WO 2007/130474PCT/US2007/010662 METHOD OF DIFFERENTIATING STEM CELLS INTO
CELLS OF THE ENDODERM AND PANCREATIC LINEAGE 100011This application claims the

benefit of U.SOPz‘r]cﬁ)%l%l&%l Application No. 60/796,662 filed May 2, 2006. plig; 3t a8iRn is

incorporate&‘iﬁereln y reference in its entirety. STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT [0002] This disclosure was made with United States
government support awarded by the following agency: NIH DK042502. The United States has certain
rights in this disclosure. BACKGROUND OF THE INVENTION [0003]Type | diabetes is an

autoimmune disease of humans caused by destruction of pancreatic islet beta cells. At present the
disease is irreversible, aItW%W&%@%@T& %g}%e&é%?rﬁfﬁ%stration of exogenous
insulin. Type | diapetes SN Qi TEIRRNIIDDRERN AN PAINE R EES S IBAEEN populations and is
a major public health concern. [0004]It has previously been found that transplantation of a whole
pancreas or of isolated islet cells is an effective treatment for Type | diabetes to restore insulin

independence, when combined with immunosuppressive therapy. The success of existing therapies
with ispipigd islets framy hppraatkadavandoncsisiaqaros. imprintiple naplécetdridsed therapy for
human diabetes can he sugc c§,>ul owever, the lack of avallable organs grislet ¢ellg has restricted
this thesr%gggo%% 6?/erya¥e$é§@8 ‘ngt]lne?f\?gpﬁ %Bgrﬁoﬁ?\ct ﬁa?s%t cells whi?:}r? can be harvested from
humanreggidziyers is extremely limited. Therefore, a technology that is capable of producing significant
guantities of islet cells would be highly desirable -with regard to potential therapies for this disease.

[0005]Primate and human embryoni ' ifgalgehip culture.
Embry&ﬁéwmw Igﬁﬁgﬂ?gﬁﬁg ér?e%ﬁ%?\%%ﬁnggﬁ%@%%g)%h se f-i;'feénewal and
prolifergamzin culturhisutisehistralwesratadn withdbitsdiStaterreN R Sy SHRATERINAFAP¥ENE of many
diffe re%}i’&%ﬂgﬁ#&@&ewmﬁﬁﬁp Reitions.i basbass prauiousitcrmasdisatesktbat a wide

S,

variety of stemells, including mouse and human ESCs, will differentiate spontaneously into cells of
many lineages including the pancreatic lineage. It has been previously shown that such differentiated
cells can express the pancreaticRIAGHERRIAGNTR2 6BOXHE POYEL HeRE, a transcription factor specifying

the par‘tta’&iajtjc Iineagfyggq &%ﬂe@ﬁq&s an autoimmune disease of humans causa;l by destruction of

pancreatic islet beta cells, At present the disease is irreversible, although its symptoms are
controlled by the administration of exogenous insulin. Type I diabetes is one of the most
commmon autoimmune diseases in human populations and is a major public health concern.

[0004] It has previously been found that transplantation of a whole pancreas or of isolated
islet cells is an effective treatment for Type I diabetes to restore insulin independence, when '
combined with immunosuppressive therapy. The success of existing therapies with isolated islets
from human cadaver donors is a proof in principle that a cell-based therapy for human diabetes
can be successful. However, the lack of available organs or islet cells has restricted {his therapy
only to very selected patients. The amount of islet cells which can be harvested from human
cadavers is extremely limited. Therefore, a technology that is capable of producing significant
quantities of islet cells would be highly desirable with regard to potential therapies for this
disease. ‘

[0005] Primate and human embryonic stem cells (ESCs) have been isolated and
proliferated in culture. Embryonic stem cells are stem cells that can be maintained indefinitely
through selfirenewal and proliferation in culture, but which also retain the ability to differentiate
spontaneousty 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 BSCs,
will differentiate spozitaneously 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



WO 20071130474PCT/US2007/010662 express the insulin hormone. However, without selective
conditions, stem cells will spontaneously differentiate into a wide variety of different lineages and only
a small proportion of the cells will be differentiated towards any particular lineage. [0006]Culture
systems that Aot %Ebntaneous differentiation of hFSCs into insulin- &iHRGEEE%%e been
reported (Assady, S. et al., Insulin production by human embryonic stem cells. Diabetes 50,
1691-1697 (2001); and Segev, H. etal., Differentiation of human embryonic stem cells into
insulin-producing clusters. Stem Cells 22, 265-274 (2004)). However, these studies neither

investigated endoderrn marker expression nor demonstrated development of cells possessing
stereotgppitcischanaswdndiozohis c&fecsim vitdrabgsiestpre ssivhtiohs-gemtierdiamdlbancreatic duodenal

hor”e%%}it%:@dgéi})ﬁﬂ&i%ﬁiﬁé ] Wiﬁgmfﬁ%ﬁﬁ an-AB6k %@Gﬂlﬁa&%%mm&f omoter
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606-6(@&5@%&? BULRe G ERa R ARNATER Y RETHENAT J2688Fhay express insulin (Sipione, S. et al.,

InsulinjéRpedssing célslfrons differctitatdheriisryprmeastens diffsrant siorbef A E(ls iDmbetdingia 47,
499-508 (20040 and jasuln Wéﬂé&%ﬁ}&@é@dﬂ%ﬁﬁﬂ%&ﬁﬁ%ﬁ%y Ripie-hercalldupgs under

certain conditions in wtroéRa a%%pal J. et al., Insulin staining of ES cell progeny from insulin uptake.
Scienc%eg%?%’gt(’fé@s)l),%f]s] D 0RRS Srehdbdl i ANETSRRALSR S RYTRABERLN RS aining
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study. In addition, unselected stem celé?ﬁopulatlons are turnorigenic, meaning that they will generate
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differentiation of ¢ells defived from human embryonic stérn cells. Proc Nail Acad Sal USA 97,
11307-209B)(F0edrartpt Ambihe radeders apdraptictfiftErimabinsifusipina s e @em wo
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Methods have been djscussed jn the patent Iitera}ture for the
differert AR S £ BCAL o ar A OBV S A, T SRS A GP AR bt ilet
cells. Howsrey knevwhasdehitmiogyinfismmmoedtoutireninae idhe sanmwrp venemdiffer¢hbaedhniques
to cultuggsvaniusglifferentiated cell types are critical to the ultimate commercial use of these
differentiated cells. The previous techniques reported for cuIFLg%g human ESCs into cells of the

pancredfitiifeage, whitEh IS SRRy S B S ST EIEReAL frermardureatiy Scaled up to
reliably diffgrentigisie it yrptotiuce(fuigd divenbdrsofh B ffecttid cafhtypewfiofraseaoahtier for therapeutic

uses. Thitgersiniole o FRRIRANEIDIS aultvismathad Hillisingdstingd eppanonents thalnRmetes islet

differengﬁgion from human pIurljfotent stem cells is 3 desirable addition. tq the field. SUMMARY
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differentiation of human pluripotent stem cells to cells of the endodemi and pancreatic lineage. The
method involves culturing the stem cells with an effective amount of a bone morphogenetic protein to
induce differ%pg(?%ﬁiﬂ %er direction of mesendoderm. These mesendodesmrgells@re digther cultured
to form embryol oJies (EBs), which under defined conditions terminally differentiate to cells of to the
pancreatic lineage. By utilizing defined components that promote pancreatic islet differentiation from
human pluripotent stem cells, the methods of the disclosure provide a simple, reproducible culture
protocol enabling large-scale production of pancreatic cell types for research or therapeutic uses.

10010a]ln one aspect, there is provided a method o tyri n onic-s cells. to produce
cells oPfls PArRTBIHE IFRE8gE the ‘fﬁéf%ﬁ%ﬁ?ﬂpﬁgihg%égggé mé%rglﬁﬁéat%gtiﬁ%ﬁzslls under
conditigns ihsomeibe, differgritftion diffe diteciortopmesmid aiersawherdiif g e dBnamns include
the presence.of an.effectiv f NER @p@i enelic-REolein rangipe:fenyi Qe to
SOnQI%Of%ﬁl%L?ﬁunerYa%t%é%&@gfgoﬂr%%tgﬁﬁ a) uno?er cond%%ngs favorin 't%%}fo Latio%c}gf tint t
embryaigbedics{EBS YeiRartTs therms sﬁﬁ%ﬁﬂﬁ&ﬁ@%%%&ﬂ@cae%t BIREne” gﬁ%ﬁfc)
culturing ghecelsfhemihn &S abseptpeuncerldontitioasifaverngierMpkpdifstbatiatiens of the cells
to the pangreatic.ineage, [otatann anolhey ssRecl.UResoden aumaihad phsguentally
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enrichiﬁ%1 Cftaréderive uman embryonic stem Cells for cells of endoderm and papcreatic
lineagasctraiossiod sowptisrsemgEpls Sreapataihi e Shet Aelin P ESH 48 Hhat induce
differentjatipndpihgSigciancbmasenspsenin whsreibeconditiprs-idelidpotiepresghtsoof an
effective amount of a bone morphogenetic protein rangin /| 4o ibroblast
crowh RSP FOR DR SO BT o) G oL Za T e Sk B er
conditionsfeveringithe topmatioaddiireloblefmpsidisaurd xenssemm st 1o stifounded by -
a layer P§é€§9?§§'é§6%§ﬂci?@ﬂ%&ﬁﬁﬁ%{liﬁrmliaa@edﬁ dometae ERmOf siep (ahundenabtiditions
favoring terminal differentiation of the cells to the pan E%atic Iin%a}%%. 10&%&9@3 L%r%%gigﬁﬁct, there
is provi%%’ég’ér m@m&%ﬂﬁﬁﬁﬁlﬂﬁﬁﬁh‘ﬁ%ﬁ?ﬁ%ﬁ@%@ém%‘éﬂ@o prepare a ce popufation of the
pancreatimlineagenddiemd(esmoat Nave 4lnfosgdnitoagatsiilpiiie mroassts Spisg fadefsSteps of (a)
culturing the é%e%na&gggh%nﬂ% Gndiions faat glyse rf@ﬁgtr,%ntiation in the direction of mesendoderm,

iti e

wherein the conditions include the presence of an effective amount c}a&g&e or h%%eneftic protein
ranging[AMI L0 ng/mMBIRSREAYRIDB) LisftPRTg the CAE Mo SBITAPL erdéftgﬁeégl)%%nsnfgvoring the
formatiop@hintast € epoykid haties IrBeyenheitigibe BRspanersaticoomeiedisytis falpepelvisceral yolk
sac; (c) culturiglsgﬂ,tlg%e% II% %%moyg%g\ Sy E&f&pe(moggggﬁ%ggﬁm%ﬁgg@g terminialigiffergntiation

of the cg?sﬁ%vﬁ%é pancreatic lingage; and (d) selecting for expression of a cell surfage marker
indicativelbing venavitfEaTariatphreUimd s eRtiste ipIiRe gy ﬁéPé‘i’:‘i“t?’?&i?h&PﬁeOE i%“T":SECAM, the
resulting:eelGiltue aatfonming-ieraio manidienisjectatif imhuingdonmeroRiiSedmeicells f68811]In a
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SUMMARY
[00610] The present disclosure is broadly summarized as novel methods for direct in vitro

differentiation of human pluripotent stem cells to cells of the endoderm and pancreatic lineage.
The method jnvolves culturing the stem cells with an effective amount of a bone morphogenetic
protein to induce differentiation in the direction of mesendoderm. These mesendoderm cells are
further cultured to form embryoid bodies (EBs), which under defined conditions terminally
differentiate to celis of to the pancreatic lineage. By utilizing defined components that promote

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



[00013]The methods described herein also overcome one of the largest hurdles to potential use of
stem cell derived cells for transplant, the tumorigenic character of undifferentiated stem cells. These
methods may be used for deriving populations of pancreatic islet cells that do not form teratomas

whenpiranigplasitaninrsprodusipboealays preesh seahiianiaresataly esmssiertirmadetiieeetiom

hum%yg@q@gg@em gelisghatchane. committed to the mesendoderm and endoderm lineages are
discloSed. The cells of this lineage are characterizedlg%t ”eirl?bilit to %i{f%r ntig]gecfstg&ger into
panciéiitnisiet cells RAAMEFbEbATe AN T IAeFe PTBEF BRSO FHENE: APHEAL B8 O the terminally

differentiated calis-okthe pasgreatiadinsage arachataotedze SyetHeisability (@ sHidieously express
at least one or more of insulin, c-peptide, and,, markersy (0001 5] WnlessQthemwise defined, all
techni®aI4iH %%1 n“t'.ﬁéfte"%‘is“iﬁ’é% Qéﬁgﬁ%ga%gﬁgﬁggﬁne meaning as commonly understood by one of
ordinaryeshiill ihethengiticosvilribidarihe disersere elGARSRIHBOYH &L RBNRRAFBEERHY materials for

the pracfice o [estingof the.preaesd.disslogyraatiensieserad belowsrothermethodsiand materials
simildr or equivalent to those descriti%d he eg], W#{}&Iéa&%g}/ell know in £ %B%hn(a@@@s&o be used.
[0001B]OtHE BB ErrRio ALY Hh H{gé&s% & Present disciosure will become apparent from the
followiggspecifigationlk sxc; BRIEFCDESERIPTHONOR THESRYERALMEWSGHEIPHE DRAWINGS

[0001/]FIG. 1 is a fl art. iZl eralmethod Qf preparing pancreatic lineage cells
from g%“ﬁ%%é%‘%@ﬁ@%%%‘%sgﬁé%ﬂ Z[{gg(!)}grlrsltgﬁ;?fgg FIGs. Z%a-g,gghows time-icourse f the expression
of gerl@&1qb) secretburheiETpreinteTRls FEHdEHILRETS 8 fJﬁ‘ffﬂ@@(fﬁ?ﬁélgge?j Cﬁlglgﬁs (h) human
choriqpig,genasiatiaRim (BESE)odr) Beachyivyr(T kelit) oCthd(e)soxhd pdrefioxa®a{GO0R0]FIG. 3,

comprising FIGs. 3(a-t), shows th P4 initiat : ation, chasagterized by
et SN b BHAERYY O Ahd oI ety e i LS

differentiation in the direction of mesendoderm, wherein the conditions include the presence of an
effective amount of a bone morphogenetic protein ranging from 10 ng/ml to 100 ng/ml and
fibroblast growth factor ranging from 100 ng/ml to 200 ng/ml; (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 ceils from the EBs of step (b)
under conditions favoring terminal differentiation of the cells to the pancreatic lineage,
[0016c} In a further aspect, there is provided a method of culturing human embryonic
stem cells to prepare a cell population of the pancreatic lineage, which does not bave fumorigenic
capabiiity; 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 ranging from 10 ng/ml to
50ng/mi; (b) culturing the cells from step () under conditions favoring the formation of intact
embryoid bodies (EBs), wherein the EBs are surrounded by a layer of visceral yolk sac; (¢)
culturing the cells from the EBs of step (b) under conditions favoring terminal
differentiation of the cells to the pancreatic lineage; and (d) selecting for expression of a cell
 surface marker indicative of a commitment to a particular differentiated lineage, wherein the
marker is EpCAM, the resulting cell culture not forming teratomas when injected

immunocompromised mice.



