WO 2011/ 143299PCT/ US2011/ 036043 DI FFERENTI ATI ON OF HUMAN EMBRYONI C STEM
CELLS CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] The present application
cl ai rs t wohenefsdr99of U. S. Provi si onal Patent Applicati enT®seéialo3ddas

61/ 333,831, filed May 12, 2010, which is incorporated herein by reference
inits entirety for all purpose. FIELD OF THE | NVENTI ON [ 0002] The present

i nvention provides nethods to pronote the differentiation of pluripotent
stemcells into insulin producing cells. In particular, the present
invention provi deFFERENTIAATON OF HIUMA NEMBERY @NIOSTEM CEILLS expr essi ng

mar kers characteristic of the pancreatic endoderm|ineage, wherein greater
than 50% of the cells in the popul ation co-express PDX1 and NKX6. 1.
BACKGROUND [ 0003] Advances in cell-replacenment therapy for Type | di abetes
mellitus and a shortage of transplantable islets of Langerhans have focused
i nterest on devel opiIROSOREFERENCE MOREDAPEDARPIG AHION, or cells,
appropriate for engraftnent. One approach is the generation of functional
13 ¢ ryoni c stem
oot 1 8008 o0 B BRI SR e S Y R eI ey BT T o Ve
rise to a giwuapNafolG8BIssl, d’ﬂmﬁMayslz;gotﬂ;%«:hgemmrbayedhen@mcl:iyod@reme mesoder m
and endoder.nm. £ss known as gastrul ation. Tissues such as, for
exanpl e, th'WtSF]&lmettyﬁ?/rnagspu%Oﬁ%creas gut, and liver, will develop fromthe
endoderm via an internediate stage. The internediate stage in this process
is the formati on of definitiNELPNOEIHEINDVENTIHON ve endoderm cel I s express
a nunber of narkers, such as, HNF3 beta, GATA4, M XL1l, CXCR4 and 50X17.
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endoder m exsmms@lsmhte ipalcprediding: lej@d[eIwalttlctnlanﬁ@bmeeelgema,ntm[p(&wdetsm t he

absence of Iﬁ%&d totptljoeduggl Q ﬁgp%iia?io}cl gf Jeﬁs E%ressing markers characteristic of the

pancreatic endoderm lineage, wherein greater than 50% of the cells in the population

co-express PDX1 and NKX6.1.

BACKGROUND

[0003] Advances in cell-replacement therapy for Type I diabetes mellitus and a shortage of
transplantable islets of Langerhans have focused interest on developing sources of
insulin-producing cells, or B cells, appropriate for engraftment. One approach is the
generation of functional B cells from pluripotent stem cells, such as, for example,

embryonic stem cells.

[0004] In vertebrate embryonic development, a pluripotent cell gives rise to a group of cells
comprising three germ layers (ectoderm, mesoderm, and endoderm) in a process
known as gastrulation. Tissues such as, for example, thyroid, thymus, pancreas, gut,
and liver, will develop from the endoderm, via an intermediate stage. The
intermediate stage in this process is the formation of definitive endoderm. Definitive
endoderm cells express a number of markers, such as, HNF3 beta, GATA4, MIXL1,
CXCR4 and SOX17.

[0005] Formation of the pancreas arises from the differentiation of definitive endoderm into
pancreatic endoderm. Cells of the pancreatic endoderm express the pancreatic-

duodenal homeobox gene, PDX1. In the absence of PDX1, the pancreas fails to
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devel op beyond the formation of ventral and dorsal buds. Thus, PDX1
expression marks a critical step in pancreatic organogenesis. The mature
pancr eas wWonbHirs99anong ot her cell types, exocrine tisS®0E/Baa185@Er i Ne
ti ssue. Exocrine and endocrine tissues arise fromthe differentiation of
pancreati c endoderm [0006]Cells bearing the features of islet cells have
reportedly been derived fromenbryonic cells of the nouse. For exanpl e,

Lunel sky etq@biop (>§Q>h@ﬂfé%&%ﬁoﬁ@ﬁ&ntr@@%hoﬂ’sﬁ%&t huf frerend<pakdign of nouse
errbryonl c stemcells to insulin-secreti ng struct ures simlar to pancreatl C

i sl ets. Soringrkes crifical {tey ia pancaentig grepmaeenaygo (e Mapie pangtsat CANHENS! | n- secr et i ng
cel I's deri vgghfrd ‘t'}{é‘f@H?&seéﬁa};rlﬁférﬂs&le%ﬁ@%d&%dlléns@&r MRlLER Al ¥ERtife | N

st rept ozot oci ni-nduced di abetic mce ) one exanple, Hon 1 et al.
(PNAS 99: 1@3@5 arig0ipay theidsfddredietierhefipanresdic epddermt. nouse enbryoni ¢ stem
cells vvi th inhibitors of phosphoinositide 3-kinase (LY294002) produced

ceII at @éﬁ%@mr%?h@fe%}ek 3risl-PQ98hA r@ﬂb%ﬁ!?%e&%&ﬁ%cﬁﬁrorﬁkhﬁﬁ%ﬁﬂék et al.
(PNA 0: 998 reports the generation of insul mﬁ&)ro ucing cells from

nmouse errbr yeshh ef te ewpsge IFoscxeomist Lumelplyedr y/. éS@gﬁﬂé%%%IjSP A1) eP@09] M cal | ef
et al. rep {1@&fﬁt%%l&%§&nb&g'eﬁlb%hg sﬁ:ﬁ%e’il?%‘ihﬁﬁlﬁ 5&3 n%%ﬂﬁatﬁfg? gﬁ’mlglf toerTbr yoni ¢

stemcells ositi've pancreatic en tinoic acid i s nost
ef fecti ve atantmdiccslaty. Scbdetekplbeb@ﬁscﬂ? MAe0aiidpat thet innilintseastingt day 4 of

nd of gast 0 Aren R ELE BRLSUAE R R AR R Qe OB LTREREERD ) Ve

et al. repmntlmedtdmbﬂtcenmrbryom c stemcell line over-expressing Pdxl. Their
results show t hat exogenous Pdxl expression clearly enhanced the expression

ﬁb‘)rl' N, AR tlth%ﬁog& e][? {ilﬁ\%é 6@% 05”?(?629?%8%%3that%@gleﬁ’tacg%u?é‘d Hni 6

gene@ the Tesul ntiate etes 2004) .
[ 0011] Skoudymbeyorad steme@itsrvtlﬁl inhibttora of phobphomofidn®hivese (6N 294002TG-- P

super fam | yroé{f%af %&arsesén%eiec%gel ssion of exocrine pancreatic genes (p48
and anyl as AoCr i he genes (Pdxl, insulin, and glucagon) in nouse

enbryoni c stem cel I s. The ITB.XI mal effect was observed using 1nM activin A
Theyl0808 0 olbhsweothedxthplt, Bliszcaipr es SihokS 1@y, 2303) repuits the gendrafidx bf mMRNA was

ot a1 et B NG DR P S S5 (S0 o

Pax4.

[0009] Micallef e al. reports that retinoic acid can regulate the commitment of embryonic
stem cells to form PDX1 positive pancreatic endoderm. Retinoic acid is most
effective at inducing Pdx1 expression when added to cultures at day 4 of embryonic
stem cell differentiation during a period corresponding to the end of gastrulation in

the embryo (Diabetes 54:301, 2005).

[0010] Miyazaki et al. reports a mouse embryonic stem cell line over-expressing Pdx1. Their
results show that exogenous Pdx1 expression clearly enhanced the expression of
insulin, somatostatin, glucokinase, neurogenin3, p48, Pax6, and Hnf6 genes in the

resulting differentiated cells (Diabetes 53: 1030, 2004).

[0011] Skoudy et al. reports that activin A (a member of the TGF-P superfamily) upregulates
the expression of exocrine pancreatic genes (p48 and amylase) and endocrine genes
(Pdx1, insulin, and glucagon) in mouse embryonic stem cells. The maximal effect
was observed using 1nM activin A. They also observed that the expression level of

insulin and Pdx1 mRNA was not affected by retinoic acid; however, 3nM FGF7



[0012] Shiraki et al. studied the effects of growmh factors that
specifically enhance differentiation of enbryonic stemcells into PDX1l
posi ti ve WOl2bsl/14319¢y observed that TGF- 132 reproduci bl y PgiraiSded/oasons gher
proportion of PDX1 positive cells (Genes Cells. 2005 Jun; 10(6): 503-16.).
[ 0013] Gordon et al. denonstrated the induction of brachyury [positive]/
HNF3 beta [positive] endodermcells from nouse enbryonic stemcells in the

absence of S&HR: ARG LDRCRERE RREErAe RGLIrpk Por 2UeN IWhEJﬂ. £R74:nhi bi tor of
Wht signalin éUS 2006/ 0003446A1). [0014] Gordon et a (PNAS, Vol 103, page

16806, 20063 ®des Wit and TGF-beta/ nodal / activin signaling
simul taneously were required for the generation of the anterior primtive

stregbiz) [ OShiakiHoWwe YRlicd iR IR sCortRaehci&f ﬂf'afrafememg shaiecel | devel opnent
may not exactly m m c the devel opnent al rogram in Wgher manmal s, such as,

for exanpl ediffpightitien of GuIBITHY PR 68l lsarto RDX T positixe @‘ﬂlse ?W?f@eds‘ﬁlétm cells
from human %ﬁ%@%y&ﬁlélb(y%%lg&ra%@%%pﬂﬁ%émo&%%x1 f\de¥es Cearhart and

cowor kers derived human yoni ¢ germ (hEG cel I|nes fromfetal gonadal
ti ssue (ShahdlsoiG05dun; dp(6) Slﬁﬁdé) Nat|. Acad. Sci. USA 95:13726, 1998).
Unl i ke nouse enbryonic stemcells, which can be prevented from

di T goeI)t | aGéiaen @Me%o@fraﬁ:ﬁkﬁé&ﬁ&d&goﬂ‘bﬁﬂ?a&a%%asﬁww@l!l\f-liﬂtﬁ{ay Factor (LIF),

human enbryonic stemcells nmust be nmintai hed under very speC| al conditions
(U.S. Pat. Resitig]ountydgoscellyimongpang gabryyyc siemzelbsig the bomegpiyembur et al .

describes the ipp %&&Eﬂc%f&ftwﬁ{hﬁdn%%ﬁl UhlibiE D Knt g&gﬁ‘ﬁ;ﬁ%i{f‘gﬁryom C stem

cell-derived definitive endodermin the presence concentration of
activi n and2006/N0eEHGM X Nat ur e Bi ot echnol ogy 2005). Transpl anting these
cells under the kidney capsule of mce resulted in differentiation into

mor eoRd] Ur eGGAbA & oM (PRASNREA0E §labS 1608, Moc SR ‘@Rdafe TERLLQY AgRs. Human

enbryonl c stemcell-derived definitive endodermcells can be further
di f f er ent i aac&idinjsignaline}nulpoetuslyweerehpiscdpr the gendtition ohthofntE@r- 10 (US
2005/ 0266554AL %11 AQ-2011/143299PCT/ US2011/ 036043 [0018] D Amour et al .
(Nature Bi ot e ogy - 24, 1392 - 1401 (2006)) states: "W have

[0015] However, the mouse model of embryonic stem cell development may not exactly

mimic the developmental program in higher mammals, such as, for example, humans.

[0016] Thomson et al. isolated embryonic stem cells from human blastocysts (Science
282:114, 1998). Concurrently, Gearhart and coworkers derived human embryonic
germ (hEG) cell lines from fetal gonadal tissue (Shamblott er al., Proc. Natl. Acad.
Sci. USA 95:13726, 1998). Unlike mouse embryonic stem cells, which can be
prevented from differentiating simply by culturing with Leukemia Inhibitory Factor
(LIF), human embryonic stem cells must be maintained under very special conditions

(U.S. Pat. No. 6,200,806; WO 99/20741; WO 01/51616).

[0017] D’ Amour et al. describes the production of enriched cultures of human embryonic
stem cell-derived definitive endoderm in the presence of a high concentration of
activin and low serum (Nature Biotechnology 2005). Transplanting these cells under
the kidney capsule of mice resulted in differentiation into more mature cells with
characteristics of some endodermal organs. Human embryonic stem cell-derived
definitive endoderm cells can be further differentiated into PDX1 positive cells after

addition of FGF-10 (US 2005/0266554A1).



devel oped a differentiation process that converts human enbryonic stem
(hES) cells to endocrine cells capable of synthesizing the pancreatic

hor nrones wWo=011/132991 ucagon, somatostatin, pancreatic polPgpasteide3cans
ghrelin. This process mmcs in vivo pancreatic organogenesis by directing
cells through stages resenbling definitive endoderm gut-tube endoderm
pancreati c endoderm and endocrine precursor en route to cells that express

endo[@msge hOTATRARS! al. %@hiotbcﬁmt r24ei<@ﬁp|1@@1@b§é§) Qhe@l swERRQI LS a system
for producing pancreatic islet cel from human enbryonic stemcells

(US2006/ 004¢38ippera differentiftion pragess thah@natrﬁfl@ﬂ@mematyoalﬁ steax (hdjcollas di vi ded
nto three SkaaRsine LUTRILBRRYM AL AR EoLbicRHRorl Ishid LALALENT T at ed to

endoder m usi ng a conbi nation of soditmbutyrate and activin A° The cells
were then cwhapsietn.pedicalicpolyaentide e greling Jdks paeceMogigiies inmiveonbi nati on with

EGF or Dot aRALLHIJ 08, 08000 Al e RIS G SSblTD S

differentiation was™lI n nam ne exanpl e,

Benveni st r yendpdea, gtsttdteesdodém reawredtigdedddaan amhado@p passisarenagdutPDX1
enhanced express fan of pancreatic enkiched genes, induction of insulin
expression may Srte exl?rgssﬁagiOC{lP%n%r Og?sgnal s that are only present in vivo"
(Benveni stry et aI Stem Cel | s 2006; 24:1923-1930). [0021]1n anot her
exani9Pe) GrlaphothB@tcampﬂeeEislem al. s¢pattes systelEafor produding/peanconticofletNgH8 al nost
excl usively et ol of pancreas
progenitor sf &ﬁg&?&n e%ﬁlﬁgﬁ&ﬁﬁ&% (b%rz %Hgédr%% %ﬁ% E fng%%E%§ tﬂ(gt ent to

di f f er ent i adifferemfation pabivaywispbsided m@]thlaastaga@ Hoosin bmber])mcetetnsfélls( Johansson
KA et al, Devel 7- 465 2007 0022],For exanpl e,

0 t al. | 12
D es et al vup SERdertiagPlendfiondlgdpe it U KRG bR hon « e cel i s
CO- expr essedtivinsul The,ceAd whotigh cditgtd wik TGﬁsaﬂnnagom@tlsyudhab Negyerie cl early
detectabl e at .these s Cel | s..co- ex i.nsulin d gl.ucagon were
observed dURITRPEHE ThEEE (rarrv et arbavedord boatieeatl TiieRhidy " epr esent
merely a sn@ffbrehtiatich Waindficel e nicoti@miiddisul i n and gl ucagon expressi ng
cells.” (J H stochem Cytochem 2009 Sep; 57(9) 811-24. 2009 Apr 13.)

L or hAd O o Pnele BERRREY et TS e s BN A ke ¢V

speci fi cat i BDX DEnHak&dexpbaionhApencalatie adichbgies, Qﬂﬁfﬂdntoﬁdlstllﬁh t he endoderm
| i neage...ILV and ret|n0|cdgc:1d function throu h a related mechanism..|LV

shows a st rSREEVON ME|EAvE? flopphriepals ¢t wg opiyg %@fr%% CRYASEE of cells

expressi ng FRXslm @a@mod@@a,uggymm)c acid." (Nature Chem cal Biol ogy 5,
195-196 (April 2009) doi: 10 1038/ nchenbi 00409- 195) [0024] Lyttle et al

stat " 5;6- co-1| ocal i with insulin ce in ating that
AL TR R e i i TR et R R A
( Di abet ol 0géxalugiVO® inklbed Fldagdn+lckAOwBl dep@B8Bg the pool of pancreas progenitors.
As from E11.5, PDX-1 progenitors became competent to differentiate into insulin
[positive] and PP [positive] cells” (Johansson KA et a/, Developmental Cell 12, 457—
465, March 2007).

