamily is activin A.

233, The method of claim 214, wherein said candidate differentiation factor comprises
a smali molecule.

234, The method of claim 214, wherein said candidate differentiation factor comprises

a polypeptide.
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240. The method of claim 214, wherein said candidate differentiation
factor is provided to said cell population at a concentration of about |
pg/ml. 241. A method of increasing the expression of the FGF8 gene
product in a human embryonic stem cell (hESC) in vitrg, said method

compiising sty SdiefHe SE4indsran i C@BW&W&%@E%%%%%F not a
grodith (ior s and ﬁ@@f@@,ﬁgm@ sald hESC with a dlfferentlatlon factor in

iy aglg‘gunt §¥mCIent 510 I ase P grlgig oine f edrl tﬁil%aylon factor 1s
242 e me Flaim W ereln said 8af1deren |on

prosoteprisesat|bpgtuionen gt@\mhﬁa@t@rcquﬁ@fﬁ@@(gbsuﬁé Hagmiy tod@urHeme/ml.
methad of gigimedg.ivhietginsaid diffarantiation (aclesLoMBrsERIARIY Rctor is
A, 244. The method of claim 241, wherein said medium lacks serum or

ProidRd et FoH BB At ASABCARTHAR 8&%%8?@5% e ppRasig s ™

a genegproduet selbcied(franinth2lgrowpereonsistingpedibeacikdiffimepfr@pd factor is
prQILEN Qo PR DMRRR 5@?&%(&%?&%%“8%%%%&%95%%9@% T 00 ug/mi.

streak cell in vitro, said method comprlsmg obtaining said
prepitfitivel itrakiegigh atiediim ME)WSIW|€%‘§4W§W afBg’EFFQU/%“G}‘/vfacmr is
préededncaad coniaping aidhiohenautisaick prepeimithitstiealy setomutibual 0 ng/ml.

differentiatiqn factor in a ou ufficient to increa XQressi nofa
genezep%roduq? serf’e(c%:]tqe% fr @r?]gt]he gtlrguﬁw gg‘ﬁ‘s?st?%‘g o) b?ggﬁyﬁrgfs E(%Eion etor s

preided to sé cathropnbtiochof etaisPdBmgheheih saidndifferentiation factor
Comh@ﬁ?e? @il Iﬁ@%‘b(g&e ;}Q&%%lﬂé %ﬁ@éﬁéﬂ%T%F %Slt@ﬁgfgmghrgﬂot The human
method of ¢ 46, wherein sa ifferentiation factor co ctivin

e S P TG AT S8 NS SR R Pt By media
mksr@asmhmplm;:eﬁﬁ/em/@é@um aell @mmntelg@mbh%ﬁﬁgmumahffe:entxatm factor

glm%aﬂ'&%%ma%'ﬁ&@g§9§>fa9;9@omﬁ9#@s<‘g%m isingless than about

2% V‘};\g serum, wherein said hESCs begin differentiating at a reference
time fbint sheh HEARBPreEsoR s &éﬁf@l}ﬁﬁfhﬂif@%@?ﬁﬁﬂéﬂv comprises at least
onbl@fs@tﬂazte@a&h&%}pgmpaﬁeﬁlm baseline FGF8 mRNA expressmn in

said abou ‘Ejh ursf aid ref ce time t. 250
cell liIjﬁ:;’ureslji‘))(é: alr% erem’ gxerr%}égl%n o?&r&é@tm Rfrk}r COmpmeS activin A.
dowriegulaiéd af@@erb@fu@iMhb%jrswf@mlsa@def@ﬁ@mémsp@ﬁm opgacks serum

regil@:R&ik culture of claim 250, wherein peak expression of FGF8 mRNA is
reached at a time between about 6 hours and about 24 a}ﬁ rs fro

referéfite time SO 252 FRECEN EONGTE Ot Adift5ag° &Fs‘ﬁ%@ gfar%‘ﬁ group
copsilyjpeptid erbeging. td GECamke Sisalizedato thexceltnboleus biyrabalit BESC) or a

pr@ﬁ%ﬂ;ﬁ?@%%&%éﬁfﬁ{%@@ UE RANYA 233 fiBE LELEMIIY S 01 GBI ZABreprimitive

wherein expression of brachyury mRNA |s substantially upregulated by
strapfot i BGRASIHL AP RRIE RERL ﬁEé“tﬁ?@b%‘?’ﬁt("é‘@zfe‘T‘ﬁbaB@IF%‘Hﬁﬂf%éogf”d hESC or
saflatpopZdiiveharein expressiandafdeasiyuyaaRNA i8: amount sufficient to increase