WO 2007/130474PCT/US2007/010662 photomicrographs of BMP4-treated hESCs and FIGs. 3 (o-c
are photomicrographs of untreated hESCs: (a) Homogeneous colonies of hESC grown on MEE for 4
days. (b) hESCs grown on MEE and treated with 50 ng/m1131V1P4 for 4 days beccl)lme
hetertt@8htbus arld angpied cahodiarae %%ﬂﬁfg?%}b?féIﬁ’é‘??@%’ﬁ@’%?@%}tﬁgfffsﬂl—ﬁe@éﬁgd hESCs
display chusigve ahbiachyunyéRRAGH) pesitienreisirrdmifigrobintereiinbpsdnisiegs. (f-h)
FOXAZ cells ca-stain.with SOX17.(i- BRAC G I BMP4seated RESCs, many
ce||s§ifé%5%'l’§f’§‘|%%l r\}vlfﬁw%@?é{r%%iﬁo-stafnﬁggﬁ IiFIE\YC%X(E:A%E amlg%%bélT4 IS (g,b erged. é“ :q) Untreated
hESCelusmidivesHsitn@rdefise Hotifen s RREH HIES P HHOR Y BEIEH *51’6"*(355 13(15(3, £)
indic grﬂr;ges inRNAAQYels of teadisat g fEjcandfooxaiSelddsarited (misjn 10O esrhilior (c-q): 50
0
g

p.m. [00020]FIG. 4, comprising FIGs. 4 (a-q), shows the effects of BMBd and bFGF treatment of
hESCS BRI RRES a%gf?gggggz‘laggog,a %‘ég ggncé%)%pression and on EB morphology. FIGs. 4 (a)

RT-P@REGY (b) QIPERehafpsicuabiethelsinges ATERPrRSSIBA Of bR FFEEFhINEDR ¥, foxa2, pdxl) and
pancreas-assaciptedprcatl aghids naulin) senpt.at kil diasdibatisditheranireated, treated with 50
ng/mI'BMP4, or treated with both 50 ng/ml BMP4.and 300 ng/ml Noggi e IGLMRNA
levelsUPEHTERARHFESER ?51%% smré’ggg?é%%ayve&ug Qr%fr%{ frgﬁ/lngg%ﬁl Eélé%rgség%(%%r? éa%‘r"llgl\]/latrigellm
treate gkt BOme/ te I BMGh dloaeros trédaedaptiasitd BBNBAFEBMP4 and 100 ng/ml bFGF and

a”a'yﬁ?ﬂo%&ihe EB14 stags, fies: éoﬁgtaq)célﬁzﬁ&é?&&&%@émé% phase.sanirasiimages ofik4 day LB

suspehsion ultureé}_?rom untreated or treate Cs as follows: (d) EBs fro r IESCs grown
on MEF:(a3EReTRHBNPh IR REse Sioss E?a(%e&%‘s% ?‘8?2”&?&@2‘?5%%{5%@25@

grown;p Maisigetki(g)ERe FpmAESTs godifformiiktafutinn irdarawmipSis BRIBSERYBFGE.

Scale bar, 100pm. [00021]FIG. 5. comprisi 43:0), sharacterze RBsRr nirge cells. FIGs. 5
(a-c) aksyFaPhE i ?ﬁﬁ%é%%&&tbntTeV({e%lls@gf%f%éotd%éi?n %%ﬁ%%a{ncre s associatgj et i

VS . S in.
hESC dmriverarBham st bt s AR SRR AT S AR AR 2 ﬁ%}eogiglgl&vasoagﬁgén during
the LB@&@ggd@pg,WhQ{gﬁ&%_of cells are stained with PDX1. [00022]FIG. 6 depicts a time-course

of gene expression after plating intact EBs and ¢ ' AN ¥5, . 9LQWaR e
factor- @meﬁ{’élﬁséé’r%? : rlgg%%%lf m%ﬁg?%é{t%%%%%géé%s wereg%r%ngfrﬁrgla%d (-) or

BMP4-fieatedacphREEs o dhyMER! THeaskHrisait of feres i £ 84Ry neural (soil),
mesengigderm G)idiffarpnintathsts siaeidjetapbabias 4bricean ehorgnitiganesiatrophin, hCG),
definitive endoderm (foxa2, pdxl), liver (tyrosine aei | f vadith @& islet endocrine cell
types (HeH B SO BT RS Sha Ay e Caf
2007/13Q4ARUTEAIS 200710 266621 0oBx8 iy &e Arle G/pHEmMBeRIess: 7 (a-p), are photomicrographs

showing, §akP DX Iinsuling: fells 16 PIeseRLI0 Guiitpesdat Stageds wil maizs following BMP4
treatment of undifferentiafed cells, a 14 da(}/ EB formation period, and further differentiation of plated
EBs. FREREPHIOPS SNBSS TTSFNE media for 14 days show co-staining of PDX1 and
insulin. FIGs. 7 (d-f) depict most PDX1-positive cells no longer co-stain with KI67 at this stage. FIGs. 7

(g-i) show that lagger clpsiersrabRiN HinpHinseETtaNiNa LS anPeHINDIY EBIES 28. FIGS. 7 (-1)
show that no PDX1 or insulin staining is observed in cultures re\é' (I%J%ﬁnoé treate a}‘é‘@}gaﬁylpd“ Ms. 7
]BE'? a

(m-p) sHRLRat cell Fe6:stafmeHMRRHHSTFPEIRRE S ST AT FAIS pattern is
indicativeabpesmalbaianels. Babitbar, 50um. 1000241FIG. 8, comprising FIGs. 8 (a-h), are

photomi@ggggiphs shgwing gfglgol,; lgﬁ%gﬁ@}sp%iﬁg,esﬁé‘gﬁ’mﬂ@éﬂ&B@%@cﬁ@&ﬁ@f%ﬂ@ﬁ@?t at
EB14+28In Cultures previdusly treated with BMP4, FIGs. 8 ﬁg—d@ﬁ%mw H%%;%a)?OWEOSHNe cells are
not co-$raisrsteigdhCheistieie gﬁ’l’@P@%&,"&&Wﬁ%ﬁﬂg ARGl APl cells. FIGs. 8
(e-h) showtarlsemaesain IRStiyg adbenotiBoldlanet (@ith-e! fepdde) Bargome appear to
co-stain yiih §DX1 agzwoyld be expectat:on ROMal AU ASiRPal5: PRGNSR

differentiation characterized by expression of Brachyury, Foxa2 and Sox17. FIGs. 3 (a-n) are

ba



[00025]FIG. 9 is a diagram depicting how different concentrations of growth factors (BMP4 and bFGF)
lead to different lineages: (left) high bFGF and low BMP4 (or with Noggin to inhibit endogenous
sources of BMPsémaintain hESCs in an undifferentiated state; (center) high bFGF and medium BMP4
leads to diffePehtationitb endoderm and pancreatic lineage cells; and (rigﬂB‘FB%O%f?&ﬁ%nd high
BMP4 leads to trophoectoderm itrophoblast cells. 1000261FIG. 10, comprising FIGs. 10 (a-c), shows
that MACS-sorting for EpCA.M+ cells results in enrichment of cultures for EpCAM and endoderm and
pancreas-associated transcripts. (A) Differentiated hESCs co-express EpCAM (green) and PDX1
(red). Nearly all PDX1+ cells co-express EpCA.M; some EpCAM+ cells that do not co-express PDX1
are alspisdgeniqRjfEpls of 8BArakreiIR O R HRalydis-al diffeheivmict: BBrha v somewsells
Compa;gg}m;gtn(gp dif &fé&?yt%%/%ES by th Bﬁp#/b%’ig@%ﬁﬁ(ﬁﬁﬂ%l@é@%@ﬁ %ﬂICAI\g
expressign following differentiation of li s by the rotocol. s,were gnalyzed pre
e o M ARSI o S R o RO PRI RSB 35 o206
followingMAESesphitigg oiSERE A)v{(c 10 GOIPIFiEated i adaisdhp winkess|f whdtpplird Biosystems

TagMa ¥ pseaorauantialiveAdRRN-aHanbBive RCRIRNASIF OIS RXRISISIN.
[00028]FIG. 121S a table Ilstlng grlmer sequences used for quantitative and non- quaptitative PCR

analysi& Bk GERELExErE P52 6L BEIR SR BRI OTERES B A BB SESERIFTION OF
THE INW&ENEI®Mh (000201 THai IresestainuendORMXF e indalaidst tis noseet edethed Shoraiett in vitro
differe fﬁéﬁ#@@. AL HAIY alkﬁpcp&ﬂd@matm%@fﬁeﬁw ¢ pRACFaRSR [eaay. Bekmethods

involve culturing the stem cells in the presence of an effective amount of a bone morphogenetic
protein iRsliftia changrs EnRRA 19 TRl afrbasbnvey hleseddiuerinSarie barfredartot it iesi are further
cultureqdefosongmbryoid bodies (EBs) enriched for definitive endoderm committed cells, which under
defined _conditions terminally differentiate to cells of the pancreatic li . By utilizing defined media
comportehtéthat proﬁ}f‘I ed’pg?f&%hﬂgggf?ﬁiéz?é@ﬁg%%‘ﬁg%g g(f %tﬁﬁg‘?%%ﬁ%%a&sj{) é}r%%%eeaé‘%%?ple,
reprodusibBSdpproactiiieenaiid egessaisprothiction ek pmsiaaticdosi Bipewiohalegyafdhor
therape:yg'g wsesdRANQPN@peftorhin betiepiinderaigadithametheds displosathheseiry sadLsie

scientific literature surrounding them, it is noted thaf recent studies With}?h#% an .embr%onic stem cells

(hESCHF A WS FSERC B th P it Bt alltsH B BSRARR I EHIIE A S FHPST U3 5Rard
developreenrt ofifadtesiit BdRgeoeetis @tiviistive FeporttH R Activ0A tgtutiogh defhitve

endoderp JEail: HERGR (S8 RoMAlthelihad gl EOHIntMEYETANSIRAYG BRRAP Gells were not

induce lhg)éthis protocol. Furthgrmore, preliminary results testing Activin A (at Sng/ml, 50 ng/ml, or 100
nWm1) ERefriyR e aiEas g g BEEtFh i B RMI S in AB e e ﬁ%ﬁﬂ}égﬁd’g{%ﬂl |
differenBatiph a0 s GPHEBi ngdgivelyibhbithaER be sralenrBidstrat et ghate srtlweabsionrce of feeder

cells, AN 0, GARMANIRL VP TBRIANEX QL BIERGS (RGANIR 5 Ml ACIIA ARaLalDS

pluripotgncy of human embryonic stem cells in the absence of feeder layers. Stem Cells 23, 489-495
(2005)) f@[ﬁg;ﬁé%gﬁﬁ%m%%SCs grown on MEF; (¢) EBs from BMP4-treated hESCs
grown on MEF; (f) EBs from BMP4-treated hESCs grown on Matrigel"; (g) EBs from hESCs

grown on Matrigel™ treated with both BMP4 and bFGF. Scale bar, 100um.
{00021} FIG. 5, comprising FIGs. 5 (a-0), characterize EBs or Stage 2 cells. FIGs. 5 (a-¢)

are graphs showing expression levels of endoderm and pancreas associated genes in hESC-
derived EB14s. FIGs. 5 (d-0) show immunostaining of EB14s, where bFGF was added during
the EB stage and more than 50% of cells are stained with PDX1.
{000221 FIG. 6 depicts a time-course of gene expression after plating intact EBs and
culturing for 14, 21, and 28 days in growth factor-supplemented serum-free ITSFNE media
(Stage 3). EBs were from unireated (-) or BMP4-ireated (+) hESCs grown on MEF. The
expression of genes marking early neural (sox7), mesendoderm (7)), undifferentiated ESCs {oct4),
© trophoblasts (human chorionic gonadotrophin, hCG), definitive endoderm (foxaZ, pdxl), liver
(tyrosine amino transferase, TAT), and islet endocrine cell types (ngn3. insulin, glucagon, glut2)
were analyzed by RT-PCR.



pancreatic differentiation have either been inconclusive as to the origin of insulin staining cells or
required a period of in vivo growth in undefined conditions (Brolen, G.K. et al., (2005)). 1000311With
the goal of identifying culture conditions that promote efficient derivation of f3 cells from hESCs, a
series of piIo‘t‘V ggf?ﬁgﬁé were conducted to test a number of growth fa&gﬁgtjé@% M&¥%and
developmentally-relevant molecules, including FGF4 (10 or 50 ng/ml), retinoic acid (10-9M), FGFIO
(10 ng/m1), activin A (5 ng/ml, 50 ng/ml or 100 ng/ml), cyclopamine (1 p.M or 10 uM) and BWEP4 (5
ng/ml, 50 ng/ml or 100 ng/m1) at different stages of hESC differentiation. Of the factors tested, BMP4
treatment of hESCs grown on MEFs had by far the strongest enhancing effect onpd,t1 expression.

[0003PK163 3htercellBl&- Jigpraning sins | EEGre BlorPaacs phetomisrpeagrhp SAopgrRasole in fate
deternpipatipiangiineage sdevaiapmentauieg SMyagenessiSeraal Bindinein eiheioedebrates

have showp that BMP4 inhihjts ear. urogenesis.in ES tur nd promot tic
endod@ﬂ%%ﬁréa&ﬁ%tgézc ?Oﬁwfffndce:agr#r%?g)e eﬁ%ﬁ%??r%(@%néﬁhgf g?f? %lr%%g r&%@\%@cﬁ% '

2007/ I3047 ARETY SS2007 FBE B2 et dnd [ EMEmezsbia ol hdsctheritiersiainins af laphardeatic fate.
Dev. Bigl,AR%F #6101 A2 2R3 anckiimiay - sbakiBMErnin b Berrewaldilferentitionial sagine
embryonic stem cells. J. Neurobiol, 40, 271-287 (1999 .gaseg on thesg studies applicants
hypothetiFed (Bt &ﬂﬁ&%&ﬁ%ﬂ&ﬂwgﬁ ot BH aﬁgFegffg%ngré’n?gt%ﬁ%g% hESCs.

