METHOD OF DI FFERENTI ATI NG STEM CELLS | NTO CELLS OF THE

ENDODERM AND PANCREATI C LI NEAGE CROSS- REFERENCE TO
WORBMWATEDR7APPLI CATI ONS [ 0001J Thi s applicati on BCBRURR07/010662

the benefit of U S. Provisional Application No.

60/ 796,662 filed May 2, 2006. This application is

i ncorporated herein by reference inits entirety.
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DEVELOPMENT [ 0002] This disclosure was made with
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60r796,6fy Sy ey a2l Bihs peTHGE T bRaR A BRI airepssiads

entirety. i n human popul ations and is a major public health
concern. [0004] It has previously been found that
transplantatlon of a whol e pancreas or of isolated

STATEMENGtRESARDING #Ersif R VEPONSARIN RESHWARYPEOR DEVELOPMENT
di abetes to restore insulin i ndependence, when

[0002] ¢ onbiThistlisalosics e measteppite gt tod Statrsrsoypromens suppasbasgarded by the
following B%é?fé'_ys N ﬁltt?zfz%ﬁh e %‘h\é"ﬂrﬁteh%%@é frgd de%ﬂaﬁE ﬁ%ﬁté LB  osure.
aver donors I1s a proof in principle
cel |l - based therapy for human dlabetes can be

successful . ﬂ@ﬂi 1§ organs or
islet cells has re I cted thls t erapy onIy to very

[0003] seledbpdlpamﬁuﬁnsanEWEuammuﬂﬂm@Eepfhenmneb&sq&bydﬁﬂu&ﬂonof
pancreatlf.ﬁsle et éel?s 4r ormsehlfl% dl?%d? Yselér%\éeérmggﬁ a{tﬁ iésld%?énrlqgr%:g%s are
controlledlbg'rthé ad:anhstrpn@ntdftebceger@ﬁls irssuih. Eybé § dlmelﬂesl iendofghé ynost

i rabl e th regﬁrd to ﬁg&entla thehaﬁiaiffgrh%his
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[0004] ( ESC&n) hdsgirevibady beew fainddhanthnpslahtafien af £ d/hole ganictdas r of isolated
ic stemcells are_stemcells that

slet cellyfyARELIEHEYE MHRIBIETHFat perif DR (o BYrP Siralindhpgndence, when

combine® W@t ﬁzﬁﬁaﬁdsappﬂeasxwtﬁewﬁ THétsuvdtiss bf ahs&ng ﬂkﬂipﬁbstm isolated islets
ability to differentjiate spontaneous y into cel

of
from hurpagadgy et danort is|a preagiepringirle fhah g felkbazed therapy for -human diabetes

can be suc@Bl YPweviet, théfacREAVHIBY &'g&llé’oﬁgfépé@tsr&ts @Qstltuft@& tifls therapy
W de variety of stemcells, including nouse and hunman

only to vexyselecipd patigntss drherpmeund ogﬁéemca%wb wap ke dapssied figm human
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quanﬁtleé af ISéétﬁplé%yOtl hisblvedesirebld wathaiggardio petsntirl theraPx fay this
disease. 9€N€, a transcription factor specifying the pancreatic

| i neage and can al soexpress the insulin hornone.
[0005] HoweBsimatgeand bumag enbrydnie steonells (BHEs) avebeer isotnted 4rd

proliferated in culture. Embryonic stem cells are stem cells that can be maintained indefinitely

through self-renewal and proliferation in culture, but which also retain the ability to differentiate
spontaneously into cells of many different lineages. Under nonselective conditions, it has been
previously demonstrated that a wide variety of stem cells, including mouse and human ESCs,
will differentiate spoﬁtaneously into cells of many lineages including the pancreatic lineage. It
has been previously shown that such differentiated cells can express the pancreatic duodenal

homeobox 1 (PDX 1) gene, a transcription factor specifying the pancreatic lineage and can also



spontaneously differentiate into a wide variety of
different |ineages and only a small proportion of the
w@edora3oard | be differentiated towards any partPCUUS2007/010662

| i neage. [0006] Culture systens that allow the

spont aneous differentiation of hESCs into

insulinstaining cells have been reported (Assady, S

et al., Insulin production by human enbryoni c stem

cells. "D abetes 50, 1691-1697 (2001); and Segev, H. et
express thehinspinf hermane; éiqvtﬁ’?’ebfwﬁmﬁﬁdémﬂtﬁw@ﬁéﬁ?% sellswiltht o

i ek

spontane&%%“é f;% géﬁ‘ﬁ't&@v&%ese S aglﬁé‘%%nnel . é%e%%nd%ﬁgl gZIﬁall proportlon
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of the celmmxildeer dmffweﬂrmwdeﬁwmlssammanmlajémm rat ed

[0006] deveb% s %109&/0 %Sgﬁtalge XL % f?&EXtﬂtfbﬁl of hESCs 1n insulin-
Plcs B3t aflog il

charac expres
staining oclipapte bl&n&apbqtmf(ek%ﬁy, 8. dufid é]milmhﬂmhmnmm b:y I(lﬁﬁﬁﬂ émbryomc stem

BT M T A —

stem celld 1 bsalipposdicaig élaaé@r Stk SellseXD) izsequnoqman CHe®agver, these

studies nelihen S~ NEtie b RBNIFGh e HETSPEGIP RF dGBPPLTa S Avelopment of cell
possessin®SRrEStSpicAfétak b idridkiRt B8PE ceffs: sfhuneoud &é#ladsrbn of C-peptide and

expresSing cells fromdifferentiated enbryonic stem
pancreatig dnpdengt bomeebdrel PRXIL). svhich Byeawrasiyfion parcreapdormgigon and co-
activates (l?eoigéli Un pRRhtI G dsBn P B8N tindulint ﬂ}@nﬁ%rtfé&gr edidulfey for

en up I nto other cell’ types under certain

pancreas demiopmmnlrmcv |N¢tare( 3@1 @Q@@P (1994)).eBecuse nomPidelln such as
neuronal g gg I n| 2 fées[szg%sgl 1(158 1%6 gl ft Ilg lﬂllsuﬁls uelecgretséJ B% %ﬁﬁ %om differentiated

embryon'ﬁfbﬂe&d eells arechopberarcens. iRiaberoligin 47, 49l9§ﬂ8| (2094)34 andrigsulin present in
cell s derived, fromhES cert i ne 0
the cultufegpedia P BGRTLEP IHaPIEpOH BRESHL P aRsAT oS in P
(Raj agopau TR&r FESGEsulin Qthigiag oPBELelif¥sty fisth lissuildiptake. Sczence 299, 363
CO- transplantatlon f th%fe differentiated cel

(2003)), i3 wapqrtsng that Bxgrf*@pg gy apd pang eafig OFigiL 1pﬁulm-stalmng ce Is derived

from hEREYdetidcpgsthem+ cells, and co- st ai ni ng of insulin and
C- pepti de was obser ved Brolen, G K et al., Signals

[0007] £ omit Wes ErphorePerte thab spracans diffsamtistion of human ESCs produced

PDX 1+/EOK RS0 N1k ahd 8- @L@M&@HM&%&&%&%@%&@ witl{Bouse dorsal
I nsul i n-produci ng beta-cell-like cells, D abetes 54,
pancreas §E6Y.5) pgulieq molti?,)gi)l Himplighoeherand geratriningaf desulingnd C-peptide was
observed Sleft aé}' {a dl e% afsell%lﬁ tﬁ@@mﬁﬁ'&f@ﬁ%ﬁ% ];aﬁlgfgas induce differentiation
ont aheous erentratin uman ESCs by signals
of humareaahmomgswm@ml& ingo mhyw@@m@mdl-lmm% rDzabehres 54, 2867-
e
2574 COBSPEER ok ARLHASAR Bl IRIRELL 695 A 2988 o
spontaneoﬁslyhﬂeffmehaatuigimnsalgﬁﬁ(?s bwagnabtemaaabw ﬁdrxbtjne tetnbxyomc pancreas.

However] &he %‘@’F‘L‘n e%gag I Ie(lt:horzl’rsm\%g]nuslg 'bg Edcf cﬁﬁ o g§+qt i3 g}lgi? éhrmslghput culture

protocol aﬁdltheiiahgle&ﬁthd molkeslar kugnmls vas nbereazbﬁiﬁﬁfby thlﬂ study. In addition,
i nodefi ciepnt animal s.in.the sane,wa

unseteotesl P R bt &Rt e RnPriathip e mu e they yap geneselsgjopgmalignant

tumors, 1% SVietaiethey] in 18mahd &Ficter® bnigiQ9\nthe 86he hayAhathind@iiferentiated
ESC differentiation to endoderm (Schul di ner, M et

EScellsyll. FEffects of eight growth factors on the
[0008] Several studies have evaluated the effects of growth factors on human ESC

—J.-

differentiation to endoderm (Schuldiner, M. et al., Effects of eight growth factors on the
differentiation of cells derived from human embryonic stem cells. Proc Natl Acad Sci USA 97,
11307-11312 (2000) and D'Amour, K.A. ez al. Efficient differentiation of human embryonic stem
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differentiation of ceils derived from human enbryonic
stemcells. Proc Natl Acad Sd USA 97, 11307-1 1312

W@ 20003042nhd D Anmour, K A et al. Efficient PCT/US2007/010662
differentiati on of human enbryonic stentells to
definitive endoderm Nat. Biotechnol. 23, 1534-1541
(2005). Yet, the state of the art is that
reproduci bl e, highly efficient differentiation to

pancreatic precursors and islet cells is not routinel
cells to d%thhﬁlm/am@errﬁw{tm&miwol i23s Up 31 &b@@@ﬁh ¥ et«the state of the art is
I
that reprogﬁaﬁf Ismf% e}v ?ﬁﬁgﬁng ggzéégrt{?a&lén t? @s ég&%&gﬁs 3h& 141@c§::%§ls s not
routinely ad:iaavawml Fuxhlmmmré) éznaliuqird)@mgiceﬂsgebeiatadwmg feviously reported

h b
N ORI A TIEN E———
and are belleyed s pomysrepinaweseanyretlikednmvante terdedsr Maked t«bgether these

. . Rancreati enltors nd i nsul i expr
studies infliats e iRy SRntlS ey Danar Ay B ahadtsf Sl rappreatic
progemtof's’ﬂéiidhhstﬁlﬁgbbhﬁ'bésﬁ{g &¥ils o Ghaatel @ a)etiopdbita ddlls e Saidiés of growth

s _may id ortant insights for directing,. .
factor regden g PR BT HE B PO W aEnEIE %“gﬁg%aé(é’{‘?‘é‘d? HHBOft tnsights for
directing hM6C! differbnihtidn M@ the Baferefdd liveas® (SR TINL & Médion, D.A. Early

patterned by soluble factors from adjacent germ

mouse eny g%rnsls madcaed Mﬁ{ublt?fpctquﬁ'gn&glggc g@m ayeqsopevelopment 127,

1563- 1579)@6@(5) FbPeAnll, Gl 2Qhaid el dRfBraSy$tediNit Whs dG8onstrated that
demonstrated that BVPA i nducesqf{)dxl expression in
BMP4 indignes i prprossioibiiameramitiad gaterepnaer g10ggin blasksindyd egpression in
commmehrénﬁg {[é&nﬁnﬂ@%%in $i8HAB FronMat 1 Late' m@oﬁ@ﬁ% $hstdi®Rndoderm
teral plate nesoderm instruct en ermtovva
towardapamca;wtﬁata v eBiobS9, Bi%b122 (2753@3))109 122 ( 2003)).

[ OOO Y | t .
ooosy | OO0 HEIRLS oD RSl S BEURRE BRI fcpsion o
human EkaLeJr dnlnﬁréjmnpdnlpluxmnmatttceﬂ eypest ympanqrﬂttic qm@lanmeatﬁd Blevrells.
Howevers'fs tﬁ;] g%ci %Eo@lt l’s%en}r% %ulgxﬁ% C?ves Sagglgrr?n%'%?grpxgn S tuﬁéfle%chmques to
culture virbRriiffereatisied el types aradritivab tcChhfa futirante icatr@tkbreial bise of these

differenﬁ%%gézgllglr ?Pg rPJI@tﬁ/:}qCug:: 9id %? gel:'lplc}ﬁ?g? onmar s r#%(gseglto cells of the

pancreatit €ipe4ges tvHiRIsufiahit lﬂdSﬂ 1agoratéaR &%@e’stﬁgaﬁoﬁ@chﬁ nof bé fadily scaled up
pancreatic |ineag while suit blefor borator

to reliabl el GOSN BaRHeHrER TR O %CW M egmee dor fgeareh or for

therapeutic©hde@8bTHusd r%lﬁl@@ kepr&dicdinle Bﬁ@ﬁ’:‘éﬁﬁeth@d geliAdgaefiseddomponents that
pancreatic, cell Ples for research or for therapeutic

promotesuglég diffepepdiatign ﬁ% wnap pRripgira pleer extists R sewbﬁ‘o%jidltwn to the
field. utilizing defined conponents that pronotes islet
differentiation fromhuman pluripotent stemcells is a
desirable addition to the field. BRI EF SUWARY OF THE
| NVENTION [ 0Q4i@lr SthompARSCOF 11K §RMEGTIGN br oadl y
sumari zed as novel nethods for direct in vitro o
[00010] g f f dhemprésgni iaMewsionty hmﬂdbr sHuperiestt assnaviel wethiods far direct in vitro
dlfferentlgﬁ{)lhﬁf R{urr]l\}taﬂo ‘ﬁ-g)%?&l?%url wy t gglgstezgrﬁhg g*x Jsh?e\?\xﬁgteaﬁd%aﬁcreanc lineage.
The meﬂmﬁflawnvesecxdtmmgttm Stemn dgdbln Mlﬁmrp%qéwe tameupt of @bene worphogenetic
rotein t(g ﬂ'%u «&ar eren f L a Ocﬂrecp o1l o? m%'sé oder%] %ese esendoderm cells are
P mesélﬁdg erm B MGesERdgher MBS ate tHeEr
further cuiuirécﬂj tceﬂ)rtmerﬁlmymdebmlnqsc{EBshonﬁuels ufEBsdefined cadditiombaerminally

dlfferentxa?e toc ﬂs o?P telpggg’regnecr l%eage iéy utilizing defined components that promote

pancreatic islet differentiation from human pluripotent stem cells, the methods of the invention



differentiate to cells of to the pancreatic |ineage.
By utilizing defined conponents that pronote
w@anensr|vi c islet differentiation from human PCT/US2007/010662
pluripotent stemcells, the nethods of the
i nventionprovide a sinple, reproducible culture
prot ocol enabling | arge-scale production of pancreatic
cell types for research or therapeutic uses. [00011]
In a rel ated aspect, the method includes cul turing
provide alsimple, p’lpmdlp‘ihle qultere enotoedll epabliinglargs-faads preductimmutipanéreatic cell
etlc protein and a fibroblast growh
types forfesg ﬁ ?B"&ﬁ?f%% éé%ferenu ation in the direction of
[00011] mas ehdmﬁh&atﬁﬁ adpEcs thmmtet}@kl inclhdesranlistiag husnahqlliyeehtisiem cells in
urther, c he cel | s under, d d con
an effectiyh SR 6 b IUPERIO R DR PEr P bvioB T SR Hebfiig induce
dlfferentlﬁtwpﬁlgthe :gﬁt@bﬂ’kﬂ’g oi:j mﬁédﬂHSdfﬁfn t[hﬁ; idlitf l@ﬁltﬁhefsfdpl’ i€ Iﬁ(}ilﬂcﬁﬁdddfy further
s descrj be reinis the ity to_isolate
culturing thq ¢glisandendefi I@H&eagwmwdmsmﬁh siafigh pEPasTEAlc J@ieage cels.