[0022] For example, Diez ef al. states; “At 9 and 10 weeks, most of the glucagon positive
cells co-expressed insulin, although distinct insulin-only cells were clearly detectable
at these stages. Cells co-expressing insulin and glucagon were observed during the
whole period studies (9 to 21 weeks) but they represent merely a small fraction of the
total insulin and glucagon expressing cells.” (J Histochem Cytochem. 2009

Sep;57(9):811-24. 2009 Apr 13.)

[0023] In one example, Chen ef al states “(-) —indolactam V [(ILV)] activates protein kinase

C signaling and directs the pancreatic specification of hESCs that have already been
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[ 0025] Therefore, there still remains a significant need to develop in vitro
nmet hods to generate a functional insulin expressing cell, that nore closely
resenbl e wOD2B11¢KWB199 The present invention takes an altepoattisealappadach to
i nprove the efficiency of differentiating human enbryonic stemcells toward
insulin expressing cells, by generating a popul ation of cells expressing
mar kers characteristic of the pancreatic endoderm|ineage, wherein greater

t han 50% ofcotnhﬁus&dolt% ddoddig 1ReRM! at ivoRd ?é?m@%%ﬁ%nc?%fhlm%ﬁq - 1.
SUMVARY [ 0026] | n one enbodi nent, the present inventi on@ﬁ)r ovi des a

popul at i on Bfcherims . [bYphews? virgngeirindsesoncfADIEA exnrewing cels (perecnsgsicr eat i c
endoder m | i heage, xpg@ﬁ@m% BRh Qbes trg%léagﬁ)’otﬁétﬁﬁ% Cihical BId08, popul ati on

co-express PDX1 an 0027 I'n one enbodi nent, the présent invention
provi des a HtI96dApwl 2909 der: é@rﬂ@ﬁfr@h%mlpjd{?ﬂQPd@ﬁbn of pI uri potent stemcells
into a popul ation of cells expressing nmarkers characteristic of the

panC|]i)6?4]' c ]9551{1'99%? fhted: N88GL6-1 COMRGIRH BFly e iREBRSCIRS indRati hgturi ng a
popul ation of pluripotent stemcells, b’ Dfferentiating the popul ation of

pl uri pot entNEXérh 1&é$q11§lweh110V<qu§obbvla%HW@ﬂ deedlopnaay priBwbptalyewar ker s

char acteri s, %J&fsf 1%9%'0”260‘8)’6 endoderm | i neage, and c. Differentiating

t he popul ation of ]Is expressing markers characteristic of the definitive
endoderm | i neage | nto a popul ation of cells expressing markers

charl8833r i stheector, there stihrrareanrisigndivatdesdioldeyrlenye vitymethedstto ng t he
popul ation %ee&{%' lfﬁn&%ﬁﬂ%ﬁh@&@%%%?@él ﬁﬂ%@&tc%blg%ssmﬂl tsfl%ud?flé nitive

endoderm | iheage with nediums rotein kinase C
activator. mezome/nmm@g@p@aﬂtmmrm@me hpo2she pffisivacertbodi ment, greater

t han 50% of }‘fg%nt?a?h%ﬁuﬂl %n?%é Pé{érﬁéélgqox% %&’shfu?e;%%‘é%g g%géglg,gcﬁﬂm kers

characteris IcC O cen erm |neae y the nethods
of the pr esmt:railmg/zemplubnomoﬂceidmmmﬁ’@maﬂwarwaw%tl@ of BRp&ErdESCRI PTI ON OF
THE DRAW N%%doderm lineage, wherein greater than 50% of the cells in the population co-express

PDX-1 and NKX6.1.
SUMMARY

[0026] In one embodiment, the present invention provides a population of cells expressing
markers characteristic of the pancreatic endoderm lineage, wherein greater than 50%

of the cells in the population co-express PDX1 and NKX6.1.

[0027] In one embodiment, the present invention provides a method to differentiate a
population of pluripotent stem cells into a population of cells expressing markers

characteristic of the pancreatic endoderm lineage, comprising the steps of:
a. Culturing a population of pluripotent stem cells,

b. Differentiating the population of pluripotent stem cells into a population of cells

expressing markers characteristic of the definitive endoderm lineage, and

c. Differentiating the population of cells expressing markers characteristic of the
definitive endoderm lineage into a population of cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the population of
cells expressing markers characteristic of the definitive endoderm lineage with

medium supplemented with a protein kinase C activator.
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[ 0029] Figures | A and 1B show the expression of PDX1, NKX6.1 and ISL-1 at
stage 4 day 4 of the differentiation protocol outlined in Exanple 1. Figure
| A shows wbeoexpsm®ssi on of PDX1 and NKX6. 1. Figure 1B sirORaISé1d/0800p3 €SSi on
of NKX6.1 and |SL-1. [0030] Fi gures 2A and 2B show the effect of PKC
activator treatnent on the percentage of cells expressing PDX1, NKX6.1 and
CDX2, analyzed via the IN Cell Analyzer 1000 (Figure 2A), and conparison of

var i @ugs) PKGnant b¥BS e eattafc%héfn s@% @fQB§céH§' 1n°tﬁé E@ﬁ%ﬁa%gl@opéellﬁ’ es@ind NKX6. 1
expressing cells , via t Anal yzer (Figure 2B). [0031] Figures 3A,

3B and 3C slﬁ@f%eréphaé%ﬂt%tl%gf ttr,e B@ﬁte%ﬁaeﬁdﬁ ooyl incassipgalupgddy thamethpdscadi ved t he
cel I's of t e BieEsPHorliBK 20k A wilen hiiRKidsdney capsul e (Figure 34), in a

Theracyte device that was inplanted cutaneously (Figure 3B). C peptide
| evel s were detected at the tinmes indicated. Figure 3C shows a conparison

of the C peptide | evel SRABEDES(CRIPAIQNF (THE B MeReiving the cells

under the kidney capsule and the group receiving the cells in the Theracyte

devi pe2g ubcrib@BEe OAISAY 1B owliBe WERKSIOROSEDXI ANERE ARh@ISIONat st@032hfi gur es 4A,
4B, 4C and 4D show the effect of PKC activator treatnent on the expression

of PDX1, Nrotgherdiffpientntign growpehoutlinsaan Bxgsnds ki bigued Acheysthe eaessi¥haccor di ng

to the ”Etm%¥DX¥%%¥NK@@1'F1E%Q@ﬂ%§w§mek bﬁngk§§sﬁﬁmI§§1 5C and 5D show
the effect of FG-7 on the expre55|on of NKX6.1, PDXl, PTF1 al pha and CDX2

inthe cells treated according to the nethods described in Exanple 4.

DETAPPHD DESewrP end 1o thepifeot 9#1.’1?&} agIvaur Yedinen o8 easEreRBee Oy way of

limtation, cdifgxppi@tial PEX 1 IRRKGI 1R @MXOL atdhed DM INODel] Bndh ¢} ﬁﬂ)@ into the
fol |l owi ng subsect i ons t hat describe or illustrate certain features,

enbodi nment s(Fégureaph prdgonpadsoafof yHiup PEEativatespahthict sifects on percentage
of PDX1 and NKX6.1 expressing cells , via the IN Cell Analyzer (Figure 2B).

[0031] Figures 3A, 3B and 3C show circulating C-peptide in SCID-beige mice that received
the cells of the present invention under the kidney capsule (Figure 3A), in a Theracyte
device that was implanted subcutaneously (Figure 3B). C-peptide levels were
detected at the times indicated. Figure 3C shows a comparison of the C-peptide levels
observed between the group receiving the cells under the kidney capsule and the
group receiving the cells in the Theracyte device subcutaneously, at 12 weeks post-

transplantation.

[0032] Figures 4A, 4B, 4C and 4D show the effect of PKC activator treatment on the
expression of PDX1, NKX6.1, NGN3 and PTF1 alpha expression in cells treated

according to the methods described in Example 3.

[0033] Figures 5A, 5B, 5C and 5D show the effect of FGF7 on the expression of NKX6.1,
PDX1, PTF1 alpha and CDX2 in the cells treated according to the methods described

in Example 4.
DETAILED DESCRIPTION

[0034] For clarity of disclosure, and not by way of limitation, the detailed description of the
invention is divided into the following subsections that describe or illustrate certain

features, embodiments or applications of the present invention.



Definitions [0035]Stemcells are undifferentiated cells defined by their
ability at the single cell level to both self-renew and differentiate to
produce pwogenyi4e®bl s, including self-renew ng progenit ®@cs/USe@an/s@agw ng
progenitors, and termnally differentiated cells. Stemcells are al so
characterized by their ability to differentiate in vitro into functional
cells of various cell lineages fromnultiple germlayers (endoderm
mesoderm and ectodern), as well aspefinflicie ri se to tissues of nmultiple germ
| ayers follow ng transplantation and to contribute substantially to nost,

if not all, tissues fol|lown ction into bl astocysts 0036]Stemcells
are OP3si fHtemc %trwdrlff?i@v@%(%ﬁﬁi%ﬁe&}ledpwaﬁf ?taﬁltyagt%e élf;letce}{ [eyditent , meani ng
abl e to gi vigyh icserch@v &ld diSEBEARND Hronek &Xgﬁéh?’;‘%éﬁ%r ¥ORUg S@f-tenbyings; (2)
pl uri potent, meaning able to give rise to a nbryoni c cel | tyﬁ (3)

mul t i pot ent PrOSABEAI PRI IREHPIRESPEOT; 2 teringlly dﬁﬁe&ml@tﬁd edls| Steprfslyes but al |
wi thin a papt hl@é’&l@a&ac%éré&ﬂ%n thQF Sk Qi flRRY SO o BYSTHAM Lfiosr exanpl e,
hemat opoi etic stemcells (HSC) canh produce progeny that include HSC (self-
renewal ), bYaess @Hlllnearg@%friamémé@ple)g@rg)dw%m qdey arfisedsr andergodgim). cel |t ypes
and el enent bl ood) ;

(4) oli gopo%é%?l 1o %12% ﬁée%%%&&s 55}131}1{/125 glergpl 5@ %ﬁ%}rﬁ 't%a r ?df(t:lt0 lté subset of
cell Ii neagtesomthhmte mhsmntmlwemnostt émpicadl tispesdpdovisy lmmtlploment meani ng abl e
to give ri S8ad @ single cell lineage (e.g., spermatogenic stemcells).
[0037] Differe ?P’afl on is the process by which an unspecialized

("uncommi tted") or less specialized cell acquires the features of a
specli08ial z e dStem|cellssue ¢lasadied by theendangpomanental petential esel (1) toripdentuswhimgcel | . A
differenti e i s taken on a
TOr e SpeCI szbTedtO%'iv(e(}lsuo Jlleéﬁ]iﬂ Iflé)%lglegﬁi'ye \?\x ééellt eg)r{% rﬁlg\'g[ﬁe Jﬁ a cell. The

t er m " conmi mteamgiy, abMeglvaplpetioeldi embr)tdne q@H@qaes$3)aﬁuldpdtére,rm¢mlngtabme refers to

a cell that _.has proc dt (ilcelph Hew%'rtllaatmcﬁéﬂastlpemg%gto a poi nt where,

1IVC I1SC 10 d § €ages uI
under nor ITH% Clrcuns ances I% %VIG[H con II’IU ere fe into a

specific Ce[bHysmLOQEalCSIystsmbﬁ)ebxan‘pre;hbﬂlatbptﬂﬂ'ﬁ:,stearmbllﬁ&mtc,an prodede nor mal
circunstances, differentiate into a different ce revert to a |less
di fferenti alfr8%en¥é}faitmf:s‘g%hgg&e&?fefng?’%lﬂtbﬁ i€ retSTéIFL?FIQ (g)ofeﬁ process by which
a cell reve{ﬁb@@ﬂt@fS&iﬂH@H%Gl‘p‘@@@é Aalickatdng 0f.g.colAMIcts) @) arPashial on Wi t hin the

| i neage of a cell. % (\%}]el n, the |i n%sagf?éof. a cell defines the
heredity of “¥HENTIY thq lgod): (holgebatghty geqngn ORPEAPAING WSt cells it can
give rise tQstidb@sdbkA@ags] (teads @ph mudiReassithecitebdd (8 ifipdlerd, heredi tary
schene of devel opnent and differentiation. A |lineage- SpeCI fic marker

refers to amMeaiiEblede pEErise Yredials 99&|11n9aga§%c$p3f%owmtw Bhenot ype of
cells of a lineage of interest and can be used to assess the
di f f[@0®Mt | abifefenBiticAns e PRIFTS: b @dhichehlunigcitited I('luﬁiecagﬁltt@ﬂ")lome@sr est.
[0038] " Oel | s expressjng markers characteri stl C defi n| tive endoderm
| i neage” oeoiayzs éelhaca@rq%he fegfpres of ppecighzed gell w%as &R Cr%ef ers to cells
expr essi ng fhvd @ASE 2 ARS1OEIL @@dlﬁf@ﬂeh@é@éd’@ dﬁ‘@é’r&ﬁﬂéﬁon mdaekd cclGAbAGhatINF3 bet a,
GSC, CER1, Nodal, FGF8, Brachyury, M x-|ike honeobox protein, FG-4 CD48,
eonmesoder mi Se%evesy mom@mcwllz@tﬁ omErEA® pogserwithis i lncagersda celbr  OTX2.
Cel I's expr epgi figh %ﬁl‘ﬁﬁﬁ&i”cxbﬁt{naa‘f)faﬁerd't§¥He(f)r&fesstcj?ﬁlfﬁ?Jn't19ﬁ5rﬂ Merédadgr m | i neage
include primtive streak precursor cells, primtive streak cells,
mesendoder nthatdias Broaﬁwde@@fﬂilﬂlff?r\‘?@mélﬁ@Dﬁb‘wfm fealpont wheglgidemirngl expr essi ng
mar kers ch P f ed herein,
ot ers o o e e By e el R oot
NKX6. 1, HNR¥pdetl, camiblﬂlméetrplhanal eidFBs N dideshagte Bm@dﬂfbiggt @l tRROX1. Cel | s
expressing n neage
i ncl ude pan%?évia% Itgcage}r%égﬁ Pe%{lelt qt e?l tyJe“tl%l 1&& 1%121?’?1;1 e%%%d[ﬁe?ﬁfo@s tﬁ}a post eri or
fo_r egut cel Wwhkich {16@141@']7&@&(_5 ah:!ss spwalezledlocdemm’mtmlgpmeni withireihn Jincagbef s to cel |l s
whi ch bear a{che . CIQSa. lgs%& Leergiln,strhle ﬁﬁea‘ég of a cell defines the heredity of the cell, i.e., which

cells it came from and what cells it can give rise to. The lincage of a cell places the

cell within a hereditary scheme of development and differentiation. A lineage-

7



cells arising fromthe epiblast during gastrulation and which formthe
gastrointestinal tract and its derivatives. Definitive endodermcells
express twe20ali48289ng markers: HNF3 beta, GATA4, 50X17, PCEMUISRI1D3COTH X2,
goosecoid, CKit, CD99, and M XL1l. [0041]"Markers", as used herein, are
nucl eic acid or polypeptide nolecules that are differentially expressed in
a cell of interest. In this context, differential expression neans an

i ncreased |gughc ﬁ@fkearep&s%talc‘ﬁﬁraaarlslﬁ@rsp@ﬁﬁa@y slechifaneh !h@‘ﬁﬁénof)?é oft Negative
mar ker. The detectable | evel of the marker nucleic acid ypeptide is

suf fi ci ent | §¢llhplnliteagy of|igggsst apgh canthe used fogssgss th%@léfﬁ@gtlat@éﬁﬁm ed to other
cells, SUChunthﬁﬁntEeﬁ%el‘P?dthe Hﬁeagé‘éﬁﬁt%&tst can be identified and distinguished

from other cells using any of "a varlety of nethods known in the art.
[0042] " Pancreatic endocrine cell", or "Pancreatic hornone expressing cell”
or " ﬂls exXistle syirergingraakerschanetpagticof theidpfinigye endedesadiveagsti% endocri ne