[00033pA 42 h FIGg h7ekdpshmentation, BRElloamisshbn stsindverisods SRR Antcedinmsmror BESCs

promoies mesendasdesrsliferentiation and Sybsequanty. sHRROI R prRaiaaticdiisrartiakon.
Applicants' data, tog"e;ther with the data of Xu, et al., were used to identify a dosage effect of BMP4 on

itESCERMha BB B Treanvirpisdndiosraeh 1umBrP farrsiine > APWESCs into trophoblast
cells, wheseas lowermdoses watsrbig RaGuiglediffereniiationint sirHEs dhomagehdogarapand definitive
endoderm. J00034]It is known that certain inductive ev. N ' DGS9 erived
embrygr?%tl[l‘é%ﬁ%% l(? el ﬁgg%téﬁﬁaflgg?sﬁﬂgoaﬁ% fﬁ%"‘t‘gréﬁ p a}[gﬁ\é%%rgi%%%%a%@an im %%faw%ﬁdrole in the
patternivighds MRdo riirsiet (Fofd ghe wrihaoenerarm RRE T eHis B AU P A& @ wivehs, I M. &
Melton &3 AD(RO0L) wantiiursas-atabafa) ) Apptiaaiis kaliewdhas ¢degtshirarthather cell types and
germ layers may.be necessary for the further maturation of.en ini cell Jo[¥le31] f PDX1+
cells frc%nrqﬁ%sl& "eS’g’F’S ueé%oaﬁeo?%gr?csriéaé?%% f*%;%) g%‘{rlgr% %g%%nfg%%%ggﬁ?ég ‘rgn% {llgsﬂg% process,
likely irkibNingstvewdd dgentiatsiéps vbuedlridul dxittontdinSerlabaor’ em@oderm patterning and

inductfi?f@o@&ﬁ?nczeaﬁﬁg&ﬁlwma hd%i@d{ﬂfgw' ah&%&m&ﬁfcﬁmﬁr@ﬁ}meﬂﬁb%&cﬁuﬁ as soluble
grovvt actors and cytokines, and per aps dairect.con act ther.ce . thers, report
that PSRRI SPASFCENITHLIS MHOMGELIFRARE (1FGL R VL BE8 (oM A L RRpn 1
insulin-piittitcindogetisus svarpes dif Eod Hp mARDH 1 bR ag elididfeeeritiappdoserpdsentetblvghrine
dorsal papgreas signals EvaaN.Sal (280N Qmthe.thes handdl Wasreasniirepoudad that highly

purified murine definitive endodermal cells failed to express pancreatic markers after short-term culture
(Tada, Gisdthiovw RERR arAes P MidsatribderRios dRderg F it 87 A& Sefinitive endoderm and
mesodeenuisEMbry @G, stemaepriiffer Fidatith(culiLsko Retheldpih €5t «88nd 36EHSAAM20053).
Sim”af%sgﬂéiﬂ?gg%% g SFAstvin Asindlicad N Caaeaved SRO0FRINALLelS War&-AALSRRWN to

x./ ' and other signals may be necessary (see D'Amour, et at, (2005)). [00Q036]By contrast,

express pax. )
applicaﬁ‘ff)@ Bisvatete & S SHPRS RS RS A R R AN P A ety Pa¥ ptidrPSr & FiSendoderm
fate (brashyeyds ByonanysesllsEFOaRhRdod R thamiy ket EoxAR s JHusirg tiessutia(BeBotdent of

hESCs ézylith BVIR4 an Méﬁé’k%ﬁiﬁwﬁ&?ﬁﬂ%ﬁﬁa %Bm_gé}&%g%pggﬁﬁ;%@@gyauy increases

ange value ; C : !
throughout the entire ferentiation process and Is associated with duct-like structures in EBs.

Subsedg@ﬁﬁﬁé)ﬁﬁlb‘eﬁi%%?é@ﬁﬂ?%t experiments. (C) FACS analysis of EpCAM expression
following differentiation of hESCs by the BMP4/bFGF protocol. Cells were analyzed pre and

post- MACS-sorting for EpCAM. The percent of EpCAM+ cells increases from ~35% to ~95%
following MACS-sorting for EpCAM.
[00027] FIG. 11 is a table showing a list of Applied Biosystems TagMan Assays used for

guantitative and non-quantitative PCR analysis of gene expression.
[00028] FIG. 12 is a table listing primer sequences used for quantitative and non-

quantitative PCR analysis of gene expression.



WO 2007/130474PCT/US2007/010662 the emergence of PDX1+ cells also occurred during the EB
phase. Although FoxA2 expression is not unique to definitive endoderm, the (1) proximity of the cells
to brachyury+ cells, (2) observed co-staining with Sox17, (3) absence of neural markers, such as soxl,
(4) low abundhé¥ Bt H¥8inoblast markers in these EBs, and (5) simultanddud BXptELH8H of PDX1
suggest that the FoxA2+ cells are likely to represent pre-pancreatic endoderm or endoderm-derived
cell populations. These results suggest that by employing a multi-step procedure involving early BMP4
and bFGF induction of mesendoderm with defined culture conditions illustrated in FIG.1, definitive
endoderm and pancreatic lineage cells may be sequentially derived from hESCs. [00037]Accordingly,

in a broad embodiment of tRE TERBP BN REREND R EEE NERTd Sculturing human pluripotent
stem calisoipd medigmeGaaiaininganelfeath@ameatsstohbosatenmdoeartie pioieia to induce
differengigtion intp a mesendoderm. direction. As used herein, mammalian. plyri nt.stem cells
includedﬁ%%eé’l%agﬁa %%8?%?%{3? lﬁﬁﬁﬁ%%lﬁpé)rtﬁﬁtrﬁglr?ccg esntlocceﬁiss &%@gf a%gf:%gglp%g“r%%son et al.
(Sciences28%id 6} vE0asuriieds selis ealdschabacraipest &5 BemipeayaBrounde appidpriate

conditi Jyoducina.aeyesahdifferantraltyRasihabardasyatvesaiaightherthge germinal
layers (endoderm, mesoderm, and ectoderm), Accor inc?;,(t%)a tan%%r(dg art-.%%%g é?ﬂ et st,.these
pluripofBfieRarS GRS R A THE AT 1B hie 5%%1%1’3 WRIIRER BIFE |ce.%ﬂfb‘ff8]ln some
aspectsmidtinsme nbaditrentelsevpiinipotdat &émedeloditvsluragadly dijermtiato nagliseli@eulture
surface,with.irpdigtednedseambriRadbrelinst JMIFR)AS feadrbcRis phegeaicalls are cells of one

type that are co-cultured with_cells of another type, to provide an e ironmen%ip Whig Ehe cells of the
second I FEEHRGRb e EIRRGHT SRR FEP e 25 IR S FARBLS RRRIFABA (Y T 18 Ehout 10
days, preferahidutidayst rdocetakthybendmeonpiidyentdticapigytalingepathway include but are not
imited gqgape mombogeasks paicias (MRSl ahbi B AR A0 BMRLARM mastuitahly, BMILA

[000391As used herein, an effective amount of a BMP encomﬁgli?ses a concentration ranging from

about LHSiEHEP ﬁb‘%ﬁ‘&ﬁ‘%@@’ﬁ@’/ﬂm.iﬁﬁgtﬁ%fgﬁtﬂﬁ‘ﬁ?%ﬁﬂ’éqﬁ?ﬁ@ JELEREBPBRIBAFEDSen shown to
induce (HEDEE) plavpoignt sidbreetdiffekiftationtintodf defietivdendrlinenges, fitrit sitpdlowedihere that

cuturing.iein.Gellcopaicruiindpu e doiRimsaiala, 0Lt of BMEd: hilaiuAnaaR. works

synergisticaﬁgt/’ wit Fsorh %ﬁco centra:[ions of bEGF, such as 100 ng/ml, promoting the
differerdrfirii e ehdodem o i e MesbhiBesRiditeiGh. {USAb R VRES REPSHT2fesendoderm

cells argdafisediRywansRiampicianiiethio phawr easiteaiBeashlinynancr-otid webigakdtamnscription
factor markers (see Sta in £lIG. 1), Mesendoderm cells may al haracter expression
of wnt3 a¥d %é?ﬁﬁ(éfﬁ%%j&’roertla@ _\7%)/51“9@6?77{%‘84_ ﬁ%’&%ﬁj’u§%§gﬁt§§é%ai%%§é§§§%oregoosecoid
(Gsc), Eeanittenfnapatcregiis Felk AfarriipbesibRhSdk 1ot (raRtiag £ ¥ eahREE 1RkeERnol. 2005).
[00041 )i the sesanephasemebilimesmirgeimenilibescuiines aie inducadfnfpeermiypitOodies
(EBs) frgm small. plpripotent stem cell colonies.in.MEE cong#'ti%ned ' itabl S are intact
and are(%g?’%ﬁh%‘gg{t)éiﬂéy'lé?/é%?\%s%}eaﬂla%fkpé%xlcp 8%?\%’% IC aélxe@egs gé’t%%@h;;g%ﬁ}ﬁfn e%ng%ryonic
antigenaBsBSERE Brdphiaksng tvan ol ditROaP HZ0SD) RgeBRrdnPadbin ey d8§tRBabout 4 weeks,
preferaphy A davsishs-uaadnarmio «kRs sredmesrdinensienaksévaimas ol gougsinieadidbich
interact in such a way to induce further differentiation within the cells e ( age 2in FIG. 1).
Suitabléeﬁﬁeﬁglﬁa%x&[e#ﬁﬁi\‘;g%ﬁﬁoo‘ﬁ%‘rlrﬁ %%ﬁ% Wﬁél (ﬁ)t?éftlg%szgﬁ%%nr’eg%h|cla“|$“|’n%ﬁgod§5§:eIIjS expressing
Foxa2, BOR3¥land PO théssbelief/udntifintesdtarriuaditroe ey vetriste rfftersisiomiebamefeatic
lineage gAsusedNemeihpancieatie incaas calinitcWee JonaxammlPesel s com RIS PDX1 and

Nloc6.1, which are well known to represent either pancreatic epithelial grogenitor ce§s o%r lfeta cells.

These deNOERKEIY AN CER AR S R RS ey TR bIRBA S R br PDX1,
insulin, amadepepticks VicFGR: W@l kpomi, tethesitn(fitagedu sy exmiesstiingioiimal beta cells; or
cells expressing sqgmatqstali ral r 0 ithyn EBs
derived g%p ’Bﬁnggf‘egﬁ?ég‘ sva\?ére C a%a(‘scgt(ciijl%gziﬁeP %@%ﬁrﬁﬁﬁgﬁg%ﬁﬁgﬁﬁ I-‘%R as

containimgSEslifietentintinm SOf the Bgires SFghANPHRaERerRIE 853G arrer A9 P B ome of
the cellgalan appeAsieaXRIEES UTRJCHR prdrkasrindieating they are proliferating. Another subset

appeary §gdys capable,of Commiting Jo,2 irinal. sl el SRS 13888 ant role in
fate determination and lineage development during embryogenesis. Several studies in other
vertebrates have shown that BMP4 inhibits eatly neurogenesis in ESC cultures and promotes

pancreatic endoderm specification from uncommitied endoderm (Kumar, e7 af., Signals from
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[00043]In the third phase of this embodiment, the cells from the EBs are plated onto tissue culture
plates in a serum-free medium (without fetal bovine serum (PBS)) intended to induce terminal
differentiation into cells of the endocrine lineage. In this step, the length of time the cells are cultured
for varies fromaaﬂ}(gﬂtlsf'ﬂéy to about 56 days, suitably 28 days. Suitable t&%ﬁ’gﬁgﬂaﬁ%‘e}%%tiated cells
are characterized by the simultaneous expression of insulin, C-peptide and PDX1 Other cell types of
the endocrine lineage, such as glucagon-expressing cells and sornatostatin-expressing cells also
appear in this context and in these regions of the cultures. A significant proportion of PDX1+ cells at
these stages (stage 2 and stage 3) are found to co-express the cell surface marker epithelial cell

adhesitaterabldeisleeespienn nyioobariadersdavasicirpassrarisiaie niaiufirieahs 88ritd-free
DMEM{Edis{ bDrmit, oldeosemed imm s h i1t ppleneib B niutgdehisehin som gimiltransferrin

+5 ng/ elenoys aci GEY D), 10 rpM, nicotinamide, (Sigma), 1 din-4
(Sigma, A %bé?Lf; ’é%sgq(“s’%ﬂgg%?icg%ﬁ%g%%Fﬂ%?%%ﬁ%%?ﬁ%%ﬁ%ﬁ%?é%%%ﬁg@%%|in- WO
2007/180dn4RISTYE E820d7/0 BOE GRnespwfe diffssensialign FaF PEREStiamide-exendin 4 (see Stage 3 in

FIG. 1)ofgsjable conapntiatinnhhexiandiidsangssdiam RRewhevwniv tenvbe wedtheM. oklso, the
concentration of nicotinamé%ﬁ m%rgﬁge from. abou ItQDabout %? m_M. 00045éAlternativer, ina
BY , e

related it HEEURLBIES CERRMRH AT B THTSERERP PRSI RIE7H2 hitially cultured
withoutiiéfedetiosiis, shjtpbbpros Nettrigpaiiher\Wwitbiheutalzing XE SCY.owdatsgé todgpiidiints discovered

that in gddidondg ndesripphihe-Rene memNegsaalis Ralay RefiRciye-paonnkaldbraklast
growth factors (FGFs) was required to induce the cells to dlfferentla%e in the,me(isi,gé_joderm direction.