expression of a gene product selected from the group consisting of brachyury, FGF4 and SNAIT.
246.  The method of claim 243, wherein said differentiation factor comprises at least
one growth factor of the TGF superfamily.
247.  The method of claim 246, wherein said differentiation factor comprises activin A.
248  The method of claim 243, wherein said medium lacks serum or lacks serum
replacement,
249, A cell culture comprising human embryonic stem cells (hESCs) and a medium
comprising less than about 2% (v/v) serum, wherein said hESCs begin differentiating at a

reference time point such that expression of FGF8 mRNA is substantially upregulated as
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substantially downregulated by about 48 hours from said reference time

point. 255. The cell culture of claim 254, wherein peak expression of

brachyury mRNA is reached at a time between about 12 hours and about

48 hours from said reference time point. 256, The cell culture of claim 255,
conyprEsrbitt et R IR nBtRESEtArifialR/d ipresdia By Upbdeyy from said
refhonstiianpsaid reference time point. 257. The cell culture of claim 249,

wheygin ex*?ﬁ%s%'é?cr Ol mRAA 'szﬁ}‘%ﬁ%ﬁéﬁ‘”&gﬁ@gﬁ%'%@dﬁ ¥AReRN A s

24 hours from said reference time point. 258. The cell culture of claim 257,

dovterdiice yirs 851t of IFOEI sARNAr SIS tHRE A downregulated by
alboqt54.8 hQﬁ?]ESJéQFHmE@ reference simepaint. 38R Jhe-ealicultrersl mRNA is
claim 258, wherein peak ression of EGF4 mRNA is reached at a tim

e A ST L5 T SR SOOI OIS o T Bh T
poinESZBQ. miweceélbchrtmﬂref@tﬂaitaiMSZSﬂ)mhe&MtE@FﬂOWNﬁdé)@ns to become

xocgté%%t@&@'&fl%g{&é% oy, APouF2eahares from,Said Erfsssmee time point.

. The cell culture of claim 249, wherein expression of brachyury and ,

FGF# RN satatitiaty tiptagtidtetisiF o SR RBUS F8FaIg mRNA is
suf@feranceiseipeirty 262 Thawellfeutyie of tlaire 26k, pyherein

expression of brachyury and FGF4 mRNA is substantially downrequlated,; , .

oy At 48 K0 TR (ST M B DS, Thes oul e SRuA. i
subsfairie B 2o wiegelriqodniebxprEfkivr GobratHyely @t tPGPATMRNA is

reached at glimgbetiveenrabomt 12 hore and AbeULASHOUF SHOMSAIBRNA is
_reference time point6264.;he celhg%lturg %; claign 263,dwhferein " -
e PECALIAPA NG R ESE ATIRNGA T B2 SUBRAR CAHY SRBrEESdE By SB 872

hourgstrom Ehéderéiferdmce tinv@ipoinis 285 eEhe lrethgultungidf/ claima@49bstantially
oxlfDeE B, expression fRNAI MRNAsuBsiantally upregulated by about

4 hours from said reference timeﬁgomt. 266. The cell culture of claim 265, =~
wherelf exprEsEib s B SNAHR RN AT BRIt by apBitds Hotrgntatly
upfegilatdith efetencadimerpaintid-129:264 tikhe«ell culture of claim 266,

whereln Pean CRIEsRIal LRI RN LATNRL A SRR RRWRE R anially
about 12 hours and about 4 ours from sa!c? eference time point. 268.
dowhe g tupbwt R 24D Wi ETFFERE ESARBF E-cadherin mMRNA

beginsdo bendownregulated byabout 12 hois fam SaidsefereneesimeRNA is

int. 269. The cell cultur  of claim 249 rein expression of E-cadheri
A 17 BERSREAY How ArabL AT 1y Sheut 28 Roths R Said ™

referéfite tirhie poilit c270: THe deihcafitresdedainy 249, mikefeirs not substantially
exFRRIERSION Qf: SOR0LE mRNA IS AYBstantialhs pregulated by about 48

ours from said reference time point. 271. The cell cultyre of claim 24 I
wherdi exprESSTOIT R FOKAB RNA RS sty O f'éamg%aﬂszﬁgm mRNA
is albetah 88 hopra:friowi daidbreferehoe e poihteference time point.