I i neage” as“gtlasﬁgq c'@ﬁ’sr”ebﬂStanglera§u§e9 h@reﬁﬂéferé?%%ﬁi &p?écssﬁ%(@trl@a%ﬁéﬂ%%f at | east
one of the follow ng hornones: insulin, gluca somat ostatin nd

pancreatic tb@f%}lp@mglfdékers | SOK &AL iG@HLA Jictsn §ﬁdC@|1 Nadal, BEF& ur i pot ent
Stem Cel I's ﬁ?ﬁ@ﬁﬁ&ﬁ ®IikRL hQReBbx ngllo'réﬁﬂ ?%%ﬁ@m%t @di‘ﬁe%”dehﬁ]fn[ 98@% l'uri pot ent

stemcells press one or he st age- speci yoni ¢ anti gens
(SSEA) 3 anlaKK4 Emidl 7naARéos CHERE cE -4, @DQQJM@TéiﬂlCEﬁdidﬁmeSdleshgd@tsed Tra-1-

60 and Tra- c]h {% tegls I}O rhe?ﬁltl% el{d0§c}hlq{}1%$%e§§|§%&leg'pﬁi%’ll 1\;Ie ?r@l?prgélg&?r entiation

of pluri poten resu 4, Tra 1-60,
and Tra 1- %llemmm&lsﬂaal(qetls,pmeeemlnde)rmanhls dndcdleﬁniﬁeejerelmharmssllm of SSEA-1.
Undi fferentiated pluripotent stemcells typically have al kaline phosphatase

act , £ %

par AP oA e R RT E G Bl o U QRSB Bl onined e s
descri bed ti}erttlmeeﬁmﬂmt@ﬂstempres'sm(gveba@DneLafbber tllowingsnarlBuy: |IRINgBme Cal i f.).
Undi fferent ot te t YRI S 4 and
TERT, a6 deNBebadby RREHAR bRt e YO ET Y n GRS hecs

pr opagat ed epdptmsmg)meiﬂtbrsshaemtﬁehb sfuhspalcm@memdbdﬂrmtlmemgeﬁﬁcemc&nt| ate into
cells of all three dod nesode and ectoderm
rssues.  pIUPFEBEGHOVITR BluPTHGr Sat TaEan 8 B GaR BE=e G med. 1 or

exanple, by injecting cells into severe conbi ned i mmunodeficient (SClD)
m ce[0040] xi ng)etﬁhiaivbencmdmmsastlfsad hdrainmefesi tn gelb % lpelr mhotherelladelyiddcs oind t hen

Gor m | ayar <ot Rt fslals i GBS WS or R R B RE creati on
of E gtr) g ygis gltrdm_oahdgg daﬁ@htﬁtS§ %ﬁll}llﬂge éﬂde?@ﬁﬁ]:lglyﬂll:;%rds@ﬂhb e@ilgfmxtg fgﬁteerpr esence of
gFLr i pot entﬂﬁkgf’ﬁt%ﬂ%Q?ﬁg%lﬁaé éﬂ?{}r §?)%88/0Lf£ %nIéL &%aﬁ%‘gﬁﬁg@ bandi ng

t echni que and conpared to published karyotypes of the corresponding prinmate
specjioesl] | t"Marke:ies asabd Bertio, @bhwilgic aed bipolyipaptideandecale’ far aral  kar yot ype, "

bresent - andiHOET U Peaany a ELPL BB LR LT B ROl SRESPhm Ool s
means an increased level for a positive marker and a decreased level for a negative
marker. The detectable level of the marker nucleic acid or polypeptide is sufficiently
higher or lower in the cells of interest compared to other cells, such that the cell of
interest can be identified and distinguished from other cells using any of a variety of

methods known in the art.

[0042] “Pancreatic endocrine cell”, or “Pancreatic hormone expressing cell”, or “Cells
expressing markers characteristic of the pancreatic endocrine lineage” as used herein,
refers to a cell capable of expressing at least one of the following hormones: insulin,

glucagon, somatostatin, and pancreatic polypeptide.



[ 0046] The types of pluripotent stemcells that may be used incl ude
established lines of pluripotent cells derived fromtissue forned after
gest at i orwoi2ncll/i4839ng pre-enbryonic tissue (such as, for Pexarspdia/n3@43

bl ast ocyst), enbryonic tissue, or fetal tissue taken any time during
gestation, typically but not necessarily before approximately 10 to 12
weeks gestation. Non-limting exanples are established |ines of human
embryoni ¢ stem cel &1 AfonNEXRRsBARLY CWM G- IS PUSFbRStEHTas, for exanple
t he human enbryonic stemcell lines H1, H7, and HO (WCell). Al so
contenplated is use of the conpositi on? of this disclosure during the
initial establishment or EBIYEFEI%BRUGIPOCHHREFIS, in which case the
source cells would be primary pluripotent cells taken directly fromthe
sourpe4d]i ssrIespotdt Somsuild @b} &pids€orlr Inford afikkBOsthdeaipeafipémibrypat ent stem cel |

popul ation alrea |tured in the absence of feeder cells. Al so suitable
are nutant HtSEN %%%ﬂo%ﬂdéa %ﬁfgfﬁ?rg%rﬁ Hetpstplsusiag pofiboe deypnalstaitptle, BGO v
(BresaCen, & Hanga-1 M) ThdnOd 21 4/N seiBRcO8POiINeIR). DufaMmtigidH ofoni ¢ stem cel | s
are prepared as described by Thonson e 5,843, 780;

: ] ( t al, %U.S. Pat . No.
Sci ence 282Plurinpent yigmgells piero revyls Iy losgpigiSEAsg Trak-6psand Tiobg! proc. Natl .
Acad. Sci. MpRehon @2pré3ft andB8Rdsed APréddior oPESEA T LRQIRAIaEEM Cel | s
[0048] I n one enbodi nent, pluripotent stemcells are cultured on a |ayer of
f eeder cel | Hutinpsant sigipselist typipdlygiave #llsdne phosphadsre eethvity, Whicheanibsus ways.
Al ter nat i vedoctdloy iR elS WY S ok Fodafichitlel sHaGHkd dbvAofit kathe System that
i's essentié?f?t rgexg% feéﬁer ce%ﬁ%} %uﬁ'ﬁdﬁgfheless gu%%b%ts proliferation
of pl uri pot¥eptorRedps g sdbisatpvias HegtibedivehgopmdacturbrsVaetpi dboditdrfesr ent i at i on.
The growt h - i Fgg} |.S, i raifer ; r i.t hout
differenti a]?\grgﬁéailﬂ{se @%EEQ@ 1€<§F ust?aﬁéél pgur??@t Flﬁsﬁnglggﬁ%iafs ;Séﬂjgéc?hg?gpcr%st uring
previ ousl y @CThamhbERBras dekdted yp&T-PARt er nati vel y, the growth of pluripotent
stemcells in feeder-free culture without differentiation is supported

usi n cheg Ly def.i i ] i . uri pot ent

st en@ ggll S %a@e%gxsé% t ggéﬁt@%%gﬁﬁhﬁgggéﬁﬁ# %ﬁﬁ“ﬁ%@g&b@%‘m 1gtéder cel |

| ayer accordffagntiate intveccHeofrrdidbred ggolims bgeis renRedebnoésbdem, ald ( Nat ur e

Bi ot echnol o . 399 - 0 ti. Vv ripetent stemcells
may be cul t%?loed é%%%g‘?shgaggjétg(ﬁé?%ﬁr?oéﬁsﬁng %{fsstc% %eec ebH%éedl’ i ayer according
to the netheopledbsinjcosetellninihens oomehedimnficildveat GONDymivber 1998: Vol .

282. . 5391 ... 1145 - 1147). o tivel | uri pot ent. |1
o cul tur ecote BB ger i dangglh PRARFmE5nkne B bl Sl e har s et
al , (Stem Qahtblogiddlly HA6&n6s 0f200B)pes frOAIEY thive geven lapdeodh hemdtivelp| ur i pot ent

stemcells be cul tured on human feeder cell |ayer accordi to the
met hods di SOPGRAY Fainhgetatningl by acstpasdn pEerbyoid podtoingsSseiaahd | o o

al ternat e emaagbideodics ot e bROIRALS HAREK @8bListedBith iR (Bt beti@dhl on t he human
feeder cell layer disclosed in Stojkovic et al (Stem Cells 2005 23:

306- 314, 208%¥S Alternatively, pluripotent stemcells may be cultured on
the human feeder cell layer disclosed in Myanoto et al (Stem Cells 22:
433-d45] 2084pagatdli bRiFipathtsenycelldingd mpPbERiry S RICaE h Staldyd Qasdihg ured on
the human feeder cell |ayer disc]osed in Aﬁjﬁ et al ﬁBioL. Reprod 68:

2150- 2156, 'SPHELC aN‘EOéli‘H?‘aﬁtditQ/B‘F@{S W KEPOPBE Bt NS EBTRIBINE PHEYbe cul tured on
t he human f%@a@sr. 1ER ldbsidaB @ otfthif CEIRIRA hhvt d "MEHM Rar@btyRd," RERMeAR! | s 23!
544-549, 2005). [0051]1n one enbodi nment, pluripotent stemcells may be

cul tured i nth@idhe ¢elle 2igeplgidgwhsreia gl fuma ehrogotomes ps PrseH 8B4 Yi scl osed i n
U520020072 JoliZeabf) diRfcat i vely, pluripotent stemcells may be cultured in
culture nedi a derived according to the nethods disclosed in U56642048.
Alternatively, pluripotent stemcells may be cultured in culture nedia
derived according to the nethods disclosed in W2005014799. Alternatively,
pluripotent stemcells may be cultured in culture nmedia derived according
to the nmethods disclosed in Xu et al (Stem Cells 22: 972-980, 2004).
Alternatively, pluripotent stemcells may be cultured in culture nedia
derived according to the nethods disclosed in U520070010011. Alternatively,
pluripotent stemcells may be cultured in culture nmedia derived according
to the nethods disclosed in U520050233446. Alternatively, pluripotent stem
cells may be cultured 9



in culture nmedia derived according to the nmethods disclosed in U56800480.
Alternatively, pluripotent stemcells nmay be cultured in culture nedia
derived awoandimgeovo t he net hods di scl osed in W2005065864/USp@@/H24ouh one
enbodi ment, pluripotent stemcells may be cultured according to the nethods
di scl osed in Cheon et al (BioReprod DO :10.1095/ bi ol reprod. 105. 046870,

Cct ober 19, 2005). Alternatively, pluripotent stemcells may be cultured

according to the nethods di 3gl,0888 FibidetveStohelens €t al (Stem Cell's 24:
568-574, 2006). Alternatively, pluripotent stemcells nmay be cul tured

according to the nethads di sclosed in US20050148070. Alternatively,
pl ur OPH ent Thetepss ggphugp%av stgar el that ey bedsed wriee e&blithed ﬁa%srpéds di scl osed

in US2005024#§8Rent A1k QEMRUINR] HssudfolthédP@ie Mstafib e M ®lidSprERbRB/ne Ul t ur ed
according to the nethods disclosed in W2005086845. [0053] The pl uri pot ent

stem cel | s tifaye Bechsp dpeeeniico? hlagegyshsmbrqnia e sifset intetakerpngne

enbodi ment , i hOguriidi k@Rt B, SPICAIK Gt ARSIy bFoRApivkinAks) Ioubah matrix
conponent, such as, for exanpl'e, those derived from basenent nenbrane or
that may foveskpaestation. Memésiteg crpneleidre cytedishnddines ofdumgn eobpybniags. 1 n one

enbodi nent, ' : ' Cﬁnf? (Becton
Di ckenson) Stﬁ&%’%ﬁ@&ﬁ@?@%iﬂ% rlgl C%%?é%g%’?gﬂn&F%@%%nge br et h- Hol m Swar m
tunor cel | senotivpenigeérs celt lires brh Heémpd HRt(WiEcloAfso contempleicd patse bithed basenent
menbrane. [0 . el 16Xk | ul. n ' nt
m xt ur es ar?ggjé%l%‘gl Oeg thé@s(&éacﬁ&sgretdépﬁéﬁ@?%ﬁ&l&t%@%?lﬁé%%?\ta@ﬁgat@g I%F%Qgpe bei ng
prol i f er at eg]ls tihivhichayseitiecloucte c¢lrmanidhe frinirppledpatent cgisatleodiryaian,
entactin, hﬁﬁar an sul I.at e vari ous ﬁonbi nati ons.
p

, dt ik | in
P00cs] The wrap HTeRst h8hEn ARl b s PR RSl ot el ot (e
sui t abl e disipuiabioit aleadaadiuied it the apseasasfdedef cells. @lo suhablaate piitemot es cel |
survi val , ropagati on, and retenti th i b i sti . Al
Pheve. ohar HBPERBbreBis ARy fner St trmals BED o eh ety ng

di stributi opaand can readily be determ ned by one of skill in the art.
[ 0056] Sui tabl e culture nedia my be made fromthe foll ow ng conponents,

such f exanpl | becco''s nodified Eagle's mediun M, Gbco #
1508088, B BB e Do ploa s g SR (B OBEM . G beo
ﬁggg%g%&Tﬁd@ﬁbﬁaﬁﬂ.@@%ﬂmﬁl\&,md ;&I&dicuaxz:mﬂbm&_ew.gﬂogmgae, G bco #

- ; hon-es ti m n cid, so i on i bco 11140- 050;
P- mer capt oe]?’ll‘?gr?igzll,gf i’d%?ﬁr ﬁ%tgﬁcﬁﬁﬁﬁhﬁégo%%ﬁn&gébsi c fibroblast growh
factor (bFGF), G bco # 13256- 029. Formation of Cells Expressing Markers

Characteristic of the Pancreatie drdogetem Semeage from Pluripotent Stem
Cells

[0048] In one embodiment, pluripotent stem cells are cultured on a layer of feeder cells that
support the pluripotent stem cells in various ways. Alternatively, pluripotent stem
cells are cultured in a culture system that is essentially free of feeder cells, but
nonetheless supports proliferation of pluripotent stem cells without undergoing
substantial differentiation. The growth of pluripotent stem cells in feeder-free culture
without differentiation is supported using a medium conditioned by culturing
previously with another cell type. Alternatively, the growth of pluripotent stem cells
in feeder-free culture without differentiation is supported using a chemically defined

medium.