[00012] Dbet aAeBites fedi@®BQFIe difRt ARt MGRATRSthORAIREHBIdhcRbif @s the ablllty
overcome one of the largest hurdles to potentl al use

to isolategn asleege scale endedepeandpanceeatip celly, snedprsbata celive
[00013] [ UMDiThg %{Htﬁod%ﬂ%a%e%fhe%n Wi ERLRY bRt SGhs Ia?%@s@ ﬁlllrldfta-s to

These net hods X used for deriving popul ati ons_of
potential gamhef dem, C@lh dssnef? edls for framgplang the turnern genie eharasterofnhen

undlfferehﬁﬁgé Q{e "IFHeQe Fnaﬁfoﬁs el ge YRIkLq Iﬁ%}r&@ﬁnﬁﬁ ations of pancreatic

ol at e ce popul at 1 ons rived om hu
islet cellqdheltrdqomtefnnné@remrwlwlsenttmlsplhzatsté gtorhvistst ed to the

[00014] mes egrgggg Hﬁe@p ?so?ﬂgcp geqf éJull @9 %%n@éfﬁghil@.ln?%‘gﬁ}mﬁ;@m stem cells

cel | neage racterlze
that haveabmmtttpdtto tlda rlhfzmnéaderm andfandp derm lincagep areatiededed. Tk sells of this

lineage afeecléhls Sacé A 0 f ei?fei i Cl% + fferea:ﬁ]a%efrﬁgt ?1.1 %o e%ﬁl% %I‘illsz isg%t cells, suitably
beta cellst. He apal’tttefcbaﬁplect ki mwge%anﬁhe bearvded 1By diffeckobigtetilvells of the pancreatic

lineage afg cl}aﬁaé%? d%g“t“ﬁ'g%?ﬁﬁ@ %ﬁluﬁ %%ﬁ]az?qtz(glregsg%f Bﬁ%ﬁg}e or BRor€ of msulin,
_pepndeuah@p@)ojtﬂ@fmgse defined, all technical and scientific
used herein have the sane neanln as co
1000151 | aless FBEHye drignegs al tesTRiARb ARGk gef g ek 504 g have the same

meamng\é@ b@l'?ﬂﬁd'ﬁ'lys uhdB¢8Bbd 89 ohe bpﬁ%arﬁkEHMHgHe aikd Bl this mventlon
and materials for the practice or testin

belongs. t*‘h’éh‘iﬂgé‘sséﬁf* lereihedsmdaRateris Gor e @rasErs A tea%%fafg the present

1nvent1m{'r§lie &S A% TRV S th@ rethbdY z{rﬁrm%nﬁﬂléitﬁﬂhe&teqhﬁfatéﬁ@ﬁﬁthose
descri bed herein, which are wel known in the art, can

describehherging higeare wdblgwe orthe Pﬂo‘tﬁﬂeaé%o bentedr es and
[00016] adVaRRgeshidt f&zi%&reg 5&& G antdpée Bfﬂﬁnpr@éeln't uRr%ﬁQSEFwﬂl become

appar ent rom [ ow ng "speci fication.

apparent mmn@w@:spppﬂicMRAL VI EWs OF THE DRAW NGS
[00017] FIG 1 is a flowhart summarizing the general
nmet hod of preparing pancreatic |ineage cells from
hBRIEF R SERIBTION OF1 BHE SEY ERALCOHWISOR @“ HE DRAWINGS

o001 202 i, 3384 ReRbh BRI e B R R bpgmerei

lineage ceﬂs BMMME&EES@H& ed hESCs (b) human
' [00018] FIG. 2, comprising FIGs. 2(a-f), shows a time-course of the expfession of genes:
(2) secreted hCG protein levels from cultures of BMP4/bFGF-treated hESCs; (b) human
chorionic gonadotropin (hCG), (c) brachyury (1), (d) oct4, (e) sox17 and (f) foxa2.
[00019] FIG. 3, comprising FIGs. 3(a-t), shows that BMP4 initiated mesendoderm
differentiation characterized by expression of Brachyury, Foxa2 and Sox17. FIGs. 3 (a-n) are
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chorionic gonadotropin (hCG, (c) brachyury (T), (d)
oct4, (e) soxl 7 and ( )foxa2. [00019] FIG 3,
weowpnsmirsng Fl Gs. 3(a-t), shows that BMP4 ini tPEL/E82007/010662

mesendoderm differentiati on characteri zed by

expression of Brachyury, Foca2 and Sox 17. FIGs. 3

(a-n) arephot om crographs of BMP4-treated hESCs and

FIGs. 3 (0-q) are photom crographs of untreated hESCs:

(a) Honmobgeneous col oni es of hESC grown on MEF for 4
photomialegrap{syf BIEBGstreptainESds Md-FHE 3t(pep taeciphwtomiGOgnaghsdf untreated

vescs B8Rk B RS PELTEE F 5 Bt o on

MEF andBMMed wiR50chgabB81PH fipldadaye basines Betefogenamisyand Wisplay an altered

B sitive cells |nterm ngled.w.th
cellular rpeaRRSIo 0o By ) a1 BMP L Fsted BARS SAAISY dysters.atbraghyey-
(BRACHS@XEItl?fe céltls %}eﬂﬂn@%@'ﬁﬂ@m%sﬁﬁ}e' cellk, U($1h9 TFS)XAIZ cells co-stain
at e

it 50 Bk AR S o0 b S SELEA, o v o

stained vﬁ@ﬁ@b‘[ﬁd(l(xﬂ ND cdBlalif sﬂFd)ﬁé“o@sa@r @c&hqg BB&rvéd. [o- treated
but not w th BRACH

hESCs arg saired withGC T At o bwihBRACH kG A d-avP LR and Q-PCR G, 0

indicate #Haﬁg%% %{Rﬁ%lez@gg JF@S 55 w%@n@ ?Bé%@n{)srclgg l%é ’for](qeg)) B0 pm; for

(c-q): 50(@n.g), shows the effects of BMP4 and bFGF treat nent of

100020) &0 XTG4y O HTE B RN B8) S (3 Co o BV HS OF tratment

of hESC#aba efdnydefin PaRt pﬂﬁiréla‘sia‘ssdiﬁmed: g&m@meﬁnl andeonER ssorpliblogy. FIGs.

f end r oxl .7, fqQxa2, xl) .and ]
4 @) R Rl 05 TEL I dratasic fRimets <Biied i Prrwersion o eaders sox1 7. foraz,
pdx]) anggplﬂcrfe&staiégé’tgﬁédgb Elmmtzhﬁﬂbﬁ @enésra@ FEd o hBSEO eﬂﬂérrﬂmreated
or treate both 50 BWMP4 and 300

treated vt wemEPOTDA, qrjoataly dh bR HEpe PR and 390 hgiml Noggin. FIG. 4

(c) depich FERGSA JERNEER éygl%r BE@@E efbvil S VEE REARH v@fl% '\%/rrh 1 BREB4 or
grown on Matri treated with 50 ng/ m

B
RESCs efvonon MrieslSadeaodeith Hons/ 3 MB# elormiairesterl wib both 50 ng/ml
BMP4 ax?tg{@f% nS P FetaANAl Y %R aflhelHIf1 ééer Fag& (F é)ct"ﬁe rébresentatlve

ar e representatlve phase cont r ast I mages
phase cogigst Esawsxfelﬂsdao'rﬁlé ausmntxgn Pylgres Forew teantasy orttr@zﬁdédiSCs as

follows: g&r:?ﬁjﬁg?n "?1%'%3 from | ‘Znt reat %n&ﬂ%(ffg %@cﬁm@ g%Fe% ESCs

grown o1f MEIEEQ EBofioBVBHIR4- trextestih ESSCgroyrmoom Mori g4l{ 1 (g2 EBs fijom hESCs

s oSy TSGR AL BSR4 B L1

[00021] CONPIHIGI. ﬂgco?h&ssm@l?(@s 3)(a- cgjmfammzem&sswge Seaye FiGs. 5 (a-c)

cells. FIGs hs .showi ng e si o
are grapl PO AN PRI R 08 e B 450 BOSUEF A G SE4 i DESC-
derived PBER pTGSeS (£ difow MhizinoStaintetof BB, wmwmp wak B@ded during
of EB14s where bFGE was added during. the EB st age and
the EB sfpagp and e Bin 370 o€ pells aap gtainedwithyP &P"tlh PDXI . [00022]

[00022] F' G HGA@Riepicss @tlhiefﬂ%uﬁs‘élﬁf%@né)éxﬁgﬁﬁarﬁa@%gy‘iﬁir@inﬁﬁé EBs and
ting intact EBs and cul turing, for

cultunn&jﬁwéfh L g wBiiayai sovsh fstamaaplmentd serymdees [FSENE media
(Stage 3%3%&&%@ uﬁ@reat@é&&?Bﬁﬂfﬁf ﬁg&@%ﬁ%@% grown®n MEF. The

BMP4-treated (+) rown on
expression of genes marking early neural (sox!), mesendoderm (T), undifferentiated ESCs (oct4),

11

trophoblasts (Auman chorionic gonadotrophin, hCG), definitive endoderm (foxa2, pdxl), liver
(tyrosine amino transferase, TAT), and islet endocrine cell types (ngn3, insulin, glucagon, glut2)
were analyzed by RT-PCR.



expression of genes marking early neural (soxJ),
nmesendoderm (T), undifferentiated ESCs (pct4d),
wa e@phalarast s {human chori oni ¢ gonadotrophs, hE@/US2007/010662

definitive endoderm (foxa2, pdxl), liver (tyrosine

am no transferase, TAT), and islet endocrine cel

types (ngn3, insulin, glucagon, glutS) were analyzed

by RT-PCR. [00023] FIG 7, conprising FIGs. 7 (a-p),

are photom crographs showi ng that PDXl +/insulin+ cells
[00023] ar e BI@skromprsiogRIGse? (ap), Stapedomidrographsshowing that

PDX1+/1€ Z.lll Qr\@eggax% rese%x{ ﬁlaédmli]és a fSt%}g {nfze{ ﬁﬁt 'ﬂﬁ%m%%ﬂﬁ’ﬂ tfatment of

I'on perio
undifferetiiftéd cdh;t hatiday BEX¥ fqﬂranenl pEiisd, antl Gerthet differehtiatimnwiifisied EBs.

rice. 7 G5 R B Tl a5 805 SRR g g nd

insulin. Fm}s t7 @EXldepieosiokt PBXAghdshiveccelld ng dongen eSistaim witht KI6KIab this stage.

hi s_stage. FlGs. |)sowtht L ar rclusters
FIGs. 7 (§) exate ke clsnoCp R migSaa o piputt G “ppeiting v
EB 14+28531(4§'278(] 1J4Hew thét k& PDIOYY ihblﬂin a8inBPks oBéerlvéTdSiﬂ dultures previously
i ni g&ﬁ:s observed in cul tures previousl

not treategtiggh BATRG FROBNFER-PREFISY et chilpo-SHOCH AR S8 hC-peptide and
PDXI1 at ggngt@% “ﬂ% ph fidtn i BdidaRve Gfg&m %%taaeeﬂs PEXl1e %.r 50um.

patternlsmlcatlveo nor mal bea
[00024] cel | EIG&atbmpblamg HGisng (§-bbe2etphdo@icrggrapbnghiveng ghat glucagon-

positive %d%ma%os&aeh osiftl € c%ﬂo%grg%e%r?ga[t %%EH- ?X‘Qzﬂ%&??{evmusly treated

onpositive an atin-poSitive ce
with BMB%EE@& SG(B-CH.BBIdWZBatI glucagbhpoeitivpcels ag sioy co-swinteddvith Crpeptide

and PDX?'VE“\:VO\tﬁd%% . ?eétgd g)l ﬁﬁﬁﬂédﬂﬂtagﬁlgék%ﬁg oﬁg}%e;’.q%i’ ghﬁ%&éﬁlt‘aﬁ

1 Not co-3 and
somatostitin-goptivt edlivare mot oastaactd| WltlaCﬂim)tldeJ g soak @pped t¢ eolsdain with

sho hat somat ostatin itiv |.s, are,.not
PDX1 as%o‘ﬁl‘?hfa FERPSl ’E?rﬁéaﬁtafi‘gléa %‘fe?@og&al‘émfegp H% co-stain
[00025] WI t hFE@@ I@dl d%ﬁ RSy GEffQBntOhB@tratidHs bf glt%wtl@factors
Scal e mm kOOOZ Fl G IS a

(BMP4 aaé ﬁﬁséﬁ) A@dﬁeﬂlféﬁ%rﬁwelar&age% hedid hi atﬁ%%émbb"@%%%?w with Noggin to

inhibit erfcﬁ%&%u% s()%éoﬁﬁﬁ’ﬂk&btﬁﬁﬁnthﬁﬁ%&@s A Jnflﬁ{d?ﬂéreﬁﬂlaﬁ@@%% (center) high
G- and low BMP4 (or with Noggin to

bFGF an mﬁdmm Bé\%aé deds i difruentiagion intpypdgdars andaanciertielingage cells; and

F@ﬁl t ) nd

(nght) Ioﬁfe‘b | um%%ﬁfﬁ%%%&ﬁ%&é??{bg%ﬁ@;?@ggﬂ %%bégye:n cl)sger m and

[00026] pancFEGt 1& compeiaing K6ls| 10 (aanld siiowgthay MAGS 1sPengiat EpCAM+ cells
. i t

results m[ é&%%&:@?ﬁé?éé%ﬁges £Or %?{R@? %& E?%d%@%?%%&egss sos\gi\gate transcnpts

(A) DiffaviEBisbiES @egccf—oxprEMGAIyIa(grserr) esd IPDsXI fredn Ne@ﬂmﬂtPIbXH cells

cocorof LIS e RS S0 S RO g e 3 ot

change valnes ﬁpneQECBpQAMSngmhhﬂ):reandtea’Mﬁ(Memb)rted HeHs tgmpdrkd with

unsorted gEs oy opifeat Bispermhgny; < HAGH Bt 88 ByC M Fgression

followiny alfeeentfatiomoDRERCa b3l ths Bmff/bEGFfpemeﬁdle aeldwere analyzed pre and

post- MATLS spHgb HeG AN Perert of LpEANREaN firgrerasfam 33 to ~95%

fonomngmﬁe{ymm;@ﬁwpdml owi ng differentiation of hESCS by
he BMP4/ bFGF rot ocol. Cells vvere anal zed_pre an
100027} post FlgnEsisaotablerfpoming £hetai Appleddd m%TacEﬁ@-\reqssays used for

quantitatfR dnd ﬂoﬁfc[u%ﬁﬁéﬁvé PR apydid 6F gede é{pressmn
[00028] FIG. 12 is a table listing primer sequences used for quantitative and non-

quantitative PCR analysis of gene expression.



foll owi ng MACS-sorting for EpCAM [00027] FIG 11 is a

table showing a list of Applied Biosystens TagMan
waswagn4ased for quantitati ve and non-quantit apCwESIBCR10662

anal ysis of gene expression. [00028] FIG 12 is a

table listing priner sequences used for quantitative

and nonquantitative PCR anal ysis of gene

expressi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 00029] The present invention broadl mel ates to novel

met hods f &E DESGRIPAEON ©F it
o TS A SR IS e 0

dlfferentlam@noﬁmlairmalmntphtmgmaﬁem cells tarcelslﬁ béﬁmlpaecrammeagﬁ dhe

netlc 0 n | [.at i
methoos G RRHRE ARG R UEA e B A R AR b bone
morphogéeiticpratetnh folndhierdiffetehtinish inothe ﬂimtﬁntxsﬁ/mesﬁbn&mthrms These

mesendoé EBS%ellesnr I gﬂ'g%ﬁ gl?urgg EPI C Vewgflgfqo%?éeﬁ @ﬁjﬁn ﬁlgﬂu%;d for definitive

endodernfltdhaiigsd tdlsewhizhagldbsdéfindd@npRions eaininallyi diffa@atiatyo cells of the

i1izi def.i.ne dj a nponents that pronote ..
pancreatlﬁilﬁ&?@at i SaRHdedRroRrRgHent H HBGEsF Bagereatic istt
differentidB6MNABS dNcABEd thethots FRdEde b 8HMIE b RIdRCcBRPIPPREATHILO enable large-
enabl e | ar gescal eh&)oducu on of ﬂ?ncreatl c cell types.