262.  The cell culture of claim 261, wherein expression of brachyury and FGF4 mRNA
is substantially downregulated by about 48 hours from said reference time point.

263, The cell culture of claim 262, wherein peak expression of brachyury and FGI4
mRNA is reached at a time between about 12 hours and about 48 hours from said reference fime
point.

264. The cell culiure of claim 263, wherein brachvury and FGF4 mRNA in not
substantialiv expressed by about 72 hours from said reference fime point.

265.  The cell culture of claim 249, wherein expression of SNAIT mRNA is
substantially upregulated by about 24 hours from said reference time point.

266.  The cell culture of claim 265, wherein expression of SNAIlI mRNA is
downregulated by about 48 hours from said reference time point.

-129-



272. The cell culture of claim 249, wherein said medium comprises less

than about 1% (v/v) serum. 273. The cell culture of claim 249, wherein

said medium comprises less than about 0.2% (v/v) serum. 274. The cell

culture of claim 249, wherein said medium comprises about 0% (v/v)

serurt/275T mhectefvdtrurd sREmipAQ4g e Rrk saitreroaiuph RekEl mRNA is
re:30EUR DHIRCKESEMMoEEPIARRM AR 286 4EhR Geireritiaie f sl 249 oint.

further comprising a differentiation factor of the TGFJ3 superfamil 7. .

The 2o oo S ra s Baas o dgeins t
be dotivirggAlarAthyTHveucell bolrsfeonf vidiraf@Ztevingrpimsaid activin A is

preseps at argoncantiatien f ahrublHongim), %Z}%‘Eéi%"o@%t—ldﬁ@heriﬁ mRNA is.

comprising human embryonic stem cells (hESCs), a differentiation factor
SURTANE Ftepd wEpl e eHb S RredilTRTCBI pHETREF fed8¢RAR about 296
(v/v) BerumTB8QeTheuttetkcufturiaiof Clim2wdeiwhereindiocelfs sbxaid adliNA is
suf IR SRLESRION RoRIMEL AN PERSISL oM QiU consisting
of FGES, Nodal, HEG, HEY1, GATAZ2, BIK and DI is upregulated priorto
upregUlatiohhst &xhrevkivn of « Hiret’ getiesdle staetréth e Yrour mRNA s
sueonsislingpefdarachyy abhduGib4omhAdk MNE3fMiE linkdk#: NETOL, T,
DA.C}% FL 162959]%11%1'&'@1-%’0%{%92]4& nqle? F\;ll\ggidzrége]ailggo%ae I iggsl %gse tge]:n about 1%
claim 280, wherein in cells 6f'said cell cu ure, expression Of & marker
(vigesraugelected from the group consisting of FGF8, Nodal, HEG, HEY 1,
GATARZ, Blkianglii Riigrseapiatedoriatopeal exaressiom Mt amatkehn about
0 ne ielected from the group consisting of brachyury, FGF4, SNAI1,
W3 NTREY, DKK4, NETO1, T. DACTL, FLJ22662, SLIT2, GADI and
GRM44-13028IThéteellcCutuine Bclairrd8 kaidheséimincelis ©f saitcedh (viv)
seGullture, expression of a marker gene selected from the group consisting
of HEYI1, GATA2, BIK and ID] is downregulated prior to or at about the
same time d8pesk BpreSEIGATBIA Rk aHd SefittRircHbif tHe Yt serum
refleft@isting of brachyury, FGF4, SNAIL, Wnt3, MIXLI, DKK4, NETO1, T,
DACT) FLIZ266%, ShiT2. SARIand GRMA 283, The selleuliurs.of dlaim or .
279, wherein in cells of said cell cu ture, expression Of & “marker gene
Tadiepnseffroin the group consisting of FGF8, Nodal, HEG, HEY 1, GATAZ2,
BIK and ID}js upregmated puqmioypragidation ok eXRISSRIMMLLT @ctor comprises
marker gene selected from the group consisting of SOXI 7, FOXA2,
CR4 and MIXLI. 284. The cell culture of claim 283, wherein in cells of
said 2@l cullimesedixpriessioinclfira 277, wherein said activin A is present at a concentration

of about 106 ng/ml.

ac

279. A cell culture comprising human embryonic stem cells (hRESCs), a differentiation
factor of the TGF[ superfamily and a medium comprising less than about 2% (v/v) serum.