The coRtEhaYiGR3FEiste i b Aellsoth 630 1SBSLESS HETMPCHK &#Risie BEEE LSR8 Sration is
100 righBeE @4 thisstagsdaplicad defilstdiscdeéreci.that ME,Fs and the factors they elaborate or

producgowgep'acentﬁ%m Q0L EEESRIRIR INARGHOR, DFIROk: SLPRIEMEBHBGLEHT P the

cultures at Stage 2 leads to si nificant%more cells of endoderm and pancreatic lineages, which

expresSTREREHT dsrre Griandrsheik fredianitty) SedRiye mMea R RIOI8 ORREERY FFdBlast
growth fiactakssrstichcdahdemhifedchasaateridedirencalistiod thesidithrion dbyelopneetitadastdiésilsan RNA
expresqigy WIGSAW S fo Goielekapdodan GagpansisRsATaERisARsR URARrormed and

describe 00046]in"'some embodiments, the invéntion is also directed toward methods for

derivin@BanerbdtEEand R pEIRIBRE Sreem S bl tetreatising toRded6rm $e¥&tomas
when transplatieddnterrests Aadtr ding! s G catie ppliaibihal jhecstage it efisco fipanEi®atic
lineage.can ender on-t mosrsi é b1 rtin I IS ers as
describeéd’in %ebgy 3%@%%%"/?5%‘?&%‘3‘2 _?I\?,o Xfagté%%gg?é%q%&ﬁ% l‘s)a%pffbél\:l gﬁ?@%ﬁ%@gﬁ%e
differeringdtsdieniendpdust ey Bayes Bl (RAYsHSH 08 RAUSTERS R BT IR iitheaV iR ZEHEE®N molecule

(EpCAMYsecelhsrifaeenmpskey, fiiexpsehsiipadwihicitcandae ipedifes nositemaplogiten to identify

human cells com it%ﬁd to H"ue endodermal, pancreatic or foregut lineages. For performing this
. con,ctlac with other ce 6f . . - X
selection, any Instrument ca e of sorting single cells such as a fluorescence-activated cell sorter

(FACS)[68UAShnetic &thveaseret|xBRREIMEo) Zhetlls veragestugid Yool Cnhexaiseicell
sorting %%%Wi?& Ming ihisiglm{hp%dd\f%g&ﬁske@m ﬁ@é@@@dﬁmwmmmrk eatiated:cells
remaining in the later stage culture, hut also using antihodies to ce ce ers of .

undiffe rlé%ffg?e%f(g?és‘%ect& 'S %osrkg A §’é‘§%@ﬁ%{‘%§ﬁf§? d %@r’e%@? t?ltzl {Jrr‘nagﬁ’g%nic
tendenoyasfretently etpoutedrinicaigtBr pudbied aratisetindiyitjoo eadfasnabenlls &iigd he fRwFetie stem cell
Iiteraturgﬂi@&ﬁﬁ%@ﬂaimﬁ@t@ﬂe&lmﬁamm QERAMRQHNSES! aai%ﬁ, @Eﬂ%ﬁ%ﬁaﬂﬁéﬁ%ﬁ%&_@ﬂ&dﬁﬂfﬁﬁ n
teratomas, which are ngnmalignant growths or tumors made. u many different fissue types in a
poorly ﬁﬁgﬁfé%p%c?g%‘? %\7% et’thegeaﬁg?a 150 %Sr%%rrrnmalé1 %m%)gf[ ouéﬁﬁge@e&ﬁ%ﬁﬁgﬁgﬁing to
the hostulliee\We 208037436 4332 (R6N0 somierhiophsified aurows rof |acge isi e inskugassightly

and wagiedid. abmeipbolicienaigydesthe-Dosk Arhaiaciatizalionobieiaratomas fiapped by human ES
cells is found in Gertow et al., Ster{? l%?l:ésg ?imd Development, 13:421-435 (2004). If human ES cells are
af

to be uSEGTIATARSS O PRNETAR cells or tissues into human patients, the cells which are so
introdud@doaénild preBymaiisecaprifeantcidiccordrakbtivdttusm ofi ge idecaysdGity J¢ndhet % He main
techniqugs inhich Dave been faghida-shiminaie tiscepabiiiv,are basedi ReHng exagenous gene

constructs into ES cells and then selecting for differentiated cells based on expression characteristics

of the it POt 8EsGE ARERE BindutiaHEARED PERGTES O RN E S i A oAt <RI cultures
carries aRGiReFaehef, Safel? comeasiar iratdrdlp dstravais uot fioid BiBsndemiiffirgpiaicsurface sorting

technolagy with the ditegt:difewentidieniixe structures in EBs. Subsequent pdx! gene expression and
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methods described herein, applicants reasonably expect at a practical level to produce a stem cell
derived cell culture that is not tumorigenic and does not form teratomas. At the risk of redundancy, and
to avoid misunderstanding, the use of the phrase tumorigenic is intended to apply to the
teratoma-for?ﬁﬁﬁ"gf’{é?%? ristics of undifferentiated human undifferentiatelacrsffglrgn é}gf?si?ﬁsﬁﬁch as ES
cells and is not intended to imply malignancy of any kind. This is because ES cells do not produce
frank malignancies when injected into mice. The removal of the tumorigenic trait simply by direct
differentiation and selection is another important step in the progression of stem cell derivative from
laboratory model to useful human therapy. [00049]In another embodiment, the invention provides an
isolatethestnstasmraiohPIEK I s 9HsAIMUPREHISE A nebeER Risre nAVhope Krah Rrsrsitfated cells
of thle RARSH @ﬂ?gﬁ@@?@ﬁnﬂv@&&&&&%@ﬂﬁ? i@}:@ﬁbﬂﬁmﬂw&aﬂmﬁhﬁm:‘wﬁﬂm@wmeﬂs (e or mcl)re gf
insulin, C-peptjde and PDXI. [0005011n.still another embodiment, invengi rvides %ﬂ isglate
non-tu%oﬁ%@% & %éﬁnﬁlénp%ll‘gﬁé ﬁg (c]l)éslr??\} )f% M hu rﬁgﬁe‘ﬁfﬁanﬁloa%%sétstgr% §S|E&1Ph?§c%#%%pu ati%gn has

terminaifjuiftereiastuedkssi snohise BBActed S Inmaljencone represienst T4 betggsceet the

simultafgously £NRIESiRES & FAMHALE RsUlkh dreRaPHdR RRXd: MEEI AL arfh-&nEAM, and wherein
the cells do_not form teratomas when ir%?%: edin immunoco%}#_r%mised n%ice.-Sin?egges cells, suitably
e

Beta cARP RN HERT AR R h RSy MR AT 8 AP HeT e SF endBdarm tRoXA2 and
Sox17)Bviltpamt bF4E ipdbgniterSnieidod eniCCH. defingrticiisuaeprdlfenstieymriddniierdd that

they expessiothe ket RaNIRNR 2 NaviaD vBaxfuantalB1derka0Rk: Has dallowing
examples are provided as furt er,non-limitir}%t%ll stratio%s ofapharti uIarﬁ?mbo irQents. f the invention.

EXAMAYEE Thoos 2] AarhiRely- &b RIARS &R TR SA TGS o ST R e il e fentiation
methodisthiubtratethirirsirhplisticpfasivioierninsFiG celNTE raphroy cdnivEig ael mesfactivewpromt ahd HO

(WAO9%26‘4%%85&3&%%%&Mﬁd%%&%&%ﬁ%ﬁ%ﬁé@#@ﬁ%% ERGswasaomatised of 80%
DMEM/F12 and 20% KnocCkaout serum replacement suppleme te(%mlth 1FH1.M L-f%{itamlne, 1%
rom

nonessBFE-ARE AP TP RARA St i EH S RETEAT AR R B MR SR RIS g&RT: hESCs
were clstisatiis Ssividbpitiet nnThdéaadardale(Sof dnmdls st ko USe Bmbheeniclibrgblasts (MBES) in

either ESC ia fcont | Sl BM 40000 R&D SHstems), or
ESC me%%ap %%%((i) %&%ﬂ}%&%ﬁ%{u&%@%%@%}%%%& in (n:g)g ﬁ%%% R&D systems§ for 4 days.
aé%aw

(00054 iPexEame S i Aatigl et ibse esram PSR- ARG GEMERY Matrigerm (BD

Bioscieagga}ihstieadoiditipR @ e ardudearnackiapnaas dd-ihae pditipoéchivelsca©Maooiitecihbiiitup), CM

plus Sotg ml B1VP?4 ol Cé\{llgl%s MPAé_pIus 100 ng/m1 bFGF. Colonies were transferred by

: 0
incubatlng?/{/’f?ha efr?& m 3ispase ﬁ%v?tﬁlr%gen ,rgﬁ%r which cells were rinsed off the plates, pipetted into
small pi@838hnd filtdrewirrasepris YO cartpdiranthribrmbrinetay thiar colitalfetr et Metes of
colonieganere gy :datastd cmmBeareateiisHapR SO meutEmbishes Wity qvMEBhakkeder 14 days

medium i P e e B i e Dl S, 10
nicotinaaniev (S, movNe iE citlr pREDFeaenA MY RSEHbEY (SR e Y B 8RS ma) for
14, 21 qhidRidayemdbendianesied ddyitacionaleash, eHirianyas aspd lnaRerP&Rhand:Q-PCR and
e e R S C D R Rl
RT-PCRBMPs), suitably BMP2 and BMP7 and most suitably, BMP4.

[(;0039} As used herein, an effective amount of a BMP encompasses a concentration

ranging from about 10 ng/ml to about 100ng/ml. It is noted that while larger dosages of BMP4

have been shown to induce human plaripotent stem cell differentiation into trophectoderm

lineages, it is disclosed here that culturing stem cell colonies with low to intermediate amounts of

BMP4, suitably 50ng/ml, works synergistically with MEFs or high concentrations of bFGF, such

as 100 ng/ml, promoting the differentiation of the stem cells in the mesendoderm direction.

[00040] As used herein, mesendoderm cells are defined by and are not limited to the

expression of Brachyury and Oct 4 nuclear transcription factor markers (see Stage 1 in FIG. 1).

Mesendoderm cells may also be characterized by expression of Wni3 and FGF4 (D’ Amour et al.



[00056]Total cellular RNA was extracted with TriZol (Invitrogen). cDNA was synthesized from lug total
RNA using a SuperScript First-Strand Synthesis kit (Invitrogen). Quantitative real time RT-PCR

(Q-PCR) was performed using Assays-on-demand agents (Applied Biosy, E%Wﬁ) PRISM
7700 Sequeh‘é%%'gfé?%% System (Applied Biosystems) for the following franscrﬁ%@?ﬁfz?%\g, soxl 7,

brachyuty, ngn3, pdx1 , insulin, glucagon, glut2 and an endogenous control, fi-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; 2-maT, Mean 6210r values from Q-PCR analyses were compared using the unpaired,
two-taite0 Dot scooteseid (@t BeadherwdixHonaiiBazd 3igaitiegrtbinepx 17 (Yasunaga et
2007/1 30444 BT3P @ 6550662 [00057]For non-quantitative RT-PCR, oligonucleotide primer pairs

were generated agajnst human,transcripts.using Genebank s nces. RIG. . Primers were
select%gq% two daﬁ?e%nieg%(ri@ aha gp%ansnglalgaﬁle%%% gtr% frﬁ_ron?é%% %ﬁ%%ﬁ _%égls?%)\;vas performed
using leotStaitdgde AR farase{Oide) e atranetibrotematisid it randitonsdvacHial
denatuggtin At e EHLLASHME: heneisiasalRAGfanafpecviidsacatiannaaing femperature, 1 mm

at 72C, and a final 10 mjn at 72C. Primers wer, nealed.at 53C. except for pdXx.,.(56C z17 (55C)
and fofé?r(‘@ﬁff,a%ﬁ?'fﬁ’lgﬁ3@’@9§bﬁtﬁ%ﬁfn§c§§#o‘ﬁ’egmp g ou‘%ﬁ%%@g%t?tﬁ%g%r%%sa)ég -RT) was

amplifiechpestiGA BBt dridng s ibelitchweskamddicraidn Hoiddypaderases Rerping 586 setti$a positive
control,,JOQ0SRIExamRle-3: Lpymaneiivaiescenks slalpindnQRASHN IV BURGHsOfesBEENCe Staining of
coverslips was carried out as previously described (Kaha V\S % a!. Faﬁﬁregti u&)é%%%;ﬁ%s and
differer?ﬁ%é%"%?@?&éﬂ%}ﬁb@?rﬁ?ﬂﬁﬁgﬁf?mw&?@%?eﬁ ts DAt O s dar oSl y isle
differensigbasmbirtietesb@y@0ik6 204:¢200))cH helislowitgeprresipahithatiSstémdised at the
listed dﬂ%&ﬁ?ﬁ?&éﬁg&% MHEDOLSR SEHD-1:A000 Lot 0L Gis Wiriab DadRsudlin Tsssze. manocional
|IOttg/m1 C(IJ_NOZ 1-133124), glucaqon_ mouse monoclonal 1:2000 (Sigma); tgesf& use
monockitdI PR PTG © Rl ABRbdE T SrigmBlTar s SqBtP %lﬁ%g% %@%ﬁ%é rat
monockRahlir0R0l BEBG (ORD -Biackifitnpanatatiticpithrinl hRERSDBCT beggpatdmti mouse
1:100 (Santa Cruz). SOX17 I~ : : : ibanksatde 400046t of R.
Costa).§§8%%%%E§r§%%ﬁ[ﬁ)%%g§%é%%§ %ﬁ%?ﬁ%%%&%%ﬁ%%%zooo; Goat anti-rabbhit Alexa

Fluor 589X} oeulit a8t Snaskidaavai ehis? Wek KPopnee BoSPuiFemtn ReEs s 8t 8474 4000
Goat aniinase 263114 2908isRgnkayaantkgo gtidenty hubr $68] t2680s@bikky @lis-mouse Alexa