scale progygtionefPapeisals celhivpapiutrseatrded thyapRysis|useh an effort

[00030] t O D&t heErHR4S bettaNAdbREndRhE Bfdthddls AedcREEM hbRTrEANY MBdcientific
the scientific |literature surroundlngathe it is

hteratureﬁ@tr@un@natth%démn%%@%@cthsw%%ﬁmﬁ HBRY SPbEYtie pem cells
(hESCs) gﬁ#é Bedulnl tFRGES JRANE AFRILN B ?AU AP th€oderm as a first step toward

ferentiation of definitive endodermas a first step
developmesiaf garfseasicdpieage calls. (thersdwyp eenoried ageiativin & induetiansof

deﬁmtw@ %ﬁgeﬁﬂ o HE}%E%@% i(ﬁ;‘ié%h ' 1@% CL alq<n(&965)2 eﬁbf%{vérvﬁancreanc

ermfrom AT T
lineage cERO@B)e) not odvewe by thia peoteadli Euhhnna@e prelilngnamg resulte testing Activin

A o o B9USPEORY VD AR Rt S TR el e o
cannot indgtérbindrentivaiell /i fferentiabot. allss ggeﬁtsutplnfstngt diven thaerbharheen

al o canpot |nduc ncr ti,c..cel] differentiatiaqn.
demonstigi?hpC R b F L FRGoE o n APHLP 4 £oRBETHBE b ey of RESCs
(Beattie, (RMR RS k1. 2A eilvih Painairitding priripbsios efhﬁmfaﬁ emhbryongd stsm cells in the

asence 6 bl e P 30" U0 PRSI B et

pancreatRIf¥RAtfti G BVeGathbSbden 1hl$tﬁw&tﬁn&ﬁ£‘s€to @lhe b OF insaYiffstining cells or
Stem Cel | s 23, 489-495 (2005) O her hESC st udi es

required @\pgrigd of #iyviya gEvEhin é‘né?ﬁ‘?eé‘r“éﬁfi}“é’ﬁlﬁ §Rroken, &-B; ety (BABR)-

[00031] | NCONRLH MY/ EoRSf IRntiRAn O EhIAIE c@ﬁdlhﬂﬁﬂhbf‘pr%m@bﬂﬁlent derivation of
cells or required a period of in vi voearowt in

B cells froptlESGo ¢ seopeipf pilnisxpBimERA Wers gondacteg|to test 20981pyr of growth

factors, "[é’Q&gg‘%Q an\é'l&eb/ﬁltopﬁleg&ﬂ rgfe ?ﬂ&ﬂ?fg&%ﬂe@ Qn(,clH(Ihkg ISF%}F4 (10 or 50 ng/ml),

lons t pronote e deri vat
retinoic aid [0 VR FGES0E0 rey/wb), hetsvinfA (i mgdml,esma/mﬂrenﬂeo mg’lnd),

evtopufGRIYShEe 1 NGNS e SRR P et sges o

hESC diffefehntighist) O&fe féatersctest&@ Bigbaltheatrhi@itiof BES Ca Grédva & MEFs had by
far the stg_%igeﬁtgq:qll?%&%g eﬁgct ou pdx?%txb}/els&oé (5 ng/nt, 50 ng/m or

[00032] The intercellular signaling molecule BMP4 is known to play an important role in
fate determination and lineage development during embryogenesis. Several studies in other
vertebrates have shown that BMP4 inhibits early neurogenesis in ESC cultures and promotes

pancreatic endoderm specification from uncommitted endoderm (Kumar, ez al., Signals from

7



cyclopamne ( 1 mMor 10 nM and BMP4 (5 ng/m, 50
ng/m or 100 ng/m ) at different stages of hESC
walpdof7as@m i ation. OF the factors tested, BVP4 PCEHHS2IUBTI010662

of hESCs grown on MEFs had by far the strongest

enhanci ng effect on pdxl expression. [00032] The

intercellular signaling nolecule BW4 is known to pl ay

an inmportant role in fate determ nation and |ineage

devel opnent during enbryogenesis. Several studies in
lateral plaie megsodemt sistractemidnderen Wiveinh a pancre@MPRts. dlevbBiod 258 199-122

o EHEIBEDPR S ESF SRS AD BEATOY S BRIBHTOAS i e
J. Neurolisl Ay 271etzsa|(19993 (Braskd of tesk atuekiasl appliodrds hysuiesized that BMP4

. 'nstrut end rmto a _pancreati e. Dev. Biol.
might enfygiie epdad ﬁa&‘dfﬁ‘?rﬁﬁ "591011?0‘8?’?%@%1\/9 4 inhibits

[00033] neur anlga@h ftlfnen mbxpddméhtaionjupplﬁr&nmy Ghown Siae BMPA trgatment of

Neur obi ol -2 ed on these
hESCs pRimF RO N IR IBHAR 213 S AATA B PR O Creatic

dlfferentlaﬂbﬂnlb@ fo4ns dam, tvg@tu@amm&ﬁ& detadfhe sk i vadre @Bed todBentify a
hESCs. [ 00033]  Agai_n, throu%h experi ment at | on,

dosage elgf|af BMP4 of Jinrras frandalvedraarashtah Lot ngfmielone transforms

nearly alﬂﬂ@g@§ fito BpRSUIAd LR, HHef ok Q&Wéﬁ&ds@@w@f@aﬁé’Q)S?ﬁéﬂ@@itﬂ"e\z‘entlatlon of
ports pancreatic differentiation Applicants' data

hESCs tq @Qﬁﬂ%ﬁew pd dofiniy endodey, et ah, were used to
[00034] | dﬁﬂtﬂ 1s¥cn@wﬁCfﬁ§lg:%rt§fnflﬁ&ﬁ%Rfe e@% /n‘? Osz %%Qﬁate& by Yi%%oderm—denved

d that treatnment wt al one transforns
embryonrpetassu% @lel noipdryd; dﬂr@)altapdphdmee&l, platemesodopng playsan impertant role in

the pattelq{?é% é)r?nnlﬁgiﬁg f{)jx% HC fixl%sg&xﬁe nlgé g@t h]@& g%tbogl ggth«ﬁ:%%retaﬂc fate (Wells,

J M. & Megltomn H Aa(20@@),taad ﬁ(umaruettalv@oéﬁbntﬁsmhnmw beligvedhattedpcts from
other celg%lpgsz:?&g gé;lfﬁa ﬁ?& %' %']\égsj‘tﬂé}? f&r'tﬁg e(r gagu;ag%{ gf:&quogerm cells

mesoder
and produepar ¢ ARIDXA @Ioells frouhlﬁm tﬁhmpnmguaionmﬁ:;[ameaﬁe dell types from ESCs

ot 4 Sl RRCBERLE S8 e EEL LD B B
inductionglend¢2Q03p Jiteripg bt artustie bf paterdds apltbélﬁmc,teaclﬁ pdWhich requires

prover o RS ST B e SRS kS5 v

contactwﬂﬂﬁd&h@fbémty@%s PDXI + cells from hESCs. The praduction
pancreatic cel| t laz%from SCs is

000351 i P BEpsgepsb s £ IS VY G PRI AR PSS have direct

contact vl MR andahédlint pre8uing gy wefeqs}u@ﬁdearfmrs pmdlerrfmxAz+ cells after
patterning and induction of pancreas epithelium

in vivo exposiiff ormpdes iersal napersas sighdls (Brmeheapl(4aed). sQ@ﬁh%lgther hand, it
was receﬁ@& W oRted rtﬁ’élﬂh@gﬁl??hﬁﬁ@d ﬁi%n‘é)@eﬁhitﬁ%%nd@&h@m@%ﬁ@%led to express

di rect contact other cell types. [00035] O hers

pancreaticaparkers; ater siopuiternrylings (Tasiy § &y erar@aﬁ@rilé%nwﬁnesendodenn a
dlverglné‘m ohﬁl‘é@le‘ﬁ'ﬂ[tﬁfét en@le ACindnbbd¥hhSn @‘Hl@ryorrnﬂc stem cell differentiation

I nsul i n- producl ng S were produced
culture. Peydlogent A32, ‘&aﬁ%@”&f(ﬂ@%» nSvml@rhempuﬁad cultwresyof Apgévin A-induced
eSS DRSO or 8L B o 0 s o
necessarp (seefD)'ddnovar ¢, RIOSNL ti ve endoder mal cells failed to

expr ess Takers r . shart-term ur
1000361 (04 BV S SRR Ered s B0 iuSEle el e mvees
results in adoption of a mesendoderm fate (brachyury+) by many cells. The endoderm marker

Fox A2 arises during the initial treatment of hESCs with BMP4 and MEF or with BMP4 and

bFGF. Further, FoxA2 expression gradually increases throughout the entire differentiation

process and is associated with duct-like structures in EBs. Subsequent pdx/ gene expression and
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di vergi ng point of the definitive endoderm and
nmesodermin enbryonic stemcell differentiation
w@eiorasm@74 Devel opment 132, 4363-4374 (2005)). PCT/US2007/010662
Simlarly, purified cultures of Activin A-induced
hESC- deri ved endodermal cells were not shown to
express pdxl and other signals nay be necessary (see
D Amour, et al., (2005)). [00036] By contrast,
appl i cants di scovered that use of an |ntermad| ate
the emergenge pf BDXHNreelis@dagl qoswired deripg theEB phasenddthonsl Epr\2 expression

is not um&@%( %Zéeg{rﬁ&pé/ % :('1)31;{9 ytPEszISQMlﬁ'? rt]ﬂ@ cEMdR4s &hﬁ%ﬁk&ﬁls )

arl ses tra eatnent o
observedetSItalﬁh@Miam Sox/H: (Ba)r absende dviedrah rrdarbﬁsy%uCFas sdrdy, (4) low abundance

o wopnoE RSPl FRLRHSL HS) D e APy e o

FoxA2+ chllstard: hkelysb ﬂ'eprt:sﬂhemd-;ﬁhnE%tlc Shiidsdamerttenpoddrmgderived cell

ssi on .andt he nce af PDX + ceI s al so .
populatlogé gé"ﬁf:%orem}ﬁ %g?sﬁ Zhr%%% Qying, gy ﬁg:ﬁlre mmvolving early
BMP4 m%>fjﬂcas HiduBtibs oﬁﬁieséhiﬂllo@bklﬁll thﬁgmed bum&e%ﬁﬂdllﬁlaﬁéﬁllugﬁﬁed in FIG.1,

. pr oxi m, t e cells to ury+. c S,
deﬁmt”’%ﬁb@ﬂ?‘é‘a apd, Pé‘t‘“&?ﬂ%‘h‘é‘“’wﬂﬁ? ﬁe@o"%‘??{’ %‘g/ V&F‘ fé?é‘%h hESCs.
[00037] MBI K@lcEordiidl), ias $5:0%d emﬁéam{eﬁ‘l\’oﬂ@l@ﬁﬂ@diﬁl%noﬂle method provides a

obl ast markers in these EBs, and (5).sinultgneous

h
method 0&5@ ng byman phpotan; sigestelis imp ngdupsepRinpg PR stigitye amount of

bone mthKEédéhE%r&t%ﬁ'f ﬁ%ﬁ@ﬁcﬁlﬁe&ﬁﬁ&icﬁﬁht&a aRdadRidBIR Hirection. As used
der m deri ved popul ations. These results

herein, n@gg@@w Rlngpoteyt sémpg&]@ mglude primate g@q;pre&ré lydyyman embryonic stem
cells (RESCYISLDELPRY ombb Ak sheF: 2ESINFAS 4008). TRREBARAREM

v . ture conditions il ustratedln
characterijzetli ag ibeingecapablg deden anpronstate eeuliions| qumlmqvgrahdgfferem cell

syves tha 3 RURRT o Bl % MG Rl s (P msniorgy and

ectodernf)h é&cneitdimgitqﬁ standbed aﬂ-awed:ﬂtexﬂtesf thoask pluripogenh sellanalso have the ability
url otet Ste Inarredlumcontalnlng an

to form aptF Wu 932 g? sé%ﬁé“hg‘r phogenetic-protein to

[00038] i nd ucnes@kné fagpeent dfahisembodinerd, theptndadeitstahh celis drobultured on a

ein otent stemccel.ls
gelatin-<paiey T oy R SR AU BR B R B S eI g GYER) as feder
cells. Fee&drlcell§ hieSEatls ofeae E}jﬂ@&ﬂatblyél) Jmmﬁ etittedells (oS@nﬁﬁézetype, to provide
282: 1145 9 e cells are characgterized as .
an env1rc51ét?% 1%3'65%11 tge ﬁﬁ%% fe tgﬁ ﬁ?C(?BFl TYRELA0 AV | gereﬁth 0? culture time for

this step A€ GloRUatiRY e'dl t6hbdie rl@ﬂiag@ @r&fefdbﬂ)ﬁﬁ dat indti€ers of the bone
derivatives of all of the three germ nal |ayers

morphogepefifoghatinaRasuwy ineluda uereawe PﬁaltedAe ée%mgofto(se%etw proteins
(BMPs),%hﬁMﬁHMPQ L@ BAEPT 86l ERSE suithBgSBMIP4Ir | potent cel |'s

al so have the ability to forma teratoma in 8-12 week
[00039] o] d 2 wembeesin[WREESive AR APME encgmpesfies 2 concentration

ranging ﬁ&g%@b{?@m ng/nf18o Bb&H¢ 1@@h§/‘i’r&1 $ R Hob&l that V@fu@e fak‘%etr \Wb&fEc0Bf BMP4

elatin-coated tissue [ture surface wt

have been rslgna‘em 4@ elugp bymas phimipetend steibedbilisierentivee lrég tropbepsederm
lmeages,gg L lcdliﬁctlgs%ﬁgm%\%a fti\%{ Fj?fé&of&lékéu éloﬁfég wittPSwt tla%teﬁ'légdlate amounts of

ure er type, to provi
BMP4, spitahily 60npiml, wnrlvslﬂyuhrgtlmanyewtb MEFs behighoondentisapiensafibF GF, such

as 100 ng;rﬁ#‘broéﬂﬁng%ﬂg hﬁ“f t&%‘ilgh;& %t %&E cfeﬂg mt tlfﬂe I ae%fzr?(ﬂ)jri exglq Afection.

[00040] I nducerssedfhetdin, rhfmadmmmrm@e A daﬁr&d @nyaindrage mxtlim\me;d to the
expressuE]r Oftlgdeg}p#rty a%rd%)cq %tnuciear %ragsctn%tlon '%a?ctgxp nra T{Oge(gee étage 1in FIG. 1).
Mesendoderm cells may also be characterized by expression of Wnt3 and FGF4 (D’ Amour et al.