28G.  The cell culture of claim 279, wherein in cells of said cell culture, expression of a
marker gene selected from the group consisting of FGF8, Nodal, HEG, HEY |, GATAZ, BIK and
ID1 is upreguiated prior to upregulation of expression of a marker gene selected from the group
consisting of brachyury, FGF4, SNAJl, Wnt3, MIXL1, DKK4, NETO!, T, DACT1, FLI22662,
SLITZ, GAD1 and GRM4.

281, The cell culture of claim 280, wherein in cells of said cell culture, expression of a
marker gene selected from the group consisting of FGF8, Nodal, HEG, HEY'1, GATA2, BIK and
ID! 1s upregulated prior to peak expression of a marker gene seiected from the group consisting
of brachyury, FGF4, SNAIL, Wnt3, MIXL1, DKK4, NETO!, T, DACT1, FL22662, SLIT2,
GAD! and GRM4.,



marker gene selected from the group consisting of brachyury, FGF4,

SNAIL, Wnt3, MIXLI, DKK4, NETO1, T, DACTI, FLJ22662, SLIT2, GADI

and GRM4 is upregulated prior to or at about the same time as

upregulation of expression of a marker gene select u

con%%%rng SPEREX Ui GRABI X KA AR [1° ‘3%5 e ?éﬁ it o
maflaim:@f4 swheseimincells afsaid cellicilpref p}éaklemé”sgzonﬁdﬁa and ID1 s

marker ene s lecte e u G ene o
AT ORI P P R SR R s

frogneGRIAA |%0Pé§6ﬁ%d>fdﬂ6ﬁ"“t‘dlﬁp ef%o@ﬁﬁé%%ﬂrﬁ@%%&%aﬁgﬁ LT,

DA EXPIESSHN, of aimarkes geresselected from the group consisting of
SO)%%; F??(A{Zzel CC:U g%%facl&} w%g_lw gginylb%eﬁel(l) Sd! l%lgglpcuq glm 2§%§S]Oﬂ Of(i
wherfgiti in ¢8fi$ D L8} fllife, ‘expression of a marker gene selected

mafionethe gops! cfmms@nrﬁgom} F@P&l%@d%%@OQEVE@A@@ BIK AAdBIK and

(B}LENREN 1@9&!'&%@@Qﬁ?é@ﬁéﬂtﬁ%ﬁ@&l&@s%@wr@ﬁﬂ&e; ofeAchBaEkRE geRe the group
selected from the roup conssﬂqg{g%grachyury, FGF4, SNAIL, Wnt3,

coRGiRREE, RIS NETOR T A 662, SLIT2, GADI and GRM4.
287.7Fhe célheuéﬂﬂmekmmtinhﬁﬁ’%wh@mmsalcﬂin@ﬁm cohipligeschasession of

matxlﬂ%n o%ﬁg%aiéé%d(\f!éﬁ%%%ugh 8§o£ﬁﬁllgeﬂf0$&1£9}'i?uﬂ>f claify 228 AMhaggin, MIXLI,

said medium comprises |€ss than about 0.20/0°(v/v) serum. 289. The ceII

Digkyid 6Pl 2181 Whirari Saidl et SoffErEbY ABLIP B ALy oT © o a
abSRIYP 230 tfﬁheaselbtﬁgktwte)ﬁ)fo(ﬂaim&?ﬁn whereinrlsaigamedilbmndadksn the group

Onseggrr]g gfrgggﬁ ,?%%%me{p 1. The cell culture of claim 279,
eréin sal fferentlatlon actor TGF(3 superfamily comprlses

actlv%A 2G%e Tl c,f@ﬂltwnefec@melaﬁﬁ% 29k teindii P hfidncallisulture, peak
exﬁf&%ﬂtd@ éhﬁam&dgé% atRceoneantiation @l abeuthonatathyds L RO ANALL,

éné?’]tt d Of dlﬁ 3@6?&9% %l'sdp\gﬁe%ﬁ'ﬁ%& S?L?TT g%\e 1anm (Eggés geached

omprismg human embryonic stem cells
privitte a;rnaeahum tigormprisimg lessttatabout 294 seriomo(ls) providisgesiigeted from

b EAGL it a differsntiationdastenafihand i3 superfamily, and (c)
permitting différentiation of said hESCs to occur. 294. The method o

clain?383, WhERSTh o BEIT G de el IR SH5lsig ot &' ﬂ%{ﬁrﬁé?‘essm ofa
mgeaeselaclat fr@mithie group-carisistng BEFG RSOl IHEB. BYA?. BIK and