Fluor 438, 1:2000) weis, obiained ORLMIPRYIARVAIRSLFUSRREC OB AMOBQIE KRB 4

Mesen ingiqctlonaby treafing hESCs with BMEP4 on MEFs [000611The process of hESCs
differeritenionosainingiard Qwntdatine BERS escantA R SR ieant seseHRm B IRIR G, 1. Notably

a prior sty shawesdhatiraainert FIGESC S andbattigeisls with 4P@angsekBiB MicKitdays causes
nearly 100% of the cells to differenfiate into human cherionj QQ?Q ORI {h R L xRS SIRG,
trophob‘l‘é@‘léglé}fé‘? (R .tﬁ?yé?raeLpé’ig%iafﬁ?ﬁétes %%%a%%eg%g%%mc st(gf%% ﬁbﬁferentiaﬂon ?o
trophoblestinddeiBionsictrbiogycaoe 1ipeagd-264 (2002)). [00062]These results were also reproduced

as shovygigikG. 2, whete @ftfarphsRysr isatnpsimBiiPdhongmi.albBe aa plakigeldhiesaell types

e N e RS - ML PRl
terminal differentiation into cells of the endocrine lineage. In this step, the length of time the
céiis are cultured for varies from about 7 day to about 56 days, suitably 28 days. Suitable
terminally differentiated cells are characterized by the simultaneous expression of insulin, C-
peptide and PDX1. Other cell types of the endocrine lineage, such as glucagon-expressing cells
and somatostatin-expressing cells also appear in this context and in these regions of the cultures.
A significant proportion of PDX 1+ cells at these stages (stage 2 and stage 3) are found to co-
express the cell surface marker epithelial cell adhesion molecule (EpCAM)
[8Q044] As 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/m] FGR7 (R&D), 10 mM nicotinamide (Sigma), 10 nM exendin-4 (Sigma),
and 2 g/l BSA (Sigma). Hence, the serum-free medium is termed ITSFNE for insulin-
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Matri gel (MG) were divided into 7 groups and treated with: (1) IOng/m1BMP4 (B10); (2)
50ng/m1BMP4 (B50); (3) 100ng/m1BMP4 (B100); (4) IONWmIBMP4-FIOOng/mIbFGF(BIOF); (5)
50ng/mIBMP4+100ng/mlbFGF (B50F); (6) 100ng/mIBMP4+100ng,/mIbFGF BlOOF);#chontrol(ctrl):
without any B8/ factors -- for 1 day, 4 days and 7 days. As indicBtdd"SHEE! secretion
and gene expression were greatly increased in B100 group (FIG. 2a-b). By day?, average hCG
secretion was 21000 mILJ/m1 in culture medium and hCG gene expression exhibited a 13000-fold
increase over the control group (statistical analysis in FIG.2 are made with values compared to first
day control of the same group). Lower concentration of BMP4 (IOng/rnl, 51:Mg/nil) in fact had the
same degsderon seleninadctidh irstiefatreoiorhiane StRe it | udly fHBiEbiie hCG-induction

effect QL BMRfatipr BxampiiiheraverageiGeseseion & sy 1840 Aral hwasn28aefisal U/ml
and in BégF%{éoug was 51 mllligml Flg;. %q)E Aa%sat 5ti , T expression was greatly induced in
BMP4/HESEAESR %e%@fasnﬁ]ea ﬁmg-(?élpenae Manner (FIG. 2c). The induction peaked at day 4 with
B1 OF i§i45with a 20B0afdidehycinagelaied BSDRoapenitabdocfokpiliciedsthedmigan pheifentant

expresgigRs WA & 5% Nrease it BMPHEEEHaatet NERGY GG 2erEb OCt4xaragsiengon the
other hand, was significantly decreased, especially in_onl BM,P4-tre§Eﬁtgg BC‘H%UBS at day 4 Fé}FI.G. 2d).
[00063%?&&&%%%%%@8?&’&%&ﬁfé‘f%?ﬁ‘ff&f‘eﬁ’ﬁé% W%H [SoRa el % ¥ 2’5‘8@&% &"fresence
of eithgraMiizkg, en leEGHE (& @0ikgtrid)ibnidlastgmert factphdtgillyaalteqst¢f ¢ocstscaille ceitreated

cells majniaining 2.0 MR ANROHS-ARRE ARG LY ERLELERIR PEEREIN goRnegusand clearly
changing their mogr&;ﬁology (FIG. 3 a-b). BMP4 treatment results in some cells differentiating to

BrachytR§HE IBETHicA SREARIE ARRBIEOPRATTTRLRRIVE A, PedP E oA SRS iFPRIE TR ECell cluster
(FIG. 3éipviapplitanisiitisnchdrhaferage bil Bistichel ustersipsr haymmisoy trs liprictiBVWE RGFsated

cultures, Wherss ANGBLE I LaRRdtinunlerar IRRCaIBREVINL Rl df AARGTAy ol least
transiently (FIG. 3i-k). In contrast, FoxA2+ cells are not OCT4+ (FIG. 3 1-n), and nearly all FOxA2+

cells ar@e%5-SEimefeRieregx 1ad pracT et LrriEes R ERERR St AR BN SR8 B s TP8ated with

BiNa4 alediencells tbeaighsitedon aitl biemseibte fosttasf SdiiRd QoG micans BOY/Md ) for 4

days didpol-explean Uois OF RERIUER GO RIININSIRRG SR RXsRacr s BRIlioanily dlpter
racnywy an e

amounts o sox|7 transcripts while expressing significantly lower levels of Oct4

transcrifs ey phardefieseoAMbPeRIES 3 IHOSatat RS SrmPriitersl and duebbefiRceifures not treated
with BMEbaaglls werg Qfaldentbatidibne! @xpresstBraswus(fdéte G0 T hese RCHAstairing data

are in concert with recent.reports showing.that decreased OCT4 expression induces loss of
pluripot%%ncc)m/‘ag‘ﬁI %ﬂe[g?ﬁgélﬁf?ﬁ? n ?t%’ r%sp et oSdeSrur#%g) %69%3%%%8?%@%63}%%86\8 e\rflvhereas,
increaseanerGietbipsishestss e ditharinglai oS rensrimniatesl Sl s prazs oAl Bsforanarenifa, H. ‘et al.,
Quantitatjve-exarassiendetQaci-3hdainesdifiorentiaicndedifferantiaton.nrssetfde prwaloiES cells.

Nat. Gepet. 24, 372-37 0)). Transcript Jev: L ry.and Foxa2 are suppottive. of the
staining%sé:t%. f’é{o’fh%%%h%%gr%?gé)t%‘%ﬁ%rﬁ@%%%ﬁé%@%ég %t%’??ﬁﬁ(ﬁ‘ésf?,%pgﬁ%%) sI ’oeiv}\l/ean
increaséiffetnatitiydyedindre ornpdhizased votdhwhesi b erpesiom eitbasrithehsd aaiisdiRNEY. Applicants
found ap @eaiRimAtelyd /DdaldipaieasaifPIRC BY Y68 EXMIER SN isa %) aBs@/Eoughly 5-fold

increase jn foxa2 expression with BMP4 treatment (FIG, 3f). Together these data ict that a
oo TP ST A AR S e o pastenl o iR ROl
Oct4 cFexprefsinipedtis Gobestiply rofldusimgnentaapldn efsnsingisimgie seéisenghgrsesendoderm.
while D ot o1

w . : [

early pi’\‘i{égéﬁ% g%’r. ﬁé%g"é‘solﬁf%(}é’r%%ﬁ &ﬁ%ﬂﬁ?ﬁ%ﬁ%ﬁhﬁ?%&%%%%%%ﬁ%gﬁﬁﬂﬂer define
the cultpretecriditiomscardndéditacatisitd esithatrpaonrgténdbe dligyistest oflpamcheadtsesi;from hESCs
in vitro, applicanis.eyaluaipt ieLRaN tgMeRt A MiERSdwing dhe SMR4-Seaimentreed. In

BMP4-treated cells grown on Matrigelmi, transcripts were not detected for any of the genes examined,
includintPBESeRRFCRYEsS Piakitam EERTCeIAT N RE LR Rt PR BrE LA h e in
BMPA4-te¢ated-aells grown in MEFs. In addition, hEBs derived from cells grown on MEFs vs. Matrigellm
were megafelpoicalyeyffeienty ALl Ghlle ioun MAKIEL L A-PRHlIaddmERS that were

smaller, more ‘compact, and more opag%ue than EBs derived from BMP4-treated cells grown in the

presencEBPHRERE PSR PR SRR aRd A SRS e reHF R R aY R RIEARSA in this
protocomiIRA6H] Asa-ihigbr comoeninatie o bHraly Midpad i secenibes éponedrly auaizeMEP-like effect
on the grovith, of WaRCH{icligi b brShalnReIVANON AleRYDSR froRRyenicSlens seliadg, delined
conditions. Nat. Biotechnol. 24, 185-187 (2006) and Levenstein, M.E., et at, Basic FGF Support of
Human Embryonic Stem Cell Self-Renewal. Stern Cells (2005)), applicants examined whether bFGF
could replace MEFs in the culture protocol. To determine this, 50 rig/ml BMP4 and 100 ng/ml bFGF
were added to hESCs grown on Matrigeinvi for 4 days; cells were then harvested for gene expression
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

maornholoaiee and comnarahle levvele af hrachyviiryy fova? nitl  and aliit? aene avnreccinn to EFRce from



WO 2007/130474PCT/US20071010662 treated with BMP4 (FIG. 4c and 4e, 49g), suggesting that
bEGF plays an early, essential role in endoderm specification and/or pancreatic lineage cell
differentiation.é00069 To determine whether the inductive effect of BMP4 on mesendoderrn formation
from hESCs W §%§B Hdtnt on canonical BMP signaling, applicants testddwhather the Addition of
soluble noggin to the culture medium was able to reverse the effect of BMP4 treatment. Gene
expression was examined at EB14 by RT-PCR (FIG. 4a) and Q-PCR (FIG. 4b) after treatment of
lIESCs for 4 days with either 50 ng/ml BMP4 alone, or BMP4 plus 300 ng/ml noggin. The simultaneous
addition of noggin and BMP4 is capable of completely blocking gene expression of brachyury, sox! 7,

foxa2, jsthéband clot2rirvBrirsesiztelipseheinand s arrid Fearsridfgnactie fxe9ebéndent (data
”hOt ShQWﬁ)&c'ﬂéﬁzQ@&%Qf ﬁt&ﬁkt%&%%i @&ﬂﬁ\éﬁ@)&?ﬁﬂiﬁh a8 BRIt f&mggi?ﬁf&a&%ﬂl f@ﬂﬁ;ﬁe@%‘ven lower
than non-BMP4 treated cells, s ting that there_exists some minimal BMP4-like effect in hESC
media BFeRBS AR Hor? @%@ﬁl@#fél &%6?)% e>’E<i2\\smaf) et%g‘ m &r\yucﬁl a(g%;}/' ®R) suspension
culturetofEpiRdstieatdd $E SCHsproniote bwnandetintinthp apids odhichi nesgeieandygrsraivtddion.

[0007 o hedatined 1ol A BMAdRRaRG e sRekifisationd) wbisken eonbiyes waREcants

aimed to determine whether BMP4 treatment woulg prgmote diff.erentiatiog of mesend%du%rm and
pancre e IR B H ESE TR TS R A R R P R T T Sl B PR R R § RSB B RE S Cs
treatedimittESQ«ity mi iR 44 drgalps dNPatiotatst pebivibessé rperioresiosigbawectahisiaiffé thatiation

through, an, £R 33g8.dn il dpdyctive Upsksinisiectinasimancs s ihiusediransignsamong the
early embryonic germ layers, positively influences develgpment of pancreatic lineage cells, compared

to diffefEBatiBRPHIASFL R HFREAIGHAS BN ATRRESIRYPEHE, Endoderm and pancreatic lineage
differerfotias}from hBmeasnerinnyarit stfncsisiGleohpay Stenb€ diec8ddtt072(2006))).

[00072 ript ' N detes QR0 tRyeated bR s shftesdine cells
were g%\%vﬂn%?é (I%)&Bsgﬁ?)%@%f%}g s\g 1%%%(@181 mRNA@b%ﬁgr?%&a%%rgrﬁﬁﬁ% c%ﬁtrol éircéué% Co?npared to the

g A NINZ _
untreatdergrsLEsRCEIEES Tais Bt SumRERERHURRE ASHA CaRT (0GR AAIOh 8% including: sox/ 7
(11 foldpdedahéd2-tald) dabid tokihdeebhdah f0 iy, ivachiin piiB:fe|tinaorihalikdy iB<aidd. tAlthough
brachyury induction by BMP4 was still signifi whenss relarc\V ), the
magnit&géi%??n%%%ggﬁsfm uqﬁ%e%_sﬁghcg% g%%ﬁé ESC st_a%%y%{%% fold, %@%@é@ l\%?%]p ntreated
iESCs)eelpriiairns FSreitiansiis st drradeh Soommy BRESEATH M PYUS ot BifHa her8YsRdShendent
- experimentaan@iyibiuee differeniiinsSGitineséhlaaddd B:d00RE3 hethineghod (e Gendrifgrdy show
expression levels of enda an ncreas iat es.| -det] . 5 (b-c)
Chow (g B B e L e e o o o
expressismerlssgervedfrrplaheraigsvasedeldccerefahBuman ES@erived EBs after 14 days of growth
(EB14+Bbovs) EB14, metebhiids enthesadelition oilosdg/ pitb Gt o dieckB mipgat{dd jitaade a
reduction in prach T), transcript on one hand a n the t d foxa2 and
pdxl ex%g%lgs il glrr%%);t%n)igfgi ?@alr%?gﬁp ét\’/e énl%ﬁ eggsfg??%aﬁw%h%-iﬁg %%%gt%r t9§§

undifferéntiged AESSS NS G FeiPapRaEan SIMB RSB HPBI IO RIS AE REFTIOA ISR Erentiated
hESCs fwithibEGFpiising the LB stage), and c)pdxl transcript levels increased from 26-fold vs

NESC (NVBF OF dihAY A B RS B IoCrL TN EE A A STt s BBEH tecting
was 7.7caibpopslatite teitvedofian dxmes pionheteitipern ez isidepred autdrtiombi tarialy 50%
pure). gifferentiated cells of the pancreatic lineage, wherein at least 70% of the cells simultaneously

express one or more of insulin, C-peptide, PDX1, NKX6.1 and EpCAM, and wherein the cells do

not form teratomas when injected in immunocompromised mice. Since these cells, suitably Beta

cells, develop from cultures that harbor cells having a phenotype of endoderm (FoxA2 and

Sox17) and pancreatic progenitors (PDX 1+, NKX6.1+, and insulin-proliferative}, it is expected

that they express other markers, such as, NKX2.2, NeurOD, Pax4 and IS11.