[0049] In one embodiment, pluripotent stem cells may be cultured on a mouse embryonic
fibroblast feeder cell layer according to the methods disclosed in Reubinoff ez a/
(Nature Biotechnology 18: 399 - 404 (2000)). Alternatively, pluripotent stem cells

may be cultured on a mouse embryonic fibroblast feeder cell layer according to the

10



[ 0057] I n one enbodi ment, the present invention provides a nethod for
produci ng a popul ation of cells expressing nmarkers characteristic of the
pancr eat iwoendodszdm | i neage from pl uri potent stem cel | sPCEarspo11®s6ug3 t he
steps of: a. CQulturing a popul ation of pluripotent stemcells, b.
Differentiating the population of pluripotent stemcells into a popul ation
of cells expressing markers characteristic of the definitive endoderm

l'i neage, arﬁqetﬁodsglsfcfo%cﬁiﬁt'ﬂhéﬁl?ﬂﬂ ek msa@fmé%@tdv%b@ffwg@l {J§1 8PHESIHNY Mar kers
characteristic of definitive endoderm|ineage into popul ati on of

cel I's expredsil iy hliderAlteenaively winptang stem C?Wfﬁén%)’d??ccr“&@l’@d en aRdedef m | i neage,
by Lreat ! ngyt ieaaaylaLi AR Leas Rich B PSSR R nkeLs. Shaiel or st ¢ of

the definitive endodefrmlineage wt iI'um suppl emented With a protein
ki nase C activator. [0058]In one aspect of the present |nvent| on t he
pr esl@A301i nviemor embesimentaderinotonspemaelisgradte culitied ovg prasiesds fell ker s

characteri spjg a@Jor&H@toRﬁ@ﬁEtﬁ@ds‘c&sc%@Qﬁﬁ@MH |y Bﬁ{éﬁﬁy cuheseinigpepter than 50%
of the population co-express PDX-1 and K)% n an alternate enbodi ment,

t he present200Ay dnp akerprtoenbrssmentdyipotent Bem ééllsm@ﬂw@ cabeéesthag mar kers
h t ter than 60%
characteri Slfdn(fan%edte%llQ%Qgﬁsgégﬁgdﬂiﬁgﬁgﬁkl%%"(%t'gfﬂl%%ﬂs WRRIAL s gat er than

of the population co-expr an al ternate’ enmbodi nent,
t he present200Ay ehltarmively qphiresnastero gellsandydre coftureébh thedupretsdaigelhar ker s

character i Sl%ge{f aRE1Ld¥n ﬁﬁo?g%&((ﬁglg%%ﬁ@ék?ﬁ@%O%W%ﬁt@%natn% gater than 70%

of the popu i'on Cco- exp ess ter na € enbodi nent,
t he pr esentplimipogat stom cplﬂma}dﬁscuauqadpmﬂathluman tledaetll }slyemhﬂckfsed mg mar ker s

R T TR S T T S

t he presentmaynanlitued op flahudas fedgaplllati dcl@td mahhwzexpd €8an n:gllsmar kers
characteri lsﬁ; "54%%4& 28%55‘3”“953“ c endoderm | i neage, wherein greater than 90%
of the pop ) press PDX-1 and NKX6.1. [0059]In one aspect of the
present invention, the population of cells expressing markers

char@03@r i sinioe elﬁlb(bd’ilﬁerpﬁmﬁﬂi[ﬁ)ﬁnit ster@rdiidedybe dultead & cubtyrchecdiaudeiinet treated to

forma popul at.ion e har cterlstl f the
pancreatic aéﬁ%fglélglt(h glsgiFS@g ?%&g@éﬂ?éﬁ al?’el& I?hl‘rél?og i ation may
be determ mdnbalsemoﬁlcﬂmlrad infc@Rire thedil deripipidt @lin@ thomethoadgent (such as an
anti body) t eci recogni ze rotein marker expressed by cells
expr essi ng fﬂ&ﬁ%@f iﬁ&@@%ﬁl@ma v @%@Oﬁafsﬁt%e?“é@}av%ﬁwaf °§1§061] Met hods
for assessiaguRXI@RSEH R fkolmeteth nrbdf Hict18icd i Wico0ByIMeys in cul tured or
isolated cells are standard in the art. These include quantitative reverse

transcri pt a8ECTEEIVGRreR RO @ PR PRy Rsrpuitieed prgRltureNpsdiandsrived ot s, in situ

hybri di zat i QRodif %% the n&thod@ﬁ%élé‘éé& iPX@EQA Pemid Ve 860logs, 2BbHl 09y (Ausubel
et al., eds. 200I supplement)), and i munoassays such as

i mrunohi st otkenitealy. Rinapajent sfepfeeldsaney Raradfuiea inegultyre maggasdesived bl ot ti ng, and
for markers cE&ﬁﬁlg% ﬁle%‘&ﬁﬁ%l@él&ehﬂlU@ﬁ@%ofé@ 1 SAléetrllla‘ﬁ‘_O’elg:yﬂl tdny anal ysis

(FACS) (see, e.g., Harlow and Lane, Using Antib : Laborat ory Manual ,
New Yor k: cmml c@lsmiaydpe lepltiyed inlcaliore atedtawem@lsascc(rd;lggg))t}le methods

[ 0062] Char aﬁcz&sgf %n' I%zzr(])ggoz%bk'ié PARRtiva} $RrSlehstdh Eelehdy dsRRMied © those

skilled in
in culture media derived according to the methods disclosed in US6800480.

Alternatively, pluripotent stem cells may be cultured in culture media derived
according to the methods disclosed in WO2005065354.

[0052] In one embodiment, pluripotent stem cells may be cultured according to the methods
disclosed in Cheon et al (BioReprod DOI:10.1095/biolreprod.105.046870, October
19, 2005). Alternatively, pluripotent stem cells may be cultured according to the
methods disclosed in Levenstein ef al (Stem Cells 24: 568-574, 2006). Alternatively,

pluripotent stem cells may be cultured according to the methods disclosed in

11



addi tional characteristics of pluripotent stemcells continue to be
identified. Pluripotent stemcell markers include, for exanple, the

expr essi omoab11oiaz2%9r nore of the follow ng: ABCRXR, CRI PPOI/USGND®36043
CONNEXI Nd3, CONNEXI Nd45, OCT4, 50X2, NANOG hTERT, UTF1l, ZFP42, SSEA-3,
SSEA-4, Tra 1-60, Tra 1-81. [0063]After treating pluripotent stemcells
with the nethods of the present invention, the differentiated cells may be

purified bYU§2@@Q§141897031 Alie@l@atne@ly,qﬂlhﬁpo%pyérﬁtcammtyooe%mtﬁ@@gttcofd%&gCtb as an
ant i body) that speC| i cal ecogni zes a protein marker, such as CXCR4,

expressed biic gwthods %Cﬂﬁsé@m[ﬁ@? AR . eﬂ@i’f&é’ﬂ@%l wripetest stermeclli@ayni t i ve
endoderm | | Baafifrea kABRAL Og'%'o'fﬁérﬁ&fl&ﬂtdlséfo%allﬁ% Soosbidsabl e for use in the
present invention inclu for exanple uman enbryonic stemcell line
HO (NIH code: WAQ9), the human enbryonic stemcell line HL (NI H code:

WA0 1053 he M‘HII@F?BF yoncellsgrayhepdatqd entqesuifzble Rplfyre glpetratipdo e and t he
human enmbr yom Qintdn® M&@ihbid LR rAABQ2diC8) Lafabdifilar RBHESpois Qugli t abl e for
use in the present invention are cells that express at Ieast one of the

fol | owi ng nar feepmpiea these darived frembpsepient ngrabrar ordldt may foxpaept of CRI PTO,  CD9,

SSEn 3, SSER D rpaghese TR s i o A S s 011/ 035043

[ 0065] Mar k equdtucshabstreteay MeYTIRIGEE Rt (BectdePioknspme Ve IRIGEL ™ ik h nedulje ar e

selectedfr nsi stin C, CER1,
Nodal , 81% %&%@H%O%u@ng%ﬁ @#ﬁ?i&m ﬁ\gfgrlfemcﬁ@qzerncsﬁg\? ; ﬁg%é:ﬁ %%Turgms oderm n
(EO\/ES) DNMornFaGédﬁhsnﬁMAésen@mRﬂnbr@ath CD99, and OrX2. Suitable for use
in the present invention is a cell that expresses at |east one of the
TR k@08 O ARG Bk Sir BhubnfShhd U FAIAIRLILLASEARE ilone aspect of
t he present 1 nvention, cel Xpressin ers aracteristic of the
definitive dwrdoter rﬁdpemrbwel ths C@u tupd lvﬂntg welifstatedathispnaycuelsderlanmid,. | n an
alternate aghect ct expressi mark rs ch I %terlstlc of. t he

T tin, proteoglycan, 'entactin, aran ats, and ¢, along or I, various
definitive enaoder r%? r%é’ geéirs a’ doderii'cel® I'n"an" al ternate aspect,
a cell expressingomar ker s char act erl stl c of the def| nitive endoderm i neage
is a defini ti ve endoderm cel | . [0066] Mar kers characteristic of the

R e e SN e R e T Y M

Sui t abl e foerndumélelpreseﬂme opa msdmm tharpemidtareell Suralvalebﬂopﬁgaad)n enpr esses at | east

one aspect BRTPRLACCRREN SBrErsR> ATRRTCREERi e R R arRTo0e: 1

char act er i sitieiti@fto tﬁb@emfg:dlﬁﬁbutmnaﬂdi@dﬁémﬂwbeaaglemnai t@ qancsigiain ¢ endoder m

cell. [0067] Markers characteristic of the pancreatic endocrine |ineage are
sel ected fri8ffithe group consisting of NGN3, NEUROD, NKX2.2, PDX1, NKX6.1,
PAX4, and PAX6. |In one enbodi nent, a pancreatic endocrine cell is capabl e

of eopsEssi fgtable chlaasmedmmagfoetrﬂmﬂe fromlthn/\ﬁongwingmmmntsj sasluds, for gl ucagon,

rventton SR BopPBrAr B LB Re b oRE S RDoRERAT S e P e

characteri SKhd‘ck@lft Duh&cwmds(ﬁﬁéd Eag@ntdaaiiinn &K O iDIerye.Gibdv #mszgas]p;ect of the
present inventiaon res 1 ng, mar kers charac erl#? 059 8f t he

pancreatic %ﬂHBEH/ﬁ@/ Hl\ﬁ]:elﬁ[g’é 3l E“e papd} et beluayae G The pancreati c

endocri ne c@jnlesfBRMalithigd d@ﬂﬁé‘om@hl@bmr lfmﬁl@S@mh@r@aﬁdtdSb%aﬁGﬂ BigmAl#t er nati vel y,
t he pancreatl c_endocrine cell my_be a pancreatic_hornone-secreting cell.
M7522; human recombinant basic fibroblast growth factor (bFGF), Gibco # 13256-

029.
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[0068] I n one aspect of the present invention, the pancreatic endocrine cel
is a cell expressing markers characteristic of the O cell |ineage. A cel
expressi nyorearik@s®ocharacteri stic of the 0 cell |ineagePexrsessassoPDXl and
at | east one of the following transcription factors: NGN3, NKX2.2, NKX6.1,
NEUROD, 1SL1, HNF3 beta, MAFA, PAX4, and PAX6. |In one aspect of the present
invention, a cell expressing markers characteristic of the 0 cell I|ineage

is a0 cell. Drfrnbiifenlof ebiiOPxRbssgWihAQELOharabRMbEEdfltRe P Pedere! | S
Expressing Markers Characteristic of the Definitive Endoderm Li neage

[ 0069] For mati on of cel Frdesdepnddugage feny Rlaripotentdigm@llssti c of the
definitive endodermlineage nay be determ ned by testing for the presence

of tjoes7rar kerone bRbALiBeRNde Blct&f inf &l o W etica BRIHob §4H pRéduBinghocol .
Pluripotent stemcells typically do not express such markers. Thus,

di f f er ent i altgrylatieft ofselly ¢perseing makes sharacteristie ot BepylsEsticdoderBegi n to

express t hefeadHOARbRkiHEERAUAR M EMbAGHS Be ORYs e differentiated into cells
expressing markers characteristic of the definitive endodermlineage by any

method in the art or by any nmethod proposed in this invention. [0071] For
exanpl e, pl ur Ppdthing? ReRuiaEPy of RRPRAL dfefcelfent i ated into cel I's expressing
mar kers characteristic of the definitive endoderm|ineage according to the

met hods di scl gsepiffeRnbdtibTeépopilai@in of akipb@ntEdt &UD R @gypu%ion $p34 - 1541
(2005). [0072] For exanple, pluripotent stemcells nmay be differentiated
into cells expr&8Y FFEravipkBp&ers ﬁ‘g%%?r@%l? %fftf“%d%ﬁnltﬂ‘?é’n%%‘ﬁ%il{“’ra% aathdoder m

| i neage according to the nethods disclosed in Shinozaki et al, Devel opnent

131, 1651 - 1662Diff2@Rdeking IQBIIRUN EXemkpressigihirRat Sitirackdrie 6hd S may be
differentiated into cells expr essi.ng , ,

definitive endoderm lineage intd a population of cells expressing markers

characteristic of the pancreatic endoderm lineage, by treating the population of

cells expressing markers characteristic of the definitive endoderm lincage with

medium supplemented with a protein kinase C activator.

[0058] In one aspect of the present invention, the present invention provides a population of
cells expressing markers characteristic of the pancreatic endoderm lineage, wherein
greater than 50% of the population co-express PDX-1 and NKX6.1. In an alternate
embodiment, the present invention provides a population of cells expressing markers
characteristic of the pancreatic endoderm lineage, wherein greater than 60% of the
population co-express PDX-1 and NKX6.1. In an alternate embodiment, the present
invention provides a population of cells expressing markers characteristic of the
pancreatic endoderm lineage, wherein greater than 70% of the population co-express
PDX-1 and NKX6.1. In an alternate embodiment, the present invention provides a
population of cells expressing markers characteristic of the pancreatic endoderm
lineage, wherein greater than 80% of the population co-express PDX-1 and NKX6.1.
In an alternate embodiment, the present invention provides a population of cells
expressing markers characteristic of the pancreatic endoderm lineage, wherein greater

than 90% of the population co-express PDX-1 and NKX6.1.

[0059] In one aspect of the present invention, the population of cells expressing markers

characteristic of the pancreatic endoderm lineage may be further treated to form a
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mar kers characteristic of the definitive endodermlineage according to the
nmet hods di scl osed in MLean et al, StemCells 25, 29 - 38 (2007). [0074] For
exanpl e, wOwoip@s®at stemcells may be differentiated i RCO/USRIIIB3I@HPr essi ng
mar kers characteristic of the definitive endodermlineage according to the
met hods di sclosed in D Amour et al, Nature Biotechnol ogy 24, 1392 - 1401
(2006). [0075] For exanple, pluripotent stemcells may be differentiated

into cells QyRLAESSIHMANIBKELiR MBREAChSAL SIS oPhe bARrABE bMiotiinke endoder m
| i neage by treating the pluripotent stemcells according to the nethods

di scl osed RS- patent application Ser. No. 11/736,908. WO
2011/ 143299PCT/ US2011/ 036043 [0076] For exanpl e, pluripotent stemcells my

be digb§@gr entiicatrgdedcDbPdieRlchSatRN Pk B8 idBGrnBEKSY &pbddt AGdaRiicelii ¢ of the
definitive endodern1llneag$]£y treating the pluripotent stemcells
St

accordi ng tRePRlgEOHSRR gt ‘geegtibadly Ubatraedticallypisperizasisd¥otear . No.

117779, 311. [ RO7khfe@ied 8% BARIcRpreRidd BRI EMar 2 LB MM CE theSdeiN &g el f erenti ated
into cells expressing narkers characteristic of the definitive endoderm

Iineaae by treating the pluripotent stemcells according to the nethods
di sclPBeldq” i Metbadsfar assessigy praression ghrrawsin anflguclgig agid gnasiees incpigred @or exanypl e,

pl uri pot entjs§h@MAR lalStdmB¥d Bemdbftf ¢h&RIHRIE Juinftadve RlVESe RXRESRRENY Mar kers
characteristic of the definitive endoderm|ineage by treating the

pl ur i pot entpatreqinsechais regeleer GBIl HoNpmeriplohodsid heeidizgben (see. ©8- pat ent
appl i cati oncg@ht PR coR p[%@c@lglgl?)iology (Ausubel et al., eds. 2001 supplement)), and

immunoassays such as immunohistochemical analysis of sectioned material, Western
blotting, and for markers that are accessible in intact cells, flow cytometry analysis
(FACS) (see, e.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New
York: Cold Spring Harbor Laboratory Press (1998)).

[0062] Characteristics of pluripotent stem cells are well known to those skilled in the art, and
additional characteristics of pluripotent stem cells continue to be identified.
Pluripotent stem cell markers include, for example, the expression of one or more of
the following: ABCG2, CRIPTO, FOXD3, CONNEXIN43, CONNEXIN45, OCT4,
SOX2, NANOG, hTERT, UTF1, ZFP42, SSEA-3, SSEA-4, Tra 1-60, Tra 1-81.