'IDg;'?‘sTﬁA‘ gd%%lal§e§ nrmfl I?A l%%%ﬁ?ag% @B%)Hﬁ]&&% l{)?rae EMRQPE&?@ %9&@5%9} Qe group

a ma ene se ected from th T\%’l con&stmg of brachyury, F

COBNBATIE, WW@WD(L&QEM@AWE BT MYASTPE h%@‘sﬁ%@l\ﬁwmz

siand GRMA.n29mhe method of claim 294, wherein in cells of said cell

CU|tur eXp[ﬁl%Sclg} cugiule of claim 279, wherein said medium comprises iess than about 1%

{v/v}serum.

288 The cell culture of claim 279, wherein said medium comprises less than about
0.2% (v/v) serum.

286.  The cell culture of claim 279, wherein said medium comprises about 0% (v/v)
serum.

290. The cell culture of claim 279, wherein said medium lacks serum or lacks serum
replacement.

291,  The celi culture of claim 279, wherein said differentiation factor of the TGFP
superfamily comprises activin A,

262, The cell culture of claim 291, wherein said activin A is present in the medium at a

concentration of about 100 ng/ml.



marker gene selected from the group consisting of FGF8, Nodal, HEG,

HEYA, GATAZ2, BIK and IDI is upregulated prior to peak expression of a

marker gene selected from the group consisting of brachyury, FGF4,

SNAIL, Wnt3, MIXL1, DKK4, NETOI, T, DACT1, FLJ22662, SLIT2, GADI,

and ERM4/296THEEHiiEA G EmitAl 9% ARTErEiIF cEId Brlhd camprising (a)
cotbdite, .expression ebapmatker gene Selected frem thagmBpm@onsisiiagmedium
COT(I)lf rt's?nx Il’es%@lﬁa%b%'%/? Qegulnl? ! t% ‘?8\‘/}’ 1£e%gilg '}%%85'0%%0 ii?éreah ?ltltto}]hf%ctor of the

Same time as pea expressm% of a marker gene selected  from the group
T(dGrmistitagnaf brattvy weymRGEA SXAHa e sSMIXESDKICNETOL, T,
- DACK], FLY£2604, 0l daifaAlel ADRLERMA40 6 The RetBodRf elgision of a

293, wherein in cells of said cell culture (?gxggr)essmn of a marker gene
magkib F8E YA thECG R EIRTSNG BE rEEE NDadt - HEE, ek, @ﬁr‘)&z BIK and
IDBIKwngkulbtdstipreguiatedipiiardOcupragutation ofuéxpressiei-abd foarkier group

ene selected fro g cansist f.S 7; 2
DR e A SR e A ptie B R
Stélkpreddidrint aRMarker gene selected from the group consisting of
brachyeiry, FzhftetBNAIL MMAt30 M KeteiDit KA i NGETseM, RJIRAGTL ,expression of a
51322662, 31172, D and cRMa s oveaiied ppr 0 ot ABOULIG, .,
EamEtime a8 Upregutation of expression of a marker gefe selected from
IDthis gpouplatshigisting R SXXETSIFOX A ZnatRCRA st iXEdm 2G9¢Phe consisting

of EHI0E-of claim 2RAwhetein imsells ofigaid celtoultyreppeak expressionsLite,
of a marker gene selected from the group consisting of brachyury, FGF4.
GAR| AR WRYET MIXLI, DKK4, NETO1, T, DACTL, FLJ22662, SLIT2, GAD]
and GRM4 &heeacthed piidnito oY atvelsout ithesSamiestithecdsculregulgtionion of a

mé?fcé?x%%%é%’?e&é@ markengens, selegiedirom heoURGORSIStRG Ot D1 is
SOXI7, FOXA2, CXCR4 and MIXLI. 300. The method of claim 297,

doyjheesiate eEns B EatOe chRIFEeRPFSSRAR TR S genEkse dttpgeiected
frfronndhe @roupreRnsisting-atinGH8 FNedabNIaG, WY, IMBATIADIBIK avero!, T.
DA%IIJ.IS E%F?%?@P[Pﬁi% }\%r%%q%eggn of expression of a marker gene