(BMPs), suitably BMP2 and BMP7 and nost suitably,
BMP4. [00039] As used herein, an effective anount of a
wBkB7asI@Bnpasses a concentrati on rangi ng from BODUS2000D010662
ng/m to about IOOng/m. It is noted that while | arger
dosages of BMP4 have been shown to i nduce human
pluripotent stemcell differentiation into
trophectoderm|lineages, it is disclosed here that
culturing stemcell colonies with low to internediate
2005) andioogousscaifl (861 EcadlieriabMixB Oagl Fbx A2vemld possibly Sox17 (Yasunaga et
I[ly with MEFs or high concentrations of
al. Nat. Bb%&ém%sucpggs 100 ng/m, pronoting the differentiation
[00041] of t hethstsesundgillase bﬁtlﬁhﬁnh@:hmdod&rmlmximsane irgluced to form

ety 88l S oy O S SRSl i

Suitably, #IEBE bredntadt itthiretsaAdsadddiy a)rayémﬁmcenﬂryoﬁt sac((3¥8ES), which

Stage 1.in IG 1 Mese er I S SO0 be
express siags PRcst s PRBEY ﬁeés%{%%d%ﬁﬂﬁ% 3 %f@&m(f‘dnﬂﬁﬁm this step
ranges fr&h aBbutZ085) toae[WuQﬂ VEHRRS, 9 Scfhblbe haysEQ@IJi@almrelM B4 are three
and FoxA2, and OSSI bly Soxl? (Yasunaga et al .

dimensiopgltraetises of aemss of qedlg (iAgh inferagian suchihay i widuse %{rmeg
dlfferentﬁﬂpxpwltﬁﬁpﬁle cEﬁ@ oP’tHetEB ?s%e %rtfge' Ingumed 15.0shisu BBRENDhdE definitive

bodi es (EBs) from snal | urtpotent stemcell colonies
endoderm peligEwitle éﬁ@rrhlfq)s’fwmfewénclsmc uglsloplls exrressime Bexa2; Apwktand

PDXI1. T %ggﬂléx?e tﬁugw&faoaxnﬁcéﬁsvgoe aée a@c%fﬂ@ okhPkre3a€ lineage. As

express st age speci f enbryoni ¢
used her@mtpagem;a@c (@%Fgﬁt @ls infihedel, ﬁfngt?chmme e@lls m—@xnrﬁwa‘ BPX1 and Nkx6.1,

which ard Weﬁer aﬁfﬁ tb ?%g'gésenft 'é%’ gx% t%ce ?@%ﬁh&é@?@éﬁl&o‘}t Eﬁ?gﬁbeta cells.

These cem aenke glmlal tws»tqeﬂd’ymssg tbef bcgiym;@sesgmg(jhislogmblma;hn of markers or
PDX1, inéﬁi?e,ra%%t tst\’&lec QVhl v%ehq QJH:% Jeu&rﬁiﬂﬁgfgufly exprsgtssed in normal

erent fatl on W t S of
beta cellS of pelkl ﬁprds}mg&otﬁa&kﬁtamf&leraﬂwl understheidi tn irépregeng ddlttajmﬂm

cell ith,.duct-1jke ru S j nclud
100042] o by §§ﬁnﬁ Wdthﬁbggf,degg?(‘i%m C%ﬂ{g%)ge_a\@% }Eéksé%wﬁeecv & % ehnszted by
immunostiiatg zﬁﬁd@ﬂ?hlﬁtﬁ&lﬂ(ﬁl @k V@utgﬂnﬁfg 4 dignifichst snbsdtlee- elxpressmg both
creatic |i se rein, pancreatic line
PDX1 VoS ekt (of GG A hrae ot el pBBRRPEL Ly ReprBiRe Kio?
marker nﬁﬁ@atﬁi@ﬂ@e)l' are\/ﬂ?rbﬁf&rﬁﬁfg WekdthdaBEst b@ﬁ)d‘aeﬁfcﬂidﬂéhﬁoaﬁlletdﬂ'@bmmntmg toa
ancreatic epithelial progenitor cells or beta cells

temmaﬂ?ﬁ%@%“&%ﬁ“?% eBJCTinGdingARy two cel | types in the body

[00043] €XPr Qﬁ sHendirl phisCoMisabimenh:, IRIJeas Fog! thiePfs are plated onto tissue
i nsulin, and C-peptide, which are well known to be

culture platepip EAAEBIdTeP rasdFEsEathonh et bayinesaran (IS intgpded to induce

terminal Q8FrentBXRHSSH! ddlks %@f@&ﬁb%ﬂﬂn&%@@r & tys 484 Qﬁé I&g@l df0time the
represent delta cells. [00042] Cells within

cells are galfyrod forfvapigs Broru abqus Jrday th ST Sfedays. (ﬁ#éﬁbb’t?&f}aﬂéd Spijable
terminallgrﬁirffé}%ﬁﬁéb@ b%ﬁ%@h&é@(&h&é@w We si rgﬁltﬁr?elggg(@;( %'&E())(Pin]sulin C-

i gni ficant CO- expr essi ng
peptide amd PIBXE  Otles cEllcypaf&)of tl&meiogxfm@ heeage| $uchalb ghicagpeaxpressing cells
o som BABEEF St 1% S0 S Bioc LRl e e giopp of g et
A signiﬁcaxmnrd)pclrngn poPBXlercallsat tlyesejsthgm(euagﬁ ataad stagd 8¢ aienfound to co-

expross gk SSRPREIE Mok wihebafoicbfuBERR el (RN on o

[00044] t i SSUs used herein, serum-free medium means serum-free DMEM/F12 (17.5 mM
glucose) medium with ITS supplement (BD, 5 pg/ml insulin + 5 pg/ml transferrin + 5 ng/ml
selenous acid), 10 ng/ml FGF7 (R&D), 10 mM nicotinamide (Sigma), 10 nM exendin-4 (Sigma),
and 2 g/ BSA (Sigma). Hence, the serum-free medium is termed ITSFNE for insulin-
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culture plates in a serumfree nmedium (w t hout fetal
bovi ne serum (FBS)) intended to induce term na
walpdof7as@mt i ation into cells of the endocrine |PCEES®NT7/010662
In this step, the length of tine the cells are
cultured for varies fromabout 7 day to about 56 days,
suitably 28 days. Suitable termnally differentiated
cells are characterized by the simnultaneous expression
of insulin, Cpeptide and PDXI. Qher cell pes of the
transferrigrselgaivinn € GE7nr@a@feamlslscqxea‘émgl (Fengieae 3 Fé@s{h g slitabie
concentra%%g féPgSHEIchB altfaﬂ M&ﬁsa%bﬁtgo ‘]?%#ﬂhstﬁ abs@ lal'?l@s’fa.r.ﬁdé;d1 thd¥cheentration
ont ex fese regions of the cultures.
of mcotmgmgdn mayamgeﬁ@p@bbufohtooibﬁminﬂdel I s at these st ages

100045] (st ag‘ftema%vglgr etI%)eil |%ral($ mé)eﬁy lgtaé c é:rgg&ﬂx[n% £ tﬁe}jﬁ\nﬁ% Lhmpotent

sur face mar esl on rm
stem cell§ Ep%wm[u@nga 414ﬂtuvéﬂ Wittt mnen mllssmmmyfmemtamﬂﬂn When culturing

hESCs om eier i %ﬂrxtg ﬁgﬁ%%ﬂg% 2 @1%&1@@&%&%&0& morphogenetic

pathway,tahaﬂﬁ:f:ﬁf/é hrﬂodntfbﬂ”iﬂfrﬁﬂrla eWwilifacRed (HGFs) vas @édqiirddGh Induce the cells

to dlffereéxggts ﬁ‘éj %Orgﬁn%ﬂng éqr%r{ c%g%ltlegl é‘iﬁ?} %%IH&BOH %Eé@g‘%gﬁsfff% about 10 to

about ZO(DT'ﬁgﬂrerA SuitBIBEGE EShddatdafbn is 100 ng/ml. At this stage applicants also
nsul i ntransferrin-sel eni um FGF7-ni coti am de exendin 4

dlscoverqutéét Miggand thefapiors they claRoggie prpioduemad Reriats GA fpastion of FGFs
in this 1n§d‘ctti%ﬁ‘i|ir6‘tbéolr NP Eert TP FOH 10Qhd cildrbOatodiapy 2 leddbho significantly

t he concentration of nicotinam de may range from
more cellal@é 9{1@% g pgncrestiglineqeepouiseh axpressiie ppRiopriafermaggkers. The

medium &%&,@E%ﬂ &%ﬂ@ﬁ%&%&@phﬁtaﬁmﬁm otvhﬁféawfmuch as FGF2. To
['Uri po ent stemcells may be |n|t|a8@£§cu tured

characternygetthe aells efdhese tb@eldgvelggmea@l §tages, M expreagion (mercourse for a
variety of gllx(told%hﬂ-g | on ?o 0C dﬁ&&f%ene@?\%lt ' gﬁgﬁﬁe@éﬁfc?%s@ﬁﬁéh below.

ce one nor phogeneti c
[00046] pat hllmygmae nmbbﬂmmnts; éhamyemntiornis aisobhwbtedstbwgrdmmhods for deriving

M (T ST YT T N
" transplant@hiaenhdsat. i AccoedinEGE itriaegeembtaed mlaoﬂnb st Bt of paikatic

. ng/mn. ui tapl e bFG- concentr is 100.ng/{m . At
tincage o P& rindst @ R T eI e i e breP e Badit Rl gt markcrs as
descnbed hﬂJfSa%EIiﬂleHh@plﬁb&b@mt 20050260 D4ethaaypli @pta Spetifizally, the

function of F i s induction . protgcol.. .. :
differentigfioiA-Unar TRt Wbesd b hemos e CoPEasiGh o5t il ol adesion
moleculesqmmAMy wdlysmb@n@ekér&heéxﬁs&ﬁﬂﬁdmmeﬂ cBaBE 16 fof positive
1 nea whi ch_express the appropriate markers. The

selection,jp id hhl}rn% Cg]éﬁpiﬂrwﬂdéa the enlodemaal, %Cfec?ﬁp@r foregut lineages.

For perfdridii @B asdle SloBVAXY T8 idESt ca ﬁh&@ o8 SorkifE 2ingldcells such as a
characterize the cells of these three devel opnment a

fluorescepeergetivatechcathgoriox (FAES) snmeengticastivated cell S(artmsr(MSJSMhould be
adaptablé FcQQﬂ@ fhidiidd I%@@Sl'i Q&nggﬁ@éédﬁltee 11968 ads RBEARRY MR &8 election

and descri bed bel ow L@ﬁ hi some” enbodi nents, the
protocol frearviegindiféeramtinsedit el @@lm@@\m the perieRs qubiureidut olse gsing

f
antlbodlc%atg %E’%?&I‘ cgfrgglj(lz{g ﬁﬁg ﬁHHt!e eg?(?nelﬁ espgft? %%rggE\zf\ﬁ or SSEA4,
apphcantsrcbamspérad ted tlilmtumdrwnsz temdﬂmy oif piginygell qulfuses can be reduced
effectlveﬁpntenplated that the stage 3 cells of pancreatic
I'neage can be rendered non-tunorigenic by sorting

[00047] cel | gt xsmletaltﬂsr dvidsing frofn thelstens velf hteeatomrtkatrghasinjected into

descri be

imonunoGSREHIEES sfte Sirdireiabtin R 25 SRR R frplBinas, hich are non-

malignant growths or tumors made up of many different tissue types in a poorly organized

structure. While the generation of teratomas is not thought to be life-threatening to the host, the
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differentiated cells are sorted based on the positive
expression of the epithelial cell adhesion nolecule
W@ EpCABM74 a cel | surface marker the expressi onPCF/USENTN0662

can be used for positive selection to identify human

cells commtted to the endodermal, pancreatic or

foregut |ineages. For performng this selection, any

i nstrument capable of sorting single cells such as a

fluorescence-activated cell sorter (FACS) or nmagnetic
teratomasacn gratveld lawgklsizepbe imggl{thAEE) wadiclul df inetahdlap tadske td the host. A
characterl.:zﬁgg hl 2 l%cl)nq ds %f Cc? LB P?,logglcﬁg%‘%fsﬁg ?}%\l;'@qn d&t!o@&gettarln Rtem Cells
and Devdﬂdﬁ;dhérftﬁt&éﬂll-&ﬁﬁé@ﬁlhb | ¥ i BS oglld are tdbe hisideultistasade for

| ture,.  but sjing antib d i,.eS e sur f.a
transplanfgliop S ey oL i T VS i flal B Qe e P Btk ARG 18&8guped would
presumably bS%Eé%rre@ pPpbé frad bt Gy @ﬁaﬁt}at Intthe ait Liive hi 3L féohniques which

ncy of. stem cel | uItu es can. be .reduced

have be:eté1 { fq,ﬁélrrgpna 4;71]931:,1 1ty; are Pge&qurvnéq}pag FEOSSNGHS Lo constructs

into ES cell€BhE Rlch sblicb@r ol derférbaiiated €811d BHs &L b Exprdésfon characteristics of the
i mmunocgnprom sed m ce, undifferenti atg ES cell s

wi | |
introduced genes-cHaysHes theise of e308enauh §elss drssred dHe REmendsS cell cultures

carries aﬁd’éﬁ@rs%t SPGEtY RoRderiBiiY: sl RBaeki ssue t ypes in a
or | anl zed structure. While the generation
[00048] t er atf%fﬁé’én igingsellshefagtorting irehnolpgy withdhe éﬁ?ﬂgilffﬁreﬂh%ﬂon

methods h@scctnb ell 'B@fie‘ﬁ{ %bﬁﬁ@a?ﬁscl%ascgfagw é)&)el;taa[t A rdt#8l 1eP8 to produce a stem cell
unsi ?M% and wasteful of retabolic energy to the

derived desu hlals 2ot BIjarigenisrangfdoeh aot thn%m lb§l< of

redundarﬁ#n% 5:1 ol n%ﬁ%uhﬁiéﬁﬁg%g ﬁxg@?égg%ﬁm?&e%mn% 1nl§ended to

apply to ﬂledenammefmdg ghdractatistiop off @ndtffeaﬂgpt%ﬂrhmammd@ffemtlatsd stem

cells, suc?xratstﬁszgéélgs 'd% oﬂﬁ{}gg%&égqbl}n?ﬁ% Tali :gngne S,re(lefl ﬁy\ﬂ%&: hp?irs ZS t?)%ause ES

cells do ncunmodlg:e rframkmq.it—gnlamylcs whet hgecacd ;ntdz» hecerdihe rtIBOVHlI(de tlesstumorigenic
e this c abt

trait &mé@ gybdérs ﬁg 8%%:%2 gép? ?‘W& segg(ctg)&qls ago grnlénpo%an ﬁ% 8 %heﬁ:tr%gressmn of

stem cellkfzrizvatil & frandlabsratorg atcelel tongsefidhudiahftherepy.i at ed cel |'s
baseq on xresoncaracterlstlcs of th
100045} o Cdn Sppfabroodifent I B -Batpmbtis” gerterd cafpiiietion derived

from hulhiﬁ ﬁluﬁ@ﬁﬁﬁt &&ncc%lllls hevilhf U EnS1BF cﬂlfﬁﬁenf&ﬁfbﬁmeﬂs Sﬁfheqfancreatlc

concerns at ar.e best avoi 0048
lineage. Mwﬁﬁﬂ"@ s cg rPPBE]é“% FIRHERnE %if %et% nﬁr& of insulin, C-
peptide &Iluq:qyj(ldl fferentiation nmethods descrl bed herein,
i cants reasonably expect at _a practical Ievel to
{00050] pr od L}Bétﬂd agetbgy erapedigept. Vaiinyentionsprovises ap prolatpd nogrfumorigenic

cell popﬂlhﬁ@{ AG8RUG AR dulief ?:hi}ﬁ;otef,rﬁ 5Pt &Rt ATBScelbogulidnl K terminally
redundancy, and fo avoid m sunderstanding, the use

dlfferenttﬂtect ¢rals o mﬁsmmp ligesses Whereim aidlga 7 0Vaokibpicslls simplancously
express (Srﬁsr cﬂ'trﬁ&% UG- ﬂe?ﬁaéqiﬁl SNKS&. PhndBHEADS ra%ﬁtv}rl?efraﬁ the cells do

human un ifferentiated stemcells, such as E
not forrnatﬂ!@tqrgam‘@hen i estrfeia lmmpvlpmnsgchm Yhcalirgsaeally, suitably Beta

cells, deJJi{)}? filoth &ﬁ aﬁﬁrﬁcﬁj defis gg}nﬁgta phef %%Rf‘ Erﬁﬂ)lﬁerm l(F%)%AZ and

i gnanci es en I njecte o mce e renova
Sox17) andepanareatic pegetitars PDXY rl-nbﬂ[@XdJytohndemulnhr-}ﬁrbﬁf@aﬁ\i@; it grexpected

, a ction is a h S
that theypexgrersgsg}ecrmmaé er%’tsélrc]ng%sél er| va %D #’r omar1 Ik%;gr atory

[00051] nodel THedollewing extampdes dria pravided as further non-limiting illustrations of

particular embodiments of the invention.
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[ 00049] I n another enbodinent, the invention provides

an isolated cell population derived from human
w@buwriparent stemcells having termnally PCT/US2007/010662

differentiated cells of the pancreatic |ineage. At

| east 50% of this cell popul ation sinultaneously

express one or nore of insulin, Cpeptide and PDX .