[06651] The following examples are provided as further non-limiting illustrations of

particular embodiments of the invention.
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[00074]Furthermore, FIGs. 5 (d-0) show immunostaining of EB14s, where bFGF was added during the
EB stage and more than 50% of cells are stained with PDX1. The stainings are very strong and
nuclear and cells are often formed in clusters. PDX1+ cells are not co-stained with the SOX17
antibody (FIG. 5d-f), yet some PDX1+ cells are co-stained with the NICX6.1 antibody (FIG. 5g-i).
Some of the PDX1+ cells are also ICi67+ (FIG. 5j-i), suggesting the existence of proliferating PDX1+
cells. [00075]The immunostaining of EB14 cells also revealed that hLESCs were capable of
differentiating into mitotically-active pancreatic progenitor cells, expressing PDX1 and K167 (FIG. 5j-1).
Many PDX1+ cells were seen in the BMP4-treated group, most of which were also 1Ci67+, suggesting
that these cells were actively proliferating. InE3dalitii, ZEsignificant proportion of cells expressing PDX1
also co-expressed N|005.1 (EIG. 5gsi t the majority did. xpress insulin at this stage (FIG.
5m-o).@ﬂﬂ%ﬁ/insulirﬁi g&%é’iéni‘lrig b%%g)ﬁ%%rﬁp%%qﬁﬁ%%ﬁg‘?gé?ﬁm_-o). Notably, bFGE géur'ng the LB
stage §H9ais to promoBseeteh ALPaiRRATRY AP SlpTELEH PP IR BPIRRRE 'éf pancreas
lineage:eAmpAitedrals d0Re7 Gl ematmvenptes cunsie) siva wixhatketssuggestthe édlls represent

a pancreatic progenitor stage similar to the proliferati ' ithslbgy, Qs 206 expands
during%?&lﬁgglf %ﬁ%}‘ﬁ%‘%’fgggfn“’d%%”iﬁ %589? %Ele% %z%% ary trgr?sgi%gmg%ﬁén%st beta cells form.
FurthetepteesmemerpplsEexad wish| s mid b-sbaarn dikenapseatis e7ana LWitecbitNére also
DXL B P D Ry el pbl SEom Al ness Stages pLRERE oot

+ cells In contrast, PDX1+ and FoxA2+ cells were no ese s of |
differem&?%ﬁwmﬂéﬁ{@ﬂ?ﬁgﬁbﬁ&%ﬁﬁ%ﬁ%&fﬁﬁg%rﬂ}rﬁlfg%%%veﬁr% %\% atrﬁﬂlr\hibitory
effect qrdhg) differensiditionusfsdefipin SeAdodvH4rowrE SCS D eow, REAS ratdppbs)} Gnd

pancreati I'r@f@ﬁg‘ ell.demelopment oRezif Charesctotizationafeadacrine progenitor cells and
critical ?ggjtl(l)irs or th%eir WO 2%%@/13, 474P ,T/L}%%B%C? 10662 differentiati%%li_r}algyorrn?n% %Qéjdt
a

pancre#R084H culturE® ERREEREEEIVBBNESIEFE (2063 SCRTEES T \WhiEh BES afe p in 15%
serum-goataiRiRY (BECiE @) iatial rtMEDmh pdit exsridssion MERwIndsigiedmsdasion of

other engg,gefm %qdﬁx%%%yreﬂc lineape.Assesiaed 0eRgS As 6 Llmtianng and Stera/cells, 2006). In
pad’ Script

contras%, bl fa IevePs were maintained and/or’ increased in growth facgor%{p%g ented
P

serum-EGM&Hirio0 GFBIEsnFETES . D iRFubrERSCE el FHEiE R REE DE co-
staining, JOQ 79 Ta.detsrnineifBiVififeaiat BESToibexs the Ahiitathiecbmaylly differentiated,

hormone-containing pancreatic islet cells, applicants plated .14 day EBs antodelatin-coated goverslips
in seru rﬁ%’i’l’%ﬁl@gﬂ E%Tgafo?oé‘ﬁagﬁg iﬁ%‘ral%ﬁ)pﬁc,eﬁ £ gﬁfge%eé gf/%?%‘étng%% g%eﬁ%%}rlgggsg%ver this

time-coutispenese determiistbwRTCDCR (Fitke) fnd OdrRo Afer pringiEndics (EBsRER$21 and

EB14+2@&551%34@2{,%@@%@@%@%@9@@@_@@19@e.ym@aasmmmga@mmm@mmamnsu|m,
glucagon and glutZ, were highly enriched.in the BMP4-treated, elf c%@fared to ucptreated cells.
8

Q-PCR @la ciritrifet e MEREASIHG trandeript 1 GERdifdkAl Y

ANd $7101d increase over the
time-coyege B ItbHldnE B2 R amh 5B v 28relpet (Sl g ompared 1B BAtEaed BB, Pdt (179,
155 and 841 fold increase) and qlu12. (47,07 and.224.fold increasek Hmratantly irlikanskglucagon
transcri[}% %@?é%u%%{é%‘c’%% e ?ﬁ%ﬁ#&%gg _EaBl4 cellg. [00080)In contrast, in BMP4-treated cultures,
insulin mgmmem gmbedded in OCT (EB14; Tissue-Tek) or fixed on coverships

(EB14+14, EB14+21 and EB14+28) for immunostaimng.

{00055) Exampie 2. Quantitative PCR and RT-PCR.

[00056] Total cellular RNA was extracted with TriZol (Invitrogen). cDNA was
synthesized from lpg total RNA using a SuperSeript First-Strand Synthesis kit (Invitrogen).
Quantitative real time RT-PCR (Q-PCR) was performed using Assays-on-demand agents
(Applied Biosystems) on an ABI PRISM 7700 Sequence Detection System { Applied Biosystems)
for the following transcripts: foxa2, soxl7, brachyury, ngn3, pdxl, insulin, glucagon, glut2 and
an endogenous conirol, Aactin. Q-PCR was performed according to equipment manufacturer’s
instructions. Relative guantification was carried out using the comparative cycle threshold (Ct)
methods recommended by the supplier. Fold change was calculated as: 2°%%¢T Mean AACT
values from Q-PCR analyses were compared using the unpaired, two-tailed Student’s t-test. P

values < (.05 were considered significant.
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increased dramatically over time. Q-PCR reaction cycles for insulin raRNA change from 50
(undetectable) in E1314 untreated cells to 28, 27 and 25 cycles in BMP4-treated cells over the
post-EB differentiation time-course. For glucagon, the change was from 46 cycles to 22521 and 20
cycles; in aII%Qp’é’ﬁFHé%@; 13-actin cycle times were approximately 15 cyé}igs.qﬁzggﬁ%}%@? to the
increasing abundance of islet hormone transcripts, brachyury mRNA continuously decreased over time
during these late stages and was not significantly different from the level in EB14 untreated cells.
Consistent with prior studies in hESCs, the trophoblast marker hCG was expressed in the
BMP4-treated cells at EB14 (Xu, R.H., et al. (2002)), but not in EBs generated from hESCs that had
not bedM@8zled witFBMEtauftERs WER(Ramiimereatile BERE MR HCTeERRIAEvels decreased

dramatj %&EMM&Q&%JM%M@%M%&&% phservationy inenhEyosanlESGsathe
neuroectodenn marker soxl was not detected in BMP4-treated c&l@s&wherea it was induced in
C ‘izlgi‘?;

differert iR SHE FECTHH 3R % SRR A R SN O SRR RE S C ColGRIBE (P15 6] These data
sugge St thsitrl] BeTANA fpobyconait dASAzaro) istbrdohvonendaiicdifferentatiotoertbphoblast

differenflatinn 6,0 EXRINGH ISISLBOMRANS SENS SXRTESRI9N QUCBUMER ¥BaIRShIKaGaRRAMD
2007(130474PCT/US2007/010662 expression over time under sgrurg-t,r e cond%tlona)c; Zémal
bk GIREA

differertBEBAtiddifke 50 ibHREh 1R PBRE 4 4 Catr BT R R ST B ER A Fh Rt s o gRe Rt y BMP4
treatment/3)(S6t0MufreeohHHON syt enREGCHIespntiesin gA ndiffeicntisEovdaifnavesarviving
and/or gxpanding, g.?@r WESERIESng RS UYEnAQlS arga ek auRPRriad, A maintained by

these serum-free conditions. [00082]Consistent with gene expression results, inuntmostaining data
show tFR B WP A RIMUYESTHFRAiIned large clusters of PDX1+ cells after plating. In contrast to
PDX1+jgelisspund inekBapiedst of thmeadfinar-ionger soabidiged with Ki67 (FIG. 7d-f), suggesting that
the cell egun terminal differentiation, ells co-sIpRngJar &ithes bRsd aeddasylin, or PDXI,
insulin g?&?%&;)eptide apr})igg;gu W%%%%%ﬁg%% cﬁi%ters of PDX1+ cells, By 14 days§g:‘ter EB plating, 5
of 17 (Zbsyibak(Kinbere BiNSum i c BRESTAEMIFGEREI A & Firmataied iRt 5/S8Pa8 0 Bter plating, 10
of 16 (63%einE Bss8RtaINaeHNsHIN tcellsiapdibe-me andlydteodifieenalis pe T Eibiner 62520l 6Fhe fact
that appli eryed numerous insulin/C-peptide imm, tain s bichBHRYSEREXPress
PDX1 %}6&%@%%%%% v%?ﬁ?nw’&%%?%%g?%}%cgégﬁg ea‘éyégg%ﬁﬁ?gﬁ%%nhgr%\%se In insulin mMRNA,
suggestsa-possotypiydatedn thidratferdhitebbvralidagreeromshiestdPus@mbbiitbstitin staining

was alsgebsenaddn BMRAEAGH Sl e (0 sRimBlussasnnandsomaiasiaiinaeiiaaid not
co-stain for C-peptide as would be ex etfted f{qrzgc%gk:)ﬂdocr.in g:elés stairg' or either
ro

: e celltypes. n
PDX1 JRISHIREAHONESRAMITSE SHESKHE ' ¢bn groﬁ%%%%%[%é%%?ﬂxg?nﬁgﬁ.lﬁp AM based
MACS $036ing fRaBer KiniohBdachitare gdeat atidoeieem JaPel (Ratbe 44 dohaedttesicanysobd 4] The
app'icagégxﬁﬁﬁ §?§5Wgom4mﬁﬁﬁ {RRIRbSHIHER AL AR GH QR ERGAMERLPRX1,
cell Clus

numerous eérs are seen containing_cells co-expressing both markers (FIG. 10a). This
detectidRosidv R RHOLHBFRNTIE (R AYETRIHRP é%‘%ét‘%)@g@‘ééﬁgat}é%%%% EhEReERression
and MAEGxsating.sEe, teslodis Gypothesia, Arits Hiiferastatetoacs Gdin grid-thishil IMBHFRGE treatment
protocol.are laheled with an anti-E M.aptib fol C I ' I pH condary
antibod;?%%ﬁi 'soﬁ(z’d.d%{leag} B&%ﬁpﬁamg&% %‘i?fg%}rl%%ﬁe Qf%%%%%é@éye&%%aﬁggﬁ%%\%if sox/ 7
and foxaothrecitierdderdt mont83el @809 pexe shirinptigm Medeadwy) PIRRFFEENSORIACS sorting
for EpCAolkepn be useshigrenyich wepuifyrdifiepiainteshibyGrentiue S EBaimvigiamMPdandodermal
cells that arjse as the result of non-selective culture conditions. Sorting for EpCAM results in a
populatio *which -95% of the cells are EpCAM+ (FIG. 7c). Applicants hypothesize that combining.

two or nieReeddrts (selrintptorRpORRCadifiermbviny o3 mitigted by dratng Eshe iR RM e
cultures R, 29 Hd+30MARCH/BB200 10%DbHR eislatedamnshparsdreaticpragantohEsis and

simultaneously fgmaoye. undifferenti ‘%d terafomaforming cell m the gﬂ Eg%iipg‘gﬁg]@-ﬁwnmary,
the ot PRE B e RS DAL e e ars e o e 5 Gl 5 sl
human chorionic gonadotrophin (hCG)-expressing trophoblast cells (Xu, R.H. et al. BMP4

injtiates 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 afler 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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differentiation of hESCs to cells highly reminiscent of beta cells or beta-like cells. The differentiated
cells are a promising source of pancreatic beta cells, which can be used to treat diabetic patients.

However, Iittlg is known about cellular and molecular events regulating pap(Tgr?Uastécodligfl%%entiation in
humans. As g&ﬁ‘f"&@&‘ﬁﬁed herein are several components of the direct di fereAtation process that

results in reliable and robust induction of PDX1-positive cells and generates cell clusters
co-expressing PDX1 and insulin/C-peptide. The entire differentiation process is carried out in vitro in
serum-free media. It was found that mesendodenn, marked by early brachyury expression, is induced
when hESCs are treated with 50 ng/ml B1\4134 and 100 ng/mlbFGF, and that endoderm and early
prolifePdaibeshfdEnvetndixifetans drerepecmedrrrety Hudb iorsm MBI Hather

differentiation enows @ton,qels eoadnan sferrad B SerU)- eeme GaEarE00igHNn SUKEE [a0sierrin,

selenium, FGFE7, nicotinarnide, a I0-4. The,in.vitro- rat i I press PDX1
and Cﬁ%’&@%h%@%ﬁs |%%¥1ggc§r?§rlﬁﬁ%§g’i %elngt?\?gj fif mgst??—n%?/oeR %ﬁg{ﬁle@%%afgtkeﬁﬁbé r to the
productiorol paicretant snvafidehatanthsastrabtedo grsrahatitcavdrpdeds amtimsisntate the use of
human,plripptentssteen Geisasah dRpilsgi s anat g PARCTEAS AN BIORMENird0P 08RI Theus OlRyed

populations of endodennal or pancreatic_progenitor populations could en adult therapy. For

exampﬁj@?’tﬂe%‘éefﬁ%eglégﬁdﬁﬁ@éﬁ{goeéﬁaﬁe%@?%%’ﬁ érﬂcv'éﬁﬁr ﬁt?rﬁéir? Rt ?P%?é%gglrl g’ﬁpg%gﬁot}és. These

progenitdriioplial RN fay mlsodse tramshtartamobpianisessahitmdysifiist6idgenmoadh the

tefmi“%ﬁkf@iﬁegi@m@af@&)m' RiRigdherapeyte @@QE@&&@&E@.%@%@&H&@EM&{%@NM cells wil
afi

differentiate In the patient to the functional cells or tissues.o intere%ﬁ%e eneratign of entire tissues is
also erfVidisfal asimpribiddad Bidbasdraer pERCRERUSHSgE ‘ééﬁsf. Tﬁgﬁg%ﬁ%e disclosure
of everyRGFastypatenidphlicdiiohCahthdulilivatifectivé 8 W816iE is trmmbleinbopyoragedderein by
reference iz GRSy ﬂ%éﬂ&? Wadsssieed FoALeerain ad @@tgﬂ'ﬁiﬁ&%@? Mi(fl@e%ﬁﬁibed in