_ Rywpe. . ! )

selec rom the group - consisting of brachyury, FGF4, SNAIL,
WntZWX L ThORKINE FEIR 9D AbTIn i 39066Dsad | b mp | eepssion of a
m&ARMAnSQleclhennetiod;ofislaimidta, owherimaaig mediunEeompisas, BIK and
less than b%ut 1% (v/\p segrum. 302. The me{.hod‘o{ claim 293’1%\4:?&"}1
IOt BN cBSp M TR B BT 508" (R Serafc 308 Fhdom the o
comvétirarb 6B Ol POZ ARhekdiR $aid iMEdium comprises about 0% (V/V)
serurieg304¢Iha Method ofiflaiem 293-wherein; Sidmediine JRGKS SeMGon of &

or lacks serum replacement. 305. The method of claim 293, wherein said
m #F‘ér%ﬁﬁaﬁ%ﬁ%ﬁb‘f‘%ﬁ’ﬂﬁe@ﬁf@(@“SIS““% of brachyury, FGF4, SNATT, Wnt3, MIXLI1,

DKK4, NETO!, T, DACT!, FLI22662, SLIT2, GAD1 and GRM4 is upregulated prior to or at
about the same time as upregulation of expression of a marker gene selected from the group
consisting of SOX17, FOXA2, CXCR4 and MIXL1.

299.  The method of claim 298, wherein in cells of said cell culture, peak expression of
a marker gene selected from the group consisting of brachyury, FGF4, SNAILL, Wnat3, MIXL1,
DKK4, NETOI, T, DACTI, FLI22662, SLIT2, GAD1 and GRM4 is reached prior to or at about
the same time as upregulation of expression of a marker gene selected from the group consisting
of SOX17, FOXA2, CXCR4 and MIXL1.

300,  The method of claim 297, wherein i cells of said cell culture, expression of a
marker gene selected from the group consisting of FGF8, Nodal, HEG, HEY'1, GATAZ2, BIK and

ID1 is upregulated prior to upregulation of expression of a marker gene selected from the group
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superfamily comprises activin A. 306. The method of claim 305, wherein

said activin A is present in the medium at a concentration of about 100

ng/ml. 307. A cell culture comprising human embryonic stem cells

(hE,SCs% and a medium comprising less than about 2%*$//v serum ,
CORRURER SEIEREBC OB e SAatVEE aLPeRreV e Rind-oitt CudH-22662
SLiat @xpressiaiRofan mMRNA selected from the group consisting of

FZD%@T.FG%hSe %‘e%a%c-!;%lhsng Jt,a@é@c% upI§ %élc?itlﬁg &)?}1 9@9%?@‘[5&} about 1%

baseline expression ofa corresponding mMRNA selected from the group
(v/¢bissisting of FZDIO, FGF5 and OCT4 in said hESCs by about 2 hours

from3said refeseneatiec-paints30@nde call euliiie obelaimnSRYs et 0.2%

said medium comprises less than about 1 % (v/v) serum. 309. The cell
VUTEIFE of claim 307, wherein said medium comprises less than about

0.29%{%/v) SéwumetiBtie:f Therc#b cultararofadaired 30T wiveiwsinabend dreditingerum.

comppises aRouk Qe WY LisaIwDs 3diedifessrll cultine felaltnd0d tacks serum
wherein said medium lacks serum or lacks serum replacement. 312. The

repliPBERure of claim 307 further comprising a differentiation factor of the
TGF 3 supanianibth3l 31 Tencetbeultura«i claindidemiasoeitsaid of the TGFf

di ereptiation.factor cog]prises activin A. 314. The cell culture of claim
su}?ﬂ Yy COMPrises activin A.

whereih said activin A is present at a concentration of about 100
ng/mi0815. el battuwiecksdmm phising traim st amBryoic ke telisthe medium at a
cohBERSRhandmRnedivmcomprising less than about 2% (v/v) serum,
wherein said hESCs begin differentiating at a reference tim int such .
that é%resgo‘}?bf@hﬂ%%ﬁﬁf%’ﬂé&é&’ fort Oléircosl}f)’%gﬁ%s w%g ‘(5)%5 .azfg:? medium
coBBXReZRR4BanthSO X% isvsubstamiaifhdeiwnrad aed dw gonwpiredtiging at a

'ETGQ?@?I%QQEH%%%?%‘.RH B2 o ﬁéﬁ&?@ﬁiﬁgm%é%@&i%fﬁ%@%w QURsisting of
consisting of GBX2, ZFP42 and SOX2 in said hESCs by about 2 hours