[00050] In still another enbodi nent, the invention

provi des an isol ated non-tunorigenic cell popul ation

derived from human pl ur E¥8MRLESt em cel I's. This cel

[000s2] POPURRL, k“prieFaS && B ela\ﬁdd(il}{erg e@atk ated cells of the

pancréat | I neage, erein a east 70% of the cells
[00053] si nuiThagenars] QAkaqmtleBGn orthodris mbustratdd insgoplistic fashion in FIG. 1.

NI appr R B Tt R R 2p RELOVADRD Mor iR baieie 24 0 40.

Media fot ﬁﬁﬂiﬁﬁﬁ@iﬁﬁfd&lﬁ%ﬁwﬁs C‘«ﬁnprﬁeﬁ@f SOREBRIERI/F B amli29@ K nbckout serum
om cul tures that ha{ bor cel
Vew

devel o
replacemgit ARG IR phh Oty it L GRITLH ! ARt S0 PP mM 2-
mercaptoPfRGHEAId &ng/mgﬁmﬂ QUSEFAR B ikb gedYKKBS & we?@@hltured in 6-well plates
insulin-praoliferative), it is expected t hat

on a feedgs layeisefl igrAidtedmpRisrabryprif HEobIRRX OVIEF }\Iélﬁlﬂﬁr g media (control
group), E@@m’e@ia ptus 5OQ0RAIBNIPE (BUBOWLHE:; REDHEsnd! & PSOYh&dpius 50

further non-iiniting illuStrations of gartlcular

ng/ml Bl‘é% BiHsrAAO e /pi nepgin (RREGH BXoMP ERANIPEEETO005 2 MaBscanyl e
[00054) 1- C%'l lexﬁéﬂxﬁéﬁtsw%%%fgéﬁg eﬂﬁS@E WRR: %rb%’pé%o&!@ﬁ factor depleted

eral differentiation is ilTustrated in

Matrigel s (ﬂipu%pmeﬁc&shn@mad of MIEE, anl1 cuimw msgiaovesMEESOndjitipagd media

(CM, coﬁd%&g&e& a ?E?O&Wer ent i%htélg‘% EZQZSWE&A@S con‘grﬂl ngéb ng/ml

bFGF. Cdbm&@%@mm@fme@hm irm%tmg)wktha’tms/enmispaep (Ia&iemn) after which

th 1
csts werl t0Re SRTRE Pl PP WP uo Bip it PRI R e oel
strainer. Thé ﬁltfdtémhhﬂty’dﬂtﬁlﬁ&eﬁhall Piebésso e @niedivbiy Iﬁﬂ intB 1@0Viﬁx|n| non-treated

suspensn? | %;lg%f: ggspgs ! e r_(glyl qnng/ g{a}{%feﬁolr E&%ﬂﬁ{ﬂe nggegﬁ?hery&d odles (]%Bs) EBs
were thetd) réyw)sd uEs%@uﬂeﬂle@DMmﬁ@z oo, mmﬂ\@écc(s dﬂthWE’th I8 upplement

St ens or ESC nedia plus 50 pl us 300
(BD, 5 u gmlﬂnsui@gg |5mg/méggnsfe@mobén tﬁaggxpsleﬁ@)i),ﬂ@rum rdegfinamide

h

(Sigma), [@QI%‘% %ﬁbg? ?/%t%ﬁﬁi’ actor #"tdpét eg{%{}% ?f | gde? (g{L rr? §%§§(§@£8 for 14,21 or
28 days, Bleudmrmw_s)\ fragtooad ca¢h Mﬁran@s wstd for RTrBERaange@-PCR and the
remaininepE VAL GUAP ERoTR NG (ERIA B PHB oy st B Epvtbivs
(EB14+14FEB14€21 end EB1de28) for ammbpostaididgy | ncubat ing with 2
[00055) g/ n1 d| S a?ﬁ (gﬂg{.{.{aggerpce %&g‘eﬁﬁ gh cells were

rlns mal | pi eces, and
[00056] filt é?oezd celnlan BN A wad extmacted Wlthﬂ?rﬂcﬂ Invitfogen).i dON Atves

ntaln mal | piece ol oni es re t, 'nLo
synthesidgl drorm G 1o R BAVA Bhite B SERERGHPL Ette Sty Sctes ki gifrozen)

Quanma@ve Pea NAkRX TIPOR (& dser e B OA dla POGH - eémﬁﬁngents
Bs were then re Iate i n serun}free DVEM F- 12'X
(Applledrﬁgqogyslg@g é)n M7 7109 equppedaigetion System (Applied Biosystems)

for the following transcripts: fova, soxl7, brachyury, ngn3, pdxl, insulin, glucagon, glut2 and
an endogenous control, #-actin. Q-PCR was performed according to equipment manufacturer’s
instructions. Relative quantification was carried out using the comparative cycle threshold (Cr)
methods recommended by the supplier. Fold change was calculated as: 22T, Mean AACT
values from Q-PCR analyses were compared using the unpaired, two-tailed Student’s t-test. P

values < 0.05 were considered significant.

13



(BD, 5 ng/m insulin + 5 ng/m transferrin + 5 ng/m
sel enous acid), 10 mMnicotinam de (Sigm), 10 ng/mn
wWO-gG7/18R2D) , 10 nM exendi n-4 (Sigma), and 2 g/RCBB#2007/010662

(Sigma) for 14, 2 1 or 28 days, then harvested. A
fraction of each culture was used for RT-PCR and Q PCR
and the remaining cells were either enbedded in OCT
(EB14; Tissue-Tek) or fixed on coverslips (EB 14+14,
EB14+21 and EB14+28) for inmunostai ning. [00055]

[00057] Exanpbenén-q@uaithiiteaR TVRCECRE gandclBTHRGRIMEOROE6) o€ gendrated

it e S ABE CBAAT ED EFGLy ! HL38 sts om
two diffefamp ex ey drdl spahfict atPedsaonk nyrohivasyseddet PCRWad peafpemped using

itative real. ti -P PCR) was perforned..
HotStar Ty A R Seol R AT o SRB o i 0 £ s, el
denaturatich ABIS°ERbSM MiA0thSe ayeecer PECTE B0 BecSBo st Amphligttemperature,

) Biosyst e for the owi ng transcrjnpts; xa. 2 o
1 min at 555 45 aﬁ?&&ﬁ@mw,ﬂ ﬁ%"or‘fz, BEaRS werR A g aé%g@fﬁepbfomw (56°C),
sox17 (55709 a8 fSRPABENOUFit OideRls QRoRfioh). ACIREBI ¥aple without reverse

erforned according to e nent manufacturer's -

transcripage; {-R(1Q (' 257anPIHEgdavithy Q%}’ﬂiﬁ%gﬁweﬁin thheavss adimeg agylt pancreas

RNA wab §idiGstSosNParabve cycle threshold (CT) nethods
recommended by the supplier. Fold change was

[00058] cal c #b@mpleds: ImumnofjuaresoiycE staining from Q PCR
[00059] 22l ¥BGA NP Br&Ra 6 iH%bPQoJeJP%i RPA da8Ged 6%%&%&@%@
values < 0. ered

St udent's t-test. _ were consi
described (Yatiahi BaWt ef @0 F5nprepde preowrsousaamtlidi eicntatRd igharell types from

murine eﬁiﬂﬁg&ﬁ? GlegPLLifle ?JE’H o &@e‘i & é’iﬁé}‘?i&& NREALES tﬁﬂé‘id‘,gfé tes 52, 2016-
untn transcripts using heban sequences ?see &
2024 (2002)). Theifobdowingprémssy aatibedies wera wsed atlitfef letahdihgions:sPDX1 rabbit

. and s t. .l ane.i.ntr.oni ¢ sequenge. P
anti-moud boriBrLASR g iy o PR P AR O e Se0 A SYBRINATCC Nov
}B124);aagnﬁbargeﬁﬁcme n@ﬁmgis%hppsom(sﬁg@a);fseiﬁiamﬁn: rﬁbﬁde?h%rzogg)nal 1:2000
nat yr at| on at r n, then es ,
(Novonof iy iR anouts mepoalonal 28 P HEMrBHREF ] Graeptge Fat Aragoelonal
:3000 (BE6C 80rh ) aBfdchghrylddbalhiiti-Bhim4r 90 (RE&DRIGCTR Batdhfiaabesd 1:100
130 O(ﬁét 530C gxcept 9%‘]or de| l (5600 , s(gdﬁg 550) .gg%df oxaz2 .
(Santa GryghSoxii7tgeauybuman GA9RFPL AOXAZ sehhit witi-gkAPQ0 (Gift of R.
: . _ < it o il '
Cosc. BN, sh BB AFRSE LALERE b MBS TR Ao S
Alexa FIRDAS Gt 4 :408¢ Gast antpos iAllexacF loond 8% 11:2q000 058 artixeatrpiteAB:xa Fluor
647, 1:4(#68”%'5‘0%;' L ERGEREE 13:%6’(563 !I?pogﬂ(e¥ 99@%%& Alexa Fluor 568, 1:2000; Donkey
no uorescence stai ni ng O coversl 1 ps was catrie
anti-mousd tAlesa Pluev #881,51: 30008 serd blstaing&ditvan MdBedargirobds. (Eugene, OR).

Pancreati c, precyrsor nd differentiated i L. cel
1000601 {yoC EFmAIeRh, | ESEidaEm DubpBRT BitPiattng, BERC! Fith BMP4 on
MEFs nodel to study islet differentiation. Diabetes 52,

2016-,._.2024 (20 T foll.ow ng .pri ant j bodj .
(000611 10y o THedT o585 AR BEP e A i HORONS. e B Btne TEST: with BMP4
on MEF$} @b ishéWd s»eml&ﬁriﬂ :rmiﬁ; ﬂ.OBJ/Qtr:fa‘bw 4 prief stlhidy ¥Mdvadd that 'Iirwmbhtrbf hESCs on

. mmuse nonocl qna ATCC No: HB124) - gl ucago .

Matrigelfia Sath HEHBZ g drPd f%%éay@égﬁ)@!ﬁ\r& ﬂrﬁ%sqf)d%? fellfig differentiate into
human cABAGGE @B8ahdokiopBRO(hCG)-expressing trophoblast cells (Xu, R.H. et al. BMP4
initiates human embryonic stem cell differentiation to trophoblast. Nature Biotechnology. 20,
1261-1264 (2002)).

[00062] These results were also reproduced as shown in FIG. 2, where after 7 days
treatment with BMP4 100ng/ml alone on Matrigel, the cell types produced abundantly expressed
hCG and secreted hCG protein (FIG. 2a and b). Specifically, undifferentiated hESCs grown on
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(Novonordi sk); Ki-67 nmouse nonocl onal 1:25 (BD
Phar mi ngen); C-peptide rat nonocl onal 1:3000 (BCBC
wa2®IN304Br achyury goat anti-human 1:20 (R&D); BEIVUSHHOH010662

anti nouse 1:100 (Santa Cruz); Soxl7 goat anti-hunman

1:40 (R&D); FOXA2 rabbit anti-rat 1:4000 (Gft of R

Costa). Secondary anti bodi es (Goat anti-nouse |1gG

Al exa Fluor 488, 1:2000; CGoat anti-rabbit Al exa Fl uor

568, 1:4000; CGoat anti-rat Al exa Fluor 488, 1:2000;
Matrigel (&) veeme divideshinto 7 grcmpa afd troate@ avith: (1 memt‘;BMM (B10); (2)

songm B3 Y5535 Yoo e BN A Thng BN i BB e anon
(5) 50ng/tRBIGY-108ng/ s wa}m@ﬁom);o(ﬂp m%r@émﬂBMPféﬁ@B@tsg/ﬁWE GB100F); (7)

. ..1 00060 Mes ' '
coneoFL AR PcBER B} PSS DAY A T

above, h@©G sb&&ﬁ‘ﬁn ghd geateasxprabion metagrdaﬂyﬁmc&EMdﬁxyBﬂoe aroupy(FIG. 2a-b). By

day 7, avmgcgpg sgc]:fp%:xgdf vk &2{55@ Hﬂ'@:&? over l - nq)gkﬁgég expression

exhlbltedQﬁl DL foBinCEdike ¥idrithd shtig /gf’dug)%ﬁﬁsﬂi&ﬂ aﬂal?ﬁym BHEIZ&%e made
arly 100%.of the cells to differentiate Into human

with valugh GO BeEe tQ §F daY FoRFRLIPT threrameiprR) shavyer SoRpFFAtgeof BMP4
(mng/mlC%Ag?m()XH faldHAd td sddhe d&VEAof HEGLALRIIOAWIRG:. LY QMef hand,

m cel | dlfferentlatlontotrophoblast Nat ur e

bFGF ObBPBﬂé‘éh’be}ti)W hGGindurtion piget (fRNGH Fory FOOBH timavsage hCG
secretlonra? ﬁkly 790 BEOSrAPRad QWGMH?@/%I%%%H BYOF| g‘ﬂmfﬂ @as 31 YWORGLE(FIG. 22).

ter 7 days treatnment wth BM al one on
At same tmer T gépresweweé greatly prdicgd wﬁyﬁ?ﬂ%@ crm@fq%h% iBastige-

depender% T ?p%ﬁ@c dpfﬁ?@la{o%t aﬁecf E[I 42@11:3'@1 oR) group W w1th 3 1000-fold

al erentl at ed grown onMa
increase :(m@s Qe aleory QOfoehﬂ ineneesey ngULﬂJsifamZ eXpressiensWerh alsp 1r)creased in

M T TN YN e —

decrease?ﬁ(ﬂ@é)&sﬁﬁBWa&Bml& Qﬂd{iy m‘a;m:(za) {( BSOF) (6)
n I p .
[00063] with g?ﬁ} g 88@%%51 ]%;qrélg a% al)xEﬁé§ %v{c%%@ g9111 h@%ﬁ for 4 days in

the preseAtlofeithay MEPSor bRGE al()f)dg@blmmls thﬁ@nﬁﬁﬁﬁﬁtphomg&mﬂygtﬁeﬁd the

cells, witgéx%%;gt%%g q&?amt 1%\%? | %@%@%&3&%‘9 ’2‘?%'%6 %51 s%ecoming
heterogeﬂié?glukyaﬂéi clearl¢ehhntife PR HBIpABIbgh CE QN b BNV PASatment results in

exhibited a 13000-fold increase over the. control

some celfsdifereatipting toRrarhupyt cRlFraIgh dedniranmalid Wit sty fower

FoxA2+ 68538 tBélsde £d1T STustdAPFICOBE LD Al gfohé'cﬂ@s foRl® afifaQ}e of 10 such
Lower concentration of BWMP4 ng/m, 50ng/m) In fact

clusters pesdS e coyprslinéy PP birepfedon a%twltﬁﬁeaéf%étwereﬁet@%d in untreated
hESCs. Bthfgrrhapdis QE%OMT@uthyealsmmaémyt(hﬁ;hﬁék& s Fox A2+

effect” of BMP4. For exanple, the avéerage secreton
cells are got Qg4+ (FHG.B nyead pe%asallzﬁgﬁgmwwsmre gachtgipedyit Sox17 (FIG.
3£h). group was 51 MUnm (FIG 2a). At sanme tinme, T

expression was greatly induced in BMP4/bFG--treated
[00064] hESCFIGN2 ahewshthde regrdast tmnhsetrez(tg‘d @1&2&1}41’4‘9&@16 cells treated with

o o GHEFE RSB0 N gly TS FL TSR 1 s o
produce B0 prateam dhvsall celiprassssahsignficently geatenemeasedfibnachyury and
sox17 transcripts while expressing significantly lower levels of Oct4 transcripts compared to
control cells at the same time point ( FIG. 2 c-¢).