this disclosure are a matter of routine optimization for_those SL%I int g nd can be implemented
without'theBaHt HE froh FIRECSHAT BRHRIRVE I SRR SR ﬁﬁé%%%eaﬁ 58 BAMES Claims 1A
methodquamdlégtjﬁgrmmﬁﬁcermb}.ydmismmiqalt:etm:qmm‘ddayettmiﬁxdi be m@éﬁi@lﬁ_ﬂﬁ@ﬁeléhe
method oM IIGIARIERR 9bo-rol@ LIRSy EHSUBRRLERD RN Adk e

differentiation i e direction of mesendoderm, whereinthe conditions include the presence of an

effectivBMRTREEF EeBsHd AR pIBHermtd prstdimm R -fronthe G HGFRrTS-SER§IEMECath) cuituring
the cellgframatessfatngdes canditions favasagiheiotatidr(BIGnzdt embryoid bodies (EBs), wherein

the EBSqafshrroundec, Rl lulseaiphuelinntaidsdohaulying essolis tam kR of step

(b) undi:r co%mons a?}?)rlng ferminal él erentiation of the cells to the %ancr_eatlc Ilneage.
the presence of either MEFs or bFGF (100ng/ml) This treatment morphologically altered the
cells, with untreated cells maintaining 2 homogeneous appearance, and treated cells becoming
heterogencous and clearly changing their morphology (FIG. 3 a-b). BMP4 treatment results in
some cells differentiating to Brachyury+ cells, which are intermingled with relatively fewer
FoxA2+ cells in the same cell cluster (FIG. 3¢c-¢). Applicants found an average of 10 such
clusters per 15 mm coverslip in BMP4-treated cultures, whereas none were detected in untreated
hESCs. Brachyury+ cells are also OCT4+, at least transiently (FIG. 3i-k). In contrast, FoxA2+
cells are not QCT4+ (FIG. 3 I-n), and nearly all Fox A2+ cells are co-stained with Sox17 (FIG.
3fh). .
[00064] FIG. 2 shows that in contrast to cells treated with BMP4 atone, cells treated with
low and intermediate doses of BMP4 (10ng/ml and 50ng/ml) for 4 days did not express ACG or
produce hCG protein; instead, cells expressed significantly greater amounts of brachyury and
soxl7 transcrijnfs while expressing significantly lower levels of Oct4 transcripts compared to
control cells at the same time point ( FIG. 2 c-e).
[00065] In aultures nof treated with BMP4, cells were OCT4+ but did not express
Brachyury (FIG. 3o-q). These QCT4 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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2.The method of claim 1 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.

3.The method of claim 1 or 2 wherein the bone morphogenetic protein is thod of claim
3 wherein an St Y ount of BMP4 is 50 ng/ml. 5.The method of clai%%ev@%éﬁ%@??ﬁgefstem cells of

step (a) are also cultured in the presence of an effective amount of a fibroblast growth factor to induce
differentiation in the direction of mesendoderm. 6.The method of claim 5 wherein the amount of
fibroblast growth factor ranges from 10 ng/ml to 200 ng/ml. 7.The method of claim 6 wherein the
fibroblast growth factor is bFGF. 8.The method of claim 7 wherein the effective amount of bFGF is

100 ngihEroETHBwRamRa POy GHranin difiecatitg TP BTmiAes eefRRrmhEP B SRIPBR (d)selecting
the celisiaf step e hihahpositvel exptessihe epitbeliabralisatiffesionamarkéedFEpeAfiA)ita retain cells
of the pancreatic lineage that exhihit a reductiqn.in. t igenicity. 10..T lajm,9 wherein
the seld¢ ﬁanl “b%r gr%r%ec(f Sy%gg%gf%‘gc%i\%}t%%&m&g&lﬁ%%% rlﬁgf%ggd%ﬁ%%hﬁ oﬁe%? the

precedfitgelaimsupnertive gfdhn steinios deim Bellsnes-axppbsation (Fldh & B achuaytitriivis fllividual

cells. pCR (FIG. 35 and t) show an increase in brackyury and Foxa2 transcripts when culfures on
MEFs are treated with BMP4. Applicants found an approximately 170-fold increase in
brachyury gene expression (FIG. 3s) and a roughly 5-fold increase in foxa2 expression with
BMP4 {reatment (FIG. 3t). Together these data predict that a sequential series of embryonic
stages emerge from hESCs. First, brachyury +, and brachyury and Oct4 co-expressing cells
(possibly reflecting a transition state) arise, representing mesendoderm. Then, cells go through
another rapid transition within a few days to co-express FoxA2 and Sox17, while losing
brachyury expression.
[000666} Example 5. Several additional essential components for early pancreatic
cell lineage differentiation from hESCS in vitre are identified.
{00067] To further define the culture conditions and media additives that promote
development of pancreatic cells from hESCs in vitro, applicants evaluated the requirement for
MEFs during the BMP4-treatment period. In BMP4-treated cells grown on Matrigel™,
transcripts were not detected for any of the genes examined, including brachyury, foxa2, pdxl -
and glut2 (FIG. 4c), whereas they were easily detected in BMP4-treated cells grown in MEFs. In
addition, hEBs derived from cells grown on MEFs vs. Matrigel™ were morphologically different
(FIG. 4d-g). Cells grown on Matrigel™ resulied in EBs that were smaller, more compact, and
more opaque than EBs derived from BMP4-treated cells grown in the presence of MEFs. Thus,
MEFs play an important role in pancreatic lineage specification in this protocol.
[00068] As a high concentration of bFGF has been recently reported to bave a MEF-like
effect on the growth of hESCs (Ludwig, T.E., ef al, Derivation of human embryonic stem cells
in defined conditions. Nat. Biotechnol, 24, 185-187 (2006) and Levenstein, MLE., ef al, Basic
FGF Support of Human Embryonic Stem Cell Self-Renewal. Stem Cells (2005)), applicants
examined whether bFGF could replace MEFs in the culture protocol. To determine this, 50
ng/ml BMP4 and 100 ng/ml bFGF were added to hESCs grown on I\/Ia‘trigelTM for 4 days; cells
were then harvested for gene expression 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, pdxi, and ghu2 gene expression to EBs from hESCs grown on MEFs and
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12. The method of any one of the preceding claims wherein the EBs include definitive endoderm cells
with duct-like structures containing Foxa2+, Sox17+ and PDX1+ cells. 13. The method of any one of
the preceding claims wherein the terminally differentiated cells co-expres ' ination with
insulin and C%Se:’r?ﬂaé:.mfi A method of sequentially enriching a culture dgﬁ:\)/e #}(k)ﬂrﬁﬁman embryonic
stem cells for cells of 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

ranging from 10 ng/ml to 100 ng/ml and fibroblast growth factor rangin frcim 100 n%mllto.zoo ng/mi;
(b) cumﬁ@ﬁ@im@ltaw?f’ohﬁ@eﬁ%ﬁl}%ﬁ%é‘ﬂmﬁ%?%(%ﬁé’ﬁﬁﬁég? B PREEABRBid bodies
(EBs), sibedeim the:EBsatte autoupaeddayiclinyercoflistEratydikioac; and (c) culturing the cells from

the EBp alaypr () updercandiiaiismysingrimbal glletniofon atie.aaladadns pagsieatc
lineage. 15. method Of claim 14 wehere'ln the culture conditions in step (¢) include cult ({iln the EB
cells infisap i SFerae drnsnéentameapomisalif MR sigering <ateHfarts Fﬁ%‘ﬁ‘%}"’ﬂﬁ%ﬁﬁ&fﬁiﬁ‘g, aﬁa

exen?igfﬁolﬂlﬁe-ﬁlaggﬁﬂ@@% ohnlaimntdQin kbRt ercampnisitg titatePRVIEH salectioy.tBencells of
step (c) that positively expres itheli sion mal . the
e TR R Bt ipresenssRinendl selkadesion MaleeuedFRfeAM) e ala sl of

4 reduction in tum igenicity. 17."The method 0f claim 16 wherein the

selectinGFEp Gofotried njtheigreti® acivhRNEBE Rissitieg BYPHU ARG B aREsRe Ticlaims 14 to 17
whereiganieffestive MGl danedBENIhogeRglspuTchidagasiiaxidd semikieddOagif 1 and

an effective amount of a _fibroblgst grqwth factar.is.100 na/ . e i an

emory CRRESCU RN fo AR RS N e A REC e SRR
tumoricyessid eanddpitindetitd dntethosbonmrising nhtakle e birtassintlears b e8I ader conditions
that indygce differeoiiation inibediiestierrimesendosietraaedemin shgeandipatisausesthe

T e AR e g B 0 Sorg,

(EBs), {0iemsin the EBs=amgisurouRuddmjidbags(BR)igeepansion wHgure of BMP4-treated
hESCs promotes endoderm and pancreatic lineage cell differentiation.
(00071} Based on the defined role of BMP4 in pancreas specification in chicken embryos,
applicants aimed to determine whether BMP4 treatment would promote differentiation of
mesendoderm and pancreatic cells from hkESCs. EBs were therefore formed from either
untreated hESCs, or hESCs treated with 50 ng/ml BMP4 for 4 days. Applicants’ previous
experiments showed that differentiation through an EB stage, in which inductive tissue
interactions may occur in three dimensions among the early embryonic germ layers, positively
influences development of pancreatic lineage cells, compared to differentiation under two-
dimensional conditions (Xu et al., Endoderm and pancreatic lineage differentiation from human
embryonic stem cells, Cloning and Stem Cells, 8, 96-107, {2006))).

. [00072] Transcript analysis showed no detectable pdx! expression in untreated hESCs.
After the cells were grown as EBs for 14 days, pdx] mRNA began to appear in the conirol group.
Compared to the untreated group at EB14, BMP4 treatment induced significant up-regulation of
genes including: sox17 (11 fold), foxa2 (12 fold), tar (7 fold), pdxl (22 fold), brachyury (8 fold)
and glut2 (19 fold). Although brachyury induction by BMP4 was still significant when cells were
analyzed at EB14 (14 fold), the magnitude of increase was much less than at the ESC stage (170
fold, treated hESCs vs, untreated hESCs), Applicants reproducibly observed the BMP4 effect in
numerous (more than ISj independent experiments and with'two different hESC lines (H! and
19},

[00073] In this regard, FIGs. 5 (a-c) show expression levels of endoderm and pancreas
associated genes in hBESC-derived EB14s. FIG. 5 (b-¢) show that BMP4/bFGF treatment induces
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(c) culturing the cells from the EBs of step (b) under conditions favoring terminal differentiation of the
cells to the pancreatic lineage; and (d) selecting for expression of a cell surface marker indicative of
a commitment to a particular differentiated lineage, wherein the marker is Iéggémﬂ%ﬁ’{ﬁzsultmg cell

culture not f&ymi%?ﬂ {&%tbmas when injected in immunocompromised micg. e method of claim 19

wherein step (a), the mesendoderm cells are characterized by the co-expression of Oct 4 and
Brachyury (T) in individual cells. 21. The method of claim 19 or 20 wherein in step (b), the EBs include
definitive endoderm cells with duct-like structures containing Foxa2+, Sox17+ and PDX1+ cells. 22.
The method of claim 19, 20 or 21 wherein in step (c), the terminally differentiated cells co-express

PDX1 Hicstfeni Hpressian nE et Srmm@IsopTgacap sssPRIHR 8sBES R 4R Grivdrdfms afteid 2
whereipaifk steg-dehntediferniates cellaexprss thptaiM andrdonigydaraFGF atanngsvd BB injected
in immunoc omised mice. METHQD OF.RIFFERENTIATING STEM CELLS IN CE OF
THE Eﬁ%%%lﬁéf&?\lﬁrg&é@ ﬂ Ighblr? Eaﬁ cé—f%ség 8%%%3‘3?? |s(lcE cl)lseg ﬂ;(E%f'ngﬁ?ll-aaEtI§ romote
islet diffehentiatifxdfomdpdrdreripiore i sedm bl Pidsmaspbsadiniaerrsasdtiowde! 8-&idple,
reprodygible ehiivie RratacelMsingdefinackcamppneniade nrs Iaree: seate pRUsHoRpfaancreatic

el L T Wl e e
from 26-fold vs. undifferentiated hESCs (without bFGF during the EB stage) to 312-fold greater
than undifferentiated hESCs (with bFGF during the EB stage). Notably, average delta Ct value of
pdx] from QPCR testing was 7.7, comparable to the pdx] expression level in human islet
preparations (approximately 50% pure). '

[00074] Furthermore, FIGs. 5 (d-0) show immunostaining of EB14s, where bFGF was
added during the EB stage and more than 50% of cells are stained with PDX1. The stainings are
very strong and nuclear and cells are ofien formed in clusters. PDX1+ cells are not co-stained
with the SOX17 antibody (FIG. 5d-f), yet some PDX 1+ cells are co-stained with the NKX6.1
antibody (FIG. 5g-i). Some of the PDX 1+ cells are also Ki67+ (FIG. 5j-i), suggesting the
existence of proliferating PDX1+ cells.

{60075] The immunostaining of EB14 cells also revealed that hESCs were capable of
differentiating into mitotically-active pancreatic progenitor cells, expressing PDX1 and Ki67
(FIG. 5j-1). Many PDX1+ cells were seen in the BMP4-freated group, most of which were also
Ki67+, suggesting that these cells were actively proliferating. In addition, a significant
proportion of cells expressing PDX1 also co-expressed Nkx6.1 (FIG. 5g-i), but the majority did
not express insulin at this stage (FIG. 5m-o0). PDX1/insulin co-staining began to appear at EB 14
(FIG. 5m-o). Notably, bFGF during the EB stage appears to promote a transition from brachyury
expressing cells to the appearance of pancreas lineage committed cells.

[00076] = The above-noted constellation of markers suggests the cells represent a pancreatic
progenitor stage similar to the proliferating pancreatic epithelium that grows and expands during
mid-gestation prior to or around the time of the secondary transition when most beta cells form.
Fuﬁhermore, numerous Fox A2+ cells were seen in duct-like structures, and some cells were also
Ki67+. These structures formed during the EB stage may play an important role in the induction
of PDX 1+ cells. In contrast, PDX 1+ and Fox A2+ cells were not seen at these stages of hESC
differentiation without BMP4 treatment (data not shown).