FZRfh S5iEPrardrEnde tinipointaty ePReBIEen enfareBrdmeatse farstion of @
cosaigamediunRobmpiises! |ess thiangahoutdi¥st vV [SEZITG, 3XTE Thelce{l T4 in said
culture of claim 31 re| id medium comprises less than about
h[%lézl%%\f\#v u?er%’r%I %ﬁ@g@%@%{&%ﬁ% %%}élgaim 315, wherein said medium
compttSes abBweBoRIYPistims (319 TRE sEl BGRUTR Srepaies d2ps than about 1%
(vwhesaln. said medium lacks serum or lacks serum

309.  The cell culture of claim 307, wherein said medium comprises less than about
0.2% (v/v) serum.

31G.  The celi culture of claim 307, wherein said medium comprises about 0% (viv)
Serum.

311, The cell cutture of claim 307, wherein said medium lacks serum or lacks serum
replacement.

312.  The cell culture of claim 307 further comprising a differentiation factor of the
TGFp superfamiiy.

313.  The cell culture of claim 312, wherein said differentiation factor comprises
activin A.

314.  The cell culture of claim 313, wherein said activin A is present at a concentration
of about 100 ng/ml

315. A cell culture comprising human embryonic stem cells (hESCs) and a medium
comprising less than about 2% (v/v) serum, wherein said hESCs begin differentiating at a

reference time point such that expression of an mRNA selected from the group consisting of

~
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replacement. 320. The cell culture of claim 315 further comprising a

differentiation factor of the TGF(3 superfamily. 321. The cell culture of

claim 320, wherein said differentiation factor comprises activin A. 322.

The cell culture of claim 321, wherein said activin A is present at a ,
GBetmddhitrafiBh SoFabi dt A e o2 R e d Pt tPered i SR HeS 1faRreriion of @
corgitponmmicstem cells(éh ESGsheadtitiprentiation FACBKDS ARPLGERE SOX2 in said
hssv&;]%ﬁrfgbr@ij'%’ﬁ?%%r%‘f’%%déa‘ﬁﬁ‘rg%ﬁé‘ 1ISid les5 than about 2% (viv) serum,

ein in cells of said cell culture, expression of a marker gene selected

from3te grétip celbpsigting ey HITo MEEHES sSNGAS HAGOE TS dess than about 1%
(v/Wprggulated or expression of a marker gene selected from the group

consjsting of GBX2, ZFP42 and S 5:2 Is downreqgulated prior to

Cpretuaon 6 ARG A ATAbReF DS SEIRATEIbny e gl o abou
0.28ensistiguof FGF8, Nodal, HEG, HEYI, GATA2. BIK and ID1. 324. The

cell gyliure f claim. 383 WHRELRIN SXPression Qhid Marker asRssalestrd 0% (viv)
from the group consisting of FZD10, FGF5, Nanog and OCT4 is

Se"iP¥regulated or expression of a. marker gene selected from the group
consisting ofte BX2,uikie 42 anmich SOX 2 isrdiovwaie gutated]prierstoum or lacks serum

replﬂ&gg&lﬂl@tion of expression of a marker gene selected from the group
consisting of brachyury, FGF4, SNAIL, Wnt3, MIXLI, DKK4, NETO1, T.
DACHC FLIBZ66S, Qittre 0GR ald @rivacommsisnge Hifuamireoafiansmer te

TEZ3updhereiR said medium comprises less than about 1% (v/v) serum.

326. The cell cultyre of claim 323, rein said mediym comprises less .
thary Sout G120 R UBr P 55, T EAERIRS O LRRIARS, \hfefimori

aim wherern
actbardAmedium comprises about 0% (v/v) serum. -134 328. The cell culture

of claig 323, wharein:saidrmedivm;lacks SETUM QLALKS SSMM at a concentration

replacement. 329. The cell culture of claim 323 further comprising a
of ghrBréRtiatE factor of the TGFP superfamily. 330. The cell culture of
claing329, whesie i isaidediffetent ationfacioryoompesesiactiuiCA), 3differentiation

oSl SRR TR AR BB 2 o
wharewl| oultelte, Saididnethod!sormprising i) cEontaetlisy seeelbdattadeirom the group
coGQEﬂHgi%F‘@sz"mﬁﬁcﬁfﬁ,bMHgﬁﬁ@@@ﬂ'%g(h&%@%é@“{k} @)Jf‘;}@giiﬁmof z marker gene
selected from the group consisting of GBX2, ZFP42 and SOX2 is downregulated prior to
upregulation of expression of a marker gene selected from the group consisting of FGFS, Nodal,
HEG, HEY'1, GATAZ, BIK and ID1.