[00065] In cultures not treated with BMP4, cells were OCT4+ but did not express
Brachyury (FIG. 30-q). These OCT4 staining data are in concert with recent reports showing that

decreased OCT4 expression induces loss of pluripotency and dedifferentiation to trophectoderm
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BMP4/ bFG--treated hESCs (FIG 2e-f). Oct4 expression,
on the other hand, was significantly decreased,
wespeas®|rdy in only BMP4-treated groups at dayP@r/{§10@/010662
2d). [00063] Applicants also treated undifferentiated
hESCs with 50 ng/m BMP4 for 4 days in the presence of
ei ther MEFs or bFGF (100ng/m ) This treatnent
nor phol ogically altered the cells, with untreated
cells mai ntai ni ng a honogeneous appear ance, and
whereas, inaeased QET4 bvglé@emerrgfﬂammgem@nsmaﬁw md@dmlw and mesoderm

(Niwa, HC 020! hﬁa%'v oXpres {1841 g@pfcer ecq ﬁgmt st ?egexﬁ%%nt i&itrtieRhation or

esu[t I'n sone ac’nyur
self-renewal d)ﬁES wlfilsc Naa r@en!en 2dy AV G e Ao Trahssdrlpv tdvy:ISfcﬁ'\MChyury and

Foxa2 arg SNIHOLtK of the AT A8 Baberon plafivg i liad fugntitagive rT-

PCR (FIGM3 el Showp ah indBdd4 i baalheo-cundt Aes ,’traMt&ﬂﬁﬂﬁ'hBﬁ) Béltures on

wer e det. ed in treated hESCs. Bra ar.e
MEFs arSEgfeih L. (ASRIESS dnEr LR TR rare g ol perSady iR
brachyuﬂjafgﬁhé aﬁﬁresslﬁﬂi(@ﬂ@ 88) dndl aAoaghgts-£fXd dicrédst a fokal -eﬂl))ress’l&ﬁwnh

near (0'¢ ceIIs re co-stained with Sox17
BMPp4 triaﬁn@p 3Gh§t§ Tes%aq thesesiats Pqisidhat Raeayantiabifries f epfryonic
stages en@'&gé frohd BRgEd Mirdthb LOR&d biaBhinfiylah8 Tt ciiek cEsﬁM\g cells
i nternmedi ate doses of BVP4 (10ng/ i and 50ng/ m

(possiblyfigflecting-a Eansitipmyipteh asce EPTPREMIBE MEFHERmCELFH: &@B$ go through

another rh?ﬁtt%grtloﬁ%llﬂﬁn %’f@\%%§§€5 &d-8R b ORKA Y arflf SRS WATTR tilirS:
brachyury and soxl| "7 transcripts while expressing

brachyurgjegpiesiemnt [y | ower |evels of Oct4 transcripts
[00066] Corrp ﬁl SCO§%leCﬁ#I§oﬁl egas%tﬁ? Pbﬂ@ntg %P&Hﬁy pancreatic

FIG ures not treated wt
cell llnewfferﬂltiaslondretn(!@sl@s buvitrgi agre identifigsk ess Brachyury

(FI
00067) { 71 P ToMsfil acHiEie Salite B R arBh 808 ot el AF Blomote
developraoyiod psnaeaticnutlis éoni bESCsfn pltnay amim}evalmdted the requlrement for
dedi jation,to.t eas i nc se
MEFs e EMPA R hfndd IRV PSRIEIE Bovn O RS ES™
transcnp&ﬂdéideibﬁdaadedirm@rdﬁt(lé\kms ekb.mﬁtedﬂiﬁph@lglbﬁakhj‘zwy,g‘oxaz pdxl
S|on of 3/4 defines dif tiati .
and gh SEEC S Shefeas My wrrecarny e in Shrdled Getisgrown in MEFs. In
addition, (BEEFEH deriddd fﬁ)gﬁc@ﬁ%b%@ﬁﬂiEFEﬁr&ﬂﬁI@ﬁigfélmh\e&‘ﬁ| hophologically different
rac ry an e s or e of the staining
(FIG. 4dgyy éﬂ s glarmen ﬁ?ﬁb’aﬁ f@ft)wea*ﬁama’@qnmeaf?%act and
more opaguReh Ehﬁdeﬁﬁedaﬁ‘&ntﬂl\@h%a%al delliS lefReeir the Prasehyd 6HMEFs. Thus,

and Foxa2 transcripts when cultures on MEFsS are
MEFs play g {reporgnt folgiprancapsic lingaes spesifirgtion impps Bseterglel y

[00068] 1 7 0 fd Lhniigh %ﬁ@e%%rahen *éf BPGFllfax bOENRcEXPF Rp1HEM td Fdvea MEF-like

and a rougﬁﬁg I ncrease i nfoxaz2 expression
effect onvm@ BrEfhaf hES Adw (g;fF@ gral., Drsiyetipre pf hraae eghtypnic stem cells

in definel'd %qhﬁﬁ)Pg I')\a&t §§e%ﬂ”§ﬁ§hai855?§7 ur@{/ i an%ggﬂeﬁl Y $9%2 4L, Basic

emerge fromh rst, brac rachyury
FGF Suppett atdiumaoEmbpyadés Steg Eell ISslf(Ep@gswabISjem &lelle €200%Y), applicants

exammef}mﬁ{e} Ib Fscoﬁicf%e})ﬁarc% E‘lg %ﬁ]@ﬁr‘e E)g?tggg‘le 'ﬁ)o(ge%ﬁﬂ?% this, 50
hen S go oug ano er rapi ransition w

ng/ml BMPHeamd d@9 a1gtol BHGE xyere sddddar AESAIsdreon o, MainigeE | fos # ldgys cells
were thcg rh%rvl?eg 4l Yor ox g Dk %%Sregsmn analysis. Compared to untreated hESCs, brachyury gene
expression was ~1000 fold greater in BMP4- and bFGF-treated hESCs. EBs derived from
BMP4- and bFGF-treated cells showed similar morphologies and comparable levels of

brachyury, foxa2, pdxl, and glut2 gene expression to EBs from hESCs grown on MEFs and
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[ 00066] Exanple 5. Several additional essentia
conponents for early pancreatic cell |ineage
walpdof7as@mt i ation fromhESCs in vitro are i dentPET/882007/010662
[00067] To further define the culture conditions and
medi a additives that pronote devel opnent of pancreatic
cells fromhESCs in vitro, applicants evaluated the
requi renent for MEFs during the BMP4-treatnent period.
In BMP4-treated cells grown on Matrigel (tm,
treated with BMEAI(BIG Avemd 4so42)d suggestbng theot bEGY pzbﬁysmn@agﬁn@sentlal role in

o B0 AL VB 9,1

[00069] BNP4TbrcEwmnhe:whd=therghe\mddct1vwEﬁ'sct olf BMBd iotiingysenddeBsm formation

from hES%gsr\ﬁﬁs ?eé)gfl én}t %;“} ca{l?rﬁg?ciw 1%1&%%@))11% h%gedé\;rllggvt\%%g addition
of solubld/Bbgdifed (Hergultiasmbdiach was E:Bﬁ td beaiersaghe efeomloff 8MP4aegment. Gene

expressio%o ac%:)ﬁtagg? § at:;%*%b gg‘;ﬁC#R?’Fq% Paé ng Qﬁﬁgﬂo&&% after treatment of

hESCs foliUsays MiEfrSeifef¥0 ag/mmmmadl&nd ok BMP4 Fma G0eakiml noggin. The
li neage specificatiqn in this rotoco

simultangqug AAd BN P aER G GMBR éanab aptaRmalit hqeﬁq?%%g?fteeedcpmsswn of
brachyur}z 056}97 %’oﬁa)"éﬁkf hﬁ@gﬁtfrf ACBMVANL-frBRe IRBYE Rultirdd FfiSeffect of noggin

et ah, Derivation of human enbr

was doseqiepmdsot (A3 FOLBPIAB It GONbICGRE, HHES PN aahglhur? in
noggm—trl:géa 18ils %@@enqg@#étﬁgﬁ Ash&iNiP4 Megted c@fls %ﬁﬁge@ﬁﬁg fhak @ere exists

ort Human Enbryonic Stem Ce enewal
some musmi%@%élke 2tfed)in hE§§pmpélamr §1aé>9mdwﬁenwm¢ﬁethew
coul f tr
oo £ % C8BhEEe gl el s e et
hESCs paduwdes endedS0n agmbwmmaﬂitahmw celiiffexsntiatignys; cells
[00071] V\Cﬁ :rg aﬂraggd]?ll? fHe cﬁ?tng?i rcglg rol’(zlgggﬁt g&g&ﬁ:&ﬁa‘s %Becﬁﬁ@z{t%ﬁ' ifi chicken embryos,

o untrea yury  gene expression
applicanta@smned @0d:térodide gzrnemee BMP¢ BhéhenawduliR@bmiotedifieentiation of

mesenal580 SR S8 R Vel S bl

untreatedolli]a@(flsg Wi WESO Xﬂeﬁteﬂdvid{ 50 ng/mal BMPUXoge deye )équhsantsi révdous

experi e o e B GRSt DB o
interacti@@th¥y o&ms ﬁ’ﬁﬂir@é dlhﬁ:hﬁohﬁ a@lﬁﬁ@@%’éﬁr@&ﬁﬁbr@bﬁlatgbﬁﬂ 1aRE, Pbsitively
pancreatic : neage .c di fferentl at

influencdyGeUP PIE W AEIEH DA R AL TR Ui tvo-

dimensioHRB SSHENEEHs XYz Rt E@dlb(fehﬁrﬁna%sg&eﬁ\@é 1iAkep8 ANEREn@ition from human
canoni cal BMP signalin I'i cants test ed whet her the

~ embryonigi¥em; cGHs, &'logwgmﬂew% iy ?@6(’1'937 4950 e medi um was
[00072] abI e TrndcRYeislyddithoNdists dpéctiYP ﬁdi‘f 8% {Yn. m%&%ated hESCs.

ression was exam ned at EBl14 RT-PCR (FI G  4a)
After theg s PR & EBpfordhdaysndrdt brigan Efselsperabm the control group.
Comparédi%%h%ﬁt?ea@écf Q%[l QPEBQZI r@l\/ﬁ"ﬂea@n@ﬁ‘ﬁndﬁed%%ﬁ%@ﬁpgg lation of
si nul t'aneous addi t1on oggi n an

genes ln@u@mgi @xd Z;ﬁhbffédbfm@é’ p? éeld), yan(7deld) g dﬁ% f@lﬂb eedfvery (8 fold)

and glut%{\hgbf ?@2 EIXEI :{r?ﬁt?dgusctlgq)ﬁg lﬁ??g%{/éégs ill s%—uﬁ%anmshen cells were

analyzedchs $8 Ue(ﬂérfd]eib.,tthé duigaitudt oSinowerge whs mush fess diehet tHeafSC stage (170
fold, treatt cﬁgégés % uln?r\éa?tleﬁ h.%SEJgi< ﬁ%ﬂpl%cna%ts%ﬁ;; %um%&{ @%gxéveefllté eﬁi\/ﬁ% effect in

were even ower non t re
numerous (g@esthand 5) hatepéieneexperisients and with'two different hESC lines (H1 and

HO).

[00073] In this regard, FIGs. 5 (a-c) show expression levels of endoderm and pancreas
associated genes in hESC-derived EB14s. FIG. 5 (b-c) show that BMP4/bFGF treatment induces
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some mnimal BMP4-1ike effect in hESC nedia or
el aborated from hESCs t hensel ves. [00070] Exanpl e 6.
wepdwrgsidte body (EB) suspension culture of BMPAPCT/E5108T010662
hESCs pronot es endoderm and pancreatic |ineage cell
differentiation. [00071] Based on the defined rol e of
BMP4 in pancreas specification in chicken enbryos,
applicants aimed to deterni ne whether BMP4 treat ment
woul d pronote differentiation of nesendoderm and
significarg ampression of eaddderrandpaEgess-aEBsiatedr genthior I SE-defived BB after 14

days of g&cé’?tm (%g\/g%h o ! fjﬁzh e(qusl 2@% 'the ra%l&ﬁsg%f tlﬁ@r?%r%? bﬂ}i’rhu%%g the EB

ays. i'can revi
stage (+Fakqlaoi mdhstlcsi‘lmv’aedcltyh@t (D tfafnﬂd&@ftt l(a@tdrmnetlfmd agdh oanhddher, greatly
enhanced 34 and Bt Lol BB A RSER P RS Bl srom 219-t1d
greater ﬂgﬁmﬁuifae;aﬁtsatechBSCs weithyouit IBFUIF&ﬂﬁ'ﬁfg tﬁe‘m &m fold greater than

S A S N TR T

from 26-RidlvHamaifeathtated HESQ@(\GME&RW@F @Iﬁr@'khfe mmga)w 312-fold greater
oning and Stem Cel | s,

than undiggrapie Q e ”&v?r?ﬁ {’1685 ASng e 08 98- aYetry ivesiggdsifa Ct value of
pdx] frol ‘QP:@R Qé‘s‘ﬂ%@ l@asPIK | cofpRESIS IoMe iplix 1 Bt Fredi 1P EIFEhuman islet

After the cells were grown as EBs for 14 days, pdx| .
preparatiogapproFaRately HPPPEFS)in the control group. Conpared to

[00074] the eihed&e, 9‘&@&13 (ﬂt-o)%ﬁ}!a&p inBMRtbstdifa 'ES?@BME‘ %ﬁ&QbFGF was

ignificant up-regulation genes I ncfuding: 'soxl
added dupmg ﬂﬁQJEE)Stase@nﬂ nagre thayl 3% O(f aelly Fre strinedouith PP ffdile @tainings are

very strogé g%ﬂﬂl%lé{ar(a% c% 19)11' Q{)f@: M@d ﬁnjau% Qxll d)PD)e‘i+ F@can n%ceoﬁstamed

uctl on was S S1 gni
with the 8@KX|1g anebedjaﬂ%{@ ) éd),a/tet &R PP adlid)are cdretaimed rwithuihe NKX6.1

vy G S8 RUBRRES S DRSS 25kl oo

existencer efjprolifecathigyPDNderceld t he BVP4 effect in nunerous

[00075) ((j:“?; tha” %3%% ‘ ”degﬁgg‘r?ﬂt AL e% Ie%?%lgé%@%ﬁ#ds%%g@apable of

dxfferentllaﬁggirdo nﬁtdﬁ'ﬁ:allﬁ-a(:ﬁvﬂ)arﬁ:i‘@ﬂcw@geeﬁiﬁr o¢lls, exatssigf PDX1 and Ki67

10,5 F RS R B S R, B e et

Ki67+, smggébﬁ@gﬂialﬂieﬁé EARtwE% RERSAY ProlEra6iRg O BehdBi Ao a 51gt11ﬁcant
creas-assqciated genes i n hESC-derived EBs after

14
proportio g el gt {RELAlsreyexpremsed Nkasbrl (FIGaP &), byt e majority did
not expres'égi Gisbhﬁ '&t s $t6ENAIGL SRESH I@Klﬁﬂsﬂlﬁ%o@alﬁﬁé%g&i" foappesk at EB 14

reduction in brach transcri on one

(FIG. Stn@ln Jiosshly hF o dugns e E% plage ﬁgpe@mq@rm%wE H@satmp fyera brachyury
expressifdMIE TSt fp&:@m@ﬂ&- Sf)pangl)efag’ iAcade' RRffRhEVEl S

i'ncreased 19-fol d greater than undifferentiated _
[00076] hEscdbewberuetes camstellationyimarkes spagests) the eelFngpres¢nt a pancreatic

progenitcﬂrr 9&%%5@%1%8% thé gf%&&'éﬁ@é Fé%c?%%t%?l e ﬁ%ﬁ&ﬁ%}t%’(zl Vs glléﬁé é}@%.nds during

mld-gestﬂlmrl_’@ tb o drapmd tbmtimefOé teseicandaty ina8G6 of wihieh oerst bét@eells form.