[60077] Serum is known to have an inhibitory effect on the differentiation of definitive
endoderm from ESCs (D'Amour, K.A., et al. (2005)) and pancreatic lineage cell development

(Gao, R., ez al.,, Characterization of endocrine progenitor cells and critical factors for their
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<120> METHOD OF DIFFERENTIATING STEM CELLS INTO CELLS OF THE ENDODERM AND
PANCREATIC LINEAGE <130> 960296.00391 <150> US 60/796,662 <151> 2006-05-02 <160> 24

<170> Patentln version 3.3 <210> 1 <211> 25 <212> DNA <213> Atrtifici S > Synthetic
polynucleotideZA6 Ygatgaagtc taccaaagct cacge <210> 2 <211> 25%?%%90@%8—%%@

differentiation in human adult pancreatic cell culture. Diabetes 52, 2007-2015 (2003)). Cuiltures
in which EBs are plated in 15% serum-containing media show a gradual reduction in pdxt
expression, as well as the expression of other endoderm and pancreatic lineage associated genes
(Xu et al., Cloning and Stem Cells, 2006). In contrast, pdx] transcript levels were maintained

and/or increased in growth factor-supplemented serum-free media.

[060678] Example 7. Human ESCs yield cells with PDX1/INSULIN/C-PEPTIDE co-
staining.
[0G075] To determine if BMP4-treated hESCs have the ability to become fully

differentiated, hormone-containing pancreatic islet cells, applicants plated 14 day EBs onto
gelatin-coated coverslips in serum-free ITSFNE media for an additional 14, 21 and 28 days.
Transcriptional profiles over this time-course were determined by RT-PCR (FIG. 6) and Q-PCR.
After plating (EB14+14, EB14+21 and EB14+28), endoderm and pancreas-associated gene
transcripts, including foxa2, pdxl, ngn3, insulin, glucagon and glut2, were highly enriched in the
BMP4-treated cells compared to untreated cells. Q-PCR data demonstrated the increasing
transcript levels of foxa2 (18, 21 and 37 fold increase over the time-course EB14+14, EB14+21
and EB14+28 respectively, compared to untreated EB14), pdx] (179, 155 and 541 fold increase)
and glut? (47, 97 and 224 fold increase). Importantly, insulin and glucagon transcripts were
undetectable in untreated EB14 cells.

[60080] In contrast, in BMP4-treated cultures, insulin and glucagon mRNA levels
increased dramatically over time. Q-PCR reaction cycles for insulin mRNA change from 50
(undetectable) in EB14 untreated cells to 28, 27 and 25 cycles in BMP4-treated cells over the
post-EB differentiation time-course. For glucagon, the change was from 46 cycles to 22, 21 and
20 cycles; in all experiments, B-actin cycle times were approximately 15 cycles. In contrast to the
increasing abundance of islet hormone transcripts, brachyury mRWNA continuously decreased
over time during these late stages and was not significantly different from the level in EB14
untreated cells. Consistent with prior studies in hESCs, the trophoblast marker hCG was
expressed in the BMP4-treated cells at EB14 (Xu, R.H., ef al. (2002)), but not in EBs generated
from hESCs that had not been treated with BMP4. After EBs were plated in serum-free media,
hCG mRNA levels decreased dramatically (FIG. 6).

[00081] Also in concert with prior observations in embryos and mESCs, the
neuroectoderm marker soxJ 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-fee conditions favor islet hormone cell differentiation over trophoblast

differentiation ( e.g., retained islet hotmone gene expression over time vs. lost hCG gene
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ttgggaaggt attc <210> 4 <211> 23
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expression over time under serum-free conditions); 2) neural differentiation is likely inhibited by
BMP4 treaiment and/or neural precursors are not selected by BMP4 treatment, 3) serum-free
conditions prevent Oct4-expressing undifferentiated cells from surviving and/or expanding, and
4y TAT-expressing cells, such as liver cells, are not supported or maintained by these serum-free
conditions.

[00082] Consistent with gene expression results, immunostaining data show that BMP4-
treated cultures contained large clusters of PDX 1+ cells after plating. In contrast to PDX1+ cells
found in EBs, most of the cells no longer co-stained with Ki67 (FIG. 7d-f), suggesting that the
cells had begun terminal differentiation. Cells co-staining for either PDX1 and insulin, or PDX1,
insulin and C-peptide appeared within the large clusters of PDX1+ cells. By 14 days after EB
plating, 5 of 17 (29%) EBs showed insulin+ cells which increased over time such that by 28 days
after plating, 10 of 16 (63%) EBs contained insulin+ cells and the mean # of pesitive cells per EB
increased. The fact that applicants observed numerous insulin/C-peptide immunostained cells,
which always co-express PDX1 and are localized within PDX1+ clusters, as well as a significant
increase in insulin mRNA, suggests a phenotypic pattern characteristic of bona fide B cells.
Glucagon and somatostatin staining was also observed in BMP4-treated cultures (FIG. 8).
Glucagont and somatostatin+ cells did not co-stain for C-peptide as would be expected for adult
endocrine cell types. Cells staining for either PDX1 or islet hormones were not observed in

- control group cells.

[0GGE3] Example 8. EpCAM based MACS sorting further enriched cultures for.
endoderm and pancreas committed cells
[00084] The applicant detected that when BMP4/bFGY treated cultures are stained for

EpCAM and PDX1, numerous cell clusters are seen containiﬁg cells co-expressing both markers
(FIG. 102). This detection provided an opportunity to preferentially select PDX1+ cells based on
EpCAM expression and MACS sorting. To test this hypothesis, cells differentiated according to
the BMP4/bFGF treatment protocol are labeled with an anti-EpCAM antibody followed by
iabeling with an appropriate secondary antibody and sorted. Afier EpCAM+ sorting of
differentiated hESC progeny, transcript levels of sox 7 and foxa2 are increased, as are levels of
pdxl and EpCAM (FIG. 10b). In this respect, MACS sorting for EpCAM can be used to enrich or
purify differentiated ESC cultures to eliminate non-endodermal cells that arise as the result of
non-selective culture conditions. Sorting for EpCAM results in a population in which ~85% of
the cells are EpCAM+ (FIG. 7¢). 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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endoderm / pancreatic progenitor cells and simultaneously remove undifferentiated, teratoma-
forming cells, from the cultures.

[06085] In summary, the methods of the invention are able to facilitate reproducible
differentiation of hESCs to cells highly reminiscent of beta cells or beta-like cells. The
differentiated cells are a promising source of pancreatic beta cells, which can be used to treat
diabetic patients, However, little is known about cellular and molecular events regulating
pancreatic differentiation in humans. As such, described herein are several components of the
direct differentiation process that results in reliable and robust induction of PDX1-positive cells
and generates cell clusters co-expressing PDX1 and insulin/C-peptide. The entire differentiation
process is carried out in vitro in serum-free media. It was found that mesendoderm, marked by
early brachyury expression, is induced when hESCs are treated with 50 ng/m! BMP4 and 100
ng/mi bFGF, and that endoderm and early proliferative pancreatic lineage cells are specified in
FBs made from these cultures. Further differentiation occurs after cells are transferred to serum-
free media containing insulin, transferrin, selenium, FGF7, nicofinamide and exendin-4. The in
vitro-generated pancreatic cells express PIDX1 and C-peptide, characteristic of f} cells. These
inventive findings move the field a step closer to the production of pancreatic B cell populations
suitable for therapeutic purposes and facilitate the use of human pluripotent stem cells as an in
vitro model of pancreas development,

[00086] The isolated populations of endodermal or pancreatic progenitor populations
could enhance adult therapy. For example, these progenitor cells can be co-transplanted with
human adult islets or hepatocytes. These progenitor populations may also be transplanted by
themselves, without first going through the terminal differentiation siep. In this therapeutic
approach, it is expected that the progenitor cells will differentiate in the patient to the functional
cells or tissues of interest. Regeneration of entire tissues is also envisioned starting from such
endodermal or pancreatic progenitor cells.

[00087] The disclosure of every patent, patent application, and publication cited herein is
hereby incorporated herein by reference in its entirety. |

[60088] It is understood that certain adaptations of the invention described in this
disclosure are a matter of routine optimization for those skilled in the art, and can be

implemented without departing from the spirit of the invention, or the scope of the appended

claims.
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<213> Artificial <220> <223> Synthetic polynucleotide <400> 5 gggagcggtg aagatggaag <210> 6
<211> 20 <212> DNA <213> Atrtificial <220> <223> Synthetic polynucleotide <400> 6 tcaggctggg
actcaagtgc <210> 7 <211> 22 <212> DNA

Claims

1. A method of culturing human embryonic-stem celis fo produce cells of the
pancreatic lineage, the method comprising the steps of

(a) culturing the stem celis 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 ranging from 10 ng/ml to 50ng/mi;

(b} culfuring 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.

2. The method of claim 1 wherein the cuiture conditions in step (c) include
culturing the EB cells in a serum-free medium containing insulin, transferrin,
seleniurmn, FGF7, nicotinamide, and exendin-4. :

3.  The method of claim 1 or 2 wherein the bone morphogenetic protein is BMP4.
4, The method of claim 3 wherein an effective amount of BMP4 is 50 ng/ml.

5. The method of claim 4 wherein the stem cells of step (a) are also cultured in the
presence of an effective amount of a fibroblast growth factor to induce differentiation
in the direction of mesendoderm.

6. The method of claim 5 wherein the amount of fibroblast growth factor ranges
from 10 ng/ml to 200 ng/mil.

7.  The method of claim 6 wherein the fibroblast growth factor is bFGF.
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<213> Artificial <223> Synthetic polynucleotide <400> 7 aagaacggca ggaggatgtt tc <210> 8 <211> 24
<212> DNA <213> Atrtificial <220> <223> Synthetic polynucleotide <400> 8 cccaactctc actatgtgga ttcg
<210> 9 <211> 20 <212> DNA <213> Atrtificial

8. The method of claim 7 wherein the effective amount of bFGF is 100 ng/mi.

9.  The method of any one of the preceding claims further comprising the step of

(d) selecting the cells of step (¢) that positively express the epithelial cell
adhesion marker (EpCAM) to retain cells of the pancreatic lineage that exhibit a
reduction in tumorigenicity.

10.. The method of claim 9 wherein the selecting is performed by magnetic
activated cell sorting. .

11. The me’ihod of any one of the preceding claims wherein the mesendoderm cells
co-express Oct4 and Brachyury (T) in individual cells.

12. The method of any one of the preceding claims wherein the EBs include
definitive endoderm cells with duct-like structures containing Foxa2+, Sox17+ and
PDX1+ cells.

13. The method of any one of the preceding claims wherein the terminally
differentiated cells co-express PDX1 in combinatlion with insulin and C-peptide.

14, A method of sequentially enriching a culture derived from human embryonic
stem cells for cells of endoderm and pancreatic lineages, the method comprising the
steps of

(@) 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 ranging from 10 ng/ml to 100
ng/mi and fibroblast growth factor ranging from 100 ng/mi to 200 ng/ml,

{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.

15. A method of claim 14 wherein the culture conditions in step (c) include culturing
the EB cells in serum-free medium containing insulin, transferrin, selenium, FGF7,
nicotinamide, and exendin-4.
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16. The method of claim 14 or 15 further comprising the step of

(d) selecting the cells of step (c) that positively express the epithelial cell
adhesion molecule (EpCAM) to retain cells of the pancreatic lineage that exhibit a
reduction in tumorigenicity.

17. The method of claim 16 wherein the selecting is performed by magnetic
activated cell sorting.

18. The method of any one of claims 14 to 17 wherein an effective amount of a
bone morphogenetic protein ranges from 10 ng/ml to 50ng/ml and an effective
amount of a fibroblast growth factor is 100 ng/ml.

19. A method of culturing human embryonic-stem cells to prepare a cell population
of the pancreatic lineage, which does not have tumorigenic capability, 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 ranging from 10 ng/mi to
50ng/mi;

(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;

{c) culturing the cells from the EBs of step (b) under conditions favoring
terminal differentiation of the cells to the pancreatic lineage; and

(d) selecting for expression of a cell surface marker indicative of a
commitment to a particular differentiated lineage, wherein the marker is EpCAM,
the resulting cell culture not forming teratomas when injected in
immunocompromised mice.

20. The method of claim 19 wherein step (a), the mesendoderm celis are
characterized by the co-expression of Oct 4 and Brachyury (T) in individual cells.

21. The method of claim 19 or 20 wherein in step (b), the EBs include definitive
endoderm cells with duct-like structures containing Foxa2+, Sox17+ and PDX1+
cells.

22. The method of claim 19, 20 or 21 wherein in step (c), the terminally
differentiated cells co-express PDX1 in combination with insulin and C-peptide.
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23. The method of any one of claims 19 fo 22 wherein in step (d), the differentiated
cells express EpCAM and do not form teratomas when injected in
immunocompromised mice.
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<400> 11 gtagaaagga tgacgcctca acc <210> 12 <211> 20 <212> DNA <213> Atrtificial <223> synthetic
polynucleotide <400> 12 gctgcttgct cagtgccaac <210> 13 <211> 21 <212> DNA <213> Artificial <220>
<223> Synthetic polynucleotide <400> 13
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METHOD OF DIFFERENTIATING STEM CELLS INTO CELLS OF

THE ENDODERM AND PANCREATIC LINEAGE

Abstract

Methods are disclosed herein that promote islet differentiation from human
pluripotent stem cells. These disclosed methods provide a simple, reproducible
culture protocol using defined components to enable large-scale production of

pancreatic cell types for research or therapeﬁtic uses.
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<400> B8
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<213> aArtificial
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gggatacgcc agtgacgacc 20
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<210> 11

<211> 23
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<213> Artificial
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<400> 11 .
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<210> 12

<211> 20

<212> DNA_ |
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<220> . )
<723> Synthetic polynucleotide

<400> 12
gctgetiget cagtgecaac 20

<210> 13

<211> 21

<212> DNA

<213> Artificial

<220> . .
<223> Synthetic polynucieotide

<400> 13
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<210> 14

<211> 23

<212> DNA
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<220> _
<223> synthetic polynucleotide
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<220>
<223> synthetic polynuciectide

<400> 15
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<210> 16

<211> 22

<212> DNA

<213> Artificial

<220> i .
<223> synthetic polynucieotide

<4D0> 16
cgtcacctec ataccttiet-¢g _ 22

<210> 17
<211> 24
<212> DNA
<213> Artificial

<220> . .
<223> synthetic polynuciectide

<400> 17
atgctctggt ccctgtergt atcd 24

<210> 18

<211> 24

<Z12> DNA
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<220> ‘ _
<223> synthetic polynucleotide

<400> 18
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<211> 20
<212> DNA
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<400> 19
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<213> Arvificial

<220> .
<223> Synthetic polynucleotide
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<400 21
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<212> DNA
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<220>
<223> synthetic polynuclieotide

<400> 23
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<212> DNA
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<220>
<223> synthetic polynucleotide

<400> 24
cagggatgat gttctggaga go 22
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