324,  The celf culture of claim 323, wherein expression of a marker gene selected from
the group consisting of FZD10, FGF5, Nanog and OCT4 is upregulated or expression of a marker
gene selected from the group consisting of GBX2, ZFP42 and SOX?Z is downregulated prior to
upregulation of expression of a marker gene selected from the group consisting of brachyury,
FGF4, SNAIL, Wnt3, MIXL1, DKK4, NETO1, T, DACT1, FLJ22662, SLIT2, GAD1 and
GRM4.

325.  The cell culture of claim 323, wherein said medium comprises less than about 1%
{v/v) serum.

326.  The cell culture of claim 323, wherein said medium comprises less than about
0.2% (v/v) serum.

327, The cell culture of claim 323, wherein said medium comprises about 0% (v/v)

Serumi.



comprising less that about 2% serum, (b) providing said hESCs with a
differentiation factor of the TGF(3 superfamily, and (c) permitting
differentiation of said hESCs to occur, wherein in cells of said cell culture,
expression of a marker gene selected from the group consisting of FZD10,

FGF&:Nandg°ditll A i HprBolaiatal o e XpIE8SHH B M ATRER gefigks serum
repselaotad from the group consisting of GBX2, ZFP42 and SOX2 is

downkggul oL iR, UPreqylatian-of expression of a marker.gene . :

seleé)tﬁe%d fr?rﬁgthpe gro'ulf) cgns%%?]g of E?Geﬁll:%é,cl(\)lo éfanEaG,! H‘glgeetl,l nA'ﬁ%E%r of the
T fksepsafaimiy. 333. The method of claim 332, wherein expression of a

markeipgenerseleqted fam g aroun cmsisling af ERAR G TN Qhprises
and OCT4 is upregulated or expression of a marker gene selected from

AHKE group consisting of GBX2, ZFP42 and SOX2 is downregulated prior to
upregtilationlsf @Xpréssior oken3tkehgenssélacted onptirergrouponcentration
of SORRISHNGLRf brachyury, FGF4, SNAIL, Wnt3, MIXL1, DICK4. NETOL, T,
DAC;I'IJS FLI22662, SLIT2, GADI and GRM4. 334. The method of claim
332, Whereit E58IhSGiticEamnsngcsasE tharl abbiutel o8 dunshedrapmprising (a)
coB33Ginkhe vebthobef claimisidz, whareikhdaid e dism OUmsEs Jesgaithamedium
%,,(V/V) S ..336..1he method qof claim 332, wherei id
o (U S g A MR B g ot e
T Rerwerisaidyniedi(implaokyise difisrortaidis serimbFéptacernemt v388:T hrecells of

sainethod,ph.clalm 332 fuahercomprising.a diferaghatiQntacior 9kiiee of FzD1o0,
PG&%S@ superfamily. 339. The method of claim 338, wherein said
iffer

AReRABT Pactor TOPRHERE QLRI RS 0840 frarkbiBe Seciashiraaghe eroup
conghrarginfSaRKaAcHVIPY A 48dptO38nk dbacendentt ation tofuaboud OG- Nelpassion of a

marka8Pgene selected from the group consisting of FGFS, Nodal, HEG, HEY1, GATAZ, BIK and
ID1.

333, The method of claim 332, wherein expression of a marker gene selected from the
group consisting of FZD10, FGF5, Nanog and OCT4 is upregulated or expression of a marker
gene selected from the group consisting of GBX2, ZFP42 and SOX2 is downregulated prior to
upregulation of expression of a marker gene selected from the group consisting of brachyury,
FGF4, SNAILL, Wnt3, MIXL1, DKK4, NETOI1, T, DACTI, FLJ22662, SLIT2, GAD! and
GRM4,

334, The method of claim 332, wherein said medium comprises less than about 1%
(v/v) serum.

335,  The method of claim 332, wherein said medium comprises less than about 0.2%
(v/v) serum.

336.  The method of claim 332, wherein said medium comprises about 0% (v/v) serum.

337. The method of claim 332, wherein said medium lacks serum or lacks serum

replacement.

338.  The method of claim 332 further comprising a differentiation factor of the TGFp

superfamily.

339, The method of claim 338, wherein said differentiation factor comprises activin A.

-y

340.  The method of claim 339, wherein said activin A is present at a concentration of

about 100 ng/ml.