L
Ki67+. Thesegptiuctudes fvingd davieg dyeEld etaga nGty play ae iroponpast kolk iwthe induction

of PDXlglg:> gﬁs t}%%%h{} t{')@lﬁxﬁ-l- aﬁd %%[I-‘%%ilg v}ere no egrg z)l(tl these stages of hESC

expressi on uman 1sle
differentiation without BMP4 treatment (data not shown).

[00077] Serum is known to have an inhibitory effect on the differentiation of definitive
endoderm from ESCs (D'Amour, K.A., ef al. (2005)) and pancreatic lineage cell development

(Gao, R., et al., Characterization of endocrine progenitor cells and critical factors for their
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preparations (approxi mately 50% pure). [00074]
Furthernore, FIGs. 5 (d-0) show i nmunostai ni ng of
wEBb4s304her e bFGF was added during the EB st apeT/aszh07/010662
nore than 50% of cells are stained with PDXl. The
stainings are very strong and nuclear and cells are
often formed in clusters. PDX1+ cells are not
co-stained with the SOX17 anti body (FIG 5d-f), yet
some PDX1+ cells are co-stained with the NKX6.1
differentiation hdd;tnéIFh@llt Bancrgatic Selreulyfiret RénteiX 52, 2007-280Hr €08B¥o Cultures

in which ﬁrl‘Bgl arg é % msﬂ Ssz%&rug'l gt%‘l‘aﬁ'n “%%B{)J}E ]sﬁ.)ﬂ/] %tﬁg&%}] ges uctlon 1rr]1 dxl

expressmtnf aBtl as eﬂd @cpaéssmmcd\oeladredddbdmm dndSGEacwetie lmaq:mbﬂsm(mited genes

(Xu et al di F,Ié%grlryﬁe ?z%l g’%eérlx %E}ZS’@BBL O%ﬂ&%{g ﬂﬁg&rg%ﬁ Pe%v%ﬁs%%/(iarg maintained

and/or m&jeaie)i in Medvy thPR% ol-supsibmsnted seruae e itdidie BMP4-treat ed

1000731 7o Beairte 2o1 4tiondt 51 v U gots ik iR PARSELINE PP TIDE co-

staining.2ddi tion, a significant proporti on of ceI I's expressi ng
DXl al so co-expressed Nkx . %? ut the

P
[00079] 1) odPtdptermins,dtBNME frtesated; Wﬁ hiwsﬁhft iy yStPé’Q’é‘)IPF:Iﬁé.ly

d1fferent§{9d0ﬁom‘f’d??é|-édrﬁﬁﬂ ﬂg'}aaﬁ&eﬁﬁ@is{ét '&911@ &Pficane ARREaU day HER onto
bFGF urlngthe EB st age

gelatm—cgzﬁpé awsmlu)sgn@mfr&eﬂ SFYEmnesha forcm @dﬁmym‘y 21 and 28 days.
Trmscnﬁf&%ﬁ??r%ﬁ'i‘& JV%F hﬁs f J;ng]t @{é‘f‘ﬁu&fd < o S g" I]@; %ﬁ‘ gﬁd Q-PCR.

ed cel The a ove- not
After plagifig (aB k&t ki, éiRglg%égﬂ and FB1deL2B) endpricomennd mnp@nw@aﬂa@d gene

transcnp&gﬁ%?fe&é{lé)foxﬁb Iaﬁﬁcer %1‘%1.4 %uhg g#IDM clr}df g{l %g@&dhlghlﬁ/ enriched in the

BMP4- trmtdd gd@t ca;tmmmecbtq mnrdamdmella.rm ﬂhte demmstoﬁtedl He increasing
transcnpffé%?lﬁ rtyx br&n’u AR ou %@) K%?esatse Psérathg ?H Jugger'%rl]B14+l4, EB14+21
and EB14u28 rdspételvslyr, gomphresd to andeatedEBG 4), p&'xﬂvéﬂ@ 45 S anKb 4V fald increase)

and glutZa{,}lle}sﬁ% % Z%%' lil?l Slgérgr %%%tla 1%}( tzg.%lznga‘g%ﬁ?rgc%gg??ﬁggsqr%ts were
undetectdf@ i anteatDXB14 calldd FoxA2+ cel s were not seen at
t hes stages of . hE Cdlfferentlatlon out BMP4
[00080] ¢ oot AERRLE df‘?lﬂgg TR P O] @ﬁ%fﬁf?%omﬁ/gm leyels
mcreasecha:\éﬁla@taalw Bvéy tIrﬁé }Q-@fdP@f‘d*ac@éh E@esdiof IRGRA hmtrmm@.@%e from 50
initive endodermf

(undeteciabisy§) FRAmFsAisASar 1 19 R2258 2N Ioa ey BNGintied cals over the

post-EB Biffer&hla%ﬁn tQ@@E&%‘s@ rFo%%ichEoerth@&Qan‘gé MRS ARIPE68LE18E to 22, 21 and
ells and critical factors for theirdifferentiation in

20 cyclesh el eaperimenfaneetin Fycle Bivles #ere ansoxiplagglEtl §yeles. In contrast to the

mcreasm%% ZHZQ‘ILQ o(f%sqgt‘?ﬁc)rmo%' src?ﬁ)t @r&@:ﬂ»&a rgggi Hﬁ@hﬁg d:eﬁreased

% serum cont al ni ng nedi a’ show a duct o
over timg dmhngtbps@km stagesaadweds| nOaSIgIﬂfmaeﬂp dé&wmﬁ@ﬁ tlot lewel in EB14

der A ci.a

untreated ?eq]% 8 H%j?tgnt \QQH %g? é%x&e @ﬁﬁgg 36%% phc%bﬁasé grh rx}l?eé‘ Sﬁ was
expresseﬁﬂhxthetBMl?geurd:qnéd tdlsat EBAG(XunRiHL ai cﬂedl()a)ﬁm buit not in EBs generated

Lacreased | row h .factor- e ted s free .
from WEQQE G EEphetn et e BME L AHE EES itaiitlin &ipetpe media,
rCG mRRIXIdvieNSldchddséa BabHRHIx @Gasyi ng. [00079] To
[00081] g:g ° [@s:? T {:é;lc@tp i bR i etvations Inebrns anP B, 12
neuroectoderm marker sox/ was not detected in BMP4-treated cells, whereas it was induced in

differentiation cultures that had been initiated with untreated hESC colonies (FIG. 6). These data

suggest that: 1) serum-free conditions favor islet hormone cell differentiation over trophoblast

differentiation ( e.g., retained islet hormone gene expression over time vs. lost hCG gene
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di fferenti ated, hornone-containing pancreatic islet
cells, applicants plated 14 day EBs onto
w@edoatisaa7Loat ed coverslips in serumfree | TSFNECTES087/010662

for an additional 14, 21 and 28 days. Transcri ptional

profiles over this tinme-course were determ ned by

RT-PCR (FIG 6) and Q PCR After plating (EBl14+14,

EB14+21 and EB14+28), endoder m and pancreas-associ at ed

gene transcripts, including/bxa2, pdxl, ngn3, insulin,
expressiogl ayentme vader @ﬁrumzﬁremmitimghlz) newal dirff_mjeﬂtiatiph as likely inhibited by
BMP4 treCBiiNh%E:ént rmnS%mc al pr Gzcuﬁsé%r?%%r?lgog %el(i%cltlecf Eggﬁ\)ﬁ% P ent S)P%R m-free

g nscrlp

condltlonsfpfr@z)é&QO(:%ex;ﬁ‘es‘slr@tﬁthﬁelfeﬁhaied neliefhea s(memnghmd/or expanding, and

I me- cour e ER14+ 4+21 and EB14+28 respecti yel
4) TAT-GXRIBRREAe TS St PLUFEFoRRHS Tot RO MR P fipsd serum-free
condltmn‘s0| d i ncrease) and glut2 (47, 97 and 224 fold

increase). Inmportantly, insulin and gl ucagon

[00082] ¢ | 5nSOPFipieat WEhEenn S’él?réﬁsﬂ%b‘feéulf‘%‘ gsipining-deta shqwy that BMPA4-

treated chQQQ&%HntdlﬂecP d @8bters JF ABMOH LEIRAIRY platinlsUTESontiaBS A 1+ cells
d gl ucagon NA | evel s increased dranatically over

found in Fﬁﬁe‘m%& FRkcrq oRseRor genPd Vit i(RLIGRNaDe thaggeting that the
cells hadfb%gﬁﬁ RPmidandateetdbion) Chfls ERIdiniY fRattRe: ﬁ@tdl SanHQnsgﬁgm or PDX1,

and 25 cycles in BMP4-treated cells over

insulin a%@tP%d@ ppRearehithin e largeeluststy fEDXGT cgily cBa/gkﬂwdaﬁ tafter EB
plating, 53{1!]31178639 9E]§§ QAR Y BSce W"I'goh #lreabdh HLrained §3h thd? by 28 days

eriments, b-actin cycle tinmes were
after platgmaﬂ@x)if ha (@} %) EBS@pmaersed insulingreela end the mean # pEpesidyanslls per EB

mcreaseda %@ ‘f@&?ﬁat%gpgéén% DRt ANSRE lﬂlt/é* e?&ﬁ& ﬂ&i%%ﬂg&ﬁ%‘@& cells,

nuousl ecreased over tine ur .
which alwam@semdssmxm end siglocdlizzdwithin d’iD‘Xle*r eustefs; asrwel@s a significant

nceease Y A el R SR R Bl o 8L p et
Glucago® ¥fd &5i6&0sthiin %ﬁmlﬁé/%s tls8dbesveRin BVPU-fe&itéd EuftiredTHIG. B).

et al 002),) t not in EBs_generated from hESCs
Glucagoptzpd ?f%{ﬂatﬁ%}?‘)-“bjé &7l13 did A0k ep-siRt OB FReP e s P Dy geotod for adult

endocrinB kil Bfhek. TSR sThinoe8r Bk PDCEr ¥RRNAHBYRs Swéle abeatsiefled in
dramatically (FIG 6). [00081] Also in concert with

- control gigypsiellshser vati ons in enbryos and mESCs, the

[00083] NEUr g8GhifiesM P&QMWJM WBSCBRbréiEd ﬁﬁttﬁg' édtiched cultures for
BMP4-treated cel whereas it was 1 nduced in

endoder) ancpapereas comneigiedipels  hat had been initiated with
[00084] Y n;{ %%%Bpﬁéﬁ@d%k@a'tﬁé \&fén%mh/bFHﬁﬁé‘atQ&‘E&‘u&HQ &%%Eamed for

serumfree conditions favor .1 slet hornon
EpCAM @eqi PDé‘i m@n@musa:tqllmiu&we Are 5eop RolRmnme @ﬁltsfcer@mﬁpsamgcmth markers

FiG. 10f£)|' ?rrelg% get(e i h%g edlafilo ggr eS Qﬁr&ffﬂhﬁééf&%ﬂ%@ﬁﬁ- cells based on

ene over tl
EpCAM smpugasion mdal\'bbﬁalsprtm% )’J:o 25t thsuryabthd‘ai's,fmlls wififerentégied according to

t ..
e o ok b R 3 PO ARy o
labeling s»euhmmdppamrrawmhcbnm aptlmcbrﬁnd@bttéd edfitce E@OZPQ\/I-!— sorting of
dlfferentgx%iaw%ﬁ gp tglg}a}gedﬁs%slgiég S o ZI vl J?c%ézg are, br}.?r%agzecﬂ,la@ afe levels of
pdxl andEpC4M @IG. DOB). BUMROTk L, CMAm Stirih g £ HPC AMEEE be used to enrich or

pusiy GBS QUL O F900SEL. Const et L 1SS, o

non-seleEiM¥culture conditions. Sorting for EpCAM results in a population in which ~95% of

the cells are EpCAM+ (FIG. 7c). Applicants hypothesize that combining two or more sorts
(selecting for EpCAM and removing SSEA3 or 4+ cells) will further enrich the cultures for
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treated cultures contained |arge clusters of PDX1+
cells after plating. In contrast to PDX1+ cells found
WO p0oEB3047470st of the cells no | onger co-stai neRCTS1907/010662
Ki67 (FIG 7d-f), suggesting that the cells had begun
termnal differentiation. Cells co-staining for either
PDXI and insulin, or PDXl, insulin and C- peptide
appeared within the large clusters of PDX1+ cells. By
14 days after EB plating, 5 of 17 (29% EBs showed
endoderni hgaricidatic mgmmh'cdh; dndcfirrakattoosg rethbyewsdifferenhatedpyeratoma-
.28 days | ating, 10 of 16 (63% EBs contai ned
fonmng‘ieﬁglﬁ%ﬁi 1llelF"'éfgand the nean # of positive cells per EB
[00085] i ncr Hﬁgﬁﬁtnafgh alefraemotlhaftmpMenmantaSe atis &7 felitaeresrodscible

aisterentipe g bR el B T F e e ant Lt goU o PPN SEb: The

dlfferennﬁ!eus:bm Sre aaﬁonﬁélhg 86urde of parichéLiaetd digls S@BRhicAn bBEd 1 treat
suggests. a phenotypic pattern characteristic of

diabetic Hj"b‘ﬁ%tsf HRvayep ditile s kgoyeiahont selGrdredechiprevents lhewgting

pmcreaum&f@b&mmsﬁ hBfns NABNE, (degditRE herdih bfe@Svédal éamPonents of the
ons- and sonmatostatin+ cells did not co-stain

direct dlffeé?nt BProcses gt wpsultvingeliahls eed sepusbindyefinn ol ¥d magisive cells

and genefa%és celDePRSers €6l ?re%élﬁg e b inshiiDelpdpdt. The 'eﬁﬁl%tdlfferentlatlon
hor nones were no bsérved n contr ol group cel

process if cUS puBKaigP én serumplepvmigaive dt m@@éﬂh&tﬁ@e%@qd@m marked by

early braéﬂéﬂﬁ Q:F;%S%sgéﬁ e“g%fp ﬁg&ﬁfgﬁget R e@%ftﬁ@%&ﬁﬂi‘ﬁkﬁﬁﬁam 100

ng/ml bFEPand faFendasigto dnd ghtly pediferative pmqnmﬂldlmeaﬁfpcmﬂ agppecified in

I e [
EBs madg ?g%x}( g{égcgg!;[lﬁﬂg% Cf#the? e%rgﬁt?aﬁﬁa oc%grg)r;lftgl?_ﬁ%l?s %e o3 C{I@Jrlaé to serum-
free medprmtadadg arsuhpp’mautsmmhyseﬂcmwneF@FémibeﬂiﬂayniQe lad t:x@m-4 The in

vitro-gengialel RRCEARG SETTETTES TIEKL a5t PR, SRr S R06 o dhtsle These

inventivd @ndihs lﬁWé’fﬂféEﬁfd hrsfé@tdl&ﬁf tdfhe &ﬁictlaﬁ af b@hﬁézﬁﬂ: prediNpopulations
an anti - EpCAM anti body fol.| owe é | abel i ng with an

suitable fgpfienertic Bumposes Iy oML Bisdife af u@awéamomt stem cells as an in
vitro modd? SOt quk,?fneq# fferentiated hESC progeny,

transcript leve soxl 7andfoxa2 are increased, as
[00086] ar e [Theedodated periditiensdiEpdadarmialor pagisieati progengor populations

cous GRS WM, LI BRI B U LOSpEBl wi

human amdhmm@dmpmcymel Theseabgeniios @oalslatnbn@ mess also b@ftranSplanted by

themselvgsggnﬁl u?% sltégmggk{ delg]?l (}%‘9 Ip ﬁl bl ?Hsffer 10F1 fngEEP 15°E eéertpeeutlc

approachEﬂ@%\Mpe@t%ldCﬂmaﬁth& proepitorcarls mh)qnﬁh’ﬁ&satz én thiegtatient to the functional
conbi ni. t or nor.e s sel ecting far. E M_.and

cetts or (33 o K Shebt S5m o on BF PRSP S5t PP g SISt Tom such

endoderrnalldrlpaﬁa‘eitwlﬁﬁgadej’rmbﬂs pancr eatic progenitor cells and

si mul.f a nmove i fferentj.ated, . . . .
(000871 7 o 1hR AR SRttt SR RDliR e and pulisation pted herein is
hereby irRorpBRditYd héﬂ&ﬁn Bﬁelféz@ﬁc@fn itdentirstyent i on are abl e to

facilitate reproduci ble differentjation of
[00088] (¢ | it ifi .ugﬁ?rﬁtoroeM.cgwﬂtada?ta%%of%g? vepgfon dpseribrd in this

disclosuré@kd $ mattBeoiohfiRE 6pfitnBiaBen G thesePdkllal iRtRThiS)] 4@ AWeCE
of pancreatic beta cells, which can be used to treat
1mplemented without departing from the spirit of the invention, or the scope of the appended

claims.