[0063] After treating pluripotent stem cells with the methods of the present invention, the
differentiated cells may be purified by exposing a treated cell population to an agent
(such as an antibody) that specifically recognizes a protein marker, such as CXCR4,
expressed by cells expressing markers characteristic of the definitive endoderm

lineage.

[0064] Pluripotent stem cells suitable for use in the present invention include, for example,
the human embryonic stem cell line H9 (NIH code: WA09), the human embryonic
stem cell line H1 (NIH code: WAOQ1), the human embryonic stem cell line H7 (NIH
code: WAOQ7), and the human embryonic stem cell line SA002 (Cellartis, Sweden).
Also suitable for use in the present invention are cells that express at least one of the
following markers characteristic of pluripotent cells: ABCG2, CRIPTO, CD?9,
FOXD3, CONNEXIN43, CONNEXIN45, OCT4, SOX2, NANOG, hTERT, UTF1,
ZFP42, SSEA-3, SSEA-4, Tra 1-60, and Tra 1-81.
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[ 0079] For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage by
treati ng wheoplusisgpot ent stemcells according to the nerhods2diissdoesed i n
US patent application Ser. No. 61/076,900. [0080] For exanple, pluripotent
stemcells may be differentiated into cells expressing nmarkers
characteristic of the definitive endoderml|ineage by treating the

pl urjopeX) entMﬁfk@ﬁ‘cﬁﬁbét@rlsﬁ@ 6PMhe isehifR dllicRRTRQS afélséleéte@ﬁan ik deuppat ent
application Ser. 076, 908. [0081] For exanpl e, 1_‘]o uri pot ent stem cells

may be di ff‘@tnélﬁtfliga?t@@)ﬁlﬁ{@“ééﬂal%l\] bt §35Cn G ERAr Nedel, FOIFSy Beeldrnst i ¢ of t he
definitive gndedaiMebbAERGEInPYGES 8834sNGnidl&iRhid (BRI DRk ER&Ak! S

according to the methods discloséd in US patent appl | Cation Ser. .
61/ 076, 915. GADAPf @XeRt.i GKitohDaY. améDﬂ§<2E>Spn%%%ﬁongsemm@@re§emwamner| stic of

the Definitiye 1!5@99% FeeL-LNEANG ! Bt ngﬁi«l§ AREESE WRLS
Characteristic o Eeggencreat | (?OE 1%0 erm L nezfgle d[(gg%%{%? Ohe enbodi ment ,
the pr esentenldndﬁemthnoagephomedewcaofrtm pregnf mvenppmdw@]l ng)ressmgprﬁS on of cells
expressi ng rker. racter.istic.of the pancre doder m I neage from
pl uri pot en £© {actens%c oF%l, ehmtwe endoder{IHme%%e 184 il 1ve streéglp ecursor ce & popul ati on
of pl uri potlanh aktreae a&pled:tSa cell expressing markers character1st1c of the deﬁmtwe

endoderm lineage is a mesendoderm cell. In an alternate aspect, a cell expressing

markers characteristic of the definitive endoderm lineage is a definitive endoderm

cell.

[0066] Markers characteristic of the pancreatic endoderm lineage are selected from the group
consisting of PDX1, NKX6.1, HNF1 beta, PTF1 alpha, HNF6, HNF4 alpha, SOX9,
HB9 and PROX1. Suitable for use in the present invention is a cell that expresses at
least one of the markers characteristic of the pancreatic endoderm lineage. In one
aspect of the present invention, a cell expressing markers characteristic of the

pancreatic endoderm lineage is a pancreatic endoderm cell.

[0067] Markers characteristic of the pancreatic endocrine lineage are selected from the group
consisting of NGN3, NEUROD, NKX2.2, PDX1, NKX6.1, PAX4, and PAX6. In one
embodiment, a pancreatic endocrine cell is capable of expressing at least one of the
following hormones: insulin, glucagon, somatostatin, and pancreatic polypeptide.
Suitable for use in the present invention is a cell that expresses at least one of the
markers characteristic of the pancreatic endocrine lineage. In one aspect of the
present invention, a cell expressing markers characteristic of the pancreatic endocrine
lineage is a pancreatic endocrine cell. The pancreatic endocrine cell may be a
pancreatic hormone-expressing cell. Alternatively, the pancreatic endocrine cell may

be a pancreatic hormone-secreting cell.

[0068] In one aspect of the present invention, the pancreatic endocrine cell is a cell
expressing markers characteristic of the 3 cell lineage. A cell expressing markers
characteristic of the P cell lineage expresses PDX1 and at least one of the following

transcription factors: NGN3, NKX2.2, NKX6.1, NEUROD, ISL1, HNF3 beta,
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b. Differentiating the popul ation of pluripotent stemcells into a
popul ati on of cells expressing nmarkers characteristic of the definitive
endoder mworzerga329and c. Differentiating the popul ati onPofi/usedi®3@pr essi ng
mar kers characteristic of the definitive endodermlineage into a popul ation
of cells expressing markers characteristic of the pancreatic endoderm
lineage, by treating the population of cells expressing markers
charact eri sfia¢A0P Al Cardeia . tTh Ve @sﬂwgﬁﬂl@})fe’sélﬁﬁﬁ'@nt%t bcémeeci?ml@ppl ement ed
with a protein kinase C activator 0083] I'n one aspect of the present
i nvention, mﬁémpﬁ@gﬁﬁﬂwﬂ%v%mQBéﬁlbmﬁviﬁéiﬂaﬂpopulat|on of cells expressing
mar ker s characterlstlc of the pancreatic endoderm |ineage, wherein greater
than 50% of - the RpnuhalbRly PArHFXRI SR CM o ROM NSK&s e il 8l ter nat e
enbodi nent, the present 1nvention provides a popu ation of cells expressi ng
mar ker s characterlstlcCﬁﬂnwmmmpaﬁ&wéhfn@weﬁd@dGWh#mﬂmeage wher ei n greater
than 60% of the population co-express PDX-1 and NKX6.1. In an alternate
embo@pg®nt . FérhBLRT GIEMex Pf&’s@ﬂfg SRR E&Yé&&ﬁnéoﬂﬁ@%fﬁ‘ﬁth@rén@cfdeﬁ@| I's expressing
mar ker s characterlstlc 0 pancreati c endoderm | i neage, wherein greater
t han 70% of linchge paphe detaroined by exipredosthppxsencantthnroxgers. before and akex er nat e
embodi ment . roh(6inRL 8R! SRYGBII PRBERNIHESodhs RORMNANS AT BfieGRlLS exPTessi ng
mar kers charact eri st e pancreatic endo I neage, wherein greater
t han 80@6ofmmﬁ@Spﬁbul@ﬂk@nmnmn@ﬁﬁnessmPDﬁhmséﬁdmmwﬂ®ntdhﬂngmnoalternate
enbodi nent, ggg gsent invention provides a population of cells expressing
mar ker s char eristic of the pancreati c endoderm | i neage, wherein greater
t han 90% of the popul ati on co-express PDX-1 and NKX6.1. [0084]1n one
enbol@0Hint |, Pluheotent stemicallkinpalaedi fergetivtadantocellssexprghseeg merkérs om t he gr oup
consi sting ol 2, 4-
pent adi ey grﬁg‘(ztég tlcgog}]hze((ﬁggrél%% éldgéeg(nﬁm%;gd bfy\?H%) H%@;BH tﬁWh): QIQ %Wylany
phorbol 12-mythodprap@ed Brthacekestiem. (PMA), and phorbol - 12, 13-di butyrate
(PDBu). In one enbodi nent, the protein kinase C activator is (2S, 59)-(E,

) Sy ¢ KA Lo AP ABREN e B oLl AT, A benzol act am
benzol act anmankyrs bearygatiaot the d&fm@efnten@tdﬁmmhlﬁqamcab@mg t@Ordtiodabout  500nM
(2S, 53)- (I%hsclizt}seél (I§’A(m (leralfIJ\IaLerre% %’%3»%;1%}%%%5 fhl (E&BB adi en‘_DyI ami no)

benzol actam 15 refefred to herern as one”enbodi nent, the
medi um suppl emented with a proteln ki nase C‘actlvator is further
suppl08rdnt efcbrwkamplatplyripgisnt stame cdlla aragrbe defeeantietdd intoenlls kepregsimgp consi sting of

a factor c i nhi i i i nhi bi tor,
and a fibr ?@?\gér? Cg%%%ﬁ*@%@? éc:ge : E%§g?qﬁﬁg:%ﬁ%gag§§%%@%ﬁ% ?@%&éﬁb@%ct or capable
of i nhi bi tidigl@MPini Shimaggiena/, Nogtpipmentah3 1 b5SUis é662a020@4)concent rati on from
about 50ng/nl to about 5001.1g/m . In one enbodi ment, noggin is used at a

co ncﬁp”ﬂ ati Plle imp’]hg gﬂgfpment Jte%? geql]s Inﬁy%? Qi &ﬁe@%@t{e%ﬂ& cell% I@ r%:sg: 3 receptor

signaling in I’Bi ToF Fi'san i n Ito one e nt, the
i nhi bi t or oharkeiKBharactelskGol thhildfinitor ehdadeinbneapKacomdhigho thermdthodsay be used

10 1.1. M | nbodi ,
313 Cone AP LEE, PRl il bl o oy, 101, T M T one erbodient

[0074] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

disclosed in D’ Amour ef al, Nature Biotechnology 24, 1392 — 1401 (2006).

[0075] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

11/736,908.
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[0088] I n one enbodi nent, the fibroblast gromh factor is FG-7. In an

al ternate enbodi nent, the fibpoblast growh factor is FG-F10. [0089]In one
enbodi nerw0 201114819 r obl ast growt h factor nay be used at paTase@eOs¢0at i on
from about 50pg/mlL to about 501.1g/m . In one enbodi nent, the fibroblast
grow h factor is used at a concentration of 50ng/m. Differentiation of
Cells Expressing Markers Characteristic of the Pancreatic Endoder m Li neage

i nt opofRd)| s EOERKASSE, wr%{ek@s&e%n Qéllstnﬂl? PRANE: &Rl HE@Q% tkf&sineage [0090] I n

one enbodlnent popul ations of cellS expressing markers characteristic of
t he pancred@@@méﬁhﬁﬂéﬁﬁﬂ¢Pﬂ%ﬁ@ﬁm&ﬂ@eﬂ@K@W@W@ﬂWbxﬂ@%@gﬁﬁéﬁﬂmﬁﬁétpopulatlons

of cel|s expufssisnfdmhdkelfe AOALAGYEIIS! hOPhudiEiRARRRE N, endocti ne

| i neage by any net he art. [0091] For ‘exanple, populations of cells
expressi ng hafRerls. characterlstlc of the pancreatic endoderm|ineage may be
further differentiated into popul ations of cells expressing nmarkers

Char@@?ﬁr'Sﬁh%xﬁﬁﬂ&Eﬁu@@@ﬁﬁﬁﬁﬁb&m?&QQEHHﬁ%mhM@@ﬁﬂ@cd@%x&éﬁﬁ@'ng t he
popul ation of cells expressin ers characteristic of the pancreatic

endoder m | | Harkeye C%Wlﬂﬂ%gf th@)gftfméwﬁ@m%mia@n Hieget bseepting thoplusipeignt et al |
Nature Bi Ots?&ﬁ‘ 815918&’ %%Qhe hOR9 & O@Iosﬁ&ﬂﬂrt]’é &ten?s?;l%'cmoh%gﬁ N cells

expr essing ers characteristic ancreatic endoderm | i neage may be
further dlfﬁéﬂﬁﬁEPated i nto popul ati ons of cell's expressing markers
characteristic of the pancreatic endocrine |lineage, by treating the

Popy G’FS]O” #r eQaﬁhﬂl% ggfriﬂ Bf”eﬁtss'téhgcﬂﬁ%r%grb% dﬁﬁ%n"f’iﬁtfeﬁfﬂtéééu% e?ﬁrestsﬁ&% pancreatic

endoderm | i neage a ing to t hods di scl osed Amour et a
Nat ur e Bi otmerkers Clrgacterpaoef th§ dgod]veondaivumphage bopentiag th@rpéurmfatenbl S

expr essi ng g&-‘ﬁlé&fssaccfo?egﬁgfottﬁé Indthb c{?sfclots&?mﬁ?s’}gﬁ&%% plicfRAQIEND | i neage may be

further dif enti a 0 populations o xpre55|ng mar ker s
char act eri s4li/@76¢#89t he pancreatic endocrine |lineage, by treating the
popul ati on of cells expressing nmarkers characteristic of the pancreatic

endoggign | 1 506 AC Gl %i 6stt géiﬁ R Rdiseh ARELS BxHRs ARt ent

appl'cég}o#ﬂger.lad% i f%gt,%% i riky e ® my shig
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,900.

[0080] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,908.

[0081] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,915.
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[ 0094] For exanpl e, popul ations of cells expressing markers characteristic
of the pancreatic endoderm|ineage may be further differentiated into
popul ati one 20f1/1@8d9s expressi ng markers characteri stic ®CTiUseopas@rgati c
endocrine |ineage, by treating the popul ation of cells expressing markers
characteristic of the pancreatic endoderm|ineage according to the nethods
disclosed in US patent application Ser. No. 11/779,311. [0095] For exanpl e,

popul ati ons of D@férénsia%pwzg B BRI M B 4EDENBCLLF LRI SheDerhhlfe PANCT AL C
endodern1llne%%F may be further differentiated into pggglatlons of cells

expressi ng nirdedery ineira étle Fridt prasiing Werksanehaseieréstie atibe Prmeedticneage, by
treating the population of cellggﬁﬁg%ggﬁa%g mar kers characteristic of the
pancreati c endoderm | ineage according to the nethods disclosed in US patent
application Ser. No. 60/953,178. [0096] For exanple, popul ations of cells
exprl8982lng Wkéméodé%}%tafé@@ieﬁf‘élf%ermonﬂomldaaﬁe}e@@ﬁif@péw@%éﬁm | i neage may be

further diffarantl s &ptQsiPORIAL RS st §F 1S pAIRLES Sl ddGerfRT ker s
characteristic of the pancreatic endocrine |ineage, by treating the

popul at i on lgfeagedirgns plasipeterfsteppcehacR@pysiehde siepedfi stic of the pancreatic
endoderm | i neage according to the nethods disclosed in US patent

appl i cation Sgr.cdNarinSPHSRthink 9 plluQReht &om cexanmpl e, popul ations of cells
expressing markers characteristic of the pancreatic endoderm|ineage nay be

further differentiated into popul ations of cells expressing markers
characteristi & Jfiffeaiasiagdeaapilationpd plyripaeny stemperdls inteyy PPRERION R t he

popul ation of CekliScxBXRifSHbMers TRIrkQERi€ hah@gd it tchGodefm lik@cPaRgr eati ¢
endoderm | i neage according to the nethods disclosed in US patent

application Ser. No. 61/289,671. [0098] The present invention is further
i |l ustrated, LDiHE Nt e OBY At celt FBiRr S %%E%F@g%ct%ﬁ@s Exanpl e 1
Formation of theicRRRW aldo@imaincsRlihts a@bpliit@nRt eSRRkpeQWRhdrRAs [ 0099] Cel | s
of the human enbryonic stemcells |ine ﬂl were cultured on MATRI GEL(r)
characteristic of the pancreatic endoderm lineage, by treating the population of
cells expressing markers characteristic of the definitive endoderm lincage with

medium supplemented with a protein kinase C activator.

[0083] In one aspect of the present invention, the present invention provides a population of
cells expressing markers characteristic of the pancreatic endoderm lineage, wherein
greater than 50% of the population co-express PDX-1 and NKX6.1. In an alternate
embodiment, the present invention provides a population of cells expressing markers
characteristic of the pancreatic endoderm lineage, wherein greater than 60% of the
population co-express PDX-1 and NKX6.1. In an alternate embodiment, the present
invention provides a population of cells expressing markers characteristic of the
pancreatic endoderm lineage, wherein greater than 70% of the population co-express
PDX-1 and NKX6.1. In an alternate embodiment, the present invention provides a
population of cells expressing markers characteristic of the pancreatic endoderm
lineage, wherein greater than 80% of the population co-express PDX-1 and NKX6.1.
In an alternate embodiment, the present invention provides a population of cells
expressing markers characteristic of the pancreatic endoderm lineage, wherein greater

than 90% of the population co-express PDX-1 and NKX6.1.