21



di abetic patients. However, little is known about
cel lular and nol ecul ar events regul ati ng pancreatic

walpdof7as@mt i ation in humans. As such, descri bedPdiEUS1007/010662
are several conponents of the direct differentiation
process that results in reliable and robust induction
of PDXl -positive cells and generates cell clusters
co-expressing PDXI and insulin/C peptide. The entire
differentiation process is carried out in vitro in
serumfree nmedia. It was found that nesendoderm
mar ked by early brachyury expression, is induced when
hESCs are treated with 50 ng/m BMP4 and 100 ng/m
bFGF, and that endoderm gipdy@gs!ly proliferative
pancreatic |lineage cells are specified in EBs nmade

WE CLAfiMom t hese cultures. Further differentiation occurs

after cells are transferred to serunfree nedia
containing insulin, transferrin, selenium FG-7,

1.ni cotA math'od@f anﬂme:xgmkhmn ;31un";3bean't stewn dellstgprigiuae eells of the

ncreat, c Is expres d C pepti de,
pmcreatlgﬁlg%\%fi’ ei%lﬁ d(‘ff’mr? E’éllgstges?ﬂ%g i nventive findings
(am)v e ctilieridg fleGtean s¢1BuRlepS@Idifionst thet ipdectudifeatiafion in the

dressonfIELSEILE R CEL PoDULSLLane, SHLLARL € orHeh el oo of

abonem&hﬂf@g@ﬁétié‘pr@ﬁbn@n in vitro nodel of pancreas
develo 0 The i sol ated Fopulatlons of

[ 000
(DndodslHars b Cﬁ‘éﬁ ARG (@rggerioandiions fufataeshe gt of intact

embryouﬁﬁ&ﬁ@§€i]§é§%he1%ﬁﬂh@@85 478 Eu&&ﬁ{ﬂéh%ﬁl atlasaéfebfm&e&m bIX sac; and
I's can be co-transplanted with hupan adu]t ets

(car hepkrpeg thecelly frageths kitseef s@@r%asﬁ?raqonewgnﬁé%}'oméeHHlnal
dlfferenti%ﬁoh LRARPLAR kS thePantREHS Bh¥ke, W thout first going
rough the termnal differentiation step hi this
t herapeutic approach it is expected that the
2Pr oQ%etr%th&? H lI wﬂénfefneﬂa@ %it&:%%ohﬁ:t&ﬁ? 1rp§H':f> ?J)tm&lﬂde culturing
the functiona S or tissues of Interes
the EB cﬂ@mrwsremmdimmhe@nm goatainigguesiling tramﬁmnsqlgumeHGW
rii such endodernal or pancreatic progenitor
mconna:{}’éjlar J]%f?f)‘ r?f The di scl osure of every patent, patent
appllcatlon and publication cited herein is hereby

|[ 88 8 Al r at h g ﬁgﬂéglﬁ%‘[’fe Erﬁ HEN%S AI0) | gof ﬁ%rgggﬁ)??xgggnetlc jprotein ranges

fromaboh:h%ln@&ﬁhiblabbudmlg/rhbd in this disclosure are a
matter of routine optim zation for those skilled in
the art, and can be inplenented wi thout departing from
4t he SHHehéthed of Tmitnvehticdnthe®ont htorplesHefed pilofgn is BMP4.
appended cl ai ms. CLAIMS WE CLAIM 1. A nethod of
cul turing human pluripotent stemcells to produce
scel | st mbihed BEUTiRAS Wheteid 82 8ffectivRRANBND BABMIs iabbid5 0 ng/ml.
the steps of (a) culturing the stemcells under
conditions that induce differentiation in the
6di I ecficOfe@bd %?mﬁiloﬁ%@elr\l‘ﬁl%rs@érﬁ chilEo 6y @{a@ hf¥so cultured in the

i nclude the presence of an effective anoun
presence of an effective amount of a fibroblast growth factor to induce d]fferentlatlon in the

direction of mesendoderm.

7. The method of Claim 1 wherein the amount of fibroblast growth factor ranges
from about 10 ng/ml to about 200 ng/ml.

8. The method of Claim 7 wherein the fibroblast growth factor is bFGF.
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a bone norphogenetic protein; (b) culturing the cells

fromstep (a) under conditions favoring the formation
w@boorns@es enbryoi d bodi es (EBs), wherein the EByUS2087/010662

surrounded by a layer of visceral yolk sac; and (c)

culturing the cells fromthe EBs of step (b) under

conditions favoring termnal differentiation of the

cells to the pancreatic |lineage. 2. The nethod of

Caim1 wherein the culture conditions in step (c)

include culturing the EB cells in a serumfree nmedi um

oni cotnamund SEClitn Sk AR he siteaE Rbuile bOE gy 100 ngimt

wherei n the amount of bone norphogenetic protein
ang fr b .1 m to about 100ng/m . 4. The
1ot pade G EPEirm PR s Mes T g enet | &
(dr ot eelactigs B4l &F stdphee) el bositioély @xpiass thevdpathelial call adhesion
f ive amount aof BMP4 is about 50 nglnl. 6. The,
marker (536 SR S FoRIiNS ¥ rara ot Bncite e b rdbeion
tumorigeiciyal so cultured in the presence of an effective

anmount of a fibroblast gromh factor to induce
differentiation in the direction of nesendoderm 7.

1the mathodh&d of CRl 15 WEEiRIthe 5416ctBERY BErfOimdd By ﬁllaggegic activated

growt h factor ranges from about 10 ng/m to about
cell sortingy/ ni . 8. The nethod of Claim 7 wherein the fibrobl ast
growh factor is bFG-. 9. The nethod of Caim8 wherein
the effective anount of bFGF is about 100 ng/m . 10.
12he rhdehosthed oCCkiIm liwhereiniibe mesenstadsim gellhexpressPay4 and
Ehadnﬂn%q%~§electing the cells of step (c) that positively
X Pess the epithelial cell adhesion marker (EpCAM to
retain cells of the pancreatic |ineage that exhibit a

1%.8%?&%&%5&‘ 980 h&einYine %}3? iﬁaﬁgé‘géﬁ‘ﬁﬂvé’ Elin%d%fnq]cells with
erern e sel'ecting I's performned by maghetic
duct-likeathicma¢ssabntahing Foxb2-nPox12+ add @Dl hadlsof C ai m
Iwherein the nesendoderm cells express Oct4 and
Brachyury (T). 13. The nmethod of Claim1l wherein the
1£Bs iThelmiethod of Chiiii veheashoiie temiisillysdifietdntidiedtcells Kienultaneously
.Structure .conggﬁ)' g Foxa2+, Sox|l 7+ and PDX1+ cells.
express 1jgpiling ép‘ﬂ’é’(dﬁ&f} ‘ai m lwherein the terninally

differentiated cells sinultaneously express insulin,

C-peptide and PDXl . 15. A _method, of sequentially .
Lanri éhPasifod dseirndiaty Frsjeiing ¢ SHtwis e VRS forploiras pluripotent stem

cells for &1R™Bf endoderm and pancreatic lineages, the method comprising the steps of

(a) culturing the stem cells under conditions that induce differentiation in the
direction of mesendoderm, wherein the conditions include the presence of an effective amount of
a bone morphogenetic protein and fibroblast growth factor;

(b) culturing the cells from step (a) under conditions favoring the formation of intact
embryoid bodies (EBs), wherein the EBs are surrounded by a layer of visceral yolk sac; and

(c) culturing the cells from the EBs of step (b) under conditions favoring terminal

differentiation of the cells to the pancreatic lineage.

16. The method of Claim 15 wherein the culture conditions in step (c) include
culturing the EB cells in a serum-free medium containing insulin, transferrin, selenium, FGF7,

nicotinamide, and exendin-4.
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cells for cells of endoderm and pancreatic |ineages,
the nmethod conprising the steps of (a) culturing the
war@maw|rd s under conditions that induce PCT/US2007/010662
differentiation in the direction of nesendoderm
wherein the conditions include the presence of an
ef fective anount of a bone norphogenetic protein and
fibroblast gromh factor; (b) culturing the cells from
step (a) under conditions favoring the formation of
17 nt adihe andthgd P HChon IésfiuftEBgommisenihe stipeofEBs ar e

urr
S+ SRS BY < B B S RIBb Sl A A achcsion
moleculeqﬁpdiA;MID trsrefiaiu cellngf the pamaradtmdnfefage €t emllubﬂm refludtioe in
tumoriee % |s to the pancreatic |lineage. 16. The nethod of
NECHCHYm 15 wherein the culture conditions in step (c)
include culturing the EB cells in a serumfree nmedi um

ont @i ni ng, i nsulin, sfer sel eniu FGF7, . )
1 CotRaaes oL Fleia e n o Seleeina B PHORErS oY Heay activated
cell Somﬁ%rt her conprising the step of (d) selecting the cells
step (c) that positively express the epithelial
cell adhesion nolecule (EpCAM to retain cells of the
1PanC gt &hbd BERUEm! A h&XH i 4ffe%t1rv§ g.Hfbth@f 4 bone mmipho genetic

tunorigenicity. 18. The nethod Claim 17 wherein
protein ranges o gbqus 1;961@’16} We@ors}yl@ﬂa@@{étl aed aateif%&lwar@@mm of a fibroblast

growth fﬂ&ﬂﬂaﬂges #8m ablft f@ﬁg’ﬁﬂ 1Q@hbddt@oFinkampher ei n an

fectTve anmount of bone nor phogenetic protein
ranges from about 10 ng/m to about 100 ng/m and an

? Ffed jng %c@%‘lt}uﬁfng ﬁuH&Q%ﬂMp%géont %%%als;tggc%arn% ?E%gﬁopulation of

roma out 20 n to about
the pancrshtic liheagei wgldhﬁma npt aviepomerigenic eapabélitystheangthepegraprsing the
cell population of the pancreatic |ineage, which does
not have tunorigenic capability, the nmethod conpri sing
(zt)h e subpsngthe sté¢ra)celshider comitibmes thivemdoed differendiation in the
dlrectloncﬂ d tlg tha Igﬂrgg'&e ﬁ?{t{ﬁﬁr@en mfe:thg p{:%ﬁ%qeﬁef&ﬁseffectwe amount of

abonemdﬂlﬂ{dgéﬁeti&lprom’lﬁ,‘sence of an effective amunt of a bone

D ek P sk Dbl s o s Rogtion oftac
embryoxdl Bbaiet [ Wois£bil i s z(rEB&x)murY&f&ﬁﬂ@l ﬂay&eofﬁ%ceedl &olk sac;

urrounded hy a vi sceral yol k sac;

| a
Qul t SHHENE HEe ¢l orp s ﬁ&ﬁ%@f SE‘EEk(bdf‘mé?fe‘i?“(iB)‘mé ﬁﬂ@ﬂng terminal

' dlfferent%ﬁﬂ'otf kiNSelfsaY Bhd prhckRlifinedgedhdd erenti ation of the
s to the pancreatic |ineage; and (d) _selecting for
(@(pr sslerting & expesspipn ofipralt éur%%ﬁ%aﬂqeﬁmd&&twve fapoygmitment to a

pamculaP Qf‘f?@réxﬁf‘dﬂéd fife eP@ﬁ&ﬂeﬁHhé madkdr i@ EBRlANA! @d r&éu'ilﬁ?g&eell culture not
wherein the marker is EpCAM the resulting cel
forming tagptpmes WP injected in 1mmunocompromlsed mice.

steps of :

21.  Anisolated cell population of Claim 20, step (a), the mesendoderm cells
characterized by the expression of Oct4 and Brachyury (T).

22.  Anisolated cell population of Claim 20, step (b), the EBs include definitive
endoderm cells with duct-like structures containing Foxa2+, Sox17+ and PDX1+ cells.

23.  Anisolated cell population of Claim 20, step (c), the terminally differentiated cells
simultaneously express insulin, C-peptide and PDX1.
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formng teratomas when injected in i Mmunoconpromn sed

mce. 2 1. An isolated cell population of Caim 20,
wGer@p/18|y4 the nmesendoderm cel | s charact eri zedP@lUS1967/010662

expression of Cct4 and Brachyury (T). 22. An isol ated

cell population of Caim?20, step (b), the EBs include

definitive endodermcells wth duct-like structures

cont ai ni ng Foxa2+, Sox17+ and PDX1+ cells. 23. An

i sol ated cell population of Caim?20, step (c), the

termnally differentiated cells simultaneously express

nsul,i [ P . I-s0l.at
2 oput BB R CEClai gy Sp i PN Refliney aqt
expressingHpCAledndass ifognihp GhMoarad wieh ifijectet g imsnabosmsrontign mice.
injected in i munoconprom sed mce. 25. An isolated
cell popul ation derived from human pluripotent stem
25el | Anci@dmtreas:bn @opﬁlﬁfﬁnﬁl aériweddirdrh @naiihi pinesbtemt sten 0lls comprising
telminall)té B%%g&cﬁ& &(gj)gg rm?%\gégpb%v %Eﬁclg ltl}f*s(iﬂllrs r§m‘zultaneously express
one or méreRERASuUA, @%pﬁ@éqand PP&1.The isolated popul ation of
C aim 25 wherein at | east 50% of the cells express one
or nore of insulin, Cpeptide and PDXI. 27. An

26.50! ahehotRbd ¥@;ﬂ.ﬂbﬁ(§{ b2 fg 2k \@trdih QN ALY of the cells express one
pl uri potent stemcells conprising termnally

or more Qfl“ﬂ?”émeﬁtl?%‘éé agdPDXbf t he pancreatic |ineage,

wherein the ceIIs si mul t aneously express one or nore
of insulin, geptl de, PDXI and EpCAM and wherein the
2%Bel | Andeolatstl celmeptletion demvedyiem hupjaaqiledpotent stem cells comprising

it OSSR OOV L AU 0l
one or moye afonsilip Ci—m@deﬂ,’DE—l pepEpfAMPDX whedeiEpi@ ¢dlls do not form

teratomas when injected in immunocompromised mice.

28. The isolated population of Claim 27 wherein at least 70% of the cells express one
or more of insulin, C-peptide, PDX1 and EpCAM.
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