[0084] In one embodiment, the protein kinase C activator is selected from the group

consisting of (25, 5S)-(E, E)-8-(5-(4-(Trifluoromethyl)phenyl)-2,4-
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(1:30 dilution) (BD Biosciences; Cat # 356231)- coated di shes with RPM
medi um (I nvitrogen; Cat #: 22400) + 0.2% FBS + 100 ng/m activin A

(Pepr oTecNO 2Ca145020- 14) + 20 ng/mM WNT- 3a (R&D Syst enpPCTT®R01H/033231- WN CF)
for one day, followed by treatnent with RPM nedi a suppl enented with 0.5%
FBS + 100 ng/m activin A for an additional tw days (Stage 1), then, a.
DMEM F12 + 2% FBS + 50 ng/ml FGF7 for three days (Stage 2), then b.

DVEM Hi gh %éﬂfaeeem+1amo%3ntofaetaé Hﬁd%@a{rﬁl\p Bﬁorb&%t}n stfle-M-Retinoic acid
(RA) + 100 ng for four t a en either c.

ot et e iAo b o PP Jmmdbap oo 4. busal
medi a- BM prg{elnqclna-gé eakiek 152(28 %ME %)%1(5964%%8@?111&%1%&91) 300 ng/

Noggi n + ALKS5 I nhi bi tor for four 4) e. Treat nent
3: DVEM Hi wﬁn@ﬂwmsennml%rggmct&mmlﬁ Ag)-(H. EN@@@(ﬁ(ﬂrlfhlorqmmMBenthu bitor Il
+ 20nM Phor PR 9 t ) for four
days (Stage PQ%G&%%%?A&H&%{GE%&%M g}ébé@gm &29&%&3&}(%&%%@‘0@? age 4 day 4,
and i magi ng2OondEtopbritdNimd. (RS, 5@) @nE) N(fGé‘l (TrlﬂmatOyIMyl)ﬂzml){E Heal t hcare).

| mages from1 acquired ta.goapensate for any cell

| oss duri ngp P%QIGBIOSQE%%@EGHZ acm%’slér%%rrrl 4 ;h%rlmrrlllarslng]rroedur es. Measurenents
for total cell nunber, total PDX1l expressing cells, total NKX6.1 expressing
cel 1 [908fd tlotoab emdimemxtm esdiumgup@émhetauerigh opvrimetest Covtieaats wel | usi ng
the I N Cell |.ho ages and
standard deﬁlgg?r%oﬁﬁ Snv\%lg%q@gﬂ%l Sattoelé%glr_ig %%&%Cfﬁoeng?h %9{ g@g S?Stmé fa( Tot al

PDX1, NKXG6. ﬂictandlpﬁmlé(eﬁnmmmgwmg TeHpl isceper eignaipg ithétdtoaandaper cent age of
the total c bl opulala [0101] As shown in Figure 2A, in all experinental
popul ati ons '?i? & a8‘I°Orstage 4, day 4, approximately 92% 4% of the
cells in the popul ati on expressed PDXI. However treatment with PDBu (a

pr ot [@08v]Ki Nasee Embatiinvif e facey odpable df Slihg)li’tinfgim‘ﬁs nogginedeggin mal fbe per cent age
of NKX6. 1 ex essing cells. in popul ation. (Figure 2A),
ohen conpar BB £ G5B RtngHa" oL i s ASRES RN IF S thietet. Tect a

(Tr eat ment ﬂo)ggmqgus%b,aﬁa¢dab¢nlmat1@foﬂ1bo@/ms Nogg| n (Treatnment 2). In the PDBu
treated group, 88% 4.2% of total popul ation expressed NKX6.1, while 62%

SRS SRR ST By B RO Sty O 2

NKX6. 1- expr@gehibgdiaRhd, thedthisitorgLARKEiSLLERY phenoed. PRXALKFhasgtppser vat i ons
were confirmed by over | aying the images of PDX1 expression and NKX6. 1

expr essi on Bt b Wedatrarpreatgiardrrne ghqut YoMl Biabew [0EMulneongA) . These data

i ndi cat e t hafpdalfat MKs RAhiblOiar Gekdda WcbitiBdioHor syRpl enented with a
protein kinase C actl vat or |ncr eased the percentage of cells that

co- exEress PDX1 and in a population of cells that express markers

char 9888y i shnjoge BlFleqﬁ‘é‘erﬁatﬁ% FE@P]P@ gé?YﬂBé@F%lﬁ [ ¢fe/ada an aljgmate
2011/ 143299&%%%@@4%@9&;& QMR id gr popul ation of cells that received

treatnment 1, 10% of the cells expressed CDX2

[0089] In one embodiment, the fibroblast growth factor may be used at a concentration from
about 50pg/ml to about 50ug/ml. In one embodiment, the fibroblast growth factor is

used at a concentration of 50ng/ml.
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(an intestinal marker) (Figure 2A). Less than 5% of the cells expressed
CDX2 in popul ations of cells that received either treatnent 2 or 3. In any
case, noswoah111829€DX2 expressing cells did not co-expr @63/USDM1/0360d3 NKX6. 1.
[0103] Paral | el popul ations of Stage 3 cells were also treated with the
followi ng protein kinase C activators - phorbol -12-nyri state-13-acetate
(PMA) at a concentration of 20 nM (Cal bi ochem #524400), or [(2S, 5S)-(E,

E) - 8- (5- (4- (Trbijy"e%fz&%tdf%blso@%%}m mrkepse@m%&%xlgﬁm PRIbENZO! act an]
(TPB) at a concentration of M ( bi ochem #5657 substituted for

PDBU i n treat faédenn hieses. mtAtCeﬂhEXz@ﬁfdméﬂl@keag@f the P@refveaac Eedoggise the cell s
of the population treated with PMA ;and,90% of the cells of the popul ation
treated with TPB expressed NKX6.1. No sTignificant difference was observed
in total PDX1 expressing cells am)n? all the treatnents. See Figure 2B.

S

[ 010899Hi s leparpmbodiepssnaopplations of Rl cpprstaigimakangractesisis &fkor s can be

used at a rehabh@nfodcAWIROIRE SRR At @tihBE inkd ﬁ@hﬁn&ﬂ%fuarsr egul ation of
NKX6. 1 expression, and increase the percentage of cells co-expressing PDX1

and NKX6. 1 SDraRsing maisep ghardtaistiopf thepingreatipendegingdinaeacibs eay BRdedct eri sti c
of the pancfeatjc endodermlineage. Exanple 2 Inplantation of the Cells of
the Present Invention into Severe Conbi ned | nmunodeficient (SCID) - beige
(Bg) Mce [0105]Cells of the human enbryonic stemcells line HL were

cul tl0P¥d onF rTRREEIPEPYlations Shcedp pXr¢soiny Magksst haragieBiie Of WietPANRPIVE medi um +

0.2% FBS + &ggdé?ﬁllfﬁka}%g%dg\ﬂe%lﬁeﬁ' it N894 in 5 Pﬁdﬁtl&grof o4k e%%ssfn%l | oned by

treatnment wth dia + 0.5%FBS + 100 | activin A
addi ti onal m%eréalwsa%@tsagef thy pancteetig endocriDivEREFEe by (R9siRBEe pOIBﬂﬁUﬁg/ m FG-7

for three dgy 7+ 0.25 1. . EM
Cycl opam ne- %b%g%ﬂ&lﬁkgg??aﬁ%?%%%t%%ng&%@gden/nﬁﬁ%% Noggi n for four
days (St ageacBQr;lln'ghtethlemeﬂDNEﬂilsct}bxgh igPusmeer et all HuB27Bivteti®logy/ PHO6Noggi n + 1
1..EM ALK5 inhibitor Il + 50nM TPB for four days (Stage 4). WO

0 0 ) S 8f cells expressing markers characteristic of the pancreatic
201 1o ddr1 29 ARG Tk ARAO T ARRRES

endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

according to the methods disclosed d in D” Amour et a/, Nature Biotechnology, 2006.

[0093] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

according to the methods disclosed in US patent application Ser. No. 11/736,908.

[0094] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

according to the methods disclosed in US patent application Ser. No. 11/779,311.

[0095] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing

markers characteristic of the pancreatic endocrine lineage, by treating the population
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[0106] Fi ve to six-week-old mal e scid-beige mce N7) were purchased from
Taconic Farns. M ce were housed in mcroisolator cages wwth free access to
sterilizenwof2oud43avd water. I n preparation for surgery, ®mCTaSaanm3dodentified
by ear tagging and their body wei ght neasured and their bl ood gl ucose
determ ne by a hand held gluconeter (One Touch, LifeScan). [0107] M ce were
anesthetized with a mxture of isolflurane and oxygen and the surgical site

was shaved yickil SERLinAmhMBls cﬁa{rad@é}%ﬁ@oftwéﬁr ci’éﬁﬁ@er{é@&&fﬁ Ikidd 0.1 ng. kg
Bupr enex subcut aneously pre-operativel he surgical site was prepared

with succes@wémgmwé@le&odsr@l%lp@ém6§yﬂtelalae@1r?@tlolh$m Nog®P6%:l fone- i odi de.
[0108] Cells at the end of stage four were nechanically scored using a 1-ni
gl asgogy)petts e@:ﬂﬁbl@ %Eﬁﬁﬁmﬁ%f%llﬁ enshag htket:chiAbe AdR T BRpaftraigs for
culture overnl ring the preoperative preparation of the mce, the
cells were @¢ quinf ingaeg may bs furthsr difterentisted intprpopbigiens oheclinsseresiet he

super nat ant 5 eER¥RHactdrRaY bibe béﬂl%f:ea@dqé?fdg&lrfe(?1n€£gjelt%fcﬂfea{n}flfthgﬁi)ﬂﬂnogf cells.

The cells were collected into a Rainin Pos-D positive di splacenent pipette
and the pi pdicelds eyaresyipg/apnkerd chayacigrissqof the pangeeatie¢ndedare lmeaael e by gravity.
The excess v I on for
transpl ant. ﬁF%Jfglé\{\@ﬁlr %terﬁgﬁg%]?g#tegﬁ gﬁga@m%%@g%f%r e 66@%%? %get er was used
to penetrate the kidney capsul e and the needl e was rem)ved The cat heter
was HA¥H adveisseeplamderlatiane okeednespresains magkersrhpipetetistoathepapascade t he

ki dney.  The,RosqR RERSLAS thirkniRsirRl-ags B{Jpéﬁséﬁ fidhstPEeRUROkighe cat het er
and the 5 mnl ?e(gn ce&I% agl spensed1 reom 9111 etatlest r%ugﬁprt etgcat het er
under the km@hk@y caapesaristic afrtbc nl@!cre@@cr@dottrmethheagé;lsfttmatllpmﬂhepmulﬁttlhe ki dney.
The ki dney gapsul.gas: SERLEdAGDA: LA DATRERALM G aALALY and the Kidney
was returned 1ts originhal anatom cal position paral el cell aggregates
cont ai ni ng &condingitothe oethods d\iecrlaeﬂ@aﬂ&datﬁmapplidae‘orii&mﬂo.@é@B%&Llsi ng Post-D
pi pette ti p The 50-ul devices were purchased from TheraCyte, Inc (Irvine,

I e A (Dow
Cor n ng, ]k%gg%g?&ﬁﬁélg? ‘Bﬁ] Fﬁlgga%%d aﬂtﬁggﬁﬁ{%dlsdgh{thgg&subc%t aneously into
SICD/Bg m C@a(nahs mal Nos. 3 and 4). The nmuscl e was cl osed with continuous
sutures using 5-0 vicryl and the skin closed with wound clips. Mce were
dosed with 1.0 ng. kg Metacam subc ﬁgﬂi gy post-operatively. The nouse was
removed fromthe anesthesia and al to fully recover. WO
2011/ 143299PCT/ US2011/ 036043 [0110};?52 | om ng transplantation, mce were
wei ghed once per week and bl ood gl g@lnkasured twice a week. At various
intervals follow ng transplantation, mce were dosed with 3 g/kg glucose IP

and bl ood drawn Vigyrinbfiod eitﬂh@mﬁmﬁ&l ofSCEMY Bf fiR} Predidt BSeh®dd OW Ng gl ucose
injection into mcrofuge tubes containing a smal | anmount of heparin. The

bl oo S C rlfu ed and the plas into a sec gof uge tube
and [ﬂpﬁﬁen (g?q s@f @e%@a%%bvﬂ@ﬁsfg@&"@ﬂ%% weyecHitsd OI}M%&%'& epti de assay
was per for ”@Ck() dilii®) (8D PERCicAs] @ @l33 6y oahed 8kRds At Rmnﬁe&ﬁlﬁ

Mer codi a/ ALPCO Di agnotics Ul trasensitive C Feptl de ELI SA (Cat

80- CPTHU- Eo(inV“,EEP%?EoCWa%?r‘I‘B@tT @47 hgy + 3wy ml 34 ving Eﬂ?@rﬂﬁﬁuﬁabﬁlaper s

instructi 0Nfy) +[2@ MIHWT&EB gR&@Sﬁs%sV\@ﬁ ﬂ%@@@@ﬁ@ﬁg Rordné H@J foiRkem as early
as 4 to 6 meeks |n bot h ki rouP recei ved
L

capsu roup and
Ther acyt e dovireeenef yeh R?P/Hﬁ%ﬂﬁlamﬂp@l?m@ﬁecg gﬁ%rF@agsJééioQ)%m qtiff A Fi gures 3A
and 3B). Atg} he, QRfnaftwh RERGSEBOT N en Ve were

a. DMEM/FI12 + 2% FBS + 50 ng/ml FGF7 for three days (Stage 2), then

b. DMEM-High glucose + 1% B27+ 0.25 uM Cyclopamine- KAAD + 2 uM
Retinoic acid (RA) + 100 ng/ml of Noggin for four days (Stage 3), then

either
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able to detect significant anmount of circulating human C peptide in
response to glucose admnistration in 100% of the animals in both the

ki dney capeubs/@s$dt he group transplanted with the Ther acytusS2aawsce3

d ucose stinulated serum | evel of human C-peptide in the kidney capsul e
group was 1.7 0.5 ng/m after three nonth (n=4), and human C-peptide in the
m ce recei ved Theracyte device transplantation was 1 0.5 ng/m (n=2)

(Figure 30 . [O0L12}ERihRnexanmiesi- kAt 86 BNabr folPday @ (AehghKX6. 1
co-expressing cell popul ati on generated by protein kinase é activators has
the conpetency to Paslipedia-BM% @rentiate into insulin-secreting cells in
vivo. The potency of further differentiation into insulin-secreting cells

does not depend ONTchghchOs abMENLHIMNYIRIEe + Y, Bhenones raheNbhah +RDX1 and
NKX6.1 co-expressing cells can further differentiate into rnsulin-secreting

cell's in both ki dney Aldpsinhibiteinld fegifeusidays (Hegs Hneinopr ot ecti ve device in
subcut aneous site. Exanple 3 An Alternative Method for the Formation of the

Popul ation of Cellgpfnchite mgﬁmghl%wc%geimﬂﬁu% hﬁN@% it hq human
enbryonic stemcells line HL were cultured on MATRTGEL(r) gi: 30 dilution)
(BD Bi osci ences; Ga¥l ALKREBRBIY: 1] ¢ @AM hdibohés I widibhtyRRMPDRdi um (| nvi t r ogen;

Cat #: 22400) + 0.2%F + CLi,Vi eproTech; Cat #120- 14) +
20 ng/ M VWNT- 3a (Féﬂqbéggfnéh%%g%g%%ﬁoi@ng@%éﬁm one day, followed by

treatment with RPM nedia supplenented with 0.5%FBS + 100 ng/nm actiyin A
f or [AR0Uddi Ciltmealwarewsndodgn (Gilwate on ptage hday, 4, and DNMEMEFER perf@edBS + 50 ng/ ni

FG-7 for t 1 + 1% B27+ 0.25 [i M
Cycl opam nte]lgs‘lﬁ%ﬁ%@d%ﬁ%r%ﬂ %ﬁogglk(gﬁglg?@c%wg%gb&%m eq%sfpe&l\(%gi n for four
days (St agew@} acquivedtogiotripensate.formg atlivent dufing DivEibasiaghndbubs@ment+ 1% B27 +
20nM PDBu+100 .ng/ m ghn for fou s (St age , d. Treatnment 5:

o H g g8 e e B el Rty s R bR e s B b cor 11+
20nM PDBuU f eadls,ftaulrNKEY.$ ekiStage odlls andnotel. COX QatxpresingbeellDVEMoblaglad gl ucose +
1% B27 + 50. ng/ FGF10 + u for_fqur St age 4 0114] The

of foct of ol ERGAAT ' Redts S W PhElopRorestite; e G BgE shp et e ar ed

i ncrease i NAverages and standard deviations were calculated for each replicate data set. Total

PDX1, NKX6.1 and CDX-2 expressing cells were reported as a percentage of the

total cell population.

[0101] As shown in Figure 24, in all experimental populations at the end of stage 4, day 4,
approximately 92% £ 4% of the cells in the population expressed PDX1. However,
treatment with PDBu (a protein kinase C activator) evoked a significant increase in
the percentage of NKX6.1 expressing cells in the PDX1 expressing population
(Figure 2A), when compared to populations of cells treated with either basal media
(Treatment 1), or ALKS inhibitor IT plus Noggin (Treatment 2). In the PDBu treated
group, 88% + 4.2% of total population expressed NKX6.1, while 62% + 8% of the
cells receiving treatment 2 expressed NKX6.1, and 46.7 + 0.2% of the cells receiving
treatment 1 expressed NKX6.1. Most of the NKX6.1-expressing cells at stage 4 also
expressed PDX1. These observations were confirmed by overlaying the images of
PDX1 expression and NKX6.1 expression obtained from a given cell population
(Figure 1A). These data indicate that treatment of the cells with medium
supplemented with a protein kinase C activator increased the percentage of cells that
co-express PDX1 and NKX6.1 in a population of cells that express markers

characteristic of the pancreatic endoderm lineage.
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t he percentage of cells that co-express PDX1 and NKX6.1 was investi gated.
Cultures were sanpled in duplicate on stage 4 day 4, and inagi ng anal ysi s
was perfowvoediiz3mescri bed in Exanpl e 1 above. The expr @sgiusroiafo3dosil and
NEURODL were al so recorded. [0115]In this study, the majority of the

popul ation of cells expressing markers characteristic of the pancreatic
endoderm | i neage were positive for the expression of PDX1. Mst of the PDX1

eXp_r[?m]ng &8hd é%pw@ﬁ&l & S ﬁQt‘rQ&%leH'tl’éﬁmfefPtrl Nﬁ%@f@he oA e?cbfé\é‘é%d'dib)a_ﬁm e 1, the
addition of PKC activator alone facilitated t formati on of NKX6.1

expressi ng @eintetingl maerEigyreato hewfthanel’ of fészqull@%lprﬁﬁjeqlrﬁpkfé’rl%
characteri Sﬁdgﬁlaﬁ&n&o@@elfé@ﬁh‘%E(T%@l%&elﬁl@fjﬁ’&%éﬂtb'opgaﬂlean%&s%%[?ﬁ%hh‘é) By day 4

of stage 4, 93% of the total population was NKX6.1 positive, and al nost all
of the NKXGC@Xéﬂmr@%Bfgﬁgﬂsdbfﬂn@cﬂwmf@%ﬁd’é})ﬂM@N@(Mhe expressi on of PDXI1.
[0116] The addition of ALKS5 inhibitor Il to the nedi um supplenented wth the

pr ot @iy g Ki n@a?ﬁleppéiﬁla'tlgﬁst&@ta(g%@%@ltlsm?éﬂz aRY rBAG feh @M&%n@br&% i ncreases in
NKX6. 1 expressi on observed . 1% of the cells in the popul ati on expressed

NEURODL andkiggse foactifators h@h@rbolr@ mwlﬂtt%@lbe?ﬁlﬂt%@%fh) @ rserossisdiop gf 30

S estin cent cells in
tﬁggpop:ﬂ gtﬁgﬁtﬁﬁloﬁ% #ﬂzﬂmﬂﬁl S ;Seggtj EQLE) & @E@Q@Pbﬁ%ﬁ?g@%gf anal yIS| S
on the sanmeagldwb®)é¢mled)bﬁmzomtdmﬂ éTIESOanpt@cmmeam efcﬁ()tltM(Calbled@Kpr essi on of
PDX1, NKX6. 4#56%&% IEstinfld fg?]g g;et?%?r?%ﬂt BRRUGH ?3 OP{% §,4 hat recei ved

treat nent npare recei ved trea "See Figures
4A-4D. On thés ofthecellsaﬁdl,e paplﬂatgmittfehtediwﬁthﬂ)hm @ad 0% rnf thlaeel@xqfrtlesm on of NGN\3

was observed | t hat ceive nd PDBu (treatnent
55> See. i iRl VB TET SRS 0ER PR R SR 0 to ¢ he
medi um suppdeereeat @dotul AKX T Eprgpsiog edlR akon@slethCraainemat S¢e HigureaBnent 6) was
al so investigated. The addition of FGF10 at a concentration of 50ng/nl in

Conb[le? I OnT}Ws txgmp%m %srt% €.t t ro?e)l %ﬁ%s%rcaacﬁvators a uel ua‘st %} ﬁlveﬁl s
expr SI ng mar K aracteris ancteattc endoderm eage
wher ei n 90%voefcohdeatrat@inlts facititdtdrthe pppeguaﬂnbmanKKBQwﬁldssMﬁXﬁldhncrb@wever a | ot

of NKX6. 1 ex ressin ells were al X See Tabl The | evel
of A or NBESENARRRECe Rrise e SO g Tbl v e adRew Su Pt obser ved
in cells treptednynbitel®OBitacaddtiNoO@E pancadc fidgidreSindfre4D. [ 0119] Thi s

exanpl e denonstrates that a protein kinase C activator at a relatively | ow
concentration (approxi mately ZOnMgi n cg%rgsi nation with BMP inhibitor can be
used to generate a popul ation of c P ressing markers characteristic of

t he pancreatic endoderm i neage, wherein greater than 90% of the cells
co- expr ess PDAmpmdatibixer the Cthbéfahd PrdRartdevingige iab STotralCoRdjnedat i on

Immunodeficient (SCID) — beige (Bg) Mice

[0105] Cells of the human embryonic stem cells line H1 were cultured on MATRIGEL®
(1:30 dilution)- coated dishes with RPMI medium + 0.2% FBS + 100 ng/ml activin A
+ 20 ng/ml WNT-3a for one day followed by treatment with RPMI media + 0.5%
FBS + 100 ng/ml activin A for an additional two days (Stage 1), then,

a. DMEM/F12+ 2% FBS + 50 ng/ml FGF7 for three days (Stage 2), then

b. DMEM-High glucose + 1% B27+ 0.25 uM Cyclopamine- KAAD + 2 uM
Retinoic acid (RA) + 100 ng/ml of Noggin for four days (Stage 3), then

c. DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1 uM ALKS
inhibitor IT + 50nM TPB for four days (Stage 4).
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PDX-1 NKX6.1 I SL-1 CDX-2 NeuroDl PDBu+NG (Treatnent 4) 94.2 91.5 32.2 8.9
22.3 Al k5i +NG+PDBu (Treatnent 5) 90.7
WO 2011/143299 PCT/US2011/036043

[0106] Five to six-week-old male scid-beige mice (.5
N7} were purchased from Taconic Farms. Mice were housed in microisolator cages
with free access to sterilized food and water. In preparation for surgery, mice were
identified by ear tagging and their body weight measured and their blood glucose
determine by a hand held glucometer (One Touch, LifeScan).

[0107] Mice were anesthetized with a mixture of isolflurane and oxygen and the surgical site
was shaved with small animal clippers. Mice were dosed with 0.1 mg.kg Buprenex
subcutaneously pre-operatively. The surgical site was prepared with successive

washes of 70% isopropyl alcohol and 10% povidone-iodide.

[0108] Cells at the end of stage four were mechanically scored using a 1-ml glass pipette and
subsequently transferred to non-adherent plates for culture overnight. During the
preoperative preparation of the mice, the cells were centrifuged in a 1.5 ml microfuge
tube and most of the supernatant removed, leaving just enough to collect the pellet of
cells. The cells were collected into a Rainin Pos-D positive displacement pipette and
the pipette was inverted to allow for the cells to settle by gravity. The excess media

was dispensed leaving a packed cell preparation for transplant.

[0109] For transplantation, a 24G x ¥4 L. V. catheter was used to penetrate the kidney capsule
and the needle was removed. The catheter was then advanced under the kidney
capsule to the distal pole of the kidney. The Pos-D pipette tip was placed firmly in
the hub of the catheter and the 5 million cells dispensed from the pipette through the
catheter under the kidney capsule and delivered to the distal pole of the kidney. The
kidney capsule was sealed with a low temperature cautery and the kidney was
returned its original anatomical position. In parallel, cell aggregates containing 5
million cells were loaded into the 50-ul device using Post-D pipette tip. The 50-ul
devices were purchased from TheraCyte, Inc (Irvine, CA). The device was sealed by
medical adhesive silicone type A (Dow Corning, Cat#129109) after the loading, and
implanted subcutaneously into SICD/Bg mice (animal Nos.3 and 4). The muscle was
closed with continuous sutures using 5-0 vicryl and the skin closed with wound clips.
Mice were dosed with 1.0 mg.kg Metacam subcutanecously post-operatively. The

mouse was removed from the anesthesia and allowed to fully recover.
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80.3 52.4 15 57.1 FGF1O0+PDBu (Treatment 6) 98.3 95 10.1 51.1 12.2 Exanple
4 An Alternative Method for the Formation of the Popul ation of Cells of the
Present Iwoentl/as2927 PCT/US2011/036043

[0110] Following transplantation, mice were weighed once per week and blood glucose
measured twice a week. At various intervals following transplantation, mice were
dosed with 3 g/kg glucose IP and blood drawn via the retro-orbital sinus 60 minutes
following glucose injection into microfuge tubes containing a small amount of
heparin. The blood was centrifuged and the plasma placed into a second microfuge
tube and frozen on dry ice and then stored at -80°C until human c-peptide assay was
performed. Human c-peptide levels were determined using the Mercodia/ALPCO
Diagnotics Ultrasensitive C-peptide ELISA (Cat No. 80-CPTHU-EO1, Alpco

Diagnostics, NH) according to the manufacturer’s instructions.

[0111] Human C-peptide was detected in animal serum as carly as 4 to 6 weeks in both
kidney capsule group and the group received Theracyte device after transplantation
and increased over time (Figures 3A and 3B). At the end of three months, we were
able to detect significant amount of circulating human C-peptide in response to
glucose administration in 100% of the animals in both the kidney capsule and the
group transplanted with the Theracyte device. Glucose stimulated serum level of
human C-peptide in the kidney capsule group was 1.7+ 0.5 ng/ml after three month
(n=4), and human C-peptide in the mice received Theracyte device transplantation

was 1+ 0.5 ng/ml (n=2) (Figure 3C).

[0112] This example demonstrates that PDX1 and NKX6.1 co-expressing cell population
gencrated by protein kinase C activators has the competency to further differentiate
into insulin-secreting cells in vivo. The potency of further differentiation into insulin-
secreting cells does not depend on the local environment. We demonstrate that PDX1
and NKX6.1 co-expressing cells can further differentiate into insulin-secreting cells in

both kidney capsule and within the immunoprotective device in subcutaneous site.
Example 3

An Alternative Method for the Formation of the Population of Cells of the

Present Invention

[0113] Cells of the human embryonic stem cells line H1 were cultured on MATRIGEL"
(1:30 dilution) (BD Biosciences; Cat # 356231)- coated dishes with RPMI medium
(Invitrogen; Cat #: 22400) + 0.2% FBS + 100 ng/ml activin A (PeproTech; Cat #120-

25



WO 2011/ 143299PCT/ US2011/ 036043 [0120] Cel I s of the human enbryonic stem
cells line HL were cultured on MATRI GEL(r) (1:30 dilution) (BD Biosciences;
Cat # 356281)t/w@emved di shes with RPM nmedi um (I nvitrogeaT/uSan1#36022400) +
0.2% FBS + 100 ng/mm activin A (PeproTech; Cat #i 20-i4) + 20 ng/ M WNT- 3a
(R&D Systens; Cat # 1324-WV CF) for one day, followed by treatnent with
RPM nedi a suppl enented with 0.5% FBS + 100 ng/m activin A for an

addi ti onal mz@%ﬁnl(\%@gﬁ (ﬂ{)&;D @ﬁf‘eﬂas @at #QNE@MW@FF&%E@&% folRQedd/ M FGF7
for three days (Stage 2), then either b. Treatne - DMEM Hi gh

gl ucose + 1b%t532vnﬁn®W2tBR[Pwn@,d¢a| Sd’}p@iﬁm?féed Witlp5% EBY t Mm/mh%ﬁtlema%u d (RA) +

100 ng/ m Ofor[hp&ﬂit{anIQ&ofd%W( %ﬁ) fnehage 3), or c. Treatnent 8 (T8):
DMEM Hi gh gl ucose + 1% B27+ 5 TiM'Cycl opami ne- KAAD + 2 [i M Retinoic

acid (RA) + 100 ng/m of No + FG-7 501%/rrfL for four %%s (Stage 3),
then either d. TreRd fw?%@smmﬂla RFgfrdysedays {9585%. them 00 ng/ m
Noggin + 1 [i M ALK5 i nhibitor + 20nM PDBu for four days (Stage 4), or e.

Treatment 10 (TW)Dmgﬂghbogéuq%smﬂo%m tloégnfagfmABGF;l Mt 20nM PDBu
for four day (Stage 4 Treatnment 11 Tlf, DVEM Hi g glucose + 1%
¢

B27 + 20nM PDBu +11®@mﬁg/amd (Néggulﬁonamlpéﬂpggma% f%ﬁ@)@ésmgw)g ®1] Cul t ures
were sanpl ed in dug lilcate on stage 4 day 4, and inmagi ng was performnmed using
an IN Cell Analyzer 1000 (CGE Healthcare). Inmages from 100 fields per well

were acquired to conpensate for any cell |oss during the bioassay and
subsequent st ai rfi nfrepsBed UPMEM- Hﬁ’lﬁh‘#c@ﬁ%hﬂ"é) B2t %Qﬂg@PDBéT]IOOr?ﬁ@Her t ot al

PDX1 expressing celbsyin fP (ﬁlgd%]%%ée%x&r essing cells and total CDX2
e

expressing cells were obtaln from each well using the IN Cell Devel oper
Tool box 1.7 (CGE Healthcare) software. Aver ages and standard devi ati ons were

cal cul ated for éachep@psnt s dPMEYFHIghdycoserhi % BABHxH00 ngredeN ekt | cDX- 2

expressing cells t | cell
popul ation. WO 20 1%%%%%%(%%%22 riI?L)[/EI{)SGO gﬁ)([%l{)?%ﬁﬁ@get e&popul ations of

cells treated with T7 fol |l oned b}fl T9 medi a, approximtely 80% of the cells
in the popul ati ¢n Brpmsss®ddNENEHigh seseseTableB2 + IhngiobtUR0 0MMef cel | s

treated with T7 fophgyed s d;[ 9!1 90% of the cells expressed NKX6. 1,
however, nore CDX2 expres@%nd;]s S )aere observed in this treatnment. See

Table 2. Treating popul ations of cells with T7 foll owed %}r/ T11 medi a
credfta pﬂmﬂf%ﬁ%ﬁd@flor@bfapf@rsesaﬁhfe@meh@ﬂlhw kecdvagddpadiatedringedse iof ¢ he

pancr eat | ¢ g0AGARKI bt A8R98: HSHEL POATUhOhRE GRIibSiANTAGRYI ati on

expressed NKX st NKX6. 1 pressing ce e popul ations al so
expressed PBX¢sampled in duplicate on stage 4 day 4, and imaging analysis was performed as

described in Example 1 above. The expression of ISL.1 and NEUROD1 were also

recorded.

[0115] In this study, the majority of the population of cells expressing markers characteristic
of the pancreatic endoderm lineage were positive for the expression of PDX1. Most
of the PDX1 expressing cells were also co-positive for NKX6.1. As shown in Table
1, the addition of PKC activator alone facilitated the formation of NKX6.1 expressing
cells in the population of cells expressing markers characteristic of the pancreatic
endoderm lineage (treatment 4). By day 4 of stage 4, 93% of the total population was
NKX6.1 positive, and almost all of the NKX6.1 expressing cells were positive for the
expression of PDX1.

[0116] The addition of ALKS inhibitor II to the medium supplemented with the protein
kinase C activator (treatment 5) had no effect on the increases in NKX6.1 expression

observed. 57.1% of the cells in the population expressed NEUROD1 and 52.4% of
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[0123] Cul tures treated with T8 foll owed by T9 nedia created a popul ati on of
cells expressing markers characteristic of the pancreatic endoderm | i neage,
wher ei n 58020410f4319he cells in the popul ati on expressed RKXAiSi118s@4Fabl e 2.
Cultures treated with T8 foll owed by T10 nedia created a popul ati on of

cells expressing markers characteristic of the pancreatic endoderm | i neage,
wherein 63.5% of the cells in the popul ati on expressed NKX6.1, we observed

more CDX2 expE&R$h b psﬁhitﬁm %erég&u 15018 QoBestih £ MBRAse ivhE p;f@ahfge?ef Cul tures
treated with T8 fol medi a created a popul ation of I'ls

expr essi ng %é@%éwr%hra@rap@ﬂ%mﬂbq papubstion. hlloyargthistcpigncah fse d pipe |11 neage
wherein 74% of the cells in the popul ati on expressed NKX6.1. See Table 2.

Mostoef7)t hepNK¥GIykisRREESHPNY 06@Inkd BhSRis SxdRS =0ch ADMek thd ApRHIFCR anal ysi s
al so supported the IN Cell analysis, in that treatment with retinoic acid,

cycl opam nefdhK INdgithl #nd I gép @ HicE@sqlgn permkationsy ofcgll thalgacedreda PKC

activator at.,5hage, ﬁhe‘h%hﬁb&r@&jto‘ R11&hal REHRAIRattlin R e 'F?g‘ﬁ?ésslAOiD NKX6. 1 and
PTF1 al pha by stage four é our (Figures 5A-5D). Tabl®e Treatment 7
¢

( RA+Noggi n+Qy teoprrhand) a Jgm aﬁém@rease(lmsm@gﬁswn@ N@ﬁams@w@ﬂny PDX- 1
NKX6. 1 CDXZCGHP?EM]TGMQ ALK inhibitor 2 and PDBu (treatment 5). See Figures 4A-4D.

[0118] The effect of the addition of FGF10 to the medium supplemented with the protein
kinase C activator (treatment 6) was also investigated. The addition of FGF10 at a
concentration of 50ng/ml in combination with PDBu (treatment 6) generated a
population of cells expressing markers characteristic of the pancreatic endoderm
lineage wherein 90% of the cells in the population expressed NKX6.1, however, a lot
of NKX6.1 expressing cells were also CDX2 positive. See Table 1. The level of
mRNA for PDX1, NKX6.1 and PTF1 alpha did not increase over that observed in
cells treated with PDBu and Noggin. See Figures 4A-4D.

[0119] This example demonstrates that a protein kinase C activator at a relatively low
concentration (approximately 20nM) in combination with BMP inhibitor can be used
to generate a population of cells expressing markers characteristic of the pancreatic

endoderm lineage, wherein greater than 90% of the cells co-express PDX1 and

NKX6.1.
Table 1
Percentage of Total Population
PDX-1 NKX6.1 ISL-1 CDX-2 NeuroDl1
PDBu+NG
(Treatment 4) 94.2 91.5 32.2 8.9 22.3
AlkSi+NG+PDBu

(Treatment 5) 90.7 80.3 52.4 15 57.1
FGF10+PDBu
(Treatment 6) 98.3 95 10.1 51.1 12.2

Example 4

An Alternative Method for the Formation of the Population of Cells of the

Present Invention
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[0120] Cells of the human embryonic stem cells line H1 were cultured on MATRIGEL"
(1:30 dilution) (BD Biosciences; Cat # 356231)- coated dishes with RPMI medium
(Invitrogen; Cat #: 22400) + 0.2% FBS + 100 ng/ml activin A (PeproTech; Cat #120-
14) + 20 ng/ml WNT-3a (R&D Systems; Cat # 1324-WN/CF) for one day, followed
by treatment with RPMI media supplemented with 0.5% FBS + 100 ng/ml activin A
for an additional two days (Stage 1), then,

a. DMEM/FI12 + 2% FBS + 50 ng/ml FGF7 for three days (Stage 2), then

either

b. Treatment 7 (T7): DMEM-High glucose + 1% B27+ 0.25 uM
Cyclopamine- KAAD + 2 uM Retinoic acid (RA) + 100 ng/ml of Noggin
for four days (Stage 3), or

c. Treatment 8 (T8): DMEM-High glucose + 1% B27+ 0.25 uM
Cyclopamine- KAAD + 2 uM Retinoic acid (RA) + 100 ng/ml of Noggin
+ FGF7 50ng/ml for four days (Stage 3), then either

d. Treatment 9 (T9): DMEM-High glucose + 1% B27 + 100 ng/ml Noggin +
1 uM ALKS inhibitor IT + 20nM PDBu for four days (Stage 4), or

e. Treatment 10 (T10): DMEM-High glucose + 1% B27 + 50 ng/ml FGF10
+ 20nM PDBu for four day (Stage 4), or

f. Treatment 11 (T11): DMEM-High glucose + 1% B27 +20nM PDBu
+100 ng/ml Noggin for four days (Stage 4).

[0121] Cultures were sampled in duplicate on stage 4 day 4, and imaging was performed
using an IN Cell Analyzer 1000 (GE Healthcare). Images from 100 fields per well
were acquired to compensate for any cell loss during the bioassay and subsequent
staining procedures. Measurements for total cell number, total PDX1 expressing
cells, total NKX6.1 expressing cells and total CDX2 expressing cells were obtained
from each well using the IN Cell Developer Toolbox 1.7 (GE Healthcare) software.
Averages and standard deviations were calculated for each replicate data set. Total
PDX1, NKX6.1 and CDX-2 expressing cells were reported as a percentage of the

total cell population.
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[0122] In the populations of cells treated with T7 followed by T9 media, approximately 80%
of the cells in the population expressed NKX6.1. See Table 2. In populations of cells
treated with T7 followed by T10 media, 90% of the cells expressed NKX6.1,
however, more CDX?2 expressing cells were observed in this treatment. See Table 2.
Treating populations of cells with T7 followed by T11 media created a population of
cells expressing markers characteristic of the pancreatic endoderm lineage, wherein
93% of the cells in the population expressed NKX6.1. Most NKX6.1 expressing cells
in the populations also expressed PDXI.

[0123] Cultures treated with T8 followed by T9 media created a population of cells
expressing markers characteristic of the pancreatic endoderm lineage, wherein 56.7%
of the cells in the population expressed NKX6.1. See Table 2. Cultures treated with
T8 followed by T10 media created a population of cells expressing markers
characteristic of the pancreatic endoderm lineage, wherein 63.5% of the cells in the
population expressed NKX6.1, we observed more CDX2 expressing cells following
this treatment. See Table 2. Cultures treated with T8 followed by T11 media created
a population of cells expressing markers characteristic of the pancreatic endoderm
lineage, wherein 74% of the cells in the population expressed NKX6.1. See Table 2.
Most of the NKX6.1 expressing cells also expressed PDX1.

[0124] PCR analysis also supported the IN Cell analysis, in that treatment with retinoic acid,
cyclopamine and Noggin at stage three followed by addition of a PKC activator at
stage 4 resulted in an increase in mRNA levels of NKX6.1 and PTF1 alpha by stage
four day four (Figures SA-5D).

Table 2

Treatment 7 Treatment &

(RA+Noggint+Cyclopamine)
(RA+Noggint+Cyclopamine+FGF7)

PDX-1 NKX6.1 CDX2 PDX-1 NKX6.1 CDX2
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96.6 93.1 12.9 94.2 74.6 5.5 11

[ 0125] Publ i cations cited throughout

this docunent are hereby incorporated by reference in their entirety.
Al t hough wbeouasas aspects of the invention have beenPCiriussenas@ds above

by reference to exanples and preferred enbodinents, it will be appreciated
t hat
Treatment 95.6 80.5 3.1 93.6 56.7 32
9
Treatment 98.3 90.1 32 92.8 63.5 12
10
Treatment 96.6 93.1 12.9 94.2 74.6 55
11
[0125] Publications cited throughout this document are hereby incorporated by reference in

their entirety. Although the various aspects of the invention have been illustrated
above by reference to examples and preferred embodiments, it will be appreciated that
the scope of the invention is defined not by the foregoing description but by the

following claims properly construed under principles of patent law.
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the scope of the invention is defined not by the foregoing description but
by the follow ng clains properly construed under principles of patent |aw.
CLAI M5 1.wo 2pup4bm®i on of cells expressing markers char acraskeitioseoas t he
pancreati c endoderm | ineage, wherein greater than 50% of cells in the

popul ati on co-express PDX1 and NKX6.1. 2. The popul ation of cells of claim
1 wherein greater than 60% of the cells in the popul ati on co-express PDX1
and NKX6. 1.cBaiviRe popul ation of cells of claim1 wherein greater than 70%
of the cells 1Tn the popul ation co-express PDX1 and NKX6.1. 4. The

popul ation of cells of claiml wherein greater than 80% of the cells in the
popul ati on colexppyuiatiphetcells gxntpesise marlksrs chyactyisigohthc fanssatitel | s of cl ai m

1 wherein great ehgddan 1i9Q%, Afhctdeoe bl Bad 5094 bEccRORUSSdpRARLEPcEXPr ess PDX1
and NKX6.1. 6. A nethod to ﬁenerate a popul ati on of cells expressing

mar ker s char act Exp§ts DXk 2 @hcreatic endoderm|ineage, wherein greater
than 50% of the cells in the popul ation co-express PDX1 and NKX6. 1,

conprising the sthepsp@itiondf c&Mlof bikinh @ wheieRuéaal: iR 608, itk depOtmand st em
cells, b. Dfferentiating the Iﬁgul ation of pluripotent stemcells into a
popul ati on of cé’lOP‘éla‘é%ElpﬁOé%‘E‘ie?ﬁp F xhNKERdr acteristic of the definitive

endoderm lineage, c. Differentiating the population of cells expressing

mar kers char agt efhicpbjpulatidh of bells @etiaim 1 iWwiereRNGQES i 70NRFIR: deDd B tRe POpul at i on
of cells expressing markers characteristic of the pancreatic endoderm
lineage, in a me@PURHGEIEFBIERIEY! Bk NEXOdr ot ei n ki nase C activator. 7. The
met hod of claim 6 wherein the protein kinase C activator is selected from

t he group congj SthiepepitichdBcelB DY clfm 1 wherein greater than 80% of the cells in the

E)-8-(5-(4-(Trifluaromethyl)phenyl)-2, 4- pentadi enoyl am no) benzol act am
| ndol act am V, pWBP‘HBtFQHFQZW%ESSQI%%E%‘égK%@Et ate, and phorb ol - 12,13 -
di butyrate. 8. The nethod of claim6 wherein the protein kinase C activator

is (2S, 59)-(E ThepSpul&opdf Cllsiof tlidi Dkl or@ite miyah 00D, eFtlipadetiani tesroy| am no)
benzol actam 9. The net hod of %Lmdgﬁ%ggrein the (2S, 5S)-(E, E)-8-(5-(4-
(Tri f1 uor omet hy IPPBHEMRPOP-SPESIEMt hift 4mi no) benzol actamis used at a
concentration fromabout 20nM to about 500nM 10. The nethod of claim®6,
wher ei n t he medianctiuppl greatcadopilbtvnaofpeldtapirsdiigragserCelatdctariatior i s

further supplenmented with at |east one factor fromthe up.consi sting of
L actor canabl &1 BE e Eh o CRmE B Pt 0% SRS T nh bi tor
and a fi brobl astthg@s@pwlabiod @cé:@kess PDX1 and NKX6.1, comprising the steps of:

a. Culturing a population of pluripotent stem cells,

b. Differentiating the population of pluripotent stem cells into a
population of cells expressing markers characteristic of the definitive

endoderm lineage,

c. Differentiating the population of cells expressing markers
characteristic of the definitive endoderm lineage into a population of
cells expressing markers characteristic of the pancreatic endoderm

lineage, in a medium supplemented with a protein kinase C activator.

7. The method of claim 6 wherein the protein kinase C activator is selected from
the group consisting of (2S, 5S)-(E, E)-8-(5-(4-(Trifluoromethyl)phenyl)-2,4-
pentadiemoylamino) benzolactam, Indolactam V, phorbol-12-myristate-13-

acetate, and phorbol-12,13-dibutyrate.
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11. The method of claim 10 wherein the factor capable of inhibiting BWP is
noggin. 12. The nethod of claim 11l wherein noggin is used at a
concent r avpeniimsaywabout 50ng/ ml to about 500ug/ m . 13. PChaSaettioaa4df cl ai m
11 wherein noggin is used at a concentration of about 100ng/m . 14. The

met hod of claim 10 wherein the TGF13 receptor signaling inhibitor is an

i nhi bitor of ALKS5. 15. The nethod of claim 14 where the inhibitor of ALK5

i's ALKS i nhi bit afhe letho®f ciiiies WaERAANO roféhﬁhﬂasé@ \eh@art&w(zéLﬁ &nhi bitor 11
is used at a concentrati on from about 0. Mto about 10 uM '17. The net hod

of claim 16 wherfiSnSARKE i{lyhpmethyiphenyl)- %41@@@@1@@03&%@%@%@1%4% of about 1
uM 18. The nethod of claim 10 wherein the fibroblast gromh factor is

FG7. 19. Thegnmethadub o@l:lainmmemqu@(z@ sdheef Epgoplast growth factor is
FGF10. 20. The nethod of claim 10 wherein the fibroblast growh factor may

be used at a conéBRirapstBy]rhenh-2beartadopey prine bbeapdratam ugedat 2

concentration from about 20nM to about 500nM.

10. The method of claim 6, wherein the medium supplemented with a protein
kinase C activator is further supplemented with at least one factor from the
group consisting of a factor capable of inhibiting BMP, a TGF[} receptor
signaling inhibitor, and a fibroblast growth factor.

11. The method of claim 10 wherein the factor capable of inhibiting BMP is

noggin.

12. The method of claim 11 wherein noggin is used at a concentration from about

50ng/ml to about 500pg/ml.

13. The method of claim 11 wherein noggin is used at a concentration of about

100ng/ml.

14. The method of claim 10 wherein the TGF receptor signaling inhibitor is an
inhibitor of ALKS.

15. The method of claim 14 where the inhibitor of ALKS5 is ALKS inhibitor II.

16. The method of claim 15 wherein ALKS inhibitor II is used at a concentration

from about 0.1 uM to about 10 uM.

17. The method of claim 16 wherein ALKS inhibitor II is used at a concentration

of about 1 uM.
18. The method of claim 10 wherein the fibroblast growth factor is FGF7.
19. The method of claim 10 wherein the fibroblast growth factor is FGF10.

20. The method of claim 10 wherein the fibroblast growth factor may be used at a
concentration from about 50pg/ml to about 50pg/ml.

32



